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Preface 
The last 20 years have seen little if any 
increase in maize production in many 
African countries, while population has 
increased considerably, leading to a 
decline in per capita production in 
these countries. The result has been a 
growing dependency on imports and 
food aid, and adverse impacts on 
foreign exchange holdings. This 
situation has been aggravated by 
drought. The worst famine in recent 
African history took place in 1984, and 
1985 was predicted to be still worse. 

Many formidable problems lie in the 
path of African farmers, barring the 
way to more vigorous and efficient 
maize production. Overcoming these 
problems will require determined 
action by many groups and a firm 
resolve on their part to work together. 
The scope for cooperation and its 
potential benefits are particularly great 
for Africa's agricultural researchers, 
who stand to gain, among other things, 
better access to ideas and techniques 
from inside and outside the continent. 

For several years, CIMMYT has been 
helping construct a framework for 
research cooperation through its two 
regional maize programs in Africa. One 
of the fruits of that work was the 
Eastern. C'-ntral and Southern Africa 
Regional Maize Workshop (held in 
Lusaka, Zambia, March 10-17, 1985), 
the first meeting of African maize 
researchers since the termination of 
the East African Community in 1977. 
The chief aim of the workshop was to 
create a better awareness among 
researchers of their mutual problems 
and of various approaches to solving 
them. 

With this proceedings, our aim is to 
further strengthen that awareness, 
which is the foundation of regional 
cooperation in maize research. The 
proceedings consists of 17 country 
reports and 13 contributed papers by 
prominent maize scientists from both 
developed and developing countries. 
Some of the reports and papers are 
followed by questions and answers or 
comments that were made at the end 
of the presentations and give further 
information on the subject under 
discussion. The contributed papers 
address many critical issues (research 
planning, breeding strategies, on-farm 
research, seed pioduction) that African 
nations are confronting as they seek 
more effective agricultural research 
strategies. Many of the papers treat 
some aspect of maize improvement, 
with particular emphasis on genetic 
resistance to insects, diseases and 
drought. These resistances are vital to 
the improvement of grain yield 
stability, which in the African context 
is at least as important as increased 
yields, if not more so. 

Maize scientists should find much 
useful informalion in this fairly 
detailed and comprehensive account of 
the conditions, problems and activities 
of their counterparts throughout the 
region, as well as of maize research 
being carried out by the international 
agricultural centers. We hope that this 
proceedings wi!l not only make those 
scientists better informed about maize 
research in Africa, but that it will also 
help them identify specific 
opportunities for research cooperation. 

Bantayehu Gelaw 
Workshop Organizer 
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Opening Ceremonies 
Welcome to the First Eastern, Central 
and Southern Africa Regional Maize Workshop 
The Honourable G.K. Chinkulu, MP, Minister of Agriculture and 
Water Development, Zambia 

.J 


The need to expand the production of 
maize, as well as that of other cereals, 
is recognized as one of the most 
critical Issues presently facing Zambia 
and other countries In the region. 
Therefore, I want to express my 
sincere pleasure and appreciation at 
being invited to open thIs maize 
workshop, which I understand is being 
attended by delegates from 17 
neighboring countries in eastern, 
central and southern Africa. 

It is extremely gratifying to note that 
many organizations, including the 
International Maize and Wheat 
Improvement Center, the International 
Institute of Tropical Agriculture, the 
International Development Research 
Centre and the United States Agency 
for International Development, have 

provld&d funds to sponsor the 
attendance here of many of the 
delegates from outside Zambia. 

Scientists of international renown are 
also here, sponsored by their own 
institutions. We are indeed fortunate to 
have such experts join us. They will be 
presenting stimulating papers, leading
discussions and providing the cohesion 
required for this regional workshop. 

I welcome you all and h.ope that you 
will be well satisfied with the workshop 
and by your visit and experiences in 
Zambia. 

This week's workshop is the first of its 
kind to be organized in Zambia since 
the Third East Africa Cereals Research 
Conference in 1968, some 17 years 
ago. That conference was jointly 
sponsored by Zambia and Malawi, and 
was part of a tri-annual gathering of 
agricultural specialists which was held 
in various countries. I understand that 
some of the delegates here today were 
also at that conference. This maize 
workshop is part of an attempt to 
revive such regular meetings. 

As many of you know, the Consultative 
Group for International Agricultural 
Research (CGIAR) now has a number 
of centers under its financial wing. 
They conduct research in the major 
food crops and livestock and have 
mandates to work in close cooperation 
with national research and 
development programs. CIMMYT has a 
global responsibility for maize, and 
works in close cooperation with IITA, 
which concentrates particularly on the 
humid tropics of Africa. 
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Tile international centers were 

established to help regi )us such 
as 
ours. They are there to guide us in our 
long- and short-term research projects
and to spread improved technologies 
around the world. They cooperate in 
providing guidance in the training of 
personnel, in establishing procedures 
for conducting sound research, in 
organizing production and marketing 
programs and inhelping to transler 
knowledge regarding crop 

improvement. 


I am glad that the internalional 
institutions responsible for maize have 
recognized the importance of our 
region. ilopeffully, production can be 

increased to such an extent 
 that wc 
will be able not only to feed ourselves 
and supply our agroindustries, but also 
to export to those who are less 
fortunate and thus earn needed Foreign 
exchange. 

The objectives of this workshop arc to 

outline the -state of the art- If1or
maize 

in the region, to clarify the major

constraints to increased production 

and to identify priorities. All effort has 

been made to bring together as niany 

scientists and other lay personnel 
as 

possible, so as to create a 1brum for a 

fruitful exchange of ideas and regional 
priorities and to discuss the oossibility
of sharing resources and niaterials. 
This workshop provides an excellent 
opportunity tc conlunicate, to think,
to evaluate and to improve upon thiese 
interactions. Each counLry, howevei, is 
ultimately responsible for its own 
destiny, and must develop sound, 
meaningful and long-term maize-
Improvement strategies. with 
assistance from the internal ional 
institutions, 

In Zambia, the party and its 
government has made a clear 
statement that this country should 
become self-sufficient in the major 
foodstuffs by 1990, ' Operation Food 

Production Programme." The program, 
announced in 1980. is spearheaded by
small-scale subsistance farmers. lina 
farmers (those cultivating one linia, 
about 14 acre or 625 in 2 ). commercial 
farmers and state farms. For this
 
program to succeed, careful thought
 
and action need to he given to the
 
positive and careful use of the
 
country's resources; this neans that
 
crop production will have to be tailored 
to appropriate agroccological zones. In 
Zanbia. we arc now well-aware that 
we cannot continue to push production 
of' maize to all areas, especially those 
where other crops ('ail be grown with 
comnparative advantage. The country's 
rr'sources should be used to produce 
ood crops and other agricultural 

products iii areas where they are best 
adapted. 

In ternis of rainfill, its distribution and 
potential evapotranspiration, a large 
part of this region cau bc considered tobe in Ilie semiarid tropics. Rainfall 
teilds to occur over only a fvew montlhs 
of the year. while evapotranspi ration 
exceeds rainfall for mot) of the y'ear: it 
is important that s( isible and careful 
ise be made of the rain that falls. 

There are some very large rivers in the 
reglion, and it is extremely important 
that agricultural practices not result in 
our precious soil being ramislorted 
away fronl the farms and downl the 
rivers to be irretrievally lost in the sea. 

The soil is our heritage. and it must 
not be lost. The conservaion of soil 
and water and the use of irrigation is 
of, utmost importance, as is the 
development of more drought-tolerant 
'rop varieties. We are all aware that 
large areas of Africa have been 
severely aff'cted by droughlt conditions 
over the last several years, and in 
many,countries this continues to be 
thle sad situation. I trust that tihls 
aspect Of iiiaize rescarCh will be given 
urgent consideration at this workshop. 
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Farmers live in a risky physical Every nation interested in maize 
environment, and many are in a improvement has no doubt received 
constant poverty cycle, especially those seed and other support from the 
who operate on a small scale. Many international centers and has benefited 
factors contribute to this situation, from it. If your country has not already 
such as inadequate education and done so, take the appropriate action so 
training, limited resources, variable that your national programs can 
marketing and pricing policies, a lack become more productive. It is most 
of credit, land tenure problems and important that our African scientists 
limited or poor extension services. The have continuous access to the centers' 
farmers can do very little to change generous flow of germplasm and 
their physical environment, which also technologies, and that no unnecessary 
has a part in keeping them in this quarantine requirements or plant 
cycle of misery. breeders' rights are in the way. 

What the farmers can do, however, is Plant breeders and other scientists 
to make an all-out effort to protect must produce varieties which minimize 
their environment and grow crops and farmers' constraints, particularly in 
follow farming systems which are marginal areas. You are the key to our 
better adapted to their own particular future health and prosperity. Your 
conditions. They need guidance for shoulders must be strong. your skills 
solving many day-to-day problems, and judgment sound. Good scientific 
which crops to grow and where, which procedure demands that you be 
varieties to use, how to lay out storm energetic, humble, both constructive 
drains and contour systems, where to and critical, open-minded but not 
put access roads, how to manage credulous, accustomed to think before 
wetland areas, and how to manage the you act and then to act upon your 
wet dambos such as we have in conclusions. You must safeguard the 
Zambia. public Interest in matters of health and 

safety, and discharge your professional 
The overall objective that you have as responsibilities with integrity. 
agricultural scientists, like all those 
connected with the agricultural sector, The staff working on maize in Zambia 
is to increase the wel!-being of your have gone a long way in this respect, 
fellow human beings. The problems of and I am sure you will be pleased to 
rapid population growth and the learn that the research branch of the 
necessity of increasing national food Department of Agriculture has made 
production are of concern worldwide, excellent progress; they have rele.sed 
There is a general belief that people in eight new hybrids and two open-
Africa are eating less food now than pollinated varieties in the past year. 
they were ten years ago. and that the When multiplied and available, these 
food is nutritionally poorer. This trend will reduce our 20 years of dependence 
must be reversed, and strategies for on the excellent and productive, but 
increasing production must be adapted late-maturing, hybrid SR52. The new 
to local conditions in each of our varieties will provide a choice for all 
countries. We should not and cannot types of farmers in the various 
afford to continue to import foods ecological regions of the country. The 
which can be grown locally; our scarce maize staff are to be congratulated on 
resources must be used to import this tremendous achievement. 
materials and equipment to help us 
produce the goods and finished 
products. 
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The major thrust now must be to 
ensure that technical solutions be 
found to the production problems faced 
by small-scale farmers: as I mentioned 
before, the majority live in a harsh 
environment with limited resources,
Many largc-scale farmers also operate
within a difficult financial 
environment, with the banks breathing
down their necks. Care must be taken 
so that small-scale farmers are not 
locked into their traditional practices,
and large-scale farmers are not 
burdened with financial millstones. 
This workshop should endeavor to 
ensure that technology is relevant for 
both of these groups. An effort is being
made in Zambia arid elsewhere to 
tackle this problem through on-farin 
research. The adaptive research 
planning team in Zambia functions on 
a regional/provincial basis, and 
supports the work of the 
multidisciplinary commodity rese':rch 
teams that operate nationally. 

There are many examples in which a 
change in crop management and/or
variety brings an array of new 
problems to be solved. Each country
has to understand its own constraints 
and utilize its own research capabilities 
to provide appropriate solutions. The 
international centers are ready to 
provide assistance in germplasn.
materials, technologies and advanced 
training. Sometimes scientists with tie 
necessary skils can be loaned by tile 
centers and placed at strategic
locations in a region. Perhaps this 
workshop can recommend action and 
decide on a possible location or 
locations in this region. It is also 
important that each country encourage
the creative ability of its scientists, so 
as to ensure maximum productivity in 
those areas where maize has 
considerable potential. It is sometimes 
difficult when only a few staff 
members are available to develop well 
thought-out strategies. but even a few. 
supported by funds and equipment. 
can make remarkable progress. 

Training is imperative to success. All 
of our countries need to train and have 
available competent agriculturists. We 
greatly appreciate assistance from 
scientists from other countries, but 
how much longer can we rely on 
outside aid? The international centers 
have excellent courses for scientific 
and technical personnel in most 
disciplines. It is the task of all 
countries In the region to utilize these 
opportunities, arranging sponsorship 
for their workers, either from those 
centers or elsewhere. This workshop 
may reveal what can be clone and 
possibly suggest the number of 
students that can be accommodated 
annually. There should also be 
opportunities for training within the 
region. I understand that CIMMYT 
recently held a successful training 
program ior maize technicians in 
Malawi. and that plans arc underway 
to hold one in Zambia in 1986. This 
workshop can further stimulate such 
plans. 

All of us are faced with a very

considerable challenge. Zambia offers
 
excellent conditions for increased
production through its soil, water 
resources, rainfall and other climatic 
factors. We look to the maize section of 
the cereals research team in lhe 
research branch of the Department of
Agriculture for guidance, commitment 
and enthusiasm. Researchers must 
continue to select improved. disease
resistant, high-yieldiug varieties 
suitable for all types of farmers. The 
grain oi these varieties must be of the 
quality demanded by the consumer. 
The research program must identify
packages of technologies for achieving
production targets in the shortest 
possible time. Similarly, the extension 
services and the various development
and aid programs must vigorously
disseminate the acquired knowledge 
and help farmers during all stages of 
production. 
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We hope that everyone here will In conclusion, I would like to repeat 
contribute effectively to the objectives my very sincere thanks to the sponsors
of this workshop and that all of our of this workshop, especially to 
countries will benefit from it. Good CIMMYT and our own Department of 
research and production strategies Agriculture and its cereals team. I 
must be worked out for each country. understand that many Zambia-based 
Let us collect and collate the facts of organizations have provided assistance 
maize production. How much maize is by way of funding and transport. I 
or could be grown? Where is it grown, thank them all most sincerely. Let me 
and what is the potential area within also say how grateful we are to the 
each ecological zone? In which areas management of our Lusaka 
would it be better to concentrate on Intercontinental Hotel for providing the 
more drought-tolerant crops? What are conference facilties and accomodations 
the major constraints of maize for our international guests. 
production, and how can they be 
eliminated? What are the market To all participants, may I wish you
prices for maize, and are they well in your deliberations at this 
sufficient to encourage farmers to stay workshop and success in your 
on the land rather than seeking challenging tasks when you get back 
alternative employment in the towns? home. I will look forward to receiving a 
Wh~at are consumer demands as to copy of the workshop proceedings and 
amount and quality, and are the recommendations. And most of all, of 
marketing organizations and millers course, I look forward to seeing a 
able to fulfill those demands on a surplus of maize in all of our countries! 
regular basis? What are the training 
needs of researchers, extension It is with great pleasure that I declare 
workers, farmers and others in this workshop open. 
agriculture? Let us produce first to 
feed ourselves, and then hopefully to 
export. 
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The Delegates' Response 
to the Honourable Minister 
A.J. Moshi, National Maize Research Programme, Tanzania 

On behalf of m'y fellow participants, I 
would like to extend our thanks to the 
Government of Zambia for allowing us 
to attend this maize workshop. We also 
wish to thank tilel-onourable Minister 
of Agriculture mid Water l)eveloplerrt 
for tile very sounrid advice lie has just 
given ts. We hope that by file end of, 
tie workshop we will know more about 
tile problems and successes of maize 
productiol illthe t'omitri('s represernted 
here and will have identifiled ways of 
solving those problems. 

We extenid our thanks to tire 
organizers of this workshop. espec(ially 
l)r. Bantayehr Gelaw of tihe CIMMI'T 
East African Maize lrogram, who has 
worked so tirelessly in its organization. 

We also thank the Zambian research 
team for assisting him, as well as for 
welcoming us so warnily to Zambia. 
Our thanks also go to itie several 
institlutions and internal oiollal 
organiza tions without whose 
sponsorshiIp many of us wolid tol )e 
here. 

We hope that this workshop will not he 
ihe last and look forward to aiother ill 
two years. Perhaps. in tihe inierimi, we 
Call pit into praic'lie tI( 
re'ccommietidai ot Ihis workshop and 
will have new oc'li('ve'it('rts to re'port 
ill1987. 

lortonltrable Milistcr. again we wish to 
say. "'hank you." 
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Initiation of the First Eastern, Central 
and Southern Africa Regional Maize Workshop 

B. Gelaw, Workshop OrgEanizer, CIMMYT East African Maize 
Program, Nairobi, Kenya 

On behalf of the workshop steering 
committee and the East African 
Regional Maize Program of the 
Internatlonal Maize and Wheat 
Improvement Cen',&r (CIMMYT), I 
would like to welcome all of you to the 
First Eastern, Central and Southern 
Africa Region~al Maize Workshop here 
in Lusaka, Zambia. CIMMYT's East 
African Regional Maize Program was 
formally established in September 
1982 and is headquartered in Nairobi, 
Kenya- one maize breeder is assigned 
to the program as coordinator. Since 
that time, I, as the program's 
representative, have been attempting 
to organize such a workshop as this, 
but due to a number of circumstances, 
I have been unable to do so sooner. I 
am pleased that the time has finally 
come for this long-awaited meeting of 
African maize research workers. 

We feel that Zambia is a good place to 
hold such a workshop; the Zambian 
National Maize Research Prograia 
successfully released eight hybrids and 
two open-pollinated varieties in 1984, 
and other hybrids and varieties are in 
the pipeline for possible release. Their 
hybrid maize work is backed up by a 
strong population improvement 
program. It is my belief that Zambia's 
experience can provide an excellent 
opportunity for maize scientists In the 
region to see the results of an 
integrated breeding approach. 

During the 1960s and 1970s, there was 
a forum known as the East African 
Cereals Research Conference, where 
scientists from various countries in the 
region got together every so often to 
exchange ideas and research results. 
This conference was terminated in 
1977 with the discontinuation of the 

East African Community. and since 
then we have had only a few sporadic 
conferences and workshops organized 
by national programs and assisted by 
international centers and donor 
agencies. 

Production of maize, the primary food 
crop in Africa, has remained stagnant 
over the past 20 years in most African 
countries, averaging about 1 ton per 
hectare. In certain countries, 
production per capita has actually 
declined. To cover deficits in 
consumption, several African countries 
have become dependent on imports 
and food aid, which has seriously 
affected their balance of payments. 
Africa is the only continent where 
Malthus' prediction of food production 
not being able to keep pace with 
population growth seems to be a 
reality. 

The year 1985 was the target of the 
famous 1980 Lagos Plan of Action, 
which was adopted by African leaders 
for eliminating hunger from their 
continent. However, FAO's forecasts 
show that 21 African countries will 
face more severe food shortages in 
1985 than they faced in 1984, one of 
the worst famine years in the 
continent's recent history. There is, 
nevertheless. some hope that existing 
improved maize hybrids and varieties, 
as well as pr,'jaction practices, can 
increase ld ze yields in Africa. 

To make this hope a reality, research 
activities must be stepped up to 
generate new and more appropriate 
technological components that can 
increase yield dependability across a 
wide range of environments. More 
emphasis should be given to 
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Government Agricultural Research I hope that, before this workshop ends, 
Project funded one of the participants a recommendation will be made that 
from Malawi. The International such a Regional Maize Workshop be 
Institute for Tropical Agriculture (IITA) held every other year, rotating the host 
has pledged to fund one participant countries so as to give each country an 
each from Tanzania, Malawi and opportunity to hold such a meeting. 
Zimbabwe. CIMMYT's Eastern and 
Southern African Regional Economics In closing, I wish once again to express 
Program is covering many of the our heartfelt thanks to the government 
expenses of the workshop. of Zambia for the wonderful hospitality 

they have extended to us. 
Last but not least, CIMMYT's Maize 
Program was ultimately responsible for 
meeting the expenses of all other 
participants, as well as being 
responsible for inviting the 
participants, guest speakers and 
observers. The arrangement of travel 
plans within and between countries, 
telephone calls and the sending of 
letters, cables and telexes was 
undertaken by CIMMYT's East African 
Regional Maize Program office. To all 
others who have contributed in any 
way, and there are many, I am indeed 
grateful. 
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Country Reports 
Maize Research Activities in Angola 
F. Marcelino and M. Girdo, Instituto de Investigacdo Agronomica, 
Chianga, Huambo, Angola 

Maize is the staple food of nearly one-
third of the 2.5 million people of 
Angola and is also the main food crop
of the country. Annual maize 
pr'.duction in the 1970s, the last 
period for which figures are available, 
was about 700,000 tons, of which 
about one-sixth was exported. The 
three main maize-growing areas of the 
country were the central highlands
(70%), the Huila highlands (15%) and 
the Malange highlands (10%). 

About 85% of the total production in 
the 1970s was by small-scale farmers, 
who had al average yield of about 500 
kg/ha. The other 15% was produced by
larger farmers. with yields ranging 
between 1 and I t/ha. 

The principal grain types grown in 
Angola at that time were white flint 
(80%), white dent (10%) and yellow 
flint (10%). The main cultivars grown 
were Branco Rcdondo (a white flint, 
open-pollinated variety), SAM2 (a 
yellow flint synthetic) and SR52 (a
white dent, single-cross hybrid). 

Today, because of problems due to tile 
war, no accurate statistical data is 
available, but it is supposed that 
present production does not exceed 
200,000 tons per year. 

Maize Research Activities 

Maize research in Angola was begun in 
the 1940s and is conducted by tile 
Agronomic Research Institute (IIA).
Presently Angola and Yugoslavia have 
a bilateral contract for cooperation in 
two projects, one in maize breeding 
between HIA and the Maize Research 

Agricultural Research Insti tLtu 

Institute (MRI) of Zernun Polje,
Yugoslavia, and the other in maize 
seed production, with MRI, IIA and 
DNOPA (the National Department for 
Agricultural Production). 

Maize breeding 
The principal activities of the maize 
breeding project are: 

9 	Conservation of a small germplasm 
bank, including about 800 
hetcrozygous populations: 

a 	 Development of inbred lines (1400 
lines are being studied, of which 600 
are ill their sixth or later generation 
of self-pollination and 800 are 
between ile third and fifth 
generations): 
Study of approxilmately 400 hybrids
of various types; 

* 	 Collaboration with CIMMYT in 
international trials (with tile best 
results obtained in 7 EVTs. 2 ELVTs 
and I QPMT): 
Selection for resistance to streak 
virus, the principal maize disease in 
Angola (phenotypic selection is 
being carried out with late material 
and MSR-EVT materials introduced 
from ITA); 
Selection for tolerance to 
Hchninthosporiumn turci'mn, which 
causes leal blight in the central 
highlands: 
Selection for tolerance to soil acidity

he(most of Angolan areas suitable 
for maize growing have acid, 
ferralitic soils): 2 apparently very 
tolerant varieties, 8 tolerant varieties 
and 18 varieties with medium 
tolerance Io aluminium toxicity have 
been selected, and 



* 	Selection for reduced plant height 
for lodging resistance. The CIMMYT 
materials have better plant height, 
but are normally more susceptible to 
HelmJntbosporiumn turcicum than 
the Angolan materials. 

Seed production 
The controlled production of maize 
seed presently involves only one single-
cross hybrid, ZPSC852b, a tall, late. 
white dent variety similar to the SR52 
grown at Malange, and one synthetic, 
SAM3, a yellow flint with broad 
adaptation, moderate tolerance to H. 
turcfcum and good yield potential 
(sometimes more than 7 t/ha in small 
trials at Huambo). In the 1983-84 
season, 31 tons of ZPSC852b seed was 
produced, and 2 tons of SAM3 basic 
seed was ear selected, 

Agronomic improvement 
A small program of field trials has 
been conducted on the use of nitrogen. 
phosphorus, potassium, sulfur and 
magnesium fertilizers and rock 
phosphates. Also. tests on herbicides 
have been conducted, in which 
Primextra was found best for chemical 
control of weeds, especially nut grass. 

Other research achievements 
Other accomplishments of the national 
maize program have been: 

" 	Inbred lines-12 inbred lines have 
been selected as most promising, 
including three of late and one of 
medium-late maturity; 

" 	 Hybrids-18 experimental hybrids 
have been selected, 7 white (4 single 
crosses, I double cross, I top cross 
and 1 triple cross), 6 yellow (4 single 
crosses and 2 top crosses), 5 white-
yellow (mainly from one inbred line 
developed from the hybrid Pioneer 
44), and 

o 	CIMMYT populations-the 
populations showing best 
performance in Angola among the 
CIMMYT trials have been SIDS 
7844, Poza Rica 8022, Across 7921, 
El Paraiso 7929 and Across 8043. 
The best one. Poza Rica 8022. has 
yielded more than 8 t/ha. 

Research Staff 

The staff of the national maize 
program includes two Angolan maize 
breeders, two Yugoslavian maize 
breeders and six Angolan technicians. 
At times additional part-time staff are 
employed: for example, more 
Yugoslavian maize breeders and 
Angolan technicians are needed at 
pollination time. There is also close 
collaboration with the staff of the Soils 
and Climate and tile Phytopathology 
departments of IIA. 

Constraints to Maize Research 

The principal problem in the maize 
breeding project is that experimental 
trials are carried out only in the central 
highlands. However, it is ILoped that, in 
the near future, they can be extended 
to two other locations, Malange and 
Huila (Matala). 

The principal problems in the maize 
seed production project are the 
inadequacy of seed processing facilities 
in the country and the lack of farms 
that are well adapted for seed 
production. The first problem will be 
partially solved with the installation of 
two seed processing plants, at Chianga 
and Malange, by an FAO-UNDP project. 
The establishment of state farms for 
seed production at Huambo, Malange 
and Huila will further increase the 
amount of quality maize seed available 
in the country. 
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Farmer Rejection of Late-Maturing, 
High- Yielding Maize in Burundi 
R.S. Zeigler and M. Kayibigi, Programme Mais et Petit Pois,Institut des Sciences Agronomiques du Burundi,* Bujumbura, 
Burundi
 

l3urundi is a landlocked countrv in 
central Africa. The country is mostIv 
ountttainous. eXce(pt -or the plain at 

the tip of Lake Tangavl+vika. The 
climalte \'aries Iroin tropical to 

temperate according to clevat ion. 
whiclh ranges froln low (800 to 1200 
neters) to nlietiuni (1200 to 1800 
meters) to high (180()O to 2600 mieters). 

Maize is the iost itomportant ceeal 
crop in l3turuidi ain(l is grown by all 
Farmers in all localities. It is most 
imporlant at higih altituides. whetc it is 
cOlnseirled a Iresh gret i cars or iniadv 
into floutr lor the inaking of uuuli. lit 
low altitudes, nlaize is consutmied oTilv\ 
in it forl of ii ilatur( a-s. li 
mediuni-altit tide areas. lilicr (rops 
stch as Cassava and swe't't poltio itiid 
to he more iiportait iii thlie litniati 
diet than ilize. 

Maize is (ult ivaled in association with 
leguInes, paIicaiCtlvI CMo/aits (I'hasc;I uS 
v'ugarisL.) il tilt' idfirs( S'iliot p's.
(Pisurlm ;aItiv'lltl L. in the se('oldl. It is 
grown I)vlsmall-scale fiarinets. and land 
prepat'at ion, sowing. wettling and 
harvesting ire all ('art,d lout bv iaid. 

The prineil)al constrailnis to iniaizt, 
p)rodcietion Ir': 

" 	 Diseases. es)ectiallv tiitiz, sl r('aik 
virus, but also leaf bliglht and tiust: 

" Lack of 'arlv varitt ies with high 

9 	 hIlf'rtile, acid soils, whiCh arc found 
inimany regions, and 

* 	 Poor inl'rastructure within tlhe
 
counntr,, wliclh makes it dilTicult 
 for 
lri'lolers to get t le necessary illti 
aid techn ical advice. 

''ht iaize program is one of the 
research prograins organized Iv llte 
liurundi Istit rite of Agri'tiltural
Sciences (ISAIU). Financial assistance 
for this ptrograii is provided 1)'the 
International )evelopnieit Research 
Centre (lD.)ol 'Canada. Stafling
iniludes oile expatriate adviser, two 
gradi ate agri'i''ilt uirists. two 
tlt'hniciils, ote adinilistirative 
assistant anI nile agrictillnral 
assistant. 

"l'hl principal ohJvct s ,e i Illaize,, 

progiail art': 

Seecnlll atid imtproveneulnt of 
varieties that iltttlit'Ilneeds of 
fi'lnersi activ' ('ollabot'atiotl(wilh 
l Itt liet fIt'iters itt tlie itsting lf 

varieties): 
* 	 Assessmtenit o l'w pirohiims 

idenlified al t lltinlehvel. atid 
slablishitn (If rt'srearch l)roil'ts

l(r solviig these prol)lenlts. 

Rt'sults of* tile prograill to date have 
in'luded the release (ofKilale 
Cotiposite A (CA) lor- tli' igh
altilude zolit, gai-allia-4 Intrthe

yield poleniial, which wold perinidlie(litii-altit itod' zot' and GPS5 fot
aI stcond-seasoti rotation crol): (lit' low-alti'Ade ol. 

" Storage insect pts, partituiarilv
Sitolroga cr'ralclaand ,Sitophllis I'resentlY, spet'ial ethasilhais is biting
spp.: placed on the developtmenti of a high

altittidh' ipoputlation that is rcsi131ant to 

Program for Maii.v aid I' as. Ilitruidi
 
tinstitt, of Agrirullrtatl svi'iii-'s
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maize streak disease and early enough January. After a short dry season, 
in maturity to permit double cropping. farmers plant peas in mid-March 
Resistance is being developed by among the ripening maize, which is 
selecting within local materials under harvested a few weeks later. The peas 
artificial inoculation, as well as by mature as the rains taper off in May 
introducing genes for resistance by and June, and are harvested dry in 
backcrossing local materials with an July. Thus. harvests are staggered over 
IITA source. Two low-altitude materials the year. Almost all production is 
derived from CIMMYT experimental consumed in the home, with any 
varieties (Population 43) have entered surplus entering the local market. 
verification trials on farms, following Commodity prices are set in the local 
their promising performance in variety market place with no government 
trials; these varieties are being intervention. 
multiplied and will probably be 
distributed to farmers in 1986. It is This paper presents a critical analysis 
hoped that the program can identify a of the variety KCA within the context 
synthetic variety, using IITA inbreds, of this local cropping system. In 1982 
to serve the medium-altitude zone. and 1983, field trials were conducted 

according to farmers' traditional 
The Burundi maize program practices to quantify the impact of the 
collaborates with international use of KCA on the system. The three 
organizations, including CIMMYT and principal questions addressed were 
IITA; it is felt that the successes whether the farmers gained by 
registered by the program are a result planting high-yielding, late-maturing 
of that collaboration, maize, whether it was possible to 

modify the cropping system to make 
Maize Research the variety more attractive, and 

whether by closely following traditional 
In 1980. the Burundi maize program practices, researchers could modify
recommended for release a high- selection strategies to insure that new 
yielding, long-season maize variety varieties would be accepted by 
selected from Kitale Composite A farmers. 
(KCA). which is of Kenyan origin. 
Maturing in approximately 220 days, Trials 
this tall (>2.5 m) variety is harvested Trial 1. Impact of maize maturity on 
in late May; it is rather susceptible to following-season pea yield-li 
lodging. Although it yields 20 to 40% September 1982, 16 varieties and lines 
more than previously released varieties of various maturities were planted in a 
(8), KCA has met with considerable multilocational yield trial, generally 
farmer resistance because of Its following CIMMYT's methods for their 
lateness. The principal complaints are EVTs, at three high-elevation sites, 
that farmers have to wait six weeks Kisozi at 2090 m. Munanira at 2140 m 
longer before they cal begin their and Nyakararo at 2100 m. In early
harvest, and that this does not permit March, 10 t/ha of manure was lightly 
a good second-season pea crop. tilled into the soil of the plots, and on 

March 15, peas of the local variety 
Informal surveys by the Burundi Maize Kyondo were planted at a density of 
Program have revealed that one of the 62,500 plants/ha. Because of the 
most common cropping systems in the differences in the maturity of the 
highlands Is a maize/bean-pea various varieties and lines, the peas 
intercrop/rotation. Maize Is typically were planted in some cases as much as 
planted with beans in late September six to eight weeks before the maize 
at the onset of the rains. The beans are was harvested. In some plots, the 
harvested dry In late December and maize was harvested to determine if 
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tilling for peas had had an adverse 

effect on maize grain yield. Total 

economic yield was based 
on the 
market prices of 25 Burundi francs/ha
for maize (120 FBu = US$ 1) and 65 
FBu/ha for peas. Although the crops
under consideration were not cash 
crops. these freely set prices were 
thought to fairly represent their 
relative values, 

Trial 2. The impact of maize maturity 
and density on yiild in a three-crop 
system-A second trial was planted at 
Munanlra in September 1983 to 
compare the performance of KCA with 
that of Igarama-4, an improved local 
maize which matured 35 days earlier 
than KCA in the typical maize/bean-
pea system. Both varieties were 
planted with uniform spacing at six 
densities (55,000, 45.000. 35,000, 
25.000, 15,000 and 5,000 plants/ha) to 
determine which density led to 
maximum yield for each crop in the 
system. Plots measured 5 x 5 meters 
and manure was applied at 30 i/ha; the 
trial was arranged in four randomized 

blocks. The local bean mixture was 

interplanted at a density of 125,000 

plants/ha. As in Trial 1. peas were 

planted among the maize plants on 

March 15, but with a density of 

125,000 plants/ha, which more clni;ely

approximated farmers' plant densities. 

