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ABSTRACT 


The objectives of this project, initiated in 1963, were 
1) to increase cereal production in Africa through co-
operation with and support of research organizations in 
Nigeria, Kenya, and Uganda, 2) to stimulate an,] sponsor 
cooperative rtdearch in all aspects of cereal pioduction
throughout the area, and 3) to provide in-service training 
at the headquarters stations to individuals sponsored by 
their governments. This integrated program included 
plant breeders, entomologists, pathologists, and cereal tech-
nologists to develop new high-yielding, disease and insect 
resistant varieties with increased food values, agronomists 
to develop a package of recommended cultural practices 
to exploit the potential of the new varieties, and research-
extension liaison officers to help extension personnel to 
reach the local farmers with the new varieties and recom
mended agronomic practices. Encouragement and as-
sistance were given to cooperating agencies and companies
for seed production, the development of marketing sys-
terns, and the utilization of the excess production. Kenya
has been greatly increasing its maize production, andother African countries are moving forward. 

LTHOUGH food supplies are now adequate in 
A most African countries, except in marginal rain-
fall areas, steady population growth will soon cause 
demai.ds to exceed food supplies unless cereal pro-
duction increases and the rate of population growth 
decreases. 

Most African countries hay' had cereal research pro-
grams under way for many years. These programs were 
usually organized and developed with support from 
Great Britain and France, and considcrable assistance 
is still provided by the British Overseas Development 
Administration and the French Institute de Recherches 
Agronomiques Tropicales. To strengthen this cereal 
improvement research, the U.S. Agency for Interna-
tional Development and the U.S. Department of Agri- 
culture agreed in 1963 to c.-,operate in a Major Cereals 
Project in Africa. A survey in West and East Africa 
indicated a strong interest by the local organizations 
in such assistance. The Major Cereals Project, as ini-
tially outlined, had three major objectives: 1) to in-
crease cereal production capabilities in Africa through 
cooperation with and support of research organizations 
in Nigeria, Kenya, and Uganda; 2) to stimtuiz and 
sponsor cooperative research on all aspects o!- crop 
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production throughout the area; and 3) to provide 
in-service training at the headquarters stations to in
dividuals sponsored by their respective governments. 

In West Africa the sponsoring agency is the Scienti
fic and Techi.cal Research Committee (STRC), one 

of the committees authorized by the Organization of 
African Unity (OAU). Nigeria serves as the host coun
try and cooperative research programs have been de
veloped with the Institute for Agricultural Research, 

Ahniadu Bello Universitv', Zaria, anid the Federal De
partment of Agricultur;l Research, Moor Plantation, 
lbadan. Staff at Zaria are concerned with maize (Zea 
mays L.), sorghtim (Sorghum bicolor (L.) Moench), 

and IuYrush millet [Pennisetur typhoides (Burm.)
Staph Hubb.] breeding, insect and disease control, 
and soil-water-fertility-plant relationships. Work at 
lbadan is limited to maize breeding and pathology. 

Two Field Trials Officer positions (researchi-exten
sion liaison) have recently been established in neigh

boring Francophone countries with headquarters in 
Senegal anti Cameroon. Personnel are provided by
the French Fonds d' Aide et Corporation (FAC), but 
tile operating expenses are provided by the Major 
Cereals Project through STRC. Similar arrangements 
have been matle with the British Overseas Develop
ment Administration for Field Trials Officers in Ni
geria and Ghana. 

In East Africa the sponsoring agency is the East 
African Agriculture and Forestry Research Organiza
tion (EAAFRO). Cooperative research programs are 
conducted at four locations: Serere Research Station 
of the Uganda Ministry of Agriculture, Serere, Ugan
da; National Agricultural Research Station of the 
Kenya Ministry of Agriculture, Kitale, Kenya; East 
African Industrial Research Organization, Nairobi, 
Kenya; anti Tanzania Ministrv of Agriculture, Dar-es-
Salaam, Tanzania. Research at Serere is concerned 
with sorghum and millet breeding, soil-water-fertility
plant relationships and insect control. The research 
at Kitale is concerned with maize breeding. Work on 
cereal milling anti processing, with primary emphasis 
on sorghum, was initiated in 1968 at Nairobi, Kenya. 
Field Trials Officer positions were established at Dar
es-Salaam, Tanzania, in 1970 and at Serere, Uganda, in 
1971. 

Support provided by the Major Cereals Project to 
the African research institutions stipplemented the 

local prograis and became an integral part of these 
operations. The activities and results obtained by these 
overall cereal-improvenent programs will be discussed 
in this report. 

Experience has shown that at least six major areas 
aire important for increased cereal production: 

1) Breeding reseamch to prodtce improved varieties 
with satisfactory insect and disease resistance. 
Agronoiic reseaich to determine the ctltural 

practices neetled to give maximum economic re
turns from the improved varieties. 
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Table 1. Yields of improved maize varieties grown at 11 Kenya 
locations in 1967.* 

Variety Yield q/ha %of K 

K 46.1 100 
Ec573 31.0 67 
KCB(MC)C2 59.3 129 
KCC(MC)C2 54.4 118 
KCE(MC)C2 60.3 131 
11611 67.5 146 
KCA 52.1 113 

From the 1967 Annual Report of the Major Cereals in Africa Project. 

