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Facts
about
IITA

stablished as an autonomous, non-profit corporation on

July 27, 1967, the International Institute of Tropical

Agriculture (II'TA) is one of the major links in a
worldwide network of agricultural research and training centers.
The Federal Republic of Nigevia allotted 1,000 hectares of land
for the II'TA site, and the Ford Foundation pmwdcd initial
capital for buildings and deveiopment.

IITA is governed by an international Board of Trust-cs, the
membership of which includes representatives from developing
countries in arcas of the Institute’s concern.

Principal financing of the Institute (and other centers) is
arranged by the Consultative Group on International
Agricultural Rescarch (CGIAR) - an informal group of donor
countries, development banks, foundations, and agencies.
Support for ITTA’s rescarch and training core program in 1983
was provided by the Canadian International Develonment
Agency (CIDA), Overseas Development Administration of the
United Kingdom (ODA), U.S. Agency for International
Developmeni (USAID), World Bank, International Fund for
Agricultural Development (IFAD), Ford Foundation, OPEC
Fund for Agricultural Development, and the governments of
Australia, Belgium, France, India, Italy, Japan, Netherlands,
Nigeria, Norway, and Federal Republic of Germany. In
addition, other donors provide funds to the Institute, particularly
to support specific rescarch or training programs.

The “‘geographic mandate” of 1I'TA includes the humid and
subhumid tropical zones, and the Institute concentrates its
rescarch and training in two major arcas: farming systems and
crop improvement of certain designated cereals (rice and maize),
grain legumes (cowpeas and soybeans), and roots and tubers
(yams, sweet potatoces, and cassava).



Preface

and stronger links with national and regional

programs. We realize that the research findings of
HTA, some of which are presented in this edition of
Research Highlights, will be of little practical value
unless they reach scientists and government agencies in
developing countries of the humid and subhumid tropics
and are tested und adapted to fit their conditions. In turn,
the Institite depends on them to guide it toward
problems which are relevant and important.

In June 1983, ITA hosted the founding congress of the
International Federation of Agricultural Research
Systems for Development, African Chapter, and our
scientists had the opportunity to exchange views and
discuss problems and needs of African nations with 27
directors and other high-ranking representatives of
national agricultural research systems. Through this
congress, we made additional contacts which will
provide new openings for on-farm research and
participation in national research planning activities.

Several big steps were taken recently to forge new

The delegates reported that IITA’s improved varieties
of cassava, sweet potatoes, maize, rice, cowpeas, and
soybeans are reaching farmers in various parts of the
tropics. After taking a critical look at ~ur research, they
were not bashful about telling us what we were doing
right or wrong.

Also during the year (September-October), the
Institute was scrutinized by an external panel organized
by the Technical Advisory Committee of the Consultative
Group on International Agricultural Research. Every five
years the mandates and work of each international center
go through a “‘quinquennial review” which brings a
wealth of scientific and research management expertise
Jrom different parts of the world. Some of the panel’s
recommendations have been implemented already, and
we will take action on others in the near future.

You will see for the first time in this publication a brief
update of our international projects which foster close
linkages with national and regional programs. At
present, the number of these projects involving the out-
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posting of IITA scientists to individual countries is
relatively low because some of the preojecis have been
handed over to national programs and others have
achieved their purpose. Future projects, with emphasis
on regional cooperation, are in the pipeline.

The Institute has started to expand its on-farm
research in collaboration with development projects and
the newly established West African Farming Systers
Research Network. Our scientists are combining the
achievements of the farming systems and crop
improvement programs into packages of new technology
Sor this on-farm testing.

Progress made during ihe year on biological control of
the destructive cassava mealybug was encouraging, and
we are in the initial stages of developing and testing an
African-wide project in cooperation with a number of
national and international organizations.

We are ahead of schedule in meeting our objectives to
make insect- and disease-resistant cowpeas available to
breeders in national programs. The latest line announced
this year combines resistance to eight principal diseases
and two major insect pests. Likewise, improved maize
and rice varieties for various ecological conditions in
Africa were made available to national programs in 1983,
The new maize hybrids showed excellent results in trials
despite drought conditions and a severe epidemic of
maize streak virus.

More details on these and other research advances are
included on the following pages and in our 1983 Annual
Report which is available to you on request.

Do ortuns

Ermond Hartmans
Director General
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Introducing a New Component in a
Local Farming System

fter listening to the results of an exploratory survey in the
ABida, Nigeria area by IITA agricultural cconomists

which identified an untapped potential for growing
carly-maturing dry scason cowpcas on recently harvested rice
land instead of leaving it fallow, local farmers expressed an
interest in participating in cooperative trials. They chose two
farmers’ ficlds — onc at Yinti and the other at Gara - and the trials
were conducted by the farmers in cooperation with the
agronomy scction of the Bida Agricultural Development Project
(BADP). The Institute, through its Farming Systems Program,
assists BADP to organize and develop on-farm trials and analyze
the results.

Both Yinti and Gara villages are in an inland valley arca
(fadama) where the land is still wet at rice harvest time in
December. Although the rains stop in October, water continucs
to scep into the low-lying arcas for a few months, thereby
providing a substantial amount of residual moisture.

In carly Januarv 1983, the Yinti farmer and his three sons
prepared the land and planted four 1TTA varietics of cowpeas.
(A total of cight plots were planted, two of cach variety with a
split along the contour of the site for two different spraying
trcatments by the BADP cextension stafl.) The cowpeas
germinated cight days after planting, and the first harvesting was
donc in 68 days. They were ready a few days carlier, but harvest
was delayed for a ficld day.

Variety I'T92E-60 (popularly known as a 60-day cowpca)
produced the highest yield - 945 kg/ha with three insecticide
sprays and 764 kg/ha with no spraying (Table 1). The yiclds of
this variety when valued at a net farmer price of N1/kg compare
favorably with cash costs, especially for a slack labor period
(Table 2). Total cash costs, including sced and fertilizer at local
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Four days after threshing
his rice crop, a farmer at
Yinti, Nigeria planted
skort-season cowpeas
instead of leaving the
land fallow.

More than 200 farmers
and local officials attend
a field day to see the
results of planting 60-day
cowpeas after rice cn a
Jarm at Yinti, Nigeria.
Farmers have named the
grain legume “Ezoworo,”
meaning new cowpea.




TABLE 1.

Varietal characteristics
and agronomic yield data
Jor short-season cowpea
varieties from an on-
Jarm exploratory trial at
Yinti, Nigeria during the
dry season (1983).

TABLE 2.

Economic returns from
short-season cowpea
varieties in an explora-
tory on-farm trial at
Yinti, Nigeria (1983).

market prices and three spraying treatments, were figured at
NI110/ha. (N1 = S1.50 U.S.)

The cooperating farmer at Yinti reports that he has been
besieged by requests for seeds from farmers in the surrounding
arca, and he will continue to plant tize crop in the 1984 dry
season.

In a socio-cconomic context, the production of a crop of dry
scason cowpeas in a rice fadama arca such as Yinti has these
advantages:

® It can be grown during a slack labor period.

® A highly nutritious and preferred food is available during time
of short food supplies, and less local money has to be spent to
bring in large quantities of cowpeas from Sokoto State in the
north. (Because cowpeas are important to their diet, a family
of cight will spend an average of about NI150 per vear to
purchase them.)

Observed v
nervec Yields tkg/hao
SEASON
Cowpea length Seed Thred No
variety days. color sprivys spriys  average
ITBE60 68 “white. A5 764 . B34
UTH2E-18 83 brown 55 2355 100
Yield Toal crop Net Benefiv
Cowpea 3 sprays kgi vaue bene firs cost
variety kegfha man-day* 'Niha** ‘Nihat, ritintt
ITBE-60- 945 . 135 . 045 @85 - . 86
I'TR2E-18 R 78 N 135 5.0
*Based on 70 man-daysthectare,
** [uved ona net freld price of caicpeay of N1jhg
tdvsuming total costs of N0, et of family labor not ineluded.
YL atal crop calue divided by fasme: cask costs (N110),
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® Farmers can market their cowpeas when local prices are
highest and with the cash income hire labor for carly land
preparation and weeding.

Unfortunately, the exploratory trial at Gara was not
successful, largely because the cowpeas were planted too late - in
carly February instead of early January - and cxperienced
considerable moisture stress. Low production did not justify the
cash inputs. However, farmers involved in the Gara site believe
that carlier planting on ficlds with better moisture conditions will
give good yiclds. Farmers not only from Yinti and Gara but also
from other villages ivs the area said they will plant the cowpeas as
carly as possible in 1984, Their cagerness to get cowpeas planted
may strengthen their preference for early-maturing, higher-
yielding rice varicties,

The on-farm tests, organized around a farming systems
perspective, are continuing in these and other locations to
determinc if a short-season cowpea enterprise may bhe applicable
to fadama arcas throughout Nigeria and West Africa where rice
is grown during the rainy scason. For the 1984 program, BADP
plans to conduct about 30 on-farm tests at different locations.



According to a survey in
Central Nigersia, farmers
with low cash incomes
change their production
plans more often than
those with higher
incomes. Cereals,
including maize, ranked
as the top source of cash
income for the low
income Jarmers.

Comparison of Changes in Production
Plans by Low and High Income Farmers

ore farmers in Central Nigeria with low cash incomes

from products sold change their production plans from

vear to vear than those with higher incomes. This is
one of the findings from continuous studies of farming systems
and incomes designed and conducied to facilitate implemen-
tation of adaptive research programs which involve farmers field
activities and management decisions. ITTA| in cooperation with
agricultural developmen: projects and agricultural universities,
has started on-farm adaptive rescarch programs in various
African ecological zones 1o accelerate feedback processes and
cfficient technology transfer.

To obtain suitable information for income estimates, staff
members of the Horin Agricultural Development Project in
Kwara State of Nigeria interviewed 194 farmers in 1983 on all
crops grown in the research area and on cash obtained for crops
sold by individual farmers. Data were processed by II'TA
agricultural cconomists with the  Institute’s computer and
comparisons made of farmers with different income levels.
Average annual cash carnings from products sold totaled X 1,700
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(82,550 U.S.) ; but the variation was high with a range from zero
for farmers supported by their children to more than N10,000
(815,000 U.S.) for farmers employing additional laborers for
most of the farm operations.

For a comparative study, incomes [rom crops were ranked and
the farmers. grouped into five different levels; cach group
represented 20%, of the sample. It enabled economists to search
for variables relevant to income differences and prepare specific
additional interviews on identified problems. Data on the
changes in production plans concentrated on the last two years
previous to the interviews not only to reduce the bias of scasonal
fluctuations but also 1o focus on arable crops. (Tree crops, of
course, need longer periods of planning before changes can be
made.) The interviewers asked cach farmer which two crops he
had increased and the two he had deereased the most.

‘The proportion of farmers changing crop production is shown

in Figure 1. In the rescarch arca, mixed cropping patterns

dominate and change of one crop does not necessarily mean a

FIGURE 1. change in the total cultivated arca. Cowpeas, for example, as an

Trends in crop additional crop in a sorghum-yam or naize-cassava-vegetable
production for low and . . . . . . .

high income farmers in combination were left out in the mixture. Expansion of yam

Central Nigeria ove » a
two-year period (1982-83).

LOWEST INCOME SAMPLE HIGHEST INCOME SAMPLE

o 50 100 o 50 100

Cowpeas |

100 50 o 100 50 o
%> Farmers % Farmers
increasing decreasing
production production

BN I

% Not changing




Higher income farmers
in the survey increased
cassuva more than any
other crop and marketed
it for processing into
Slour and “gari” shown
here in a market.

production, however, relates not only to expansion of vam arca
but also to aN increase of the crops intercropped with yam.
Expansion of ot major crop meant reduction of another crop for
most farmers in 0ge lowest income group. However, farmers in
the highest incomeYroup were able to expand their total farming
arca by emploving more laborers. They used cash from their
long-term tree crops for labor payments and had more access to
fertile land.

Low income farmers inereased production of maize and yam
more than any other crops; the largest decrease was in cassava
and cowpeas, Most high income farmers also decreased cowpea
production but increased cassava which became for them the
most important tber crop. It was marketed for processing into
two popular cassava products - “gari’” and flour,

Average annual income for the 207, of farmers with the lowest
incomes was X170 (8255 U.S.;; the highest 200, averaged
N-LA00 186,600 ULS.). Major differences existed in the
importance of farnt income sources (Figure 2. For the farms with
the higher incomes, tree crops were Number one. (Cocoa,
colanut, oilpalm, and citrus in the forest area; locust bean, shea
butter tree, oranges, and other fruit trees in the savanna arca).
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FIGURE 2,

Proportion of cash from
agricultural products
sold by lowest and
highest income farmer
groups in Horin (Nigeria)
Agricultural
Development Project
(1983).

Nextin ranking came tubers, followed by cereals, vegetables, and
grain legumes. For the lower income farmers, cereals were at the
top, followed by vegetables, tubers, and tree crops. Grain
legunies were of minor importance,

At present, the results of interviews with more than 2,000
farmers in 44 villages in three diflerent agro-climatic zones in
Nigeria are being analyzed which will show regional differences
in farm income sources, changes in production plans, and other
information of value in establishing priority decisions for research
strategies. "This study, 10 be completed in 1984, is a cooperative
endeavor between HTA and the University of Nigeria at
Nsukka.

Others (3%) \
Others ( 3%) Legumes(7%)
Legumes (2%)
LOWEST 20% HIGHEST 20%
INCOME GROUP INCOME GROUP



Developing Linkages between
Researchers, Extension Workers, and
Farmers in Cameroon

escarchers, extension workers, and farmers have heen

brought together in Cameroon through the efforts of a

unique Testing and Liaison Unic 'TLU ) of the National
Cereals Research and Extension (NCRLE; Project. This role for
TLU is particularly important beciuse the Ministry  of
Agriculture has the mandate for extension and the Ministry of
Higher Education and Scientific Research is responsible for
rescarch. Since both of these government agencies are vertically
structured, the flow of information below the ministerial level s
very himited.

TLU began full-scale operations in 1982 as a cooperative

project involving farmers, Ministry of Agriculture, Institute of
Agricul:ural Rescarch (IRA), and [I'TA. Principal funding

On-farm rice trial in the
North West Province of
Cameroon.




A farmer in Cameroon
proudly shows sumples
of her maize from an on-
Sfarm trial at a field day.
Many of the farmers in
the survey in the North
West Province were
women.
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comes from the Government of Cameroon and the US. Agency
for International Development tUSATD ;. Inits first two years,
TLU has developed farming systems research methodologies,
implemented on-farm research trials with maize and rice, trained
extension agents, and helped plan and implement an agro-socio-
cconomic survey of farmers. In cach of these activities, the Unit
has forged communication linkages hetween rescarchers,
extenston workers, and farmers.

The North West Provinee in Cameroon, characterized by
chains of mountains interrupted here and there by river valleys,
was chosen for the agro-socio-cconomic survey, In general, the
agricultural systems there follow the natural vegetative pattern
with plantain and root and wber crops predominating in the



lowland wooded zones and grain and cattle farming in the
savanna arcas. Forty-cight ficld demonsirators (men and
womcen) of the Ministry of Agriculture were selected to conduct
the 330 farmer interviews between September and December
1982, and the results were analyzed in 1983, (Many of the
farmers in the survey were women,)

The interviewers found that the farming systems in the North
West Province - one of 10 in the country - are extremncly diverse
and complex, especially with reference to cropping patierns. (For
example, out of one sample of 40 far.ns, 37 distinct maize-based
cropping systems were identified.)

Looking at averages in the survey analysis, the following are
somc of the principal characteristics of the typical farmer in this
province and his or her farming operations: middle aged (40);
only four years of schooling; large immediate family (9); food
crops grown mainly for subsistence and little income from sale of
farm products; fallows the land (three years after 10 years under
cultivation) ; does not use fertilizer on maize and plants it at less
than recommended density ; employs family labor for most of the
farm chores; considers lack of farm inputs (capital, fertilizer,
tools, etc.) as the major constraint to in(:rca’sing production.

The feedback of the results of the survey has provided
information to plant breeders, agrenomists, goverument officials,
and others to help them focus on farmers’ real problems.
Furthermore, some of the specific details uncovered on farming
systems and cropping patterns will be useful for future on-farm
trials which are expected to have a positive impact on many
farmers’ ficlds in the province.
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Forest land cleared with

heavy machinery and the
trees windrowed and
burned; the shearblade
(insei) was the most
desirable rnethod of
clearing when all factors
were considered.

1]

Land Clearing: Costs and Changes in
Soil Properties

arge arcas of forest land in the tropics are being cleared at

an increasing rate for arable crop production, and a major

proportion of it is being done with heavy machinery,
Although manual clearing is less disruptive to soil structure, it is
slow and less efficient and in regions with a shortage of hired Labor
can be more costly than mechanical clearing. Therefore,
rescarch into mechanical methods of fand clearing which resalt
in the least alteration of soil physical properties is ol major
importance,

Eflects of four methods of land clearing on the soil physical
properties of an Alfisol were assessed during 1983, Measurements
were also made on an ancleared area.

The experimental site was cleared during the 1982/83 dry



First maize crop after
land clearing.

scason (December to February) and changes in soil physical’
properties monitored during January and March 1983.

The land clearing methods used were:
@ Manual clearing followed by in situ burning.

@ Cravler tractor with front-mounted shearblade. The trees
were cut off at ground level and burned in windrows.

® Crawler tractor with a front-mounted treepusher, followed by
in situ burning.

©® Crawler tractor with a front-mounted treepusher, followed by
a crawler tractor with a front-mounted root rake. The trees
were windrowed and burned.

Eacl: of the land clearing treatments was cither cropped with
a maize-cowpea sequence or fallowed with a Macuna utilis
planting in April using the no-till system. Weeds were controlled
on the fallow plots by the applicatien of roundup and in the
cropped plots by applying paraquat and atrazin. Fertilizer was
applicd to nuaize at a rate of 45 kg N, 45 kg P, and 45 kg K per
hectare as a single application of 300 kg/ha of 15-15-15 at
planting.