Maize was harvested at maturity, and 
yields were correced to a 14% 
moisture level. Disease severity data 
were noted for all crops during the 
year. Total economic yield was 
calculated with actual market prices at 
harvest, beans at 65 FBu/kg, maize at 
25 FBu/kg and peas at 90 FBu/kg. The 
pea harvest was poor in 1984 because 
of a lack of rain; this accounted for the 
higher price. Total protein yield was 
based on beans at 22%. maize at 9% 
and peas at 22.4 %. Simple land
equivalent ratio (LER) was calculated 
for each maize density and variety over 
the two seasons from the expected 

yields determined from regressions of 
yield data on planting density. The 
standardizing tactor for beans (1430
kg/ha) was the intercept of the 
combined KCA and Igarama-4 bean 
yields as a function of maize density; 
that for peas (1003 kg/ha) was the 
mean of the two intercepts for the pea
regressions. Maize standardizing 
factors were their expected maximum 
yields (8807 kg/ha for KCA and 6120
kg/ha for Igarama-4). Effective LER 
(ELER) was calculated according to 
Mead and Willey (5). All regressions or 
correlations referred to in the text or in 
the figures are significant at least at 
P = 0.05. 

Trial results 
Trial 1-Ttrc was no significant 
correlation between n,'ize maturity 
and total economic yield, but there was 
a highly significant correlation between 
maize efficiency and total economic 
yield: this differed among varieties. 
High-yielding, late-maturing varieties 
such as KCA didn't have total 
economic yields significantly different 
from those of earlier varieties. Maize 
and pea yields as functions of maize 
maturity followed a similar distribution 
at the three sites (Figure 1). A 
significant maize x site interaction was 

Maize 
40001 

0Q 
0 

'o 
__ 

Peas 0 
0o 

m2 
,2000 - 200 

160 18 20 2i 
Days to maize harvest 

Figure 1. Maize and pea yields as functions 
of maize maturity at Nyakararo, Burundi 
Note: Each point isthe mean of four replicates 
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detected for maize yields and appeared The distribution of total ec,nomic yield 

to be due to the lower yields (compared ovcr the two seasons as a function of 

to previous years) of the late-maturing maize density followed a binomial 

lines at Munanira than at the other distribution for both varieties, with no 

sites. This interaction precluded statistically significant differences 

across-site comparisons. Pea yields as a between predicted yields at their 

function of maize maturity at all sites maximum levels (Figure 4). Differences 

closely followed exponential decay, in disease levels were not related to 

with high levels of significance. Peas maize density. 

grown with late maize varieties were 
observed first to etiolate and then die, 10000 
leaving sparse stands of spindly plants • • 
after maize harvest. No difference in 0 Kool 
maize yield was measured between 0: 

border rows with no interplanted peas "8 
Iga00ma-C

and maize interplanted with peas. 

Trial 2-First-season bean yields as a 034000->

function of maize density for the two N, 
varieties were identical, as indicated in : 
Figure 2. Grain yields (kg/ha) of the 2000

two maize varieties were best 
described as logarithmic functions of __ ,________ 
density (Figure 3). Pea grain yields as 5 15 25 35 45 s5 

Maize density (000 plants/ha)functions of maize density are 
presented in Figure 4. There was no Figure 3. Maize yield as a function of maize 
significant correlation between maize density 
density and pea grain yield for Note: Each point isthe mean of four replicates 
Igarama-4, with yield expressed as the 
overall mean. In contrast, pea yield as 0 
a function of KCA density followed 0 Igarama-4 
exponential decay.I 

0 0 01000 0 

0 *KCA 800 
1400 0 0 Igarama-4 

0 700 

"1200 0 0
 

600

0
 

V100 0 >
 
c 

0 0 
0. 

50
 
C Kitale0
 

0)
CO800 0 400 

300 
6001 I I , I I I 

s15 25 35 45 55 5 15 25 35 45 55 

Maize density (000 plants/ha) Maize density (000 plants/ha) 

Figure 2. Bean yield as a function of maize Figure 4. Pea yield as a function of maize 
density density 
Note: Each point is the moan of four replicates Note: Each point is the mean of four replicates 
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In 1984, the rains in the second pea 
season were below normal and poorly
distributed, resulting in very dry soils 
at pod filling and a heavy attack of 
aphids and powdery mildew. Based on 
the same pea variety in the same field 
at the same density in the previous 
year, predicted pea yield could be 
calculated from the regression 
equations. Using the "normal" price of 
peas (65 Fl3u/kg), predicted total 
economic yield could also be 
calculated. The conservative figure of 
75% of the 1983 pea yield, or 1712 
kg/ha, was taken as normal for the 
field in question. The predicted total 
economic yield as a function o maize 
density of both varieties followed 
identical binomial distributions (Figure 
5). Total predicted protein yield, 
calculated in a similar manner and 
plotted as a function of maize density, 
also followed a binomial distribution 
far the two varieties (Figure 6). 

Simple LERs, as a function of maize 
density over two seasons for the two 
maize v'arietles, followed a similar 

garana4 

- 0 
.c: 


Cn 


-1100-
E 00 

>-900-
0
 

C 

0 
-800* 

n I I I 

5 15 25 35 45 55 
Maize aensity (000 plants/ha) 

Figure 5. Predicted total yield of three 
crops over two seasons as afunction of 
maize density 

pattern of decreasing LER with 
increasing density after a peak at low 
density. This decline was less marked 
for Igarama-4, regardless of whether 
maximum yields for KCA or Igarama-4 
were used as standardizing factors for 
maize yield (Figure 7). With the yield 
of KCA as the standardizing factor. 
Igarama-4 had a higher LER over the 
range of densities found in farmers' 
fields (35 to 55,000 plants/ha). This 
trend, though less striking, is also 
present when lgaralna-4 yield is the 
standardizing factor. 

The ELER might be a more 
appropriate comparison of the two 
varieties within this system, but it is 
difficult to calculate since there are no 
direct data available on the desired 
proportion of the (ci-ps.Based on data 
from this trial, however. one call 
estimate from the average on-farm 
maize density (approximately 45,000 
plants/ha) that the desired crop
proportions within local constraints 
(with a maize having a maturity such 
as that of Igarama-4) would be 0.49 for 

340- Igarama 4 

M 0 
LL 0
 

320-

Kitale0 

..
@
 

30
 

...26o2 280 

24
 

I I I I 

5 15 25 35 45 55 
Maize density (000 plants/ha) 

Figure 6. Predicted total protein yield of 
three crops over two seasons as a function 
of maize density 



Site 	x variety interaction is striking in 

2.6 	 long-season maize. At Munanira, the 
two maize varieties were damaged by 

2.4 	 heavy wind, and at Kisozi they
 
iil suffered from a short but severe
 

2A -	 drought that coincided with flowering. 
Thus late maize, although it has a 

K/ higher yield potential, leads to greater
K /I u 2.2 - instability, perhaps simply by being 

"j v I/K 	 exposed longer to the vagaries of 
nature. Since risk avoidance is a 

2.0 -characteristic of subsistence 
I =garama-4 agriculture, farmers may prefer to 
K =KCA "K/K divide potential productivity among

1.8 -their 	 principal food crops. 
I I I p I 

5 15 25 35 45 55 When comparing late- and medium-
Maize density (000 plants/ha) maturity maize, a most significant 

consideration becomes yield quality
Figure 7. LER over two seasons as a and distribution. With KCA, most of 
function of maize density 	 the protein in the system is 
Note: 	Numerator Is variety in question, incomplete, being entirely from cereals; 

denominator indicates maximum yield with Igarama-4. a significantly greater 
used as maize standardizing factor proportion of the protein is 

nutritionally complete because it 
peas and 0.51 for maize. The ELER for comes from both cereals and legumes.
KCA (calculated at 15.000 plants/ha, Igarama-4 is consumed with the beans 
which gives approximately the same remaining from the earlier harvest, and 
grain yield as Igarama-4 at 45,000 peas are consumed with other starch 
plants/ha) was 1.46 and that for staples which are grown on land too 
Igarama-4, 1.90. Adding the bean poor for maize. If KCA were the 
component for each appropriate principal variety grown, maize would 
density gives a total ELER of 2.29 for only be available after most of the bean 
KCA and 2.52 for Igarama-4 crop had already been consumed, and 

no legume would be available as a
Discusaion 	 complement to maize during the dry 

season.

If maize were selected solely on the 
basis of yield in Burundi, late-maturing The different maxima among the 
varieties could be recommended. curves of total economic yield and 
However, Increases in maize yield protein yield and LER as functions of 
would be gained at the expense of the maize density are noteworthy. LER 
second-season legume crop, thus reaches its maximum at 20,000 
eliminating the yield advantage of plants/ha: total yield maxima are 
long-season maize. No advantage in reached at 40,000 plants/ha. This 
total economic yield and protein yield commonly encountered discrepency (5) 
for the late maize was shown in either agrees with Riley's observation that 
trial, and at local planting densities intercrops with similar LERs may have 
LERs were less favorable for the late very different levels of attractiveness to 
variety. The ELERs indicate that there farmers (7). 
is no density at which KCA is clearly 
superior to Igarama-4. 
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Thus, selecting maize on the basis of 
yield alone for the 13urundi highland 
cropping system could resilt in the 
release of a variety that would disrupt 
the system unacceptably from the 
farmer's perspective. It is clear that, 
within the context of the whlce 
system, farmer objections are quite 
rational. Biological and econonic yiehl 
analyses show that a high-yielding, 
long-season maize offers no particlar 
advantage, and an examination of 
LERs and food availability and 
distribution indicates that there may 
even be a serious disadvantage to 
pursuing a selection strategy of 
maximizing maize yield with no regard 
for the other components of the 
system. 

This understanding of the place of 
maize in tile local cropping system has 
permitted the l31Lrundi maize program 
to develop selection and evaluation 
methods that ensure that maize 
varieties released in tit future arc 
compatible with farmer needs and 
limitations (9). These method., include 
tile improvement of populations under 
intercropping and low-input conditions, 
as well as on-farmi. faricr-managed 
evaluations of promising material, 
Particular attention is given to 
maturity and problems that may 
increase yield instability across years. 

In discLssions oi crop improvenent in 
the developing world, the criticism is 
often encountered that nlany of the 
recommended varieties and 
technologies are not relevant to the 
needs of the farmers or are actually 
Incompatible with the constraints they 
face (6). Farming-systems research was 
developed, in part, to address this 
problem and to guide agrononists to 
more appropriate technologies (2). 
However, even in wcll-integraled 
projects, friction can develop among 
researchers having different 
perspectives (3). Farming-systems 
teams frequently exist as separate 
entities, and this may result in there 

being little communication between 
these teams and the commodity 
programs; there mayin fact. be 
eonpetition for scarce resources (1). 
The results presented here show tile 
inappropriateness of some 
recommendations developed from a 
strict commodity orientation, and they 
stiggest how a farming-systems 
approach may be incorporated into a 
national conlnodity research program 
with relative case. 

National commodity research programs 
should select and evaluate their 
nmaerials and technologies on li basis 
of farmers' limitations and 
redquirnents. Inlformoal surveys 
cOndneCcld )y the coninloditly 
researchers theiselves can suggest
how this may be done for a given 
situation. It is essential that the 
commodity program be given the 
responsibility for on-farm wyork. 
regardless of whet her or not there is an 
independent firining-systemns learn. 
This allocation of responsibility does 
not necessarily require major 
institutional reorganization, but it does 
require sensitive commodity 
researchers who conduct a substantial 
portion of their work in farmners* fields. 
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Maize Research and Production in Ethiopia 
A. Debelo, Institute of Agricultural Research, Awassa, Ethiopia 

Discussion 

Ethiopia is a large country (1,222.000 
ki1 2 ) with a range of 'clinatic 
conditions suitable for the growing of 
both temperatc and tropical crops. A 
great variety are grown. ranging romi 
teI/ m1illet aid collOll ill the tropics to 
SUch tempcrate crops as wheat. barl'v
and potatoes. The ml il hltiv'food 

crops arc sorgihum, maizC, to'W lillct. 
wheat. barlev and oinset. C(o'lke. cotton. 
Castor t)eanllS.l peanuts and )uLIscs arc 
he ilajor cash crops. 

The amoll of cultivated land in tlit
couintry is small it proportion to tilt 
total irvca: only abolut 10 million 
heel arcs arc farmed (Tabhle 1).O1his 
anount, about 50% are planled to the 
cereals tll"barley, wh'at, 1l"liz'. 
sorghun and millet (Table 2). 

In Ethiopia, inaize is grown throughout
the onntNry, with the bulk oi 
lI)Voducio ('tic'centrated inl thi 
souther, soulhwestern anId wcstern 

Table 1. Land use, Ethiopia 

Area 
A /o of 

Type 000 km 2 total 

Cultivated land 104.3 8.5 
Fallow land 20.9 1.7 
Orchards and stimulants 7.2 0.6 
Meadows 0.1 0.1 
Pastures (rouqh anid dry) 656.7 53.7 
Swamps 51.8 4.2Forestland, open 88.1 7.2woodland and bush 

Barren land and 
built-up areas 172.0 14.1 

Lakes and rivers 120.9 9.9 

Total 1222.0 100.0 

Source: National Atlas of Ethiopia, 1981 

Table 2. National estimates of areas planted to the major cereai crops, Ethiopia, 1974 
to 1982 

Year Teff Barley Sorghum Maize Wheat Millet Total 
(000/ha) 

1974 
1975 
1976 
1977 
1978 
1979 

1247.8 
1470.7 
1365.7 
1333.5 
1423.2 
1513.3 

864.6 
648.1 
807.9 
897.8 
940.6 
909.8 

755.7 
782.2 
751.3 
767,5 
731.1 

1026.3 

802.5 
786.1 
723.0 
901.4 
964.1 
870.9 

785.1 
556.9 
867.3 
512.3 
531.6 
786.7 

205.6 
378.4 
199.0 
232.3 
238.3 
215.9 

4661.3 
4622.4 
4414.2 
4644.2 
4828.9 
5022.8 

1980 
1981 
1982 

1362.0 
1331.5 
1399.8 

830.9 
810.4 
908.0 

979.1 
844.3 
905.7 

735.5 
652.3 
819.7 

536.3 
684.9 
715.0 

232.9 
226.5 
225.2 

4711.8 
4629.3 
5029.2 

Rank #1 #2 #3 #4 #5 #6 

Source: Central Statistics Office of Ethiopia, 1985 
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regions. Among the major cereals, There are many different varieties, the 
maize ranks first in total production most important ones being dent and
 
and in yield per hectare; it ranks flint types (1).
 
fourth in total area (Tables 2 and 3).
 

In reporting on their visit to Ethiopia
 
Almost all of the maize produced in in 1967, Harrison, Eberhart and
 
Ethiopia is used for human Hazelden mention that the main
 
consumption in the ibrm of injera (a source for Ethiopian maize varieties 
large, thin pancake-type bread), kitta may be Tuxpefio with some Caribbean 
(bread), porridge, or boiled or roasted and US Corn Belt dents. However, 
as a vegetable, particularly in the milk further investigation will be needed 
to early dough stage. The rest is used after local collections are made from
 
for making tella (local beer) and araki the major maize-growing areas and
 
(a local alcoholic beverage); a very pockets in the country. and those
 
small amount is used for animal feed. varieties are identified.
 
The stalk is used for construction, fuel
 
and animal feed. Even though Ethiopian maize is well
 

adapted to the environmental 
History of Maize in Ethiopia conditions in the country, the average 

national yield from 1974 to 1982 was 
The precise date and route by which only about 1.5 t/ha, far below the 
maize was introduced into Ethiopia is world average (Table 3). This low yield 
not known. However, it is generally may be attributed to one or more of 
believed that it was brought to East the following factors: 
Africa. and hence into Ethiopia, during 
the late sixteenth or early seventeenth The majority of the farmers still use 
century (5). Since its introduction, the varieties that have not been 
crop has gained much popularity and improved for yield potential. 
has become adapted to the various agronomic traits (such as ear 
ecological conditions of the country. placement, plant height and lodging) 

Table 3. National yield estimates for the major cereal crops, Ethiopia, 1974 to 1982 

Year Maize Sorghum Barley Wheat Millet Teff Average 
(q/ha) a / 

1974 10.5 8.3 7.2 8.9 7.6 6.8 8.2 
1975 17.4 11.2 8.3 9.6 10.0 6.8 10.2 
1976 13.1 10.1 11.1 10.7 8.7 7.3 9.9 
1977 10.3 9.2 7.7 8.4 8.9 7.7 8.6 
1978 10.2 9.3 7.4 8.4 8.0 7.6 8.5 
1979 17.5 16.0 11.6 11.0 9.9 9.4 12.7 
1980 12.9 14.4 12.9 11.5 8.8 9.6 11.9 
1981 18.4 14.3 11.5 10.3 8.7 8.1 11.7 
1982 19.6 15.0 12.9 12.8 10.7 9.8 13.4 

Rank #1 #2 #3 #4 #5 #6 

2Jq = quintals (100,000 kg) 

Source: Central Statistics Office of Ethiopia, 1985 
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and resistance to the major insect 
pest (Buscola lusca) and diseases 
(Helninthosporiumturcicinn and 
Puccinia sorghi); 

• 	Farmers use unimproved cultural 
practices in land preparation. 
planting date, seed rate. wveed and 
insect control and fertilizer 
application, and 

" 	 Farmers lack proper storage
 
facilities. 


Maize Research 

Agricultural research w-a; initiated in 
tile Ethiopian insttitutions of higher 
education illtllV llate 1950s and early 
1960s so boost agricultural produhction 
and feed tIe country's large 
populatioll. However, a well-organ ized 
rest arch programl with re-se l'h 
stations located illhe varying 
agrocliniati- arcas oft lilt (Ou1llrY was 
initiaied only ill the late 1960s. The 
national crop researclh programn is 
organizcd and conducted I)ywtih-
Instilut of Agriculi ural Reserch 
(IARI: r-s-arch is also carried out 1) 
the Collegc (j"Agrictilture. 

Tlh IAR coordiunate-s all 'rorp resarcih 
activitits i lit'Onuitr\- throuh its 
crop asllis, wrcwhich rgailliz-d ill 
1980. A tern ('0onpl-ses vallriOtUS 
disciplines, imeludirg brceding. 
agrononiy .soil scieice. 't-llonlogy, 
pathology and wced scinct-. Due to 
tile sliortage of traincd nilarpower, staff 
art- iivolvtl in roor tlian oine c'rop 
itll. 

Long-term 
maize program objectives 
Tel national firaize rescarh-cli prograrl 
llas tIhe ollowing long-terln o)jtclics: 

* 	 I)evelop higlh-yielding maize 
varicties witl desirablh agronmlnic 
cliaraeters, to be mad available 1o 
state farns and firln(ir association s; 

* 	 Create gene pools from which open
pollinated varieties, lines and 
hybrids can be developed at 
different stages of the breeding 
program. and 
Inprove the nutritional quality of' 
maize through tile selection and 
release o1' highly nutritious rriaize 
varieties. 

Short-term objectives 
The short-term objectives of nlaize 
research are: 

* 	 Develop open-pollinated varielics 
adapted to tile difltereit agroclimaltic 
areas of tihcountry. making them 
available to small Ia rmers: 

* 	 Develop hybrid variet its bOr Stilt 
farns wiih have tra:ned it-rsoniiel 
and prodtl io know-how; 
D ticesDeternlille propir cultural pin 
for lie diflIrcnt agroclimatir areas 
ol 	tile co)lllItr:
 

0 	 Strengtlhelt lit- resvar-li and 
extellsioll linkage So Ilat iriiproved 
\a'ietit-s and llmallaglt-ll practiees 
call be disseminated to tarniers; 

0 	 Strengthen coopteralio! wilIli 
ilteraltional and nalional research 
(enlrs of'var-ions contries, antd 

* 	 Ser-eri varietit-s Ior Elhiopia's 
rilistulr-str'ss areas. 

e'lwvariet hs which hnv- already he-ll 
devtlol)ed or \vili dc\-loped cantie 	 be 
classified into til-(-- groups, act-ording 
Ito Ilir nalturity. Tlitc early group (90 
ito100 d1%s to runtuiritv are adapted to 
those art-ils witlh it short raiirv seasoll 
or 	erratic rainfall, and tli interiledialt
grounp (120 to 130 days to rnat tlit), to 
areas witlh iit-rlnt-dialt rairilall; Ilit 
latt- group (160 to 170 days to 

iaturit y) arc suitalt- for areas wil a 
lrig raiiiy scasoll.'lt-se val'ielit-s Inay
b eithetr olp-n-pollinatcd nat-,rials or 
iybr-ids. 
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Current Research Activities Then, an S1 selection procedure was 
followed to improve agronomic traits, 

Breeding such as days to flowering, plant height 
The breeding program is working to and final yield potential. The result 
meet the germplasm requirements of from two cycles of the Si selection 
moisture-stress, intermediate- and program is shown in Table 4. From 
high-rainfall areas. For intermediate- this breeding program. an open
and high-rainfall areas, open-pollinated pollinated variety was developed and 
varieties, mainly composites, with has been presented to the National 
experimental yield potentials of 80 to Variety Releasc Committee (NVRC) for 
100 quintals per hcctare (1 quintal = final approval. 
100,000 kg), have been developed and 
released. The weak point of these Agronomy 
varieties is their lodging susceptibility, An improved variety per se is not 
which makes them unsuitable for sufficient for producing high yields, but 
mechanization and reduces final grain must be accompanied by proper 
yield. The good qualities of these cultural practices. Agronomic research 
varieties are their high yield potential is a necessary component for 
and resistance to H. turcicum and P. developing packages of 
sorghf. A full-sib family selection recommendations for improving 
breeding approach is being followed to production. The agronomic studies 
reduce plant height among lodging- emphasized to date are in the areas of 
resistant varieties with high yield planting date, optimum population 
potential. density for varieties from the different 

maturity groups, intercropping, crop 
In the late 1970s, a breeding program sequence, tillage practices, the effect of 
for moisture-stress areas was initiated row planting and crop water 
to develop early maturing, open- requirements. Since Ethiopia is a large 
pollinated varieties which could escape country with many different 
stress through earliness. The breeding agroclimatic areas, the studies have 
program was begun with different been carried out in different zones with 
populations, of which four were found varying local conditions. 
to have good general combining ability. 

Table 4. Improvements in three characters after two cycles of S1 selection in four maize 
populations, Ethopia 

Yield Days to flower Plant height 
Totai O/o gain/ Total O/o red./ Total O/o red./ 

Population gain cycle reduction cycle reduction cycle 

47B/52 8.6"" 4.30 12.5"* 6.25 9.8* 4.90 
Indian synthetics 7.7** 3.85 13.0"* 6.50 9.3* 4.60 
Katumani (MI) 14.2* 7.10 12.5** 6.50 16.8"* 8.40 
Neghelle (M) 12.5** 6.25 10.8" 5.40 15.8* 7.90 

x 10.75"" 5.38 12.2* 6.16 12.9* 6.45 

*,** Significant at P = 0.05 and 0.01, respectively 
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Soil fertility 
In this research activity., various 
aspects of fertilizer use arc being 
tested, such as ti ing and iethod and 
rate o! application (particularly of 
nitrogen and phosphorus Ior diflT cent 
soil types). Studies are also being 
carric(l oulo thoi ie t(Ilist, greillniall"Ie 
crops. 

Insect control 
lotlolol V-Sulr\'ty.'s i-- bit-ilg iladc' 

to idenitify the differt.nt speci('s of 
insect pests fl1lnd ini tilit conntry iitl 
their itmportance in iaitize prodiction. 
T his step is necessary to arrive at 
Conitrol mecastires (chmellical. ctlttural or 
biological) for an integrated pt-st-
IIaniageilicitt S"ysemllll. Ill the surveyV. R 
/i'1sa Was found to lie the maj or insect 
l)'st, callsing lica vy dailage froinilhc 
se'edling stage to illattll'itv. It occurs at 
altitides of 1235 to 2600 meter". 

I'athologt"-Vcry liinittd sttudie's on 
Ilnaiz' dist',ass have ih-('ei concthit-d 
over th e last hllt' inclide tf'w \'ars. iiv 
dis'ast strvt'Va loss Is5csiit'nt'Iit 
StLdyV aid a studv ol co1trol Ileastirt. 
Such as varical sc'llill and 
ct'liilivtal 'ontr)l of- sotit' of tit Ilio" 
(liscases. At cordtliig to {li(' r<otlitt' 
stur\y-ty. th'r are fifteen tli scas's 
alf('ctiig nlaiz' ill "nlliopia, allloll_ 
wh'lichI'list (I). s r-LIi Sthcw.) ailehafe l 
blight (11. tfivictutlas-.)arc the, 
manjtor )ist'. Ilt'ad ,Itlt ~lSiljuIahofItca 
r'iii; a Ktki it. i tt.) hIs also t'cii 

fotniid on certain state farnms in the 
southern part of tilt country. Other 
diseases are ni inor, or their intensity is 
inot vet klownl. 

Weed control 
Weed l)roblems in naize were found to 
be' varied aild comrplex. In general, 
annunal amd] perennial grasses are less 
of ;i problem than are the broad-eat 
species, which cause the greatest loss 

landare less easily controlled. Apart

froxm these, Strih~a asia ica and
 
S. Jc'rinoinhic'awVr, fotund to be the 
major parasitic weeds in specific areas 
of tli' cointry. Soie eultural and 
c'li'nial means of weed control have 
been itl'titifiud for the ilonparasitic 
weeds, 

Seed Production, 
Marketing and Distribution 

"l'hit' nat ionial sccd prograni was
i~ihip'mintt'd iii ,July 1978 with tile 
'stal)lisliniiit of tlit' Ethiopiian Seecd 

(orporation (ESC). Itlow\'c'er, large
scale scd )r)dluctint and (listriblitioli 
has hcti ('arrivdlout olily since 1980. 
At pirt'st'iit, iitaizt' st(cd prd)cltiot) is 
tol ttilll'att'd ill tilte w t'steri 
lowlands aiid ill tit' part f)I' 
i l( Mifl Valhty. 'lh,,t' regioiis ar' 
imiportatt lor 1)olh s'ccd a1id graill 
rttdt(t ion. 'Iliep)odu(t ion of lillaizt' 
,('(Sd dtuir thl la(It fon" \vars. (1980 to 

198-1) Iis hctul stilhstaitial (''ablh' 5). 

Table 5. Crop seed distributed by the Ethiopian Seed Corporation (ESC), 1980 to 1984 

Year Mize Wheat Barley Sorghum 

1980 19,996 194,192 1,656 
1981 25.746 224,413 1,506 
1982 16,967 256,815 23,430 
1983 26,155 186.088 8,936 
1984 13.190 122,173 16,176
1985 118,831" 229,630 12,878 

Of thi,, 74,8312 1, COMITIVIC!,II ,I, 

250 

1.757 

3,1)46 
3,256 
1,081 

11,752 

Teft Haricot-

bean 
(quintals) 

6,4712 
1.834 146 
1,490 2,797 
1,047 860 
2.581 1,832 

56,000 2,490 432 1,050 160 433,218 

' ot c, If l I h ut t,,I( af)I t ivod 

Rape Soybean Sunflower Total 
seed 

- 660 214,113 
832 40 267,364 
500 217 305,262 
36 47 226,425 
257 12 157,901 

http:differt.nt
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Seed prices before and after processing Research Constraints 
are fixed by the government's central 
planning council. Based on these As mentioned earlier, since 1980 the 
prices, the ESC delivers seed to the maize research program has been 
state farms and sells it at their organized into teams combining 
processing stations; they do not have different disciplines. Due to a shortage 
extended marketing and distribution of highly trained researchers, 
facilities. Farmer associations obtain individuals are involved iA more than 
their seed through the Agricultural one crop team, which leads to 
Marketing Corporation (AMC); the inefficiency. In addition, most team 
AMC, along with other organizations members still lack experience and/or 
and individual farmers, gets that seed high-level training. Hence, although 
at the ESC processing stations, there is a pressing need for upgrading 

the present staff in terms of training, 
Research Challenges this Is not being done because of the 

economic situation in the country. 
Since the introduction of maize into 
Ethiopia, various varieties have been Research activities are also affected by 
grown by farmers under the different a lack of facilities, such as laboratory 
agroclimatic conditions of the country. equipment, cold storage facilities. 
Cultivation techniques used by 95% of irrigation at some research stations 
the maize farmers include hand hoeing and transport vehicles. For the present, 
and plowing with oxen. Row planting the removal of these constraints is 
is still not used, despite the efforts of probably beyond the economic 
the IAR. The need for improved capacity of the country. 
cultural practices as well as improved 
varieties is obvious. References 

In the past, late-maturing varieties of 1. Acland, J.D. 1971. East African
 
maize were developed and distributed Crops. Longmans, London, England.
 
to a few farmers in the major maize
growing areas of the country. The 2. Ethiopian Mapping Agency. 1981.
 
importance of these varieties is now National Atlas of Ethiopia. Addis
 
declining as a result of the changing Ababa, Ethiopia.
 
weather pattern over the last three or
 
four years; rains have begun late and 3. Ethiopian Statistical Abstract. CSO.
 
have stopped before crops have 1985. Addis Ababa, Ethiopia.
 
reached physiological maturity. Hence,
 
the development of medium-maturing 4. Gugsa. E. 1985. Seed Production in
 
varieties (120 to 130 days) is now Ethiopia. Ethiopian Seed
 
indispensable. Corporation, Addis Ababa. Ethiopia.
 

