


Facts
about
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stablished as an autonomous, non-profit corporation on

July 27, 1967, the International Institute of Tropical

Agriculture (I1TA) is once of the major links in a
worldwide network of agricultural research and training centers,
The Federal Republic of Nigeria allotted 1,000 hectares of land
for the HTA site, and the Ford Foundation provided initial
capital for buildings and development.

ITTA is governed by an international Board of Trustees, the
membership of which includes representatives from developing
countrics in arcas of the Institute’s concern.

Principal {inancing of the Institite ‘and other ceniers) s
arranged by the Consultative Gre p on International
Agricultural Rescarch (CGIAR) -~ an informal group of donor
countries, development banks, foundations, aud agencics.
Support for I'TA’s rescarch and wraining core program in 1984
was provided by the Canadian International Development
Agency (GIDA), Overseas Development Administration of the
United Kingdom (ODA), U.S. Agency for International
Development (USAID), World Bank, International Fund
for Agricultural Developmient (IFAD), Ford Foundation,
Rockefeller Foundation, and the governments of Australia,
Belgium, Franee, India, Ttaly, Japan, Netherlands, Nigeria,
Norway, and Federal Republic of Germany. In addition, other
donors provide funds to the Institute, partcularly to support
specific rescarch or training programs,

The “geographic mandate” of TTTA 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 potatocs, cassava, and cocoyams).
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Preface

: principal difference the reader may see in this
edition of Research Highlights compared with-
.previous ones is the larger number of reports

originating in various African countries about on-

furm adaptive research managed by scientists and on-
farm trials managed by farmers. With the cooperation of
national and regional programs, IITA’s research results
are gradually getting to farmers, and they are becoming
active participants in research rather than passive
recipients. A few examples from Cameroon, Zaire,
Rwanda, and Nigeria are described in the following

pages.

Furthermore, the Institute has moved closer to where
the action is by letting research opportunities partially
dictate the locale of our research. We are developing a
coordinated and phased-in master plan to conduct more
research and training activities outside of our main
experimental station and headquarters at Ibadan,
Nigeria and several sites in different ecological zones .

- in Nigeria, It has taken more than a decade to develop

a range of improved varieties and g3l and crop.
management ' technologies that are ecologically and
economically viable for both smallholders and large
farmers in the humid and subhumid tropics. We now
have many proven technologies “‘ready to go.) It is
against that beckground that we have stepped up our
efforts to re-deploy more scientific and suppoxt staff to'
research locations outside of our headquarters. This -
move is not intended t» erode our central research
programs for we must keep a strong research base at .
ITA. v ke

We have responded to calls from several countries and
posted our scicntists to work with regional and national
teams to help speed up agricultural development and the
capabilities for tacklivg food production problems. The
largest of several such efforts is in Cameroon. During
1984, IITA alsc opened a new substation on a 50-hectare
site donated by the Republic of Benin. Located on the
campus of the National University of Benin near Cotonou,
its main thrust involves farming systems and on-farm
adaplive research. -



Although most of IITA’s research is concentrated in
Africa, we have a global mandate for research on farming
systems and o1 cowpeas, yams, and sweet potatoes. As
part of this responsibility, we have put one grain legume
scientist in Brazil to work in Latin America and another
in the Philippines to work in Southeast Asia.

Along with research on improvement of crops and
farming systems, an emphasis on socio-economics has
moved forward because agricuitural development
involves more than farming per se. Marketing, food
consumption, labor, post-harvest technologies, and
household and gender factors require more attention as
agricultural strategies and national food policies are
developed. For the first time in this publication, we
present the results of an exploratory field survey on the
role of Nigerian women in food production and decision
making. They may surprise many readers.

The problems IITA and others must help solve in
Africa are among the most complex and crucial
anywhere, and the calamity in Ethiopia and Sudan draws
the world’s attention even more forcefully to the food
crisis on this continent. Without underestimating the
severity of this crisis in the short term, we believe Africa
can look t» the future with a degree of optimism. There
are realistic and practical solutions to many food
production problems, only a few of which we briefly
describe in this issue of Research Highiights. Additional
details and other research results are available in IITA’s
annual report. :

Zﬁ‘/m “~e

Ermond Hartmans -
Director Genaral



TABLE 1.

Results of on-farm
trials of soybean line
TGx 536-02D in Abet,
Nigeria (1984).

On-Farm Performance of a New
Soybean and the Use of Soybeans in
Treatment of Protein Malnutrition in
Infants

o help meet the incivasing demand for soybeans, farmers

in the central and northern Guinea savannas of Nigeria

that arc outside the traditional soybean growing arcas
have needed not only higher yiclding but carlier maturing
varictics. They have depended Lugely on the old standby
Malayan varicty introduced to Nigeria in the carly 1900s which
matures in about 140 days. The rainy scason in some of these
areas is net long enough to insure a good yield.

But now a new line ~ TGx 536-02D with 105- to 110-day
maturity ~ has been developed by 1ITA, tested in 1983 by its
scientists in Mokwa and Zaria (1983 Research Highlights) and by
farmers in Abet village in 1984, It is available also to national
programs for testing. Nigerian soybean scientists have
recommended this varicty for release to farmers, plus two others -

TGx 297-192C and TGx 306-036C.

In Abet village, TI'TA, in cooperation with stafi: members of
the International Livestock Center for Africa (ILCA),
established trials with farmers. Seed yiclds of TGx 536-02D

Yield

Farmer Plants/ha " (kg/ha)
Mr. Katura 91,333 , 2200
Mr. Yashiyi 106,667 2150
Mr. Dauda 118,333 2100
Mrs. Bege 107,333 1750
Mrs. Charles . 102,333 1650
Mr. Rago 84,667 : 1600
Mr, Charles 93,667 . . 1500
Mrs, Sisi 77,667 © 1450
- Mean - 97,749 . 1800




(Left photo.) On-farm
trial at Abet village in
Nigeria of a new soybean
line which Nigerian
scientists have
recommended for release
to farmers. (Right photo.)
Soybeans for sale in a
village market in the
Abet area.

A Nigerian farmer shows
an IITA scientist the
results of planting a new
improved soybean
variety.

ranged from 1450 10 2200 kg/ha with the only input being single
super phosphate (200 kg/ha) and hand labor (Table 1), Malayan
has been grown in the village, but vields seldom exceeded 500
kg/ha for this longer maturing vaviety because the growing
season was too short,

Anexpanding market for soybean is due largely 1o the
popularity of soyvbeans to prepare “dawadawa,” a fermented
paste used as a flavoring. Fhereis also a growing interest in using
soybean milk and flour as an important source of protein for
feeding babies and young children. Nigeria now imports soybean
oil for cooking and soybean meal to support an established
poultry industry so there remains great scope for expanded
soybean production in the country.,

An outstanding example of the promotion and use of soybeans
to combat infant protein malnuwition  (kwashiorkor) in a
Nigerian rural arca was brought recently to the attention of
ITTA scientists. A children’s home near Oghomosho specializes
intreating infants with severe symptoms of malutrition
swollen bellies and skeletal limbs. Protein madnutrition in infants
is of growing concern in Africa. not only in countries suffering
from drought and famine but in certain others on the continent,

The infants are admitted o the children’s home with their
mothers or guardians who prepare all the food for themselves and
their babies under the supervision of the stafl. Soybeans are



(Left photo.) Mothers
prepare soybean milk for
their babies at a
children’s home near
Ogbomosho, Nigeria.
(Center photo.) Bottle
Seeding soybean milk.
(Right photo.) A mother
has prepared a
soybean/cereal pap for
her infant.

prepared as amilk substitute by boiling, grinding, straining, and
recooking the liquid. This *milk™ contains about 35 g of protein
per serving. [tis especially important because about 409, of the
infant “patients™ arc intolerant to cow’s milk. Also, sovheans are
prepared as aowet-milled full-fat flour added o a cereal pap. A
normal ration for a one to two vear-old child is the equivalent of

about 200 g of whole soybeans per day ata cost of approximately
20 cents (LS.,

Not only are stall members of the children’s home concerned
with the infants brought 1o them, but they visit villages near
Ogbomosho to promote the cultivation and use of soybeans and
teach women how to prepare them in local dishes. Several
farmers  both men and women — in the area are now growing the
crop and sovbeans arve being sold in local markets.

Women inother African countries, including Ghana,
Cameroon, Uganda. Rwanda, and Zaire, are also using sovbeans
inlocal dishes. A village with small-scale equipment can provide
sovbean oil and meal for partially defatted sovbean flour.



FIGURF 1.

Highland envirorinents
in Africa. Scientists are
developing soybean lines
adapted to the highlands.
During 1584, the testing
site was in the Jos

. ¥ Jos
Plateaw area with an 1 Plateau .
elevation of 1,300 meters. Molwoa#® g

Testing Soyhean Lines Adapted to
Highland Environments in Africa.

igh yiclding soybean lines have been developed for the

West African lowlands, but they are not always

adaptable to the highland environments which
comprise most of Africa (Figure 1). Those developed in the
lowlands tend to take longer to mature when moved to higher
clevations and may mature after the end of the rainy season witly
consequent low yields.

In 1984, breeders at HTA hegan testing at Bukuru, Nigeria
(near Jos) at 1300 m clevation and 9 50’ N latitude. Soybean
lines regarded as late maturing at Mokwa (150 m clevation, 9°
15" N latitude) were inappropriately late at Bukuru, but many
of medium maturity (110120 days) at Mokwa were also
appropriate at Bukuru and had reasonably good vields. ‘Fable 2

9



TABLE 2.

Yields and days to
harvest of soybean lines
grown in trials at Bukuru
and Mokwa, Nigeria
(1984).

~ compares yiclds and days to maturity of three tria” grown at both
) y ) g

sites. Days to maturity averaged 10, 11, and 21 days later at
Bukuru for the carly, medium, and late trials, respectively,

Besides varictal testing, TITA scientists are using two other
approaches to better serve cooperators in African highland
envirommnents. High yielding HI'TA soybean lines with good sced
longevity and natural (promiscuous) nodulation are crossed with
lines adapted to highlands. I, populations from some of these
crosses were grown in 1984 at Bukuru, and superior plants were
sclected at 99, 106, and 120 days after sowing. T'he sclections
have been sown in progeny rows and will be tested for shattering
resistance and promiscuity in the 1984/1985 dry scason and
tested for yield at Bukuru in 1985,

A second approach is that these same populations have been
advanced by single pod descent without selection and will be sent
to cooperators in Rwanda, Cameroon, Iithiopia, and other
countrics for sclection at clevations where they will be grown.
After testing at these sites, soybean seed of the best lines can be
returned to ITTA for a further round of crossing.

Bukuru ) Mokwa

By Gghe) @y Gghe) (day)
TGx 573-1E 1828 (il6) 2434 (11Y)
TGx 299-7F 1826 (i11) 1468 (109)
Trial mean 1626 (118) 2005 (108)
Medium '
TGx 536-02D 1948 (120) 481 (114)
TGx 573-104C 1750 (117) 1941 (113)
Trial mean o122 (128) 2160 (117)
Late : |

TGx 304-059D 657 (154) ; 1052 (137)
i'Gx 713-011D 543 (164) ; 2050  (138)
Trial mean 605 - (160) - 1649 (139)




Pregress of Tropically Adapted Soybean
Lines in International Trials

xcept in parts of Asia, soybeans are a relatively new crop

for farmers in the tropics, and HTTA scientists are working

to develop high yielding, tropically adapted soybean lines
and overcome the biological constraints to production. With a
grant from the Commission of Buropean Communitics (CEQ)
beginning in 1981, they were charged with the task of developing
hines for the different environments in the tropics and testing
them in multilocational trials in 27 Afvican countries and around
the world.

Since 1982, there has been almost a nine-fold inciease in the
number of international trials sent 1o cooperators (Figure 2), In
that year about 50 trials were sent in two groups, onc with entries
with promiscuous nodulation (not needing inoculant) and the

Number of soybean trials

200 —
175
150

FIGURE 2. 2

Expansion of II'TA

international soybean oo

trials from 1982 through
1984 and v projection for 75
1985,

50

25




FIGURE 3.

Sites of international
trials of IITA soybean
lines —a total of 42
countries.
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TABLE 3.

Performance of three
IITA soybean lines in
international trials in six
countries in West Africa

(1983).

other with improved sced longevity. By 1984, both traits had
been combined in superior agronomic lines and trials were
divided only by maturity. These trials were sent to cooperators in
42 countrics (Figure 3).

For 1985, TITA has prepared trials of lines combining
promiscuity, good sced longevity, and resistance to bacterial
pustule with carfier maturity (95-105 days), mediuni (105-120
days) and late (more than 120 days). About 440 trials have been
requested for 1985,

Trial results from 1983, when most of Africa was dry, are
encouraging. Table 3includes results of trials grown at seven sites
in Ivory Coast, Mali, Ghana, Togo, Migeria, and Cameroon.
‘The ITTA Tiues shown in the table nodulated at all reporting sites
without inoculum and maintained good seed viability after cight
months of ambicnt storage. Although 1984 results were not
available at this writing because some of the trials in the southern
hemisphere would not Le harvested until April 1985, preliminary
datashow that there has been good progress not only in the traits
mentioned but also in resistance to lodging and shattering.

© . Rangé . Meanyield
M gghe) T (kglha)
TGx297-192C 9943125 1803 S5
TGx 342-375D - 641-3263 L0 1568 69
TGx536-100C - -~ ' 803.2847 1484 . 7T
Bossier (Check) © =~ 856-1917 1136 .- 95
*After eight months of ambient storage, RS
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Two pre-emergence
treatments of a new
herbicide {Scepter) for
control of wild poinsettia
(Luphorbia heterophylla) on
cowpeas compared with
untreated plots.

Right, Euphorbia heterophylia
Srom a herbicide
(Scepter) treated plot at
Sive weeks after
application compared
with the weed on the left
SJrom an untreated plot.
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Promising New Herbicide for Control of
Wild Poinsettia in Cowpeas and
Soybheans

ild poinsettia (Euphorbia heterophylla) - an annual

broadleaf weed that can cause serious cowpea and

soybean losses - has been resistant to most herbicides,
but a new cffective one named Scepter was recently selected
through extensive sereening in the field at IF'TA in 1984, The new
product gave good control of the weed in both crops and s
expeeted to be available in the Afvican market in 1986.

The fast growing weed can completely shade cowpeas within
six weeks after planting and make it difficult if not impossible to
harvest asoybean crop. HTTA rescarch has shown that a density
of 10 plants/m® of wild poinscttia reduces cowpea yields by 25 to
33% and 80 plants/m? by 68 to 759, compared with weed-free
controls. ' the crop is kept clean of weeds for 30 days after
sowing, grain vields compared favorably with weed-free controls.
This emphasizes the importance of keeping the crop weed-free in
the carly stages of growth,

Whenapplied pre-emergence, the efieetive dose of Scepter was
190 10 250 g/ha with no phytotoxicity to cither the cowpeas or the
soybeans. Yiclds of both crops were equal to those of the weed-
free controls und significantly higher than the vields of untveated
control plows ("Tables 4 and 5). Scepter was not available to TI'TA
for testing in 1983, and nonc of the herbicides tested that year was
cffective on Euphorhia heterophylla.

Pre-emergence application of Seepter for the weed control in
soybeans proved 1o be more effective than post-emergence in the
ITTA tests (Table 5), and the rate of 150 g/ha gave as good results
as 250 g/ha. The lower rate, of course, would be less expensive for
farmers.

Bioassay with soil samples taken from Scepter-treated plots at
the time of the cowpea harvest showed no toxicity to maize and



TABLE 4. rice used as test erops. This is of practical impertance in cropping
Effect of a new herbicide

(Scepter) on Euplorh systems where maize or rice follows Scepter-treated cowpeas or
pterjon Luupliorinag ‘

heterophylla control in soyheans.
cowpeas (1T 82 E-9) at
ITA (1984).
Weed control I heteropinlla Grain
Rite rating () dry weight vield
Treatment* thg ane thas 3WAP** ig/m*) tkg/hay
Scepter 0.10 64 32 430
CBeepter oo oas Lo ops BRI ‘
Scepter - S 025 e 8 (R S
Seepter .30 79 10 443
Weed-free control 100 0 386
Untreated control 0 147 16
LSIY 50, 36 183

* UL teatment icere applied pre-emergence o the crop and woeeds except Scepler at 0.0 keiha which was applied seven davs hefine
flanting.
WAL = Woeeks after planting : weed control rated on 0 o 100 cals where 0 = no control and 100 = coniplate control.

TABLE 5.

Effect of a new herbicide
(Scepter) on I heterophylla
control in soybeans at

Mokwa, Nigeria (1984),

Weed Sovbeans (' TGx 376-021);
dry wi. Height Stand/m? Grain
Rate ikg/ha) (e at vield
Treatmen kg aseghan at WA at BWAT™ harvest tkg/has
‘Seepter®® . Q450 o138 o 80 g itlliggy
Scepter 0.150 1548 57 I 1332
Seepter 0.250 840 56 12 1770
Seepter (.375 485 32 12 1644
Two hoe weedings
i3 & 6 WAP**x 300 63 12 1858
Untreated control 1193 KR) 8 864
LSD (5 441 ns ns 578
*WAT = Weeky after reatment.
*XPresemergence : other treatments post-cmergence al four wecks afler planting.
RERUCAL = Weeks afler planting,




Three new 1ITA bush-

type vegetable cowpea
lines tested in African
and Asian countries
outyielded a climbing-
type check variety. The
Jormer do not need costly
staking or trellis support.
The test shown here

was conducted in

the Philippines in
cooperation witn the
International Rice
Research Institute

(IRRI).