Soil physical properties measured were soil bulk density,
penetrometer resistance, water retention, saturated hydraulic
conductivity, total porosity, and infiltration characteristics. Root
growth was monitored at three and seven weeks after emergence
for maize, seven and 20 weeks after emergence in macuna and
four weeks after cmergence in cowpeas,

Mechanical clearing increased bulk density, penctrometer
resistance, and proportion of mediums-sized pores (2-14.3 um
radius), and decreased infiltration rate, cumulative infiltration,
saturated hydraulic conductivity, total porosity, and proportion
of macropores (> 14.3 pm radius) (Table 3). Soil water content
at a potential of 0 kPa was significantly reduced but increased at
potentials of — 10 and - 33 kPa (Figure 3).

In comparison with the forested control, the magnitude of
changes in soil physical properties was in this order: manual
clearing < treepusher > shearbiade = treepusher/root rake.
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TABLE 3.

Effect of land clearing
methods on soil bulk
density (0~10 cm depth
interval) and cumulative
infiltration (1983),

20

LD 15%)

Although the differential effects of land clearing meihods on the
soil were reflected only in the initial pattern of maize root growth
during the seedling stage (Figure 4), it was sufficient to affect
grain yicld. Root growth of mucuna and cowpeas was not
affected by the changes in soil physical properties.

In summary, manual clearing caused the least soil
compaction. Usc of the treepusher alone was the least severe of
the mechanical clearing methods, but it teft the soil surface very
uncven. Considering all factors, clearing with the shearblade was
the most desirable method of mechanical clearing. In cases where
costs or shortages of labor preclude the manual clearing method,
clearing with a shearblade or treepusher without the root rake is
suggested as a viable alternative. The root rake and root plowing
were the most harmful techniques in terms of soil compaction and
scraping the fertile surface soil to windrows. Therefore, these
practices should be avoided.

Beneficial effects of the mucuna fallow in reversing the soil
degradation which follows mechanical clearing depend on the
fallow duration. However, it may be uneconomic to put all the
land under a mucuna fallow immcdiately alter a heavy
investment for land development. One option would be to plant
part of the land under macuna for its long-term value for soil
fertility and continuous cropping.

Studies by agricultural cconomists showed that the cost of
macuna cultivation totalled approximately $165/ha. Land
clearing by the shearblade was the least expensive and fastest of



the four methods. It took less than two hours of machine time and
about 19 man-days of labor input per hectare. In contrast, the
manual method used 201 man-days of labor input, and with
hired labor it was at lcast four times more cxpensive than the
shearblade.

The gross crop value (maize + cowpeas) of the manually
cleared arca was the highest ($2,284/ha) followed by the area
where the shearblade was used (82,150/ha). The returns reflect a
bumper first scason maize crop and a drought-affected poor
cowpca crop in the second season.

Soil water conterd (om em3) Root length per unit area (cm eni2)

FIGURE 3 (Isft).
Effect of land clearing 030 X
metliods on soil-water '
retention characteristics
Jor the C~i0 cn depth. azo B

FIGURE 4 (vight).
Effect of clearing )
methods on root growth 0 1o o o e T 0 2 % S
of maize. Soil water potential (-kPa) Time { wesks from planting )
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Nutrient and Water-Use Efficiency by Crops

ighly weathered upland soils in the humid and sub-

humid regions of tropical Africa are characterized by

low nutrient and water-holding capacities. Low clay
activity and the rapid turn-over of organic matter in thesc soils
arc primarily responsible for the low nutrient reserve, and the
dominance of large pores (transmission pores, >50 pu)
throughout the soil profile is among the major reasons for the low
availabic water-holding capacity.

That combination of soil factors, together with high rainfall
intensity and freguent dry spells during the cropping scason in
the subhumid and bimodal rainfall regions, often result in rapid
changes in both nutrient and water supplies to crops. Such
changes may affect their normal growth and nutrient uptake.
Thus, a better understanding of these relationships is of
fundamental importance to improve fertilizer and water-use
cfficiency.

In collaboration with the Buntehof Agricultural Research
Station and the German Agency for Technical Cooperation
(GTZ}, two experiments were established at HTA by soil
scientists in 1983. The first one was conducted on an Alfisol (Oxic
Paleustalf, Egbeda Series) with maize planted in the first scason
(April-July) and cowpcas in the sccond season
(August- November). The sezond experiment was established on
a coarse-textured Entisol (Psammentic Ustorthent, Apomu
Series) whore maize and cowpeas were grown in rotation
between seven-year-old alleys of Leucaena leucocephala shrubs (4 m
spacing) in an alley cropping system. Soil solution probes and
tensiometers were installed in the cropped fields at 10 em depth
intervals to monitor the changes in soil moisture content and
nutricnt concentration in soil solution as a functicn of time
dusing the cropning period.



Grown in Highly Weathered Soils

Monitoring changes in
soil moisture and taking
soil solution samples in a
maize plot.

Although the rainy season started late in 1983, the ficlds
received a good distribution of rain during the crucial months of
the growing scason (May-June). Grain yield of maize was 4.3
t/ha in unfertilized plots and 5.2 t/ha in fertilized plots with 120
kg N, 60 kg P, 100 kg K, and 30 kg Mg per hectare.

Results from soil solution analysis showed that the bulk of the
nitrate and potassium was found in the top 30 cm of the soil and
their coneentrations dropped to very low levels by the middle of




FIGURE 5.

Nitrate and potassium
concentrations in soil
solution in an Alfisol at
IlITA (Ibadan, Nigeria) at
different times of the
growing period of maize.

(2} Growth curve of
maize. Colored points
on the growth curve
indicate th: growth
stage at which the
respective nutrient
concentrations were
determined as a

Sunction of time.

(b) Nitrate con-
centrations in an
Alfisol under maize.
It declined rapidly to
very low levels during
the first half of the
growing season.

(c) Potassium con-
centrations in an
Alfisol under maize. It
behaved in a zimilar
Sfashion as the nitrate
concentration, but the
low soluble K content
below 20 cm deptk
indicated rapid
uptake by the plant
and the absence
of downward
movement,

Dry matter (t/ha)

Depth(cm)

Depth (cm)

K in soil solution (ppm)
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Soil solution probes and
tensiometer installations
in an experimental field
at lITA.

the growing season when only 60%, of the final dry matter yicld
had been produced and the grain filling had just begun (Figures
5a, b, and c¢). Unless the crop is capable of accumulating an
excess amount of mineral nutrients in the early stages of growth
which can be redistributed during the later stages, additional N
and K would have to be supplied. This is particularly true for
soils with a low exchangeable K pool and where the rate of
mineralization of soil N is at its minimal level toward the end of
the first cropping scason.

Morecover, if the period of low nutrient supply should ccincide
with the period of low soil water conter., the situation would be
further aggravated. This is an important factor limiting growth
and yicld when cultivating crops with high nutrient demand but
with shallow-rooting systems, such as maize and upland rice in
highly weathered soils under erratic rainfall.

There was some downward movement of nitrate in the soil
during mid-season after 410 mm of rain (Figure 5b), but leaching
was at a slower rate than expected in the well-drained, newly
cleared Alfisol. Similar changes in No,-N and K were observed in
the Apomu soil, although the concentrations were much lower.

Changes in the soil moisture profile during the growing scason
arc shown in Figures 6a and b. In the Egbeda soil under maize
mono-culture, there was only one moisture depletion zone above
50 cm (Figure 6a). Water content in the subsoil horizons (80 cm
and 100 cm depth) remained relatively high throughout the
growing scason.




Under maize-leucacna alley cropping, water extraction
patterns indicated no competition between the two crops (Figure
6b). The tensiometer readings showed that there were two zones
of water depletion or uptake by plants: the first zone occurred at
a depth between 0-40 cm which could be attributed to the root
activity of maize; the second one between 70-90 cm was
apparently caused by the water use by leucaena. Lower water use
by maizc in the Apomu soil than in the Egbeda soil was due to the
late planting in the former ficld.

An important feature of these soils is the high proportion of

FIGURE 6. Depth (cm)
Development of soil 0
water suction patterns
under two different
cropping systems
between two rain storms.
High suction (in
millibars) means low soil
water content. 50 L
(a) Under maize rnono-
culture, water
extraction was only
Jrom the top 50 cm of
the soil.
(b) Two separate
maxima developed in 100 |
the alley cropping
field with maize as
the crop plant and
Leucaena leucocephala as
the tree species. The
water extraction
maxiriumat 79 cm
wac due to the root
activity of leucaena;
the upper maximum
was caused by maize.

o 200 400 600
Soil water suction { mb)
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macro or transmission pores ( > 50u diameter) and low available
water-holding capacity. The transmission pores in the Apomu
soil make up approximately 409, of the total soil volume and the
available water contentisin the range of 7 to 109, — equivalent to
the percentage of storage pores (0.2-50 p diameter). Trans-
mission pores in the Egbeda soil make up about 349, of the total
soil volume, and the available water content is in the range of 10
to 16%,. The high proportion of transmission pores is responsible
for rapid infiltration and good acration in both ficlds after a
heavy rain storm. However, this may not be the case when the
same soil has been under continuous cultivation of annual crops
with heavy equipment.

After a heavy rain (50 mm within 2 hrs.), soil moisture tensions
as low as 20 to 30 millibar (mb) were recorded, but the
corresponding water content in the Apomu and Egbeda soils was
in the range of only 12 to 159, and 15 to 18Y%,, respectively. This
indicates that a large proportion of the pore space (transmission
pores) is still air-filled.

The low water-holding capacity of the soil and the rapid
drainage of excess water through macro-pores allow only a small
part of rain water to be used by the crop. Therefore, adequate
growth and yield depend upon a frequent soil water recharge. A
possible solution to increase nutrient and water-use cfficiency
would be a carcful adjustment of the time for fertilizer
application, time of planting, and the selection of deep-rooting
varicties of maize and upland rice that can usc the subsoil
moisture more cffectively during dry spells.
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TABLE 4.

Effect of Sesbania rostrata
prunings and urea on rice
yield (kg/ha)ina
hydromorphic soil at
lITA,
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Patential of Sesbania rostrata as a
Nitrogen Source in Alley Cropping

r o maintain and improve soil productivity in fragile
tropical soils with low inputs, IITA scicntists have
cvaluated over the past few years several small trees and

shrubs (usually legumes with nitrogen-fixing ability) as
substitutes for traditional bush fallow. Field testing of a fast-
growing annual shrub (Sesbania rostrata) in alley cropping with
rice in a hydromorphic sitc at 1ITA in 1982 and 1983 has
revealed its benefits as a source of nicrogen (N) for improved rice
yields.

In the rice yield analyses, Sesbania prunings distributed evenly
between rows oi rice were almost equivalent to 120 kg N/ha
applicd as urca (Table 4). Also, the shoot N content of the rice at
harvest time was 38%, higher in plots that reccived the prunings
compared with those that did not. This indicates that if rice
residues were left on the land after harvest, an alley cropping
system using S. rostrata as hedge plants would also maintain a
better soil nitrogen status.




Above, the fast-growing
annual shrub, Sesbania
rostrata, at an early stage
in alley cropping with
rice. Because of its
nitrogen-fixing ability,
the shrub helps to main-
tain a better soil nitrogen
status; right, S. intrata is
unique for its profuse
stem nodulation.

S. rostrata thrives as a weed in waterlogged soils in Northern
Africa and has good regrowth ability after cuting. Tt also is
unique for its profuse stem nodulation with 4,000 1o 5,000
nodules on a 3-meter high stem compared with less than 50
nodules usnally found on the roots of this and most other legumes.
Stem and root nodulation occurred freely in the field when
unsterilized seeds were sown at Onne, IThadan, and Mashola,
Nigeria, with peak nodulation at the podding stage.

In the screenhouses, stem nodules were limited to the crown of
the plant, probably because of the absence of pod bugs. However,
profuse stem nodulation occurred when S rostrata was sprayed
with pure cultares of the appropriate Rhizobice and with water
suspensions of cither macerated stem aodules or soils from
Nigeria,
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Maize production under
the no-tillage system at
HTA(1983).

Effect of 24 Maize Crops on Yields and
Soil under No-Till and Plowed Systems

rapid decline in the physical, chemical, and biological

qualities of fragile tropical soils under continuous

cultivation is a major rcason farmers practice shifting
cultivation in the humid tropics and leave the land fallow for long
periods. ‘The velative duration of the cultivation and fallow
phases depends on when crop vields decline below an economic
leval and on the time needed 1o restore soil productivity. The
cultivation phasc is shortened when productivity declines rapidly
with normal cultural practices. Because of this, an interaction
between the soil properties and the cultural praciices governs the
relative lengths of the cultivation and the fallow phascs.

‘The most desirable cultural practices and cropping/farming
systems are those that enable a soil 10 be cultivated continuously
with positive economic returns and without causing a severe
decline in soil quality. Cultural practices that preserve a
lavorable soilferop/climate balance during cultivation, similar to



FIGURE 7.

Maize yields over 24
consecutive crops under
a no-tillage system
compared with a
conventionally plowed
system,

that which exists during the fallow phase, will allow continuous
cropping without a severe decline in soil quality.

A long-term study (1971-83) on no-tillage with crop residue
mulch shows that this farming practice, which docs not involve
mechanical soil disturbance, can maintain cconomic yields of
grain crops (such as maize) without causing a severe decline in
soil productivity, Maize yiclds with the no-tillage systein, based
on an avcrage of 24 consccutive crops (Figure 7), have heen
higher than those obtained under the conventionally plowed
system. The following requirements, however, must be met for
the no-tillage system to be effective:

® An adequate amount of crop residue mulch,
® Minimal soil disturbance.
® Favorable soil structure before initiating the cultivation phasc,

® Not using farm cquipment which could lead to soil
compaction.

® Adcquate and timely weed control.

Maize grain yield (1/ha)
7 .

oIIllIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIII
7l 73 IR 79 8l 83
Time ( years)
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TABLE 5.

Effects of tillage methods
on properties of the

0-5 cm soil layer after
growing 24 consecutive
crops of maize.

32
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If all requirements of the no-tillage system are met, grain crops
can probably be grown on a continuous basis with only periodic
short-term fallows of appropriate grass/legume cover crops.
Besides favoerable yield returns with comparatively low inputs,
the no-tillage system minimizes soil crosion and maintains better
soil structure and chemical properties.

The data in Table 5 compare the mechanical and chemical
propertics of the 0-5 cm soil layer after growing 24 consecutive
crops of maize with no-tillage and conventional plowing methods
of scedbed preparation. The soil pH in no-tillage plots was about
one-half unit more than that of the plowed treatment and
contained 179%, more organic matter, 929, more nitrogen, 859,
more Ca**, 3.13 times more Mg**, and 3.31 times more K*,
The CEC was almost double that in the plowed soil.

High organic matter content and favorable soil structure allow
the no-till soil to retain more available water in the root zone
than soil repeatedly plowed. Figure 8 compares the moisture
retention characteristics of the surface soil from plowed and no-
tillage treatments. The surface soil from no-tiliage treatments
retained more water than that from plowed land and during
periods of drought stress crops in plowed plots wilted two to three
days carlicr than in no-tillage.
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FIGURE 8 (left).
Moisture retention
characteristics of the

surface soil from no-tili
and plo:wed treatments.

FIGURE 9 (vight).
Water infiltration rate

under no-till and plowed

Plowed soil is very susceptible to surface scaling. The
impacting raindrops from an intense rain break up structural
aggregates and the surface soil develops a semi-impermeable
crust that impedes water and air movement. The oxygen
diffusion rate in the no-tillage soil with muleh and in the
conventionally plowed soil was measured o be 0.588 +0.140
and 0.417 +0.028 pg cm ® min', respectively. The development
of surface crusts also restricts water entry inte the soil, ‘Fhe data
on infiltration (Figure 9) show the equilibrium iniiltration rate
was 18 and 48 cm per hour for plowed and no-tillage soil,
respectively, As a result, water runofl and  crosion are
considerably more for plowed than for no-tillage soil,

treatments.
Soil moisture potential (~bar) Accumulative infiltration ( cm)
1.0 200
4 Potential (-bars) Momture contant (%)
No filloge  Plowsd
] 63:08 57:05
o8 15 57109 53:04 160
06 |~ 120
- No tillage
Plowed
04t 80
-1
02 40
olH—teL_ o
[0} 0 20 30 40 0 40 80 120 160
Soil moisture ( Og, %) Time (min)
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FIGURE 10.

Soil temperature changes
at 14.00 to 15.00 hours
with and without

Mucuna utilis in-situ

mulch in dry and early
rainy seasons.
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Effect of In-Situ Mulch on Soil
Temperature and Maize Producton

igh temperature during germination and early growth

often causes poor crop cstablishment in the tropics.

Mulching with plant residue is an effective means of
keeping soil temperatures below levels detrimental to crops, but
cow.ventional methods of mulching with plant materials are not
cconomical with ficld crops, especially in large-scale production.
Thé in-situ mulch technique, in which the mulch is the residue of
a previous cover crop, appears to be an economically feasible
method that could be used to prevent high soil temperatures and
ensure good crop establishment. It is, of course, only feasible
under a no-tillage system.

The effect of in-situ mulch from the cover crop Mucuna utilis
was mcasured on a field that had been kept fallow under the
cover crop during the previous year. The control (no-mulch) was
created by removing the mulch. The effects of four levels of
applied nitrogen were also studied.

Temperature differences between mulched and unmulched
plots were not markedly different for readings taken between

Temperature (°C)

50 —

40

20 - Planting date

| l ] ] 1

0 2 4 6 8 10 12 4 1153 I8 20
Planting weeks
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08.00 and 09.00 hours but were markedly different for readings
taken between 14.00 and 15.00 hours witk bare plots having
higher temperatures (Figure 10).