On the state farms, which account for 5. Huffnagel, M.P. 1961. Agriculture in
 
about 5% of total maize output, Ethiopia. FAO, Rome, Italy.
 
production is semi-mechanized. The
 
need is great for uniform, high- Discussion
 
yielding, lodging-resistant varieties for
 
this sector, which has the necessary Mr. Watts: Does Ethiopia receive any
 
manpower and sufficient production foreign aid that is specifically for maize
 
know-how. The farmers in this sector research?
 
grow hybrid maize as well as open
pollinated varieties. Mr. Debelo: No. we do not. However,
 

the World Bank is aiding crop 
production in general in our country. 
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Maize Research in Kenya: An Overview 
J.A.W. Ochieng, National Agricultural Research Station, 
Kitale, Kenya 

Maize is the staple cereal diet of over 
80% of Kenya's population of some 19 
million. More than 90% of the maize is 
currently produced by small-scale 
farmers, often on farms as small as 
0.25 ha or even less in some heavily
populated parts of the country. The 

Kenyan Government aims at self-

sufficiency in the production of food,

including maize, through a 4% per 

annum increase in crop production

(11). 

Only about 33% of the land area in 
Kenya Is arable, a limitation imposed
mainly by rainfall regime. The arable 
regions are divided into the following
agroecological zones: 

" 	High-potential (HIP) zone-unimodal 

rainfall pattern: 1000 to 2200 mm, 

1600 to 2300 meters altitude 


" 	 Medium-potential (MP) zone-bimodal 
rainfall pattern: 700 to 1800 mm, 
1000 to 1700 meters altitude 

" Low-potential (1.1) zone-scanty, 
short-duration rains 

" Coastal strip (CS)-hot. humid belt, 
some saline soils 

Maize varieties for Kenya have to be 
tailored to fit these climatic patterns. 
i.e., late-maturity varieties, designed to 
take full advantage of the whole 
season, for HP areas, medium-mnaturity 
varieties, grown in two seasons a year. 
for MP) areas, early maturity varieties. 
for drought escape, for LP areas, and 
special varieties capable of 
withstanding the soil conditions 
prevailing in the CS. 

Maize Research Achievements 

Maize breeding in Kenya began in 
1955, and since then has gone through 
many phases: 

e 	 Assembling local land races of maize 
of Tuxpefio origin from farmers' 
fields (1950s): 

* 	 Building synthetic populations to 
form basic breeding stocks (Kitale
Synthetics II and 111) 
Introduction of exotic glermplasm.
notably Ecuador 573 and Costa Rica 
76 from Central America, at;. a 
search for maize with heterosis in 
crosses with local strains (1959);

* 	 Inbreeding and hybridizing local 
germnplasm and tie release of the 
first series of hybrids (early 1960s): 

e 	 Mounting a maize breeding 
methodology study (MBMS) to 
identify selection methods 
appropriate for each objective. i.e.. 
intrapopulation selection for 
improved open-pollinated (01) 
varieties, interpopulation selection 
methods, e.g., reciprocal recurrent 
selection, for hybrids (HIYB) (1965 to 
1977); 

* 	 Incorporation of a comprehensive 
Ilrceding progran into the MIHMS for 
developing the products of the 
breeding program, i.e., OP For small
scale farmers, HYI3 for large-scale 
farmers (1967): 

* 	 Initiation of a qualitative genes 
program, using maize endospern 
mnutants. e.g., opaque-2 and floury-2 
to liiipmrove the amino acid profile in 
local maizes and brachytic-2 to 
reduce I)lant height (1969 to 1978. 
discontinued in 1980): 
Initiation of systenatic naize 
variety testing through National 
Performance Trials (NPT) before 
their release to farmers (1979), ain( 
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Initiation of a breeding component Hybrid 625 (the latest commercial 
aimed at reducing field losses (pre variety) have been identified. The new 
and post-harvest). i.e.. phyto- varieties, in the final stages of the 
pathology and entomology (in National Performance Trials, yield 4 to 
collaboration with the International 24% higher than H625, and some of 
Centre of Insect Physiology and them have greater stability (lower 
Ecology (ICIPE) and selection for regression coefficients) over 
maize stalk strength (planned to environments. 
start 1985-86. 

Progress from population improvement 
The achievements of the Kenya maize in Kitale Synthetic II (KSII), Ecuador 
improvement program are summarized 573 (Ec573) and the variety cross KSII 
in Table 1. Hybrid maize has become x Ec573. over eight cycles of reciprocal 
so popular in Kenya that most farmers recurrent selection (RRS), is 
in the HP and MP ecozones will not summarized in Figure 1. No significant 
accept anything else. To date, genetic improvement was detected in 
however, Katumani Composite B and either KSII (-14.3%. b = -0.46) or in 
Coast Composite are the only Ec573 (1.9%, b = 0.53). However, 
commercial maize varieties available significant genetic advance was 
for the LP and CS zones, respectively; attained in the variety cross KSII x 
replacements for these arc in the Ec573 over six cycles of selection 
pipeline. (28.5%, b = 3.10). although a plateau 

effect was discernible after the eighth 
In the late-maturity maize breeding cycle. A 28.5% yield gain over eight 
program based at Kitale, experimental cycles is equivalent to a gain of 3.6% 
maize varieties yielding far better than per cycle or 1.8% per annum, still far 

Table 1. Maize varieties released by the Kenya national breeding programs 

Year of Yieldd- /
 

release/ -_YiedbL/hbaLhL (0/o of Altithde Days to Potential Special

Variety a/ arm Potentia 1 of KSM) (m maturity ecozones problems Observations 

KSM OP .. .. .. 100 .. .. .. .. Never grown 
Ec573 OP 1959 .. .. .. Over 2200 .. .. .. Never grown 

KS II OP 1961 .. .. 107 1700-2200 .. .. .. Not grown 
H611 VC 1964 .. .. 142 1800-2400 105 High Too tall Not grown 
H621 DC 1964 . .. 132 1000.1700 100 High ? Not grown 
H631 TWC 1964 .. .. 140 1000.1700 100 High ? Not grown 
H622 DC 1965 54 62 135 1000-1700 100 High Streak 
'!632 TWC 1965 54 55 140 1000-1700 100 High Streak 
N612 TC 1966 63 75 155 1500.2100 90 High 

KCB 1967 25 .. .. 500.1600 65 Marginal Streak 
H511 VC 1967 40 52 -- 1000.1700 60.70 Medium Headsmut, streak 
H512 VC 1970 45 62 -- 1000.1700 6580 Medium Headsmut, streak 
H61 1C VC 1971 63 75 155 1800-2400 105 High lou tall 
H613 TC 1972 68 75 166 1500.2100 100 High --

CMC OP 1974 35 .. . 0-1000 80 Coastal P. sorghi rust 
H614 TC 1976 68 77 166 1500-2100 100 High --

H625 DC 1981 76 87 176 1550-2100 95 High 

_/ KCB = Katumani Composite B, CMC Coast Maize Compotite, OP = open-pollinated, VC = variety-cross hybrid. 

DC = double-cross hybrid, TWC = threi-way cross hybrid, TC = top cross hybrid
 
Source: Report on Research Programmes; Achievements, Constraints and Training, Director NARS, Kitale,
 
Kenya, 1982 (adjusted down 100/0)


C/ Source: National performance trials (late-maturity maize), tlidsorned means from combined analysis over 

nine environments 
d/Source: Crop Improvement in East Africa, C.L.A. Leakey, ed., 1970 
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below the target of 4% pecr annum. A Maize Research Constraints 
previous preliminary evaluation from
 
estimates of genetic variance 
 The main constraints in the Kenya
components had indicated a genetic maize improvemen and producterm
advance of 7.3% per cycle by the RRS programs fall within three principal

method in KSII x Ec573. 
 areas: 

A program of selection for prolificacy Technical
 
in Kitale Composite B (KCB) and Kitale 
 Plateau effect in the basic breeding
Composite E (KCE) by the full sib stocks KSII and Ec573 due to

method was initiated at Kitale in the 
 erosion of genetic variability
late 1960s. Four cycles of selection Inconsistent progress from selection
revealed inconsistent changes in yield in KC13 and KCE due to poor
over cycles, but perceni prolificacy was heterosis between the two
 
increased by 20 to 30%. 
The populations
composites, now under RRS for Poor harvest index ( < 30%) in most
Increased prolificacy, have a fairly high late-maturity hybrids
percent of prolificacy. approximately Pre-harvest losses to maize diseases
15 to 25%. Table 2 summarizes the (maize streak, hcadsmut, common
 
average heterosis for yield 
in the smut), pests (stalk borers) and
varietal cross KCB x KCE over two lodging, especially stalk lodging

cycles of full-sib selection for 
 before grainfill
prolificacy. Post-harvest losses to insects, such 

as weevils, grain moths and the 
- greater grain borer 

85 e c Social 
80. "Resistance to hybrid maize adoption80 c by sonle farmers on the claimed

7" basis of low palatability 
C Low test weight of the kernelsc 

/CPfoor toleranlce to witchweed (SI rigaR ll x R12 cycle crosses: P
 
70- /c0 Y= 67.05 + 3.71 x 0.15X 2 

spp.) in western Kenva
 

KSII IR1 1) cycles: Natural 
Y= 53.75-O.46X Limited arable land for expanding 

- Ec 
= 

573(R12) cycles: maize production Erratic rainfall 
"o 60 Y 44.82 + 82 +0.53X patterns in some traditional maize

growing areas, presumably caused 
> a aby ilie encroaching desert 

aa 
a ab aa b b The Use of Quality Seed 

L a b These has been a distinct upward
b b trend in the use of improved seed in 

b Kenya between 19C3 and 1981. This is
40 refleed in Figure 2, which shows the0 1 2 3 4 5 6 7 8 number of hectares planted to hybrids.Large-scale farniers predominated

Cycle of population improvement hybrid use until 1968. when the 
in 

number of small-scale farmers growingFigure 1. Regression of population and improved Varieties began to increase 
hybrid yields on cycles of improvement, greatly. 
Cycle Evaluation Trials, Kenya, 1983 
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Table 2. Heterotic patterns for yield from cycles of full-sib selection in Kitale
 
Composite B (KCB), Kitale Composite E (KCE) and the variety cross
 

Cycle of
 
selection No. of
 
and year of obser. Yield (q/ha) 0/o average

evaluation vations KCB KCE KCB x KCE 
 heterosis 

Cycle 0
 
1968 11 
 48.9 52.4 56.1 110.9 
1969 7 55.2 59.9 69.9 121.5 

7 68.2 75.9 88.2 122.4 
7 37.9 38.4 45.5 119.3
 

1972 4 
 42.6 46.9 46.1 103.0
 
1973 4 
 31.8 26.6 33.5 114.7
 
1974 
 2 67.0 78.4 93.4 128.5
 
1975 5 69.9 46.8 
 57.1 100.0
 
1976 6 59.0 55.2 52.9 92.6
 

Meang"/  
52.87 53.05 59.44 112.24 

Cycle I
 
1972 4 46.3 47.6 
 47.5 101.2 
1973 4 32.3 34.1 33.8 101.8
 

Mean a 

39.30 40.85 40.65 101.43 

Cycle 2
 
1973A 4 
 33.6 36.4 35.7 102.0
 
19731} 4 78.4 86.9 90.2 
 109.1 

Mean- 56.00 61.65 62.95 107.01 

a/Means weighted according to number of observations 

Hectares (0000) 

45
 

Large-scale farms (> 5 ha) 

0 ] Small-scale farms (< 5ha)35

30 -

25 _ 

20 - - -_ -_-_-_-_-,- 

15 

15 __,___,.___10

63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 

Figuro 2. Hectares of hybrid maize, Kenya, 1963 to 1981 
Source: Sales Department, Kenya Seed Company 



30 

Production of certified seed in Kenya is 
the responsibility of the Kenya Seed 
Company (KSC), which obtains 
parental materials (inbred lines) from 
national rt'search programs. The KSC 
then puts tile liles through a screening 
program to check oil syNichronization 
of flowering dates for h., nmalc-
designated and feimale-designatcd lincs, 
The conipany is responsible for 
Inaintenanee of' lie lines as vell as of 
the composites (Katiilli Conposite 13 
and CCM), once tiley are released Itront 
breeders' stock. Cross-checking for 
trueness to type is perforrned annually 
by the National Seed Quality Control 
Service (NSQCS) by growing out11 the 
lines under miaintenance bly tle KSC 
against breeders' stock illpost-control 
plots. The NSQCS also ioutinely grows
all coinmercial niaize varieties (bolh 
old and new) il ]llarc plots to check for 
dlistincltness, itlifiorinlity and stability 
(DUS)every y'ear; tlticy rlsot ili. )cel 
seed-production fields tihrough all of 
tie required stages for the purpos. of' 
certification. 

Currently, tire ia jor constraint to sccd 
producion scenls to Ide i lack of' 
adequate isolation, since farmis are 
teceoling sniallel aid srnllrl illthe 
face of inreasing popl raliou pressuirc. 
The flormer large-scale farirs are being 
subdivided into strall parcels Ind'r 
ScIcirnitiI schmIcs. 

On-Farm Research 

The difficultv ill tle dissclination to 
fartiers of iew infornation based orr 
research findings has tended to be a 
eoistiriint i Kenya. This has been 
due. ii large part, to tlhe rcsearcliirs' 
liappropria e apl)roaeh to tchcnology 
transfer and to deeply cntrcrcrlied 
blllefs and practics, especially ariong 
small-scalc farmers. 

Lately, new approaclies have been 
sought to address this problcm aud to 
bridge Ile gap belwecn tile practices of 
fariers arid those of rcsearchers. Ilc' 

Training ard Visits (T and V)
Extension Project, funded by the World 
Bank since 1982. is one such 
ailproach. The met hod involves 
creating and maintaining close links 
between agricultural research scientists 
(ARIS). especially crop agronomists, and 
lic agricultural exte'siorn subject 
mlter specialists (SM5-) throtugh
 
monthly vork'!q ps. Tiere suclh
 
rutII'ers arc discussed as laind
 
preparation (tccuitquCand titing).
 
fertilizer types and rates, intercroppinrg
 
nilize with various crops, planting
 
denisity anld wCeled' nel nagenilm .
 

The infornlation coining out of tile 
workshops is written it language tile 
farners (eail IIiderstanud v tilie SMS 
and is '-elavd to tiltefariters b 
lechlilcal assistants. Projects such as 
adaptive trials ar htl njintly 
coiiltetd by SMS aid ARS in the 
fields of uoiitart farnilers. lhese 
adaptive trials serve as dcenioitstratioiis 
for those follow-up farilers who live 
niear tile contact tanners. 

A sinillar project, involving not uiilv 
roa agrolrutirist s but ilsO agl icUltural 

sociocc' onlists, has been launched ill 
Som( parts of Kenya under ithe 
auspices of CIMMYT. Tire new project 
does not differ fundaiteilally from 
T atid V. except that it is divided into 
s(veral stages: 

Ol1-slation researcl, which Involves 
pr'c'isionl cxpcrinicntation requiring 

a Iiigi degree of error control, high
risk rcs(al(h witi new hclliicals. 
expcriinents requiring back-up 
lboraltories, etc.; 

Exploratory research, wiicli 
indcldes agroecononic flaritir 
surveys and agrononlic 
CxIpCrilnellltatioll simuiitlatring famner 
practices. (lie surveys enablh 
researchers to idrcilify
reconinienidat ion donains, heconie 
inorc 'ainiliar withi farmher practices, 
and definc areas in wli li furlher 
rscarchi is needed; 



31 

" 	 Levels experimentation, in which 
economic levels of agricultural 
inputs versus sufficient levels 
required to elicit crop response are 
investigated for the formulation of 
technological alternatives for maize 
production; 

" 	 Verification experiments, in which 
comparisons between farmer 
practices and research 
recommendations are made to guide 
future research, and 

" 	 Experimental production plots, 
which are used for demonstrating 
factors of production on a large scale 
(at least one hectare) in maize plots 
managed jointly by the extension 
staff and a farmer. 

If. after these various steps have been 
followed, the farmer still does not 
adopt the technological packages 
recommended by the researchers, it 
can be concluded that nonadoption is 
due to socioeconomic constraints and 
not to an information gap. This project 
is still in its infancy (began late 1984), 
and time will tell whether it will be 
effective in Kenya for bridging the gap 
between research findings and farmer 
practices. 
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The Maize Program in Kenya 
E.W. Mwenda, Embu Agricultural Research Station, Embu, Kenya 

Kenva lies astride the equator on the 
higl East Africa plateau. It averages
about 1500 meters in elevation, 
although altitude over the country as a 
whole ranges from sea level to about 
3500 meters. Because of the country's 
geographic position, daily variations in 
temperature are very small, usually 
less than 51C; however, temperatures 
can vary significantly as a result of 
seasonal changes and altitude, 

Kenya has a land area of about 60 
million hectares. Maize is the most 
important crop and is high on the list 
of marketed agricultural products. It is 
grown on about 1.5 million hectares, a 
large portion of the country's limited 
arable land. 

Maize Breeding 

Kenya's maize breeding program, 
which was begun in 1955 at Kitale 

Agricultural Research Station, has 

released more than ten improved 

hybrids and varieties for commercial 

production. The early ones yielded 30
 
to 80% more than local varieties, 

depending on the ecological area. For 

the high-potential areas, the newer
 
hybrids are at least 20% better than
 
those early ones, with a potential of 12
t/ha. This exceeds current maize yields 
by nearly 700%. 

Figure 1 shows the location and 
rainfall of the five agricultural research 
stations in Kenya. Currently, there are 
five major maize breeding programs, 
the National Agricultural Research 
Station at Kitale for late-maturity 
maize, the Agricultural Research 
Station at Embu for int:inediate-
maturity maize, Nyandarua for high-
altitude maize and Msabaha for coastal 
maize; the Dryland Farming Research 
Station for early maturity maize is at 
Katumani. 

Late-maturity maize 
The late-maturity maize breeding 
program was begun in 1957 at the 
National Agricultural Research Station 
at Kitale, a substation of the Njoro
Plant Breeding Station. Kenyan inbred 
lincs were developed from Kitale 
Station maize, which was basically 
Kenya flat white. The first generation 
of these inbred lines was tested by a 
form of progeny testing, and a 
minimum of ten of the best performers 
were merged to form the new 
synthetic. Kitale II. In 1961, Kitale 
Synthetic I was released to farmers 
west of the Rift Valley, where it 
outyielded the ordinary Kitale maize 
by 10 to 20%. 

Single-cross hybrids were also tried 
and proved promising, to the extent 
that a group of inbred lines, as an 
average of all their crosses, yielded
30% better than Kitale Synthetic It. 
Consequently, the double-cross hybrid 
622 and the three-way cross H632 
were released for commercial 

Sudan 
t o a 

Uganda! 

" " iSomalia 

Victori 
 --Embu 
t K_. 

Tanzan.. 

Ian
 

Ocean
 
Mtwapa
 

Mor than 750mm 
i. 500- 750 mm
 

E Less than 500 mm
 

Figure 1. Mean annual rainfall in Kenya 



33 

production in 1965. It was also found falls in two distinct seasons (April to 
that certain crosses of Kenya maize September and October to February or 
with Central American open-pollinated March), takes five to six months to 
varieties on both sides had very good mature. Table 1 is a summary of the 
crossing value. Crosses of Kitale climatic data for Embu for a 6-year 
Synthetic II to Costa Rica 76 and period. 
Ecuador 573 yielded 40% above the 
best parent, Kitale Synthetic II. This The Embu program was started in 
led to the release of H61 1. the variety- 1965. Two hybrids, 511 and 512, are 
cross hybrid of Kitale Synthetic II x commercially available, and many 
Ecuador 573. in 1964. Others that others are under study. Rapid progress 
have been released to date are the has been made because of the two 
hybrids 612, 613, 614 and 625. seasons per year which allow for 

breeding two generations; with 
The station at Kitale serves the areas irrigation, a third generation is 
west of the Rift Valley, where there is possible. Also, the work has gone faster 
precipitation of 750 to 1778 mm because of the experience already 
during the seven-month rainy season. gained at Kitale. 
The type of maize bred for these areas 
takes six to eight months to mature. Two composite populations, Embu 1 
Additional hybrids are being tested in (El) and Embu 2 (E2), form the basic 
the National Late-Maturity Maize breeding stock at Embu. They are 
Performance Trials. currently being improved through 

reciprocal recurrent selection. Embu 
Intermediate-maturity maize Composite 3 was formed in 1980 and 
Breeding of intermediate-maturity has been improved by mass selection; 
maize for the central part of the five local varieties were merged in its 
country is carried out at the Embu formation. More hybrids are being 
Agricultural Research Station. Maize '.n tested In the National Medium-Early 
this area, where 350 to 750 mm of rain and Coast Maize Performance Trials. 

Table 1. Climatic data for Embu Agricultural Research Station, Kenya, 1977 to 1983 

Annual 
Total Mean Mean rel. hum. Mean daily open pan 

Days of rainfull temp. (0/0) sunshine evaporation 
Year rain (mm) (0 C) 9:00 a.m. 3:00 p.m. (hrs) (mm) 

1977 119 1508 18.9 58.5 - - 6.7 -
1978 139 1581 17.9 80.3 62.9 6.2 1402 
1979 112 1320 18.3 83.7 60.1 6.2 1538 
1980 95 1071 19.3 79.2 52.1 6.5 1803 
1981 100 1226 17.4 76.1 52.3 5.7 1539 
1982 114 1464 19.4 81.6 57.4 7.0 1744 
1983 76 1081 19.6 80.7 55.3 6.7 1628 

Mean 108 1322 18.7 77.1 56.7 6.4 1609 

Note: The station has a bimodal rainfall pattern, the long rains occurring March to June and 
accounting for about 600/o of annual rainfall. The short rains occur October to 
December and account for about 300/o. The period January to mid-March is hot and 
dry. The annual P/E is about 680/o. 
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Early maturity maize 
This program is based at Katumani 
(Machakos). The two breeding streams 
which have formed the basis of the 
program are Katumani Synthetic VII 
and Katumani Synthetic VIII. The 
Katumani maize currently on the 
market is Katumani Composite B, 

which was derived from the original 

cross of Katumani Synthetic V and
 
Katumani Synthetic VI and was 
released for commercial production in 
1967. A second population, which is 
much earlier than Katumani. has been 
developed from the lines derived out of 
Taboran and top crossed by the 
progeny (ex French via Malagasy); it is 
at present being evaluated under the 
name of Makueni. 

Coastal maize 
This program is located at Msabaha 
Agricultural Research 5;tation at Kilifi. 
Coastal Composite Maize has been 
developed there and is already 
commercially grown in large areas of 
the coast. This open-pollinated variety 
compares favorably with the 
intermediate-maturity hybrids 511 and 
512. It has been decided that a second 
breeding population will bc formed of 
Jamaican lines and materials from 
CIMMYT. 

High-altitude maize 
The Nyandarua Agricultural Research 
Station at Ol-Joro-Orok is breeding
maize for altitudes abovc 2000 meters; 
at those elevations, the local maize 
planted by farmers takes 12 months or 
more to mature. Ten percent of the 
total area of Kenya is located at this 
elevation, and fariiers have 
continuously tried to grow maize 
without success. 

The program of maize improvement for 
high altitudes was started later than 
that for other areas. The first maize 
population formed Is now referred to as 
High Altitude Composite (HAC.) After 
its formation, the population was 
slowly improved until the 1970s, when 
intensive ear-to-row selection was 

begun. Later, half-sib selection was 
used to extract lines, since a tester 
with good combining ability was 
already available in Ecuador 573. The 
lines so far extracted are intended to 
produce hybrids for these areas. The 
main problems of maize grown at this 
altitude are maturity and the danger of 
frost. 

Maize breeding system 
The comprehensive maize breeding 
program developed at Kitale has been 
the basis of all of the breeding
 
programs in Kenya. The essential
 
features are:
 

* 	 Evaluation of local and exotic 
materials to assess their merits for a 
long-term breeding program:

* 	 Formation of two or more 
composites of the selected material. 
so that each population has wide 
genetic variablility and the potential 
for crossing well with the other 
populations: 

* 	 Use of recurrent selection in the 
populations so that their crosses are 
improved with each cycle, and 

e Release of a commercial variety as a 
cross of two populations, as single. 
double or three-way crosses from 
the elite lines or as a synthetic 
variety derived from the advanced
generations of the population
 
crosses.
 

Seed ProductioA and Distribution 

The importance of a program capable 
of supplying good quality seed to 
farmers cannot be over-emphasized: 
the success of maize production in 
Kenya has been largely due to well
organized seed production and 
marketing. The relationship between
the various agencies involved is 
described in the following seed
production sequence: 

Stage I. Breeders' seed 
Inbred development and maintenance 
Open-pollinated variety development 
National Performance Trials 
Variety release and naming 
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Stage 2. National Seed Quality Control Stage 4. Seed marketing and 
Services distribution 
Quality control and testing for yield Kenya Farmer Associations 
Inspection of sced growers' fields Farmer cooperatives 
Regulation Small stockists 
Certification 

The seed for hybrids and open-
Stage 3. Kenya Seed Company pollinated varieties that are presently 
Seed multiplication available in Kenya is shown in Table 2. 
Seed drying and conditioning 
Seed processing, sizing, treating and 
packaging 
Seed storage, labeling and distribution 

Table 2. Hybrid maize seed available in Kenya, 1985 

Yield Altitude Length of
 
(0/0 of range rainy season
 

Hybrid H 613) (W) (months) Observations 

611 95 1800-2200 6-8 To obtain good results 
612 106 1500-2100 5-7 from hybrid maize, a high 
613 100 1500-2100 5-7 level of inputs is essential 
614 116 1500-2100 5-7 Land preparation: Early 
622 91 1000-1700 4-7 plowing for a good 
511 96 1000-1700 3-4 seedbed ready for planting 
512 100 1000-1700 3-4 when the rains start 

Population: Between 40,000 

and 53,000 plants/ha, 
depending on rainfall reliability 
and soil fertility; two plants 
per hill spaced 75 x 50 cm 
or one plant per hill spaced 75 
x 25 cm 

Fertilizer: Phosphate essential; 
farmers should seek the 
advice of their agricultural 
officers regarding top-dressing 

X 105A 66 0-1000 3-4 Heat-tolerant tropical hybrid 
produced under licence with 
the Pioneer Hybred Seed 
Company 

625 134 1500-2100 5-7 Similar to H614 but 
higher yielding 

Open-pollinated variety 
Katumani 54 1000-1900 2-3 Short-season crop 

Composite 
Coast 64 0-1000 3-4 Good heat tolerance; tolerant 

Composite to leaf rust 
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Maize Agronomy 

The maize agronomy research program
has Identified the factors which limit 
maize yields in Kenya. In order of 
importance, these are: 

* 	 Land preparation and planting (late 
(estimated as the main contributors 
to yield): 

" Weed control and planting density; 
* Use of suitable hybrids or varieties: 
" Use of fertilizers in appropriate 

quantities, and
 
" Pest control and harvesting date. 


In 	the Kenya Ministry of Agriculture 
food policy document (8), projections 
were made that, if the country were to 
become self-sufficient in maize. 
production growth rates of 12.7% 
between 1980 and 1983 and of 6.8% 
between 1980 and 1989 vould be 
necessary. These estimates inucluded 
maize for livestock feed and industrial 
uses. The Economic Planning Division 
of the MOA forecast the need for a 
maize production growth rate of 85% 
between tl:L years 1983 and 2000 if 
self-sufficiency were to be maintained. 

Dissemination Gf 
Research Information 

To 	extension 
There are many ways in which 
extension can help in the
dlisseminat ion of research fldi. It ishndngs. 
important that staff members be 
included at seminars and field days at 
the research stations, and that the 
agricultural information centers keep 
them informed so that they can pass 
information on to farmers. In order for 
extension to perform this task 
effectively, there must be direct 
contact between extension subject 
matter specialists and the research 
stations: this can be accomplished 
through training and visits to projects. 
The annual maize tours are also a 
valuable part of the program. 

To 	the farmer 
The group approach has been found to 
be a good method for reaching farmers, 
through field days at research stations 
and through field demonstrations.
 
Training sessions can also be held at
 
the farm2rs' training centers. Each
 
research station should organize at 
least one field day per year for farmers, 
although the farmers should also be 
encouraged to visit their research 
stations whenever they have problems 
that they wish to discuss. 
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Maize Research in Lesotho 
P.P. Ntlhabo, Agricultural Research, Thaba Tseka, and M.T. Matli, 
Agricultural Research, Maseru, Lesotho 

The nation of Lesotho is entirely 
surrounded by the Republic of South 
Africa. The country may be divided 
into three main agroecological regions, 
the lowlands, the foothills and the 
Maloti mountain range, where land is 
being farmed at elevations as high as 
3048 meters. Each region has its own 
distinct climatic characteristics and 
agroeconomic potentials and problems. 

For the low elevations in Lesotho, most 
of the maize varieties (usually hybrids) 
are imported from South Africa; the 
hybrids are found to outyleld open-
pollinated varieties. In the 
mountainous regions, hybrids usually 
do not yield well because of the shorter 
growing season and cooler conditions, 
There, open-pollinated composite 
varieties better meet the farmers' 
needs. 

Maize Research 

The maize research program of 
Agricultural Research Lesotho is 
canying out a number of experi.Lents 
to increase maize production in the 
country. Maize variety trials are 
usually planted in September with 
varieties from CIMMYT (highland 
Mexico) and South Africa, as well as 
local varieties. No fertilizer is used; 
Thiodan drench is usually applied at 
planting to control cutworms and other 
insects. The maize is harvested in May 
or June, with counts made of the 
number of plants per plot and the 
number of plants harvested. Earworm 
and ear rot incidence is recorded. The 
ears are shelled manually, and grain 
weight and moisture content are 
determined. The weights are adjusted 
to 15% moisture content and the yield 
calculated. 

In the trials, the standard pattern of 
75 cm between rows and 50 cm 
between hills is used; three seeds are 
planted per hill. Plot size is 3 x 3 
meters, planted in a randomized block 
arrangement with four replications of 
each variety. The plants are thinned to 
two per hill after emergence. After 
harvest, the results are analyzed 
statistically. 

Considering the yield of maize varieties 
in both station and on-farm 
experimental plots, Mexican highland 
maize has proved more successful than 
other varieties over the past six years. 
The best two varieties, highland early 
white flint and highland early white 
dent, have yielded 62% better than the 
two best South African hybrids, SA4 
and SA1 1, and they have yielded 
108% better than local varieties 
(Figure 1). 

Insect control 
Cutworm control-In insect control 
experiments, highland early white dent 
is sown in plots measuring 
3 x 3 meters with four replications. 
Chemicals are applied either at seeding 
time or on emergence of the young 
plants. Thiodan is applied at the rate of 
16.5 liters per hectare. using one 
tablespoon of the 35% emulsifiable 
concentrate in 12 liters of water, 
applied to the soil with a watering can. 
In addition to controlling cutworms, 
Thiodan controls insects around the 
germinating seeds. 
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Endosulfan 0.175% bait, which is 
specifically fo:' cutworms, is applied at 
10 kg/ha on the soil surface, above the 
seed or around the emerged plants. 
Curaterr (10% carbofuran) is applied at 
the same rate as Endosulfan, but is 
placed in the ground with the seed; it 
is a systemic insecticide and is mainly 
effective against stalk borer. The plots 
are harvested and average grain yields 
determined from the two central rows 
(yields are adjusted Io 15% moisture 
content). Yield results have shown that 
it is more effective to apply the 
chemicals at seeding than at 

emergence. Thiodan gives the best 

control, followed by Endosulfan and 

Curaterr (Figure 2). 