3) An extension program to acquaint the farmers 
with the potential of the improved varieties and 

to demonstrate to them the recommended cul
tural practices required to obtain this potential 
production. 

4) Seed production and a distribution system for 
seed, fertilizer, insecticides, and fungicides to 
make the necessary inputs readily available to 
farmers. 

5) Credit facilities to enable subsistence farmers to 
purchase the inputs. 

6) Marketing and utilization to permit the farmer 
to sell his surplus at a fair price to obtain funds 
to repay his loans and . buy inputs for the sub
sequent crops. 

Maize Improvement in Kenya 

The success of the riaize improvement program in 
Kenya illustrates what can be achieved when all six 
areas are developed simultaneously. The Maize Re-

search Section was organized at Kitale under the guid
ance of a British scientist, M. N. Harrison, in 1955. 
This cooperative program has involved the Kenya 
Ministry of Agriculture, the British Overseas Develop-
ment Administration, the Rockefeller Foundation, and 
the Major Cereals in Africa Project through the East 
African Agriculture and Forestry Research Organiza
tion. an improved variety 'Kitale 

(7) developedHarrison 
II' (K II), as well as the conventional hybrids 'H631,' 
H621,' and 'H622.' He also introduced varieties from 
South and Central America, and the variety cross 
'H611' (K .I1 X Ec573) was released for commercial 
use. The composites 'KCB,' 'KCC,' and 'KCE' were 
formed to be used as breeding populations; these com-compre
posites out-yielded Kitale ii (Table 1). A 

hensive breeding system was outlined for maize im-
provement (6). This system is flexible since two com-
posites (Comp. B and Comp. R) are developed and 
improved by recurrent selection as outlined in Fig. 1. 
After each cycle of improvement, a commercial variety 
can be released (B Cl or R Cl, B C2 or R C2). In 
areas where hybrid production is not yet feasible, di-
rect commercial use can be made of these improved 
varieties. When facilities for producing hybrids have 
been developed, the variety cross (B CO X R CO, B C1 or con.be sold as a commercial product,
X R Ci) can 
ventional hybrids can be developed from the improved 
populations. 

An extensive study is under way to compare various 
techniques and methods within this comprehensive 
breeding system and to demonstrate that the system 
is effective. A preliminary evaluation (3) indicates 
that the system has been very successful as shown by a 
26% improvement in H611(R) from 2 cycles of re-
ciprocal recurrent selection (Fig. 2). The improve-
ment in Ec573(R)C2 over the original Ec573 resulted 
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Fig. 1. An outline of a comprehensive breeding system with 
popu.recurrent selection in two random mating breeding 

lations. 
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Fig. 2. Progress from reciprocal recurrent selection (R) and 

nmodified ear-to-row selection (E) in Kenya maize varieties 
[from Darrah et al. (3)]. 

in an improved topcross hybrid 'H613C' [(FxG) X 
Ec573(R)C2] which is superior to 'H613B' [(FxG) X 
Ec573] as shown in Table 2. This increase in yield 
represents rrofit to the farmer, despite greater har
vesting and transportation costs. 
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Table 2. Performance of maize varieties in the Kenya Late 

Maturity Variety Trial grown at 28 locations in 1970 [from 
Darrah et al. (3)]. 

Yil lodgnt; EaincreasedEars perYild 

% %, 10)plantsVariety q/ha of K H 
47 7540.1 100 51 86K1622It Sl. 2 128 

11.6, 52.7 126 43 80 

93H16liMC2- 64,4 161 17 
48 84B613Be 57.0 142 

1163c. 66.7 166 41 95 
LSD,0.05 s.1 6 6 

Ec573 and116lltt)C2 Is K I(1i)C2 Ec57301)C2. 116131BIs (F G)o

0116111 Is K 111 

EcS7sand116lC to (F - G) EeS73Q)C2. 


can expectCenetic variance studies suggest that we 

this same rate of improvement for at least the next few 
hy-cycles of improvement. Although the improved 

ver-brids have slightly less lodging than the original 

was a severe prol)lem in Kenya in 1970,


sions, lodging forand breeders will increase the selection pressure 

lodging resistance and shorter plant height. 
to beIf the potential yields of these new hybrids are 

exploited, appropriate cultural practices must be used. 

A. Y. Allan, maize agronomist for the Kenya Miinistry 
that inexpensiveof Agriculture, has demonstrated 


practices, stch as early planting and clean weeding, can 

than a hybtid varietybe relatively more important 

As shown in Fig. 3, experimentaland fertilizer (1)". 
peasant farming practices wereyields from normal 

Use of a hybrid with fertilizer increased19.7 q/ha. 