Emergence of the maize in both unmulched and mulched plots
was good, but subsequent growth, as measured by plant height,
was retarded in the unmulched plots (Figure T1). As the rainy
season progressed and the maize canopy shaded the soil,
temperature differences became less distinet. Plant  height
differences also became less and at tasselling the differences were
not significant. Yicld differences between mulched and
unmulched plots were not significant at low nitrogen (N)
trcatments, but at 60 and 90 kg/ha N with mulch they were
significantly better than mulched and unmulched treauments

Maize height {cm)

B eore
B Muiched

400

300

20.0

100

FIGURE 11.

Maize plant heights as
affected by in-situ mulch
and levels of applied
nitrogen (N) at 22 days
after planting.

0.0

30 60 90
Nitrogen applied ( kg/ha)
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Maize growing under in-
situ Mucuna utilis mulch
(left) and no mulch
(right) four weeks after
planting.




without added N (Figure 12). The trends suggest that in the
favorable root environment created by in-situ mulch N utiliza-
tion was more efficient.

In the tropics where high soil temperatures and irreguiar rainfall
adversely affect crop estublishment, soil temperature suppression
and soil moisture conservation through in-situ mulch should
improve crop establishment, carly growth, and vyields. The
production of mulch in-situ from M. wilis is potentially a
mulching technique for small and large scale production, and it
can be used with different types of no-till planting cquipment.

Maize yield (t/ha)
60

With in-situ mulch \ .

50

Without in-situ mulch

40
FIGURE 12.
Maize yield response to Q.OT l l
applied nitrogen with and 0 30 60 20
without in-situ mulch, Nitrogen applied ( kg/ha)
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Disease Resistant Maize Varieties for Mid-

aize streak virus (MSV) is widely spread throughout

Africa and causes severe yield losses in the lowland

humid and savanna areas, as well as in the mid-
altitude ecologies (1000-1800 m).

The first international trial with streak resistant maize
varietics adapted to the lowlands of Africa was conducted last
year (Research Highlights, 1982). However, these varietics are not
adapted to the mid-altitude ecologies of Eastern, Southern, and
Central African countries because of the different climatic
conditions and the presence of not only MSV but also of two
other major foliar discases — highland blight (H. turcicum) and rust
(P. sorghi). The latter two do not occur in the lowlands.
Devloping varicties resistant to the three discases is important
because the mid-altitude ecologies are the best potential maize
growing arcas on the continent.

To maintain the adaptation and disease resistance of the mid-
altitude germplasm and to intraduce streak resistance, 11TA
scientists collected the best available maize varieties and hybrids
from Eastern, Southern, and Central Africa and crossed them
with a streak resistance source. The resultant progenies were
bulked together to form a new maize population - TZMSR. It is
late maturing with white grain color preferred by consumers in
many countries in Africa. A combined half-sib and S, selection
breeding procedure was followed for a number of generations,
screening the materials for streak resistance under artificial
infestation at Ibadan, Nigeria and for the highland blight and
rust resistance in Riyom station near Jos (1300 m above sea
level).

By 1982, when a good level of resistance to streak and the
highland blight and rust was achieved, 250 full-sibs were
produced and distributed for the first international progeny trials



Altitude Ecologies in Africa

Progeny trial perfor-
mance of TZMSR ~a
mid-altitude streak
resistant maize variety —
in Zambia.

Blight resistant maize
(left) and susceptible
plants (right) in a field ct
Jos, Nigeria during the
development of TZMSR.

in Zambia, Zimbabwe, Cameroon, and Nigeria. The adaptation
and resistance to the highland foliar discases in all the test
locations were very good. Mean grain yield (7.8 t/ha) was similar
to the mean of the best local checks (7.7 t/ha), but the average
yield of the sclected families in the four different locations was
9.9. t/ha - 299, higher than the best check (Table 6).
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TABLE 6.

Mean grain yield (t|ha) of
250 full-sib families from
mid-altitude streak
resistant maize
population TZMSR-W
tested at four locations
(1982/83).
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Based on these trials, six experimental varicties were
developed by recombining the 10 familics sclected for yield
performance, short plant type, and maturity. These varietics are
now included in the 1983/84 International Mid-Altitude Streak
Resistant Experimental Variety Trials (EVT-MSR) offered by
the INTAJCINMY'T African Maize Program.,

An additional streak resistant variety, EV 8344-SR(BC.,), is
also included in the trials. It was developed by the joint
CIMMYT/HTA work on streak resistance by converting an
experimental varicty from Population 44 (A.E.D. x Tuxpeno) to
streak resistance by backcrossing procedures.

Hybrid maize varicties are widely used in Eastern and
Southern Africa. IT'TA has initiated a streak resistant inbred line
development  program  for  the  mid-altitude  ccology.
Approximately 500 lines are presently at the S, stage. Advanced
lines will be available to national programs following combining
ability tests and further selection for adaptation and discase
resistance.
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Part of the harvest of a
maize agronomy trial in
North Cameroon. IITA
variety TZPB produced
over 7 t/ha when planted
in mid-June. In
palatability tests,
Jarmers preferved this
soft white variety over a
widely grown yellow
variety.

Potential for Increased Maize
Production in Cameroon |

ccause of more favorable rainfall distribution and higher

solar radiation during the growing scason, the subhumid

savanna regions of West Africa are better food grain
producing arcas than the humid forest zones in the South. This is
particularly true in arcas with sufficient rainfall and mono-modal
distriution. In such an area in Cameroon, scientists from the
[ITA/IRA Cameroon/USAID collaborative project on national
cereals rescarch and extension (NCRE) achieved commendable
results in 1983 in maize, rice, millet, and sorghum improvement
through testing and evaluation of improved crop varicties and
cultural practices hoth on farmers’ fields and on rescarch statious.

The NCRE project picked up Gusau "UZB 81 as a promising
maize candidate for the 1983 National Variety Trial and
compared it with 17 other selected varicties from Cameroon,
other African national programs, CIMMYT, and II'TA. This
trial was grown at cight different lowland locations in Cameroon,
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Drying maize variety
TZB along the roadside
after the harvest.
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Jl and across these locations Gusau TZB 81 was the highest yiclding
variety producing 7.5 t/ha — 619, above the local check and 249
| over the trial mean.

Because this variety showed high yield potential in Cameroon,

{ the NCRE tcam plans iurther testing of it in large-scale

agronomy trials during the 1984 crop season. After that, it will go

# into on-farm demonstration trials operated by NCRE’s Testing

and Liaison Unit. (This varicty also performed well in the
savanna arcas of Northern Nigeria, and, because of the
encouraging results in both countries, II'TA scientists have
initiated a “conversion’ project to incorporate streak resistance
init,)

Maize yields in a large number of trials in North Cameroon
ncar Garoua ranged from 6 to 8 t/ha for all three varicties tested -
TZPB, TZB, and Poza Rica 7843. These yiclds were achieved
cven though total rainfall during 1983 was 309, below normal.

Palatability tests conducted through the Cotton Deveiopment
Authority (SODECOTON) indicated that farmers in the arca
strongly preferred the soft white maize variety TZPB to the
ycllow maize variety Samaru 123 which is widely grown by
SODECOTON farmers in the arca. The Authority has
requested the Cameroon National Seed Production Company
ncar Garoua to produce sufficient TZPB seeds to he distributed
to farmers for the 1984 cropping scason which would amount toa
total maize planting of approximately 2,000 hectares in the arca.

Results from agronomic trials clearly showed that high grain
yield can be achieved by timelv planting, adequate nitrogen
fertilization, and suitable crop rotation. Time-of-planting trials
conducted ny NCRE agronomists at two locations (Sangucere
ncar Garoua and Tchollir¢) demonstrated that with carly
planting in mid-June the IITA maize varicty TZPB produced
over 7 t/ha. Yields declined steadily when dates of planting were
Jater than the third week of June (Figure i3).

Results from a cropping systems trial conducted at a substation
of the Institute of Agricultural Rescarch (IRA) at Sanguerce
showed significant contribution of soil nitrogen (N, when maize



FIGURE 13.

(Below left). Maize grain
Yyields of IITA variety
TZPB recorded in time-
of-planting trials in 1983
at Sanguere and
Tocholliré in North
Cameroon.

FIGURE 14.

(Below right). Respor.se
of maize to nitrogcn
urea) applicatior in two
cropping syster s at
Sanguere in North
Cameroon /2983).

Maize grain yield ( TZPB, t/ha)
8

was planted after groundnuts, but when planted after cotton
more nitrogen fertilizer was required to obtain a similar high
yield (Figure 14). This suggests that a rotation system of maize-
groundnut-cotton-groundnut-maiz¢ would be more profitable
than continuous maize or cotton for the SODECOTON farmers
in North Camcroon. Morcover, the sandy, poorly buffered soils
(mainly Haplusialfs derived from sandstones) may be casily
acidified under continuous fertilizer usc.

Maize grain yield ( Poza Rica 7843, t/ha)
7
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Developing Hybrid Maize for the Nigerian

igeria produces about 1.5 million tons of maize annually

on 1.7 million hectares, but this is not sufficient in view of

the popularity of maize as one of the main staple cereals
for consumers and the rapid expansion of the poultry industry.
Approximately 900,000 tons of yellow maize is required annually
for chicken feed, and most of it is imported. In addition, maize
can be a basis for local industrial production of oil and sweeteners
to further decrease the need for imports.

Many large-scale farms were putinto operation in recent years
to increase maize production. Also, the Federal Government of
Nigeria began o support a special project for hybrid maize
development in 1982 under its “Green Revolution Program.” It
was based on ITTA’s hybrid maize project started in 1979 with
the objective of developing inbred lines with high combining
ability and adaptation to tropical stress conditions and resistance
to the major African discases. With the assistance of the Nigerian
special project, research on hybrid maize was intensified.
Scientists focused on developing hybrids adapted to the savanna
zone -~ the best potential arca for maize production in the
country.

During 1982, maizc breeders tested a total of 1,000 inbred lines
for combining ability with the best available open-pollinated
varicetics. Crosses were tested in different locations. At the same
time, the adaptability, vigor, and discase resistance of the lines per
se were tested in the same locations. Based on these trials, 73
inbred lines were selected and used to produce about 400
experimental single cross hybrids during the dry scason of 1982,
The hybrids were = b-divided into sets of 25 entries cach,
including the two best available open-pollinated varieties as
checks. A total of 26 sets were prepared with 21 (12 white and
nine yellow) adapted to the savanna and five (two white and



“‘Green Revolution Program’’

three yellow) to'the forest zone. Each sct was planted at several
locations in 4-row plots with four replications.

The 1983 cropping scason was badly affected by drought,
especially in the savanna arca. (Only 609, of average annual
rainfall, and the rains had ceased before the end of Septerber.)

C ting highl . .. . . . . .
p:;z:;:aglnfu‘xfmﬂapwd D(:spn%- drought'condltlons, ?'lclds obtained in l}‘ur hybrid trials
inbred maize lines from were high. Hybrid 8322-13 yielded an average of 9.1 t/ha across
the U.S. corn belt (left) four savanna locations with a range of 8.8 to 10.6 t/ha (‘Table 7).
into adaptable tropical

inbred lines (right).

W -
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Late yellow hybrid maize
harvested in Funtua,
Nigeria (1983).

TABLE 7.

A summary of selected
maize hybrids for
savanna areas in Nigeria

(1983).
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Also, this hybrid was high yielding (7.6 t/ha) at lkennc — a
representative site of the forest zone — which indicates its stability
across locations (Table 8).

The highest yield of 12.1 t/ha was obtained at Samaru with the
hybrid 8324-18. This is the highest yicld recorded so far under
experimental conditions in Nigeria.

Most of the hybrids are resistant to the major lowland discases
such as maize streak virus, rust, and blight. The excellent
performance of the hybrid trial was especially noticeable against
the background of a severe epidemic of maize streak virus in
farmers’ ficlds all over the savanna arca.

Maturity Av. grain Yield Yicld
grain yield ranges index*
(t/ha) (t/ha) (%)

et

8322-3 78 6.3- 9.3 136

8323-14 2.5 6.1- 9.6 133
8326-16 8.3 7.6- 86 129
8321-18 8.6 5.8-11.1 128
8321-17 8.6 6.6- 9.9 128
8321-21 8.5 6.4-10.0 128
Late yellow 8330-16 14 5.7- 8.4 137
8329.23 7.9 6.2-10.4 134
Intermediate white 8338-4 8.3 7.0-10.4 164
8338-2 7.3 51- 8.9 149
8346-1 6.7 4.5- 1.8 152
8346-3 6.6 5.3- 1.7 150
Intermediate yellow 8341-6 8.1 7.5- 9.1 148
8340-21 7.0 5.0- 8.0 146
8340-23¢¢ 6.9 4,1- 8.1 140
8341.5 1.5 5.9- 89 138

* Average of the two checks was used to caleulate the yield index for a better comparison
between hybrids of different sets.
**Selected at both savanna and forest areas.




Twenty-four hybrids were selected for further testing and
demonstration in 1984 in farmers’ fields over a total area of about
100 hectares. Seeds were being produced during the 1983/84 dry
scason, and plans call for the production of 100 tons of hybrid
seed in the 1984 crop scason for 5,000 hectares of commercia;
maize production by Nigerian farmers in 1985,

A large-scale commercial
masize farm in Nigeria
showing the beginning of
a streak epidemic which
spread in farmers’ fields
all over the savanna area.
Most of the hybrids
tested in 1983 were
resistant to maize streak
virus.

TABLE 8.

Selected maize hybrids
Jor a forest area in
Nigeria (1983).

Maturity
grain

8326-17
8326-16
4

Late yellow 8329-22

8329-15
Intermediate yellow 8340-23
8341-12
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Close-up of Striga
infestation (with pink to
mauve flowers) at the
base of maize plants.
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Combating Striga Infestation in Maize

evere localized infestation of maize ficlds with Striga

hermonthica - a parasitic weed -- has been observed in the

savanna belt of Nigeria, Cameroon, Mali, and other West
African countries. The spread of Striga is of major concern
because maize production has become more popular in the
savanna belt and replaced sorghum and millet in many areas
where rainfall is adequate.

Striga damage to maize is reflected by leat firing, stunted
plants, and poor pollen production and car development - all of
which can drastically reduce yields. This parasitic plant is
difficult to cradicate by conventional means because it produces
many sceds that retain their viability in the soil for many years
and germinate only in the presence of the host plant.

Although resistant varicties have been developed for sorghum
by ICRISAT and for cowpeas by IITA/SAFGRAD, similar
work on maize did not start until 1982. Rescarch during that year
and in 1983 under natural field infestation of maize demon-
strated the existence of genetic variability fur resistance to Striga
damage and that breeding resistant varietics is possible.

In the 1982 crop scason at Gusau, Nigeria (Sudan savanna
zone) significant differences in Striga ratings were found among
nine parental varictics and 36 I, crosses. In the 1983 crop ~~n
at Mokwa, Nigeria (Guinca savanna zone), under sevcre
drought and heavy Striga infested conditions, grain yiclds of
some sclected hybrids were approximately double the best open-
pollinated check variecy used in cach trial set. For example,
hybrid No. 8322-13 showed the lowest Striga rating (1.4) and
also produced the highest yield — 3.9 t/ha or 207%, of the best
check (Table 9).

Some inbred lines derived from tropical x U.S. corn belt
germplasm (such as Rpp TZSR-Y x N28) showed relatively low



TABLE 9.

Ratings of Striga
hermonthica of some
selected high yielding
maize hybrids at Mokwa,
Nigeria (1983).

TABLE 10.

Mean Striga rating of the
inbred lines in the partial
diallel hybrid com-
binations at Mokwa,
Nigeria (1983).

ratings of Striga in different hybrid combinations (Table 10).
They probably confer resistance genes. It is of interest to note
that the selected hybrids from each of the trial Nos. 8329, 8340,
and three out of the four selected hybrids in trial No. 8341 had
one inbred in common — 9848, 7103, and 9499, respectively. This

Grain LA Striga ratings***
Entry* yield best
No. Pedigree (1/ha) check Hybrid Range**

. 832213 1368x 9030 39 20 i4° 1448
| 83223 1188 x9006 36 187 29 1448
8329-9 9236 x 9848 2.0 251 2.5 2.0-4.8
8329-23 9516 < 9848 2.0 242 2.5 2.0-4.8
8329-22 9490 x 9848 1.7 221 2.3 2.0-4.8
8340-9 7103 x 9646 2.8 219 3.5 2.0-4.5
8340-7 7103 x 9613 2.7 211 2.0 2045
8340-12 7103 x 9432 2.5 196 2.8 2.0-4.5

8341-12 9485 x 9613 3.4 198 2.3 20-48
8341-3 8057 x 9499 33 190 2.5 2,048
8341-16 9499 x 9624 32 183 33 2.0-4.8
8341-6 9450 x 9499 3.1 178 2.5 2.0-4.8
28322, 8329, 8340, and 8341 represent different trials of 25 entries each.
** Range of average score of 25 entries within each trial.
*** Ratirgs 1-5; | =resistant, 5= susceptible.
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Striga - a parasitic weed
~ has destroyed the
susceptible maize crop
on the right, but tke
resistant hybrid line
(8322-13) on the left had a
very low Striga rating
and produced the highest
grain yields in tests at
Mokwa, Nigeria (1983).
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confirms the potential of these lines as donors for Striga
resistance.

Encouraged by the data obtained during 1982 and 1983 and
the possibility to develop Striga resistant varieties and hybrids,
IITA scientists are increasing their cfforts to develop reliable
screening techniques and sclection for Striga resistance to combat
the potential threat of this parasitic weed.




Left to right, Cicadulina
hiangula eggs in the maize
leaf mid-rib and a nymph
and adult leafhopper
feeding on maize leaves.
This leafhopper is the
vector of the destructive
maize streak virus
disease.

Increasing Leafthopper Numbers and
Infestation Efficiency for Maize Streak
Virus Resistance Breeding

ccause the breeding program for resistance to maize streak

virus (MSV) has greatly expanded in recent years to

develop resistant varieties with different maturity range
and ccological adaptation, the demand for the virus vector
leathopper (Cicaduling triangula) by scientists has exceeded the
supply. Therefore, intensive efforts have been underway sinee
1982 at IT'TA to improve mass rearing techniques and inerease
the number of leathoppers produced.