Stalk borercontrol-To test for stalk 

borer control, highland early white 

dent is planted at various locations in 
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plots measuring 3 x 3 meters. Curaterr 
is placed in the ground With the seed 
in one set of treatments as 
recommended for stalk borer control. 
In others, Curaterr, Thiodan ind 
Endosulfan are poured into the funnels 
of the plants just before flowering. The 
plots are harvested, the grain weight 
and moisture content measured and 
the weights converted to 15% moisture 
content. The results of the trials are 
shown in Figure 3. 

Two applications of Curaterr, at 
planting and preflowering, have been 
found to be the most effective 
treatment. One application of Curaterr, 
either at planting or at preflowering, 
gave only a slight increase in yield 
over the control, as did treatment at 
preflowering with Thiodan. When 
Endosulfan was applied at 
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Figure 1. Average yields of Mexican, South African and Basotho maize varieties, Thaba.Tseka, 
Lesotho, 1979 to 1984 
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preflowering, yield was slightly lower 
than the control. The systemic effect of 
Curaterr persists only until the first 
wave of stalk borers appears, when the 
plants are still young. It seemi that a 
second application may be necessary 
to control later attacks by the insect. It 

Yield (t/ha) 
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Figure 2. Yield of highland early white dent, 
accroding to chemical treatment for cutworm 
control, Lesotho 
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had been supposed that both Thiodan 
and Endosulfan would be effective 
when applied in the funnels of the 
plants, but only Thiodan was found to 
be beneficial. 

Maize agronomy 
Maize yield tests have been conducted 
under varying cultural regimes. 
Highland early white dent was planted 
iv' October in the standard plots of 
3 x 3 meters with four replications. For 
planting, the ground was either plowed 
or left untilled. Seeds were planted in 
rows or broadcast, and plots were 
unweeded, weeded once or weeded 
twice. The middle two rows of each 
plot were harvested in June, and grain 
weights converted to 15% moisture 

content. Figure 4 shows the results of
the trial. 

planting. even with two 
weedings, was not shown to be
significantly better than regular 
cultivation with only one weeding. No
till with a single weeding yielded 
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Figure 3. Yield of highland maize, Figure 4. Yield of maize grown with 
according to chemical treatment for stalk varying cultural practices, Lesotho 
borer control, Lesotho 
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significantly less than regular replicated four times. Emergence wascultivation with one weeding. This was very irregular, especially in the firstin contrast to the previous season, replications at the edge of the field.

when no-till with one weeding had 
 The graph of yield and planting date
yielded significantly more than regular (Figure 5) shows that, as in past years.
cultivation with one weeding, probably yields diminished with each
due to the better rainfall distribution in succeeding planting in the beginning.
the current season, which resulted in There was also the usual dip in the
heavier weed growth. In the previous middle of the season 
due to cutworm 
season, a drought occurred in the attack. 
spring (October and November). and 
better spring growth was evident in the For very late maize plantings, yields
no-till plots. As in other seasons, maize increased with later plantings, startingyield was negligible with no weeding. on November 24 and continuing until 

December 8. This increase was lessPlantingdate experiments-To test milrked for SA 11, but the yield of
maize yield against planting date, I-lEWD went from 0.6 t/ha, when
highland carls, white dent. SA 11 and planted on November 10. to 2.39 t/haCIMMYT-German early maize were when planted on November 24 and to sown at two-week intervals between 2 92 t/ha when planted December 8.September 16 and December 8. Plots The CIMMYT-German maize showed a
measured 3 x 4 meters, with two rows similar pattern, yielding 3.37 t/ha fbr
of each variety per plot and outside the December 8 planting. The early
barrier rows of HEWD; the plots were planted maize had showed lower 
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Figure 5. Maize yield as a result of planting date, Lesotho 
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yields, partly because of poor good plant type and frost tolerance. 
emergence; this was probably caused Plants in the seed multiplication fields 
by droaght at flowering in December were selected the previous season and 
and January. The interesting either self- or cross-pollinated with 
conclusion that can be drawn from this other selected plants. the ears being 
experiment is that, in some seasons, it saved for row planting in the half-sib 
is possible to get higher yields by blocks. This procedure has been used 
planting late, if a fast-maturing maize for all four highland varieties. 
Is used and there is not an early killing 
frost. Hybridization-A second approach for 

adapting the highland maize to local 
Genetic improvement conditions is to cross it with well
Half-sib recombination blocks-The adapted Basotho varieties. The latter 
half-sib recombination block method of have low yields, but some are able to 
genetic improvement is used at withstand high winds and cutworm 
CIMMYT to increase yields of maize attack better than the highland maize. 
lines and to change them as desired. Basotho varieties tend to send out 
This method consists of growing seed several tillers which mature almost as 
from selected ears and plants in double fast as the main shoot, i.e.. there is 
rows, with a single row in between less apical dominance and the main 
which is seeded with a mixture of all of shoot is shorter. This gives lower 
the selected ears. The tassels are plants with several ears each. The goal 
removed from the double rows, and is to produce a plant with this form, 
these serve as females. They are but with ears like those of highland 
pollinated by the plants in the single maize and the resistance to cutworms 
rows, the males. The best plants in the that is found in the Lehalesebere (flint) 
female rows are then used the next maize. Table 1 shows the crosses that 
year along with additional selections, have been made to date. 

Highland maize has a few The CIMMYT-German line is a fast
disadvantages which are presently maturing maize which was developed 
being addressed. The plants are prone by selecting for earliness in Mexico in 
to lodging in the strong winds of the the winter and in Germany in the 
mountainous areas. Selection is being summer. It can mature at Thaba Tseka 
carried out for shorter plants with even when planted as late as the 
lower ears to correct this problem, and beginning of December. The Basotho 
at the same time, for large ear size, yellow floury maize (Rantsimane 

Table 1. Maize crosses made by Agricultural Research Lesotho 

Female Male 

Highland early white flint Basotho white flint 
Basotho white flint (Lehalesebere) Highland early white flint 
Highland early yellow flint Basotho yellow floury 
Basotho yellow floury (Rantsimane Highland early yellow 

khutseanyane) flint 
CIMMYT white German Basotho yellow floury 
Basotho yellow floury CIMMYT white German 
CIMMYT white German Basotho white flint 
CIMMYT yellow German Basotho yellow floury 
CIMMYT yellow German Highland early white flint 
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khutseanyane), with which it is being
crossed, produces small ears, a 
characteristic that has discouraged
farmers from growing it. However, last 
season it yielded well in trials because 
of the maturation of the ears on the 
tillers. The cross-pollinated ears in the 
trials were individually harvested and 
labeled for planting the following 
season.
 

Seed Multiplication 
and Distribution 

From the multiplication of highland 
maize varieties, 100 5-kg lots were 
distributed to 50 leading farmers with 
the understanding that they would 
return the same amount of seed after 
harvest. Each lot had information on 
recommendations for planting. 

Farmers had been told of the 
advantages of planting highland maize 
at courses at the farmers' training 
centers, and their response has been 
enthusiastic. Highland maize seed is 
also sold by the Crops Research Seed 
Multiplication Section. 

Extension Activities 

The extension service holds maize 
demonstrations in the fields of leading
farmers. Field days are also held in 
various locations to provide
opportumiities for both farmers and 
officials to see how seed multiplication 
is carried out. The farmers and officials 
can also visit on-farm experiments to 
see the difference between local 
varieties and varieties being developed 
through the maize research program. 
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Maize Production and Research in Madagascar 
L. Rondro-Harisoa and R. Ramilison, Minist~re de la Recherche 
Scientifique et Technologlque pour le Developpement ,* 

Antananarivo, Madagascar 

Maize is the staple food In the southern 
part of the island of Madagascar. In 
other parts of the country, it is used as 
a food complen,ent and as feed for 
livestock, 

Maize production is scattered over 
nearly all parts of the island (Figure 1), 
although most Is produced on the high 
plateaus (Table 1). Table 2 shows the 
characteristics of the principal maize-
growing areas of Madagascar. 

The maize crop is grown currently on 
some 136,000 hectares, an increase 
from 92.000 ha in 1962 (Table 3). Both 
area and production have increased 
over nearly all of the island districts 
since 1980 (Table 4). 
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Figure 1.Maize production areas, Madagascar 

There are two government farms, FEO 
and FESA, in the midwestern part of 
the island, as well as one 
agroindustrial firm (SAGPIM), which 
produce maize for feed and for export. 
They use improved varieties yielding 
up to 4.5 t/ha. Local market needs 
cannot be met by small.scale growers 
using local varieties and achieving 
average yields of only 1 t/ha. Since 
1981, maize production has been 
increasing because of an increase in 
price of almost 100%, from 53 to 100 
FMG/kg (600 FMG = US$ 1). 

Maize Research on Madagascar 

Maize research was started by the 
[RAM (Institut de Recherches 
Agronomiques A Madagascar) in 
1961-62. In 1974, FOFIFA or 
CENRADERU (Centre National de 
Recherche Appliqu6e au 
D~veloppement Rural) took over the 
research on varietal improvement and 
fertilizers. 

1. The location of maize production in 

Madagascar, 1980 

Production 
Location (O/o) 

High Plateaus (Antananarivo 
and Fianarantsoa) 62.1 

South (Toliary and Morondava) 15.7 
Alaotra 4.0 

(Antsiranana) 3.5 
West (Mahajanga and northern 

3.2Morondava) 

* Department of Scientific and 

Technological Development Research 



Table 2. Characteristics of the principal maize-growing areas of Madagascar 

Target 
TemperaturePrincipal Altitude farmers-'( *C) RainfallRegion towns (principal groups(m) Climate Max. Min. (mm) Soil types underlined) Observations
 

High Tananarive 1000- High 
 22.3 12.3 1250 Very desaturatedPlateaus Antsirabe 1-2-3 Dense population1600 tropical 23.3 10.3 1450 ferralitic soils
Fianarantsoa 23.7 13.2 1200 

Tsiroanomandidy 700 High warm
Middle west 1550 Fairly desaturated
Mandoto 900 tropical 2-3 Most favorable
ferralitic soils maize-growing 

areaLake Ambatondrazaka 700- High warm

Alaotro 26.6 14.7 1200 Fairly desaturated 2-3 Rice growing
900 tropic-l ferralific soils and predominant

fluviatile alluvium 

North Montage d'Ambre 2E.-500 Semi- to very 29.0 18.0 1300 Fairly desaturated 2-3Ambanja Favorable30-500 humid tropical 31.0 20.4 2150 ferralitic soils on maize-growing 
basalt area


Northwest Port-Bergd 20- 40 
 Fluviatile alluviumand West Maevatanana 2-3 Irrigation50-100 and ferruginousMorondava - Developing5 - 20 tropical soils region
 
West Morondava 
 5 -30 Semihumid 30.0 19.8 750 Ferruginous redMaintirano 5-200 warm tropical 29.7 21.7 1000 tropical sand and 2-3Mania 200-350 32.4 18.1 900 ferralitic soils 
East Tamatave 5-200 Very humid 31.0 20.4 3550 Ferralitic soilsBrickaville 1-2 High presence5-200 warm tropical 29.4 20.1 2800 and alluviumManakara of viral diseases5-100 2500 
South Tul6ar 10-500 Semiarid warm 29.7 17.9 350-700 Fertalitic andAmbavombe 100-400 1 High risk areatropical 28.7 17.1 600 ferruginous soils for agriculture 

and tropical soils 
and red sand 

a/ Target farmers; I = traditional farmers, 2 = farmers in the process of modernization, 3 = commercial farmers 
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Maize breeding Hybrid formation-Several hybrids 
Improvement of local populations- have been obtained, three of which are 
Two stable and improved populations being recommended by the Extenvlun 
were obtained by recurrent selection Service. They have had yields of 10 to 
for general combining ability in the 12 t/ha in station trials. 
southern part of the island. They are 
synthetics from Fianarantsoa and from Polyhybrids-Polyhybrids have been 
Tular. These two populations were created in Madagascar by crossing 
intercrossed, forming the variety hybrids. they are used as synthetics or 
Plata 264, which is now proposed for composites. The best ones are the 
release. The variety Tsakomalady has white-grain polyhybrids 266 and 377, 
shown resistance to virus diseases on which were obtained from H632. SRi 1, 
the east coast. SR13 and three lines from Natal. Three 

polyhybrids with yellow grain are 374, 
Formationof lines-More than 150 384 and 387. 
lines have been created from 
introduced varieties. Intervarietalhybrids-Three hybrids 

recommended by the Extension 
Table 3. Area and production of maize, Service are 321. 375 and 383. The 
Madagascar, 1962 to 1984 latter is one of the best maize varieties 

obtained to date, with a mean yield of 

Area Production 8 t/ha in station trials. This variety is 

Year (ha) (tons) best known as a polyhybrid for use in 
advanced generations, at which stage it 
has given a mean yield of 6 t/ha in

1962 92,000 85,000 trials. 
1972 95,000 106,000 
1980 128,000 127,200 Compositcs-Thre composites have 
1981 128,000 127,600 been created, but only one is still in 
1982 116,500 112,800 use, Composite High Plateau, with 60 
1983 131,100 150,500 entries. 
1984 136,300 160,500 

Source: Agricultural Statistics Service, 
Ministry of Agriculture 

Table 4. Maize production in each faritany (district), Madagascar, 1980, 1983 and 1984 
forecast 

Faritany Area (ha) Production (tons) 
1980 1983 1984 1980 1983 1984
 

Antsiranana 3,800 3,700 3,900 3,000 3,500 4,700 
Mahajanga 13,000 13,900 15,200 10,400 15,700 15,200 
Toamasina 10,400 13,500 12,100 10,700 13,500 12,500 
Antananarivo 65,100 60,200 63,400 70,300 76,000 83,700 
Fianarantsoa 15,000 15,400 16,300 14,700 16,200 18,000 
Toliary 20,600 24,400 25,400 18,100 25,600 26,400 

Total 127,900 131,100 136,300 127,200 150,500 160,500 

Source: Ministry of Agriculture 
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Fertilizer studies 
In 	fertilizer trials it was shown that 
yield islower ol land being cultivated 
for the first time; this was especially 
true oil the high plateaus. There, 
production was almost nil, even when 
large amounts of inorganic fertilizer 

was applied. It was lound that this 

pheionenon could be overtone 

through the use of a mixture of 

chemical and oraic fertilizers 
Containing maIllnu... 

Ntrient dcl'cienev studies-The first 

step in the fertilizer studies was the 

(lualitat ive determination of
deficiencies in maize plants grown in 
pots. The results of these Studies are
shown inTable 5. 


Clicnical fertilizer studies-Thc results 
of tile stutdy of1"etllents showed hat: 

" 	 Nitrogen, phosphorus and l)otassium 
are essential on tie high plateaus (K 
and sometinies P are less needed in 
other regions): 

" Itisbeneficial to apply N and K ii 
split applications:

" Dolomite isneeded oin acid soils and 
on soils d(eficient incalcitIm arid 
magncsium: 

" On virgin lands, i)otas.i:tiun can be 
lost 0ilrotgh leaehing. an(d 

* 	 Ihosphiortis should he applied
alnually at the rate of 45 kg of 
P205/ha. rather than ina large. orie-

tirnc dose to bring the phosphorus 

lev'el tip to par. 


Studies of Inixtun'vs of oiL$Inic and 
chemical 1'-tilizers-''hcsc sltidies 
showed that: 

When the crop resiutie isplowedj
-
under, less f'ertilizer isneeded 

(especially potassitun): 

S1 Ile lSC of )COllposthIaS a negaltive C 
effect, and 

* 	 Mantire, comiposed of aninial miatter 
and harvesl residues, is often poorly
dcconposed. Tlhc aount of1' mantlrc 
available is oftcn Ihnited to 5 t/ha 
per year. 

It is recolnmended that organic matter 
be comlbined with cticinical 'ertilizers. 

The Present Status of
 
Maize Research in Madagascar
 

Varietal improvement 
Thc varietal inprovenicnt program has 
restlted illa liational collection which 
isuitilized for: 

* 	 Mlaintenance of' 11 2 prlI'e linleS and 
176 varieties:
 

e Increase of certain varieties Ior
 
subsequent use in trials or in
 
form ing promising varieties:


@ Formation of' promising \arieties,
 
and
 

0 lltroduction of nine pa-Clll lines
 
(which were lost bucatuse of, 
tnainteliance lr)roblcis), and (Ile 
ihlrodlietiol of two new varieties. 
IRAT83 and IIZAT200. 

Thc recoiniiirided Varictiics and orthers 
released to txtcllsiorl are ewallaled ill 
two ways: 

9 	 Tests of'varieties iliorder to idcntily
promising Olls for a giv'l localion. 
and
 

* 	 Collparat ivc variety trials or
 
sltudying tihcir l)crlorniance inother
 
regions. 

From the 1983-84 v'aricy trials, two
 
varieties were otii(lto be best. .383for
 
yield inhigh elval ions and .37-1 lor
 
adal)tability.
 

Agronomy 
lic nlain are'as s1tidicd sinc( 1983-84 

lave been fertilizer use and secd 
product ioin. 

Fertilizerisc-he-ll niain objctlive has 
beenl the idcltlification of ,collonlical 

rlilizalion schemei, s adlapted to 
sclectcd sites and to different levecls of' 
Irod ction. Areas Unrder sttidy illoLde 
thN rllaxirllllntnIuse' of resources. such 
as nianinc. straw, har\est resid ties and 
dolomtlle. and ri)tating cereals villi 
l tglls. 



Table 5. Fertilizer recommendations resulting from nutrient deficiency studies, Madagascar, 1060 to 1980 

Recommended fertilization 
Correcting 

Station Principal Observed fertilizer Annual fertilizer Observations 
Region (altitude) soil type deficiencies (kg/ha) (tlha) 

P205 K2 0 Dolo-
mite 

N P2 0 5 K2 0 Dolo-
mite 

Manure 
(2) 

High 
Plateaus 

Ampangabe 
(1300 m) 

Ferralitic soils 
on acid rock 

PCa,K, 
Stg 

400 300 2000 90-135 
60- 90 

45-60 
45 

30-60 
0-30 

500 
250-500 10-20 

P and K main 
limiting factors, 

(gneiss, also dolomite 
migmatite) 
(very poor) 

High Ambohi- Ferralitic soils KMg,Ca, 600 350 2000 90-135 30-45 30 250-500 1/ 
Plateaus mandroso on basalt P (in 

(1600 m) (very poor) fields) 

High Ferralitic soils P (medium) 250 After 4 a/ N main limiting 
Plateaus on basalt years factor 

(fairly poor) 

Middle Kianjasoa Ferralitic soils P (medium) 300 
west (1000 m) on glacial K (low) 

debris 

North Anketrakabe Ferralitic soils P (medium) 250 N main limiting 
(300 m) on basalt factor 

(medium poor) 

North- a/ Alluvial soils a /  None 0 0 0 90-135 0-45 a 
west 

West a/ Vertisolspl/ a/ a/ a/ a/ 90-120 45-90 a/ Liming not 
necessary, slow 
evolution of 
organic matter 

South Ihosy Tropical P (medium) 100 
(700 m) ferruginous 

soils (hydro
morphic soils 
on red sand) 

South- Ankazoabo P (low) 80 45- 90 50-60 5-15 N main limiting 
west (Tul~ar) factor 

1/ No information available 
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The areas in which fertilizers have 
been tested are the high plateau, with 
an elevation between 1000 and 1600 
meters, and the midwest, with an 
elevation of 700 to 1000 meters, a 

relatively cool and humid tropical 

climate (1200 to 1500 mm of rainfall 

per year) and ferralitic soil. 


Some of the recommendations from 

the fertilizer studies are: 


" The use of nitrogen fertilizers, even 
on maize planted after legumes: 

" The use of a nitrogen supplement 
with NPK fertilizers: 

" The use of a balanced mixture of 
organic and chemical fertilizers, and 

" 	 Further study of the use of NPK 

with dolomite and manure and of 

NK with manure. 


Studies have also been made on soils, 
and their responses to the essential 
elements (N. P and K). to dolomite (Ca.
Mg) and to manure. These have been 
carried out on the northern part of the 
island, which has a low-elevation 
climate (250 to 300 Il) and moderately 
poor volcanic soil. 

Rotatiotns-Studics have been made to 
determine promising rotation systems 
which include the two main food 
cereals, maize and rice, and the 
legumes, groundinuts, beans and 
soybeans. The studies have been 

conducted on the volcanic soils in the 
north and on the ferralitic soils of the 
Lake Alaotra area. 

Culturalprartices-Studics have also 
been conducted in various parts of the 
island ol cultural practices, such as 
time of planting x depth of seeding. 
time of planting x variety and methods 
of land preparation x Ca and Mg 
application. 

Seed production 
The seed production studies are a 
continuation of the work on varietal 
improvement and formation. FOFIFA 
produces prebasie and basic seed for 
the agronomy enmplex of Lake Alaotra 
(CALA). Since 1976, th seed of three 
I)olyhybrids (383, 377 and 266) has 
been released to growers. It is 
multiplied and distributed by CAI,A. 
Table 6 shows the amount of seed 
distributed in 1983-84. 

Maize Research Staff 

The genetic and varietal improvement 
program has two Malagasy staff 
members, a maize breeder and an 
agronomist: there is one expatriate 
breeder in the program. There are also 
personnel in the areas of entomology, 
plant pathology and soil science. 

Table 6. Seed production and distribution, Madagascar, 1983-84 

Variety (kg)
Receiving agency 383 377 266 374 Total Observations 

MPARA - MPAEF 690 8 8 706 
Private societies 400 400 SAGRIM (Morondava) 
Farmers 120 20 10 150 
Testing program 

(FOFIFA) 106 30 60 15 211 For testing
DRZV (FOFIFA) 1000 200 1200 Forfood 

Total 2316 58 278 15 2667
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The Relationship between Conclusions 
Research and Extension 

Important results have been obtained 
Until 1982, varietal release was not since maize research was begun in 
efficient in Madagscar because of a 1961, in the areas of both varietal 
lack of coordination between FOFIFA improvement and agronomic practices. 
and the Ministry of Agriculture After a four-year interruption, research 
(MPARA). In 1982, a liaison service was begun again in 1983. Since then, 
(SALIAR) was created at MPARA to act it has been oriented, in the short and 
as a bridge between research and medium term, to the maintenance of 
extension. The service of plant the main seed collection at Lake 
material (SMV) at MPARA has Alaotra, the reconstitution of 
established a national seed policy for degenerated polyhybrid lines intended 
maize and rice. FOFIFA's seed for extension, the reintroduction of 
production program will be determined parental lines that had been lost, as 
by this service to satisfy the national well as of new lines and varieties, and 
demand, to research into economical fertilizer 

practices. 
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Maize Research and Production in Malawi 
L.D.M. Ngwira and E.M. Sibale, Department of Agricultural
Research, Chitedze Agricultural Research Station, Lilongwe, 
Malawi 

Maize is the staple food aid major 
source of carbohydrates for over 80% 
of the people of Malawi. The rising 
demand for food in reeent 'vears has 
turned maize into not only an esseit ial 
staple fbod cro). but also into a cash 
crop: itcan be sold to the Agrieflttirl 
Development and Marketing 
Corporation (ADIMARC). which later 
sells it to meet urban food 
re(quniireents aInd olhcr lieeds. Maiz( is 
now being gfrown for food even ili those 
areas vliere eassava, sorgiiilli or 
lillet used to be the prireilpal fodls. 

Maize Production 

Althbough most of Mal.'i's ,iaize is 
produced On the cenlral pliac:. it is 
widely grown throuigliouit the cotlilr,. 
primarily by sniallholders. 
Approximately 970.000 hect ares were 
grown i 1980-81. of which alhott 80% 
was grown in pure stands. This reflects 
a dramatic shift front mixcd 'ropping. 
as more than 90% (if thc 1,070,000
hectares l)fanted to rnaize in 1968-69 
was illstands mixted witIli ptlses. This 
de(cline in lecttarage was accoipanhid 
1 a llodest l)rodhletioll illrcas' ]13%) 
b~etweenI the two so rvcvs. Aboutt() 1 
of'Illiro(hliction is(oflocal fill 
varieties which ore [lit rit-red for lronic 
coistiliptioll: iiost of tlie coilllpositc 
and hybrid ipro(hticti}l is sold. Tlie 

.prodictio of maize ill rotatirri with
tolbaeco oi eslalte firllis hals ini'rr'ias-(l 
in recent years. 

Maize yields in Malawi vary widclv. 

firom less than 1000 to ov\er 4000 kg 

per hectare, depending oin sit'ih ftaeiirs 

as location. variety andI lertilizer ius('. 
Conlitions are snitablh for maize 

Maize is grown at altitudes ranging 
fron a few meters above sea level to 
1700 ileters or more. Ihe main maize
groVing areas are bet ween 600 and 
130) i eters above sea level, althbough 
sonic maize is also grown ill tile 
iarginal areas above or belo~ this 
range. The marginal areas offcr the 
biggest challenge to research for the 
breeding of varieties suited to their 
eonditions. 

There ill-ethre'e miiargintl areas for 
growing nlaize. Parts of tile Shire 
Valley in liltsouthCrn tip of the 
coun-y has a senii-clesert climate with 
a very short rainy season (two to ihree 
iiotllfis); rainfall is erratic and 
onrelialb. 'I'lie very hot lake shore 
al-ca also has a short rainy season of 
(ll ly lhree to our nmont hs. Il tihe hills 
in ie ierr and central parts of theIi(irt 
cotlrllrv cool ten;,}ratures and 
overcast corlditions arc tinfavorable for 
ilaize proliition. 

Maize is grwii ill Malawi by two typcs 
of firriuel1cis.
Estatle farimers have I'rgc
 
land holdings and can afford to nvest 
large anmtols of'capilal iii t heir crops. 
TIlcy grow llaize iiirely as a ('ash crop
arid. therefore. prefer growinl higlh
yitl(I; g (helllyrids. Tile naize frollmh'l 
tlie, estates is soldl cither to ADMARC at 
a preniitinl) price or diretly to the 
Grail and Milling Collpay iTIlirlbe.
Lilorngw or Mzuizti at a price higher 
thair thiat of AI)MA NC (to cover 
Iransponirtatfoic ('(S-is). Tile Grain arnu 
Milling Coiparny pr('esses iost of 
Ithis lilize into filoir for lllian 
('OlSUIllltion, Wilvith
a sninoll anuount
 
Ibeing lrocessed into aniiial and 
potillry feed. Tile company also ltnvs
 

lprodtucion in th( drier areas of' the nmize fr'on AI)MARC to iine the ever-Sbhir' Valley and the lake shore: tOlire ln('reasir g denand for xnaize floor
the production polential is high, frori ithe urban pompulation. The (state 
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sector plays an important role in 
feeding the ever-growing urban 
population, as well as in the National 
Food Reserve Program. 

Smallholders farm small parcels of 
land (8 ha or less). These farmers grow 
maize for food, with only surpluses 
being sold. They normally have limited 
capital and cannot afford to grow 
hybrids, which have high demands for 
fertilizer without assistance loans for 
fertilizer and seed. Most of them grow 
local unimproved flint maize. 

The average yield of unfertilized local 
maize in Malawi is less than one-third 
that of fertilized hybrid maize. 
However, the local, unimproved flint 
maize has some grain characteristics 
that farmers like. The grain is resistant 
to weevil attack in storage; therefore, it 
stores well, even without pesticide 
treatment. There is also less grain 
breakage when the seed coat is 
removed by pounding in the traditional 
mortar and pestl:2. As a result, less 
grain is lost along with the seed coat. 
There is a need for the development of 
improved semi-flint, open-pollinated 
varieties so that farmers have available 
higher-yielding varieties which demand 
less fertilizer, as compared to the 
hybrids, and are closer to the 
unimproved local maize in grain 
characteristics. Table 1 is an estimate 
of the types of maize grown in Malawi 
In the 1982-83 season. 

National Policy 

Malawi national policy is to increase 
maize production in order to maintain 
self-sufficiency in the rural areas and 
to provide enough food for the growing 
urban population. The government is 
also trying to accumulate sufficient 
grain reserves to meet the country's 
needs in times of adverse weather. The 
goal Is to increase yields per hectare, 
through improved seed and cultural 
practices, the use of both manure and 
chemical fertilizers, and effective 
disease and pest control measures. 

Maize Research 

Maize research in Malawi is the sole 
responsibility of the Department of 
Agricultural Research (DAR) of the 
Ministry of Agriculture. Maize seed 
production and distribution is carried 
out by the National Seed Company of 
Malawi (NSCM), the Seed Technology 
Unit of the DAR. and ADMARC. The 
Seed Technology Unit was set up to be 
responsible for seed certification and 
quality, and the National Seed 
Company of Malawi, seed production 
arid processing; ADMARC has the 
responsibility for seed distribution. The 
maize program is designed to develop 
high-yielding varieties and cultural 
practices for both the high-potential 
and marginal areas of the country and 
for both estate farmers and 
smallholders. 

Table 1. Estimated maize production, Malawi, 1982-83 

Total 0/0 of 
Area 0/0 of production total Yield 

Type of maize (ha) total (tons) production (kg/ha) 

Local unimproved 1,067,525 90.2 1,017,114 77.7 952 
Composite 26,954 2.3 46,097 3.5 1709 
Hybrid 89,004 7.5 245,573 18.8 2759 
Total 1,183,493 100.0 1,308,784 100.0 1106 
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Maize research is coordinated from the 
DAR Chitedze Research Station, 
situated 16 kilometers west of 
Lilongwe. The research is 
multidisciplinary, with the program
divided into the areas of breeding. 
agronomy, pathology and entomology,
A unit has been formed recently to 
carry out, among other things. on-farm 
research, 

The mathe breeding program 
A systematic maize-breeding program 
was set up in the early 1950s, and the 
production of inbred lines from a wide 
range of base materials was begun at 
that Iime. Until 1971. emphasis was on 
the production of synthetic varieties 
(SV) and double-cross hybrids (coded
LH for local hybrid). The lines were 
recombined in the early 1960s to form 
synthetic varieties or crossed into 
double-cross hybrids. This approach 
was successful, and a number of 
synthetic varieties (SVI?, SV28 and
SV37) and a hybrid variety (lI-I 11) 
were released to farmers after testing
in the mid-1960s. These varieties were 
grown for a long period. 

In 1967, a breeding program for the
 
formation of composite varieties 
was 
initiated. Randoin pollination of some 
20 varieties, which included local 
synthetics and hybrids and a few 
introduced materials, was carried out 
for three generations. In 1971, 
recurrent selection was staited with
 
the new population thus formed: 
it was 
named Chitedzc Composite A (CCA). 
At that time, emphasis was shifted
from synthetics to compGsites, and the 
hybrid program was suspended.
Chitedze Composite B (CCB) was 
formed almst exclusively from exotic 
materials aid was very broad based.
 
The selection criteria used 
In the 
l)rograrn was grain yield, grain
characteristics and ear and plant
height. The S2 testing method of 
selection was chosen, since it appeared 
to make the best use of the resources 
available. Table 2 shows the schedule 
that was followed. 