Yield Results of Bush-Type Vegetahle
Cowpea Varieties in Africa and Asia

cgetable cowpea varieties - grown for their long, tender,

and fleshy pods harvested green and caten as a vegetable

=~ have become popular with many consumers in Asia

and parts of Africa and Latin America. T'raditional varicties

have a climbing growth habitand require costly wrellis support or

staking to keep pods from touching the ground and becoming

rotten. But TTTA scientists have developed a number of bush-

type varicties (1982 Research 1Hightights) which do not need
staking and yield as much as or more than the climbing type.

Three of these new lines - ' 81D-1228-10, I'1 811-1228-13,

and I'T 81D-1228-14 - were distributed o countries in Africa and

Asia, and the results reported back 1o HI'TA look encouraging.

They gave the highest green pod vields at locations in six



Left, a close-up of a countries and were significantly better than the climbing-type
newly developed bush- check variety FARV-13, a bush-type check variety (Bush-Sitao),
type vegetable cowpea and a local :l ok (Table 6) ’
(IT 81D 1228-14); right, a and a local check (Table 6).
traditional climbing-type Picking of green pods started at most of the locations between
in Sri Lanka. oo . . o . L

45 and 55 days after planting. A total of five o cight pickings

were made at three to four-day intervals. Within a period of 80 1o
TABLE 6. 85 days, more than 10 tons of green pods were harvested from one
Performance of hectare of Tand. With irvigation facilities, these varietios can be
improved bush-type

grown throughout the year in the tropies, provide a continuous
vegetable cowpea ’ ) ’

varieties at different supply of fresh vegetables, and improve the income of farmers.
locations in Africa and
Asia.
Ihadan Mokwa  Nyankpala Abomey  Farawanipur  Ganaruwa IRR]
. Nigeria Ghana Rep. Benin Nepal Sri Lanka Philippines
Variety ! ! i
(t/ha)
IT81D-1228-10 14.3 10.7 9.4 12.1 7.7 6.8 16.0
Frgin-1298-13 4.3 6.3 Ry 9.0 8.3 0.8 115
IIgin-1228-14 15.1 9.1 6.5 10.4 8.5 9.7 13.7
FARV-13 8.7 8.5 3.0 6.2 6.2 7.0
Bush-Sitao 6.5 8.5 44 13.1 5.6 5.8
Local check * * 2.0 7.9 3.4 4.5 122
LSD (5%,) 4.1 2.8 2.3 2.3 3.9 2.5 4.7
*Local check in Nigeria was FARV-13.
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Resistance to Striga on Cowpeas
Developed in Burkina Faso

usceptible cowpea plants can be completely killed by the

parasitic weed Striga gesnerioides, and ficlds may become so

infested with the seed that farmers cannot grow a cowpea
crop. Morcover, Striga seeds may persist in the voil for as long as
20 vears, They are stimulated to emerge by chemicals seereted
from the cowpea roots, and germinating Striga plants attach to
these roots and extract nutrients from the cowpea host.

IITA and national scientists working in- Kamboinse in

Burkina Faso fformerly Upper Voltar have identified sowrees of
genetic resiscance and progress has heen made o incorporate this
(Top photo.) Early stages resistance into high vielding lines with acceptable seed quality.
of Striga in cowpeas.

Lower photo.) Cowpea C ot e e -
;)lants kI:'lled b)}, Smﬁ_ Mali, Niger, and Nigeria CTable 7.

Also. lines resistant to Strdga in Burkina Faso have been tested in

Resistance atsites in those three countries, though better than
the susceptible cheek or the local variety, was not as complete as
at Kamboinse, This observation was confirmed by the Weed
Rescarch Organization ‘WRO1 in Oxford. England. Striga from
sced collected from Nigeria and Niger emerged on the resistant
line while Striga failed 10 do so from seed from Rurkina Faso. This

TABLE 7. cooperation between ITTA and WRO s especially imporant

£ onysrer e . . . . . .
Percentage o corepen because rescarchers in Burkina Faso cannot bring in seed of
plants with Striga

L. xoue Nrio ' sdanger to the local crop. 8. gesnerioides does
emergence at sites in exoue Strega due to the danger to the local crop. S, gesnerioides dog

West Africa. not attack any crop in the U K,
Burkina Faso Niger Muali Nigeria
Kamboinse Quahigouya Magaria Seno Kinn Bakura
KVx 30-166-3C 0 ) 0 Ry 6 6 39
KVx 30-183-3G ) 0 0 3 3 9 19
SUVITA-2 0 0 5 3 8 19
Mougne  Local check, 87 16 16 R 20 15




(Top photo.) A cowpea
variety with genetic
resistance to Sirisa in
Burkina Faso vs. a local
one without it. (Lower
photo.) Large cowpeas
with rough white and
brown coats preferred by
consumers in Burkina
Faso.

TABLE 8.

Performance of three
HITA cowpea breeding
lines with resistance to
Striga and bruchids
compared with SUVITA-2
and a local check.

The emergence of Striga in Mali, Niger, and Nigeria on the
lines found 1o be resistant in Burkina Faso suggests that there is
more than one strain of the parasite. Work will continue at
Kamboinse. in cooperation with WRO and national scientists, 1o
identify other sources of resistance and to characterize the strains
of the parasite,

The Striga vesistance, which seems 1o be complete in Burkina
Faso, has now heen incorporated into lines with other important
traits. The most important of these is resistance o bruchids
tCallosobruchus maculatuy). the major cowpea stornge pest, This
inseet infests cowpea seed in the field and quickly multiplies in
the stored grain, killing the seed and making the cowpeas
undesirable for the market. Table 8 shows that lines have now
been developed with good levels of resistance 1o both Striga and
bruchids. Also, they have Targe seeds and are available with a
rough white or hrown coat preferred by consumers in Burkina
Faso. These lines have been crossed with others with multiple
disease and insectresistance to further improve and stabilize the
vields.

Stored seed

Yicld | Plants with with bruchid Seed colory

thgihay | Striga (%) | entry holes -© texture

RVx 30-G172-1-6K 812 0 10 White/rough
RV'N 30-G183-3-5K 1027 2 20 Brownjrough
KVx 30-G200-1-3K 1235 2 15 Brownfrough
SUVTTA-2 1059 0 100 Brown/rough
Local cheek 191 36 100 White/rough




One of the cowpea lines
that performed the best
under an unusually dry
season at Niamey in
Niger. It is a medium
maturing line with
resistance tu thrips and
bruchids.
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Cowpea Lines for the Millet/Cowpea
Cropping System in the Harsh Sahe!
Environment

nonc of the harshest environments imaginable, small farmers

in the Sahel zone struggle 1o produce a millet/cowpea mixed

crop under drought, high temperatures, and marginal soil
fertility. They need better plant types with inedium maturity and
resistance to discases and inseet pests.

Responding to this need, ITTA, in cooperation with ICRISA'T
and national programs in the region, is working on ways to it
improved cowpea lines into a predominantly  millet-based
systemi An HTA scientist was posted in 1984+ at ICRISATs
Sahclian Center in Niger,

During the year, improved cowpea lines were sereened with
and without millet at the Sahelian Cienter. The total rainfall from
May to September was 260 mm 540 helow normal, The
cowpea varicties were planted in the third week of June and
harvested at the end of August. During this period only 150 mm
rainfall was recorded. In spite of such a drv season, vields of 33
lines ranged from 600 o 1500 kg/ha in sole crop and 20 of these
preduced more than 200 kg/ha in intererop. Compared with this,
the yield from the local Farmers” variety was only 185 kg/ha and
that of the improved national variety TN 88-63 ranged from 898
to 1011 kg/ha. The local farmers” variety has a long maturity
duration (125 days) and was severely aflected by the drought.



TABLE 9.

Performance of
improved cowpea lines in
an unusually dry season

at Niamey in Niger (1984).

Because of severe drought, the maturity period of all the lines
was reduced by approximately 10 days. The data show that
medium maturing lines performed better under Sahel conditions
than carly maturing varicties and the local line Sadore. Best
among all the varieties were 1T82D-703, 1T82D-716, and TVx
3236 (Table 9). They combine multiple discase resistance, and,
in addition, TVx 3236 is resistant to thrips, IT82D-716 to thrips
and bruchids, and I'T82D-703 to bruchids.

Because farmers in the Sahel grow cowpeas for grain as well as
forage, ITTA scientists identified 13 promising lines for this dual
purposc.

Results of the cooperative program are expected to be of value
not only in Niger but Burkina Faso (formerly Upper Volta),
Mali, Senegal, Cape Verde, Mauritania, and Chad.

Variety Days to Yield
maturity (kg/ha)

Extra-early

I'F82F.-60 56 991
I'T82D-78% 57 979
I'T82D-885 56 917

S.L. + 1 136

Medium maturity

TVx 3236 65 1305
I'ra20-752 6! 1121
TVx 1659-03F 67 1019
TN 88-63 'Improved local 67 898

S.Eo+ 1.5 112

Bruchid resivtant

IT82D-713 ' 64 1598
1T82D-716 65 1424
I'T82D-1032 62 1120
Sadore (Unimproved local 78 185

S.Eo+ 3 265
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TABLE 10.

Grain yield of six
varieties of cowpeas
planted on different dates
at Pobé|Djibo in the
extreme northern part of
Burkina Faso in the Sahel
(1983).
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Covipea Adaptation to Drought
Conditions in the Sahel

rop production in the extreme north of Burkina Faso

(formerly Upper Voltat in the Sahel is subject o high

temperatures, drought, and violent winds blowing sand
across the land. Under these conditions, T1TA and national
scientists conducted experiments at Pobé/Djibo in 1983 with six
different cowpea varieties,

They planted the varieties obtained from various sources on
June 22, July 7. and July 16, The four highest vielding varicties
which were planted on the carlier date produced guain vields
ranging [rom 782 10 992 kg/ha, but lost an average of - kg/ha for
cach day the planting was delaved bevond June 22 ¢Table 10).

Two extra-carly matwring varieties 'I'82E-60 and KVu 55
performed poorly in this one-year experiment, T'wo weeks afier
all six variedes were firse planted. a sand blow eenerated by
violent winds hit the arca. The extra-carly maturing varicties
were severely damaged and did not recover like the other four.

In the Sahel savanna, chances of obtaining larger cowpea
vields are better il the crop is planted as soon as rains hecome

Planting dates

June 22 July 7 July 16

Yields

Variety ki ha
TVx 3236 774 707
SUVITA-2 639 624
TN 88-63 a6 a2
8-57 623 Al
I'T" 82F-60 R 205 321
K\u 55 - 257 509 106




TABLE 11.

Average number of - :

cowpea flowers per day Variety AFD MED TF

(AFD), maximum Flowers/im?

number per day (MFD),

and total number (TF) at TV 5236 I 2 190

Pobé;Djibo in the Sl"\'lvl'-’\"-’ 13 27 167

extreme northern part of TN #8-63 13 2 179

Burkina Faso in the Sahel 57 16 41 217

(1983). I'l" 82F-6G0) 6 10 73
K\'u 55 8 11 116
LSy 50, g 6 al
C\ e RE| 3 39

established in the Tater part of June, An extra-carly maturing
characteristic per se is not sullicient to achieve ahigh grain vield,
The variety must adapt iself o the Sahel environment by
growing and {lowering profusely and setting pods that veach
maturity. This lack ol adaption of exwra-carly varieties
originating from the south and lrom arcas with more rain is
shown in Table 11, Note the low number of flowers for I'l 8215-60
and KVu 53,

The cowpea variety in the
hackground (SUVITA-2)
has adapted itself to the
Sahel’s high tempera-
tures and drought; the
one in the foreground has
not and is suffering from
heat.
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TABLE 12,

Effect of in-situ mulch vs.

ro mulch at different
levels of single super
phosphate application on
seed yield of cowpeas at
Loumbila, Burkina Faso
(1984).
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Cowpea Production under Drought
Conditions with and withuat In-Situ
Mulch in Burkina Faso

ike several other African regions in 1984, drought and

high soil temperature stresses caused severe crop losses in

the Sudan savanna of West Africa. The alfisol soils in this
climatic zone are subject to fast run-off of any rainfall, crosion,
and a low soil-water reservoir.

Previous experiments at ITTA in Ihadan, Nigeria, with the in-
situ mulch technique under a no-tillage system (1983 Research
Highlights) showed that it was effective in preventing high soil
temperature and helped o improve crop establishment, carly
growth, and maize yiclds. In 198+, national and TTTA scientists
in the Semi-Avrid Food Grain Development Project (SAFGRAD)
tested the technique on cowpea production for the first time at
the Loumbila station near Ouagadougou in Burkina Faso
(formerly Upper Volta) in the Sudan savanna.

The muleh used in the SAFGRAD tests was the residue of a
previous legume cover erop - Crotalaria. The yields of cowpeas on
the mulched land with no tillage were significantly better than
those from plowed, unmulched plots (Table 12). FFurthermore,
the seed increase due to mulching alone was much larger than

PO, levels

0 kgfha 50 kg/ha 100 kg/ha Mean

Cowpea seed yields (kelha)

Zcro-tillage with

in-situ mulch 883 1002 1202 1029
No mulch -

triactor plowed 176 485 507 384
LSD (5%) 377
CV (o) 3t




Poor germination of
cowpeas in an unusually
dry season without in-
situ muleh; soil subject
to erosion and fast run-
off of any rainfall,

N B Al T WA TY 80 Tt o e o™ A0 ™3, 50 LS 1 s i e ol memes e,

" 5 1

Cowpeas on the left with
in-situ mulch. It helped
prevent high soil

that obtained from no-mulched and {ertilized plots, indicating
that in such a dry scason soil physical propertics were more

temperature and
improved crop
establishment and early
growth,

critical in achieving seed yield than soil fertility fetors. Rainfall

in the arca was 10", less than the long-term average and the
lowest in 25 years.

Soil temperatures, monitored ata 5 emdepth from late August
to carly September, were markedly lower during the hottest
hours of the day in the mulched plots, and this was particularly
true as the dry weather continued. Cowpea plants on the
mulched land, therefores were subjected o less moisture stress
during the dry spells, and the roots were probably able o
continue to perform eritical biosynthesis at a reasonable rate.
‘This may explain the carly bud initiation and flowering, better
fertilizer efficiency, and the higher seed yields.
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Cowpea line IT 82E-16 is
resistant to brown blotch
disease shown herc
affecting the hybrid in
the center and the
susceptible parent below.
It also possesses a
constellation of resistant
genes that plant breeders
use as a source of
multiple discase
resistance,

3

TABLE 13,

Genetic segregation for
resistance to different
cowpea diseases.

Frequeney ol
Resistant P planes
Disease sources F, Phenotype Resistnt Suseeptible Nature of inheritancee
Cowpea vellow IT82E-16 Resistant 15 1 Duplicate dominant genes
mosaic IT82E-10 Resistant 3 1 Single dominant gene
TVx 4659-03E Resistant 3 ! Single dominan, gene
Cowpea aphid- IT82E-10 Suseeptible | 15 Two recessive gene pains
horne mosaie IT82E-16 Suseeptible 1 15 Two recessive gene pairs
IT82E-60 Susceptible | 15 Two recessive gene puairs
Brown blotch 1T82E-16 Susceptible | 3 Single recessive gene
Septoria IT82E-16 Resistint 15 ! Duplicate dominant genes
IT82E-77 Resistant 3 ] Single dominant gene
VITA-4 Resistant 3 I Single dominant gene
Scah TVx 3236 Susceptible 1 3 Single recessive gene
Anthracnose TVx 3236 Resistant 3 1 Single dominant gene
IT82E-16 Resistant 3 1 Single dominant gene
TVx 4659-03E Resistant 3 I Single dominant gene
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Inheritance of Resistance to Six Major
Diseases of Cowpeas

any discases reduce cowpea vields, but six are most

widespread and devastating: yellow mosaic (CYMV),

aphid-borne mosaic (CAMVY, brown blotch, septoria,
scab, and anthracnose. However, through systematic sereening
of world germplasm, TTTA scientists have identified several
sources ol resistance, and these are being used in their breeding
program.

To plan a more effective breeding stategy, they have
conducted genetic studies on the nature of inheritance of
resistance to the six discases. Results showed  Mendelian
inheritance in all cases involving one or two major genes (Table
13). Resistance to septoria and vellow mosaic is controlled by a
duplicate dominate gene, resistancee o aphid-horne mosaic by
the presence of two recessive gene pairs, resistance o scab and
brown blotch by asingle pair of recessive genes, and resistance o
anthracnose by a single dominate gene,

This information is also uscful o national cowpea breeding
programs for the development of multiple disease resistant lines
with high yield potential. I'T'82E-16.an T'TA cowpea line which
possesses a constellation of resistant genes, can be used as a source
of multiple discase resistance i hybridization and backerossing
programs. The simple inheritaince makes it rather casy 1o
manipulate resistance traits o these diseases in breeding
populations.
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One of 16 Nigerian
Jarmers who cooperated
with IITA in 1984 to test a
new seed yam
technology.
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Scientists and Farmers Cooperate to
Test New Seed Yam Technology

wo questions are often asked of scientists: “Your new

technology may work at the experiment station, but is it

pr wetical at the farm level and will farmers be interested
in it?”” The answers turned out to be “yes” when TTTA scientists
and farmers cooperated during 1984 10 frm test a “rev-
olutionary” system of producing seed viums.