As aresult, several innovations in the rearing techniques have
permitted an increase in the number of artificially reared
leathoppers on a weekly basis from 15,000 in 1981 10 50,000 in
1982 to about 200,000 in 1983, Most of these leafhoppers are non-
active or short distance flyers used on experimental plots. They
stay and feed longer on one plant, thereby inereasing the
uniformity of streak infection. The very low streak infection of
farmers’ maize ficlds near the I'TA experimental farm indicate
that the leathoppers are confined mainly o the 1I'TA
plots.

The innovations in the rearing techniques include:
® Chang:ng the oviposition proceduare from egg laying cages to
an open-air egg laying table under greenhouse conditions

al



increasing more than two-fold the number of pests available
for egg laying on the same space. In addition, leafhoppers
escaping from the rearing cages during watering, changing
plants, and collection are attracted to the plants on the cgg
laying table.

® Replacing maize seedlings with millet plants for oviposition.
Millet, unlike maize, when damaged by leathopper feeding
develops a large number of tillers which are available for later
nymph feeding. This climinates the need for laborious plant
changes during nymph development and prevents the loss of
nymphs during the transfer process.

@ Monitoring at two-wecek intervals the average number of cggs
oviposited allows for corrections in the number of adults
released on the oviposition table.

® Taking into account slower development due to changes in
temperature. Such changes affect the egg and nymphal
development periods (Figure 15) and the productivity of the

Difference between
streak-susceptible check
and streak-resistant IITA
maize cultivars in the
JSield under artificial
infestation of Cicadulina
triangula.
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FIGURE 15,

Effect of temperature on
the development of
Cicadulina triangula — the
vector of maize streak
virus disease.
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colony. More insccts are released in the oviposition table
during the cooler period between July and September, and a
longer period of development is being taken into consideration
in planning the work schedule.

® Increasing the virus acquisition period of leathoppers grown
on millet from 24 to 48 hours doubled the percentage of active
transmitters from 22 to 469%,.

® Improving the genetic capabilitics of the leafhopper
population maintained in IITA greenhouses by individual
sclection of active transmitters further increased the
percentage of active transmitters from 46, to as high as 809,

The last two innovations allow the infestation of 25 to 309
more plants with the same number of leafhoppers and a 95 to
100%, cfficiency in ficld infestation.

ITTA is currently helping national research programs develop
their own Cicadulina colonics for maize streak screening. Trainees
from several African countries - including Kenya, Tanzania,
Zambia, Burundi, Cameroon, Togo, and Ghana — have observed
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FIGURE 16.

Procedure used to
develop mass rearing of
an Cicadulina spp. colony
Jor screening purposes.

and used the techniques and methods developed by the
Institute’s scientists (Figure 16). These include collection of the
live leafhoppers in the fields, transportation to the laboratories or
screenhouses, and multiplication from an initial small
population.




Toposequence with a
range of ecosystems at
IITA for growing rice —
JSfrom a drought-prone,
Sreely drained upland
area (top of photo) to a
flooded area (bottom).

Performance of Rice Varieties on
Natural Slopes of Inland Valleys

illions of small farmers in Africa plant rice on natural

and undisturbed slopes of inland valleys in undulating

relief - a major land form of the humid and subhumid
parts of the continent. On these slopes the environments for
growing rice may vary from free draining upland to impeded
drainage depending on the relief (landscape), the position of the
rice plants on the relief, and rainfall pattern. Rice plants
therefore may suffer stress due to lack of water at times and
natural flooding at other times. Rice varieties which have been
selected either for strictly upland ccosystems or strictly lowland
ccosystems may not be able to adjust to the peculiar conditions of
toposcquence and not be flexible enough to produce satisfactory
yields when planted on natral slopes of inland valleys.

To evaluate the potential of toposequence as a tool for
screening rice varieties, 1ITA scientists cvaluated the
performance of seven upland and 12 lowland varieties on a no-
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FIGURE 17.

Schematic presentation
of four ecosystems in

a toposequence of a
V-shaped valley at IITA’s
experimental farm at
Ibadan, Nigeria (1983).

tilled arca of a V-shaped valley on the Institute’s experimental
farm during the 1983 wet scason. The experiment started on June
22 and ended on Movember 15. The level of groundwater was
monitored weekly. The soils of the area were surveyed and rice
varictal response and performance along the toposequence
observed.

Four distinct ccosystems were identified on the experimental
toposcquence (Figure 17). They were:

Freely drained upland: Groundwater table never rises up to
the cffective root zone of rice. Plants showed moisture stress
symptoms as carly as one wecek after the rain stopped.

Intermediate upland: Groundwater table rose as high as 20
cm below the soil surface during the peak of rainy period and




TABLE 11.

Average grain yield of
seven upland and 12
lowland rice varieties
planted on different
ecosystems in a
toposequence (I1ITA,
1983).

dropped to about 80 cm below the soil surface during the dry
spell. Rice showed moisture stress symptoms only when the dry
period lasted for several weeks.

Intermediate flooding: Groundwater table was always in the
root zaiie of rice. After heavy rainfall groundwater sometimes
surfaced. Rice never showed moisture stress symptoms in this
part of the toposequence.

Flooding: Groundwater was at the soil surface or over-flowed
during most of the growing season. Signs of ferric iron
accumulation were occasionally observed in this part of the
toposequence.

Rice yield increased from freely drained upland to
intermediate flooding and then decreased slightly in the flooding
ccosystem (Table 11). The lower rice yield in the flooding
ccosystem could be attributed partly to poor germination and
crop establishment and partly to stresses associated with natural
flooding.

Across the toposequence, yiclding ability of upland varieties
was more stable than that of lowland varictics, although the
latter yiclded much higher than the former in hoth intermediate
flooding and flooding ccologies. Furthermore, within cach
varictal group, there was a distinct difference among varietices
with regard to the flexibility to adapt to variation in moisture
conditions (Figure 18).




FIGURE 18.

Grain yield of three
upland (top) and three
lowland (bottom) rice
varieties planted to four
ecosystems in a
toposequence of a
V-shaped valley at 1ITA’s
experimental farm at
lbadan, Nigeria (1983).
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With different environments ranging from drought prone
freely drained upland to hydromorphic and impeded drainage
ecologies, a toposequence arca such as the one described here
provides an ideal setup to facilitate the early identification of rice
lines adapted to various ecologies in Africa.

Grain yield ( kg/ha )
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A view of tne Bende,
Nigeria inland valley
developed by farmers
with the assistance of the
Anambra/Imo/World
Bank Smallholders Rice
Production Scheme. The
iron toxicity experiments
took place here.

Tolerance to lron Toxicity of Selected
IITA Rice Varieties

ntensifying the use of wetlands for rice and cther food crops by

small farmers may be a major step toward food sufficiency in

tropical Africa. But to accomplish this, further research is
nceded to develop appropriate soil and water management
technologies and practices that small farmers can adept and to
select and breed better yielding rice varieties that are more
resistant to discases and tolerant to adverse soil conditions.

Iron toxicity is a widespread problem for rice grown in inland
valleys and swamps where scepage flows contain a high
concentration of ferrous iron (Fe**) and the soils maintain a
strongly reduced (or oxygen-depleted) condition throughout the
year because of a high groundwater table. In collaboration with
the Anambra/Imo/World Bank Smallholders Rice Production
Scheme, 11TA soil scientists and plant breeders have conducted
research over the past two years on farmers’ ficlds in a small
inland valley of about 20 hectares near Bende in Southeastern
Nigeria to characterize the source and dynamics of reduced iron
in soil. Also, they have tested lowland rice varieties for tolerance
to iron (Fe) toxicity.




FIGURE 19.

Isolines of mean and
maximum concentra-
tions of ferrous Fe in soil
solution occurring during
the growing season in
relation to éron (Fe) toxic
zones delineated by leaf
symptoms of a suscept-
ible rice variety, IR 26.

It was grown during the
1983 crepping season in
an inland valley at Bende,
Nigeria.
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The Bende cxperiment has shown how plant breeders and soil
scientists work together in developing a field methodology for
testing lowland rice for tolerance to iron toxicity.

Many groundwater tubes were installed in the Fe-toxic and
non-toxic arcas. The groundwater table and the concentration of
ferrous Fe in the soil solution were measured weekly. A rice
variety (IR 26), susceptibie to Fe toxicity, was planted uniformly
across the concentration gradient of ferrous Fe iz the field. Based
on the data of ferrous Fe concentration in soi! solution monitored
throughout 1982/83 and the score of Fe toxicity symptoms
expressed by the susceptible variety IR 26 (bronzing and various
degrees of oranging), it was possible to delineate the field into
three Fe-toxic zones (Figure 19).

InZonc A, which has a mean valuc of soluble Fe of 50 ppm and
a maximum of 80 ppm occurring during the growing scason, IR
26 showed severe bronzing symptoms and gave little or no grain
yicld. In Zonc B, which has a mean value of soluble Fe of 30 ppm
and a maximum of 50 ppm, IR 26 showed severe oranging and
some bronzing symptoms. The number of tilers also decreased
significantly. In Zone C, which has a mean value of soluble Fe of




Two rice varieties grown
in the high iron toxicity
zone. (See Figure 19.) The
susceptible variety ITA
222 shows leaf bronzing
and very few tillers, the
tolerant variety ITA 247
SJairly normal growth.

2 ppm and a maximum of 10 ppm, this rice variety showed slight
oranging symptoms but only scattered occurrence. Zone D
represents a non-toxic area.

In the 1983 cropping scason, 16 ITA rice selections and two
introduced varieties were evaluated inside t'iree Fe-toxic zonesin
the Bendc valley (Figure 19). Included as cliecks were two highly
tolerant varieties (Suakoko 8 and Gissi 27) and two susceptible
(IR 26 and IR 52). The iron toxicity rating based on the severity
of leaf symptoms (i.e., bronzing, oranging) was scored at 30, 60,
and 75 days after transplanting.

Growth and yield data showed that only the plot located inside
the high Fe-toxic Zone A depicted differential response among
the 22 varicties. The low Fe-toxic area showed no significant
cffect on the growth and grain yield of the varieties. Response to
toxicity of the varieties in the medium toxic area (Zone B) was
not consistent, probably due to the variability of the ferrous iron
concentration within the zone.

Mean ofiron toxicity ratings taken at 30, 60, and 75 days after
transplanting in Zone A is summarized in Table 12, Six ITA
varicties — ITA 242, 245, 250, 238, and 247 - showed a high
degree of tolerance. These varieties were derived from the cross
Tox 711 (IR 5/Suakoko 8) — one of the earlier IITA crosses
intended primarily to incorporate iron toxicity tolerance to
improved plant type and high yielding varieties. Suakoko 8 is an
IITA selection in Liberia known to be tolerant to this adverse soil
problem. ITA 253 and ITA 244, which showed moderately
tolerant reaction in the trial, were also sclected from the IR
5/Suakoko 8 cross.

Three-year yield date obtained under non-stress conditions at
Ibadan for the six varieties are also given in Table 13. Comparing
the results from Ibadan with those from Bende where iron toxic
conditions exist, the decrease in yield in the susceptible varieties
amounted to about 909%,, but less than 50%, for the tolerant
sclections. Different parents and tolerance sources are being
explored to develop diverse varieties that fit different iron toxic
environments.

As reported in IITA’s 1982 Research Highlights, Fe toxicity to
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TABLE 12.

Reaction to iron toxicity
of the lowland rice
varieties grown in an
inland swamp in Bende
valley, South-eastern
Nigeria.

TABLE 13.

Performance of selected
ITA rice lines on Fe-voxic
soils at Bende valley and
under non-stress
conditions at lbadan,
Nigeria.

Moderately
tolerant Susceptible
ITA 232 (4.0) ITA 233 (5.0)
ITA 253 (4.0) ITA 123 (5.2)
ITA 244 (4.2) ITA 121 (5.3)
ITA 222 (4.3) ITA 231 (5.5)
BG 90-2 (4.5) ITA 212 (5.5)
IR 5 (4.3) ITA 230 (6.0)
IR 52(5.0)
(check)
IR 26 (5.8)
(check)

in scoring for Fe-toxicity reaction.

*Number in parenthesis is the mean of the scores taken at 3), 60, and 75 days after
transplanting. The IRR1 1-9 scale, with | indicating tolerance and 9 susceptibility, was used

Varicty/line

Fe-Toxic soils

Yicld under non-stress
conditions, Ibadan. (t/ha)

Bende, 1983
Tolerance! Yield
score

(t/ha)

1983

1982 1981 Av,

ITA 123 OS 6 mutant 5.2 0.18 3.74 5.15 4.78 4.56
ITA 121 Moroberekan/SE 363G 5.3 0.57 3.81 5.29 4.66 4.59
ITA 212 BG 90-2*4/Tetep 5.5 0.48 4.39 6.36 5.07 5.27
IR 26 (check) IR 24/TKM 6 5.8 0.13 3.54 - - 3.54

and 9 susceptibility.

' Mean of the scores taken at 30, 60, and 75 days after transplanting. The IRRI 1-9 scale of scoring was used with | indicating tolerance
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rice grown in a given inland valley and swamp is generally a
localized phenomenon. Severe toxicity normally occurs in a field
adjacent to the source of scepage flow containing high
concentration of ferrous Fe, particularly when the soil is poorly
drained and has a high groundwater table throughout the year.

Fluctuation of the groundwater table in the rainy scason in the
various sites in the Bende valley follows the rainfall pattern. But
the magnitude of groundwater fluctuation varies from one site to
another which is associated with soil type. Although the non-
toxic zone is situated in the lowest part of the landscape (Figure
20), groundwater tubes (T) installed in this zone showed the
largest fluctuations of the groundwater table throughout the
year. This indicates that soils in the non-toxic arca are better
drained than those in the Fe-toxic area even though the latter is
situated on a higher clevation. Apart from the farther distance
from the seepage source, the large fluctuations of groundwater
and redox potential in the non-toxic arca allow the ferrous Fe in
the soil solution cither to drain out with groundwater or to be
oxidized and precipitated as ferric oxides.

On the other hand, soils in an Fe-toxic arca (Figure 20, Sites
T2 and T3) remain almost permancntly saturated and reduced
at shallow depth throughout the year.

Thus, in the development of the lowland non-toxic area for
irrigated rice cultivation, necessary measures should be taken to
ensure that ferrous Fe in the seepage water from the uppersslope is
prevented from accumulating in the flooded rice field. This may
be achieved by intercepting the main seepage flow in the upper
slope and by draining the ficld at the end of the cropping season
to allow oxidation to take place. It is important to point out that
farmers in the arca normally plant rice after the peak of the rainy
season (mid or latc-September) because of the lack of adequate
flood control.

Ina-‘rongly reduced ficld containing toxic levels of ferrous Fe,
rice - ..ts generally show two types of symptoms on older and
fuly aeveloped lcaves: the bronzing symptom of acute Fe
toxicity which is caused by the presence of high levels of ferrous
Fe in the soil solution in a strongly reduced soil environment, and
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FIGURE 20.

A schematic diagram of
the Bende inland valley
showing the landscape,
sites of groundwater tube
installations, and
seasonal fluctuations of
the groundwater table.
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the oranging symptom which generally occurs in a field
containing moderate levels of ferrous Fe. The oranging symptom
seems to be associated more with nutritional disorder due to
malfunction of rice roots than a direct effect of Fe toxicity.

Rice varieties, however, show differential tclerance to high
levels of ferrous Fe in the soil solution. Roots of a highly
susceptible varicty are simply incapable of surviving in a strongly
reduced soil environment containing high levels of ferrous Fe in
the soil solution. A moderately tolerant variety, however, can
maintain an oxidized condition at the root tips and surfaces. The
surface coating of ferric oxides decreases the effectiveness of
nut:ient and water uptake by roots which may be partly
responsible for the leaf oranging symptoms. It has been observed
that a tolerant variety not only is capable of maintaining an
oxidized condition at the root-soil interface but also has a more
vigorous root system.




Root growth of a
susceptible rice variety
IR 26 used as a check in
the experiments. Left to
right, roots from a highly
iron toxic zone,a
moderate toxic zone, and
a non-toxic zone.

Additional studics on root growth in relation to nutrient
uptake of tolerant rice varicties grown under high Fe-toxic
environment are underway to better understand the mechanism
of Fe tolerance and to identify key factors that can he used for
further genetic improvement.
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A farmer’s field in Niger
has fallen victim to rice
wvellow mottle virus
(RYMV) disease which
has spread over many
areas in that country and
several other rice
growing nations in

Africa.

TABLE 14.
Number of lines selected
Sfor tolerance to rice

yellow mottle virus
(RYMYV) disease (1983).
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Breeding for Resistance to Rice Yellow Mottl

he potentially devastating rice yellow motde virus disease

(RYMV), first reported in Kenya in 1966, is a distinctly

African specific discase of lowland rice and widespread in
East, Central, and West Africa. A joint survey in 1983 by I{TA
and the West African Rice Development Association (WARDA)
revealed that the discase had appeared in alarming proportions
in farmers’ ficlds in Niger and to a lesser extent in parts of Upper
Volta and the deepwater polders of Mali.

In Upper Volta and Mali, wild rice {Oryza longistaminata)
harbored the virus, indicating that it may represent an original
natural host of RYMV. This finding adds a new dimension to the
epidemiology of the discase.

Realizing the potential threat of this discase, 1HI'TA initiated
rescarch in 1978 on aspects of detection, survey, and screening for
resistance. (See Research Highlights for 1978 and 1981.) Several
African upland varieties have been reported to be tolerant to the
discase by carlier workers, and during 1982 carefully controlled
screening trials by repeated inoculation and serological assay
confirnied the superior tolerance of varicties such as
Moroberckan and Lac 23.

During 1982 and 1983, the major emphasis has been on
breeding for resistance to rice yellow mottle virus, as well as on a




firus Disease

(Top photo). A semi-
dwarf rice variety
resistant to yellow mottle
disease (background)
compared with a
susceptible popularly
grown variety (yellowed
plants in the foreground).