Hlowever, problems were experienced
wii this method. It was difficult to get
enough S2 ears because the SI lines 
did not grow well because of reduced 
vigor and consequent poor seed set. In 

Table 2. Maize S2 selection method used in Malawi, 1971 to 1973 

Cycle 

First wvt season 
(1971-72) 
First dry season 
(1972) 
Second wet season 
(1972-73) 

Second dry season 

(1973) 

a/Grown under irrigation 

Site 

Chitedze 

Makhangaa-

Chitedze 
Bvumbwe 

Mbawa 

/Makhangaa 

Operation 

From 1 ha, 1500 plants were selfed for 
S1 s, 300 ears selected 

300 Sl splanted ear-to-row and selfed 
to S2 

Yield trials for best 200 S2 entries, 
two replications at each site, best 10 
to 20 entries selected based on yield 
and desirable agronomic characteristics 

Selected entries recombined by the 
Kitale "Irish method" of planting best ears 
from selected families ear-to-row, the
 
resulting best ears mixed in equal
 
proportions to represent one improved
 
cycle of the population 
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1974. it was decided to change the imported from neighboring countries.
 
selection method to modified S 1 By producing its own hybrid seed,

testing. Therefore, the top-crossing of Malawi could free much-needed foreign
the Si lines to the original population exchange for other development
(Co) in the first dry season was projects. The hybrid program was to 
substituted for the S2 production. The be followed along with the composite 
remnant seed of the best 10 to 20 program (for open-pollinated varieties)
families of the Si lines were then which catered to smallholders who
 
recombined in the same manner as 
in grew maize with fewer inputs, either
 
the S 2 method. Two other populations, for home consumption or for the
 
Ukiriguru Composites A and B (UCA market.
 
and UCB). were introduced from
 
Tanzania and also underwent this The hybrid program-In 1977, the
 
method of selection, development of inbred lines from local
 

and exotic populations was initiated.
 
In the mid-1970s, the two composite Inbred lines were also acquired from
 
varieties, UCA and CCA, were released cooperating institutions outside the
 
for high-potential and low-potential country. The ear-to-row inbreeding
 
areas, respectively. Farmers expressed method was used. Selections were 
dissatisfaction with them because they made both within and between 
were too tall. A recurrent selection families, with the populations involved 
program was therefore started to being CCA, UCA, Ecuador 573,
reduce the car height of these Cortazar and TL73B. At S2 the lines 
composites. Some progress has been were evaluated for general combining 
achieved in car height reduction in ability (GCA), and selfing was 
both varieties (Table 3). continued only in the lines which 

showed good GCA. At S6 the lines 
The hybrid program was revived in were evaluated for specific combining
1977 in order to satisfy the country's ability (SCA). Three new high-yielding 
demand for hybrid seed, which had hybrids have been released from this 
risen due to an increase in the number program, for both the high-potential
of commerical maize growers. Until and the marginal areas. Three lines of 
that time, all hybrid seed had been these hybrids are now with NSCM for 

bulking and seed production and 
distribution to farmers; they are 

Table 3. Mean grain yields of two maize CXH66, CXH74 and CXH43. 
varieties over three seasons of testing, Malawi 

" "The composite program-In the 
Grain yield Plant height Ear height composite program, there is 

Cycle (kg/ha) (cm) (cm) continuous population improvement
for both high-potential and marginal 

CCA areas. For high-potential areas, the 
5785 301 184 emphasis is on high yield, late-to-C0 
6253 282 165 medium maturity, low ear placement,COC 1 6646 293 172 short plant height and disease and pestC2 6646 293 172 resistance/tolerance. The populations 

UCA undergoing improvement in this 
C 6678 285 185 program are UCA and CCC. Work is 
C 6851 293 165 also underway to synthesize new 

populations using local and exoticC2 6525 277 158 materials. Like the hybrid program, 

SE I 666 8 64 the collection and evaluation of new 
CV (0/o) 5.6 introductions is an ongoing process. 
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Coopet-atioti with il"ItUrilatimial 
illstittitiorls, slicli it,, CINININ'T. is all 
illipol-taill. 1);Il-t of' ill(- pl-ogi-alli. 

III thc Ilial-gitial al-cits. Ille clilpililsis I.,; 
oil 1)1-(i(.(Iillg lot- stillflc yiulds. cill-I ,v 
imiturily mid tolci-mict. to discilscs illid 
illsect pcsts. CCA is I-ccollilliclult-d I*ol. 
ill(. lakeslion. i11-vils 'llid is lllldcl- oillg 
illipf'okciliclit lot- slillflc Yicld ilild 
1)(11cl, agroiiom ic cli.ii-acit-i-s. TuxpciiO. 
it CINININT imptiLitioti. Iiits just I)tvii 
i-clcased I'm- ill(- Kai-iitigii Agi-ictilim-al 
Develolm iciii Divisioti (KADD). 

('111tival, (.1'allialioll imd rc/citi (-Allv 
IIL'\V ClIlliVill' SIIOVitl, SOHIC IMICIIIiii], 
wilctlicl- I'l-olli (lic Ilatiolull lwol. I-illll. 
illicl-Ililliollill illslillitiolis ol. 
com pim ics. is i-cquir(id to m idci-L o 
vigol-olls Icstilig bcIon. it call lic 
l'CC0IlIIiWI1dcd lot- 1-clcase lo fill-Illevs. 
'I'llu Vill-ict v Rclcilsc wllicll 
is it (Iccisioll-Illillkilig bod 'v. Ivqllilvi, 
fill-cc scilsolis of, [I.iaj dillil; I( mflv 
ill)pl-ovcs Ow r(.I(.ils(. of val-it-lit's Illill 
s1low collsistrot slipel'i0l.i1v ov(.I. illc 
curictil ncom m urided vai-iclir,,. 

TllV I'( Icascd Owl) I'mcs lo Illu 
Niitioiiid Sct-d Com pittiv lot- sccd 
ilicl-cast. alid disti-ilm lioll. Ill Hir cilst, 
oI, It*vhl-ids. pill-clifill Imes al-c pnwitll.d 
to ill(, coillpilliv. wilicli rolm.iwt', 
U0111111VITiol I.owcl-s I(w blllkilu illid 
11O)I-idizillioll. 'I'llu st-rd Tc(.IIIIol()i.4v
[Jilit ill Cllitcdzt.. ill Hilsoll w;Ill 
bl-evdcrS. kucps it clost. willcil o[I Hic 
sced-111111liplicillioll sclicillf. In 111;Ihilaill 
vill-ict'll pul-it v, illid (Illillil *v. 'I'llc sced 
collipilily scIls Ow stird din-cil". to lill-i.4c 
Illilizc Lt-owri-s: ADMARC, ill(- mi(dr 
(list I-ihIII ol, of- Lil'Ill iIII)II(s I() S111,111-

stills Ow S(.(.(] 1() 

The m aize agronom y program 
A sm all illilizt. Iglojlolll ,v lnogl'alll wils 
illilialed ill ill Ilic kile 1950s 
to develop ilillwoved 
I"ot- 111c iiew svii1fictic ;lit(] livbrid 
vaf-icl i(is (.olllillg out ol, I lic iwrrdilli_ 
pi-ognim. At fluil lime. ciiipli;isis was 

IlloslIv oil lilllc oI' Iflillifilig. spilcilli 
illid 1)1;illlillg delisil v. Tllc lillit, wol-k 
doliv oil I'VI'lilizt.l. I-ith's wil." lot. 
IIIc 1cw cstilir 1,1,11,11lul's ()I.()%%.illg III;Ij/c 
al Ow lillic. 

Allilost all Illai/c ilgl.()Ilolll v kv(wk wits 
cmidlicird ;I( Hit- Ifuljol*iii.41-icullilt-ill 

slittiolls ;III(I "Ill)"litholls. 
'I't-cilliolol"ics (Ickcloprd no illv 
I-rscill-cil slil(iolls 
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The present maize agronomy program common diseases. These materials can 
is an outgrowth of the ODM project. later be incorporated into the disease-
However, the size and scope of the resistance breeding program in case 
program has changed, because maize any of the diseases reach economic
 
cultivation in Malawi has extended to levels.
 
areas that in the past were under
 
cassava, sorghum or millet as food The most serious diseases at present
 
crops. New problems have also come are maize streak virus, maize leaf
 
about becaue of increased maize blight (Helmnthosporiumturcicum
 
production. In some areas, maize and Trfchometa-sphaeriaturcicum).
 
monoculture has become a practice, rust (Pucciniasorgh) and leaf
 
since maize is now being used as both anthracnose. Since the economic
 
a food and a cash crop. and in a few importance of these diseases has not
 
cases, because of population pressure been studied previously in Malawi, the
 
on the land. Nutrients which were in preliminary program consists of 
abundant supply in the soil are now investigations into the economic 
becoming deficient, because of the use importance of maize leaf blight and 
of high-yielding varieties which are rust and into varietal reactions to the 
more demanding of soil nutrients. This diseases and disease development over 
is particularly true of the micro- time. 
nutrients, especially boron and sulfur, 
and in some areas, potassium. Weeds. The maize entomology program
especially witchweed (Strigaastatica), The entomology section of the maize 
are also becoming a problem because research program is responsible for 
of monoculture or insufficient rotation. monitoring the incidence of 
The land is not allowed to rest long economically important pests in 
enough between crops to reduce the Malawi and investigating control 
incidence of witchweed. measures. The maize entomologist, like 

other maize scientists, is also involved 
The maize agronomy program is in advisory work with farmers.
 
charged with developing improved

cultural practices for the new high- The most serious pests are stalk borer,
 
yielding varieties coming from the termites and armyworm. While
 
national program or those introduced termites are difficult to control, stalk
 
from outside the country. Research borers can be controlled by 2%
 
work in maize agronomy presently Dipterex granules; armyworm can be
 
includes plant density and spacing, soil controlled by Sevin 85% wettable
 
fertility and crop nutrition, the powder or Dipterex 95% soluble
 
intercropping of maize with legumes, powder. 
and weed control. Maize physiology 
studies are also investigating the Maize Research Staffing 
efficiency of the various maize varieties 
in partitioning dry matter into grain. The maize breeding program is staffed 

by three maize breeders. They are 
The maize pathology program supported by staff at the technical 
With the intensification of the officer and technical assistant grades
production of maize, its disease status and a labor force which fluctuates, 
has changed, with the occurrence of depending on the season. Two of the 
more diseases in epidemic proportions maize breeders are assigned to the 
every year. Therefore, it has became breeding project for the high-potential 
necessary to engage a pathologist to areas: the third breeder is responsible
initially screen existing materials for for breeding for the marginal areas. 
resistance or tolerance to the most 
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The maize agronomy program is 
manned by a senior maize agronomist 
and a professional officer, two technical 
officers, a senior technical assistant 
and a technical assistant. The labor 
force again fluctuates, according to 
season. The maize pathology program 
is composed of one professional officer, 
a technical officer and a technical 
assistant. Maize entomology is manned 
by a senior entomologist, a technical 
officer and a technical assistant. All 
maize research scientists work as a 
team under the coordination of the 
Maize Community Team Lcader. 

Conclusions 

Maize production in Malawi has 
dramatically increased in recent years 
in all parts of the country. Malawi is 
now not only self-sufficient in maize. 
but has become an exporter as a result 
of increased production in recent years. 
Table 4, which shows ADMARC 

purchases of maize from smallholder 
farmers, is an indication of this 
increase in production. The increase in 
farmer sales may be attributed to 
increased yields per hectare, to 
farmers' adoption of improved cultural 
practices and to the use of improved 
seed and fertilizer. These factors are 
partly the result of the Malawi maize 
improvement program and partly of 
good government policy and intensified 
extension efforts. 

Table 4. Amount of maize sold to ADMARC by 
smallholder farmers, Malawi, 1981 to 1983 

Amount of grain sold (000 tons) 
Northern Central Southern 

Year region region region Total 

1980-81 20,723 65,559 4,923 91,205 
1981-82 36,387 96,186 4,018 136,591 
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Maize Production, Constraints, 
Research and Development in Mauritius 
N. Govinden, Food Crop Agronomy Division, Mauritius Sugar 
Industry Research Institute, and S.P. Mauree, Extension Services, 
Ministry of Agriculture, Fisheries and Natural Resources, Reduit, 
Mauritius 

Mauritius and its island district, 
Rodrigues, form part of the Mascarene 
Archipelago in the southwest Indian 
Ocean. Mauritius is situated at 200S 
latitude and 57 0 E longitude, about 880 
km east of the Madagascar. It is of 
volcanic origin, and the land rises from 
a coastal plain to a central plateau, 
with elevations ranging between 73 
and 275 meters. It has a maritime 
climate, tropical in summer and 
subtropical in winter (8): temperature 
is mild the year around. The mean 
maximum temperature in the warmest 
areas varies from 25.9'C in August to 
31.21C in February, and the mean 
minimum in the coolest areas, 14.90 to 
20.51C. Annual rainfall is less than 
1000 mm on the coast and more than 
5000 mm on the central plateau. but 
the amount varies from year to year. 
Most of the rain falls between 
December and April. the cyclone 
season. Tropical cyclones cause 
considerable damage to crops. 

Mauritius occupies an area of about 
1840 km 2 , of which 57% is cultivated, 
Sugarcane occupies about 90% of the 
cultivated area, and tea, about 6%. 
The agricultural economy is, therefore, 
dominated by the production of sugar. 

In the past decade, Mauritius' food 
imports have increased alarmingly. In 
1982, the value of imported food 
represented about 25% of total 
imports, with the balance of trade 
suffering a heavy deficit. About two-
thirds of the foreign currency earnings 
from the main export, sugar, was 
absorbed by this cost of imported food 
(4). Hence, the government declared a 
policy "to achieve the greatest 
autonomy in the control and 
production of our food supplies" (2). 

In 1984. 54% of the country's food 
Imports could not have been produced 
locally. 39% could have been produced 
and would not have required arable 
land, and 7% could have been 
produced but would have required 
arable land. In this last category, maize 
and vegetables were the most 
important items (10). Therefore, much 
emphasis is being placed on increasing 
maize production. 

Maize is not a new crop in Mauritius: 
its cultivation has a long history dating 
back to the first decades of 
colonization. On several occasions in 
the past. particularly when sugar 
prices were low or in times of crisis. 
such as wars, interest was also shown 
in agricultural diversification through 
the production of maize and other food 
crops. 

Presently, efforts are again being made 
to increase maize production, with a 
view to attaining self-sufficiency by 
1990. The annual per capita 
consumption of maize in Mauritius is 
16 kg, most of which is used as 
livestock feed. In 1984, only a quarter 
of this maize was produced on the 
island: the rest was imported. 

About half of the maize produced in 
Mauritius is grown in sugarcane 
interrows; the other half is grown in 
rotation with cane. Most is produced 
by the sugar estates, but recently other 
producer groups have started to show 
an interest in the crop. 

The main constraints to maize 
production are land scarcity. the 
occurrence of tropical cyclones and of 
drought. insufficient shelling and 
dIrying facilities and relatively low 
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economic profitability. Ihese 
constraints are discusscd in this pa)er 
in relation to rcscarcl ol),jectives anti 
aciievemels, as well as ie rolc of 
eXtvnsionl and th.c plaIning and 
organizatiotn of prodlction. EIliphnsis 
is on th( atlempts heiitill td., to 

reme the constrait,s through
l, 

restearch antidIvelopni~utt. The 

uitluinless (It "ome ot"lit' ,latiritiani

approaches arc unherlinctl. 

Maize Production and Utilization 

In the t'ightcllh clltiex'. tilitcal-tv 
lFrelih ('olollist , iit'w ilMaiZ. ill 
MNla ritiuis ill orde'r to I('i't iat oirli ti lt 
faitwii. Whe~n a guaraniced Inialkt fo~r 
sugar was cstablislicd ill1825. 
stlgaralnlf. ainti' Ilie dtiiliaiitt cro p. 
and by tlile t'ir tlt" li"t' iltllhiiiiofttlll 

('('lltll'y, i i il t' '.Vasll)loliler Qrowl 
 l it 
c(titillcd tt hi stitt iiilptrtaiit'i, ill 
Rodriglt's. whlt' t';ll Vils llwastgroltV, 

Dill'ii tlilt' aid sot wolhlfirst nlld 

wirs. \VheI I'i(t' wcrc
slippli's

wun.t
disl'ultic(l, st'fic'lics.' ]lllllich'd for 
tilt'-
pro~dlic'li(ll o~l 11ai/.,, hilll]c ,' 
Vt'ri' not \'i'Y ,tt't'ti.s, lit'l .Ill111.1-1 
pr(oduction of ittaii/¢, wiis odlv 5500 

(lls. w\'li('':sls (It'ililiil ftl" it'( was
 
alllt 55.0 0 tons, ,tIfl(tr lit'Sccoiild

World War. 11iize,F[(d(ihln dh'clintwd. 


rc'haling its lowi+t lcve'l ill19(2 to
 
196-. There was ,otot inc'isc ill
 
prttu('tiou illtit'i1970s. but nit forl hi 

pr[,Og'uss was ('li'\'d 1t
util 19I4. 

w\t'(il ion ;mi .lilliltcrease'd to
p'oducl
,100()tois (l"iltr( I).()11 lt' basis tof 
orlder's for1 sccd'(iti,csfilllaw(d 1h;.ll 
productlion ill 19)85 will rcoc(h ui(or, 

lian 7000 tOl!;. 

Thr't'' h s ttull a lal i ili ui ill'l lt-COUwtrv's dIctuiiI lhr Inlaizu,. Till-
m -+riV(( illltillfllgel lilizt.d forII;]'I¢1
 

tit itritods 196)9 toiI973, 1971 to 
1978. and 197!) tt 1983 wmuri 1280. 
563( and 1.1.180 ttiIsi t1,l iivt.lv 
This rapid iltriasi' was assc'iat(,d 
witlh ailillt-teas, illtlw (ihl ani ttr 


l'cst wi)i wtts as ;Ir still
'l p i ii ot ising 
incom(,,. At prt't'it,abtnt 9!"o t)Ilit' 
lllaiz' ill,\allrilill is ls('(l iora, h'ced 


lit 

( 1o (ill IItllch Illilize, 1ad so.eV.s 
have reveahd that it inilorte(I rhec and 
Hour, the Inail staples. were not 
availabhe, thy would( preer laniuc, 
swee potatoes attn polatoes to maize 
(3). 1Nv contrast. lllaiz( tigurcs larg'ly 
illte odriguan dict. although riee is 
the prclr rt'-tsaple (9). 

Iivest0Ck, especiallV I) ry'. Mauiri iais 

Agricultural Production Systems 

Thte art. prescitly thrcc I1ain lilize 
prduction svsttlls ill Mauritius. 
(-xtc.lsi\'e piure-stalad c'lilti\atiol, 
illitlis,(' pulte-s"tallC cult ivaill land 
int(nsiVe iic 'r tl)Jpilg \\iilh stgarcatlc'. 

Extensive pure-stand
cultivation (System 1) 
,'.ceslcul,\-Lxtcn,.;i\' tllc-stalol 
('illiV\atioll is practiced ill MIn ritills by 
slliall-st'alet tn!io(rs, iaiiv of wh(otti aft 
staltlc toI ('r(wIt Lal)iis. Maize 
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Figure 1. Maize production, Mauritius, 1955 
to 1985 
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cultivation is not their main intercropped with manioc and sweet 
occupation. Small plots on mountain potato. Local Rodrigues varieties are 
slopes are cleared with a machete and used, and yields reach about 2 t/ha. 
hoe at the beginning of the rains, and Total production was estimated at 
three or four seeds are sown in holes 2000 tons in 1983, with most of the 
dug at a spacing of approximately maize being grown for home use. 
1 x 1 m: this usually results in a stand Maize is the most important crop in 
of two plants per hill. Grain yields are Rodrigues. 
about 2 t/ha, and the total production 
of these farmers in 1984 was estimated Intensive pure-stand 
at about 100 tons. In the extensive cultivation (System 2) 
pure-stand cultivation of maize, there Intensive pure-stand cultivation of 
are no cash inputs in the form of maize has been carried out on 
fertilizers, herhicides or irrigation. Mauritius mainly by the sugar estates: 
Invariably, the local maize variety is only in 1984 did it begin to be used by 
utilized; due to Its rusticity it is well other farmers. In this system, which is 
adapted to this traditional method of very important since it presently 
production. accounts for about half of the maize 

produced, maize is grown in rotation 
System IB-Extensive cultivation is with sugarcane. The maize is grown on 
also practiced in much the same way the land lying fallow between the 
on Rodrigues, although in contrast to sugarcane harvest and the next cane 
Mauritius, small-scale maize farmers planting. Inputs such as fertilizers, 
there do not always plant in pure herbicides, insecticides and, often, 
stands; their maize is often supplementary irrigation are provided. 

JJ 
:17,1
 

aA"' 

Maize planted in sugarcane Interrows, Mauritius 
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Highly responsive varieties, presently 
hybrids, are planted at 62,500 plants 
per hectare, and average yields are 
about 4.3 I/ha. 

Intensive intercropping 
with sugarcane (System 3) 
Intensive ilt ercropping with strgareane 
(groVillg ligzt" I)ctw,Cell tile rows of 
calle). has also laenl dolne on the sligar 
estates: oily ill198. did otlher groups 
adoplht le" r;iliie. Iis systeili 
aecottints ls" ;ioit halfol:tthe pius(it 
prodlinii. Altlloilgll tlhs'sttIl (-Xists
in i teXw othicr silar-.rc1dlici(ilg 
('olilrities, sicil is hidii. laiwai aid 
Ie l'ltilippiies, ilowhre is it as 
inlortant as it is iil Nlatiriitis. The 
ttOst (eollrliolli paltlli oI itilt i'trij)irpilg 
silar al e witli iiiaize is to grow olil( 
row of inaize inialturnalte irilteiToWs o'f 
the slgila-caile crop aild of Ihe first arid 
seerod ratooin c'rops. In this sysitill, 
ire tlhaiZ(' poputlation dC'iisit\y is oii(-
third thtal ol pire-slailIdliaze. Tic 
maize is etilizd. anid it btlielils Iron 
lie ir!igation giveni to Ihe, 'llllg (earle: 
sollelilmies it also 
Slitpl)hlilnlari
aN irigation. Grain yihlds 
are abouti1.4 /ha, i iteeqtuivah'rit (ofa 
yield ol'abotit 1.2 /lIia ')ipuit-stand 

alilize. 

Production Structure 

Maize production increased remarkably
 
in 1984, and is expected to increase
 
still lurtlher in coining years. Reeently.
 
there has been a gradual han1ge in tile 
slruct'ire of maize produeion ill 
Mauritius (Table 1). Th amoutt
 
produced 1)y sm all planters )N,

traditionial tlit
hods (Ssten IA) has 
inlcreased slighilv il rsl)ollse to atll
 
ilirase ilipric, tlowever, it is
 
ant icipated tlial in tli iltire this
 
prodtinori \'il!l as i)ressurt, is((cit'iise

exertedl o)isqtialers oil (,iorei lLarnds
 
to stop (rooppilig rtrosioli-stiscel)lible
 
inioiritairn slopes,.
 

A ('illipiaigi was lgllll i l I98-to get 
l)rr)(l'e'r gl(ollS (ithelr Ilil sligatl
estales o pouw r1itic oilstigaralri'l 
I;llds. aiid Iltis has starled to bear 
(rtliT htll \'ar OwrIh irrst lime. 
silrall \'r'itlir'cl intiotisiiti itirize 
prodtiulioil insllg:lie;ll iltlerrows alilol 
itt rotation X\ It sliugareilc. Sigar
(estats,whicli o\\n aol)(ui5 ,,',of tHie 
(.III(s laidls. l)rodut't'l 93) of the otalloatie 
tiiaize crop ill1983. phelroport ion 
d i'rr-ascd to 85,) ill1981 aid is 
tXI)-c(ted li be ao)(uiit 86% i 1985. The 
priot'io nilot-yle" cease ftlrlhr ill Ie 

Table 1. Maize farming systems, Mauritius, 1983 to 1985 

Estimated Production 
1983 1984Farming system Type of farmer Tons Percent Tons Percent Tons 

1985 
Percent 

Extensive pure stand Smalli(,ale 50 3 100 3 200 3 

Intensive pure stand Sumar esfat,:- 600 40 1600 40 2500 35 
Lar(le-scahf - ... .. 50 1 
Smail-Scale  00 3 150 2 

Intensive intercroppm l Sugar estiates 800 53 1800 15 3600 51
 
Larie scale - - - . 50 1 100 1 
Small scale 50 3 350 9 500 7 

otal 
 1500 99 4000 101 7100 100
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future if other producer groups 	 Research on intercropping sugarcane
increase their production. The 	 with food crops started at the end of 
proportion of maize produced in 	 the nineteenth century, but intensive 
sugarcane interrows is expected to studies have been recent. Intercropping 
increase from about 55% in 1983 and patterns have been considered, and in 
1984 to about 58% in 1985. This can the case of potato, widely adopted, 
be attributed to an increase in first-	 85% of potato production in Mauritius 
season (March) plantings when the 	 is in sugarcane interrows. This does 
only free land is found in sugarcane 	 not reduce sugar production. With 
interrows. 	 maize, the recommended pattern of 

growing one row of maize in alternate 
Constraints to Maize Production 	 interrows of plant and first and second 

ratoon sugarcane accounts for about 
Numerous constraints limit the 	 50% of maize production. Research is 
production of maize in Mauritius and being pursued to further intensify the 
account for the failure of past attempts system by growing such crops as 
at increasing production. The main potato, groundnut and beans in the 
ones are described here in relation to plant cane interrow which presently is 
the research objectives and not planted. This should make the 
achievements of the maize program of practice of intercropping maize with 
the Mauritius Sugar Industry Research plan, cane still more attractive. 
Institute (MSIRI), the organization Another approach being studied is that 
responsible for maize research, of increasing maize density in 

sugarcane interrows. Presently, the 
Land scarcity density utilized is 20,800 plants per 
Since most of the arable lard in hectare, one-third of the density
Mauritius is presently cropped, there is recommended for pure-stand 
very little scope for increasing the cultivation. The average maize grain 
cultivated area. The only lands that yield of about 1.4 t/ha is also one-third 
could eventually be developed are of the yield of that of pure stands. 
located in the dry zones, and not only somewhat low compared to other crops 
is it too expensive to provide them 	 which compete with maize for the 
with irrigation, but water is not always sugarcane interrows. The density of 
available. Also, the present official potato intercropped with plant cane is 
policy is to maintain sugar production 50% that of sole-cropped potato, and 
at current levels because about 80% of yield, about 60%. 
the sugar is exported at a guaranteed,
negotiated price: this policy implies A way to increase lntercroppcd maize 
that diversification should not come density, and hence yi elds, has now 
about at the expense of sugarcane. The been proposed. This consists of 
solution, therefore, is to Intensify planting two rows of maize in large 
maize production on sugarcane lands. sugarcane interrows created by pairing
The challenge of Mauritian agriculture cane rows. This would increase maize 
is to find a way to produce more food yield by more than 60% over that of 
crops without an increase in arable the presently recommended pattern. 
land and while maintaining the level of Moreover, it would allow the 
sugar production. This can only be intercropping of older (third and 
done by rotating crops in the fourth) sugarcane ratoons. The system 
sugarcane lands (System 2) and by of pairing cane rows has not yet found 
making maximum use of sugarcane favor with sugarcane producers 
Interrows (System 3). because of a number of problems 

which are presently being studied. 
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incorporated into all cultivars grown the use of insecticides (5). Earworms 
on Mauritius, and this is one of the (Heliothisarmigera and Cryptophlebia 
principal objectives of the maize leucotretra) do not appear to cause 
breeding program. economic damage. 

Drought Diseasea 
While the effects of cyclones can be Leaf diseases are important yield
avoided by growing maize before and limiting factors. In Mauritius, the leaf 
after the wettest months, this increases blights Helminthosporium maydis and 
the risk of crop failuie due to drought. H. turcfcum prevail in the maize-
In Rodrigues, most of the annual growing areas (5). The latter is more 
precipitation is associated with serious and may cause reductions in 
cyclones, and farmers there have to yield by as much as 50% for 
risk growing maize in the cyclone susceptible cultivars. Rust, Puccinla 
season. In some parts of Mauritius, polysora, is prevalent during the warm 
where supplementary irrigation is season, and can also seriously reduce 
available, maize can be grown in the yields. In addition to leaf blights and 
dry season. In rainfed areas, drought is rust, maize streak virus (MSV) is also 
a serious factor limiting yield. important in Rodrigues. The approach 

to the control of leaf diseases is the 
There are two main approaches for breeding of resistance into the cultivars 
overcoming drought in Mauritius, the grown on Mauritius (6). The cultivars 
use of short-cycle cultivars for drought presently grown in pure stands are 
avoidance, and irrigation. Irrigation is tolerant, but those grown in the 
provided when and where it is sugarcane interrows are moderately 
available, although the rise in the cost susceptible to leaf blights. A number of 
of energy has been responsible for the resistant inbred lines have recently 
abandonment of a number of irrigation been introduced from the USA and the 
schemes. Except in the drier regions, it Republic of South Africa, and they will 
usually does not pay to irrigate be crossed with the best local inbred 
sugarcane unless gravity-fed systems lines. MSV-resistant populations have 
are employed; for maize, on the other been introduced from IITA and will be 
hand, supplemental irrigation is used in the development of a 
usually worthwhile. The intercropping composite fbr Rodrigues. So far, no 
of sugarcane with maize will make material with good resistance to rust 
irrigation schemes more economically has been found; the CIMMYT 
viable, since irrigation applied to maize populations and gene pools that have 
benefits the cane and vice versa, been grown so far appear to be 

susceptible to rust. 
Insect pests 
At present. insect pests are not limiting Weeds 
factors in maize production in Weeds create a serious problem in 
Mauritius. In the past, insect pests of maize fields in Mauritius. At the 
stored grains were important because beginning of the nineteenth century, 
maize was stored for long periods, but the root parasitic weed Striga hirsuta 
currently the production is regularly was a major pest, but it has now 
absorbed by the feed mills. A few almost disappeared. The nutgrasses, 
insects, such as the webworm Cyperus rotundusand C. esculentus, 
(Angustallusmalacellus), the greasy are particularly noxious weeds in 
cutworm (Agrotis lpsllon) and the maize and sugarcane fields. A number 
defoliating caterpillar (Spodoptera of herbicides are recommended against 
littorals), attack maize seedlings, but nutgrass (5), but they are costly. 
they are controlled reasonably well by 
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Infrastructure 
 subdidies resulted illiathree-fold
 
A major difficult., with la ize 
 increase in production. When the
 
lirodtiCt ion OilMtL'ilils isthe sheilinlg subsidies were 
reioved. )rodctllionald(dr'ing of the crop at the t)rodueer dropped back to low leve'ls (7). The
 
level. I3ttCilsC of IheC 
 lneed to ee ) the' presernt priee is nlot c llsidlredI a
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nceItssary to harvest 
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grain moisture ('ontelt is still ll25 to i.. insitead, al iji'elli\ price.
3 0 %. Tl"e ears then have to be she'lled 
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maltrial 
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storage ot' mlaize are now operational. Material iilptits calnot 1)' redlced
 
One is priva 
l*Nl owned and has beel'n vithout eduithig yields. The work
 
itt ('Xisten.t, since 1980: two other 
 1i)irig don., ott natural drying has
 
go\'e,rltiiilt-owctd 
plants were built inl ar . beeni nientioiltd. iii(Ia tlncd lera
1984. Solti sigar"estaltes also use ilalso otlle ileraras wiere t redlucttion 
(ratoi-(rivelt slieflers illd bIass- potlttioll costs is l)ssih11,.
 
fired drx'rs. "ltse lfacilities are
 
adeqt 
 t ocss tite prt'etlt Inl spite of tie ;ilouirt of
 
l)rodlw.tion. although more will be 
 unteillllovilnent ol Mauritius. it is l'Cltteqfiircd Is itoduiction il('tass. Ihat sotnie lahor-,lntensiv'- operations
 

should liev il tearrize.d. It has beenl
 
The licd to dry rIiize artifieiall shown that the cos 
 of' labor could be"
 
itlreases ti' cost of lroduLtioti by 't it hall' IhrouLgh Ih1l se of
 
abol it 10',". For Illis re'ason, ajiprojriate illilterllts 
 for plalt ilig
alt'trlxlive. low-cost (.ving lttliods arid rarx',estirifg. The ricelianieal
 
iare beitig ''xnintd. At the sitall-irrin plarlte'rs prese, tl ,v untilized bx' sont

level. ('ril drying appcars to bc it plittrs ite nInt efvti'l'it.iet' and iexy 
possibiliry. Solar drvers ia,,o o!lr sorie 
l)(i,ttial, arid ic'vare twieitg (developed Table 2. The cost of production of rainfed
ille [JUllixersilv of Mturilils. Ili maize, Mauritius, 1983 
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models, including pneumatic planters. The Organization and 
are being tested. Corn pickers have Planning of Production 
been in use in pure stands since 1977. 
In 1978. a prototype one-row corn The removal of technical constraints 
picker for use in sugarcane interrows alone, through research and efficient 
was designed and built and found to extension, are not necessarily 
work reasonably well (1). On sugar translated into increased production. 
estates it is not used, because The Mauritian experience with the 
presently the permanent labor force potato has demonstrated the need to 
can be shifted from cane to maize. devote more attention to development. 