The new system, described in the 1983 edition of Research
Highlights, involves cutting “mother sced yams” into small picces
called minisetts, planting them in nursery beds to sprout, and
then transplanting them o ridges or mounds covered with
polyethylene plastic. The number of “mother seed yams” needed
to produce seed yams by this method is substantially less than
with the traditional method of planting large picces. For
example, under the traditional method, it takes 4 million tons of
Nigeria’s annual yam production of 15 1o 20 million tons to plant
1.5 million hectares. I minisetts were used, only 750,000 tons of
yams would be needed to produce seed yams to plant 1.5 million
hectares. The amount which could be saved for food is chnormous,
not to mention the savings in farmers’ production costs.

Many farmers near H'TA’s headquarters expressed an interest
in coliaborating with on-farm tests of the new system, but the
number was limited o 16 so scientists could work more closely
with them and monitor their progress. The farmers paid for the
“mother sced yams™ and for Fabor to plant the miniseus. They
came to ITTA to participate in the preparation, (reatment, and
planting of their own minisetts in the nursery for sprouting. T'hen
they planted the sprouted minisetts of two white yam (D.
rolunda:a) varictics on their own farms in May and June 1984,

Before the harvest about six months later, 1ITA and the
National Root Crop Rescarch Institute organized a seed yam
production technology ficld day attended by morc than 200



Above, 10,000 seed yams
needed to plant one
hectare. Right, farmers
Jrom 17 of 19 states in
Nigeria attend a field day
to see on-farm results of
planting sprouted
minisetts to produce seed
yams.

farmers from 17 of 19 states in Nigeria. They saw demonstrations
and yam ficlds at ITTA and then visited farmers’ ficlds. At the
end of the day they formed the Nigerian Seed Yam Growers
Association. Soon thereafter, about 150 farmers deposited money
for “mother seed yams™ and plastic mulch.

Data from the on-farm harvests showed that yam variety TDr
179 was superior in yields per heetare and tuber size, [t produced
the most tubers weighing more than 1 kg, Farm yiclds ranged
from 12,000 to 29,900 seed vams per hectare, The other variety -
TDr 205 produced more seed yams per plant and per heetare,
butas the number of seed yams per plant increased, the weight,
length, and circumference deercased. Yields ranged from 18,000
to 47,000 sced yams per heetare. The farm tests showed that
TDr 179 is the best line for farmers o use. They plant a whole
small seed yam (about 500 g) under the new system,

Cooperators said they believe this recently  developed
technology holds a real potential for farmers, and some of them
plan to expand their yam production with the new system in

1985.
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On-farm trial in
Cameroon with
improved sweet polato
clones.

TABLE I4.

Average performance of
sweet potato clones in
Jarm trials in three
different agro-ecological
zones in Cameroon.
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Improved Sweet Potato Clones Tested
in Farmer-Managed Trials in
Cameroon’s National Root Crops
Improvement Program

ceent on-larm rescarch in Cameroon has created a

continuow:  “ow ol informadon between  those who

generate new technology tseientistst, those who transfer
it textension workers), and  those who use it (farmers),
Cameroon’s National Root Crops Improvement Program
(CNRICPY has launched an extensive eflort to move the results off
experiment station rescarch onto Larmers” fields  through
rescarcher-managed  verilication trials, farner-managed
demonstration trials, and farmer-managed muliiplication of
improved clones,

Last vear 130 sweet potato trials were conducted on farmers”
ficlds in three agro-ceological ones: 203 individual farmers, plus
groups of farmers in 79 villages, cooperated. Only about 3¢, of
the trials failed becanse of the lack of care,

Improved sweet potato clones from TITA used in the wials
TIh Tand 527031 produced two to five times more vield than
the bestavailable local ciones (Table 141, and their taste rating
was “goad” 1o Uvery good.™ Morcover, the improved clones
showed  greater wlerance to prevailing discases and pests.
Farmers are now planting these improved clones ona large scale
during the dry and carly rainy scasons. Extra planting material is

" Agro- ST
“ecological - Yield Number of storage tuhers
zones " (ttha) . per unitarca (10m?); - "
" TIbl 527034 Local TIb1 52703 . Local' "
IlIa 18.9 20.6 4.0 131181 39
v 15.1 157 712 132 2077800
Va 12.8 4.1 7.2 169 223 . 116




Farmers in Cameroon
are planting improved
sweet potat clones on a
larger scale than ever
before.

sold to other farmers and multiplication plots left to grow until
the mid-rainy scason when the wbers are harvested and
marketed. This is normally the time when there are no =weet
potatoes in the markets,

Farmers provide the land and labor for the trials and receive
the production for participating. At harvest time, ficld days are
held at which farmers report on sweet potato yields, cooking
quality, and the pros and cons of various cultural methods.
Production constraints identificd at recent field days included
poor crop management due to overlapping of several other
farming operations during the same period. poor soils (highly
weathered and eroded), shallow ridging, cercless planting, and
grazing animals,
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FIGURE ¢4,

Trend of financial
support provided for
research operating costs
of Cameroon’s National
Root Crops Improvement
Program.
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CNRCIP is a cooperative venture involving Cameroon's
Institute of Agricultural Rescarch (IRA), II'TA which provides
technical assistance, and two donors - Canada’s International
Development Rescarch Centre (IDRCY and Belginm’s General
Agencey for Development and Cooperation 1t AGCD). From the
beginning of the program, strong financial support has been
given by the two donors and the Cameroon government through
IRA. The government's shave of the research operating costs is
rapidly increasing - evidence of the value placed on the program
by the government (Figuve <),

Million CFA

40 - Transitional phase
IRA¥
{ Government )
30 |~
20 |- AGCD *¥
( Donor)
= DRC ¥¥¥
10 Donor’
o L1 l | N
1978-79 80-8lI 82-83 84-85

* IRA: Institut de la Recherche Agronomique, Cameroon.
** IDRC: International Development Research Cantre, Canada.
*** AGCD: Administration Générale de la Coopération et Développement, Belgium.



Above, both women and
men farmers harvest
sweet potaloes from a
Sarmer-managed trial at
Rwania to test the
performance of
improved varizties;
right, farmers display
Sive varieties of sweel
potatoes after the
harvest.

Sweet Potato Varieties Tested and
Farmer-Rated in Rwanda

s part of anapplied rescarch program 1o improve food

production by small farmers in Rwanda, the Institu des

Sciences Agronomique du Rwanda (1SAR), with the
technical assistance of TFFAL started on-farm wrials a vear ago in
the Bugesera region using hoth TTTA and local improved sweet
potato varieties. This crop is suitable for planting in a wide range
of tropical and sub-tropical environmental conditions, including
land of low soil fertility. Furthermore, it has a high production
potential and provides food ata time when the staple diet is in
short supply.

The first setof 17 farmer-managed trials started at the end of
October 1983 and the harvesting of the crop was completed in
March 1984, Farmers were asked to follow only their normal
cultural practices and maintenance. At harvest time, the par-
ticipating farmers told their neighbors in surrounding villages
about their experiences with the trials, deseribed the per-
formance ol the diflerent varieties. and rated them at the field
sites, ‘They ranked the varieties based on vield, tuber size and
shape, and potential market appeal. All Eirmers inattendance
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TABLE 15,

Results of sweet potato
on-farm trials conducted
in the Bugesera region of
Rwanda during 1983/84.

34

were asked to indicate their taste preference for cach variety
which had been steam cooked.

In the Bugesera region, two local improved varicties
Nyiramujuna and Rusenya gave the highest vields followed by a
local unimproved varicty, TIS 2498 from HTA, and Caroline
Lee from the USA (Table 15). Farmers showed considerable
interest in TIS 2498 because it produced a good vield in spite of
low vegetative cover due to an carly drought and the tubers were
large and uniform which would bring a higher price in the
market. Farmers chose T1S 2498 and Rusenya as the most
preferred varieties followed by Nyviramujuna and Caroline
Lee. They did not like the size, shape, and surlace cracks
(appearance) of the Caroline Lee tubers. At several sites, the
farmers asked for cuttings of T1S 2498 vines for multiplication
and later planting on their own farms.

Based on tiie results of the taste tests, Rusenva was the most
preferred variety followed by Nyiramujuna, the local check, TIS
2498, and Caroline Lee, Tubers of the latter variety took longer
to cook (30 minutes) compared with the other varictics.

R
]\ Ground -
oLt . cover
Variety (%)
Caroline Lee leo:
TIS 2498 47
Rusenya, o 84
* Nyiramnujuna 89
Local check . 88
‘LSD (5%,) . -




Dissemination, Dispersal, and Impact
of £. /opezi — a Natural Enemy of the
Cassava Mealybug

he cassava mealybug (Phenacoccus manihot) causes severe
cassava vield losses across large arcas in Alvica south of
the Sahara, and cfforts are being made by TITA and its
FIGURE 5. national collaborators v control it through biological means.
Distribution in Africa of (See 1982 and 1983 Research Highlights). From November 1981 o

cassava mealybug and its ). on| of 1984, approximately 50,000 of the cassava mealybug’s
newly introduced natural ’ ’

enemy . lope.i,

* Spread of mealybug
- Distribution of £ /opez/

Release of £. /opez/
® without confirmation
of establishment

? Presence of mealybug
uncertain
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Abeokuta

® £ /opez/ found ® £ /opezi not found ——-— Mo mealybug found
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Above, severe mealybug
damage in a cassava field
in Senegal. (Center
photo.) Growing tip of a
once healthy cassava
plant covered with
mealybug colonies.
(Right photo.) After a
natural enemy of the
mealybug is released in a
cassava growing area,
scientists evaluate its
establishment and
effectiveness.

FIGURE 6.

Left, spread of k. lnpe:i on
cassava fields from the
release site at IITA in
November 1981 and from
Abeokuta, Nigeria in
November 1982. Sumples
were taken every 10
kilometers in cassava
areas.

natural enemy fpidinocarsis = Apoanagrrasi lopezi were reteased
in 10 African countries: Congo. Gambia, Ghana, Guinea-Bissau,
Nigeria, Rwanda. Senegal, Togo, Zaive, and Zambia. The
establishmentol 22 lopezd wowasp that parasitizes the mealvbug

has been recorded i eight Figure 500 A atural enemy s
considered established when ichas survived a full rainy season

the period of low mealybug population and has been located

again 12 months after release.

Al releases mthe 10 countries were made from the ground
with the assistanee of national program personnel using adult
wasps transported o the release sites in cold storage boxes,
Quarantine regulations within Alvica require the release ofaduh
parasitoids since no plant or inseet host material can be carried
across national borders,

The spread of /5. lope 20 has been comprehensively documented
inalarge cassava growing arca of Nigeria Figure 6. Data show
the capability of this parasitoid to spread throughout the vear,
evenin the rainy season when mealvbugs ave scaree, as well as the
speed of this spread 50 10 170 ki per vear. Also. its impact on
mealvbug populations has been well documented by i series of
studies from 1981 through 1981 on TITA's cassava fields and at
Abeokuta in southwestern Nigeriao < Figure 70,0 A\ significant
reduction in the number of cassava meadvbugs o helow the
injury level has heen observed in every zone colonized by £,
lopezi. I those zones, the mealvbug now reaches peak population
densities of only 10 to 20 per terminal cassava shoot and often less
than this number compared with a peak population of more than
1.500 per shoot betore the introduction of the wasp.



FIGURY 7.

Impact of the release of
E lopeziiv HT 4 and
Abeokuta, Nigeria
cassava fields from 1981
through 1984,

In addition tothis monitoring, cr\'pcrimcms in the laboratory
and in the field are carricd out to understand and assess the
impact of . lopezi on mealybugs. The parasitoid has been
excluded by applying sleeves to terminal shoots of cassava plants.
Where the wasp is excluded from a mealybug inoculum, the
mealybug develops the high populations that were observed
before E. lopezi was introduced (Figure 8).

The presence of local natural enemies and hyperparasites
continues to be monitored both in the experimental plots and on

Mean number of CM ( II to IV instar ) per tip

100
80 —
Abeokuta
60 |- _J}— Control field
Release field
40 [~ -
20 |-
0o |
60 |~
liITA .
4 |
© 1 — Controi field
__— Release field
20—
o L4 e I Y lA-hl—l“l_t_l_u.“‘_;
NJMMJSNJMMJSNJMMJSNJ
| 1982 ! 1983 ] 1984 |
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FIGURE 8.

In a natural enemy
exclusion experiment
using open and closed
sleeves attached to
terminal shoots, cassava
mealybug numbers were
about seven times lower
where I. lopezi had access
to the shoots (open
sleeves) than where the
wasp was excluded.

CM density X per sleave log (x+1)

200 [~

00 |- 7 fold increase —20

=383%

50

0
Number of 34 34 3l

infested
tips LClosed sleeves  Open sleeves No sleeves

Pairs of sleeves

field survevs. Where mealybug population levels are low, £,
lopezi has become the dominant natural enemy. whereas the local
ones have become fewer in number.

During three weeks of 1984, TI'TA scientists, in collaboration
with the National Manioe Program, carried out a survey in Zaire
todetermine the extent of mealybug infestation and the spread of
already released natural enemies, using the hiological control
program airplanc to transport the scientists and a motoreyele for
ground obscervations in remote arcas, Locations for additional
releases of £, lopezi in 1985 were identified,

New attempts are being made to find additional effective
natural enemy species. A complex ol species would be more
desirable to assure a permanent and reliable suppression of the
mealybug.
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Encapsulation and Melanization:
Cassava Mealybug Defends itself
Against a Natural Enemy — but Loses

ven though the cassava mealyh g apparently has a special

defense mechanism against its nitural enemy f2. lopezi, this

parasitic wasp continues to be very effective in the context
of ITTA’s biological control program.

When entomologists disseeted mealybugs taken from cassava
plants where £, lopezi had been released, they sometimes found
“black particles™ in their body cavities witichi mimed out to be
the dead cggs and larvace of (he wasp. This was significan
because the female wasp attacks the mealybug by layving her eggs
inside the mealybug. The cgg normally hatches into a wasp larva
that feeds internally on the mealvbug over a period of 8 1o 10
days. Eventually, the mealybrig is killed, and the wasp larva
metamorphoses into a pupa and finally emerges from the dead
mealybug as an adult wasp ready (o repeat the evele again,

Dead and blackened eges and Luvae of the wasp indicated that
this was a defense reaction against the attack of the parazitoid —a
phenomenon known in many inscets attacked by parasivic wasps.
The defense reaction involves (he mealybug’s blood cells first
surrounding or cucapsulating the wasp's egg or larva. This is
followed by a blackening or hardening of the capsule called
melanization that results in suffocation and death,

Such a defense reaction is a good example of the continuing co-
evolution between a parasitoid and its host, wherein the parasitic
wasp attacks the mealybug which in wirn uses this defense
reaction to kill the egg and larva of the wasp. Preliminary
experiments, however, indicate that this is not the end of thestory
because the wasp can overcome encapsulation and melanization
by laying more than one cgg. Appare: -y, the mealybug’s blood
cells are not capable of killing several cggs or larvace so that one
survives to kill the mealybug.



Female wasp, E. lopezi,
and parasitized
mealybug showing
“black particles.”

The “black particle” is
the melanized egg of the
wasp. (From a dissected
mealybug.)

Larva of the wasp is
almost completely
melanized. (Froma
dissected mealybug.)
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Tests in Zaire show that
cassava clone 70453 is
resistant to mealybugs. It

slows the build-up of ) PRONAM
mealybug population and o - ,
tolerates the attack by 5 m‘,}:ﬁm

the pests which survive
on the plant.
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Cassava Clone Resistant to Mealybugs
Now Being Used in Intensive Breeding
Program in Zaire

ince 1981, when a cassava clone 70453 was discovered in

Zaire (o be resistant to the mealybug (Phenacoccus manthoti),

additional tests have been made which confirm carlier
rescarch results. Development of varieties resistant to the cassava
mealybug is of major importance because large arcas of Zaire lie
under constant threat of destruction by this pest. In vears of
normal rainfall it causes only minor damage. but with rainfall less
than normal losses have heen extremely severe,

The resistant clone 70453 both slows the build-up of the
mealybug population and tolerates well the attack by the pests
that survive on the plant, It is now being used in the Zaire
National Cassava Program i{supported technically by I1TA
scientists) in an intensive breeding effort (o incorporate these two
desirable traits into existing high vielding varictics.
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Lejt, the mealybug
resistant cassava clone
70453 compared with a
susceptible plant (right).

Initial test of the clone three years ago (1981 Research
Highlights) included only a few plants in greenhouses, but later
tests were conducted with many plants under more natural
conditions. As in the first test, mealybug colonices grew much
more slowly on clone 70453 than on the controls. Eight weeks
after the inidal infestation,  an average  of only 11
mealybugs/plant were counted on the resistant clone compared
with 20/plant on the controls.

To measure the plants™ reaction to attack (i.c., degree of
tolerance) scientists attempted to add mealybugs to a group of
resistant plants until they supported approximu.cly the same
number as a group of susceptible controls. The attempt was
unsuccesstul. Mealybug colonies on the resistant plants could not
be increased significandy in size even when hundreds of new
mealybugs were added cach week. Ordinarily, cven a few
mealybugs feeding on a plant over a period of one or two weeks
will produce the characteristic symptoms of leaf curl and bending
of the stem. By contrast. the most heavily infested plants of clone
70453 showed no leaf curl and only occasionally a very slight and
transitory bending of the stem.

Clone 70453 is a non-pubescent type and the resistance to
mealybugs appears to be due to antibiosis. This resistance
characteristic is being incorporated into cassava breeding
populations for further improvement.
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Kinuani - a new superior
cassava variety ~is being
multiplied on a large
scale in Zaire.