LOCAL PRACTICES 

1 q/ha 

q32.7 00 

32.7 q/ha 

($18.35/ha) 

48.9 q/ha0 
($113.05/ha)
 

-J 

05 -J 

80.6 q/ha 

($208.87/ha)
 

RECOMMENDED PRACTICES
 

through improved hus
in Kenya

3. Maize improvementFig. 
use of hybrid seed and fertilizer. Increasedbandry and the 

profit per hectare it shown in parentheses [from Allan (1)]. 

yields by 13.0 c/ha without early planting and clean 
weeding and 31.1 ql/ha if early planted and clean weed
ed. Similarly, the recomnmentled husbandry practices 

yields 29.2 q/ha with the local varicty and nog'hy 

a byfertilizer and gave a 17.6( q1 ha yield increase with 
brid variety and fertilizer. Yields were quadrupled 
from 19.7 q/ha to 80.3 q/ha, and profits were increased 

by S209/ha in the trial with the recommended prac
tices: a hybrid variety, early planting, moderate rates 
of nitrogen antI phosphorus i nd clean weedpo Sp fertilizer,aw 
ing. The extra profit is shown in parentheses in Fig. 3. 

has shown that responses canAgronomic research 
be obtained from nitrogen and phosphortus with a large 

interaction (Fig. 4). Potassium does not limit yield 
ulfur aI he limitin'g onin the Kitale area, although 

tcertain soil types.
Planting at the beginning of the rainy season at 

aKitale not only gave the highest ields, but also gave 


greater response to nitrogen. When the recommended
 
N), the farmer
rate of ilitrogen was lsed (1.58 q ha 

lost 6.5 q, ha for eml i week of delay in planting (Fig. 

5). The yield potential ws thus halved 1 a 6-week 
lcautse tle ,tny seasolt was longdelay if jflanting. 


enough for the 1lai/e planted 8 weeks late to mature
 
seasonbefore the rains stopped, length of the rainy 

1 ie earl\ growthwas not involved in thii rspons. 
tioli in the number of kernels percheck and the redn 

plant caused I) the wet, poorly aeraied soil when 
recause some of the yieldplanting was delayed may 

duction3 . 
Yields can also be increasel greatly hy using the cor

rect plant populations. The optimum poptlation for 
Kitale is about .10,000the tall hylbrid, 11613C, at 

are recommendedplants 'ha, whereas -17,000 plants ha 
for the mediun height hybrid, I-1512' (Fig. 6). 

,Allan, A. Y. 1971. The influence of agronomic factors on 

maize yields in Western Kenya with special reference to time 

of planting. Ph.D. Thesis. University of East Africa, Kampala, 

Uganda. 
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Fig. 5. Date of planting response with and without nitrogen 
for the maize hybrid H613B in Kenya, 1968-70 [from Allan 

In addition to conducting their research projects, 
Harrison, Allan and F. Ogada (Senior Maize Research 
Officer for the Kenya Ministry of Agriculture) also 
worked as research-extension liaison officers to be 
sure the extension service personnel were familiar with 
the recommended hybrid varieties and agronomic prac-
tices needed to obtain economic returns from the new 
hybrids. P. T. S. Mirie, l)irector of Agriculture, knew 
that the peasant farmers did not respond very enthu-
siastically to Maize Field Days on Government Sta-
tions. Hence, the extension staff was directed to con-
tact leading farmers to obtain their cooperation in con-
ducting maize deiionstr;,tion plots on their farms. 

The farmers bought the inputs and tended the plots 
under the guidance and supervision of the extension 
officers. Neighboring farmers %*ereinvited to a "meth-
ods lemon5tration" at planting and a "results demon-
stration" at harvest. Each cooperating farmer was en-
couraged to describe how the hybrid maize and thedouble or triple his Niels. These demonstrtion pltto 

l olots 
were extremely successful in getting the peasant farm-
ers to adlopt the complete maize improvement package. 

This success could have been nullified without ade-
quate seed prodtction and (listribution. Kenya was 
fortunate, however, to have a commercial company, 
the Kenya Seed Company, willing to undertake the 
production of the hybrid seed. They contracted with 
arge-scale commercial farmners near Kitale to produce 
the seed under a certification program conducted by
the Kenya Ministry of Agriculture. Originally the 
farmers were European, but many of the present seed 
growers are Kenyans who have purchased some of the 
large farms. The Kenya Seed Company made arrange-

recommendled cultural practices had enabled him 

merits with the Kenya Farmers' Association (a coopera-
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Fig. 6. Response to plant populations for maize hybrids H512
and H613C in Kenya in 1970. 

tve) and MacKenzie, Dalgety, Ltd., Inc. to distribute 

zer and other agriciuural production supplies. 
No extensive credit program was organized, but 

credit was available through the Government, coffee 
cooperatives, small storekeepers, and other sources. 