Even when information is quickly 
Finally, the cost of production per ton made available to producers, new 
can be reduced by increasing yield. For technologies are not adopted for 
instance, irrigation could improve the several years, and some not at all. 
efficiency of the other resources, such 
as fertilizers, and increase yields. On Mauritius, maize is a controlled 

product. The Agricultural Marketing 
Extensioi Board is responsible for calculating 

costs of production, fixing prices and 
The Mauritius Sugar Industry Research quotas and allocating subsidies, as well 
Institute, which conducts research on as for conditioning, storing and 
maize, is also responsible for extension marketing maize. This is done through 
for the sugar estates and large a Maize Production Committee, which 
planters, the owners of 40 hectares or is made up of representatives of 
more, through its Extension and producers, research and extension 
Liaison Division. Lectures on maize arc services, feed mills, the Chamber of 
regularly given at the MSIRI: research Agriculture and the Consumer 
recommendations are also made in its Association. 
annual reports and advisory bulletins, 
and updates appear in mimeographed The Chamber of Agriculture monitors 
recommendation sheets. Moreover, the use of sugarcane lands for the 
maize specialists visit the maize production of food crops: lands not 
plantations regularly, and trials are used by sugar estates are leased to 
conducted on land belonging to sugar small planters. The seed requirements 
estates and large planters. of the different producer groups are 

also channeled through the Chamber. 
Extension for the 33,000 small cane The activities of seed importers and 
planters is the responsibility of the local secd producers arc coordinated so 
Extension Services of the Ministry of that there will be no shortfall in 
Agriculture. There are two or three production because of a lack of seed. 
extension officers in each of the ten 
districts of Mauritius, and they collect At a higher level, the High-Powered 
Information from MSIRI and pass it on Committee for Agricultural 
to the farmers whom they visit Diversification has a maize 
regularly. They also broadcast subcommittee which makes 
recommendations on radio and recommendations to the government 
television and publish a news bulletin, on all matters pertaining to the 

development of maize production; it 
also monitors the activities of all of the 
other organizations. The subcommittee 
reviews past performances in the light 
of government policy and production 
targets. The target set by the 
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government in 1983 was to satisfy the 
country's annual needs by 1987 (4). 
This has now been revised, with the 
present goal that of attaining self-
sufficiency by 1990. 

Conclusions 

After several decades, Mauritius now 
has the possibility of increasing its 
maize production substantially. This is 
the result of concerted ef'.rt on the 
part of all those concerned with maize. 
Producers are motivated I)y the 
attractive price. Research workers are 
determined to face the challenge of 
developing methods to increase 
production without reducing sugarcane
yields. The government has 
demonstrated that it has the political 
will to support local productior. 
Therelore. the goal of achieving self
sufficiency by 1990 should be 
attainable. 
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Research on the Constraints to 
Maize Production in Mozambique 
E. Nunes, Institiito Nacional de Investigacfo, Posto Agronomico de 
Umbeluzi,* and D. Scusa, Posto Agronomico de Lichinga, 
Mozambique, and I. Sataric, Maize Research Institute, Zemun 
PoIje, Yugoslavia 

Maize is the preferred staple food of 
most Mozambicans, and it is grown 
throughout the country, both single 
cropped and intercropped. The total 
area under maize is about 500,000 
hectares annually. Yields are generally 
low. 

South of the Save River, the principal 
factors limiting maize yields are lack of 
rainfall (or for irrigated maize, poor 
irrigation techniques) and diseases, 
mainly downy mildew and maize 
streak virus: pests, such as stalk 
borers, are also constraints. In the 
higher rainfall areas of central and 
northern Mozambique, the principal 
agronomic factors limiting maize 
production are low soil fertility, 
periodic droughts in the lowland areas, 
and diseases, such as fusarlim and 
diplodia ear rots and 
HelmJnthosporiumspp. Weed control 
is a major problem under both peasant 
and commercial maize-growing 
conditions throughout the country. 
with the worst problems being the 
weeds Striga lutea for the peasant 
sector and Rottboellia exaltata and 
perennial sedges for the mechanized 
sector. 

The most serious limitations to maize 
production, however, are economic. 
For the peasant sector, the most 
important is that, in the countryside, 
there is a lack of consumer goods that 
would serve as incentives to 
production. For the mechanized sector, 
problems include a serious shortage of 
trained manpower, insufficient 

National Research Institute, Agricultural 
Research Station iat Umbeluzi and at 

management expertise, organizational 
difficulties and frequent shortages of 
vital inputs, such as fuel. 

The national maize research program 
was started in 1977. Initially, th main 
research emphasis was on the sdk:ction 
of introduced maize germplasm for 
Mozambican conditions. As a result, 
thrue varieties (based on CIMMYT 
materials) are ready for release. 

Selection for resistance to drought, 
downy mildew and maize streak virus 
continues in the southern part of the 
country; in the north there is a smal 
program of hybrid seed production. It 
has become clear, however, that the 
use of improved varieties is only a 
minor factor influencing maize 
production. Since 1982, the maize 
program has adopted a more balanced 
farming systems approach. This paper 
summarizes results from planting date, 
plant density, fertilizer use, insecticide 
and herbicide trials. Land preparation 
studies have also been initiated. 

Mainly post-indepcndcr-e work is 
described in this paper. ,cause of the 
transfer of power from the colonial to 
the independent government of 
Mozambique, there was an interruption 
both in agricultural production and in 
research. There was complete 
discontinuity in terms of research staff, 
and much unpublished data was lost. 
It has taken time to rebuild research 
capability, and work at times is still 
rudimentary. While not attempting to 
present experimental details, an 

Lichinga) 
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overview is provided here of maize 
production and its constraints, as well 
as of progress made in maize research 
during the ten years since 
independence. 

Maize-Growing 

Areas of Mozambiquc 


According to the agricultural census ofthe 1960s (3), the country could be 
divided into three caiegories in Iernis 
of maize production, the area where 
maize was tile major staple food crop,
the area where it Was of eqLual
Importance with sorghum and the area 
wvhere it was of sccondary importanee.
At that time, mnaize was tile major 
staple crop in the highland areas of 
Niassa. Tete and Manica i)rovinccs. t tIelower Zanbezi Valley and most of the 
southern part of the country, MapLuto,
Gaza and Inhanibane provinces. In t lhe 
central area, most of lowland Mani,
and inland Sofala. maize had aboui 

, 

equal importance with sorghtmln, and 

in the rest of the country either 

sorghum. cassava or rice was 

dominant (Figure 1). There is no 

evidence to suggest that 
 this pattern 

has changed in Ilie last 20 years. 


The highlan d areas are those with 

altitudes of 500 to 
 1300 meters, itean 
annual rainfall belwecn 1000 and 1300 
mm and PETF (potential eval)o-
transpiration) (Pemian) of less than 
1500 ini per ainm Tim.here is a sinIle 
rainy season. frotn November to April. 
giving a growing period ol abott 180 
days. A recent analysis of the 
agroclimatic suitability ol Mozatlmbiq(i,
for maize classifies these areas as 
suitable or very suitable for rainfled 
maize (5) (Figure 2). It is inleresting to 
note that the predominance of maize 
as a staple does not always follow tie 
indicated agroclimalic suitability for 
growing rainfed maize, 

The whole of the northeastern part of 
the country is classified as very
suitable for maize proCLuction, but in 
fact. sorghulm and cassava 
predominate. This must be due then to 
other factors, and the most probable 
ones arc soil Iertilitv limitations and 
the competition for land and labor
 
from cotton, the main cash crop.
 

Southbern MozaInlbique is classified as 
luarginal!y suitable or unsuitable for 

rainfed maize production. This region
is characterized by irregular rainl'all in 
ternis of both total annual amlount and 
distribution. Proloiged droIghlt during
lhe growing period is the norm, and
 

crop failure is coti1mon as a result of
 
eitier drought or flooding.
 

Ihe coastal strip has more reliable
 
rainfall, with a mean annual 
total of
 
800 to 
 1000 nun and PET below 1350 
nill. Mlving from the clast, the 

rainfall drops to less than -100 mil per
anlulIllm ill the iterior of Gaza 
Province. vhile PET rises to over 2000 
Iltml. In Gaza. IllaiZe is not a rainfed 
rop: it is irrigae(d or growvn in 

depressions with residual mjoisture and 
hence is susceptible to flooding. 

In Ille easatit secor of tile highland
 
areas. 
maize is growtn oil hand-formed
 
contour ridgcs iiiwhich 
plan residues 
are ilcorporated. It is intercropped. 
tinv with beats, coWleas and otiher
 
leguinides ald soitlt lies potatoes, In
 
('ael of these arcas, tlie systel is well 
devlopcd arid adapted to the heavy
soils, the abrulpt beginning of the rains, 

ilt, high risk ol vnosi(n and I le 
short'age (l clienical Iand mechanical 
intS. Platiling dais ill thi highlands 
ate fairly well dcfi ned. from mid-
November to In id-Duecimi ber. as Sooii as 
suficien t raill Ihas i llii. Yields of tile 
intercrop)ed tiiaize are between 0.8 
and 1.5 t/ha. 
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Lich inga Pemba 

Luelimane 

teira 

Yield potential (t/ha) 

V. suitable - 1.6) 

; Suitable (1.1 - 1.4) 

Moderately suitable (0.7 - 1.1) 

Marginal (0.4 - 0.7) 

W Not suitable (0-0.4) 

Inhambane Areas where maize is the 

predominant crop 

Maputo 

Figure 1. Climatic suitability for rainfed maize production at a low level of inputs, 
Mozambique 
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Figure 2. Dominant crops produced under peasant conditions, Mozambique 
Source: Mario de Carvalho 
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In the south, oxen are used to cultivate Department (DDR) of the Ministry of 
the heavier irrigable soils, although Agriculture. In 1977 a program, 
hand cultivation is also common. In mainly of variety selection, was started 
these soils, maize is grown as a row at INIA with FAO help; the FAO expert 
intercrop, usually with cowpeas, and was joined by a Mozambican 
pumpkins are undersown at an agronomist in 1981. In 1982, the FAO 
irregular density. In the sandy soils of expert left the country, and since 1983 
the coastal strip, cultivation is mainly research has been carried out with the 
by hand. Maize is planted at a low help of a five-person Yugoslavian team 
density (less than 10,000 plants per subcontracted by FAO. 
hectare) and with irregular spacing in 
fields of cassava, groundnuts and Expatriate scientists have also worked 
cowpeas. Although the maize-planting on pest and disease problems and 
season in the south is considered to be fertilizer requirements since 1977 and 
from the beginning of September to on weed control since 1981. These 
mid-October, maize is planted were initially separate, uncoordinated 
throughout the year following any programs, but in 1982 all research on 
sizable rainfall, maize was coordinated under the 

National Maize Program. In 1983, 
Mechanized farming with high 
agrochemical input is largely confined 
to the state farms. These were set up 
soon after independence in 1975 to 
secure continuing agricultural 
production despite the exodus of the 
Portuguese farmers; they were formed LA 

by putting several smaller units under 

one management in order to make full 
use of the limited expertise available. I NampuL. 

They are very large, usually over 1000 
ha. On each farm the crop mix is A 

dominated by one crop. either maize, AA 

cotton, sugarcane or rice, and on the 
cotton farms a considerable amount of A 

maize is also planted. The combination Ch. 0"1i,.fi 
of crop farming and the raising of Agricultural cropsA AA,,, 

livestock on one farm is rare. The 
location of these state farms is shown N Livestock 
in Figure 3. 0 Forestry 

Cooperatives and private farms also 
exist on a more limited scale, with a A ,.,,.. 
lower level of inputs than the state 
farms and with mechanization usually A- X,, 
limited to land preparation. The aputo 

distribution of these farms loosely 
follows that of the state farms. 

Maize Research Figure 3. Location of state farms and their 

production, Mozambique 

Maize research in Mozambique is 
carried out by the National 
Agricultural Research Institute (INIA) 
and the Rural Development 
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attempts were made to make research 
more meaningful In the solving of 
immediate problems limiting maize 
production. 

In the early years, conditions of 

staffing and equipment on the 

experiment stations were such that 

experiments tended to be sown and 

harvested by visiting scientists (based
in Maputo) and looked after by poorly 
qualified station staff. This led to a
high percentage of failures, high CVs 
and low yields. In 1983. priority was 
given to three main experimental sites, 
Lichinga for the highlands, Namapa for 
the northern lowlands and Chokwc for 
the south: experienced research 
scientists were assigned to each,
resulting in a dramatic increase in the 
quality of experimental results,
However, the present war is making

this quality difficult to maintain, 


The Rural Development Icpartnient 
has its own centers, in six of which 
research on maize has been carried out 
for the last Couple of years. These
(,('liters work with the peasant sector 
and cooperative farins, while INIA 

research has becen aimed at fully

mechanized agriculture. 


Factors Limiting Maize Production 

In the peasant sector 
Although it is estimated that 50% of 
the marketed maize in Mozambique is 
prodicecd by peasant farmers, this 
sector receives very little help from the 
state. There is pra('tically no extension 
service and little distribt io- of seed 
and agrocheiinicals: even tools ar(-
unavailable some years. Mantifactlurcd 
goods ill gCneral are iii short SUl)l)ly in 
the counIryside, including basics such 
as salt. oil. sugar. cloth and keroscn, 
as well as such itnems its bicycles and 
spare parts, radios. lamnlS and sewing
machines. It is probable that the lack 
of consumer godds is a major factor 
limiting the anotnt of Imaize 
produced. 

Apart from this lack of assistance, the 
major constraints to peasant maize 
production are drought, flooding, pests 
and diseases in the south and declining
soil fertility in the north. The soil 
fertility problem has been aggravated
iii recent years by the movement ci 
population from the countryside into 
villages. This increases the pressure on 
the land and reduces the utilization of 
traditional bush fallows. 

Trials carried out by the DI)R centers 
have shown that the varieties used by
the peasants are as l)roductive. within 
the constraints of their farning 
system, as are the improved varieties 
presently available (1): fite grain also 
has the added advantages of 
palatability and resistance to storage 
pests. The improved varieties tend to
have a greater polenlial under high
fertility conditions. although this is not 
always the case. Somic local naize
populations have given experimental 
yiclds of up to 5.6 t/ha with the 
ipplication of fertilizer. 

In about 100 nonreplicated trials on 
peasant fairmers' fields in two areas of 
Ile lowlands in tie north, rov planting
of maize in niaize-leguine intercropping 
led to an average increase in yield of
about 24%. Neither the yield of the 

nompanion crop) nor the densities of
the non-row planted maize intercrop
 
was measured, il it is possible that
 
row planti g leads to ain in'rease in
 
plant density. 

In the mechanized sector 
Soon after independence. most farmers 
with experience ii iechianizecd 
agriculture left thC Country. and 
because of t ie \'ery low level of 
dcluation and work experience that 

had heen allowed tlie black population 
in colonial ims. this sector still 
suffers iront a shortage of skilled 
agricuiltural workers. This fact is 
especially serious because of the need 
to deal with the problems which arise 
from external factors, such as badly 
organized transportation and 
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distribution services, the shortage of areas, the start of the rainy season is 
crucial inputs and spare parts. often abrupt, allowing only about a 
flooding, drought and, at present, the month for land preparation and sowing 
war. However, in the last few years, after the rains have begun. 
there has been an improvement in Alternatives have been proposed to the 
yield on some of these farm3 as present system of plowing and 
farmers have gained more experience, harrowing the hard dry soil; some have 

been tried, but have not yet been 
The lack of experienced managers and properly tested. These alternatives 
skilled workers at all levels has been include various forms of minimum or 
the cause of many of the problems reduced tillage and a rescheduling of 
which have led to average yields of less present operations; for instance, 
than 2 t/ha on many mechanized plowing could be done immediately 
farms. One of the most serious of these after harvest, when there is still some 
problems is that work is consistently moisture in the soil. 
late, from the preparation of the land 
to the harvesting of the crops. This Irrigation and drainage 
stems partly from a lack of In the south, the alluvial plains of 
understanding of the crucial almost all of the rivers are used for 
importance of timeliness, but even growing maize on both mechanized 
more from organizational difficulties, and peasant farms. In some areas, the 
which are further aggravated by maize is not irrigated and adequate 
deficient machine maintenance. As a ground water control is the major 
result, a high percentage of the farm problem. Drainage problems, at both 
tractors are not operational at any one superficial and deep levels, occur in 
time, and tractor life is short. The size these generally heavy soils, including 
of the farms also implies that that of increased soil saiinity. Pumped 
considerable skill is necessary to drainage is sometimes practiced. 
productively manage the large work Irrigation is by means of furrows. 
force. although sometimes small basins or 

sprinkler irrigation are used. 
Limitations of a more agronomic 
character are also influenced by the Major drainage problems and salinity 
lack of skilled personnel. Often occur in the country's mnost extensive 
machines are badly adjusted, irrigation irrigation scheme at Chokwc. This area 
water is not properly controlled, and is presently being used more and more 
agrochemicals are inappropriately for growing maize instead of the 
applied. These problems, although traditional rice. On both peasant and 
identified, cannot be solved by cooperative farms, small amounts of 
agricultural res,'arch unless the maize are grown In the limited, well
production system can be simplified, drained seepage zones called 

machongos. Peat may have developed 
Research Challenges in some places, but generally minor 

open drains are adequate for maize. 
Land preparation and sowing 
One of the major areas in which The medium to large irrigation 
research needs to provide viable and schemes date from before 
economic recommendations is in that independence. More recently, small 
of land preparation for the mechanized self-help schemes arc being 
section. Even when high-quality hybrid constructed for the peasant sector. On 
seed is used, plant density is often low, the state farms and the cooperatives, 
serious erosion is evident in maize limited expertise in water management 
fields, and there is little weed control 
by mechanical means. In the highland 
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hampers the optimization of 
production from irrigated agriculture.
There is major nee for training at all 
levels, 

Soil fertility
In both the mechanized and the 
nonmechanized farming sectors, the 
principal nutrient limiting maize yieldis nitrogen; it is deficient in all soils on
which maize is grown. The response of 
maize to nitrogen is greatest in the 
high-rainfall areas. There, experimental
results indicate that doses of nitrogen
Ip to 150 kg/ha are economic in 

mechanized farming (6). The 
corresponding figure for the northern 
lowlands is 110 kg/ha. In the south,
the economic optimun has not vet 
been determincd, and in this area 
response may be suppressed by a lack 
of water and by pests and diseases, 

Phosphorus deficiency is common in 

the soils of Mozambique, but 

expcrilental results show that 

economic rcs onse to phosphorus

fertilizer (an only be expected when 

other faclors permit a maize yield of at 
least 2.5 t/ha. Test results have shown 
that yield is limited when there are 
fewer than 16 ppm of available 

phosphorus in the soil (North Carolina 
or Mvhlich extract (6). 


Sulfur deficiency has been detected in

widely dispCrsCd areas of the country,

bill responses to sulfur have not 
been 
quanItlified. Nitrogen. phosphorus and 

polassium arc considered major

nutrients by Ihclifcrtilizer importing

and distributing bodies, and attempts 
are being made to cnsure that 
f'ertilizcrs (lcstined for areas wilh sulfur 
dIe'iciCncies (oiltatin slfur in lhe 
futltre. ThV rCsults of sulfur deficiency
in the peasant sector, where almost no 
fertilizer is used. has not been studied. 

In general, soil potassimn levels are 
satisfactory for maize growth, although 
one lmportant area of low-potassium
soils exists in southern Cabo Delgado
and northern Nampula provinces. No 

results from systematic studies of 
micronutrient deficiencies are 
available. Zinc deficiency has been 
detected from leaf analyses of maizegrown on sandy soils in the northeast 
part of the country, and it is expectedto become more evident as yields
increase. Molybdenum deficiency is 
also to be expected but has not yetbeen detected, due possibly to the
widespread use of molybdenum-treated 
seed on the mechanized farms. 

Weed control 
The principal weed species found in 
maize in Mozambique are similar to
those of neighboring countries, with 
the addition of Mucuna pruriens in the 
north, Partheniumhysterophonus in
the south and Brachiariadeflexa and 
Urochloa mossambicensis throughout 
the country as a whole (2). 

In peasant farming, the principal

problem weeds in maize seem 
to be 
Striga lica and some perennial weeds,
such as Panicun maximium. Little is 
known about traditional methods of 
control, although the use of maize 
companion crops, cowpeas,
groundnuts, squash and sweet 
potatoes, obviously helps to smother 
weeds: virtually all cultivation iscarried out with heavy hoes. The 
presence of Striga litea and someother species, such as Eragrastis
arenicola and RhVchyletrum repens, is
taken by the peasants as all indication
 
of low soil fertility and as a signal to
 
abandon 
a sile for two to ten years. 

In mechanized farming, herbicides are 
used on most §f the maize area. The 
principal one tilized is Atrazine mixed 
witlh Alachlo or Metolachlor. In large 
areas of the riorth, the annual grass
weed Rotboe.ia exaltata, which is 
resistant to these herbicides, has 
become dominant, particularly on
farms where maize is grown
continuously without rotation. 
Pendimethalin (mixed with Atrazin) is
the standard herbicide on these farms,
but if is very expensive and requires 

http:Rotboe.ia
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good soil moisture. Organizational biological control of stalk borers has 
dirculties prevent the implementation shown promising results, but is still in 
of alternative measures, such as the early experimental stage. 
rotation with broad-leaf crops 
combined with the use of Trifluralin. Termites (Microtermesspp.) cause 

lodging at harvest time, which may 
Other problem weeds include the result in severe losses if harvest is 
perennial sedges Cyperus esculentus, delayed. Soil treatment with Aldrin or 
C. rotundusand Sclrpus marltlmus in Dieldrin is a common practice on state 
the Limpopo Valley. Incorporated farms in the northern part of the 
herbicides such as EPTC are rarely country. In some years, birds are also 
used against these weeds, due to a lack important pests. Occasionally field rats 
of suitable equipment and to and black maize beetles (Heteronychus 
organizational problems. Mucuna spp.) are problems. 
prurlens (buffalo bean) poses a problem 
in some of the central and northern Disease control 
areas. As well as competing with the Four viruses have been identified in 
maize plant, it produces pods with maize in Mozambique, of which maize 
stinging hairs which can make streak virus is the most important. The 
harvesting impossible. A control others are maize mosaic virus, maize 
measure found to be successful on one stripe virus and sugarcane mosaic 
large farm was the application of 2,4-D virus. Three vectors have been 
at the knee-high stage of the maize. identified for maize streak virus, all 

Jassids of the genus Cicadulina; they 
The weed control sector of INIA has are C. mbila. C. parazeaneand C. 
carried out weed surveys and some triangular.This disease seriously 
herbicide trials. These have mainly affects the maize crop in the south. It 
been devoted to demonstrating well- is very common throughout the year. 
tried and economical chemicals as a and no crop there completely escapes 
countermeasure to the hard sell of new damage; with late planting. losses arc 
expensive herbicides by the heavy. 
agrochemical companies.

I Recommended control measures are 
Pest control early planting and good weed control 
Stalk borers (Chilo partellus.Sesamla in the vicinity of the crop. Promising 
calamistis and Busseola fusca) are the results have been obtained in 
most important maize pests in experiments on the control of the 
Mozambique. As a result of continuous vector by using either Carbofuran at 
planting in the southern part of the sowing or Pyrethroids in two 
country, stalk borer Incidence is applications during the first four weeks 
severe. In the north infections of only after sowing. The only real solution. 
about 10% of the plants are common, however, is varietal resistance, and 
causing losses as low as 1%; in the experiments have been begun this 
south, infestation may reach 100% of season. 
the plants with considerable yield loss. 
Two generations of the borers can The other group of discases of 
develop on the same plant, the first in importance in the southern lowlands is 
the stem and the second in either the that of the downy mildews. The major 
stem or ear, also causing ear rot in the pathogen involved is Peronoscierospora 
latter case. Experiments show that two sorghl. Recently there has also been a 
insecticide applications in the first five considerable increase in the incidence 
weeks of the growing season can of crazy top, which has been attributed 
reduce stalk borer incidence to an to Sclerophthoramacrospora. 
acceptable level. A study on the Experimental downy mildew-resistant 
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varieties and populations have revealed 
a marked susceptibility to maize streak 
virus, which severely limits their direct 
usefulness. Recommended control 
measures include the manual 
elimination of diseased plants and seed 
treatment with Metalaxyl. 

In the north, tile principal problems 
are the helminthosporium (Drechslera) 
blight complex and diverse ear rots. 
with associated serious seed infections, 
Ear rots caused by FLusarium spp. and 
Diplodia majdis are the most 
important and generally give rise to 
primary ear rot infections in the 
highlands. All three helminthosporium 
leaf blights and spots are in evidence, 
H. turcicun, ff. mavdis and H. 

carbonum. They can 
occur 

simultaneously, although the first 
 is 
the most frequent and damaging. In 

the lowlands, natural climatie 

conditions do not 
seem to favor the 

spread of these diseases, although

inoculation experiments have shown 

great potential susceptibility.
 

Rusts of maize, either singly

collectively, 

or
 
are not very important in 


the general disease pattern, although

they can be observed regularly in the 

field. 

Planting date and density 
Even though the importance of correct 

planting date is recognized ol tile

mechanized farnis, external factors. 

such as the late arrival of seed and 

agrochemicals, or internal
 
organizational problems still lead to 
late planting. In the north, the 
optimum planting time for the 
mechanized sector ends the last week 
of December: loss of yield i later-
planted crops is assumed to stem from 
a decreased availability of water and 
nitrogen. Experimental results from
Lichinga and Lioma show yield losses 
of I to 2% for each day that planting is 
delayed between about December 7 
and January 7 (4). In the south, the 
optimum planting time for irrigated 

m-aze ends on November 15. because 
of the occurrence of disease attack 
after that date. No consistent 
experimental results are available, but 
after the end of October. disease attack 
increases rapidly. 

Plant densities that farmers anticipate
are about 50.000 plants per hectare in 
the highlands and 42.000 in the 
lowlands, both in tie north and the 
south. However, these densities are 
rarely achieved. Problems of erosion. 
land preparation and machine 
availability have already been 
mentioned. Where nationally produced 
seed is used, seed quality also plays a 
part, as do certain pests (field rats, 
termites, etc.). Experimental trials ol 
planting date were held at eight sites. 
but only for one year each. so that 
conclusions cannot yet be drawn. 
However, in both highland and lowland 
areas. yields seen to increase when
 
planting densities are increased to
 
40.000 	to 50,000 plants per hectare. 

Maize Seed Production 

The three national institutions involved 
in maize seed production and quality
control in Mozambique are the 
National Agricultural Research 
Institute, the National Seed Company
(ENS) and the National Seed Service 
(SNS). In addition, two state companies 
and the I)rovincial Agriculture
Directorates (DI)A) are involved in the 
distribution of seed. 

Responsibility for seed production and 
control has been defined inas set out 
tie following diagram: 

t'relt)ash' seedseedtrebcher INIA 
Basic seed 

Quality 
control Certified seed ENS seed farms 
I)y SNC 	 - first generation 

Certified Seed ENS seed farms and 
second generation contract growers 
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Breeder and the program's cold storage facility was 
pre-basic seed production damaged in the floods of 1984. 
At the time of independence, the major However, the most important 
varieties in mechanized production materials, including the drought and 
were Silver Mine, Silver King, Kalahari, virus-resistant materials, are being 
White Cango, Hickory King and Yellow maintained. 
Sahara, as well as the hybrid SR52. All 
of this seed was imported. Sced In experiments, well-adapted hybrids 
renewal took place on the farms at have consistently given higher yields 
intervals of three or four years in the than open-pollinated varieties in the 
case of open-pollinated varieties. Silver highland areas. However, the 
Mine and Kalahari continue to be in production of any of these hybrids 
productio, today. Silver Mine is highly implies the annual imf'ortation of large 
productive but very susceptible to quantities of seed, bought with scarce 
lodging, and Kalahari is very foreign exchange. At present, this is 
susceptible to pests and diseases. not justified by the yields obtaincd on 

the vast majority of farms. 
Since 1977, materials of various 
origins, both varietal and hybrid, have 9 
been tested, and certain varieties from 80- 8 

CIMMYT's collection have shown 1. Mayo Galke 82TZESR-W 
themselves consistently superior to the 2. EV8431SR (BC ) 

3. GusaLI 82TZESR;vV topre-independence varletics. For five of 70- 4.Ikonne 82TZESR-W 
these, Obregon 7643, Cotaxtla 7921 5.I8K 
and Ferke 7822 for high altitudes, and 6. EV8430-SR (BC.) 
San Andres 7823 and Mexico 8049 for 7. EV8435-SR (BC 3 
the northern lowland s. prebasic seed 60- 8. Gusau 81 Pool 16 
has been produced. For the 3oumh, no 9. R200 
adequate varieties have yet been 10. Kalaharl-0 

identified; all of the above are highly o 
susceptible to maize streak virus. u)>.50-


Materials with horizontal resistance to 2 9 
maize streak have been obtained from >-

JITA In Nigeria, and they are being -g 40
tested this season. The trials are not _, 
yet harvested, but good resistance to 
attack is evident in some of the 3 
varieties (Figue 4). rl- 30

-
,o
 

Eight drought-resistant varieties from a-

CIMMYT are also being evaluated this 20
season. However, six have been 9,10 

1,eliminated by virus attack and/or 
5.6.7drought, and even the remaining two 

(longa 8043 and Ikenne 8243) are 10
moderately susceptible to virus attack. 2.7 1.,7 12.3.4 

Other breeding programs have been 1,9A6 _5: p 

started on a modest scale to improve 0 , ,5 , 
the varieties selected for the north, as 1 2 3 4 5 6 7 8 
well as Silver Mine and Kalahari. 
Germplasm is being collected from the 
peasant sector for evaluation and use Figure 4. Results of trials of IITA maize 
in these programs. Conditions for long- varieties for resistance to maize streak virus, 
term seed storage are presently poor; Mozambique 
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LSince tile arrival of the Yugoslavian 
team, local hybrid seed production has 
begun. Various tropical hybrids from 
the Yugoslavian Maize Institute are 
being tested in Lichinga. with SR52 as 
the control. Last season. 180 hybrids 
were tested and ZP752b significantly 
out-yielded SR52: the yield of 27 
others did not differ significantly from 
the control. Breeder and prebasic seed 
of the parent lines of ZPSC852b was 
l)roducCd last year in pilot production,
together with breeder seed of other 

inbred lines. 