Cass:va planting
material (Kinuani
variety) being loaded on «
truck for distribution to
Jarmers,
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Superior Performance of New Cassava
Variety Confirmed in Zaire

fter several years of multilocational trials, the Zaire

National Cassava Program (PRONAM). which s

supported technically by TITA, released in carly 1983 a
new superior, stable, and disease resistant variety (formerly
known as clone number 300857281 and named it Kinuani. The
word means “fighter™ in the Kikongo lainguage.

The strategy used 1o get wide dissemination of this improved
variety involved a large number of demonstration tials on
tumers” fields in- collaboration with several agricultural and
rural development agencies that are able o reach farmers with
new technology, (They include the extension service of the
Department of Agriculture, National Fertilizer Program,
Agricultural — Production Project  of  Mvanza-Ngungu,
Integrated Rural Development Project of Luala in Luoui,
Oxfam, Salvaton Armv, and church groups.)

Results of the trials in 1984 showed that Kinuani consistently
produced Larger vields than local varicties, For example, at 52
on-farm locations in Bas-Zaire, Kinuani outvielded the local
variety by more than 300, with no fertilizer. s well as with two
different rates of application Figure 91, Because of a rapid
multiplication program, PRONAM oflicials estimate  that
approximately 2,125,000 meters of Kinuani planting material
(enough 1o cover 850 hat will be available for the 198:4/85
planting scason.,



Cassava - a crop extremely sensitive (o excessive water - may
dic ifit stands in water for only a few days. Tops wilt and roots
become rotten, In the Later stages of selection, Kinuani was tested
on both well drained soils and on those subject to periodic
waterlogging,

In a multilocational vield wrials at a site in which there was
standing water for periods of two to five days during the growth
cyele, Kinuani produced a vield of 16.5 (/ha compared with only
5.7 t/ha for the standard variety 02864, A vield of 30.8 t/ha for
Kinuani was also recorded on a two hectare production plot

which was flooded three times with water standing three w five
(Top photo.) Water- (lzl)'s.

logged cassava field. This

crop is extremely

sensitive to excessive

water. (Lower photo.) A

comparison of the yield

of Kinuani cassava

(right) with a local Fresh cassava root yield (t/ha)
improved vartety after 25
standing in water for two
to five days during the - Local
growth cycle. - Kinuani
20 —
[rso(5%)
15
10 [—
5 |-
FIGURE 9.
Comparison of the fresh
roct yield of Kinuani
cassava with a local
variety at 52 on-farm 0! -
locations in Bas-Zaire 0-0-0 50-50-50  100-I00-100
(1983-84). Fertilizer rate (kg/ha N,P,0g,K50)



TABLE 16.

Performance of cassava
clones selected and
evaluated reciprocally at
two locations with
different elevations in
Cameroon.
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Wide Yield Differences in Cassava
Clones Grown at Initial Site Selection
vs. a Different Environment in
Cameroon

valuation of cassava material in two different environ-

ments in Cameroon in 1984 showed that clones produced

substantially higher yields at locations from which their
initial sclections were made. Yields and storage voot numbers of
Babungo-sclected material were halved when evaluated at
Mujuka. Yiclds were also cut in half when Mujuka-sclected
material was evaluated at Babungo, but storage root numbers
remained the same (Table 16).

The incidence of discase of Babungo-selected cassava was ver y
high at Mujuka (80 m above sca level). The initial selection hag
been made under low cassava mosaic  discase pressure at
Babungo (1130 m above sea level).

This evaluation is part of Cameroon’s National Root Crops
Improvement Program to develop high yielding, pest resistant
cassava varicties adapted to different environments. National

e Storngc root
Yxeld * no; per unit:

Mead discase scores* * -

(t/ha) arca(lOm‘) . CMD** " CBB®
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o ‘Smm Rauiuamohmlc 0-=nodnmaguadl=.rmr¢damge
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and ITTA scientists involved in the program used improved
clones in 1984 trials which produced up to 100%, better yiclds
than local cultivars in cach of the five major agro-ccological
zoncs of the country.

A cassava variety
initially selected in the
highlands of Cameroon
does poorly in a lowland
environment shown here
mainly because of
disease pressure.
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Harvest of improved
HTA cassava clones in
a high altitude area
(1650 m) in Rwanda.
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Cassava Lines for High Altitude Dry
Ecologies in Eastern Africa

hroughout various parts of Africa in 1984, drought

caused huge crop losses and hunger, emphasizing the

urgent need 1o grow crops which can withstand long
periods ol drought. Cassaviis one crop that does well under these
conditions,

Although many high vielding, discase resistant cassava
varicties acceptable to farmers and consumers have been widely
distributed and grown in some arcas, varicties for high altitude
dry ecologies need to be improved. Therefore, A scientists, in
collaboration with national programs, have initiated eflorts to
accomplish this by screening 1ITA genetic source material in
such agro-ccologies in Rwanda.



TABLE 17.

Local varicties have produced moderate yields at these high
altitudes when rainfall distribution is normal, but they suffer
yield losses and severe green spider mite damage in prolonged
dry seasons. In 1984 ficld tests in three different Rwanda drought
locations at high altitude (Table 17), IITA source material
demonstrated the ability to withstand these conditions and
improve yiclds. A low cyanide (HCN) clone UYT Bulk 1977/11
gave yields of 16.8, 31.2, and 73 t/ha and a high cyanide clone
PYT Bulk 1977/69 yiclds of 20.7, 19.1, and 61.5 t/ha at the three
locations, respectively. (Karama, Rubona, and Mutara.)

Characteristics of test
sites in Rwanda.

high year-round temperature.

Mcan Dry scason Annual BRI
General temp duration rainfall Altitude
Station description (°C) (months) (mm) < (m)
R
Karama Dry, red, and generally poor 22 +5 853 1403
soils: low rainfall with short bimodal
period of distribution and high
year-round temperature and long
dry season.
Rubona Red and generally poor soils; 19 3 171 - 1650
cool highland arca with bimadal
moderate dry season and rainfall,
Mutara Fertile soils; low rainfall with 21 3 831 1450
short period of distribution; bimodal
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Virologists Find Further Evidence that
Geminivirus Is the Causal Agent of
Cassava Masaic Disease

Ithough the exact etiology of Afvican cassava mosaic

discase {CMD) transmitted by the whitefly (Bemisia
. tabact) has been o myvstery for about 50 vears, recent
research by TI'TAs virologists and others provides further
evidenee that itis caused by a geminivirus. Reports from many
African countries indicate that cassava vield losses from the
discase range from 2010 907, thus reducing supplies of this food
which is a major carbohvdrate source for millions of people,

The greater certainty now about the ctiology of the discase
should make possible the development of suitable and reliable
virus indexing and the transter of cassava vegetative malerials
across national boundaries. Government quarantine regulations
governing the importand exportof plant materials usually do not
allow for the presence of any virus,

Scientists who did pioneering work as far hack as the 1930s on
the etiology of the discase presumed tha it was caused by a virus,
but results of further research supporting this view did notappear
until many vears later.

In the late 1970s, several laboratories, .ncluding those
[I'TA, ransmitted o geminivirus from mosaic infected eassava (o
test plants such as Nicotiana clevelandii and N, benthamiana, but all
attempts o transmit the isolated geminivirus back o healthy
cassava to try to prove that the geminivirus was the causal agent
ol CMD proved unsuceessiul.

However, ITTA virologists have now achieved a low but
consistent incidence of infection (about 1091 among cassava
scedling populations inoculated with a particular isolate in (he
form of crude or concentrated sap. “This isolate was obtained by
using N clevelandii x glutinosa as the experimental host for initial
isolation. "The No clevelandii x glutinosa isolate had  been



Right, a healthy cassava
seedling being inoculated
with a crude juice from
N benthamiana infected
with the geminivirus,
Left, cassava plant with
cassava mosaic disease.

Purified preparation of
geminivirus — the causal
agent for African cassava
mosaic disease —as seen
uader the electron
microscope. (Magnified
45,000 times.)

maintained in N benthamiana ever since its initial isolation. In

that species it induces symptoms identical to those obtained by
direet infection of N benthamiana. Morcover, the new isofate
proved to be serologically identical to the previous ones,

Inoculation ol healthy  cassava seedlings with purified
geminivirus preparations also resulted in 100, of the plants
showing typical CMD symptoms and were indistinguishable
from those observed in the field. "This contirms recent findings of
scientists at the Kenva Agricultural Research Institute,



Peeling cassava tubers by
hand is likely to continue
as the first step in
making “gari” because of
the relatively high tannic
acid content in the peel,
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Unpeeled Cassava Tubers for **Gari''?

est Alrican consumers of a traditional and popular

cassava food - *“‘gari” -~ prefer a white or slightly

yellow product, but this requires peeling the tubers by
hand which takes a lot of labor. Also, slicing off the peeling with
knives, which is done in many villages, results in some final
weight loss. So far there is no eflicient peeling machine on the
market even for commerceial processing plants,

In an effort wo find out if white-skinned [FTA improved lines
could be used without peeling and still meet consumer
requirements, scientists started a series of investigations in 1984,
Results: The “gari™ prepared from the unpecled cassava tubers
always had a grayish or brownish color, and it darkened as the
storage period increased.

The serentists suspeeted 1+t the discoloration was due mainly
to a relatively high tinni “id concentration in the peel, and
tests proved this to be true. - Gari™ processed with the peel on the
tubers always had a higher tannic acid concentration — at least
five times higher in the 15-month old samples and two times
higher in the 15-day-old materials (Figure 10). However, the
HCN content (hydrogen cyanide) is always very low after
fermentation for three days.

Although commercial processing plants may be able to use a
bleaching agent to prevent discoloration due to the higher tannic
acid concentration in the peel, itis not et possible for villagers to
prepare acceptable “gari™ from unpeeled cassava tubers, The
tannic acid concentration in the peel and flesh of 10 local
varieties was similar to that in 21 IHI'TA improved cassava clones.



Samples of 15-month old
“gari” from unpeeled
and peeled IITA cussava
varieties. Note the
grayish or brownish
color of the “gari” from
unpeeled tubers caused
by a relatively high
concentration of tannic
acid in the peel.

TMS d0vol

Tannic acid ( «g/100qg)

120
i Pected
100 I Unpeeled
FIGURE 10.
Comparison ) tannic
actd concentration in 80 B
“gari” made from white-
skinned peeled and
unpeeled cassava tubers. 60 —
(lITA improved '
varieties).
40
20
o
TMS 4 (2) 30572 TMS4(2) 60142
30001 1425 1425
I5-month old "gari" 15-day old "gari"
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Quality of Bread from Cassava Flour

any African countries import large amounts of wheat

for bread making, and, with increasing  forcign

exchange problems, they are interested in substituting
or blending flour from local tropical crops such as cassava,
During 1984, II'TA scientists tested various caseava varietics and
baking formulas to determine the best ones for cassava breads,

Because starchy crops such as cassava lack proteins which have
the properties of wheat gluten, a bread improver (pentosan) must
be added or the flour cannot be used for baking. Therefore, cither
purc or technical grade pentosans from rye or wheat endosperm
were added o cassava flour. (Pentosans are polysaccharides
consisting of the sugar arabinose and xylose.)

During the laboratory testing, the scientists noted that he
quality of the cassava breads depended on the cassava variety.
Those ITTA improved varicties with a high maximum paste
viscosity value — TMS 30572, TMS 30001, and a Nigerian
variety 60447 - produced breads with normal crumb structure,
but those with low value were not suitable for bread making.
TMS 30555 had damp gelled portions at the sides and bottoms of
the loaves. Both TMS 518 and TMS 91142 with low maximum
paste viscositics also had gels in the same parts of the bread loaves
and the centers were too wet, forming a clump whensliced. TMS
50395 produced the poorest quality bread. 1t was all ge! with an
air space between the main part of the loaf and the top crust.

When wheat flour was added at 259, concentration, oniy the
cassava varicties with high maximum paste viscositics formed
breads with normal bread structure.

Based on these : esults, the suitability of cassava lines for baking
bread using 75 to 1009, cassava flour and pentosan can be
determined using maximum paste viscosity valucs.



(Top two photos.,) The
best quality bread was
made from cassu = flour
originating from three
cassava varieties -vith
high maxitmum paste
viscosity. (Lower two
photos.) Varieties with a
low viscosity value were
not suitable for bread
making.
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Hybrid maize in
experimental plots at
HITA (left) and a farmer’s
Sield of hybrid maize
(right) in Oyo State,
Nigeria,

TABLE 18.

Grain yields of selected
maize hybrids compared
with improved open-
pollinated varieties in on-
JSarm demonstrations
located in the forest zone
of Nigeria during the first
crop season (1984).
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Hybrid Maize Moves from Experimental
Plots to Farmers’ Fields in Nigeria

ollowing the selection and testing of high vielding hybrids

by an IITA rescarch team last year, farmers in nine states

of Nigeria were given seed and a production guide (o
participate in 1984 on-farm demonstrations organized by
national program  personnel. Approximately 83, of those
participating were smallsscale farmers growing less than five
hectares of maize.

These on-farm demonstrations were conducted in both forest
and savanna zones. In the former (at 79 locations), three maize
hybrids yiclded an average of 6 t(/ha in the first season — 259,
more than the improved open-pollinated variety TZSR-W-1]
which is one of the principal varieties grown by Nigerian farmers

. .. No.
Maize yrain yield of
Variety (t/ha) Range (t/ha) Locations
Hybrid
8326-17 6.0 4.0-8.4 : 10
8322-13 5.9 5.0-9.4 4
8329-15 6.0 4.4-7.5 24
Open-pollinated
TZSR-W-1 4.8 2.2-6.7 23
TZPB 4.7 4.4-5.1 .3
Local 2.3 1.0-3.5 15




TAPLE 19.

Grain yields of selected
maize hybrids compared
with improved open-
pollinated varieties in on-
Jarm demonstrations in
the savanna zone of
Nigeria (1984).

TABLE 20.

Costs of producing one
hectare of hybrid maize
under good management
in Nigeria (1984).

. Maize grain yield N:i.
Varicty' (t/ha} kangc (t/ha) - Locations
Hybrid _ ‘ '
8322-13 8.8 6.9~11.8 5}
8321-12 7.9 6.1-11.1 12 .
8321-18 7.3 4.9-10.3 11
. Open-pollinated 15
TZSR-W-1 5.6 ' 3.6-7.7 15
TZB 4.1 1.9-5.1 5

(Table 18). During the second scason, hybrids were planted
again in the forest zone and vields averaged 4.7 t/ha,

In the savanna zone — the best potential arca for maize
production - the average yield of three hybrids at 49 locations
was 8 t/ha or 43%, more than the improved open-pollinated
variety (Table 19). The record yield reached 11.8 t/ha in Funtua
with the hybrid line 8322-13. All the promising hybrids for the
savanna zone carry resistance to streak virus, In field tests at
Mokwa, Nigeria during 1983 and 1984, these hybrids showed
resistance to S. hermonthica, one of the species of Striga infesting
maize in Nigeria. They have not been tested for Striga vesistance
in other arcas where this parasitic weed is a problem.

Growing hybrid maize was profitable for the farmers
participating in the on-farm demonstrations according to an
analysis by IITA’s agricultural cconomists.” The average cost of
producing onc hectare amounted to 877 Naira (Table 20). Gross

Crst
Item : (N/ha)
Hybrid seeds ©70
Land preparation 98
Planting 130
Fertilizers 72
Wecd control 297
Harvesting ‘ 210
Total 1 - Ng77*
* 1 Naira (X) = $1.30 at the official exchre e,
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income totalled 2,500 Naira based on asale price of 500 Naira per
ton with an average yield of five tons per heetare. Net profit was
1,623 Naira per heetare. (One Naira equals $1.30 at the official
exchange rate.) A farmer in Kaduna State said his figures
indicated an expected net profit of 2,371 Naira per hectare based
on an average vield of 6 t/ha. Speaking before “distinguished
guests and indispensable farmers™ athis farm in mid-October, he
said that participating in the hybrid maize program is *a unigne
responsibility because of the hope it holds for helping to feed the
masses ol this country.”

For the first time in Nigeria, a private irm (Agricaltural Seed
Ltd.) produced hybrid maize seed under the supervision of 1ITA
and the National Seed Serviee. Approximately 80 tons of single
cross hybrid sceds were produced in 198+ and it is expected that
the Iy seed will be planted on approximately 3,000 hectares in

1985

ITTA's hybrid maize program is supported by the Federal
Government of Nigeria. Cooperators include the Agricultural
Department of the Ministry i Education, Science, and
Technology, Federal Department of Agriculture and s
ageneies, National Accelerated Food  Production Project
(NAIFPP), state agricultural development projects, National
Cercals Rescarch Institute (NCR1), University ol Ife, and
Ahmactu Bello University. TI'TA s scientific work on maize is also
a cooperative program with the International Center for Wheat
and Maize Improvement (CIMMY'T).



Adisplay of ITA’s high
yielding hybrid maize
variety 8321-18 by a
Sfarmer (center) from
Kaduna State and two
Nigerian agricultural
representatives.

Chief of Stuff of the
Nigerian Supreme
Military Headguarters
(next to the 11TA
scientist) and nther
officials visit hybrid
maize demonstrations at
HTA and on furmers’
Sields. The Institute's
hybrid muaize prograntis
supported by the Federal
Government of Nigeria,




(Top photo.) A farmer’s
maize wiped out by a

downy mildew epidemic.