(Lower photo). Thirty-
three rice progenies are
being studied in a
screenhouse for
resistance to RYMV
disease and for
acceptable plant type for
lowland production.

more intensive search for resistance among lowland varietics.
Crosses were made between Moroberckan and high vielding
dwarfs. The F, and F, populations were artificially inoculated
and several promising F, familics are being retested for plant type
as well as resistance (Table 14). A backcrossing program 1o
incorporate the resistance into the high yielding lowland varieties
and studies on the geneties of resistance are also underway.

In the meantime, a few lowland dwarf varicties have been
dentified that are also highly tolerant to RYMV, and these are
being confirmed for their tolerance. Some of these will soon be
usedd in hybridization since crosses between RYMV-tolerant
lowland varicties and high yiclding semi-dwarf but susceptible
varicties are likely to yield pedigree lines with tolerance and high
yield in a shorter time. The crosses between tolerant upland and
semi-dwarf lowland varieties- will need repeated backerosses,
‘Therefore, this work is more time consuming. The final objective,
however, is to develop superior high yielding RYMV-tolerant
lowland varicties to be used in RYMV endemic arcas in Africa.
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FIGURE 21,

Comparison of moth
populations and damage
on six rice varieties
stored for four months.
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Rice Varieties Resistant to the Storage
Moth Sitotroga cerealella

educing storage losses caused by insccts is an important
goal in Africa’s drive toward rice self-sufficiency, and the
least expensive way is through varietal resistance.

In screening tests of 33 rice varieties of diverse origin during
1983, two of IITA’s varietics — I'TA 233 (lowland variety) and
ITA 135 (upland variety) - had the highest level of resistance to
the storage moth Sifotroga cerealella in short-term (one-month)
storage.

Also, ITA 233 consistently showed a high level of resistance to
moth damage when evaluated along with other rice varietiesina
longer term (four-month) storage screening test. It suffered only
4.5%, damage compared with 65.4Y%, for the most susceptible
variety, IRAT 110 (Figure 21).
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The larva of the storage
moth Sitvlroga cerealella
Sfeeds on the rice grain
inside the husk, eating
from 50 to 70", of the
kernel. Then the adult
moth emerges from an
exit hole in the husk.

Resistance was found to be related to a physical property of the
husk ~ husk tightness. Rice varieties with a high proportion of
grains with open husks were more susceptible than those with a
low proportion. Open husks gave the larva casy access to the
kernels. However, the number of insects emerging from cach
variety was not directly proportional to the amount of grains with
open husks. This suggests that some other unidentified factors
may also influence the development of the insect in some rice
varieties with a large proportion of open husks. Therefore,
resistance through other mechanisms ‘such as antibiosis) is being
investigated using milled rice.
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HTA’s newest cowpea
line —IT 82D-716 — during
the first season of 1983 in
an experimental field at
Ibudan, Nigeria. It
combines resistance to
eight diseases and two
major insect pests —
thrips and bruchids.

7t

New Cowpea Line with Multiple
Attributes

ost promising of the new high vielding cowpea lines

developed ar HTA s T 82D-716 which combines

resistance to eight principal discases and two major
inscet pests, plus improved plant type. medinm maturity, and
good seed quality. Tewas developed from aeross involving 'T'V'x
6332 o braehid vesistant line and TV 3236 2 thrip resistam
line..

Yield potential of ' 82D-716 is similiar to TV 3236 one of
the highest yielding varicties which is becoming populsr in
Nigeria and other West African countries, The newes  line,
however, differs in disease and insect resistanee characteristics,

While "T'Vx 3236 is susceptible to cowpea vellow maosaice,
cowpea aphid borne mosaic, and cercospora leaf spot, ' 821)-
716 is vesistant to all three diseases. Both varieties are resistant to
thrips. but the newest line is also resistant to braehids < Table 15,



TABLE 15.

Performance of IT 82D-
716 compared with
couwpea variety TVx 3236
in three locations in

Resistazice to thrips in both lines is similar, and they are much
“superior » the susceptible lines (Table 16). This level of
resistance to thrips is reflected in the performance of these lines,
especially under minimum insecticide protection (‘Table 17),
The performance of I'l" 82D-716 and TVx 3236 was much
superior with two sprays compared with the susceptible variety

IT8ID-1137.

Bruchid resistance in I'I" 82D-716 is as good as that of the
original bruchid resistant parent '1'Vu 2027 (Fable 18), but TVx
3236 and Ife Brown (a local improved varicety) are highly
susceptible to bruchids. Seed characteristics of I'T" 821)-716 and

Nigeria (1983).
Grain yield tkgfha; Reaction 1o discases®
Variety HTA Mokwa Samaru CYMV CABMV Anth. BBI BB BP WB CC  ‘Thrips Bruchids
IT8D-716. 1404 1670 1148 MR R R R R R K R * R = R
TVx 3236 1412 1994 1169 S S R R R R R § R S
cv 18 15 14
LSD (5", 322 946 253

CCYMYV = sellorw mosaic virus ; CADMY = aphid borne mosaic virus ; Anth = anthracnose; BB1 = Brown blotch; BB = barterial
blight; BP = bacterial pustule; WB = web blight; CC = cevcospora ieaf spot. R = sesistant; MR = moderately resistant; § =

stscepilible.
No. of thrips Thrips damage
Vauriety per raceme score®
LAYeIDIe e et
TVx 3236 2.0
' 81D-1137 3.8
I'l 82E-60 9.5
;fBLE 16. ) thri (4% 337 117
ean scores for thrips L.SD 2.9 Lol

damage in IT 82D-716
compared with other
cowpea varieties

*1 = Nodamage: 5 = complelely dumaged.
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TVx 3236 are similar, except that the seed of the newest line is a
little larger. Also. the plant type is more crect.

Because of its multiple disease and insect resistance, cultivation
of IT 82D-716 <hould ensure greater yield stability in the ficld
and minimize losses in storage caused by bruchids. Mar  armers
in Africa, Asia, and South America arc compelled to dispose of
their cowpea crop soon after harvest because of the substantial
damage caused by bruchids (Callosobruchus maculatus) in storage.
This not only reduces an important protein source for their
families but forces them to sell at a time when market prices are

During the second season
of 1983, the newest 11TA
cowpea line (IT 82D-716) usually the lowest of the year.

produced high yields ina
humid area at Onne in

Southern Nigeria.
5 sprays 2 sprays
Varicty (kg/ha)
LITEDE o T A6eS.
TABLE 17. TVx 3236 1530
Yieids* of IT 82D-716 IT 81D-1137 1296
compared with other o ; ; ,
cowpea varieties under Yield estimates are from unreplicated plots of 125 m?.
insecticide protection.

Mean adult
emergence
Varicty (%)

T BID-716

TVu 2027
TVx 3236
TABLE 18. Ife Brown
Mean adult bruchid )
emergence in IT 82D-716 eV 16.8
compared with other LSD (5%) 10.3
cowpea varieties. I
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FIGURE 22

Worldwide distribution
of improved cowpea
breeding lines from IITA
(1983).

International Trials — Glohal Links for
Rapid Development of Cowpeas

ithin the international network of agricultural

rescarch centers, II'TA has been assigned worldwide

responsibility to develop improved genetic materials
of cowpeas for use by national programs, and its systematic
research has led to the development of meriy disease and insect
resistant varictics combining high yield potential, good plant
type, and early maturity with acceptable seed quality.

Distribution of these new, improved breeding lines of cowpeas
is accomplished through Cowpea Iniernational Trials (CIT)
fcrmulated each year. II'TA includes only those lines which have
proved superior in its multilocation trials in various ecological
zones within Nigeria — humid forest, derived savanna, guinca
savanna, sudan savanna, and sahel.
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Cowpea International
Trials are conducted by
scientists of national
programs,
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In 1983, three Cowpea International Trials were distributed
to approximately 150 collaborators in 51 countries in many parts
of the world : 28 countries in Africa, 11 in Asia, and 12 in Central,
South, and North America (Figure 22). CIT-1 included extra-
arly-maturing varieties, CI'T-2 medium-maturing varieties,
and CIT-3 bruchid resistant varicties,

The international trials are conducted by the scientists of
national programs, and copics of their data are sent to [I'TA for
analysis. The results at individual locations, as well as the
combined results for all locations, are then made available to
collaborators. The most promising lines selected from these trials
are further evaluated by the national scientists in agronomic and
on-farmi trials, and the best lines are cither directly released for
planting by farmers or used as parents in breeding programs.

This annual cycle of developing and distributing new,
improved cowpea lines to various national programs has resulted
in a global network of cowpea researchers and led to rapid
development of cowpeas in many countries. Several varieties of
II'TA-bred cowpeas have been released in Brazil, Venczuela,
Nicaragua, Guatemala, South Yemen, Togo, Upper Volta,
Nigeria, Tanzania, and Guyana. At the present time, selected
varictics arc being multiplied in Zambia, Zimbabwe, and
Botswana for release to farmers.



Cowpea flowers are
checked to determine the
extent of larval
infestation and or
damage by Maruca
testulalis. This is one step
in studies to determine
damage threshold levels,

Damage Thresholds for Ped Borers and
Pod Sucking Bugs on Cowpeas

Ithough the pod borer’s common name may indicate it

feeds only on the pods of cowpeas, it causes the most

serious damage at the flowering stage. Contro! measures
arc most critical then because few pods are likely to be formed if
larval infestation and /or damage in flowers by Maruca testulalis is
high. Yield reduction could be enormous.

A study was conducted during the second cropping scason in
1983 at Ibadan, Nigeria to determine the level of flower
damage/infestation at which significant yield reduction takes
place. Pre-determined damage threshold levels were set at 0, 20,
40, 60, 80 and 100%, flower damage/infestation. Plots were large
(170 m?) and unreplicated, but sub-plots were staked out from
which samples of 100 flowers were taken and examined on
location once a week over a threc-week period for larval
infestation or larval feeding damage. If the pre-determined
damage/infestation level in any given plot was exceeded, a spray
of Decis was applied the same day. Grain yield was taken at full
maturity.

Theoretically, the damage/infestation level beyond which
grain yield is significantly different from the sprayed control
would be considered the damage level at which control measures
should be initiated. This is the action threshold (ATh) for the
borer on that particular cowpea variety. (ATh is not a static
mcasure and may vary with scason, location, and cowpca
variety.)

Results shown in Figure 23 indicate that most treatments
required at least one spray to maintain the damage/infestation
within the pre-sct level. Yield data on Table 19 indicate that up
to an action threshold of 40%, there was no significant yield
reduction from the control which was sprayed weekly. However,
two insccticide applications were necessary to maintain this level.
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FIGURE 23.

Population fluctuation of
pod borer (M. testulalis )
larvae with respect to
different levels of pre-
set action thresholds
{ATh ~ broken lines) for
cowpea flower damage|
infestation. (Numbers

on the bars indicate
insecticide sprays;

ATh == 0 and ATh - 100
represent weekly sprayed
and unsprayed controls,
respectively.)

Even at an action threshold of 60%,, yield reduction was not
very high, but prudence and goot judgement would dictate that
40%, is a more realistic ATh since this minimizes the risks of
miscalculation. Farmers can be trained to make this sort of
damage evaluation. The only requirements are the recognition of
the insect and the damage it causes, plus a good pair of eyes.

Thne pod sucking bug (Clavigralla tomentosicollis) causes serious
damage to young, developing cowpea pods. In some years,
population levels of these insects have been recorded at 50 bugs/2
m-row. To realistically tackle this problem, scientists need to
determine the population levels that can be tolerated by the
plants at the crucial growth stages without heavy losses in yield.

A study was conducted in 1983 at IITA, in collaboration with
an entomologist at the University of Ibadan, using caged plants
of Ife Brown varicty cowpea infested with adults of C.
tomentosicollis. Infestation levels were set at 0, 2, 4, 6, 9, 16, and 32
pairs at two different times of infestation — at the onset of

Flower damage/ infestation (%)

100

ATh=0
80

Ist
60
40

20

76

ATh=100

4 |

7 14 | 7 14 I
Sampling date

7 14 7 14
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TABLE 19.

Grain yield obtained
Jrom different levels of
Sflower damaga/
infestaticn of cowpea
variety TVx 3236 by the
pod borer (M. testulalis ).

flowering and at podding. Different yield components, damage
levels, and yield were monitored during the study.

No differences in flower production and abortion were
recorded at either time of infestation, but there was a measurable
increase in pod production and pod abortion as the level of
infestation increased. The highest level of pod abortion was
recorded for treatments with 16 and 32 pairs (p < 0.01) with a
significant correlation (r = 0.85*) when infestation was done at
flowering. Pod production and abortion were lower with
infestation at the podding stage. This suggests that an carly
attack of C. tomentosicollis is likely to cause greater damage than if
the attack occurs much later.

Damage to sceds increased with a corresponding increase in
infestation with over 509, damage occuring at an infestation
level of four pairs/cage. Damage was generally lower when
infestation was done at the onset of flowering, possibly because
pods did not set sced before they were damaged and aborted
(Tabi 20).

Yield was drastically reduced at both times of infestation. At
two pairs/cage this reduction was significantly different from the
uninfested control. No yicld was recorded at the highest
infestation level when infestation was done at the onset of
flowering.
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TABLE 20.

Yield and yield reduction
caused by the pod
sucking bug

(C. tomentosicollis ) caged
with cowpeas at onset of
Slowering and at mid-pod
Sill(IITA, 1983).
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This study shows that infestation of pod bugs up to and above
two pairs/l0 plants (or two bugs/meter of row) would be
considered the action threshold at which control measures
become necessary. When scientists consider the population
pressure generally observed on cowpea ficlds (20 bugs/2 r -row),
they recalize the pressing nced to develop a good pest
management strategy for pod bug control. If chemicals were the
sole control measure, the action threshold of two bugs/meter of
row would require sprays at least every five days.

Work is underway to identify resistant cowpea cultivars which
could be used in concert with chemical, cultural, and biological
control measurcs to suppress pod bug populations and reduce the
nced for frequent insccticide applications.




Above, aphid resistant
and susceptible cowpea
progenies used in studies
on the nature of
tnheritance of insect
resistance.

Right, thrip resistant and
susceptible cowpea
progenies used in genetic
studies.

Using Results of Studies on Inheritance
of Insect Resistance in
Cowpea Breeding

uring 1982/83, TI'TA scientists conducted systematic

genetic studies on the nature of inheritance of resistance

to aphids, thrips, and bruchids. ‘The results are nsed in
developing a suitable strategy for their cowpea breeding
program, and they believe the information will be helpful also o
scientists in national programs who have iitated breeding
programs for insect resistance in cowpeas.

The ¥, F,, F,, and backcross populations involving resistant
and susceptible parents for cach of the three insects were
evaluated along with parental lines. In cach case the inheritance
of resistance was rather simple and the effects of individual genes
were large and casily discernible. 'The data indicated that
resistance o aphids is a dominant trait and monogenically
inherited as evident by 3 resistant to 1 susceptible ratio in I,
population and 1 resistant to | susceptible ratio in the backeross
population (‘Table 21).

On the other hand, resistance to bruchids and thrips was a
recessive trait and digenically inherited. This was evident from
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Bruchid resistant and
susceptible cowpeas.

TABLE 21.

Genetic segragation for
aphid resistance in F,
populations of different
cowpea crosses.

TABLE 22,

Genetic segregation for
bruchid resistance in F,
populations of different
cowpea crosses.

TABLE 23.

Genetic segregation for
Slower thrips resistance
in F, populations of

different cowpea crosses.
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15 susceptible to 1 resistant ratio observed in F, progenies for
bruchids and F, progeny rows for thrips (Tables 22 and 23).
Backcross data supported the F,/F, segregation patterns for both
characters. The size of population in backcross, as well as in a
regular hybridization program, largely depends on the number
of gence pairs involved in controlling the resistant character.

TV 2097 X TKx 198-16D.2
TV 2027 » Crost 1:6€:2

*!. Population
STV R%6XTVu% o1
- TVx 3236 X ITB2E60 " -




Elite Cowpea Varieties Rate High in
Analyses of Protein and Amino Acids

analyzed by the University of Manitoba (Canada) scientists

during 1983, and the results show that incorporating high
yielding and discase and insect resistance characteristics was not
at the expense of the quantity or quality of the protein content.
Furthermore, their amino acids rating was considerably higher
than the FAO provisional pattern with the cxception of
methionine.

S cveral IITA cowpea varieties and new breeding lines were

The Canadian scientists performed the analyses for eight of the
essential amino acids. Table 24 shows the amino acids profile of
HTA-developed varicties and lines compared with the FAO
provisional pattern and the protein content which ranged from
19.8 to 24.49,.

Cowpeas are the major source of protein in the daily diets of
millions of people throughout the tropics, and they are consumed
in association with basic starchy staples such as cassava, yam,
cereals, and plantains. Therefore, one of the major objectives of
the cowpea improvement program at IITA is to develop high
yielding and widely adapted varieties with improved levels of
protein. Analyses such as those made in 1983 help to ensure that
newly developed varietics and advanced breeding lines
distributed to national programs in many parts of the world will
continue to have a high protein content and other valuable
characteristics.
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IITA-developed cowp

content analyses.

ea varieties and breeding lines that rated high in amino acid and protein

hmproved cowpea lines

Released Medium maturity Early mawrity
VITA TVx- AN value
TVx- 4659 IT 82D I'T 82D I'T 82K I'T 82E compared
-3 -5 -7 3236 -03L ~-716 - 889 - 32 -0 to FAO
1.8 1.7 1.6 1.9 +9 1.8 1.7 1.8 1.6 1.2 Sufiicient
8.8 88 8.6 8.8 8.8 8.7 8.7 8.8 8.4 1.8 Suflicient
i8 .7 7.5 7.8 7.6 7.6 7.6 7.6 74 4.2 Sufficient
6.5 6.5 6.4 6.4 6.5 6.1 6.5 6.4 6.1 28 Sufficient
33 3.2 3.4 3.3 3.1 3.4 3.5 3.3 3.3 2.8 Sufficient
1.1 1.5 1.3 1.5 1.1 1.5 1.5 1.4 14 2.2 Deficient
4.2 1.1 1.0 1.3 4.2 4.2 1.1 1 4.0 28 Suflicient
3.9 6.5 5.7 6.0 6.0 5.8 3.8 39 5.0 1.2 Sufficient
2.7 13.0 114 13.0 128 2.4 124 2.3 10.8 28.0 Sufficiem

*As &7 moisture basis for cowpea genotypes.