Basic seed production 

Mozambique suffers from 
a lack of 
adequate basic seed of the varieties in 
production. )calSe no organized
maintenance of these varieties took 
place for a number of years. INIA is 
now rcsponsibl( for basic seed, and 
last \,ear sonic was produced for both 
Obregoii 7643. which is almost ready
for release, and Kalahari. which 
remains ill p)roduction. Also, small 
quantities of seed of the l)arental lines
of Ihe experintvial hybrid ZPSC852b 

have boen lproduc:ed.
 

Certified seed production 
ENS has three large farns for certified 
seed production, Namialo (for the 

northern lowlands), Chinloio (for the 

highlands) and Lionde (for the 

southern lowlands) in Nampulat, 
Manica and Gaza provinces, 
rcspect ively. This seed is for open-
pollinated varieties. All of the problems
of mechanized agricultlure are also 
found ill seed production, with the 
addled problern of the lack of drying 
lacilitics, wlhich .copardizes seed 
quality. 

Quality control and seed pathology
The SNS operates a central laboratory 
in Maputo and two small laboratories 
in Namialo and L.iv de. An additional 
laboratory is being constructed In 
Chimoio. The national staff at SNS is 
able to conduct purity and germinaiton 
tests. but as yet has little experience In 
field inspection. 

No seed population of any significant 
magnitude has proved to be free from 
seed-borne infectation, and it is 
common to encounter from two to 
seven different pathogens in a single
seed sample. As a result, an average of 
three seeds are required to generate 
one plant. Damping-off losses are 
estimated to account for approximately 
30% failure in plant establishment. 

Seed is generally treated with
insecticide (Damfin) and fungicide
(Captan). However, experiments on the 
treatment of seed with a wide range of 
fungicides and bactericides have 
indicated that the contribution of 
bacteria to poor establishment is as 
important as that of fungal pathogens.
The nitrofuran antibacterial 
formulation Furasol at 100 ppm (by
seed weight) was found to be the most 
effective single seed treatment. 
Bacterial infection is caused by
 
members of the genera Erivinia and
 
Pscudornonasand often 
occurs in the 
presence of Fusariumspp.
E. carotovora is widespread. 

Seed distribution
 
A state company (BOROR) distributes
 
seed to state, cooperative and private
farms, whereas a second state 
company (Agricom) and the provincial
agricultural directorates are Involved in 
the distribution of seed to the peasant
 
sector. The present unsettled
 
conditions in tile country pose major
 
difficulties in distribution, as do the

lack of transportation and storage
 
facilities and tile shortage of trained
 
personnel. 

Maize Research Staff and Training 

"'he shortage of trained personnel in 
Mozambique is grave. There are fewer 
than 50 Mozamblcan agronomists: of 
those, four work in INIA with two 
assigned to the maize program. Two 
more are located at the university and 
one of the largest state farms; they also 
collaborate with the maize program. 
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The maize program staff also includes As soon as the security situation
 
flvo" agricultural technicians, one at the returns to normal, more emphasis
 
diploma and four at the certificate must be placed on field diagnosis and
 
level. None of the personnel have much economic evaluation to provide a
 
experience in maize research, and all firmer basis for the design of the
 
need further training. research program.
 

At present, the certificate and diploma- References
 
level staff attend two- to three-week
 
annual courses at INIA on various 1. Bruno, A., and J.C. Duhart. 1984.
 
aspects of research and agronomy. For 0 milho no sector campones.
 
the graduate staff, courses of four to Expermentacdo aplicada.
 
six months are planned at (Unpublished.)
 
international inctitutes, currently in
 
Yugoslavia and at CIMMYT. It is 2. Compton, J. Manual das Ervas
 
intended that this staff specialize in Daninhas de Mocambique. (In press.)
 
breeding, agronomy or basic seed
 
production. 3. De Carvalho, M. 1969. A agricultura
 

tradicional de Mocambique. Missfo 
The national staff of the DDR centers de Inqu6rito Agricola de 
have only certificate-level training, and Mocambique, Lourenco Marques, 
the work is headed by expatriate Mocambique. 
scientists. 

4. Hoekstra, S. 1983. Maize research 
Conclusions on a state farm in northern 

Mozambique. (Unpublished.) 
The war is at present disrupting both 
maize production and research. 5. Kassam, A.H., et a]. 1982. 
However, the placement of qualified Assessment of Land Resources for 
and experienced staff in the Rainfed Crop Production in 
experiment stations is already showing Mozambique. Field Document 32. 
results, not only in improved FAO/MOZ/80/O 15. 
experimental work and basic seed 
production, but also in the 6. Woodhouse, P.J., and C.J. Rendle. 
identification of factors limiting maize 1983. Programa de 2nsaios de 
production. Efforts to improve maize AdubacAo. Relat6rlo Trienal 
production must concentrate on the 1979-1982. Comunicacbes, Scrie 
following aspects: Terra e Agua 23. Instituto Nacional 

de lnvestigacao Agronomica, 
" Further staff training, especially at Maputo, Mocambique. 

the international Institutes; 
" Production of good-quality seed of 

the best open-pollinated varieties 
presently available; 

* 	 Selection and breeding for resistance 
to maize streak virus ard downy
 
mildew, and
 

* 	 Organization of available data for a 
clearer understanding of the major 
agronomic limitations, and the 
selection of appropriate solutions. 
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The Reunion Island Maize Breeding Program 
J.L. Marchand and E. Hainzelin, Institut de Recherches 
Agronomiques Tropicales et des Cultures Vivrieres, * St. Denis, 
Reunion, Indian Ocean 

Maize has a long history In the islands 
of the Indian Ocean. It was introduced 
very early and is an important source 
of ood. Today, its importance varies 
from island to island. It is important in 
Reunion, and even more so in Comores 
and Rodrigues. It is of secondary 
importance in Madagascar, Mauritius 
and the Seychelles. 

Reunion is a small island, located 
between Madagascar (700 kin) and 
Mauritius (200 kni). Sixty thousand 
tons of maize are utilized on the island 
annually, of which 40,000 to 45,000 
tons are imported. Most of the maize is 
used as feed for livestock; however,
that consumed by the islanders 
themselves, although the amount is 
not known exactly. is 'ar from 
negligible. Probably in certain regions, 
such as the western highlands and 
Cirques. maize is the principal staple
food. 

There is widespread cultivation of 
maize on tle island: at least one-third 

of the farmers grow maize although 
the total area under cultivation is 
small. This is estimatcd at less than 
6% of total arable land (Table 1). 
However, for several years, there has 
been an upward trend in maize 
cultivation, prebumably in response to 
the scarcity of maize on the local 
market. As cultivation patterns are 
extremely varied (there is both single
cropping and intercropping of various 
degrees of complexity), and the harvest 
does not pass through the type of 
i -arket system that would make 
counts readily available. figures 
presented here are estimates. 

The remarkable adaptability of maize 
is evident from the various 
microclimates of Reunion where it is 
grown: these environments range from 
those of the coast (sea level) to 800 to 
1000 meters elevation. Maize is also 
grown under all types of cultivation 
patterns, pure-stand intensive 
cultivation (sometimes under 
irrigation), intensive cultivation 

Table 1. Maize area and production, Reunion Island, 1983 

Undeveloped 
Cultivation area 
Scheme (ha) 

Pure-stand 
maize 2780 

In tercropped 
maize 580 

Total 3360 

Developed 0/o of total 
area a/ cultivated Production 
(ha) area (tons) 

4450 4.33 10,690 

580 0.90 920 

5030 5.23 11,610 

Developed area represents total area planted to maize; if there are two 
harvests per year, these figures will double 

Source: Hainzelin (4); Ministry of Agriculture (13) 

Institute for Research in Tropical
Agriculltre and Food Crops 
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intercropped with sugarcane (with tropical countries are stiving to create 
manure fertilization and good cultural varieties tolerant to the virus diseases, 
practices. in some cases completely but in the Reunion environment their 
mechanized), semi-intensive cultivation tolerance is not found to be sufficient. 
intercropped with legumes, flowers, This may be because the Reunion 
etc., and very intensive garden-style island virus strains are particularly 
cultivation. For all of these cultivation aggressive, or because a tolerance to 
schemes, farmers use local varieties one virus does not necessarily imply a 
which have evolved from old tolerance to another one. For this 
introductions which have undergone reason, Reunion ecotypes are choice 
decades of natural selectinn and have genetic materials for programs 
become remarkably well adapted to selecting for virus tolerance, and many 
local conditions. A large number of leading programs have used them. 
different maize ecotypes are in use, Exhaustive trials in the USA have 
due to the varied environments found recently confirmed the exceptional 
on such a small island. characteristics of the island varieties

(1). 

Research or Maize Viruses 
In 1979, the Institute for Research in 

In tropical Africa, certain viruses, such Tropical Agriculture and the 
as maize streak virus (MSV) and maize Department of Subsistence Crops 
stripe virus (MStpV), often cause severe (IRAT) In Reunion began research on 
damage, sometimes destroying entire virus tolerance to take advantage of 
crops, i.e., MSV epidemics in East the island varieties and the 
Africa and MStpV epidemics in Sao exceptionally favorable environment 
Tome. In Reunion Island, climate for virus work. The program has now 
peculiarities have caused several grown considerably with additional 
viruses to merge into a particularly financing from the European Economic 
agressive "cocktail;" MSV, MStpV, Community. 
maize mosaic virus (MMV) and 
sugarcane mosaic virus (SCMV) are all Maize Breeding 
found on the island. The insect vectors 
of MSV (Cicadulina inbila) and MMV IRAT's program for the improvement 
and MStpV (Peregrinusmaydls) thriv,. of maize varieties has two objectives, 
under island conditions. the meeting of the specific needs of 

Reunion farmers and the search for 
All of the island's cultivated maize varieties or hybrids suitable for the 
materials have undergone extreme tropics in general; in both cases there 
natural selection in order to survive is emphasis on tolciance to streak and 
not just one virus, but this stripe viruses. Happily, these two 
combination of viruses which varies objectives are compatible, at least as 
from place to place. Therefore, the regards yellow maize, which is the 
collection of local varieties (at least type grown in Reunion. The island's 
those grown on the coast where the conditions have been found to be 
viruses thrive) presents remarkable particularly favorable for the selection 
levels of tolerance to the different of maize in its two environments. On 
viruses. This becomes evident in the the coast, with its low-altitude, hot, 
comparison of local and introduced tropical climate, streak viruses and the 
varieties. Several hundred two classic lovw-altitude diseases, 
introductions from all parts of the Puccfnfa polysora and 
world have been tested, but none have Helmlnthosporummayds are found, 
been found to have tolerance as well as "warmonger" birds (Pioceus 
comparable to that of the Reunion cucullatus), which attack the maize 
varieties. Research programs in other ear. In the mountains (above 800 
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meters altitude), with cooler, high-
altitude tropical climates, viruses are 
rarely a problem, but 
helm inthosporium (H. turcicum) is 
severe. Puccinia sorghl is also preseni, 
and insect attacks and soil diseases 
can do serious :. mage. Stalk borers 
(Sesamia spp.) often cause considerable 
damage. At even higher altitudes 
(above 1000 meters), soils become 

highly acidic, with p-1 levels as low 
as 
4. In all of these regions, winds are 
often strong and rainfall can be either 
excessive or lacking altogether. 

Socially, the farmers in Reunion 
include the three principal groups, 

traditional farmers, those in the 

process of modernization, and 

commercial farmers using intensive
 
cultivation systems. This justifies
research into improved local varieties 
as well as into hybrids and other 
improvei varieties. There is a need for 
mal :e o. early, medium and late 
maturity. The classic situation is, 
therefore, found in the breeding 

program. that of working with 
the 

three maturity groups of maize for the 

three levels of farmers, both for the 

coastal areas and for the highlands. 


The program has two objectives, the 
development of two groups of varieties 
and hybrids, those suitable for hot, 
tropical climates and those for high-
altitude environments, and the 
selection of streak-resistant varieties, 
Thus, the work of the program consists 
of the collection, study and 
preservation of plant materials, the 
development of varieties for low-
altitude sugarcane-growing regions, the 
development of varieties for high-
altitude regions and the study and 
utilization of virus-resistant varieties, 

The collection - nd
preuervation of material 
The collection and, above all, the 
preservation of plant materials are 
subject to various problems. The 
sensitive coastal varieties are difficult 
to renew, because of virus presence. 

Also, labor costs limit the volume of 
renewals. Storage has been a problem, 
but it should be solved with the 
construction of a cold storage building
in St. Denis. Because of these 
problems, the current collection 
numbers only 300, of which 85 are 
local varicties and some 60 are 
introduced varieties (mostly from the 
Indian Ocean area and East Africa); the 
rest are either local or introduced lines. 

The development of 
varieties for low-altitude areas 
Figure 1, a varietal grid, summarizes 
the origins of the plant materials that 
are presently being used by the maize 
breeding program for the three groups 
of farmers in the lowlands. 

Traditionalfarmers (Target )-For
traditional farmers, local varieties are 
used. Ecotypes collected on the island 
have been tested for several years and, 
from them, twelve varieties will be 
chosen. Early maturing maize ecotypes 
were collected on Rodrigues and 
testing began in 1984; their resistance 
to viruses makes them promising. A 
simultaneous selection of early
maturing varieties Is in progress in 
Revolution. 

Farmersin the process of 
modernization (Target 2)-For these
 
farmers, improved varieties are best
 
adapted to their needs. CIMMYT
 
varieties perform well for them in the 
absence of viruses. Both the yellow and 
white CIMMYT maize are excellent for 
carrying out resistance transfers (over
the long term), as well as for planting 
in winter, when viruses are less o."a 
problem. IITA's streak-resistant 
selections, which were tested in 1984, 
are also good in a number of respects, 
but are sensitive to MMV and MStpV. 

Commercial farmers (Target -3)-For 
these farmers whose production 
system is intensive and mechanized, 
hybrids are best. Introductions from 
France. South Africa and Madagascar 
have proved disappointing due to virus 
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sensitivity. However, tests are being 
continued with materials originating in 
the tropics. Work on local x temperate 
zone hybrids has led to the recommen-
dation of IRAT 143 = (Revolution x 
INRA 508). However, it will have to be 
replaced as it is very sensitive to 
viruses. 

Although the 1137 line from South 
Africa seems to show a certain 
tolerance to viruses, it cannot replace 
INRA 508 because it is much later 
maturing. It can, however, provide 
promising hybrids in crosses with 
Revolution; the hybrid IRAT 279 = 
(Revolution 1137TN) is proposed for 
development. It can also be used in 
crosses with other lines originating in 
Revolution. Other sources of genes 
being tested are Rodrigues lines 
crossed with Revolution, and 
Rodrigues and Reunion varieties 
crossed with Revolution, 

All of this work is being done with 
yellow maize. White-grain maize is not 

being used at this time due to its 
susceptibility to virus attack. 

The development of 
varieties for high-altitude areas 
Work on high-altitude maize is less 
advanced than that for coastal areas 
for a number of reasons. Historically. 
before 1975 most trials were conducted 
on the coast: later, those planted at 
higher altitudes often failed as they 
were planted in farmers' fields and 
were not adequately controlled. Also, 
the maize teams are located on the 
coast, and limited land is available for 
their use in the highlands. Although 
the demand for highland maize 
varieties calls for increased research, 
this will only be possible when 
sufficient facilities become available. 

Traditionalfarmers (Target 1.).-Of the 
85 local varieties in the collection, 20 
are being used for selection; all are of 
yellow maize. Traditional white 
varieties will probably be introduced 
from various African countries in the 
future. 

Figure 1. Origins of maize materials used for low-altitude tropical environments, Reunion 
Island 

Target 
Group 

Early maturity 
Yellow White 

Medium maturity 
Yellow White 

Late maturity 
Yellow White 

Traditional 
farmers (1) 

Reunion local 
varieties 

Rodriguez local 
varieties 

Revolution 
varieties 

? Reunion local 
varieties 

Revolution 
improved varieties 

Reunion composites 
Revolution streak

? Reunion local 
varieties 

and lodging
resistant varieties 

Farmers in 
the process 
of moderni-
zation (2) 

CIMMYT lines 
and varieties 

CIMMYT 
lines and 
varieties 

CIMMYT and IITA 
lines and varieties 

CIMMYT 
and IITA 
I:nes and 
varieties 

CIMMYT and 
IITA lines 
and varieties 

CIMMYT 
and IITA 
lines and 
varieties 

Commercial 
farmers with 
intensive, 
mechanized 
production 
systems (3) 

Locally 
developed 
varieties 

? Locally 
developed 
varieties 

? Locally 
developed 
varieties 
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Farmersin the process of 
modernization (Target 2)-The answer 
to the need for greatly improved
varieties by these farmers may be 
provided by CIMMYT, in both yellow 
and white maize, in spite of some
sensitivity to H. turcicum. Selection 
made in 1984 points to the 
recommendation of Tocumen (1) 7931 
for this group. 

A breakthrough in the unaerstandlng 
of resistance to H. turcicum has come 
about as a result of the work of 
phytopathologist J.C. Girard in St. 
Pierre, and from introductions from 
South Africa being multiplied in Mon 
Caprice. Lines carrying different 
resistance genes are presently being
tested, using artificial inoculations, 

Commercial farmers (Target 3)-
Hybrids developed specifically for the 
coast, as well as French and South 

African hybrids, are being tested 

simultaneously. Although in the 

beginning stages, tests have already 
shown that the early-maturing French 
hybrids are poorly adapted to the 
region. Nevertheless, it is felt at 
present that it may be better to 
continue to utilize Introductions, rather
than to develop original hybrids. This 

will lead to quicker results in the 

program. 


The study and utilization 

of viris-resistant sources 

Preservationof local genetic material-
With the increase in the exchange of 
materials and the opening up of the 
islets, the diversity of the island's 
ecotypes was beginning to be 
threatened. In 1979, the entire island 
was searched and 85 1, 1 varieties 
collected (5). Their behavior under 
severe virus pressure allowed for the 
selection of the most prc.nising 
material for crossing for composite
virus research. It has been noted that 
the island of Rodrigues has promising
local maize. Therefore, a search of 
Rodrigues Island was made In 1980 in 
close collaboration with MSIRI 

(Mauritius Sugar Industry Research 
Institute) (3). Selected ecotypes 
demonstrated tolerance to viruses, and 
several varieties were included in 
composite virus research. 

Exploitation of toleranceto virus 
diseases-Existing tolerance to virus of 
island maize offers the challenge ot" 
complex biological phenomena that 
researchers have long sought to 
understand. They have also searched 
for an answer to how this tolerance is 
genetically determined; no doubt it 
involves numerous genes in multiple
allelic combinations. The varieties 
must be resistant to a combination of 
viruses, which varies from one area to 
another and even from one field to 
another. This study thus involves a 
complexity of the highest order. The
Reunion breeders have chosen the 
simplest and most effective route of
 
classic repetition to concentrate
 
tolerance. Simultaneously, there will
 
be 
an attempt to transfer this tolerance 
to various materials, such as breeding
stock, composites used in other 
selection projects and varieties popular
in West Africa, where virus disease is 
beginning to take on importance. 

Selection principles are simple,
 
although their execution and
 
effectiveness require a great deal of
 
practice and the existence of certain
 
tools, such as techniques for rapid and
 
simple virus detection, a knowledge of
 
biology and the insect vectors, and the
 
mass rearing of a great number of 
vectors for artificial infestation. 

Detection of viruses-Several analyses 
have been carried out in France, with 
the help of the phytopathologists of 
MSIRI, to catalog the maize viruses 
present on Reunion. The four viruses 
cited earlier (MSV, MMV, MStpV and 
SCMV) were detected either by
microscopic observation, by serum 
testing or by transmission testing.
During the next two years, within the 
framework of the CCE project, various 
techniques will be used to continue 
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virus detection. It will be necessary to 3. Hainzelin, E. 19R0. Rapport de
 
perfect rapid serological techniques mission A File Rodrigues:
 
(the ELISA test in particular) to allow Collectage mals. IRAT-REUNION
 
for the identification of a great number Document 145.
 
of on-site samples. These techniques,
 
which are indispensable for repeated
 
selection tests, should be operational 4. INSEE-REUNION. 1983. Panorama
 
by early 1986. de l'6conomie de la Reunion 1983.
 

Mass rearingof vectors-Forefficient 5. IRAT-REUNION. 1980. Rapport
 
selection for virus resistance, vector Annuel 1979. Reunion.
 
stress must be the result of artificial
 
infestation that is severe, homogeneous 6. IRAT-REUNION. 1981. Rapport
 
and reproducible. This assumes the Annuel 1980. Reunion.
 
availability of a great number of
 
vectors capable of transmitting the 7. IRAT-REUNION. 1982. Rapport
 
diseasc; it also assumes the capability Annuel 1981. Runion.
 
for mass rearing the Cicadulfnambila
 
and Peregrinusmaydis vectors and the 8. IRAT-REUNION. 1983. Rapport
 
ability to optimize their performance in Annuel 1982. Reunion.
 
acquiring and transmitting the virus
 
during the selection tests. A beginning 9. Ministare de r'Agriculture SCELS.
 
study of insect populations and their Bulletin de statistiques agricoles.
 
vector mechanisms has now been Reunion.
 
completed. In the next two years, work
 
will continue on improving mass 10. Ministre de l'Agriculture. 1977.
 
rearing techniques. Recensement gdn.ral de
 

l'agriculture 1974. SCECS Study 
Maximum collaboration among 154. Reunion. 
breeders will determine the success of 
the last phase, multilocational testing 11. MinistLre de l'Agriculture. 1982. 
of selections for tolerance, especially Importations-exportations des 
those varieties into which tolerance principaux produits agricoles de 
has been transferred. Their working 1970 A 1982. Reunion. 
together can lead to the refinement of 
methods and the success of the 12. Minlstre de rAgriculture. 1982. 
program. Recensement gdndral de 

l'agriculture 1980-1981: lers 
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Maize Research in the Economic 
Community of the Great Lakes Countries 
(Burundi, Rwanda and Zaire) 
A. Mpabanzi and E. Ntawuyirusha, Institut de Recherche 
Agronomique et Zootechnique de la CEPGL, *Gitega, Burundi 

This paper is based on a docu!ment 
entitled Status Report: Research in 
Agriculture and Livestock in the 
CEPGL (1983) and on visits to fhe 
national institutes and interviews with 
researchers from the three inembers 
(Burundi, Rwanda and Zaire) of the 
Economic Commununity of the Great 
Lakes Countries. The paper is 
incomplete since not all Pertinent data 
have yet been gathered, and not all 
researchers involved in iletwork Under 
discussion have beeln con tacted. 

At a meeting held in Kinshasa in 
March 1984,. ile hIstitult for Research 
in Agriculture and Livestock (IRAZ) 
was charged with t he preparation iii a 
report pinpointing the shortcoinings of 
existing research programs and 
making concrete proposals for their 
iniprovenient . ''l inceeting was 
attended by leaders of the national 
agricullural research institutions of thc 
three countries and bv the IRAZ 
Management Committlee. IRAZ believes 
that program shortcomiings and areas 
for iniprovmelC!it ('an bst be 
indentfied through h>:'ussions anioiis 
the researchers of the zitinber nat iosi. 
It is hoped that, as a result of this 
workshop. IRAZ will he abhle to turther 
assist i ldeveloping ilaize research in 
tie regioi, and will be able to (laborate 
a complete docunivnlt oil researc(hliio 
the tlhre' countrits. 

h istitmu' tn Re~se .h iii Agricolulurt 

iit'k 

(omnuninltv of the ('real Iakes
 

aind t.lv. ol the" EcOnfllu 

The Importance of Maize 
in the Great Lake Countries 

Maize Is an important cereal crop in 
the CEPGL countries. In Burundi in 
1982, an estimated 180.760 hectares 
were planted to maize, making it the 
principal cereal crop and the third 
nost important subsistence crop after 
beans and bananas. In production, 
estimated at 144,000 tons. maize was 
in fifth place, after bananas, sweet 
potatoes, cassava and beans. The 
. )ective for maize in the fourth Five

ar Economnic and Social 
I)evelopIment Plan (1983 to 1987) Is to 
increase the 1982 production to 
166.700 tons by 1987: this would 
ncessitate ant annual growth rate of 
3%. 

In Rwanda, maize is second aiong 
cereal crops, after sorghuln; it is 
cullt ivated in all rural regions of the 
country. In 1980, 7 1,820 hectares (or
7.2% of tile area under subsistence 

illt ivation) yielded 85,059 tons (1.9%
of total stubsistencc crops). In area of 
cult ivat ion, naize was fifth, after 
t;1ils, bananas, sorghu in and sweet 
lOt at ocs. Il volulm (Of l)roduclition, It 

was sevemnth. after bananas. sweet 
potatoes, cassava, potatoes, bealls and 
sorghtun. 'I'lie third Five-Year 
Economic and Social 1)evelopment 
IPlan (1982 to 1986) predicts allalnual 
growth rate of 2.9% in area (to 88,500 
hectares by 1986) and of 3.8% i 
prcl'itiduolli (fromt 85,059 ions In 1980 
to 106,200 tols i 1986). 

Couniites ((l1W1'(1. 
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In Zaire, maize is first among the Maize Production Constraints 
cereals and is one of the basic 
subsistence crops, along with rice, Burundi 
cassava and bananas. Maize is The factors limiting maize production
cultivated in all regions, although the in Burundi are: 
major production zones are Kasai. 
Shaba and Bandundu. In 1975, • Lack of high-yielding, early
675, 100 hectares were planted to maturing varieties adapted to high
maize (16% of the subsistence crop altitude regions (the variety
 
area and 67% of the area planted to currently distributed in these
 
cereals), producing 495,400 tons (2.6% regions is late ma.ring, thus
 
of subsistence production and 65% of 	 preventing the .mely planting of the 
cereal production). Thus, in terms of following crop). 
area, maize is second only to cassava; • Poor soil fertility, and 
in volume it is third, after cassava and * The diseases maize streak virus and 
bananas. The Agricultural Renewal downy mildew, which cause great

Plan estimated 1980 maize production economic losses.
 
at 562,340 tons; in 1977, 509,600 tons
 
had been produced. The research program is seeking 

solutions to these problems.
Maize is not used only as food in Zaire, 
but also by the national breweries for Rwanda 
beer. Its recent introduction into urban The factors limiting maize production
and semi-urban centers has increased in Rwanda are: 
demand considerably, resulting in a 
shortage of approximately 200,000 a Diseases, the most important of 
tons annually. One of th. objectives of which are maize streak virus and 
the Agricultural Renewal Plan 1982 to downy mildew; 
1984 (an extension of the Mobutu Plan) * Poor soil, and 
was to eliminate maize shortages by * Climatic conditions, which are 
1984 by raising production from the unfavorable for the cultivation of 
1982 figure of 687,785 tons to 810,630 maize. These include drought in the 
tons. eastern regions and the high altitude 

of the northern regions, which
Maize Research 	 prolong the maize growth cycle.
in the Great Lake Countries 	 making it susceptible to 

cryptogamic diseases. 
In Burundi and Rwanda, research is 

essentially aimed towards the The maize program is searching for 
development of varieties adapted to the solutions to all of these problems for 
various ecological zones of the two maize cultivation. 
countries. In Rwanda, particular 
research emphasis is on developing Zaire 
varieties adapted to high altitudes and The factors limiting maize production
 
for meeting the needs of the glucose in Zaire exist at five levels:
 
and starch mill at Ruhengeri
 
(Mukamira). In Zaire, maize research is * 	 Non-utilization of appropriate seed
 
conducted for the development of an and technologies;
 
integrated program to improve plant • Severe diseases, such as maize
 
breeding techniques (cultivation trials) streak virus and downy mildew;
 
and Increase maize production, both a Lack of adequate roads;
 
quantitatively and qualitatively.
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* 	Lack of a high-quality training 
program for maize program staff, 
and 

* 	Lack of sufficient vehicles and/or 

gasoline for program staff use. 


The solution to these problems must 
come from high government levels and 
through the research of the National 
Maize Program. 

Maize Research in Burundi 

Varietal selection 
The station at Kisozi, created in 1929, 
conducts research on maize and other 
high altitude crops. Breeders work with 
both the local maize variety Igarama 
and introduced varieties. Selection 
criteria are productivity, grain quality, 
adaptability to various ecological 
conditions and early maturity. The 
selected varieties made available to 
farmers have been Kisozi 41 (in 1941) 
and Bambu and GPS5 (after 1964). In 
1977-78, with Belgian cooperation, 
multilocational, semi-annual trials were 
set up at altitudcs of 830 and 2250 
meters. The objective of thc program 
was the identification of varieties 
adapted to each of the country's 
ecological areas. These trials were 
concluded in 1980, and the re,3ults 
analyzed in 1980-81. Table 1 shows 
the recommendations made as a result 
of the trials. 

Table 1. Maize varieties recommesnded for 
four ecological zones as a result of varietal 
selection trials, Burundi, 1981 

Altitude 
(mn) 	 Variety 

800 to 1250 GPS5 
1250 to 1500 GPS4 x SR52 
1500 to 2000 lgarama-4 
Above 2000 Kitale and Isega 

The Selected Seed Service has 
observed that the GPS4 x SR52 
varieties are very sensitive to stalk 
borers. Moreover, all of the varieties 
are sensitive to maize streak virus, 
especially under conditions of low 
fertility. 

A new varietal improvement program 
was begun in Burundi in 1979, 
following a cooperative agreement 
signed with the International 
Development Research Center. 
Objectives of that program included: 

* 	 Identification of varieties superior in 
yield and disease resistance to those 
currently recommended; 

* 	 Crossing of local adapted maize with 
promising introduced varieties at 
Imbo and Kisozi (this will be a long
term program); 

* 	 Selection of varieties resistant to 
maize streak virus, utilizing IITA 
varieties (this disease is found 
throughout the country, especially 
on the Imbo plains in the second 
season and in the marshes of the 
intermediate and high-altitude 
areas), and 

* 	 Improvement of currently 
recommended varieties for yield and 
resistance to lodging and the major 
diseases (leaf blight, rust and maize 
streak virus). This will be a 
permanent. ongoing program. 

The program also conducts CIMMYT 
international trials (EVTs and ELVTs), 
and in 1982 it also began participating 
in the regional trials of the Burundi 
National Maize Program. The following 
changes in recommendations were 
made as a result of the 19F3
multiregional trials: 

For low and midaltitudes, the high
yielding varieties with acceptable 
characters were Across 7643 (a 
variety with relatively wide 
adaptation) and Cotaxtla 7929; these 
varieties would continue to be field 
tested. The GPS4 x SR52 variety 
was very susceptible to weevil. 
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GPS5 was proven to be the best for Intercroppingtrials-In the research 

the plains areas, due to its program on beans, the Burundi 
Institute for Agricultural Sciencessatisfactory resistance to maize 

streak virus. (ISABU) conducts trials on 
intercropping maize and green vine 

For high altitudes, the introduced beans. Since this program is new 

varieties performed poorly, with low (1981A). the trials have not yet 

yields, disease susceptibility and/or resulted in recommendations to 

late maturity. Kitale continued to be farmers.
 
the best choice among late varieties.
 