(Lower photo.) IITA
maize variety DMR-
LSRW on the right
resistant to both downy
mildew and streak;
variety TZB on the left is
susceptible to both
diseases.
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Maize Varieties with Combined
Resistance to Downy Mildew and
Streak Diseases

ver the past few years, IITA scientists have put major

emphasis on the development of maize varieties resistant

tostreak —a yield-depressing virus discase in Africa. Asa
result, several resistant varicties have been made available to
national programs. (Sec 1980, 1982 and 1983 Rescarch Highlights.)
Now another discase - downy mildew (Peronosclerospora spp)
which is the most cconomically important discase of maize in
Asia - threatens the crop in some African countries. It co-exists
with sireak in parts of Burundi, Mozambique, Nigeria, Somalia,
Sudan, Uganda, Zaire, and Zambia (Figure 11).

Unfortunately, resistance to streak is not linked with resistance
to downy mildew. For instance, an international trial of an carly
maturing, streak resistant population (TZESR-W) planted in
Gandajika, Zairc in 1982 was completely wiped out by downy
mildew. Five years carlier, scientists found that all available
varieties tested ina downy mildew endemic site'in Nigeria were
susceptible to the discase. They then crossed downy mildew
resistant cultivars from Thailand and the Philippines with streak
resistant ['TA and Nigerian varicties, and an intensive breeding
program to combine resistance to both discases was underway.

From 1980 through 1982, sclected maize populations were
subjected to three cyeles of an S /halfsib shuttle breeding
scheme. A cycle involved evaluation for downy mildew at the
National Cereals Rescarch Institute’s sub-station at Owo,
Nigeria, followed by screening for streak resistance at 1ITA in
Ibadan and recombining the resistant plants. In 1983, half sib
families of the ™ t¢ maturing populations (DMR-LSRW and
DMR-LSRY) were evaluated in three environments: a downy
mildew site at Owo and two downy mildew-free locations at
Akure and Tkenne in Nigeria. For cach population, the top 10
families were selected at cach site based on grain yield and



FIGURE 11.

Distribution of maize
streak virus (MSV) and
downy mildew in Africa.

Sierra Laone
Libenia

Comeroon
Equatorial Guinea

Zimbabwe
- MSV Namibia ) Y, dagascar

- DM Mozambique

South Africa

agronomic characters. Four experimental varietics were formed
from cach population consisting of three from the different
locatior.s and an across-location variety based on performarnce of
the families across the three locations.

These varicties were evaluated in 1984 along with check
varietics at six locations in Nigeria: Kabba and Owo for downy
mildew evaluation, Ibadan for streak pressure and locations at
Tkenne, Samaru, and Funtua which were virtually free of cither
streak or downy mildew infection.

Data on discase scores and grain yicld are presented in Table
21. The DMR-LSR varictics demonstrated resistance anc good
yield performance in both streak and downy mildew
environments and are available for further testing and
introdluction to arcas infected by cither or both diseases. The base
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TABLE 21.
Performance of maize
varieties with combined
resistance to downy
mildew and streak in
disease environments
and across six locations

populations will be further improved using an intensive full-sib
family testing approach in international multilocation
experiments,

Collaborators with IITA in this maize program are the
Nigerian National Cereals Rescarch Institute and the

International Center for Wheat and Maize Improvement

(CIMMYT).

in Nigeria (1984).
Downy mildew Streak Across discase- Across
pressure pressure tree locations all locations
Grain yield | DM inci-| Grain yicld | Streak Grain yield  Grain yield 95, Best
Variety (t/ha) | dence (%) {t/ha) [score® (1/ha) (t/ha) check**
Across 83 DMR-LSRW 3.2 . 8 12 28 5.6 4.3 119
Akure 83 DMR-LSRW 3.5 18 3.5 1.5 5.4 4.1 14
Tkenne 83 DMR-LSRW 3.5 18 35 1.5 6.3 4.4 122
Owo 83 DMR-LSRW 3.7 12 1.3 1.5 6.2 4.7 131
Across 83 DMR-LSRY 1.0 10 3.3 28 5.3 4.2 114
Akure 83 DMR-LSRY 3.7 13 +.1 2.0 5.9 L6 124
Tkenne 83 DMR-LSRY 3.6 17 38 1.3 5.8 41 119
Owo 83 DMR-LSRY 3.3 13 3.7 1.8 5.6 4.2 114
Checks o
Across 81 TZSR-W-1 0.3 ) +9 1.8 5.6 3.6 100
TZ8 1.4 73 11 5.0 7.1 3.2 89
Lkenne 81 TZSR-Y-1 0.2 91 1.5 18 6.4 3.7 100
Western Yellow 0.4 -~ 93 0.9 50 6.1 2.5 68
LSD (5%, 1.2 16 ° 1.2 09 . -
CV (%) 31 44 25 21 -

*1 = veryresistant; 3 = very susceplible.
** Figures are computed ithin white and yellow variciles separately, using appropriate checks,
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Early Maturing, Streak Resistant Maize
for African Cropping Systems

arly maturing, streak virus resistant maize varieties can

perform many useful roles in African cropping systems.

Not only are they important for arcas with short rainy
seasons, but they give farmers more flexibility in arcas with
longer growing scasons. This flexibility allows farmers 1o
schedule operations such as planting, weeding, and harvesting at
times when labor is more available. The second rainy season in
West Aftica’s forest zone is short, and only streak resistant, carly
varicties can provide high and stable maize production.

The beginning of the rainy scason is called the “hunger
season’ in many parts of Africa. Food stored from the previous
scason’s crops begins to run outand the current season’s crops are
not vei harvested, Maize, eaten as roasted or boiled cars, is one of
the few products available during the “hunger season,™ and carly
maturing maize can produce cars 15 to 30 days before full season
varieties. However, the problem with carly maturing maize is
that it cannot yield nearly as much  or grow as @ll - as full
scason maize when rainfall is not limiting. But shorter stature and
carlier harvest has prover useful when farmers intererop maize
with cassava, cowpeas, and other crops.

ITTA has developed a wide range of carly maturing, streak
virus resistant varieties for African farmers. These varicties were
made available in 1984 10 cooperating African national
programs in the form of an Early Streak Resistant Experimental
Variety Trial (ESR-EVT). A total of 69 sets of this trial was sent
to cooperators in 23 African nations. Results from six of these
countries are shown in Table Y2.

Most of the varictics in the ESR-EVT trial were developed
thzough International Progeny Testing Trials (IPTT). An IPTT
is ¢ set of 250 full-sib familics from a single open-pollinated maize
population. IPTT trials are requested and grown by national
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TABLE 22

Results of an early
maturing, streak
resistant maize variety
trial; summary of 17
locations in six African

programs. .The best families at cach testing site are recombined to
form an experimental variety with the name of the cooperating
site. These are the varieties which are tested in the ESR-EVT
trials. In addition, families which perform well across all sites are
selected, recombined, and form an improved population from
which a new set of IPTT are produced,

ITTA maize scientists began to develop carly maize varieties in
1977. "The maize streak virus resistant populations TZESR-
White and TZESR-Yellow were formed in 1980 and sent as
[PTT trials in 1982 (o sites in Burkina Faso, Cameroon, Nigeria,
Tanzania, and Zaire. Lxperimental varieties formed from these
trials are now available, and a second series of TPTTs was sent in
1984. Pool 16 is an carly maturing CIMMY'T germplasm pool
which performed well in SAFGRAD rials (Semi-Arid Food
Grains Research and Development Project). IPT'T wials of Pool
16 were distributed by SAFGRAD in 1981 but some trials failed
because of susceptibility to streak virus. In 1982, Pool 16 was
brought to ITTA to incorporate streak resistance. The 198+ Pool
16 IPTT, in which onc-third of the families carry resistance (o
streak, was sent to sites in Burkina Ir o, Cameroon, Ghana,
Nigeria, and Zimbabwe. In addition, a fully streak resistant
experimental variety from Pool 16 will be available for testing in
1985. EV. 8330-SR, [LV. 8331-SR, and EV. 8335-SR are streak

resistant versions of CIMMYT Experimental Varictics from

countries (1984).
Grain Days Moisture . “Plant
Grain yield to .. atharvest . height’

Variety typc* (kg/ha) silk (%)~ L (em).
Ikennc-82 TZESR-W WF 4140 . 53 : 20 Caers
-Gusau-82 TZESR-W WF - 3950 53 20 o189
"M. Galke-B2 TZESR-W WF 4220 53 20 o190
Pool 16 Gusau-81 WD ’ 3810 50 20 163 .
EV. 8330-SR WF ' 3720 51 20 168
EV, 8331-SR o YF 3830 50 - 19 167
EV. 8335-SR . YD 4570 54, ) S 1 B
Best check ‘ '

- 3660 55 .20 er

'f;rain ipes: W = white, ¥ = Jellow, F = flint, D = dent.
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International Progeny
Testing Trial (IPTT) with
maize variety TZESR-W
at Samaru, Nigeria (1984).
An IPTT is a set of 250
Jull-sib fumilies from a
single open-pollinated
maize population. The
best families are
recombined to form an
experimental variety,

Populations 30, 31, and 35, respectively, which have performed
well in African environments. These varieties were developed by
a CIMMY'T liaison scientist based at TTTA,

Inaddition to the hestof the 1984 entries, the 1985 ESR-EVT
will contain experimental varieties from the TZESR-Yellow
population, a streak resistant version of CINMYT Population
49, and yellow and swhite grain varieties resistant to both streak
and downy mildew.

Al of TI'TAs carly maturing, streak resistant maize varieties
have proven popular with farmers whenever they have been
tested. Varieties [rom TZESR-W performed well in mini-kit and
on-farm trials in Nigeria in 1984, Nigerian fuaers are becoming
increasingly interested in TZESR-W, and seed  producers
already know what farmers mean when they say they want “the
carlyv one.”
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Identifying and Selecting Cicadulina
Species for Effective Mass Rearing and
Maize Streak Resistarice Screening

hen scientists of several national programs in Africa

recently attempted o develop their own colonies of

leathoppers to be used for maize streak resistance
screening, they ran into problems. Thev found serious knowledge
gaps on several fronts: (1) suitable techniques for the colleetion
of the live virus vector leathopper (Cicadulina sppis (2) the
distribution pattern of the species; and (3) the relationships
between various Cicadulina species and the maize streak virus
(MSV) discase. Each of these may affect the mass rearing of
‘eafhopper veetors and the efficiency of maize streak resistance
screening.

ITTA entomologists have developed a simple technique for the
collection of living Cica {ulina lcathoppers directly from grasses or
maize plants and for the identification of those that transmit the
streak virus. Details of this technique have heen made available
to national programs.

A survey of some maize growing arcas in Nigeria and Togo
showed significant differences in the species composition of local
Cicadulina populations in various climatic zones with Cicadulina
mbila as the dominant species for most areas sampled in Nigeria
and Togo (Figure 12). The highest numbers were always found
at the end of the rainy scason and on maize, wheat, or grasses.
C. mbila populations showed ccological plasticity by occupying
both lowland and mid-altitude ccologies but not areas where the
daily temperature was higher than 28°C. In thoses arcas with
higher temperatures, the portion of €. triangula species rose to
49, in northern Nigeria and 57 to 61°, in central and northern
Togo. Two other species — C. arachidis and C. similis ~ were
identified in a few samples. Their portion never surpassed 129 of
the total number of Cicadulina leathoppers.



BURKINA
FASO

PLATEAU DE DANYI

g.,lﬁi‘:'dqn'

Gulf of Guinea

’ JOS
NIGERIA P Plateau

. TRANSITIONAL ZONE

FORELT ZONE

Pbrf-,".
Harcour@ee-"--

- C. arachidis

FIGURE 12,

Differences in species
composition of Cicadulina
leafhoppers i various
climatic zones in Nigeria
and Togo. They are
capable of transmitting
maize streak virus (MSV)
disease.

In all populations sarpled, females were always .nore
abundant - 65 to 809, of the total Cicaduling individuals collected
from the field. Although only males are used for taxonomic
iddentification of species, females are individually caged on maize
plants for further species identification of their progeny and for
initiation of colonics. (See 1983 Rescarch Highlights.).

Caging individual wild insccts on young maize seedlings also
allowed the IITA scientists to monitor the percentage of active
virus transmitters in native populations. They select only
Cicadulina species and populations with a short development
period and high fertility for mass rearing. Millet was wound to be
the best host plant for mass rearing, and in 1984 experiments
C. triangula colonics rveared on millet under 26°C constant
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Four species of Cicadulina
leafhoprers that can
transmit maize streak
virus (MSV) disease:

Cicaduling mhile female
common in most
sampled sites in Nigeria
and Togo.

Cicadulina iriangula female
common in warmer
parts of Nigeria and
Togo.

Gicadulina arachidis female.
Scientists proved that
this species and (.. \imilis
transmit MSV. They
were added to the list of
six other species
reported previously in
the literature as MSV
vectors.

Cicaduiing similis remains
C. mhila but is somewhat
smaller and has less
extensive markings.




FIGURE 13,

Average number of eggs
laid by females of two
different populations of
two Cicaduling leafhopper
species on four host plant
species at 26°C constant
temperature (Nigeria
1984).

temperature at 11 TA showed significantly higher fecundity than
. mbila which originated from Jos or Kadawa (Figure 13).

All four species of Cicadulina identified in West Afvica are
capable of transmitting the streak virus. Two additional species -
C. arachidis and C. similis - have been added o the list of <5y sther
Cicadulina species previously identified in East Afvica as clors of
the discase. Comparative experiments on maize streak virus
transmission by various Cicadulina species and local populations
indicate that ouly a species with high cfficiency in virus
transmission may be effectively used in sereening for resistance
under artificial infestation,

Virologists at IT'TA found that adults of the C. triangula specics
could pick up the virus from discased maize after feeding 30
seconds and become viruliferous within 12 to 14 hours, Females
were more efficient than males in maize streak virus transmission.
In six trials, the average transmission for females was 439, but
only 23¢, for males.

I'TAs scientific work on maize is a cooperative program with

CIMMY'T.

Average number of eggs/ female

200
R Millet
n Sorghum
150 Digitaria
i Moize
100
50
0 - 1 ] )
C. lriangula C. triangula <. mbila C. mbila
ITA colony mo%r Plantation  Jos Plateau Kadawa, Kano
adan
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Above, the pink-flowered
parasitic weed, Striga
hermonthica, has infected
maize. Right, 10 hectares
of land in Kaduna,
Nigeria which had to be
abandoned in 1964
because of Strigu.
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Striga on Maize in West Africa

hirty specices of Striga (witchweed, fireweed) belonging to

the family Sezophulariacea have been described and 23 of

them oceur in Africa. All are parasitic on other plants,
and a single S7riga plant in some species can produce up to half'a
million sceds which may remain viable in the soil for up to 20
vears.

Symptoms of Striga infestation on maize may appear before
emergence of the weed during the latter stages of vegetative
growth of the maize plant. Infested leaves show chlorotic
blotches followed by scorching from the leaf tips and margins,
The entire plant becomes scorched resembling signs of acute
drought, even under adequate moisture, Severe infestation may
cause stunting and death before tasseling,

Asurvey ol Striga species was conducted in Nigeria and parts of
the Republic of Benin from June to October 1984 (Figure 14).



FIGURE 14.

Locations of Swriga species
based on a survey in
parts of Nigeria and the
Republic of Benin in
1983-84. (All species
except N. gesneroides attack
maize; it attacks
cowpeas). The rest of
Nigeria and Benin will be
surveyed in 1985.

This parasitic weed is a widespread problem in all the major
cereal crops in the Guinea and Sudan savannas. The intensity of
infestation varies but the middle part of Nigeria - Bauchi, Jos,
Niger, and southern Kaduna - appears suitabic as a “hot spot”
for screering maize for resistance to Striga.

Five species were found infesting maize in Nigeria, .
hermonthica and S. aspera were of cconomic importance on maize
and other cereal crops - millet, sorghum, and rice. (They were
also scen onother hosts — groundnut, sesame, and wild grasses.)
S. hermonthica was predominant in the drier arcas in Niger,
Kaduna, and Kano states, but 8. aspera was more important in
the wetter Baucht, Jos, Benue, and Kwara states. Damage caused
by these species was more severe on maize than on sorghum and
millet, but the intensity of attack on maize was variable, ranging
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The yellow-flowered
specie of Striga (8. asiatica)
was reported for the first
time in Nigeria in 1984,

from severe infestation resulting in abandoned fields to very
slight. Maize fields visiied in central Bauchi were not hea wily
infested, but there was wide seale and severe infestation on wild
grasses and groundnuts.

Other Striga species of less importance are . Jorbesit from Jos,
(mid-altitude ecology). a yellow-flowered S. asiatica from Benue
and Kwara States, and a white flowered specie from the Lake
Chad Basin, Borno State. The taxonomic position of the latter i
still under investigation.

In the Republic of Benin, 8. dermonthica and the yellow-
flowered S, asiatica were seen on maize in the Zou Province.

From obscrvation on maize intereropped with other cereals,
legumes, and tubers, it was generally apparent that Striga was
suppressed iira maize/sovhean intererop.

Yield trials at Mokwa, Nigeria during 1984 (o test resistance to
Striga under heavy infestation indicated a negative correlation
between Striga rating and grain vield. 1TA- (l('\(lop((l hybrid
varietics with the lowest Striga ratings gave higher vields than the
best open pollinated checks (Tables 23 and 24). Two of these
hybrids - 8322-13 and 8341-12  were resistant to Striga in 1983 at
Mokwa and maintained a stable resistance in 1984

Preliminary studies indicate that additive and partially
dominant genes play a major role in the inheritance of resistance
to Striga. Populations involving vesistant materials are being
formed and will be recurrently selected to accumulate resistance



TABLE 23.