TABLE 24. Amino acid and protein analyses of improved IITA cowpea lines.




FIGURE 24.

Cowpea characteristics
and their relative
importance as ranked by
city and rural consumers
in Kwara State, Nigeria
(1983).

. Cooking time

Predicting Acceptability of Food Crop
Varieties by City and Rural Consumers

he final test for new crop varieties is actual use by
consumers, and their preferences affect the direction
scientists take to develop new varieties.

In a 1983 survey planned and conducted by IITA and the
University of Ibadan, residents in 177 households in Ilorin city
and four villages in Kwara State, Nigeria were asked in personal
interviews about their preferences for 10 characteristics of
cowpeas for five different uses: boiled cowpea-maize mixture
(adalu), bean cake (akara), boiled beans (ewa), cowpea soup
(gbegiri) and steamed hean pudding (moi-moi). Each person
interviewed was asked to indicate his/her preference for the
different cowpea characteristics on a zero to 100 scale for each
use.

Computers were used for quick data processing, and the
calculated index values gave the weevil-free quality the most
important rank for all five uses, followed by swelling ability

Cowpea characteristics Comparative index
Weevil-free quality
Swelling ability during processing

Peeling quality
Color
Soaking time

Grain size
Grinding quality
Binding quality
Seedcoat texture

x
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A village woman
prepares “akara”-a
popular food made from
cowpeas. Both rural and
{'it_)' consumers raled
weevil-free quality,
swelling ability, soaking
time, and binding quality
as the most important
characteristics of
cowpeas for making this
product.
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TABLE 25,

Index value for
characteristics of
cowpeas for five food
uses i:1 Kwara State,
Nigeria. (Index range
Sfrom 0 to 100.)

during processing, cooking time, pecling quality, color, soaking
time, grain size, grinding quality, binding quality, and sced
texture (‘Table 25 and Iigure 24).

By introducing a sccond rating for the most important
characteristic for cach toor! ddish, it was 1und that the visual
aspects - color, size, and no weevils — were “lecisive miainly for
boiled beans (cowpeas). For the other food dishes, however,
processing aspects were important: swelling ability and cooking
time for the cowpea-maize muxture; binding quality and
seedeoat texture for bean cake; peeling quality and scaking time
for stcamed bean cake; and grinding quality for cowpea soup
(Table 25).

This cooperative rescarch work with the University of Ihadan
will be continued o provide additional data to help predict
consumer acceptability for a range of new variceties of various
crops in different production and consumption arcas. The
rescarchers plan to further simplify data collection and
calculation procedures and speed up the feedback to scientists
who can use the information when they plan the strategies for
their plant breeding programs.

Characteristics

1
Cowpra-
maize Bean Boiled Cowpea Steamed Average
mixture cake beans soup hean cake all
uses

“adalu™ “akara” “ewa' “ghegiri” “moi-moi’’

" Wesit e il

Swelling ability
during processing
Cooking time
Peeling quality
Color

Soaking time
Grain size
Grinding quality
Binding quality
Seedeoat texture

18 14 15 9 11 13
15 7 13 12 8 11
3 9 3 14 18 9
1) 9 12 6 8 9
3 10 5 ] i 8
10 5 h 7 ]
3 ® 3 11 8 7
] 10 5 3 6 6
4 B 4 6 i) )
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Soybeax lines that
nodulate with rhizobia
indigenous in Africar.
soils and incorporate
good seed longevity,
desirable agronomic
characteristics, and high
yield potential have been
identified by IITA
scientists from 1983
multilocational trials.
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Soykbean Lines for the Lowland Tropics

wo major constraints to soybean production in the tropics

are the inability of mos: lines to form nodules necessary

for symbiotic nitrogen fixation and rapid loss of seed
viability in storage in a warm, humid e.vironment. IITA
scientists have found several lines that nodulated with rhizobia
indigenous in African soils. These lines are called *“promiscuous
r.odulators” because of their characteristics of forming symbiotic
relationships indiscriminately with diverse rhizobia strains. This
is important because most developing countries lack inoculant
industries and extension systems to distribute inoculants to small
farmers. Promiscuous lines can yield well without inoculation.

Gther lines in the germplasm collection were fecund to
maintain their germinating power cven when stored under
ambient conditions in the humid tropics. However, lines with
cither of these characteristics were unacceptable, almost without
exception, because of other traits such as lodging, shattering,
susceptibility to discases, and low yield potential. In 1978, a
breeding program was initiated to incorporate promiscuous
nodulation and good sced longevity into lines with good
agronomic characters and high yiceld potential. Such soybean
lines have been identified from 1983 multilocational trials and
arc available for testing by national programs.

One of these promising lines ~ TGx 536-02D - is a backcross
between Bossier (released in the U.S.) and the recurrent parent
TGm 737p (a line from Indonesia). The cross was planned to
incorporate good soybean yicld potential, stem strength, and
pustule and shattering resistance from Bossier with superior seed
longevity and promiscuous nodulation of TGm 737p. (The latter
is otherwise agronomically unacceptable.)

The line originated as a bulk sclection from a population
grown in the 1982/1983 dry scason at Ibadan and was tested



TABLE 26.

Performance of
promising soybean
breeding lines (TGx 536-
02D and TCx 306-036C) in
multilocation trials for
mear. seed yield, disease
reaction, and some
agronomic traits

during 1983 at four sites in Nigeria (Table 26). It incorporates
both a good level of pustule resistance and resistance to
shattering. The level of promiscuous nodulation is nearly as good
as the promiscuous parent, and it can be grown without
inoculant on many tropical soils.

Soybean yields from TGx 536-02D at Mokwa and Ilorin in the
southern Guinca savanna and at Ibadan in the forest region
averaged over 2 t/ha. Average yicld was 1.6 t/ha at Zaria in the
northern Guinca savanna where rainfall was severely limited in
1983. This linc has yellow seeds which weigi about 14g/100
sceds. Days of maturity ranged from 105-114 in Nigeria and
height from 76 cm under relatively high fertility conditions to 51
cm where soil fertility was low. A possible drawback is a tendency
to lodge under high soil fertility.

Another line ~ TGx 306-036C — has been tested in ITTA trials
since 1981 and in Nigerian cooperative and international trials
since 1982. It is a cross between Jupiter, a high yielding cultivar
from Florida, and Malayan, a cultivar introduced to Nigeria in
the carly 1900s. The latter is highly promiscuous and has
acceptable sced longevity but low yield potential. This line
(Table 26) has yiclded consistently well in trials in Nigeria, and a
trial conducted in 1983 indicates that it maintained a high yield
with and without fertilizer in both sandy and clay soils. It has a
maturity similar to Malayan (125-135 days), resists lodging and
shattering, and should give good, stable yields in lowland tropical

compared with check
cultivars.
] Seed Shattering Maturity
(kg/ha)  Nodulation' storage? Pustule® resistancc  Lodging (days)
TGxowOD S e gl R geed 108

TGx 306-036C v, good fair MR good good 128
Bossicr {check) poor v. poor R goad good 105
Malayan (check) v. good good S fair poor 137

' Nodulation with indigenous rhizobia.? Relative seed lon; rvity.? Reaction tn bacterial pustule: R = resistant, S = susceptible, MR =
moderately resistant. * Local variety grown in Nigeria; parental source of promiscuous nodulation.




regions with long growing seasons. Secd is yellow and weighs
about 14g/100 sceds.

IITA has identified breeding lines with reasonable yield
potential and improved plant type that have levels of sced
storability similar to the donor parents. They are useful parental
materials for breeders who want to incorporate superior seed
longevity into high-yiclding backgrounds (Table 27).

TABLE 27.

Soybean breeding lines
proposed for use as
improved parental
material for superior
seed longevity as
compared ‘o high-
yielding parent with poor
seed longevity (Bossier)
and previous donor
parent with good seed
longevity (TGm 737%).

Emergence! Lodging  Shauering Seed sizet Seed
(“y)  Pustule? resistance resistance (g) color Maturity?

TGx709-01E;

Bossier (Check) 15 R good good 19 yellow 108
TGm 737" (Cheeks 68 S puor poor 8 black 99

VSeedling emergence following accelerated ageing (6 weeks at 40°C and 75%,, R.A1.) ; data represent the means averaged over thee trials,
cach trial having j.ur replications. ? Reaction to hactertal pustule : R = rvesistant; MR = maderately resistant ; S = susceptible. * 10
seed teeight. Y Days to harvest at 7°N latitude,
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FIGURE 25 (left).

Yields of M 351 soybeans
with and without
secondary and micro-
nutrients at four levels of
phosphorus application
at Yandev, Nigeria.

FIGURE 26 (right).

Yields of M 351 soybeans
with and without
secondary and micro-
nutrients at four levels of
phosphorus application
at Mkar, Nigeria.

Secondary and Micronutrient
Rejuirements of Soybeans in the
Savannas

groclimatic zones with the greatest potential for sovbean

production in West Africa are the Guinea savannas, hut

only limited work has been done on the secondary and
micronutrient requirements of the crop in these regions of
Nigeria. Trials were conducted at two sites in Benue State to
determine these requirements, as well as for phosphorus (P) and
potassium (K. Secondary and micronutrients were applied to
the soil in a slurry consisting of Mg, S, 22n, B, Cu, Mn, and Mo,
and phosphorus as triple superphosphate and potassium  as
muriate of potash,

At Yandev, Nigeria, with a long history of fertilization with N,
P, and K, response to phosphorus was small and lincar (Figure
25). Application of sccondary and micronutrients increased
viclds by 500 kg/ha —a 509, increase without P. At Mkar, where
litde fertilizer had been applied previously, response to P was
very large (Figure 26). Application of 50 kgP/ha alone or with K

Yield (kg/ha)

(o}
P applied ( kg/ha)
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FIGURE 27.

Yields of Hernon-237
soybeans with and
without secondary and
micronutrients at three
levels of phosphorus
application at three
locations in the southern
Guinea savanna of
Nigeria.

tripled yields. An additional 400 kg/ha yield increase was
obtained by the addition of secondary and micronutrients at the
two highest rates of P application.

Response to secondary and micronutrients at these two sites is
consistent with that obtained previously at three other southern
Guinea savanna sites (Figure 27). In each case, the secondary
and micronutrients significantly increased yield when applied
with high levels of P. The decrease in yield of the soybean variety
Hernon-237 at Mokwa when P was applied alone (Figure 27)
suggests that some minor element was already in limited supply
in the soil and that P fertilization induced deficiency in the plant.
Application of secondary and micronutrients counterbalanced
the detrimental P effects.

The consistent response of soybeans to secondary and
micronutrients at five separate locations suggest that deficiencies

Yield ( kg/ha)

MOKWA AGENEBODE LESSEL
2000 |~ — -
1800 |- | LSO 5% L LSD 5% L LSD 5%
1600 [~ ‘ - -
P applied with
secondary and

1400

micronutrients - -
—

1200 -

lOOO [~ W e
P applied glone
800 |~ —~ =
1 | |
0 25 50 0 25 50 O 25 50

Rate of phosphorus applied (kg/ho)



A soybean field which has
the necessary secondary
and micronutrients and
other fertilizer
requirements for high
production (Mokwa,
Nigeria).

in nutrients other than N, P, and K may be widespread in the
southern Guinca savanna. Under high management with
adequate rates of P fertilizer, it may be necessary to fertilize with
onc or more secondary or micronutrients to obtain high soybean
yiclds on these soils.



Apoanagyrus lopezi ~ the
natural enemy of the
mealybug — was released
on this 3,000 hectare
cassava farm near
Abeokuta in Western
Nigeria. The inset photo
shows the mealybug and
the parasitic wasp which
was originally found in
South America.
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Results of Natural Enemy Releases
Against the Cassava Mealybug

arked progress in biological control work against the

destructive cassava mealybug has been recorded in

Nigeria during the past three years. The release of one
of its natural encmies, Apoanagyrus lopezi, in IITA experimental
fields at Ibadan in 1981 and in a 3,000 hectare cassava farm at
Abeokuta in late 1982 resulted in much lower mealybug
populations (Figure 28).

Then in March 1983, a large-scale survey showed that 4. lopezi
had spread from the big farm to most cassava fields sampled
within a 100 km radius and was sporadically encountered up a
distance of 173 km from the release site at the farm (Figure 29).
This parasitic wasp (found originally in South America) spread
thrcughout Ogun and Ondo states and reached Lagos and
Kwara states, covering an area extending from the rain forest
into the Guinea savanna.

As in the previous year at IITA, the wasp survived the rainy
season, and in the following dry season was found in almost all
infested fields within its previous distribution. Moreover, by



FIGURE 28.

Impact of release of

A. lopezi = a natural
enemy of the mealybug -
at a large cassava farm
near Abeokuta, Nigeria.

Average number of cossava mealybug / shoot
100

Control fisd ~_ |

20—

2030 207 243 7 3 K4 8l
Nov Dec Jon Feb Mor Apr Moy Jun Oct

December 1983 it had spread a:l through Ondosstate and beyond
Benin City in Bendel state.

The cassava mealybug has been attacked also by numerous
indigenous predators which previous to the entry of the
mealybug (Phenacoccus mantholi) into Africa in 1973 fed on other
closely related mealvbugs. Most important among these
indigenous predators were several species of lady beetles
(Coleoptera Coccinellidae). In addition, an indigenous green
lacewing and a dusty wing (both Neuroptera), two predacious
bugs (Heteroptera), and a ccecidomyiid midge larva (Diptera)
preyed on the cassava mealybug.

93



FIGURE 29.

A. lopezi spread as far as
173 km from the release
site on a farm near
Abeokuta, Nigeria.

@ Sampies yielded 4. /oper/
o No A /opezi found

NIGERIA

BENDEL

Morcover, five chalcidoid species indigenous to Africa were
found as hyperparasites on A. lopezi. Before the establishment of
A. lopezi, they parasitized wasps attacking other mealybugs. In
the release arca, these unwelcome hyperparasites destroyed an
average of 509, of all A. lopezi larvae. Despite this reduction,
observations indicated that the wasp was responsible for a greater
reduction in mealybug populations in the release fields compared
with the control ficlds. The reduction cannot be attributed to
indigenous predators since both types of fields harbored the same
density of indigenous predators.

A. lopezi is credited also with the reduction in the size and
incidence of cassava bunch-tops caused by mealybugs at the
release site compared with the situation in outlying fields spread
in all directions (Figure 30). The severity of bunch-top symptoms
increased with the distance from the rclease site because the wasp
reached these fields later.



FIGURE 3.

Numbers of A. lopezi and
coccinellids per gram dry
weight of cassava tips in
relation to the distance
Jrom the release site near
Abeokuta, Nigeria,
together with the mean
dry weight per tip and
mean percent bunch tops
in the fields. (IITA -
improved varieties;

FV = farmers’varieties;
median, lowey, and upper
quantiles are indicated.)

A specific parasitoid of the cassava mealybug, A. lopezi was
found in South America through concerted cfforts of the
International Center for Tropical Agriculture (CIAT) in
Colombia, the Commonwecalth Institute of Biological Control
(CIBC) in England, and the Empresa Brasileira de Pesquisa
Agropecuaria (EMBRAPA) in Brazil under IITA’s leadership.
Before being introduced into Nigeria, natural enemies such as 4.
lopezi arc quarantined in the CIBC laboratory in London and
inspected on arrival in Nigeria by the local quarantine
authoritics in accordance with the rules set up by the OAU Inter-
Africa Phytosanitary Council.
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Progress Report:
Cassava Pest Management and a Special

ccause of the current scourge of cassava mealybug (CM)

and green spider mite (CGM) which have decimated

yields over 60%, of the cassava growing arcas of Africa with
estimated losses amounting to about two billion dollars (U.S.)
annually, IITA has launched a two-pronged attack on these
cassava pests. (Figure 31 shows the spread of cassava mealybugs
in Africa south of the Sahara.)

FIGURE 31. " . . N hH e 1e
Spread of cassava Some suclcc.ss has l)c.cn reported (')n |)0Eh fronts. First, l.hcrc is
mealybug ( Phenacoccus the conventional breeding program in which sources of resistance
manthoti ) in Africa south to the two pests have been identified and are being incorporated
of the Sahara over a

10-year period (1973-83).

Central
African Rep.

-
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\frica-wide Biological Control Program

into improved cassava breeding lines. Also, attempts are directed
toward using both cultivated and other Manihot species in the
development of higher levels of resistance.

Secondly, a hiological control approach introduces host-
specific natural enemies from the pests’ area of origin in South
America as a means of effectively reducing pest populations o
tolerable levels which exist on that continent. Based on the
progress made so far, an emergency biological control program is
in the initial stages of development and testing hefore launching
it on a large scale.

Most promising natural enemy against the mealybug in field
tests in Nigeria so far is the parasitoid wasp, A. lopezi. (See pages
92-95.) A green spider mite predator is now undergoing
preliminary testing,

The Africa-wide Biological Control Project of Cassava
Mealybug and Green Spider Mites developed by II'TA with the
assistance of international and national organization, is designed
to achicve a reasonably rapid and significant reduction in
populations of CM and CGM over the next few years through the
release of millions of their natural enemices (predators and
parasitoids) at ground level and from aircraft. Twenty countries
in West, Central and East Africa have requested trial releases of
natural enenies, indicating a high degree of confidence in the
need for biological control of cassava pests.

Plans have been drawn for a centrally located mass production
insectary to provide the supply of the natural enemies. Several
options for mass production systems have been investigated by
ITTA. Preliminary specifications for a wunnel inscct production
system have provided for a capacity for production of up to 13
million beneficial insects and for mites per day on 5,000 cassava
plants. A smaller unit is shown in Figure 32.
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FIGURE 32.