The Kenya Maize and Produce Marketing Board 
provided a fair price and a ready market throughout 
Kenya, regardless of the amount of maize offered for 
market. These prices and those for hybrid seed are 
shown in Table 3. Hybrid seed prices after 1965 in
cluded transportation charges and were uniform 
throughout Kenya. 

The area planted to hybrids has increased every 
yea- except in 1968 (Fig. 7). The sudden drop in the 
maize price in 1967 caused a large reduction in the 
number of hectares planted with maize on large farms 
the following year. Use of hybrid maize seed on small 
farms has increased steadily with no sign of leveling 
off. The amount of maize handled by the Maize and 
Produce Marketing Board through 1969 is shown in 
Table 4. Before the advent of hybrid maize, Kenya 
fluctuated between slight surpluses and large deficits,of hybrid maize increased, deficits were 
of hyrdmies were rduced,.and 
large surpluses were produced in 1967 and 1968. The 
population growth and a mild drought produced a 

depending on the weather conditions. Asreduced,the amountand 

Table 3. Price of hybrid seed and commercial maize in Kenya 
(1964-71). 

crop 
year 

Hybrid 
need 

Commerical 
maize 

196 
1965 $/q 

20.14 
20.14 

Vbu 
5.135.13 

$q 
S.C5.04 1.281. 28 

,bu 

966 
1967 
1968 21:69 

2'.93
22.93 5:52 

5:845. 84 
5.73 
4 .344.34 

i:46 
101.10 

1965 
19701971 24,51 

24.5124.51 6.24 
6.246.24 3.87 

4.654.65 
.98 

l. is1.18 
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Table 4. Maize handled by the Kenya Maize and Produce 
Board in thousands of metric tons. 

Crop 
year Purchases Exports Imports 

1959 150 9 0 

1960 144 0 17 
1961 149 9 65 

87 0 
1963 98 53 0 
1964 106 0 14 

1965 134 0 192 
1966 228 63 0 
1967 326 

1962 203 


271 0 

1968 294 230 0 
1969 192 0 13 

Sorghum and Millet Improvement in Uganda 

Sorghum and millet are the major cereals in Uganda. 
Sorghum usually is grown in the second-season rains 

and is harvested early in the dry season. An excellent 
variety of medium height 'Serena' was developed by 
H. Doggett, the EAAFRO breeder, and released sev-
eral years ago; a new hybrid, 'Hijak,' waskasreeaedin0.released in 

been hampered because satisfac-1970. Progress had 
tory techniques and breeding methods to develop high-
yielding, insect-resistant varieties were not available. 

The central shoot fly (Antherigia sp.) and the stem 
borers (Chilo zonellis and Buseola fusca) cause serious 
losses in susceptible varieties (5, 8, 9). Chemical con-

Serena and selectionstrol is expensive and impractical. 
from Serena crosses, such as 3DX57/l, have good tol-
erance to the shoot fly as shown by the percentages of 
recovered plants and heads per 100 plants (Table 5). 
Yields of these varieties were not reduced as much un-
der severe infestations as were those of the less tolerant 
varieties. 

Sorghum yields and responses to fertilizer can be 
reduced greatly by stem borers (Table 6). The former 
Major Cereals entomologist, K. J. Starks, developed a 
technique for obtaining uniform infestations of shoot 
flies (8) so that the breeder and entomologist can die-
velop more resistant varieties, and D. Barry has been 
working out the techniques for artificially rearing the 
stem borers. 

Modifications have been outlined to apply a com
prehensive breeding system to sorghum (4). Popula-
tions have been develhped and are under selection for 
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Fig. 7. Estimated hectares planted to commercial hybrid maize 
on small and large farms in Kenya. 

Table 5. Grain yields and shoot fly recover/ ratings on sorghum 
varieties in Uganda [from Doggett et al. (5)]. 

stoot fly Heads per Yield 
Variety recovered 100 plantg 'i/ha 

Serena 75.0 146 25.6 

3DX 57/1 63.3 182 27.0 
5DX 61/6/2 45.8 112 1.4 

SB77 44.2 Si 13.6 
Redlan 40.8 78 2.3 
StK i 29.2 97 11.6 

CK60 25.10 51 7.8 

1.9D, P - 0.05 9.5 28 5.2 

Table 6. Performance of the Serena sorghum variety at Serere, 
Uganda, as affected by fertilizer and stem borer infestation 
in 1968* [from Starks et al. (9)]. 

Ug. plantGa ve.d 

_et qe haesFertilizer, _/ha_ • cm 

N P,o, plot. pots iti.t.. plot, 

0 0 13h.8 121.2 34.S 2. 