Grain yield and Ntriga
ratings of while maize
varieties in IITA
experimental plots at

Mokwa, Nigeria (1984).

TABLE 24.

Grain yield and Striga
ratings of rellow maize
varieties in IITA
experimental plots at

Mokwa, Nigeria (1984).

genes. Future efforts will be directed toward confirming the

inheritance of resistance and incorporating it into adapted high

yielding varictics.

[I'TA’s scientific work on maize is a cooperative program with

CIMMYT.
Striga ratings
_5\*
Yield (-5
Varicty (t/ha) F, P, P,
IIybrids
8322-13 7.2 15 w34 200
————t b
8321-18 65 1.9 34 1.9
8338-1 +3 1.3 2.0 4.6
Open pottinated
178 5.2 33 - -
LSD (59, 1.7 0.7
CV (*) 24 18
*Striga rating: | = resistant; 5 = susceptible.
I = single cross hybrid,
Py, Py = inbred parental lines.
Striga ratings
s ek
Yield (i9)
Varicty (t/ha) I, P, P,
Hybrids
8341.5 5.6 1.8 2.6 1.8
~ 8341-12 5.6 L8, 18 40
8329-15 4.9 2.6 2.1 2.0
Open pollinated
Western yellow 34 3.8 -
LSD (59, 1.6 1.1
CV (%) 24 32

*Striga rating: | = resistant; 5 = susceptible.

I, = single cross hybrid,
P\, Py = inbred parental lines.
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Rice Lines with Durable Resistance to
Blast under African Conditions

last discase of rice (caused by Pyricularia oryzae Cav) is a
serious constraint to production in al} ccologies in Africa,
particularly upland, drought-prone arcas. More than half
ofall rice in Africa - approximately 2,504,000 hectares - is grown

under upland conditions.

Because most Asian rice varieties bred for resistance o blast
fare poorly under African conditions, farmers on this continent
need locally adaptable and drought and blast resistant varieties if
they are to increase production

One of the principal objectives of TITA’s program is (o
incorporate blast resistance into all its rice lines using the
traditional African specific blast and drought resistant cultivars
plus the high vielding dwarf varicties developed by the
International Rice Rescarch Institute (IRR1). In the carly
cvaluation of breeding lines under screening nurseries,
susceptible lines have been systematically eliminated and
resistant ones “moved up” for more claborate trials with
repeated screening for blast, high vields, and desirable plant
characteristics,

In extensive sereening at Ibadan, Tkenne, and Onne, Nigeria,
seven II'TA lines proved to have the most durable resistance to
leal and neck blast (Table 25). I'TA 212 has been released in
Tanzania. This varicty and I'TA 257 are under large-scale testing
in several African countries. Where these varicties are grown
extensively by farmers, rice production will increase sub-
stantially,



Above, blast resistant
rice lines on each side of
highly susceptible and
moderately susceptible
lires. Right, screening
rice lines at IITA for
resistance to leaf and
neck blast - a serious
disease in rice growing
areas of Africa. TABLE 25.

Elite high yielding rice

lines with durable

resistance to leaf and

neck blast.

Plant Average
height Duration vield
Line Pedigree {em) days it/hay
Upland
I'TA 116 TOx 86-1-3-1 H) 125 2.0
I'TA 117 TOx 356-1-1-1 95 115 3.0
I'TA 120 TOx 302-15-118-1-1 15 110 2.0
ITA 150 TOx 502-41-1-1 120 100 2.0
ITA257 TOx 1011-4-1 95 100 2.5
OS 6 icheck: 130 125 1.0
Lowland
ITA 212 6850 o 100 105 6.5
I'TA 231 6906 100 120 6.0
FARO 15 iCheck: - 135 140 1.0
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One of the rice cultivars ., BRI

selected at Onne, Nigeria
in 1984 as a superior line
Jor acid soil tolerance.

FIGURE 15,
Superior rice cultivars
Jor acid soil tolerance

(1983-84).
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Upland Rice Varieties Tolerant to Acid
Soils in Humid Tropical Rain Forest
Regions

pland rice is among the few grain crops that can be
grown successlully in the humid tropical rain forest
regions, but farmers need better vielding varieties more
tolerant to soil acidity - a major constraint to increased rice
production. Aluminum toxicity and calcium and magnesium
deficiencies are the prineipal soil fertility problems in acid soils.

In the past three years, scientists have intensified their research
at IHTTA’s high rainfall sub-station at Onne, Nigeria and screened
hundreds of rice varicties for tolerance to acid soils. Earlier work
on this problem was done in collaboration with national pro-
grams in Liberia and Sierra Leone.

A total of 733 cultivars - originating from many parts of
the world - were screened last year at Onne under acid soil
conditions, and promising varictics were selected based on their
carly vegetative vigor, tllering ability, veaztion to discases and
inscets, and grain viceld.

Rice grain yields for tolerant varicties in the highly acid plots
at Onne generally ranged from 2 to 3 t/ha and the susceptible
varicties 0.5 to 1.5 t/ha. Under normal acid soil conditions with
good management (including lime), vields have been as high
as 4 t/ha. The most promising IFTA varictics were distinctly
superior in vield, shorter in height, and carlier in maturity
compared with the local check (Figure 15). These also possessed
high le. Is of tolerance to blast and giain discoloration.

Also, results from evaluations in various parts of the world
under the International Rice Testing Program (IRTP) confirm
the superiority of I'TA numbers 117, 118, and 235.
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A rice line from IRRI
with acceptable grain
quality and tolerance to
cold temperatures in
Cameroon.

TABLE 26.
Characteristics of two
promising low
temperature rice lines
Jor the Ndop plain in
northwestern Cameroon;
three year trials under
irrigation (1982-84).

78

Cold Tolerant and High Yielding Rice
Lines for Northwestern Cameroon

fter testing a large number of rice lines at low

temperatures in the 1100-meter-high Ndop Plain of

northwestern Cameroon, two have been selected as most
promising. One came from the International Rice Research
Institute (IRRT in the Philippines, the other from Indonesia.

In three yvears of tests conducted from 1982 -84, the two lines
produced average vields ranging from 3.5 10 6 ¢/ha (Table 1)
withaceeptable grain quality and tolerance to temperatures that
dropped as low as 13 C. The variety Tainan-3 grown by many
farmers in the arca averaged only 3.8 t/ha.

Because ofits overall performance, the IRR 1 line (1R 7167-33-
2-3) is the most likely candidate for release by the Upper Noun
Valley: Development Authority: {UNVDAY which has the
responsibility for rice cultivadion in the Ndop Plain with 3,000
hectares suitable for this crop.

A breeding program and evaluation of other rice lines for
tolerance 1o low temperatures and associated stresses are being
intensificd wih the following cooperators: UNVDA, Cameroon
Institute of Agronomic Rescarch, National Cereals Rescarch
and Extension (NCRE) project, and TITA.

Days - Average

Height to 50%, 'yield*
Pedigree (em) flowering (t/ha)
B 2161-C-MR-57-1-3-1 100 115 6.0
(From Indonesia) :
IR 7167-33-2-3 ‘ 95 110 5.5
(From IRRI)
Tainan-5 (Check) 95 .11 i 3.8
* Vields averaged over 6-10 trials at fertilizer rates per ha: 50 kg N,
30 kg P, 0y, and 30 kg K, 0.




FIGURE 16.
Scattergram of amylose
content of selected rice
varieties from various
sources in Africa.
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Amylose Content of Rice Selections
from 20 African Countries

pproximately 290 accessions of rice (0. sativa)

originating in 20 African countries were analyzed for

amylosc content during 1984 in IITA’s rice quality
laboratory. The results add to the limited information about
African consumer preferences for rices with different cooking and
cating qualitics. Most of the samples represented varictics
selected from ITTA’s large germplasm “banks,”” but some were
randomly sclected from farmers’ fields.

Amylose content is the major factor influencing cooking and
cating propertics of rice. Low-amylosc varictics are moist, sticky,
and glossy when cooked. In contrast, high-amylose rices cook dry
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Amylose content of rice
is readily measured by
its characteristic blue-
colored complex with
iodine; left to right: low,
intermediate, and high
content.
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and fluffy and have a harder texture. The amylose content of
milled rice is classified as low (10 to 209%,), intermediate (20 to

25%,), and high (above 259,).

Most of the rices grown in Africa are classified as cither
mtermediate or high amylose content (Figure 16). For example,
the laboratory found that Nigeria’s samples ranged from 19.7 (o
25.2%, Cameroon’s from 21.7 to 27.2°,, Sicrra Leone’s from
23.7 to 25.3°,, Republic of Benin’s from 20.2 (o 254, and
Ghana’s from 20.6 to 25.6%,. However, several of the samples
from Malawi were in the low 141 1o 16.6%, range. The sample
witl the lowest amylose content (11.8°,)) came from Tanzania.

The high correlation between texture of cooked rice and
amylose content limits the extent to which any one variety can
meet the different quality preferences in various countrics.

Elite rice lines are available from TI'TA with a wide range of
amylose contents to suit the taste or quality preference of any of
the 20 African nations included in the survey. ITAs 117, 118,
128, 135, and 235 in the low-amylose range; 'T'As -, 150, ancl
257 in the intermediate range; ITAs 121, 123, 212, 222,230, 231,
245, 247, 249, and 306 in the high range,



Right, both men and
women farmers mect
with IITA farming
systems staff members
in a Nigerian village
before the start of the
survey. Above, an IITA
socio-economist (left)
interviews a woman
far;..er.

Exploratory Field Survey: Role of
Women in Agricultural Production,
Marketing, and Processing

onsidering women’s major role in all stages of agricultural

and houschold production, on-larm adaptive vescarch

should consider houschold and gender factors with a
review of the total farm unit. Consideration of these factors
requires more emphasis as fuming svstems strategies and
national food policies are developed.

In recent years, TI'TA's socto-cconomists have completed
several studies 1o more specifically detemiie women's role in
agriculture, and they share these facts with their scientific
associates in crop improvement and farming systems programs.
The latest exploatory study was completed in November 1984
among 62 women in five villages in Oyo State, Nigeria, At least
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25 of the 62 women were independent owners of land primarily
inherited from their fathers or husbands.

All the women interviewed were involved in marketing food
products which took about 259, of their time. At least 20Y%, of their
time was spentin " ultural work in the fields. They had o be
good managers wuun tueir lives compounded by ficld, marketing,
and houschold work, plus processing cassava for exira income.
The HTA team found it more difficult to arrange interviews with
the women than with men because their days were full and
carcfully planned. No interviews could be scheduled on the day
prior to the market or on market day. There was oo much
preparation involved with carly market arrivals, bartering for
goods. and the trek home with items for the houscehold.

Contrary to many studics on women and agriculture, the
ITTA team did not find that women planted different crops than
men. A multiple cropping system was the norm and crop
decisions were apparently based on preferences and market
prices. The farms had a delicate balance among crops. The ficld
crops were primarily cassava, maize, yams, ege plant, okra,
peppers, tomatocs, sweet potatoes, melons, and leafy green
vegetables; in the Drest arcas a selection of pincapple, papaya,
bananas, guava, plantains, oranges, kolanuts, and some cocon.

Processing cassava into two food products — “gart” and cassava
flour — and selling them was a major activity of the women of
these villages. Some of them purchased whole cassava fields from
farmers and then organized both the harvesting and processing
for marketsales. The interviews consistently indicated that about
half of the food produced on the farm was marketed, the other
half consumed at home, Within the culture of the Yoruba survey
arca, husbands and wives have certain financial duties which are
their respective responsibilities. It is the husband » traditional
duty to house his family, provide basic items of clothing, and
pay his children’s school fees, However, many of the women
commented on the high food costs and other cconomic demands
on them and indicated that their income and that of their
husba..ds now went almost entirely for food purchases for the
houschold (milk, rice, sugar, coflee, tea, cowpeas, and oil) and for
clothing.



Some women in the
survey reported that they
Jointly buy entire fields of
cassava. Then they
organize the processing
of the cassava for “‘gari”
or flour. Heve they peel
the cassava in a village
compound as one of the
Jfirst steps in the process.

Women who owned their land hired more labor than men
farmers with comparable farm size, primarily for land clearing
and weeding. Children also helped with the later task after
school and on .1olidays.

Earlier studics in different arcas support and complement this
survey, but some major gaps still exist, including a comparison
between men and women farmers on the accepuability and
management of new technologies, the use of hired labor, and
intra-houschold resources allocation.
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Changes in Sources of Future Food
Supplies for Nigerian Cities

icld surveys started in 1383 and completed in 1984 by

II'TA and the University of Nigeria indicate that major

cnangesare taking place in the production of food crops for
sale in markets in the larger population centers and that these
changes need to be considered in developing strategies for
farming systems rescarch and techrology transfer.

The results show that future tood production will come mainly
from farms located 45 or more kilometers from city markets,
Smallholder production near the cities presents only limited
chances for expansion.

Information on the proportion of food crop production
rarketed in the past decade was collected from 300 farmers in six
states — Anambra, Benue, Bornu, Kaduna, Kwara, and Ondo.
Data on 30 food crops showed that the proportion marketed
increased from an average of one-third to about one-kalf of their
total output.

An analysis of interviews with 1,290 other farsaers in
Anambra, Imo, Cross River, Bendel, Rivers, and Ondo states
indicated that the amount of food products sold increased with
the distance the farms were awav from the city markets. Persons
in charge of the survey selected taree farmer groups of cqual size
(430) with farms located at three different distances fiom the
cities ~ up to 24 km, 25-44 km, and 45 km or more. The
percentage of total production from cach area sold in different
markets — local, regional, and long distance ~ was only 20%, in
the near city zone, 34%, in the mediun zone, and 469, in the
more distant zone (Figure 17). Average income from market sales
in cach zone is shown also in Figure 17.

The proportion of total production sent to market from the

three distances differed, of course, for individual crops. Some of
the more perishable items such as breadfruits and leafy



Tomatoes produced on
Sarms far away from the
city are unloaded at a
market. The amount of
Jood products sold has
been increasing with the
distance of farms from
city markets.

FIGURE 17.
Right, percent of total
Jood production
marketed by farmers at
varying distances from
Nigerian cities. Lefl,
average income per
SJarmer from mariceted
Jood products in three
cistance zones. (1 Naira
= $1.30 at official
exchange rate).

vegetables were grown and marketed near the cities, but these
were mainly subsi:tence crops in the far zone. The major
production for market of crops such as cocoyam, seed yam,
peppers, bananas, palm oil, and oranges came from the medium
zone (25-45 km). However, ucarly half of the total production
for sale took place in the far zone and consisted mainly of late
maize, rice, yams, cassava, groundnuts, tomatoes, plantain, and
sced melons. For the longer distances, grains and cassava
(processed as “gari” and flour) have gained a greater share of the
market. More land was available for their production and
transportation facilities had improved.,
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An IITA economist
(right) and an extension
worker (left) listen to a
small-holder farmer tell
about his cowpea yields
obtained in a cassava
intercropping system.
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On-Farm Adaptive Resezrcn in Four
Cropping Systems and Farmers’
Responses to New Technologie-

hree years of experience with on-farm adaptive research

in the Bida Agriculural Development Project (BADP)

in Niger State, Nigeria have shown the possibilitics of
quickly identifving arcas of improvement in local farming
systems and the willingness of farmers o accept practical new
techinologies,

The adaptive rescarch strategy used by IITA and  the
agronomy section of BADP includes five stages: (1) diagnosis of
constraints and opportunities; (2) design or identification of
improved technologies that fit local farming systems; (3) testing
and cevaluating the technologies under farmer conditions; (4)
dissemination of information to frmers; and (5) reporting back
torescarch stations those technologies that should receive further
refinement.

After aerial reconnaisance of the project arca (17,000 square
kilometers) and an agro-cconomic survey of 225 farmers, four
dominant cropping systems were designated for on-farm
adaptive trials: lowland rice-hased, upland yam-based. upland
cassava-based, and upland sorghum/millet-based.

Among the four cropping systems, farm productivity measured
in terms of caloric value of food produced, total farm income, and
returns to farm inputs varied considerably. The root crops-hased
systems of yams and cassava vielded greater quantities of food
compared with the rice and sorghum/millet-based systems.
Farmers growing root crops contribute not only more (o the
market (about 45°, of the total food  duced) but sdll had
more food available per capita than wrmers in the rice and
sorghum/millet-Lased systems.

Results of trial in the lowland riee-based systems showed the
importance of an carlier planting date for rice. In a scason when



After the harvest,
members of the farmer’s
Jamily carry sacks of
dried cowpea pods to the
house for storage. Right,
a woman sells cowpeas in
a local market in the Bida
projec’  a.

An on-farm adaptive
research trial. Cowpeas
were planted in August
Jor an upland cereal-
based system.

the rains came late and planting was delaved two to three weeks,
yields of improved varieties were less than those of local
determinate varieties which averaged 2.3 t/ha. However, at one
site where water management was good and irrigation through
seepage water continued after the rains ceased, vields of the
improved varicties were 32 1040, higher, Farmers reported tht
they liked the grain color, size, and cooking quality of the
improved varicties and would plant them on part of their land
where water control was better and weeds less of a problem,

Although increasing rice plant density iom 100,000 to
150,000 per hectare at wrial sites which did not have a flooding
problem produced an extra 300 kg/ha of paddy rice, farmers’
reactions were mixed. Some feared the practice would reduce

87



88

tillering and closer spacing would make it more difficult to weed
the crop with their wide hoes. Smaller hoes are not casily
available in the arca.