One of the design options
Jor a plant and insect
rearing unit. Either one
or several such units
could be used for mass
rearing of natural
enemies of the mealybug
and green spider milte.
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As these insects and mites emerge from the tunnel system, they
would be transferred to a packaging room with facilities that
automatically package up to four species in the same release unit.
(Figure 33 shows the model currently under construction.) Up to
1,500 natural enemics, depending on the species, can be put into
small plastic capsules which, in turn, are placed in cassettes. The
loaded cassettes (each with 361 capsules) are kept in specially
designed containers with their own cooling system and later
transferred into the aircraft.

Acrial release of the natural enemies is expected to be of benehit
not only to farmers along major roads (where ground releases are
casy to make) but also the farmers in remote arcas.

During the development period of the acrial insect release
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FIGURE 33.

Model of a packaging
roor: with automatic
Jacilities to package up to
Sour species of natural
enemies of the cassava
mealybug and green
spider mite in the same
release unit,

system, engineers conducted intensive wind tunnel testing in
Austria where the equipment was designed and built. The
cquipment (Figure 34) was installed in a twin turhoprop
airplane, and tests were scheduled to start in February 1984 in
three different ecological zones in Nigeria where cassava is
grown. Thesce tests will last for several months. The plane will fly
over cassava fields at a speed of 250 to 330 km/hr and release
ahout onc capsule per second. The wind tunne! tests showed that
accelerations and the air currents did not harm the insccts,

For the feasibility swudy, the International Fund for
Agricultural Development (1IFAD) provided $780,000 and the
German Agency for Technical Cooperation (GTZ) $250,000. In
addition, $3.7 million has been allocated to 11 TA for the Africa-
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During the development
period of the automatic
insect release system,
intensive wind tunnel
testing took pluce in
Austria where the system
was designed and built.

FIGURE 34.

Sketch and photo of the
automatic insect release
system inside the
airplane which has the
capacity to release one
capsule per second onto
cassava fields below. The
photo on the left shows a
clese-up of one of the
cassettes which has 361
small plastic capsules.
Eack one can be filled
with up to 1,500 natural
enemies.
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The automatic aerial
insect release system is
being tested for six
months in three areas in
Nigeria. This photo
shows a test run of the
specially equipped
aircraft over cassava
Sields at IITA; 20 African
countries have requested
trial releases of natural
enemies of the mealybug
and greon spider mite.

wide Project for Biological Control of Cassava Pests — $2 million
for 1983/86 from the Swiss Directorate for Cooperation and
Development and Humanitarian Aid, $1.425 million for 1983/84
from Austrian Technical Cooperation (BKAWIKORD), and
$250,000 for 1984 from GTZ. An estimated total of $30 million
may be required eventually for the two phases of the planned
five-ycar project.

Although the total amount of funding for the project has not
yet been obtained, IITA has decided to step up the pace of
rescarch and developnient of the new technologies to be ready for
the Africa-wide project. Also, efforts to find more natural enemics
in Latin America have been increased in anticipation that the
project will receive the needed financial support.

The project itselfis to be established under the auspices of the
Organization for African Unity/Scientific, Technical and
Research Commission (OAU/STRC). It has two com-
plementary components - a rescarch program, continuing as a
responsibility of II'TA, and an operations component to handle
the control campaign. The latter will be the responsibility of a
Board of Opcrations, including representatives of OAU/STRC,
donors, participating countrics, Food and Agriculture
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Organization, IITA, and others. A committee of experts will be
appointed to advise the Board on technical matters.

Rescarch and operations will be closely linked to insure a
stecady flow of the latest results of research into the control
campaign and a feedback of observations from the campaign to
rescarch. The OAU/>TRC Inter-African Phytosanitary Council
will play a major role in informing governments and the public
about the problems of cassava mealybug and green spider mites,
as well as in standardizing the procedures of the campaign.



Yam microsett cuts
(upper photo) ready to be
put into trays for
sprouting and sprouted
microsetts yeady for
planting (lower photo).

A System to Increase Seed Yam
Production

Ithough yam as a crop has a great potential and the

tubers are in high demand, production is declining in

many areas because of increasing costs and low yields. A
major cause can be attributed to the availability, cost, and
quality of sced yams. They are expensive and often unavailable
to small farmers. Morcover, those that fariners can get may be of
poor quality. A significant contribution to increased yam
production would be a system that could provide plenty of clean,
healthy seed yams at a reasonable cost.

Seed yam — a small-sized tuber weighing from 200 te 1000 gm
- can gencrally survive long storage periods (3—4 months) under
ambicnt storage conditions with minimum loss. Many
environmental factors can affect the performance of yam sctts
(cut picces) in the soil after planting, but, when whole seed yams
are planted, they perform reliably over a wide range of
conditions.

The traditional system of sced yam production usually results
in a low multiplication ratio, substantial labor input, and high
costs. Scientists at II'TA have succeeded in improving a sced yam
production system originally developed by the National Root
Crops Rescarch Institute at Umudike, Nigeria. In the new
system, sced vams are produced under plastic (polyethylenc)
mulch. This has resulted in an increased net return and up to a
10-fold incrcase in the multiplication ratio over the traditional
method.

The technique is simple, casy to adopt, and capitalizes on the
fact that yam tubers produce sprouts from almost any place on
the yam surface. It involves the following series of processes:

@ Clcan, healthy yams or “mother sced yams™ are selected at the
ripe physiological age - immediately after overcoming tuber
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dormancy of one to two months. (The term,“mother sced
yam,” is used here to describe a seed yam cut into picces and
used to produce more sced yams.)

® The tuber is cut across to produce several cylindrical picces,
and cach picce is again cut longitudinally so that many picces
arc obtained from cach tuber or “mother sced yam.” Each
picce, called a “minisett,” weighs between 20 and 50 gm,
Smaller picces than these weighing between 5 and 10 gm
(named “micresetts”) can also be cut. Each picce needs to
have an outer laver - the “skin’ or periderm.

® Freshly cut surfaces are dusted with wood ash, a suitable
fungicide, or a mixture of both. Then the minisetts, with cut
surfaces up, are put under light shade to avoid direct sunlight
and to **heal” the cuts. This takes two or three days and helps
to reduce losses of minisetts and microsetts through rotting
when they are planted later in nursery beds.

@® Minisctts arc laid in rows side by side on nursery beds with the
cutsurfaces up. They are then covered with about a 2 ecm layer
of sand or sawdust. Light shade is provided and a small
amount of water applied regularly. The minisetts sproutin two
to three weeks in the moist sand or sawdust. Microsctts are pre-
sprouted in polystrene trays in a sawdust medium.

® Ridges are made 1 m apart in the field and covered with
polyethylene (plastic) mulch before the pre-sprouted minisetts
and microsetts are transplanted. ‘The mulch covers the ridge
and the furrow and is held in place with soil. Holes just big
cnough to allow the planting of the pre-sprouted minisett or
microsett in the ridge are cut through the plastic. (Plant
spacing 50 cm or less.,)

This new svstem has given carly and improved plant
establishment which often results in increased yield and
improved crop uniformity. The mulch eliminates weeding and
staking and reduces leaf disease problems. Morcover, it conserves
soil moisture, especially during the dry season, and the plant
growth period is prolonged which should contribute to high
yicla.



TABLE 28.

Quantities and cost of
“mother seed yams”’
needed to produce
enough seed yams for one
hectare by different
production systems.

The number of “mother seed yams™ used ta produce sced yams
by the minisctt and microsett methods are from two to 10 times
less than with the conventional method and the amount of money
nceded to purchase the ‘“‘mother seced yams™ is also
correspondingly less (Table 28).

A Nigerian illustration emphasizes the potential of the minisett
and microsett systems of sced yam production. They reduce
drastically the initial quantity of “mother seed yams” needed to
produce enough planting material for a given unit area. Nigeria
produces about 15 to 20 million tons of yams a year, and of this
quantity an estimated 2097 is used as planting material in the
traditional system where seed yams are usually not available.
This means that 4 million tons of the annual production are used
as planting material on 1.5 million hectares.

If minisetts of 50 gm weights were used, only 750,000 tons of
yams instead of 4 million would be needed to produce seed yams
to plant the 1.5 million hectares or about 20%, of the quantity
used by the traditional system. With the microsetts, only 150,000
tons of yam would be needed. Thus, the amount of yams which
could be saved for food by these two systems is enormous.

With the improved methods, the multiplication rate of seed
yam can be increased by two to 10 times at the end of the first

No. of picees No. of *mother Caost of
Seed yam cut from one seed yams” needed  “mother seed
production “mother seed to produce seed yams' at
system yam” yams for | ha*  80.60 (U.S.)
Comemionst 5 g0 g0
Improved
-_ 10,000 X
Minisett 10 T 1000 GO
. (),(K
Microsett 50 10000 200 120
50
I * Number of seed yams requived to plant | ha = 10.000).
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TABLE 2.

Rate of multiplication of
seed yams using different
production systems.

production year when compared with the conventional system.
In subsequent years, however, the multiplication rates are cven
higher - increasing in geometric proportions (Table 29).

Morcover, physiologically healthier sced yams are produced.
Under the traditional system, yams planted in February/March
arc usually harvested in October/November. They remain in
storage from harvest until about March when they are planted -
afour to five-month storage period before planting. By then, most
of the yams may have sprout:d. If they are not planted soon after
sprot ting (or soon after tuber dormancy) vine growth suffers,
resulting in physiologically weak tubers which produce small
tubers when they are planted later in the field. With the
improved sced yam production system, minisctts or microsetts
are transplanted in June and harvested in December. The seed
yams are stored from harvest until they are planted in March for
producing ware yams. This is an appropriate threc-month
storage which helps to ensure physiologically healthy seed yams
that give better ware yam yields than the traditional method.

Production system

Number of sced yams at the beginning of
successive years

Ist  2nd 3rd 4th 5th 6th’ 7th

Conventional®

1 5 25 125 625 3,125 15,625

Formula to describe rate of increase :
*Conventional = 5* ', x Lring f years (i.c. planting seasons covered ).
o \finisett = 10"
¢S N iermsett =50"7
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Minisetts (D). rotundata ;
white yarn) planted under
plastic mnulch (above);
harvest of seed yams
Jrom the same field

(right).
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Improving Rapid Muitiplication of Cassé

fier an improved cassava variety is released, enough

planting material should be made available to farmers in

the shortest possible time, Because cassava is vegetatively
propagated by stem cuttings, eflicient agro-techniques have been
developed to rapidly increase the number of cuttings which can
be obtained from a plant.

Usually one-node and two-node cuttings from Eardwood stem
portions, semi-mature stem cuttings (above the hardwood stem),
and tip-shoots of the stems are rooted in nursery beds or in black
polvthene bags filled with soil. Plants which develop from these
methods are cither planted directly in the field or shoots are taken
from them for further rooting in the bags or in beds. This cycle is
repeated a few times so that as many shoots as possible are
obtained from cach initial multiplication planting material.

This system has been used  extensively, but one of its
disadvantages has been serions weed problems. Pre-sprouted
cuttings transplanted in the field are small and do not form a
closed canopy in time to suppress weeds. Therefore, it is not casy
to maintain large hectarages planted with the pre-sprouted one-
node, two-node, and tip-shoot cuttings, even though herbicides
and hand-hocing may be used to control the weeds, Another
problem has often been poor plant establishiment because of
erratic rainfall and inadequate soil moisture retention following
fickd transplanting.

Use of the plastic muleh ar transplanting has improved this
system and allows more land to be put under cassava
muhtiplication with greater suceess. Plastic muleh ensures good
plant establishment and vigorous plant growth, especially at the
initial stages. It requires only limited or no weeding. Without
plastic mulch, three or more weedings may be necessary hefore
the canopy closes and more may be needed later,
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llanting Material with Plastic Mulch

Contrast between two

cassava fields (above)
planted with pre-
sprouted cuttings for
multiplication purposes;
95, germination in the
plastic covered field but
only about 70", in the
Sield with no plastic
mulch (foreground).
Right, young cassava
cuttings taken from the
plastic covered field,

The limited weeding advantage achieved with the plastic
muleh encourages the planting of large hectarages to cassava
multiplication with small pre-sprouted planting misterial, Also,
this system reduces soil erosion and provides better soil moisture
conservation. Preliminary observations indicate that there may
he less cassava mealybug and green spider mite infection,
probably hecanse of i better soil moisture regime, Plastic muleh
is low cost, casy to use, and cconomical in Nigeria and other
countries where lnbor is expensive,

The rvapid multiplication svstem used at IFEA involves the
following procedures:

O Clut hardwood or semi-mature cassieva stems into four or five
node cuttings,

® Pre-sprout the cuttings by planting them tn hollow segments or
polystyrene travs filled with soil and witer them at regular
intervals, These travs ave lightand move than 120 cutings can
be pressproated in cach 66« 33 cmtray., With the use of these
trays, several thousand cnttings can be pressprouted at one
multiplication center and transported o other places where

1o
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facilities for pre-sprouting may not be adequate. About four
weeks after rooting and hardening of the plants, the cuttings
are ready to be transplanted in the ficld.

® Preparc the field for transplanting. Spray the ficld with a
herbicide to kill vegetation. Then two or three days later,
spread out the plastic mulch flat on the soil, holding it to the
ground with soil on the edges. A slight overlapping of plastic
avoids gaps between two adjacent rows and discourages weed
growth. (Plowing, harrowing, and ridging are not necessary.)

® Irrigate before laying the plastic in the dry scason and irrigate
atintervals to ensure good plant establishment. Lay the plastic
and transplant in the normal growing season to take
advantage of the rains,

® Usc a pointed stick or sharp pointed metal tool to punch small
holes through the plastic and insert the pre-sprouted stem
cuttings.

If correct procedures are followed, stems can be cut from field
plants at a height of about 20 to 25 cm from the ground six to
seven months after transplanting and supplicd to farmers to
produce storage roots. Scveral stems sprout from the ratoon leftin
the field. Herbicide and fertilizer are applied to the ratooned
plots, and another sct of stems are cut again about six months
later. At II'TA, as many as three ratoons have been taken from
rapid multiplication plants.



Controlling the Sweet Potato Weevil

wecet potatoes are grown extensively throughout the tropics,

and consumers in some countrics depend on the tubers as a

staple food and use the leaves, high in protein and vitamins,
as a preferred vegetable. But onc of the most serious problems of
the crop in Africa is the damage to leaves, vines, and tubers
caused by three species of sweet potaio weevil. Cylas_formicarius is
mainly distributed over East Africa while C. puncticollis and C.
drunneus occur in West and Central Africa.

Previous rescarch has shown the value of integrated pest
management, improved cultural methods, and resistant
varictics. Early planting and harvesting allow the plants to
cscape attack. Re-ridging about 30 days after planting places the
tubers deeper and out of the reach of weevils. They cannot bore
through the soil to get to the tubers, relying on cracks in the soil to
rcach them. Foliar insccticide sprays and soil insecticides
(granular) have been useful,

Also, a number of high yiclding, good quality clones have been
developed that show resistance to the weevils, and they have been
multiplied and distributed to farmers in Nigeria and to several
national programs in and outside Alrica. Materials have also
been distributed in tissue culture form and as seeds to national
programs.

A principal problem still remaining is weevil damage to tubers
in storage. The developmental period of the weevil from egg to
adult is about 21 days, and a female lays more than 300 eggs
during its life span of about 80 days. Therefore, even if sweet
potato tubers go into storage with a low weevil population,
several adults will emerge within a few weeks and cause serious
damage.

Tests have shown that various pre-storage and storage
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TABLE 30.

Influence of curing sweet

potato tubers in

polyethylene bags under
shade and in open air on

percent survival of

different stages of the
weevil Cylay puncticollin *

mecasures will prevent development of weevils, including the
following:

® Sclect storage tubers which have not been damaged by weevils
or during harvesting and cure them in the open tropical
weather for about three days after harvest. Then store these
tubers in underground pits. If the pits are constructed in the
right way and lined with dry mulching material, the tubers
can be kept in good condition for about three months. Low
underground temperatures (20-23°C) extend the de-
velopmental period of the weevil, with high mortality
occurring at about 20°C. Also, the weevils are not active in
underground storage and most of them die after cight days.

® Immerse infested tubers in tap water for about 24 hours, This
will kill all stages of the weevil. Tubers are then laid in the open
to dry the wet surfaces before storage.

@ Usc high temperatures to get rid of the weevils before storage.
When the weevils were buried au different soil depths, all the
insects within the first 5 cm depth died after three days.
(Afternoon temperatures reached 42°C)

. . Adults Pupac Larvac
Duration of EEET PRy
curing {hr) Al Shade Shade ha j&t; Shade
24 {d 33.8 67.6 g 92.6
48 £y 37.9 32.4 65.2
72 0 39.3 5.7 37.2
9% £ 28.8 16,2 36.6

* Each result has been averaged over four replications.
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Top left, a weevil lays
eggs inside the sweet
potato tuber, and they
will hatch within 21 days.
Top right, close-up of
dead sweet potato weevil
larvae. Lower left,
weevil-infested sweet
potatoes compared with
no weevil damage. Lower
right, underground
storage for sweet
potatoes. The tubers at
the side had been stored
in this underground

storage for three months.

An experiment to study the survival of weevil-infested tubers
inside polycthylenc isags filled with different amounts of pounded
fresh cassava leaves and infested tubers packed alone in the bags
showed no advantage of one method over the other. The main
factor was the temperawre within the bags. Also, putting the
bags in the open air had a significant effect on weevil survival
compared with placement under shade (Table 30). After three
days the tubers should be kept in underground storage because
the polyethylene bag treatment does not completely kill all stages
of the weevils.

113



FIGURE 35.

IITA has collaborated
with 31 national
agricultural research
programs in Africa over
the past 10 years
(1973-83).