0 0.9 143.7 111.7 43.4 3c.3 
0 1.8 144.2 193.3 42.9 19.2 

0.9 0 1. 129.6 41. 94.
:9 55.62:0.9 
1.8 15.2 12.s 1.3 S 4.70.9 

1.8 0.9 14h.7 144,- . 47.9 

M. a 144.9 3li.1 10. 4 16.9 

LS, P0.05 8.0) .,0 0.6 i.t 

C%.T 7.0 7.0 11.0 11.0 

• Data are averages of 2 triala. t io change quintals 'hectar to Ib/acre multiply 

by 89.2 

insect resistance and for high yield under improved 
cultural conditions. Preliminary evaluations of these 
new populations after only one cycle of S, selection 
are most encoLraging. 

Extensive fertilizer trials on farmers' fields by a 
Major Cereals agronomist, . Schunmaker, have shown 
that yields cam be increased from 9 to 27 (1/ha with 
moderate rates of nitrogen and phosphorus (Fig. 8). 
Better cultural practices and improved varieties with 
insect resistance would permit even higher responses 
(9). 

Although the yield potential of finger millet (Eleu
sine coracana) seenis much less than for sorghum, 

22 

2
20P 

_u 
2 0 P205 

10 

6 r 0.00 P205 

2 

I I 0_ I 

0,00 0,15 0.30 0,45 0.0 0.75 

NITROGEN (q/ha) 

Fig. 8. Nitrogen and phosphorus responses for Serena sorghum 
obtained from 4 X 4 factorial trials grown in farmers' fields 
near Serere, Uganda. 
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large acreages were grown in the first rainy season 
because of the drying and storing qualities of this 
small-seeded crop. Extensive trials have not shown 
great differences in yields among local or the better 
introduced varieties. The variety 'Engenyi,' selected 
from these trials, is expected to be released for use
while a Major Cereals millet breeder, L. V. Peters, 
is developing new varieties. 

Bulrush millet seems to have a good yield potential
with few insect and disease problems. Preliminary 
evaluations indicate that the protein quantity is high
and that the quality is good. An extensive breeding 
program based on a comprehensive breeding system is 
well under way. 

Cereal Processing Laboratory 

Bird damage to the bulrush millet and sorghum 
crops usually is severe throughout East Africa. Losses 
in brown-seeded sorghum varieties, which have a high-
er tannin content, are much less than those in white-
seeded types. However, brown-seeded varieties are 
much less palatable for human consumption. The 
cereal-processing laboratory staff of EAIRO in Nairobi 
has been studying methods of removing the seed coat. 

A Major Cereals chemist, A. Shepherd, has shown 
that a small rice polisher produces an excellent product 
from the white flinty seeds of sorghum varieties that 
have the tan plant color when approximately 5% of 
the seed coat is removed. The polished kernels can 
be used as a rice substitute or they can be ground and 
used in the traditional cereal preparation "posho." 
The rice polisher is now being evaluated in a village
operation. This process does not appear practical for 
colored sorghum becase 20 to 25 ,o of the kernel must 
be removed to eliminate colored pigments. Because 
the outer layers are highest in protein, the finished 
product is not desirable fron a nitiitional point of 
view. 

The cereal laboratory is also evaluating variouis 
sorghum products in commercial preparations. New 
recipes for home utilization of sorghum products from 
the polished whole or cracked kernels and semolina 
flour have been developed in cooperation with the 
Home Economics Department, University of Nairobi. 
These products create(] considerable interest when 
demonstrated at agricultural shows in Kenya and Tan-
zania. 

The protein.quality and quantity of sorghum, finger
millet and miaize are low. Because posho made from 
ground meal of these cereals is the main food for babies 
after weaning, severe protein deficiencies often devel
op. The cereal laboratory is cooperating with breeders
in developing new varieties with protein of lhigherbiological value. 

Eastern African Regional Activities and Training 

Regional cereal workshop conferences have been 
held biennially since 1965. The first two were held at 
Kitale, Kenya. and Serere, Uganda; the 1969 meetings 
were held at Chilanga, Zambia, and Lilongwe, Malawi; 
and the 1971 meeting was held in Ethiopia.

Most east African countries have participated in 
these workshops, and the exchange of ideas, tech-
niques, and breeding materials has been invaluable, 
Regional trials have been organized to evaluate in-
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Table 7. Yields in q/ha of varieties in East African Maize 
Variety Trials in 1968-69.* 

Hybrids Local variety 

Country H61I(R)CI H632 S152 Improved Fa-mere 

HighAltitude 
Kenya 104.7 84.7 69.0 69.7 69.8 
Ethiopia 70.1 66.2 62.2 51.4 53.7

Mum Altitude 
Kenya 54.2 47.4 38.1 41.1 32.0 
Tann.iaUganda 38.0 33.242.6 38.8 30.6 24.136.2 46.8 25.9 33.1 

y MalawlZambia 49.840.5 58.3 61.0 42,2 48.633.045. 2 52.8 41.7 

C..eroun 74.2 82.2 79.7 39.1 51.4 
From the 1970 AnnualReportof the Major Cereals IoAfrica Project. 

troduced varieties to facilitate development of diverse 
breeding populations and to evaluate improved East 
African varieties and hybrids. At each location where 
the trial was grown, local farmers' strains were collected
and used as check entries. 