One of the most successful innovations in the lowland ficids of
the project area has been the planting of carly maturing cowpeas
after the rice harvest on land usually left fallow until the next
rainy scason. Confined flow of scepage water from surrounding
uplands into the inland swamps (fadamas) during the dry scason
offered the possibility of increasing food production by growing a
“catch crop™ using the residual moisture. Furthermore, surplus
labor in the dry scason and a minimum spray regime for insect
control were “plus features.”

Farmers said they welcomed any innovation that would
increase their food supply by using slack period resources. In a
survey sample of 85 fariners, 76%, planted dry scason cowpeas in
1984/85 compared with only 459, the year before and none in
1982. Demand for seed far exceeded the supply.

Total crop value of the two carly varietics planted in 1983/84
dry season trials averaged $1,096 per hectare (Table 27). Yields
ranged from 600 to 700 kg/ha with two sprayings for insccts.

With the success of dry scason cowpeas in the lowland rice-
based systems, farmers in the other cropping systems showed
increasing interest in growing the crop in the main season.
During the 1984 main scason, about 25%, of all project farmers
grew cowpeas. Those in the cassava and sorghum/millet-based
systems planted the erop in July/August using surplus labor
(Figure 18), and reported an average vield of approximately 600
kg/ha for IT 82£-60 (popularly known as 60-day cowpea) and
700 kg/ha for TVx 3236. Sceveral farmers in the four cropping
systems expressed the view that the carly maturing cowpea
varieties may be a crop that can reduce hunger.

Farmers report that inseet control is the biggest production
problem they have and many were not able to buy the
Electrodyn sprayer. The project’s 100 sprayers and insccticide
supply did not meet farmers’ requests. They placed orders for 100
additional sprayers and 1,000 containers of insccticides for next
season,



FIGURE 18.

Average household labor
input for agricultural
activities by four
cropping systems in the
Bida Agricultural
Development Project in
Niger State, Nigeria.

TABLE 27.

Economic returns from
two short season cowpea
varieties; on-farm trials,
Bida Agricultural
Development Project in
Niger State, Nigeria
(1983/81),

The Bida Agricultural Development Project is funded by the
Federal Government of Nigeria, the Niger State Government,

and a World Bank loan.

Man /days
60—
o= Yam - based
20—
Sorghum/millet-based
0 | I I - | ] ] ] l I |
J F M A M J J A 5§ O N D
Months
Total crop Net . Benchit/
Cowpea Yield kg/ value benefits cost
variety (kg/ha) - man-day* ($/ha)**  ($/ha)*** ratio
IT 82E-60 608 94 1026 901 8.2
TVx 3236 691 10.6 1166 1041 9.3
* Based on 65 man-daysha. . :
**Based on net field price of 1.25/kg. (N1=US$1.30 at the official exchange rate.)
*** Assuming total cask costs of $125[ha; cost of famisy labor not included.
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A national on-farm
research team in the
Tvory Coast interviews a
Jarmer as part of an
exploratory survey in
1984,
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Establishment of Permanent On-Farm
Research Teams by National Systems

wo countrics in West Africa - Ivory Coast and Nigeria —

have established their own on-farm rescarch teams with

1009 national stafing, and others are planning to do so
in the near future, These mulii-disciplinary teams of experienced
scientists have become a key element in strengthening
agricultural rescarch and extension in their countries. They
operate on the premise that new technologies cannot be really
cffective until adopted by farmers and that the testing and
evaluation of these technologics must involve the farmers
themselves.

Nigerian teams conducted their first exploratory surveys in
1983 and completed the first year of on-farm testing in 1984. Both
their own and HTA technologies were tested, and farmer
adoption of any of them is being monitored. Feedback to
scientists at the experiment stations has resulted in new directions
for rescarch. These Nigerian tcams come from the following
institutions: Institute of Agricultural Rescarch and Training,
National Cereals Rescarch Institute, National Root Crop
Rescarch Institute, [nstitute of Agricultural Rescarch at Zaria,
and the University of Nigeria at Nsukka.

Ivory Coast scientists from the Institut des Savannas and a
group of institutes in the forest belt conducted exploratory
surveys in 1984, They will start field testing in 1985. One of their
rescarch areas was used as a case study duriug a joint training
workshop held in September 1984 in Bouake for both Ivory Coast
and Nigerian on-farm rescarch (OFR) scientists.

The different country teams have linked up into national
Farming Systems/On-Farm Rescarch networks that meet
regularly to discuss organizational issucs, methodology, and ficld
results.



Training workshop held
in September 1984 in the
lvory Coast for on-farm
research scientists of
that country and Nigeria.

FIGURE 19.
Relationship between
national on-farm
resea~ch teams and IITA
scienti. !s.

[ITA scientists conduct training, counsel national program
personnel on the set-up of the teams, participate in the design of
surveys and on-farm tests, and supply II'TA improved varieties
and other materials (Figure 19). These activities are partially
supported by a Ford Foundation grant.

The creation of institute-based on-farm rescarch has become
one of the major objectives of [TTA's cooperation with national
agricultural rescarch systems. Outreach projects in Cameroon,
Zaive, and Rwanda have HTTA stafl’ members working with
national institutes in Farming Systems/OFR programs. Upon
completion of the projects and withdrawal of TITA stafl, these

units are expeeted to have permanent national stafling,
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Alley eropping — one
effective means of
managing fragile tropical
soils and obtaining good
crop yields with low in-
puts. (Photo taken of
IITA experimental
Jields,)

Ailey Cropping: Six Years of
Experiments and Farmer Use of the
System

o develop stable, low-input systems for crop production
under rainfed upland conditions in Africa, IITA
rescarch teams have experimented with alley cropping
over the past six years. The field experiments were established on
a loamy sand soil to assess the long-term effect of alley cropping
for managing fragile tropical soil. They planted  Leucaena
lencocephala in hedgerows spaced four meters apart, pruncd them,
and then cropped the alleys. A maize-maize scquential cropping
pattern was used at first and later changed o maize-cowpeas.,
Results of the Jong-term experiments showed that when the
leucacna prunings were removed and no nitrogen fertilizer
applicd, main scason maize grain yiclds were very low - ranging




TABLE 28.

Main season grain yield
of maize variety TZPB
alley cropped with
Leucaena lewcocephala on a
loamy sand soil as
affected by application of
lewcaena prunings and
nitrogen, IITA, Ibadan,
Nigeria,

N rate Leucacna 1979 1980 1981*% 1982 1983 | 1984
(kg N/ha) prunings Maize  yield (t/ha)
0 Removed - LO 05 06 03 0.7
0 Retained 2.1 1.9 1.2 21 1.9 2.0
80 Retained 3.5 3.3 1.9 2.9 3.2 3.7
LSD (5.3 0.4 0.3 0.3 0.4 0.8 0.5
*Maize crop serioe - affected by drought during varly growth,

from 0.3 10 1.0 t/ha (Table 28). But with the use of the prunings
vields were stabilized at about 2 t/ha. 1t is estimated that the
prunings contributed anpout 60 kg/N/ha to the maize crops.
Maize yields reached a high of 3.7 t/ha in 1984 when researchiers
added 80 kg/N/ha along with the prunings (Table 28). Even
when higher rates of nitrogen were applied (as high as 160 kg/ha)
in another experiment without leucaena prunings, maize yvields
did notgo over 2.5 t/ha (Figure 20). These results provide further
evidence that the cumulative benefut from alley cropping helps to
maintain soil productivity over time.

To test the acceptance and adoption of this technology by
Alrican farmers, several adaptive rescarch plots have been
established in Nigeria and Rwanda. Alley cropping maize and
cowpeas with leucaena has been wried and accepted by some
farmers in southern Nigeria. Also, they use the system to supply
fodder for small ruminants. I the yam growing arca at Zakibiam
in the cast-central region of Nigeria, some farmers have adopted
alley cropping mainly for soil improvement and production of
leucacena stakes for yams. In cooperation with local institutions,
testing on a large number of farms is now underway in other parts

of Nigeria,

Farmers in Rwanda face a perpetual land shortage and a lack
of inputs so their food procuction is based mainly on organic
agriculture. A scrious shortage of wood for fuel also exists. One
phase of a project in the Bugesera-Gisaka-Migongo arca, in
which 1[TA is cooperating with the Rwandan TInstitute of
Agricultural Sciences, involves the introduction of alley cropping
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with the emphasis on production of wood for fuel and feed for
small ruminants. Several leguminous shrubs and tree species,
including  Leucaena lencocephala, Cassia  spectabilis, Calliandra
calothyrsus, and  Sesbania sesban, have been  planted, 1
preliminary obscrvations indicate that the latter two perforn
especially well under Rwanda conditions,

Maize grain yield {1/ ha)

LSD (5%) LsSD (5%

FIGURE 20.

Grain yield of maize
variety TZPB grown on
loamy sand soil as
affected by six years of
alley cropping with
Leucaena lencocephala and
nitrogen application.

(lITA, Ibadan, Nigeria.) 2.0 —

Alley cropped Control
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A farmer has adopted the
alley cropping system.

Some farmers have
decided on alley cropping
mainly for soil
improvement and
production of leucaena
stakes for yams.

Yam staking on a
Jarmer’s field.

&



Maize variety TZSR-W-1
carsed lodging of cassava
(right) because of its tall
height, spreading leaves,
and late maturity, This
compares with upright
cassava plants (left)
interplanted with maize
variety TZE which is
shorter and earlier
maturing with a lower
leaf area.
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Maize Plant ’Architecture’’ Important
Factor in Intercrepping with Cassava

4 ore than 70, of the food crops consumed in the humid
tropics, especially in - tropical Afvica, comes from
.‘_inl('rcrop])ing. Therefore, it is important that plant
breeders develop appropriate crop types with the best plant
“architecture™ for mixed cropping. particularly in relation to
cfficiency in the uses of environmental resources such as light,
water, and nutrients required for crop growth. A popular
combination with high vield potential in humid/subhumid
Alrica is a cassava/maize intercrop.

In an experiment conducted over a four-ycar period, TI'TA
scientists intercropped five improved maize genotypes of varying



TABLE 29.

Yields of intercropped
cassava and maize with
different plant

“architecture.”

growth habits (Tablc 29) with cassava varicty TMS 30572 at two
maize populations of 30,000 and 60,000/ha. They found that
plant licight and leaf display were important in selecting maize
for intercropping with cassava because cassava root yields were
significantly lower when intercropped with tall, spreading, late
maturing maize types such as TZSR-W-1 compared with the
shorter genotypes such as Pool 16 (Table 29 and Figure 21).
Major reason for the lower cassava yizlds was a reduction in the

amount of light reaching cassava through the maize.

Maize
variety

" Characteristics

Cussava Maize

(t/ha)*

N Returnstha

Total

Returns from
cassava (%)

TZPB

POOL i6

KEWESOKE***

TZSR-W-1

POPULATION 49

Late maturing (> 120 days)
Spreading leaves

Tall (271 cm)

LAI** (5.1) 8 WAP# |

. Early matun'ng'(IQO days) '

Spreading leaves
Intermediate height (195 cm)
LAI (3.4) 8 WAP ‘

Late maturing (110 days)
Erect upper leaves
Moderately tall (223 cm)
LAL (3.7) 8WAP

Late maturiug (120 days)
Spreadiog leaves

Tall (280 cm) 8 WAP
Early maturing (100 days)
Spreading leaves

Very short (175 cm)

- LAT (3.5) 8 WAP

21.2 2.6

17.2 3.1

27.3 2.7

3810

4480

5415

+130

5445

53

71

81

62

75

LSD (5%}

+.8 1.2

* Three scason average.

**LA = Leaf area index; #WAP = Weeks after planting : Maize population = 40,000/ha; Cassava variety = Tms 30572
10,000(ha. Prices: Xiton = Cassava root at X130, Maize grain at ¥500. | Naira ( X) = 1.30 USS at official exchange rate.
*** Based on one season data only,




FIGURE 21.

Cassava yield (left)
tntercropped with two
maize varieties (Pool 16
and TZSR-W-1) and
maize yields (right)
intercropped with
cassava; experiment over
a four-year period at
IITA.
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Because the shorter maize types now available usually yield
less than tall, highly vegetative types, one of the challenges faced
by plant breeders is to produce short, high yic iding maize types
with erect upper leaves for intercropping with eassava. Lwd('ncc
tiat such varicties can be grown at higher i mtercrop populations
is given in Table 30 where grain yicld of Pool 16 increased up to
60,000/ha population.

The long maturity gap between maize and cassava (three to
four months for maize and more than 12 months for cassava)
could have cnabled cassava to overcome any depression in
growth due to maize, but this is not the case because of a drastic
reduction in yicld of ctiolated, lodged cassava stands.

Because cassava contributed such a large proportion of cash
returns from the cassava/maize mixture, maize genotypes which
result in reduced cassava root yield may not be attractive to
farmers.

Cassava yield Maize yield
intercropped with maize (t/ha; intercropped with cussava {kg/ ha)

5000

anco




Organic matter for soil
maintenance is generated
in a cassava[maize
intercrop systenai.

TABLE 3.

Average weight (t/ha|yr)
of organic residue
produced by inter-
cropped cassava and
maize.

Maize . . .
o Maize  Cassava Fotal Maize
Population stover eaves & dry grain
Variety w 14 tdry wi.d twigs  weight (t/ha)
TZSR-W-]
Intererop 30 ah 2l 7.6 a1
60) 8.4 1.8 10.2 2.8
Sole 30 6.1 6.1 3.0
60 7.8 7.8 3.3
Pool 16
Intercrop 30 3.7 2.5 6.2 2.3
5 5.1 2.5 7.6 2.7
Sole 30 RN Rt 2.1
60 5.9 5.9 2.9
LSD 50 0.95 0.8 1.1 0.4
[GAYRLN 9.1 1.5 7.5
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Clearing the experimen-
tal site in the forest in
southern Nigeria.

Effects of Deforestation and Landuse on
Soil, Micro-climate, and Productivity:
First Phase of a Long-Term Study

cginning incarly 1981, part of 4 73-hectare forest

southeast of Benin City, Nigeria was cleared so an

experimental project could be started with the aim of
obtaining a better understanding of the ramifications of the
delicate equilibrium hetween soil, climate, and vegetation in an
undisturbed forest ecology in the humid wopics.

The overall objective of the projectis 1o bette understand the
magnitude and ends inalterations of soil. hydrology. micro-
climate. and hiotic environments by delorestation,  different
landuse systems and agricultural practices. Specifically it is
aimed at:

® Strengthening a basic scientific body of knowledge  that
enables the rational use of land and water resourcees,
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® Dceveloping guidelines for the management of land resources
for cconomically viable and sustained productivity.

® Creating awarceness of the food production potentials and
limitations of the humid tropies.

® Providing training opportunities for scientists in the tropics.

Existing vegetation is high forest with a tree density (exceeding
15 cmiin girth at 1 m) varying frora 1,300 to 2,100 per hectare.
The height of tall trees ranges from 37 m to 46 m. Mean annual
rainfall of this forest arca is about 2,400 mm with a range of 1,800
to 2,900 mm. Forest canopy effectively intereepts solar radiation
and rainfall. On an average, rainfall through the canopy is
estimated to be about 12%, less than in open land. Radiation
reaching the forest floor is only a fraction of that in the cleared
arca.

As a result of these diflerences in radiation, both seil and air
temperatures and relative humidity are drastically diflerent
under high forest than in cleared land (Figure 22). The air
temperature at I mheight and the soil temperature at 5 cia depth
arc always lower by 3 10 6°C under forest than in the open. The
relative humidity in the cleared land is decreased more than
under forest. Accordingly, the evaporation rate under forest
canopy is only 259, of that in the cleared land (Figure 22).

Productivity and alterations in soil, microclimate, and
hydrology are being evaluated for the following landuse systems:
forested control; traditional farming systems; improved forestry ;
oil palm plantation; plantain; grazed pastures: food crops alone
and food crops in association with woody perennials,

The principal collaborator i this long-term project is the
United Nations University. The experimental forest land was
provided by the Okomu Oil Palm Company Limited.
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FIGURE 22,
(4)

Soil and air temperatures
under and outside the
Jorest for six days during
the dry season.

(B)

Relative hvmidity
decreases with the
advancement of the
harmattan season from
December 4-11. Decrease
is greater in the cleared
area than in the forest.

(]

Open pan evaporation in
the cleared area and
under the forest.
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Experimental site at Ilore
village, Nigeria with
seven field plots
surrounded by farmers’
traditionally managed
land.

Evaluating Conservation-Effective
Cropping Systems for an African
Savanna Soil

oils in the humid and subhumid regions of West Africa are

structurally unstable, prone o crusting, susceptible 1o

accelerated ervosion, and of low fertility, Some soils with so-
called iron pans at shallow depth cover an estimated 243 million
heetares of the West African landscape and when put to intensive
landuse may undergo irreversible degradation.

To evaluate the effects of cropping systems and soil surface
management on water runoll, crosion, and alterations in soil
propertics and o assess crop production under traditional and
intensive landuse, scientists selected a site at Howe village about
20 km northwest of HTAs main campus. The experiment,
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FIGURE 23,

Left, change in soil bulk
density with time for
Sour soil management
systems; right,
cumulative infiltration
rate two years after
imposing soil tireatments
on a savanna soil. (Illore,
Nigeria.)

Bulk density (g/cm®)

started in 1983, consists of seven plots where the scientists are
comparing the effects of a traditional farming system with that of
maize-cowpea rotation under no-till, conventional plowing, and
bare fallow. The soil (on a slope of 4 1o 5°,) is a Psammentic
Ustorthent, sandy isohyperthermic, and siliccous with plinthite
(iron pan) at depths varying from 20 to 100 cm.