Update on Cooperative Country and Regiona

cginning with the first formal cooperative research projects
in 1973 between HTA and two African countries (Liberia
and Tanzania) involving the outposting of some of its
scientists, the Institute has continued to foster close linkages with
national and regional programs. The guiding principle
underlying these “‘outreach’ activities is to strengthen the
national rescarch capabilitics so that developing countries can
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’Research Projects in Africa

solve their own pressing food production problems. Some of the
results of research on various food crops under these cooperative
projects have heen reported in previous editions of Research
Highlights and in this current issue.

Thirty-one national agricultural research programs in Africa
have collaborated with HI'TA over the years (Figure 35). Some of
these have involved outposting of II'T'A scientists and others only
participation in multilocational testing programs. Certain
projects are phased out because they reach a logical state for the
national scientists to assume complete responsibility (i.e.
Camecroon root crops improvement program), others becausce
their financial support has terminated. New ones have been
established (Table 31), the latest being a cassava and sweet
potato improvement program and an applied food crops rescarch
and training program in Rwanda. They started operations in
1983 in cooperation with the Rwanda Ministry of Agriculture
and financially supported by the International Development
Rescarch Centre (IDRC) of Canada and the World Bank.

In addition to carcfully sclecting national programs for
cooperative projects, the Institute’s International Programs Unit
is reassessing the need and desirability to further strengthen
relationships through regional programs. One of the most
successful of these is the Semi-Arid Food Grain Rescarch and
Development (SAFGRAD) project with headquarters in Upper
Volta in which an II'TA maize and cowpea scientific team has
participated since 1978. This project was organized and
developed through cooperation of the Scientific, Technical and
Research Commission of the Organization of African Unity
(OAUJ/STRC) and scveral international agencies and 25
countries in the semi-arid tropics of Africa that stretch across the
southern edge of the Sahara Desert and down through the center
of the continent.



TABLE 31.

A listing of 14 cooperative
programs between 11TA
and African countries

over the past I0 years
(1973-1983).

Cooperative project titde

Date
established

Date of
termination

Tanzania Food Crops
Research

Liberia Rice Research
Assistance to the Rokupr
Sierra Leones Rice
Research Station

Programme National
Manioc {PRONAM,

Cameroon National Root
Crops Improvement
Program (CNRCIP,

Food Legume iUpper Vol
Nigeriaa Accelerated

Food Production Program
INAFPIY

Semi-Arid Food Grain
Development Project
SAFGRAD:

Sao Tome Cropw
Diversification Project

Zone d'Action Prioritaires
Intégrée de UFst
(ZAPL-EST,

MIDAS Small Farm Systems
Research

National Cereals Research
& Extension 'NCRE

Applied Food Ciops
Research & “Fraining

Rwinda Root Crops

November 1973

December 1973

March 1974

May 1974

March 1977

June 1977

July 1977

Moarch 1978

May 1978

May 1978

June 19749

January 1981

December 1982

January 1983

March 1984

March 1979

December 1980

May 1984

September 1983
June 1985

May 1981

March 1985

Septeniber 19823

June 1983

March 1983

January 1985

December 1987

January 1985
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During the past five
vears, lITA has outposted
a maize and cowpea
scientific team in Upper
Volta to participate in the
regional SAFGRAD
program. New IITA high
yielding and disease
resistant varieties of both
crops have been adopted
by farmers in the region.

A shortage of well trained persons ranks as one of the most
serious handicaps to agricultural development i Africa,
Therefore, training is an integral part of the Tnstitute’s efforts 1o
strengthen national progriams, See 1982 Research Highlishts.,

Because of the need to maintain a strong “core™ rescarch
program that will not be dilured by oo many “outreach™
projects involving outposting of scientists and  the hack-up
necessary at the Insutate’s research headquarters: the number
his been keptdeliberately low inspite of inereasing requests from
several nations. Currently, seven projects of this tvpe are in
operation in four countries  Cameroon, Rwanda, Upper Volia,
and Zaive, [TFFA'S principal focus remains the generation of new
technology through research rather than technical cooperation
v e,

The following specific criteria for choosing  cooperative
projects have heen established by TTTA:

® ‘'he Institute must be invited by the hiost country, "This is not
merely i procedoral requirement but aomeans to ensure the
hostcorntry’s commitment o the projectand its withingness 1o
chiannel resources to the oroject daring it wenure and for the
follow-up after the termination of the project.

® Desigiers of the project must include activities directly related
ta the Institute’s ongoing “core™ research program so that it
wains as wellas gives by rhis cooperation.

® Responsibility to finance the project and for mobilization of
other inputs must be clearly identified.

@ The opportmity shonld exist lor the program to eventually
serve ar vegional focus, When the problem 1o be solved s
widespread, i is expected that neighboring countries can
henefit from the progress made.
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As part of the activities
to establish the newest
cooperative project in
Rwanda, interested
parties look over the
beginning of construction
of a field laboratory and
seed stovage facility at
the Research Station in
Karama.

Training in the field,
laboratories, and
classrooms get major
attention in the
Institute’s efforts to
strengthen national
programs.
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Professor of Rural Sociology, University of the Philippines, Los
Banos, Philippincs.

Dr. Leopold K. Fakambi

Exccutive Sceretary, International Federation of Agricultural
Rescarch Systems for Development/Africa, Cotonou, Republic
of Benin.

Dr. E.H. Hartmans

Dircctor General, II'TA, Ibadan, Nigeria.

Dr. Hidetsugu Ishikura

Dircctor General, Japan Plant Protection Association, Tokyo,
Japan.

Dr. Klaus J. Lampe

Head, Department of Agriculture and Rural Development,

German Agency for Technical Cooperation, Eschborn, West
Germany.

Dr. E. de Langhe
Laboratory of Tropical Crop Husbandry, Catholic University,
Heverlee, Belgium.

Alhaji M. Liman

Permanent Secretary, Federal Ministry of Agriculture, Lagos,
Nigeria.

Dr. R.C. McGinnis

Dcan of Agriculture, University of Manitoba, Winnipeg,
Canada.
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Mr. M.S.O. Nicholas

Director, Agricultural Services Division, Food and Agriculture
Organization, Rome, Italy. ’
Prof. L.A. Wilson

Dean of Agriculture, Faculty of Agriculture, University of the
West Indies, St. Augustine, Trinidad, W. 1.

Prof. T.M. Wormer

Senior Agronomist, Royal ‘Tropical Institute, Amsterdam,
Netherlaods.,



List
of
Personnel

ADMINISTRATION

E.H. Hartmans, Ph.D., director
general.

B.N. Okigho, deputy director general
{returned from sabbatica, leave in
October.)

L.H. Shebeski, D.Sc., deputy director
general and interim director of
research.®

M.A. Akintomide, B.S., director of
administration.

J.E. Haakansson, M.B.A., director of
budget and finance.

0.0. Ogundipe, M.1)., medical officer.

C.A. Enaharo, administrative assistzat
10 the director general.

K.A. Aderogha, D.P.A., principal
administrative officer.

S.J. Udoh, A.NLNULAML, chief
accountant.

MUE. Olusa, assistant to the director for
administration.

FE.A. Fox manager of information
systems. *

L.J. McDonald, B.A., computer
manager.

D.J. Sewell, dormitory and food service
manager.

R.O. Shoyinka, B.S., personnel
manager.

E.A. Onifude, security superintendent.®

A. Yusuf, B.S., controller of stores.

FARMIRG SYSTEMS PROGRAM

C.H.H. ter Kuile, Ph.D., director.

AS.R. Juo, PhI), deputy program
director und suil scientist (chemistry;,

T.L. Lawson, Ph.])., agroclimatologist.

C. Garman, MLS., agricultural
engincer,

N.C. Navasero, B.S., associate
agricultural engineer.

H.C. Ezumal, Ph.D., agronomist.

G.F. Wilson, Ph.D., agronomist.

R. Swennen, Ir. plantain agronomist,
Onne.

M. Ashraf, Ph.D., agricultural
¢conomist.

P. Ay, Ph.D., socio-cconomist,

B.T. Kang, Fh.D., soil scientist
{fertility).

R. Lal, Ph.D.. soil scientist (physics).

K. Mulongoy, Ph.1)., microbiologist.

1.O. Akobundu, Ph.D., weed scientist.

P.5.0. Okoli, Ph.D., agronomist.®

D.S. Ngambeki, Ph.D., agricultural
economist.

0.A. Opara-Nadi, Ph.DD., soil scientist
(physizs).*

T. Kosaki, Ph.D., soil scientist {soil
evaluation,.

J-AL Poku, PhD., weed scientist,

H.J.W. Mutsacrs, Ph.D., agronomist,
(IT'TA/Ford Foundation .

S.K. Mughogho, Ph.D)., soil scientist
Hertilivys IFTA/TFDC/IFAD

ABNL Van der Kruijs, Ir., soil
scientist, Onne (ITTA/IB..

R. Balasubramanian, Ph.D., soil
feruility specialiss (BMG 11 project,
Rwanda:.

J.O. Braide, Ph.D., agronomist
{MIDAS, Ghana/lIITA/USAID:.*

N.V. Nguu, Ph.D., agronomist,
{Cameroon/IITA/World Bank:.*

A.H.S. Vanelslande, Ir., FAO, assoc.
expert (soil physics).

F. Nweke, Ph.D)., associate economist,

D. Vuvisteke, Ir., plant physiologist
{plantains).

N. Hulugalle, Ph.D., soil scientist.

E. Barych, Ph.D., agricultural engineer.

H. Grimme, Ph.D., visiting soil scientist
(Buntehof(GTZ,).

T. Gebremeskel, Ph.D., agriculiural
ccunomist.

Mazo Price, Ph.D., agronomist and
team leader, BGM 1 project,
Rwanda.

A. Evers, Ir., assoc, water management
engineer.

CEREAL IMPROVEMENT

PROGRAM

Y. Efron, Ph.D., dircctor.

A.O, Abifarin, Ph.D., II'TA liaison
scientist, WARDA, Liberia.

M.S. Alam, Ph.D., rice entomologist.

D. Akibo-Beuts, Ph.D., rice
entomologist.

K. Alluri, Ph.D., rice
agronomist/breeder.,

V.L. Asnani, Ph.I.,, SAFGRAD,
project leader, Upper Volia,

E.A. Atayi, Ph.D.,, chiel of pariy 2id
agricultural economist, NCRE,
Cameroon.

M. Bjarnason, Ph.D., CIMMYT maize
breeder.

J. Chung, Ph.D., maize breeder,
NCRE, Cameroon,
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Z.T. Dabrowski, Ph.D., maizc
entomologist.

Om.P. Dangi, Ph.D., sorghum and
millet breeder, NCRE, Cameroon.

R. Doisson, Ph.D., rice pathologist.

L. Everett, Ph.D., maize breeder.

J.M. Fajemisin, Ph.D., maize
pathologist/breeder.

J. Gibbons, Ph.D),, rice brecder.

T.G. Hart, Ph.D)., chief of party,
NCRE, Cameroon.*

V.T. John, Ph.D,, rice pathologist.

D. Janakiram, Ph.I),, rice breeder,
NCRE, Cameroon.

Kaung Zan, Ph.D., [RRI liaison
scientist,

J. Kikafunda-T'wine, agronormist,
NCRE, Cameroon,

S.K. Kim, Ph.D., maize breeder.

I.H. Khadr, Ph.D)., maize breeder,
1ITAJEEC, Zaria.

T.M. Masajo, Ph.D., rice breeder,
D. Makonnen, Ph.D., maize breeder
(visiting scientist, Addis Ababa

Univensity, Ethiopia,

J. Mareck, Ph.D., maize breeder.

1. McHugh, extension agronomist,
NCRE, Cameroon.

E. Navasero, M.S., rice quality
specialist.

N.V. Nguu, Ph.D)., rice agronomist,

H.N. Pham, Ph.D., CIMMYT maize
hreeder.*

AL Raodriguez, Ph.D., agronomist,
SAFGRAD, Upper Volta,

ALC Roy, Ph.D., agronomist, NCRE,
Cameroon.

H. Talleyrand, Ph.D., agronomist,
NCRE, Cameroon.

K. Wasano, Ph.DD,, rice breeder and
geneticist, JICA expert, Saga
University, Saga, Japan.

GRAIN LEGUME IMPROVEMENT

PROGRAM

S.R. Singh, Ph.D,, director.

B.B. Singh, Ph.D., plant breeder.,

L.E.N. Jackai, Ph.D)., entomologist,

E.A. Kueneman, Ph.D., plant breeder.

E.E. Wau, Ph.D., plant breeder
(Brazil).

V.D. Aggarwal, Ph.D., plant breeder
(IDRC, Upper Volta).

S, Asanuma, Ph.D., microbiologist.

Y.S. Rathure, Ph.D., entomologist
(SAFGRAD, Upper Volta),

B.R. Niare, Ph.D., plant breeder.

D. Shannon, Ph.D., agronomist.

J. Hohenberg, Ph.D., microbiologist.

N. Muleba, Ph.D., agronomist
(SBAFGRAD, Upper Volta).

K. Dashicll, Ph.D., plant breeder.

F. Wiedijk, Ph.DD., entomologist.

V. Parkinson, Ph.D., pathologist.

M. Gowman, visiting scientist (ICI),
Pest management,

W. Root, Ph.D)., plant breeder (CEC,
Zaria).

R.K. Pandey, Ph.D., agronomist
(II'TA-IRRI, Philippines).

S.A. Shoyinka, Ph.D)., plant breeder
(CEC, Zaria).

Farouk El Sayed, Ph.D., plant breeder.

ROOT AND TUBER

IMPROVEMENT PROGRAM

S.IK. Hahn, Ph.DD., director,

AM. Almazan, Ph.D., biochemistffood
technologist.

MONL Alvaree, Ph.D., plant breeder.

L.V, Bai, Ph.D., cytogeneticist.®

F.E. Brockman, Ph.D., agronomist and
project leader, Programme National
Manioc (PRONAM), Zaire.

F.E. Caveness, Ph.D., nematologist,

W.W. Fiebig, M.S., extension
agronomist, PRONAM, Zaire.*

T. Haug, Ing., entomologist, FAQ
associate expert.

R.D. Hennessey, Ph.D., entomologist,
PRONAM, Zaire.

HLR. Herren, Ph.D., entomologist.

K.M. Lema, Ph.D., entomologist.

B. Lochr, Ph.D., entomologist, Brazil,

P. Neuenschwander, Ph.D.,
entomologist.

S.Y.C.. Ng, M.S., tissuc culturist.

J.AL Gioo, Ph.D., agronomist/breeder,

5.Y. Pandcey, Ph.D,, extension
agronomist, PRONAM, Zaire,

D. Perreaux, PhD., plant pathologist.*

H.]. Pleiffer, Ir., agronomist and
project leader, Cameroon National
Root Crop Improvement Program
{CNRCIPy, Cameroon,

G L Servant, MLB.AL, administrator,
PRONAM, Zaire.

F. Schulthess, Ing., entomologist, FAO
associate expert.

R.L. Theberge, Ph.D., plant
pathologist.

A.M. Varela, B.Sc., entomologist, Brazil.
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M. Veloso, phyzical plant services
officer, PRONAM, Zaire.

J.A. Whyte, Ph.D., plant breeder,
CNRCIP, Cameroon.

J-S. Yaninek, M.S,, entomologist.

E.M. Chukwuma, . escarch associate.

INTERNATIONAL PROGRAMS

E.R. Terry, Ph.D., dirccuor,

E.F. Deganus, B.S., CAR,
administrator,

F.O. Ogunyemi, F.C.C.A., accountant,

TRAINING PROGRAM

W.H. Reeves, Ph.D., assistant director
and head.

D.W. Sirinayake, training officer.

A.P. Uriyo, Ph.DD., training officer
(agronomist).

G.A. Cambier, Lic.,
translatorfinterpreter,

C. Duval, Lic., translatorfinterpreter,

E. Molinero, Lic.,
translatorfinterpreter.

C. Puttevils, Lic., translatorfinterpreter.

RESEARCH SUPPORT
UNITS

ANALYTICAL SERVICES
LABORATORY
J.L. Plevsier, Ph.D)., head.

BIOMETRICS
J. McGuire, Ph.D., biometrician, *
K.NC Nguven. Ph.D., biomeuician,

GENETIC RESOURCES UNIT

N.Q. Ng, Ph.D., head and plant
geneticist.

M. Davids, Ir., associate expert, FAQO.

A.A. Osunmakinwa, M.S., research
associate,

M.O. Ajala, M.S., rescarch associate,

VIROLOGY UNIT

H.W. Rossel, Ir., virologist.

G. Thouappilly, Ph.D., virologist.
J.W.M. van Leng, Ir., virologist.*

PUBLIC AFFAIRS AND
DEVELOPMENT

JE. Keyser, BS., assistant director.

J.O. Oyekan, B.S., head,
communications and information.

3.C.G. Isoba, M.S., communications
officer, publications,

N.C. Russcll, M.A., cditor.

F.M. Gatmaitan, Jr., B.S., senior
graphic designer.

B. Bakare, A.A., conference officer.,

S. Berberich, B.S., writer.®

LIBRARY AND

DOCUMENTATION CENTER

S.M. Lawani, Ph.IY.,, head.

G.O. Ibckwe, B.A., principal librarian,

E.F. Nwajei, B.A,, acquisitions
librarian.

M.O. Odubanjo, B.S., cataloger.

M.A. Aluko, senior bindery
superintendent.

S.B. Akande, M.L.S., assistant
cataloger.

FARM MANAGEMENT

D.C. Couper, NLS., farm manager.

S.L. Claassen, M.S., assistant farm
manager.

P.V. Hartley, B.S., farm engineer.

P.D. Austin, B.S., officer in charge,
Onne.

PHYSICAL PLANT SERVICES

J.G.H. Craig, assistant director for
physical plant services.

E.O.A. Akintokun, research vehicles
service officer.

A. Amrani, heavy cquipment service
officer.

A.C. Butler, buildings and site service
officer.

0.0.A. Fawole, automotive service
officer.

J.M. Ferguson, fabrication/water utility
service officer.

N. Georgallis, scicntific/electronics
service officer.

J. Lukowski, electrical service officer.

M.O. Yusuf, construction/sitc
engineering service officer.

* Left during the year.
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