Trials with 23 maize varieties were distributed to 
more than 50 locations in 1968, and 38 trials were com
pleted and sumnarized. Hybrids that will greatly out
y;eld local farmers' strains and the local varieties in all 
countries have been identified (Table 7). The Kenya
hybrids, H61 IC, H613C, and H632, produced by the 
Kenya Seed Company were recommended at the high 
and medium elevations, except in Zambia and Mala
wi. The Rhodesian hybrid SR52, produced by 
the Zambian Seed Growers Association, was recom
mended in Malawi and Zambia. SR52 also yielded
well in Uganda and Tanzania unless either blight
(HelminthosporimIn turcicunm Pass.) or rust (Puccinia
sorghi Schw.) was severe. Maize breeders in Tanzania 
and Zambia were also using a conprehensive breeding 
system (6), and varieties and variety crosses from their 
breeding programs were very promising.

Regional sorglu,.m trials have shown that Serena is 
well adapted to Kenya and also to Tanzania. The new 
hybrids and varieties from Serere also seem to have a 
good potential in other areas. Regional millet trials 
have been established and will provide information 
on the adaptability of the new varieties and hybrids.

On-the-job training has been provided by the maize 
breeding program at Kitale to one Tanzanian and to 
several Kenyans. The Kenyans are now conducting
breeding progriams for the Ministry of Agriculture 
and one has been employed by the Kenya Seed Con
pany. Similar training is provided by the sorghum and 
millet program in Uganda. Fellowships have been 
provided by the U.S. Agency for International Devel
opment and by the Rockefeller Foundation for grad
tlate work in tle U.S. 

Cereal Improvement in Nigeria 
The soils of West Africa are highly weathered, mod

erately acid, and low in organic matter with low base 

exchange capacity. In the Sudan Zone, periods of 
droughts are common. Under these climatic condi
tions sorghum and millets usually are more produc
tive and reliable than maize; however, average sor
ghum yields are approximately 6 q/ha. In the Guinea 
Zone rainfall is more dependable and extends over 
a long season from .June to October. Local varieties 
grow very tall andimature at the end of the rains. 

A figure of 4 million hectares is given for sorghum
in Nigeria which is approximately half of the West 
African sorghum hectarage. Bulrush millet is planted 
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to another 3 million hectares in Nigeria. Not only veloped from exotic germ plasm. The World Sorghum 

does Nigeria have about half of the sorghum and mil- Collection is being screened for new sources of Striga 

Africa but it also has about tolerance or resistance.let production of West 
Downy mildew (Sclerospora sorghi Weston 8cUp

half of the population. 
pal) is potentially destructive and a disease nursery is 
being established by a Major Cereals pathologist, S. B.

Sorghum and Millet Breeding 
King. When a high infestation level has been attained 

At Ahmadu Bello University, Zaria, two sorghum in this disease nursery, screening for resistance should 
breeders, D. Curtis and D. Andrews, made many col- be effective. Pathogenic variability of covered smat 
lections and, with an extensive breeding program, (Sphacelotheca sorghi (Lk.) Clint.) is being studied 
were able to develop improved local varieties 15 to in regional trials in eight "West African countries. 
20% higher yielding than farmers' strains. These va- Breeding materials are being screened for head smut 
rieties were very tall and their main response to in- reaction by use of artificial inoculation, and a head 
creased plant populations and fertilizer was increased smut disease nursery for screening against natural in
lodging. The improved varieties were similar in ap- fection is being established. 
pearance to the ones the farmers had been growing The improvement of bulrush millet is receiving con
and the small yield increase was not readily discern- siderable attention. New populations are being formed 
able. Hence, their acceptance by farmers has been from local iateiials and the superior entries of the 
limited. To make an impact on the farmer, he must World Collectio -. Shorter, lodging-resistant ypes uith 
be given a "new model" which differs in appearance resistance to downy mildew and smut (Tolvposporium 
from his traditional varieties and which will give him pencillariae)are needed. Although yields of improved 
a 50% or greater increase in yield when grown as varieties generally range from 10 to 25 q/ha, the im
recommended. proved 'hoinu'variety has yielded 44 q/ha at Samaru. 

Improved long-season varieties and hybrici of inter
mediate height have been developed. Short Kaura, a Maize Breeding 
mutant selection from a Nigerian cultivar which yields 

Maize seems to have tremendous potential in areasapproximately 70% more than the tall vari2ties (2). 

was released in 1969 and two other semi-dv.arf varie- of adequate rainfall when improved cultural practices
 

are used. Without fertilizer, maize yields are nil, butties were released in 1971. 
with fertilizer and the recommended cultural prac-A random-mating breeding population has been de-

of 65 q/ha can be obtained (Table 9).veloped from local collections, introduced varieties, 	 tices, yields 
Maize is affected less by the insect pests and can maand selections from crosses made in 1966 involving the 
ture before the end of 'the rains without loss of yieldWorld Collection. A male-sterile gene, ms7, isolated by 


breeders at Zaria from an irradiated local variety was or quality.
 