Soil bulk density of the 0 to 5 em laver increased with time:
after initiating cubivation (Figure 23). Iron pan is formed by
hardening of plinthite upon deforestation and exposure by
cultivation in the humid regions, hut it is alrcady formed in a
savanna ccology duc to frequent fires and low vegetation cover.
Two years after starting the study, the bulk density was in the
decreasing order of bare fallow, plowed, no-till, and traditional
treatment, respectively. Treatments involving plowing were
characterized by the development of a thin crust that inhibited
the infiltration rate, increased surface runoff, and speeded up soil
crosion. Water infiltration rate was the maximum under natural
vegetation, followed by under cultivated plots in the order of
traditional, no-till, plewed, and bare fallow treatments,
respectively (Figure 23).

Data in Table 31 show drastic differences in runofl and soil
crosion among the treatments investigated. The  traditional

Cumulative infiltration ( mm)

1000

0O 30 60 90 [0 I50

Years after clearing Time(min)



Sequence of three
predominant soils of the
region: Left, gravel layer
at top but no iron pan
below; center, no gravel
layer at top but iron pan
at about 30 cm depth;
right, iron pan at 10 cm
depth. If erosion removes
the top soil, produciivity
is lost forever,

TABLE 31.

Effects of soil and crop
management on water
runoff and soil erosion at
llore, Nigeria (1983-84).

treatment in 1983, which was managed entirely by a farmer,

included maize-vams grown on mounds. Soil crosion was more

severe on this plotthan from a flat-seeded maize-cowpea rotation
grown with no-tll or the plowed svstem. In 1984, however,

traditional systems consisted of maize-cassava grown on ridges
made across the slope that reduced water runofland soil crosion,

The least soil crosion was observed on no-till plots. Compared

with the no-all system. water runofls and soil erosion, respee-

tvely, were 3.3 and 2.5 times greater in the tradivonal svstem,

Soil crosion

Runoft’
tha
S
Treatment 1983 1984 198
Traditional 5.1 1.5 23.8
No-till 2.3 0.6 7.2
Plonved R 10.1 151.9
Bare fallow 33.9 2616 327.1




TABLE 32,

Crop yields on three
different slopes at lore,
Nigeria (1983). Maize
yields downslope are low
because of the shallow
depth of iron pan.
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21.5 and 16.8 times greater in the plowed treatment, and 45.4
and 436 times greater in the bare tallow plot.

Because the depth of soil and occurrence of iron pan were
highly variable along the slope, crop growth can be interpreted
only by comparing the yields in corresponding sub-plots (Table
32). In 1983, the first scason maize vields were kigher in the
plowed than in the no-till treatment. In the second scason, when
the no-till was mulched with the maize residue, the cowpea vields
did not difler significantly between the treatments, Similar yield
trends were observed in 1984,

This experimental program was established in collaboration
with the University of Munich, West Germany and partially
funded by the German Agency for Technical Cooperation
(GTZ).

Upslope Mlidslopc"y'_A . -‘,f;.iDownslop'c;.
. ” = T — T
“Treatment , oo (tfha) . - '
Traditionul ’ o o o
Maize 0.8 1.0 o 0.2
Yams ) G.5 5.1 L34
No-tll I PR
Maize : 3.0 . 29 L 2.2
Cowpeas - 05 05 C 04
 Plowed .. ‘ R . S . o
Maize 40 - 38 .33
Cowpeas 05 0 04 coo 04




Above, experimental
set-up showing field
plots at the site with
tensiometers and water
runoff collection system;
right, water rinoff and
sedimen: collection
system, including storage
tank, divisor tank, HS-
Slume, and water stage
recorder,

Severity of sheet and rill
erosicn on bare plowed
land.




Collaborative grain
legume research between
IITA and IRRI for
Southeast Asia is
underway with the
posting of an [ITA
scientist in the
Philippines.
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Research and Training Activi.'es Move
Closer to Recipients

nder a new master plan, HITA has stepped up cfforts
to conduct more research and training outside its
headquarters at Ibadan, Nigeria,

A new substation in the Republic of Benin was opened in 1984
on a 50-hectave site contributed by that nation, and scientists and
support stafl were assigned there and in several other Afyican
arcas to join already active or newly created regional or national
teams to help speed up food production and agricultural
development (Figures 24 and*25). The principal thrust of this
new direction involves on-farm adaptive rescarch and training.

Although II'TA is concerned primarily with humid and
subhumid Africa, it has a worldwide mandate for rescarch on
farming systems and on cowpeas, vams, and sweet potatoes. As
part of this broader responsibility, the Institute has posted two
grain legume scientists in Brazil at ENIBRAPA o work in Latin
America and in the Philippines at IRRI to work in Southeast
Asia,

(11 HTA Coutasomamms Sesuusey
COWPEA L SOYREAN
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FIGURES 24 & 2J.
Above, locations of LT
scientists and their
program connections in
Africa, Southeast Asia,
and Latin America;
below, an artist’s sketch
of the new IITA
substation headquarters
ouilding under
construction in the
Republic of Benin,
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Dr. John J. McKelvey, Jr. (Chairman)
Rockefeller Foundation (Retired), Richfield Springs, New York,
USA.,

Mr. D.E. Iyamabo ( Vice-Chairman)
Director, Department of Agricultural Sciences, Federal Ministry
of Education, Science and Technology, Lagos, Nigeria,

Prof. Ango Akdullahi
Vice-Chancellor, Ahmadu Bello University, Zaria, Nigeria.

Dr. Leopold K. Fakambi

Exccutive Secretary, International Federation of Agricultural
Research Systems for Development/Africa, Cotonou, Republic
of Benin.

Dr. E.H. Hartmans
Director General, HTA, Ibadan, Nigeria.

Dr. Hidetsugu Ishikura
Director 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.

Dr. R.C. McGinnis
Dean of Agriculture, University of Manitoba, Winnipeg,
Canada.

Mr. M.S.0. Nicholas
Dircctor, Agricultural Services Division, Food and Agriculture
Organization, Rome, Ttaly.

Mr. N.O. Popoola
Permanent Sceretary, Federal Ministry of Agricalture, Water
Resources and Rural Development, Lagos, Nigeria.
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Prof. L.A. Wilson

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

Prof. T.]M. Wormer

Senior  Agronomist, Royal Tropical Institute, Amsterdam,
Netherlands.
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ADMINISTRATION

L. H. Hartinans, Ph.D., director general

B.N. Okigbo, Ph.D., D.Sc., deputy
director general

JW. Pendicton, Ph.D., deputy divector
general (research)

MLAL Akintomide, B.S., director for
administration

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

B.A. Adeo'a, ACIS, accountant

KA Aderogha, 1P FCIS, principal
administrative oflicer

J.O. Badaki, B.AL MLB.AL human
resOurees manager

C.AL Enahoro, administrative assistant
to the director general

L.J. McDonald, B.AL, LL.B., computer
manager

0.0. Ogundipe, NLD., medical officer

R.L Olorode, security superintendent

MLE. Olusa. assistant to the director for
administration

D.J. Sewell, dormitory and food service
manager

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

WML Steele, PhuD., special assistant to
the director general

5.J. Udoh. AMNIM, chiel accountant

A Yuwsull B.S convoller of stores

GRAIN LEGUME IMPROVEMENT

PROGRAM

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

VDL Aggarwal, PhuD., plant breeder,
Burkina Faso

L. Bello, Ph.D., plant breeder

K. Dashicll, Ph.D.. plant breeder

F.AL Elsayed. Ph DL, plant breeder

AN Emechebe, Ph.D. pathologist
[visiting scientist

M. Gowman, M.S., entomologist

J. Hohenberg, PhuD., microbiologist*

L.EN. Jackai, Ph.D., entomologist

E.A Kueneman, PhuD., regional
coordinator for Latin America, Brazil

N. Muleba, Ph.D.. physiologist/
agronomist, Burkina Faso

B.R. Ntare, Ph.D.. regionat coordinator
for the Sahel region, Niger

P. Oyekan, Ph.D., pathologist (visiting
scientist)

R.X. Pandey, Ph.D.. regional
coordinator for Southeast Asia,
Philippines

W.R. Root, Ph.DD., plant breeder,
Zaria, Nigeria

D.AL Shannon, Ph.D., agronomist

S.A. Shovinka, Ph.D.,
breeder/pathologist, Zaria, Nigeria

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

J. Sult, PhuD., entomologist, Burkina

IFaso
E.E Warg, Ph.D. olant Lo ceder, Brazi)
F. Wiedijk, Ph.D.. entomologist*

MAIZE IMPROVEMENT

PROGRAM

Y. Efvon, Ph.D., progran: director jon
sabbatical leave at CINMYT

M. Bjarnason, Ph.D., CINIMY'T
linison scientist and acting program
director

C.O. Alofe, Ph.D., agronomist ovisiting
scientist}

J. Braide, Phu.D., agronomist*
J. Chung, Ph.D., plant breedes,

Cameroon*

Z.T. Dabrowski, Ph.D., entomologist

O.P. Dangi. Ph.D., plant Hreeder,
Cameroon

AL Diallo, PhuD. plant breeder,
Burkina Faso

L. Everett, Ph.D., plant breeder,
Cameroon

JAL Fajemising Ph.D.,

pathologist:breeder

J.EAken, PhuD. plant breeder ivisiting

scientist

I"H. Khadr, Ph.D., plant hreeder,
Zaria, Nigeria

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

JUAL Mareek, Ph.D., plant breeder

H.L Mohanmmed. Ph.D. plant breeder
ivisiting scientist)

L.T. Ogunremi, Ph.D., agronomist

VO, Parkinson, Ph.D., pathologist

M. Rodriguez, Ph.D., agronomist and
team leader, SAFGRAD, Burkina
FFaso

Sh.E. Saad. P plant breeder
visiting scientise:

S.E. Sadek, Ph.D., plant breeder
visiting scientists

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

RICE IMPROVEMENT PROGRAM

Y. Efron, Ph.D., dircctor tuntil July)

Kaung Zan, Ph.D., IRRI lizison
scientist and acting director
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AO. Abifarin, Ph.D., ITTA Haison
scientist at WARDA, Liberia

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

D. Akibo-Betts, Ph.D., cntomologist

K. Alluri, Ph.D., agronomisy/breeder

R. Dobson, Ph.D., pathologist

J. Gibbons, Ph.DD, plant breeder*

D. Janakiram, Ph.D., plant breeder,
Cameroon

VUT, John, Ph.D., pathologist

TN Masajo. Ph.D., plant breeder

E.P. Navasero, MLS., rice quality
specialist

NV Nguu, PR, agronomist

NG Roy, PhuD. agronomist,
Cameroon

K. Wasano, Ph.D., breeder and
geneticist*

ROOT AND TUBER

IMPROVEMENT PROGRAM

S.K. Hahn, Ph.D., program dircctor

AL Amazan, PhaD., biochemistfood
technologist

MUNL Abvarez, Ph.Dy plant brecder,
Rwanda

VL. Asnani, PhuD. plant breeder

F.E. Brockman, Ph.1)., agronomist and
project leader, PRONAM, Zaire

L. Caveness, Fh.D., nematologist

LML Chukuruma, research associate

W. Hammond, M.Sc., cnomologist

T Haug, Ir., entomologist

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

H.R. Herren, Ph.D., entomologist

K. Lema, PhuD., entomaologist

B. Lochr, Ph.D. entomologist, Brazil

N. Mondy, Ph.D., food nutritionist/
technologist “visiting scientist

P. Neuenschwander, Ph.D.,
entomologist

S.Y.C. Ng, MLS., tissue culturist

J.\. Otoo, Ph.D., breederjagronomist

S.J. Pandey, Ph.D.. extension
agronomist, Zaire

k.Y, Park, M.Sc.. plant breeder
(visiting scientist)

H.J. Pleiffer, Ir., agronomist and
project leader, CNRCIP, Cameroon

G.L Servant, MLB.AL administrator,
Zaire

I. Schulthess, Tr.. entomologist

E.M. Sicely, Ph.D.. interim project
coordinator for biological control

D. Sullivan, Ph.D., entomologist
{visiting scientist)

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

AL Varela, B.Se., entomologist,
Brazil

M. Veloso, physical plant services
oflicer, Zaire

JoACWihvte, PhuD plant breeder,
Cameroon

J.5. Yaninek, M.S. entomologist

FARMING SYSTEMS PROGRAM

C.H.IL ter Kuile, Ph.D., program
director*

AR, Juo, Ph.D., program director,
soil seientist and coordimator of
vesearch on wedand production
systems

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

M. Ashrafl Ph.DLagriculiaral
tconomist

FLALCAavi, PhaD. agricultaral
cconomist and chief of party, NCRE,
Cameroon

P.Av, Ph.D., socio-economist

V. Balasubranimian, Ph.D.,
agronomist, Rwanda

LA Baryeh, PhuD.agricultural
engineer*

AN Evers, bes, water management
engineer, Bida, Nigeria

H.CL Ezumah, Ph.D. agronomist

C. Garman, M.S. agricultural engineer

T. Gebremeskel, Ph.D., agricultaral
ceonomist

B.S. Ghuman, Ph.D.. soil scientist,
Bendel State, Nigeria

I Grimme, Ph.D., visiting soil
sCientist*

. Gunneweg, Ir., water management
engineer, Benin

N.D. Hahn, Ph.D. head ol socio-
ceonomics unit

N. Hulugalle, Ph.D., soil scientist

B.T. Kang, Ph.D., soil
scientist/agronomist

J. Kikafunda-Twine, Ph.D.,
agronomist, Cameroon

T. Kosaki, Ph.D., soil scientist*

R, Lal, Ph.D., soil physicist and
coordinator of research on upland
production systems

T.L. Lawson, Ph.D., agro-climatologist
and program director, Benin

P. Lippold, Ph.D., USAID liaison

scientist
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D McHugh, M.S., extension
agronomist, Cameroon

S.K. Mughogho, Ph.D., agronomist

K. Mulongoy, Ph.D., microbiologist

H LW, Mutsaers, Ph.D., agronomist
and coordinator of on-farm rescarch

N.C. Navasero, B.S., agricultural
cngineer

D.S. Ngambeki, Ph.D., agricultural
ceonomist*

F. Nweke, Ph.D. agricultural
ceonomist

MLCL Palada, Phu.D. agronomist

J.ACPokn, PhuD., weed seientist

M. Price, Ph.D., agronomist and
project manager, FSROSR,
Rwanda

R. Swennen, Ph.D., agronomist, Onne,
Nigeria

ABA v der Kraijs, I, soil
scientist, Onne, Nigeria

AHLS, Van Elslande, Tr., soil scientist

W.O. Vogel, Ph.D.L agriculinral
ceonomist

D, Vuylsteke, T, plant physiologist,
Onne, Nigeria

M. Weber, Ir. visiting soil scientist

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

Y. Yanmashita, Ph.D. agronomist

INTERNATIONAL

COOPERATION AND TRAINING

PROGRAM

E.R. Terry, Ph.D., program director

W.H. Reeves, Ph.D. assistant divector
and head of training*

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

H. Gasser, PhUD., principal program
planning ofticer

F.O. Ogunyemi. FCCA, aceountant

DWW, Sivinavake, taining officer

AL Uriya, Ph.D., principal training
officer

FARM MANAGEMENT

D.C. Couper, M.S., farm manager

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

PV, Hardey, B.S., firm management
engineer

P.D. Austin, B.S.. oflicer in charge,
Onne, Nigeria

GENETIC RESOURCES UNIT

N.Q, Ng, PhuD., head and plant
geneticist

MO Ajala, MLS. rescareh assoeiate

M. Davids, Ir., plant scientise*

AL Osunmakinwa, MLS,, research
associate

VIROLOGY UNIT
HAW. Rossel, I, virologist
G Thottappilly, PhuD., virologist

ANALYTICAL SERVICES
LABORATORY

JoL Plessier, PhoD. head

BIOMETRICS
Ngayen Ky Nam, Ph.D., biometrician

DOCUMENTATION,

INFORMATION AND LIBRARY

PROGRAM

S.ML Lawani, PhuDL assistant divector
and head

SB Akande, MULS, catalogert

MAL Aluko, aeting head of printing,
binding and reprography

AL Azubuike, MLLS. bibliographer

S.OUT. Babaleye, ALS., com-
mutications associte

B. Bakare, AAL head of confevence and
visitors” center

G.AL Cambier, Lic., head of
interpretations/translation anit

DT De Grandsaigae, Lic.,
interpreter/iranshitor

C. Duval, Lic., interpreter/translator

FML Gatmaitan, B.S., senios graphic
desiener

G.O. Ihekwe, BAL principal librarian

J.C.GL Tsoba MLS, writer/editor
JECKeyser, B.S., head of publications

unit
E. Molinero, Lic., interpreterjie slator
ELF. Nwajei, B.AL acquisitions

libraian
MLOL Qdubanjo, B.S., cauloger*
EN. Oro, BS. audiovisuals specialist

JAO. Ovekan, B.S. head of public

aflairs unit
N.C. Russell, NLAL editor/writer

E. Tordeur, Lic., translator
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PHYSICAL PLANT SERVICES

J.G.H. Craig, assistunt dircctor for
physical plant services

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

A Amrani, heavy equipment service
oflicer

AL Bhamagar, refrigerationfair
conditioning service oflicer

ALCL Buder, buildings and site service
officer

O.0.A. Fawole, automotive service
oflicer

J-ML Ferguson, fabrication/water utility

service officer

P. Ghaosh, scientitic;electronies service
oflicer

J. Lukowski, electrical serviee officer

MO, Yusuf, construction/site
engineering service oflicer

*Left during the vear
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