Many improved varieties and collections have beenused to enforce recombination. A population of inter-

mediate height with white grain has resulted from the 	 introduced by the Western StatesiUSAID maize breed
er, 1-I. C. Viggin, and by two Major Cereals breeders,
mass-selection practiced. Recurrent selection, S, selec-

and J. Craig and 0. J. Webster. Some of these varieties 	andtion (4), will be used to improve yield, disease 

insect resistance, and agronomic characteristics. The variety crosses have given very high yields at Zaria
 

should be a valuable source of (Table 10). Selections from the introductions haveimproved population 
both pure-line varieties and parents for inipiaved hy-	 been used to develop the improved varieties 'SC3' and
 

'09-4' and other very broad-based composites (NCA,
brids. 
NCB, NCC, NCD) to be used as the nm:nii breedingBreeders have now identified shorter, earlier hybrid 


sorghum varieties that give three- or four-fold increases populations. The crimOosite 09-1 !-'.s rust (Puccinin
 
polysora Underw.) ;,nd blight (Helminthosporium
in yield in the Sudan Zone when grown with the rec-

ommended cultural practices as shown by the yield maydis Nisik. &Miyake) resistance and ha been select

and 137-62 in Table 8. Sh-II is a typical,
of NK300 
tall, improved local variety. The seed of NK300 is 	 Table 8. Performance from 11 Regional Sorghum trials (Sudan 

red and would not be accelptable to most people. Va- Zone) in 1969.*
 

rieties and hybrids with similar yields, but with accept
able quality, are being developed. Counr Averageof IIocations Zarl
 

Use of these improved, short, early types poses a 	 of Yield itetght, Day.to Yield 
74 ..3 /ha54.2 

real problem in the Guinea Savana because of the long VretyNK300 USArg 4.7 


7176 45.f
Serena Uganda 25. 	 34.7rainy season. If planted at the beginning of the rins, 137-62 Niger 23. 5 173178 

they mature before the rains cease and quality de-	 CSH-l India 23.4 27 57 33 8 
9 69 43.0

M9290 sd, 22. 7teriorates rapidly unless they have the brown seed 

coat. If planting is delayed, yields are reduced dras- From the 1970Annoal Report of the Major Cereols inAfrira Project.
 

tically because of the build-up of insect pests andt maize trials in WestTable 9. Performance from 8 regional
diseases. 


Insect pests can be a serious problem for sorghum Africa in 969.*g
 
_locations
in West Africa. Resistance to the central shoot fly, 	 Country Zar.a 

vaityo 	 Yield Day. to Yield
the stein borer, and midge are needed. A Major Ce-	

./. i 9 66.1Copolte 2 Ghna
reals entomologist, G. T.York, is working closely with 
the breeders to develop resistant varieties. Yield losses o Nigeria 15.0 5b 62.6 

Massayomba Upper Volta 33.8 57 58.1
 

from the parasitic witchweed, Striga hermonthica, can BDS .enegal 32.3 54 60.1
 
NS1 Nigeria 31.4 62 58.8
 

be very great. Local varieties have some tolerance to Jauneliatlf Upper Volta 29.7 53 48.5
 

Striga that must be transferred to new varieties de- From 1970Anntzl Reportof the Major Cereals In Africa Project.
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Table 10. Performance from maize evaluation trials grown 

near Zaria, Nigeria. 


1967.69 1969-70 trials 
Meanyields Yield Ear height 

qfhE q/a cm_ 

Vriety Cr..... 

A49 C33 73.3 

BY7 Ac 72.2
 
BYOc0 72.1 

Varietles 
cI0(Cub.32SKUSA342)-41Da.V254 a 61.5 

NStI(Improved local variety) 59.4 54.8 140
 
A49(rTolo, local variety) 56.5 

BY (Syntheticfrom USAhybrids) 56.2ca

A5A154 (Dtacot(DyeleV101)VI01) 5.2S3AhybidsS3. 2
 

C 2 (Yot.c. Da. V351)-2erDta. V254 0 47.5 

C33 (Dtacol 38.6V351) 

094 (bproved composite) 59.6 110 

Mexico 5 59.8 160_ 

ed for lower ear placement, lodging resistance, and 
higher yields. Sources of genetic resistance to blight 
and rust have been identified and incorporated into 
the strain of the populations to be selected at Ibadan 
where these diseases are serious The Ibadan strains 
will be improved by one cycle (3 seasons) of S, selec-
tion per year. The two rainy seasons will be supple-
inented by irrigation during the dry season. These 
single gene sources of resistance will not be incor-
porated into the Zaria strains of NCA and NCB. The 
yield evaluation trials for S, selection will be grown 
at Zaria but cool winter temperatures only permit one 
winter season. Hence, recombination and selfing will 
be done at Ibadan. The br,- ders hope that the selec
tion of resistant plants in the Za-ria strains of NCA 
and NCB (luring these two seasons at Ibadan, where 
high levels of blight and rust occur naturally in the 
nurseries, will gradually develop multigenic resist-
ance. Plants will I-e artificially innoculated with 
blight to insure uniform infections, 

The improved Kenya variety, KCE, was introduced 
and grown on the Mambilla Plateau (approximately 
1550 in). In trials (luring the last four years yields 
have been more than double the yields of the local 
varieties. Hence, farmers want to obtain seed of KCE 
and it is being multiplied by the Northeastern State 
Ministry of Natural Resources. 

An opaque-2 variety 'Western White' developed by 
Wiggin has been released and distributed to small 
numbers of farmers. As with most opaque-2 varieties, 
Western White has not been accepted by the farmers 
because of its off-white appearance, slowness in dry-
ing, andgb to car rots.nanigreater susceptib~ility toerrt.Opaque-2 

strains of NCA and NCB have also been developed. 
Intense selection forbeterbetter resistancersisancIntese eletio pperanc, 
ear rots, and faster drying rates are expected to pro-
duce an acceptable variety. 

for appearance, toto 

maize is preparedl
When (aizetis preparepby the traditional Nigerianmethodl (a wet-millimig process), the additional lysine 

in opaque-2 maize is lost in the decanted liquid. 
Hence, studies are undler way for possible modification 
of the milling process that might prevent this loss. A 
considerabl amiount of maize is eaten green, however, 
and the extra lysine in opaque-2 varieties is available 
and the onsmerals in opa 2 vand 

Cereal Agronomic Research 

Extensive research in management and agronomic 
practices is needed before high yields of maize, sor-
ghumi, and millet can be obtained regularly. A Major 
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Cereals Soil Scientist, K. R. Stockkinger, and Ahmadu 
Bello staff members have been investigating various 

aspects. Large nitrogen and phosphorus responses 
usually are obtained in maize, but these may be limited
by deficiencies of other elements such as potassium, 

magnesium, molybdenum, boron, and zinc. The role 
of organic matter content on water-holding capacity 
and cation-exchange capacity needs further investiga
tion. Great variation exists from location to location 
as to limiting elements. Better techniques, utilizing 
soil and plant tissue tests, are needed so that recom
mendations can be made regarding economic levels of 
fertilizer application. 

As new varieties become available and recommended 
cultural practices are determined, greater attention 

must be given to extension-liaison activities and seed 
production. Preliminary seed-production efforts with 
hybrid sorghum have not been successful, but further 
investigations should solve current problems. Coin
mercial seed companies have been encouraged to ini
tiate maize hybrid production in Nigeria, and a pilot 
project hybrid maize has been started in Ghana. 

The West African governments have been encour
aged to expand their marketing systems to include 
cereal crops so that farmers can sell their surpluses 
for a fair price. Of course, the main objective is to 
produce food crops on fewer acres in order to release 
land for the production of export crops. 

West African Regional Activities and Training 

West African workshop conferences were held in 
1965 and 1969 at Zaria, Nigeria, and in 1971 at Bam
bey, Senegal. Simultaneous translations in French 
and English, both in tne conference room and in the 
field, permitted full participation by all delegates. The 
papers were published in African Soils. These meetings 
have been very useful in encouraging the exchange of 
information and genetic materials to maximize the 
productivity of limited manpower and other resources 
available. 

Regional trials have been organized to evaluate the 
improved sorghum, millet, and maize varieties. Eco
logical zones extend in an east-west direction across 
West Africa south of the Sahara, with rainfall de
creasing from the southern (coastal) to the intermed
iate (Guinea Savana) and northern (Sudan) zones. 
The coastal zone has two rainy seasons, whereas theotezoehaeasnlsaonwhaprgsivy 
other zones have a single season with a progressively 
shorter period theof rainfallneed toward the north.for Sorghumdifferenttrials indicate in each subzone 
vries wic at t h end of thern 
varieties which reach maturity at the end of the rains. 
The same varieties are adapted across West Afria
within the subzones. In contrast, maize varieties have amc ie ag faatto eas h uk 
a much wider range of adaptation because the husks 
prevent losses even if they mature before the end of 
the rains. Extremely low yields have been recorded in 
many of the regional sorghum and millet trials, indi
cating a need for more attention to cultural practices

bird control which will permit the varieties to 
express their full potential. 

Funds to train Afrcan scientists have been available from local governments, the Rockefeller Founda

tion, and U.S. Agency for International Development 
and other sources. Graduate students are encouraged 
tn obtain their M.S. from local universities, such as 
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Ahmadu Bello University, and to investigate local 
thesis research. However, fellow-problems for their to attend U.S. 

ships are provided to permit tfor 
versities for 12 months to supplement the courses of. 

also provided tolocal universities. Fellowships are 
complete all requirements in the U.S. 
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