Igarama-4 had equal or only slightly Fertilizer-usetrials-A fertilizer-use
 

higher yield than local varieties; trial, also utilizing the Kitale variety, 

however, it would be recommended was conducted at Kisozi in 1982 in 

until a better variety became order to define adequate dosages of 

a local variety nitrogen and phosphorus and theiravailable. Isega, 
which matured a month earlier than interaction. The results of this trial are 

Kitale, had good potential and was not yet available. 

very resistant to cold; it was chosen 
for selective breeding in 1984. For Maize Research in Rwanda 
the improvement of the 
recommended varieties, 250 families Varietal selection 
were selected for each variety, and Maize research here began in 1930 at 

these were used for basic seed in the Rubona station of the National 

1982. Institute for the Study of Agronomy in 
the Congo (INEAC). Research goals for 

Varietal i.provement the program were: 

In 1981, the Maize Program began 
crossing varieties as part of its * Introduce varieties that would be 

improvement objectives. GPS5 was more productive and earlier 

crossed with 25 varieties of the 1981 maturing than the local varieties 

collection, and hybrid testing was (from 1930 until 1982, over 650 
introduced from moreconducted in 1981B (results are not varieties were 

available). The IITA hybrids TZSR-W than 40 countries: in 1982, the 

and TZSR-Y, which possess genetic collection totaled 483 varieties), and 
* Utilize genetic improvement to raiseresistance to maize streak virus, were 


crossed with GPS5, and the resulting maize yield and shorten the grewing
 

hybrids were tested in 1982B (results cycle.
 
not available).
 

In 1978, the Rwanda Institute for 

Agroromic testing Agricultural Sciences (ISAR) replaced 

Plantingdensity and spacingtrials-At INEAC and continued to pursue these 

Kisozi in 1981A, the variety Kitale was goals. The best varieties developed in 

tested in trials comparing five planting the program were: 

densities, from 30,000 to 70,000 plants 
per hectare (with two seeds per hole); Golden Corn (1951), which was 

each density had three different rejected by consumers and millers 

spacings between the rows, 50, 70 and because of its hard grain, and its 

100 cm. The highest yield was distribution suspended. 

obtained with a planting density of Nevertheless. it is still 

approximately 50,000 plants per recommended, due to its high 

hectare, but the difference was not pioductivity and medium maturity. 

significantly different from that of 
30,000 plants per hectare. 
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Bambu (until 1966), which is 
predisposed to lodging due to its 
height. However, its yield and 
resistance. to diseases make it
suitable for the central regions and 
areas with sufficient rainfall. In high
altitudes, its growing cycle is long
(eight to nine months), and under 
prolonged dry conditions the stalk is 
weak and very susceptible to corn 
borers. This variety is in high 
demand at the Selected Seed
Service. 

Katumani, which Is early maturing
and well adapted to the eastern 
parts of the country. The first 
adaptability tests 'onducted around 

Lake Kivu revea-ed its positive 

potential in that region, 


Nyirakagoli. which emerged front 
massive selection of local materials 
in 1975. It is adapted to high
altitudes, but can also be grown in
other environments in the country. 
Its early maturity, large grains and 
sweet flavor make it more desirable 
than either Bambu or Goldcn Corn. 
The Selected Seed Service notes that 
its growing cycle is quite long in 
high altitudes, 

Table 2 is a summary of some of the 
features that characterize each of the 
recommended varieties. 

Varietal improvement 
Pedigree selection for grain color and 
early maturity was begun at Rubona in 
1955, and a white maize having the
 
same yield as the yellow Plata was
 
perfected. This program was later
 
dropped, but was reinitiated in '980. 

The Nyirakagoli, Bambu and Golden 
Corn varieties were crossed with
materials with brachytic-2 genes for 
short plant height and opaque-2 genes
for high lysine content. These same 
varieties were also freely crossed with 
different CIMMYT varieties in attempts 
to raise their yield levels. Before the
 
br-2 genes were incorporated into

Bambu, this variety was treated with
 
Cycoccel Extra and with X-rays to
 
inhibit the elongation of the internodes
 
and thus reduce its height; this
 
treatment was very expensive and did 
not prove to be effective. In 1981, the 
br-2 and opaque-2 genes were 
combined and introduced into Bambu. 
Work on all of the resulting materials 
continues, and apart from reduced 
height and Increased lysine content, 
early maturity and resistance to 
disease and Insects are also being 
addressed. 

Table 2. Characteristics of recommended maize varieties, ISAR, Rwanda 

Variety and Year of 
country intro-
of origin duction 

Golden Corn 1930 
(Zaire)

Bambu 1959 
(Zaire) 

Katumani 1972 
(Kenya)

Nyirakagoli 1975 
(Rwanda) 

Area of 
adaptation 

Midaltitude, 
eastern area
 
Midaltitude, 
eastern area 
Low elevation, 
eastern area 
Mid- and high 
altitude 

Growth Plant Yield of 
cycle 
(days) 

height 
(M) 

dry grain 
(kg/ha) 

155-225 2.75 4000 

155-225 3.15 5000 

99-110 2.25 2500 

130-160 2.75 3800 

Note: ISAR has participated in cr "iparative trials in collaboration with East Africa (RMSX,Kms, WMsX) and with CIMMYT iternational trials (EVTs, ELVTs)Source: F. lyamuremeye, 1983, Synthdse des Acquis Scientifiques et Techniques de la
Recherche Agricole au Rwanda. 
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FAO is developing a program for the were also taken into account. The 
creation of photo-insensitive maize water provided by sprinkler irrigation 
adapted to both tropical and temperate averaged 170 mm. No trials were 
regions. Within the framework of this conducted in 1979-80 as the sprinkler 
program, the seeds of the base system was cut of order, but irrigation 
varieties were planted at Rubona and research was re-initiatcd in 1981. 
were crossed with Bambu in 1980. The 
best crosses have been sent to Rome Maize research in Zaire 
for further study. 

Selection and varietal improvement 

Agronomic testing Maize research began in Zaire at the 

Plantingdensity and spacing-Planting Gandajika station in the 1940s and 
was later extended to the stations; atdeaisity and spacing trials at the 

station have shown that, for Bambu, Kiyaka, Mulungu. Nioka, Bambesa and 

optimal yield is obtained with a density Yangambi. Each station focused on a 

of 40,000 to 60,000 plants per hectare, different set of activities, and there was 
very little contact between stations.with respective spacings of 80 x 60 cm 

with two seeds per hole and 80 x 20 Therefore, the selected varieties were 

cm with one seed per hole. Highest highly specific to their regions of 

yields of Katumani were achieved at origin, leading to difficulties in 

125,000 plants per hectare under adaptation in other environments. 

station conditions at Rubona. Aprroximately 12 years passed 
between the initiation of the selection 

Intercroppingtrials--Experiments in process and the launching of a new 
variety. Until 1972, the varieties ofintercropping maize with other crops 

have shown that maize and beans, maize recommended in southern Zaire 

maize and soybeans, and maize and were GPS4. GPS5, double hybrid and 

peanuts are the most satisfactory. The Hickory King. 

combination of maize and vine beans 
is good as the maize plants serve as The National Maize Program has 

stakes for the beans, although the conducted research since 1971 at 

maize d-!c:eases the bean yield. Kisanga In the Shaba region and other 
stations throughout the country. The 
PNM focuses on maize research,Fertilizer-usetrials-In several trials 

conducted at Rubona station, yields of production, and the training of national 
up to 6 t/ha have been achieved with staff. Since the beginning, the goal of 

the application of 120-60-60 units of the program has been the development 
nitrogen, phosphorus and potassium of high-yielding varieties that fulfill 

farmer preferences (exclusively whiteper hectare. The Golden Corn variety 
responded better to a complete ntaize), are adapted to the various 

fertilizer (100-100 100). agroecological regions of the country 
and are resistant to the principal 

Irrigationtrials-InKarama in 1971A, diseases (maize streak virus and 

irrigation trials were conducted to downy mildew). Over the years, the 
National Maize Program has developeddetermine the optimum water regimes 

for maize. The average daily and distributed six improved varieties, 
Shaba Safi, Salongo, Salongo 2,evapotranspiration (ETP) was 

1 aid Shaba 1. However,determined to be 4.5 mm or a total of PNM 1. Kasai 
651 mm of water for the growth cycle since September of 1978, only 

of 138 days for Bambu. The ETP Salongo 2, Kasai 1 and Shaba 1 have 

coefficient versus the evaporation of a been recommended by the program. 

free sheet of water determined Table 3 lists some characteristics of 
the National Maize Program varieties,irrigation frequency and quantity; 
as well as their cultivation zones.natural precipitation and evaporation 
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Table 3. Characters and cultivation zones of the National Maize Program (PNM)
varieties, Zaire 

Variety 

and year 


Shaba Safi 
(1969) 

Salongo 
(1974-75) 

Salongo2 
(1975) 

PNW I 

(1973-74) 


Kasai I 
(1974-75) 

Shaba 1 
(1975) 

Cultivation
 
zone 


South Shaba 
Kivu 
(high 
altitudes) 

North Shaba 
Bandundu 
Lower Zaire 
Equateur 
Kasai 
Upper Zaire 
(mid. and 
low altitudes) 

North Shaba 
Kasai 
Lower Zaire 
Bandundu 
Upper Zaire 
Equateur 
(mid. and 
low altitudes) 

South Shaba 
Kivu 
(high 
altitudes) 

North Shaba 
Kasai 
Lower Zaire 
Bandundu 
Equateur 
Upper Zaire 
(mid. and 
low altitudes) 

South Shaba 
Kivu 
(high 
altitudes) 

Characters 

Cross between H632 (three-way 
Kenyan hybrid) and SR52 
(simple Zimbabwe hybrid) 

Tall plants susceptible to
 
lodging
 

Resistant to leaf blight
 
On-station yields of 8-9 t/h..
 
Used in crosses for lateress
 
(No lonqer distributed)
 

Mixture of ten best
 
Tuxpeho cycle 2 families
 
selected at Gandajika in
 
1974
 

White dent-type grain
 
Plant height 193-216 cm
 
1000-grain weight 200-385 g

Susceptible to maize streak
 

viru. and downy mildew if
 
sown late
 

Yield 7 to 8 t/ha
 
Growth cycle 3-4 months
 
Being replaced by Salongo Il,


which is more homogeneous and 
productive 

Mixture of the ten best
 
Tuxpeho cycle 2 families
 
recombined in Mexico
 

White dent-type grain

Plant height 200-225 cm
 
1000-grain weight 250-400 g
 
Yield 7 to 8 t/ha
 
Growth cycle 3-4 months
 

Cross of Tuxpeiho (Mix 1 x 
Colima group 1) x Eto x Shasa 
Safi 
White, flat dent-type grain 
Plant height 210-240 cm 
1000-grain weight 396.5 g
Susceptble to maize streak 

virus and downy mildew if 
sown late 

Yield 8.9 t/ha 
Growth cycle 5-6 months 

Cross of Tuxpeio and Eto 
varieties in Mexico 

White flint-dent type grain 
Plant height 190-205 cm 
1000-grain weight 280-400 g
Yield 7.8 t/ha 
Growth cycle 3.4 months 

Cross of (Tuxpeio x E-o) x 
Shaba Safi 
White flat dent-type grain 
Plant height 230-240 cm 
1000-grain weight 440 g 
Yield 8-9 t/ha 
Growth cycle 5-6 months 
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Each year, the National Maize Program 1982 (results not available). GPS5 was 
conducts the National Maize Program shown to have certain tolerance to the 
Variety Trial (NMPVT), which includes two diseases, and it was crossed with 
all varieties recommended by the PNM varieties in 1980. Evaluation of 
program, to study the perlormance of this work was done in 1982 (results 
these varieties and any new not available). 
introductions in the regions where the 
PNM conducts research. The PNM also Agronomic testing 
conducts CIMMYT international variety Rotation trials-A six-year rotation trial 
trials, IPTTs (International Progeny was carried out from 1974 to 1979. A 
Testing Trials), OMPTs (Opaque-2 second cycle of the same trial was 
Maize Population Trials) and EVTs begun In 1980. Due to this trial, it is 
(Elite Variety Trials). In addition to no longer recommended that land be 
testing improved varieties, the PNM left fallow, but rather that there be a 
has a permanent program for maize-vegetable rotation with 
improvement of its recommended Crotalariacaricca and soybeans 
varieties. (Glycine max). Crotalarla has proved 

extrcmely helpful, due mostly to its 
In 1980, the yields of the National high density planting, but soybeans 
Maize Program varieties were judged are preferred since it is a food crop. It 
satisfactory, and so this is no longer an has been observed that yields are 
improvement objective. In the area of higher if a fertilized crop of maize is 
disease resistance, emphasis is on the preceded by a crotalaria-soybean 
two main diseases that affect late-sown rotation. 
maize, maize streak virus (Cicadulina 
Mbila) and downy mildew (Sclerospora Hill plantingand intercropping with 
maydis). Leaf blight, rust and damage legumes-Most farmers in Zaire plant 
caused by the gray worm and the root maize in hills, some 40 to 45 cm in 
worm are of low incidence, height and one meter apart. After 

harvest, the maize residue and weeds 
are placed in the furrows between the 

In collaboration with CIMMYT and hills. New hills are then formed by 
other African and Asian countries, a covering the residue with soil from the 
selection program against maize streak old hills. Trials held on farmers' fields 
virus and downy mildew was put into have shown the advantage of flat 
effect in 1977. However, after three cultivation, in both density and yield. 
years of work, it was seen that no A long-term trial comparing hill 
satisfactory results had been obtained, planting and flat cultivation, with 
The technique that had been used vegetable intercropping and with and 
(natural infection) was ineffective, and without manure fertilization, was 
many plants found to be resistant begun in 1973-74. The results of this 
became susceptible in following trial, completed in 1979-80. showed 
generations. the beneficial effects of plowing under 

both the maize and the soybean
In 1980, the PNM started a selection residue two weeks before planting the 
program with IITA varieties, including new maize crop. 
TZSR-W and TZSR-Y, which were 
resistant to maize streak virus and Plantingdate trials-Trials conducted 
downy mildew. The IITA varieties were from 1972 to 1976 showed that maize 
crossed with PNM varieties (results are should be planted within a month and 
not available). In 1981, the Zaire a half after the first rains. 
streak-resistant and mildew-resistant 
populations were perfected; evaluations 
of these varieties were continued in 
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Plant density trials-As a result of 
these trials, the National Maize 
Program recommends spacing maize 
plants 75 x 25 cm apart, with one seed 
per hole; this results in 53,333 plants 
per hectare. However, very good yields 
can still be obtained by closer planting. 

Fertilizer-usetrials-Trials conducted 
in the various regions have shown that 
the low nitrogen level is a constraint to 
maize production in Shaba, and low 
phosphorus is a limiting factor in 
Kasai: a lack of potassium is not 
considered a problem. The PNM thus 
recommends the application of 66 kg
of nitrogen and 46 kg of P2 0 5 per 
hectare for small-scale farmers and 120 
to 150 kg of nitrogen and 90 to 120 kg 
of P2 0 5 for large-scale farmeis with 
more capital. Phosphate fertilizers are 
applied before sowing, as is a third of 
the nitrogen; the remaining two-thirds 
are applied 45 days after planting, 

Seed Production and Distribution 

Burundi 
The Ministry of Agriculture in Burundi 
provides a service called the Selected 
Seed Service (SSS). The SSS is 
continuing a project created in 1977 in 
cooperation with the Belgian 
government. Besides the SSS centers, 
there are other centers for seed 
multiplication and distribution that are 
part of the SRD (Regional Development 
Agency) and of specific projects. There 
are a total of 41 seed centers in the 
country; 22 are controlled by the SSS 
and 19 by the SRD and the projects. 

The seed farms vary in size from 8 to 
20.25 hectares (iacluding fallow and 
grazing land). Seed is multiplied and 
distributed through a process that 
integrates research (ISABU), the SSS 
and other organizations (SRD and the 
projects). Basic seed produced by 
ISABU is delivered to the SSS, which 
carries out a first multiplication on its 
farms. Thc seed is then distributed to 
other organizations, which depending 

on their needs, multiply it once or 
several times before distribution to 
farmers (either for credit or cash). 

In the 1979A season, the SSS 
produced 17,698 kg of maize (1,210 kg 
of Kisozi, 7,600 kg of GPS5 and 8,888 
kg of Bambu) on 21.8 hectares. In 
1982, the production rose to 46,891 kg 
(13,363 kgs Kitale, 5,336 kg GPS5, 650 
kg Igarama, 1,010 kg GPS4 x SR52 
and 26,532 kg Bambu) on 29.07 
hectares (6.56 ha of Kitale, 3.2 ha of 
GPS5, 0.8 ha of Igarama. 0.7 ha of 
GPS4 and 17.81 ha of Bambu). 

Rwanda 
Rwanda's Selected Seed Service was 
established in 1968. It reports to the 
directing staff of Agricultural 
Production at the Ministry of 
Agriculture, Livestock and Forestry. 
The service has five seed-multiplication 
centers for food crops dispersed 
throughout the country, at Mutura-
Gisenyi (two centers), Ruhunde-
Byumba, Muyumbu-Kigali and 
Bumbogo-Gitarama, as well as one 
laboratory and one packaging plant at 
Kigali. The SSS receives requests from 
community agronomists, project 
personnel and individual farmers who 
wish to obtain seed, and the service 
multiplies prebasic seed supplied by 
ISAR at its experiment stations. The 
resulting production makes up the 
basic seed, which the SSS then 
distributes, prorating the costs among 
its clientele. The SSS distributed 
17,996 kg of maize seed in 1979 and 
27,456 kg in 1980. 

Zaire 
Seed selected by the National Institute 
of Agricultural Research (INERA) 
reaches the farmers directly from 
INERA, from the Agricultural 
Production Office of the Department of 
Agriculture or from the projects, as 
shown in Figure 1. 

The National Maize Program oversees 
the production of pre-basic seed at the 
Kisanga station, and it is then 
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multiplied either at the Kaniama- * Development agencies, to distribute 
Kasese State Farm or by private selected seed, and 
farmers. This seed is then offered to * The National Seed Bureau (BNS), 
the projects and to agrobusinesses, headquartered in Kinshasa. to 
which supply it to farmers. In 1980, control the process. The BNS will 
the PNM sold 20,625 kg of maize seed, set up regional analysis and service 
of which it had produced 775 kg. In laboratories to better organize local 
1979, it had distributed 45,885 kg of systems and ensure the necessary 
seed. 	 controls. 

The overall seed situation in Zaire The financing for this plan is now 
rapidly deteriorated after the Colonial under negotiation. 
Office's Adaptation and Improved Seed 
Production Center (CAPSA) ceased to Conclusions 
function. Tc remedy the situation, the 
Executive Council requested that a As can be seen from this paper, maize 
national seed plan be developed. The is important among the cereal crops of 
resulting plan consists of five levels: the CEPGL. In Burundi and Zaire. 

maize is in first piace among the 
* 	 The national sector programs (PNM cereals: in Rwanda only sorghum is 

for maize), to be charged with seed more important. 
production; 

" The seed farms, to produce During the, INEAC era, some maize 
controlled seed by multiplying varieties were common to the three 
national program seed in specialized countries. Today there is a diversity of 
centers; at least one farm will be varieties In many crops, including 
established in each regior for a total maize, because although the three 
of ten farms; research institutes conduct research 

* 	 Development agencies (including that is parallel, they have not worked 
projects, agrobusinesses, together. In Zaire, the National Maize 
cooperatives and groups of Program has made great strides, and 
producers), to multiply the the PNM has collaborated with ISABU 
controlled seed on farms to produce (Burundi) in National Maize Program 
commercial seed; Variety Trials since 1982. No data are 

yet available on the results of this 
collaboration. 

p Department of 
INERA 

Agriculture It would be advisable that the 

agronomic research institutes of the 
Agricultural three countries adopt a common maize 

projects 	 research strategy in collaboration with 
IRAZ. This would allow for better use 
of time, effort and human and material 
resources, and would help to eliminate 
constraints at the research and 
production levels. The collaboration of 

Farmers the three countries cculd result in a 
division of tasks, an agreement on trial 

Figure 1. The relationship between INERA, management, the exchange of 
the Department of Agriculture and the information and material, and the 
agricultural projects in the distribution of formation of a training program for 
maize seed to farmers, Zaire research personnel. This would lead to 
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a regional program for maize research, 
and regional level activities could be 
strengthened in the following areas: 

" 	The creation of productive, carl' 
varieties adapted to the high-altitude 
regions of Burundi and Rwanda; 

" 	The acceleration of the recently 
initiated maize breeding programs in 
Burundi and Rwanda; 

* 	Tile colleclion of local maize
 
varieties in farniers' fields; 


" 	The identification and development 
of productive varieties resistant to 
the economically d(vasting diseases 
(maize streak virus in al' three 
countries, leaf blight in Burundi and 
Rwanda and downv mildew in 
Zaire): the three institutes are now 
working separately on varieties 
provided by IITA for resistance to 
maize streak virus; 

" 	The conducting ol fertilizer trials, 
especially in Burundi and in 
Rwanda where little work has yet
been done: 

" 	The conducting of trials on the 
intercropping of maize with other 
crops (in Bulrundi and Zaire): these 
trials can help improve the farmers' 
systems of agricultural production 
without necessarily leading to the 
replacement of those systems: 

" The improvement of grain storage 
tcClhniques. and 

" The improvencnt of communication 
(technology transfer) and the 
reduction of the yield gap between 
experinien t stations and farmers' 
fields. 
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Maize Improvement in Somalia 
B. Abbanur, Agricultural Research Institute, Agfoi, and 
M.F. Shirdon, Somali National University, Mogadishu, Somalia 

In Somalia, maize is the second most 
important food crop after sorghum. It 
occupies about 30% of the cultivated 
area or approximately 150,000 
hectares, which are cropped twice a 
year under the favorable conditions of 
the country. The majority of the maize 
crop is grown under irrigation along
the Juba and Shabelle rivers, and to a 
lesser extent under rainfed conditions, 
particularly in the Gu'season (April to 
July). 

The most common method of maize 
cultivation in Somalia is to plant on 
flat, not ridged, land, with a distance of 
one meter between the rows and two 
plants per hole, which results in 
20,000 plants per hectare. Two to 
three hand weedings are usually done, 
and flat irrigation is used where 
possible. In most areas, maize is 
planted alone, but a considerable 
amount is intercropped with sesame; a 
small amount is also intercropped with 
cowpeas, mungbeans or tomatoes. 

Somali consumers prefer white, flint-
type maize7 for pancakes and a thick 
porridge (the principle staple food);
they also use it as green ears for 
roasting. It is used as fodder for 
livestock, after the ears are harvested, 
and in the case of total crop failure 
(which happens about once in four 
years in the Der season (October to 
December), the entire crop is fed to 
livestock, especially cattle and camels, 

After harvest the maize is stored in one 
of two ways, in pits dug in the ground 
(bakaar)or in various kinds of 
containers and sacks. With the first 
method, maize can be stored for a long
time, either shelled or on the car. The 
maize is stored in sacks when the 
grain is threshed and will be used 
immediately, either for food or for seed. 

Maize production on farmers' fields in 
Somalia is 8 to 10 quintals (1 q = 
100 kg) per hectare. This very low 
yield can be ".ttributed to various 
factors. The local varieties used by the 
farmers are low yielding. Also, a 
considerable amount of the crop is 
grown under rainfed conditions or 
under very limited irrigation. Little 
fertilizer is used, or none at all. Disease 
and insect control are also insufficient 
for Somali conditions. 

To overcome these constraints, steps
need to be taken to breed maize with 
high yield potential and with resistance 
to stem borers, earworms, downy
mildew and moisture stress. Farmers 
also need to adopt suitable agronomic 
practices. 

Maize Research Program 

The maize improvement program at 
the Central Agricultural Research 
Station (CARS) at Agfoi was begun in 
1976. In 1979, the variety Afgoi 
Composite was developed from 
germplasm of Somali land races, 
Guatemala flint and US hybrids. It 
performed well under the standard 
cultural practices in different locations 
in the country. A yield of 5.7 t/ha was 
reached under experimental conditions 
at CARS. 

Another variety was developed In 1980 
from half-sib crosses between Afgoi 
Composite and Tuxpefio obtained from
Tanzania. This variety was named 
Somtux (Somalian Tuxpefio), and was 
characterized by white, semi-dent grain
and full-season maturity. The average
grain yield under experimental 
conditions was 5.7 t/ha and 3 t/ha
under farmers' conditions. Due to a 
lack of continuity in the breeding 
program, both varieties have lost their 
genetic purity and have become 
contaminated. 
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Since 1981, extensive research in Development of early-maturing 
maize improvement and appropriate vartl"es-Early maturity is 
production practices has been carried advaiitageous where maize is grown as 
out at CARS. The main objectives are a rainfed crop or where moisture is 
to develop high-yielding varieties that deficient for the normal development of 
are tolerant to drought and to the stem full-season varieties. Recently, greater 
borer (Chilopartellus). attention has been focused on 

production areas. Thirty F2 seedlots 
Major breeding activities resulting from crosses between 
Internationalvariety trials (CIMMYT- Pirsabak 7930, Pool 16 and ISOMA 
Nearly 200 maize introductions have were planted in the Gu' season In 1984 
been evaluated in field trials at CARS in order to introduce earliness to 
since 1981. The introductions have ISOMA. Ears from a bulk pollination of 
mainly been open-pollinated varieties the selected plants were planted, and 
of variable maturity and grain type. ears from plants which matured within 
Some of these introductions have 90 days of planting were harvested. 
proved promising, among them Across 
8121, Across 8149, Los Diamantes Future Research Plans 
7823 RE (RE = reference entry). 
Across 7822, Pirsabak 7930 and Poza Future plans of the Somali Agricultural 
Rica 7926. Research Service include the release of 

some of the newly developed breeding 
Regional variety trials (SAFGRAD)- stock which has already proved to 
Since 1981, two sets of trials have have better performance than that 
been obtained from the Seni-Arid Food presently in use. These promising new 
Grain Research Development Project materials include multivarietal hybrids, 
(SAFGRAD). These trials have included ISOMA, the new Afgoi Composite and 
the varieties RtJVT-1 and RUVT-2. The Population B.RBS. These materials will 
best-performing varieties in those trials be tested in multilocational trials, 
were Pool 16 and TZPB. increased and then released to farmers. 

Composite and synthetic variety It is hoped that Somalia can have 
development- Population improvement closer contact with its neighbor 
through the development of composite countrie'. such as Kenya, Zambia and 
and synthetic varieties has been the Tanzania, in order to be able to 
main goal of CARS since 1981. A exchange information and materials 
preliminary yield trial of I I newly which will be useful for further 
advanced breeding stocks and the best breeding activities. 
introductions were evaluated in the 
Gu' season of 1984. The best 
performing entries were the 
multivarietal hybrids, followed by 
ISOMA (improved Somtux), Population 
B.RBS. and a new Afgot Composite. 
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Maize Research Activities in Swaziland
 
J.P. Shikhulu and E. '!avimbela, 
Malkerns, Swaziland 

Maize is the principal staple food in 
Swaz!land. It Is the single most 
important crop that is grown on Swazi 
Nation Land (SNL), which occupies
about 60% of the total land area of the 
Kingdom (Swazi Nation Land is land 
held in trust for the nation by the King
who delegates the power to the chiefs 
to allocate these lands). About 83,000
hectares of arable land was cropped in 
1982 (4): at least 70% of that amount 
(59,000 ha) was in maize. Yields on 
SNL, however, were low, varying 
between 1.4 and 1.6 t/ha. 

The climate of Swaziland is 
subtropical, with the rainy season from 
October to March and precipitation
between 500 and 2000 mm: droughts 
are frequent. According to Murdoch (7),
serious moisture deficiencies are likely 
to occur in a iy month one year out of 
ten, even in the wettest areas. Some 
areas, such as the lowveld, have an 
80% risk of receiving less than 625 
mm of rainfall during the summer 
season; these are drought conditions, 
Besides the climate variations, altitude 
also varies between 200 and 1300 
meters. The highveld, with an 
elevation of 1300 meters, is in the 
western part of the country: it receives 
sufficient rainfall (1000 to 2000 mm)
which is normally well distributed. The 
middleveld and Lubombo Plateau, with 
a/erage elevations of 700 meters, also 
!eceive ample rainfall of some 900 to 
1250 mm, which is also well 
distributed. These three areas are 
noted for their deep soils with good
moisture-holding ability. The soils are, 
however, fairly acidic. The lowveld is 
hot. It receives about 700 mm of 
rainfall, but this tends to be erratic and 
unreliable. Hence, farmers face greater
risks because of frequent dry spells. 

Malkerns Research Station, 

Maize Research in Swaziland 

With such variable environments as 
are found in Swaziland, there is need 
to test maize cultivars over as wide an 
area as possible and under various 
management situations to identify
cultivar x environment interactions. 
This can facilitate the identification of 
maize cultivars and farming practices
that will be conducive to high yields.
There are six experiment stations in 
the country where this testing takes 
place. 

During the last two decades, attempts
have been made to introduce improved
maize cultivars Into the country,
mainly from the Republic of South 
Africa and Zimbabwe, in a search for 
cultivars that will outperfor-m materials 
already in commercial production, i.e.,
SR52 and NPP x K64R. More recently,
CIMMYT maize varieties have been 
introduced into the Swaziland research 
program for the same reason. Further 
maize research is planned to evaluate: 

* 	Fertilizer use, for identifying rates
 
and time of application, as well as
 
specific cultivar nutrient
 
requirements:
 

* 	Weed control methods, especially
the control of wltchweed (Striga 
spp.); 

* 	 Maize diseases and their control, 
with emphasis on maize streak 
virus, and 

* 	 General crop management practices. 

Recently, two new projects have been 
undcrtaken by the Ministry of 
Agriculture and Cooperatives to 
Increase agricultural output. These are 
the Cropping Systems Research and 
Extension Training Project and the 
Seed Multiplication Project. 
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Cultivar evaluation Internationaltrials-These trials, sent 
Several maize trials are conducted from the CIMMYT maize program. are 
each year. These trials are grouped conducted to identify suitable varieties 
into three categories: in terms of yield and disease 

resistance. Promising varieties then 
Rego:al trials--These trials were receive further testing in 
organized in southern Africa, using multilocational and on-farm trials. The 
newly released hybrids which had been best varieties from these tests are 
tested against standard maize released by the seed project for 
cultivars. The trials are conducted at commercial production. One such 
more than 100 locations, both within variety that is already commercially 
and without the region. The trials are available is Across 7443. Several more 
important to Swaziland in that they varieties, from populations 22, 23, 24 
introduce newly released materials into and 47, have been selected, and these 
the country. From these, selections can are now undergoing further testing on 
be made for testing in the national stLaion and on farmers' fields. (Data for 
maize trials. Results from one such Swaziland in the CIMMYT 1983-84 
trial for the 1983-84 season are shown trials are published in the Maize 
in Table 1. International Testing Program 1983, 

Table 1. Results of Regional Maize Variety Trial, 1/ Malkerns Research Station, 
Swaziland, 1983-84 

Yield Root Yield Root 
°/o of Shelling lodging 0/o of Shelling lodging 

Variety T/ha standard (0/o) (0/0) Variety T/ha standard (0/o) (0/0) 

SNK2147 12.2 143.2 66.7 12.0 R201 8.7 102.0 65.7 7.0 
CG4504 11.0 130.9 70.7 5.0 R0430 8.6 101.4 67.7 19.0 
CG4512 10.b 123.4 66.7 10.0 PNR473 8.6 100.9 74.7 6.7 
CG4405 10.0 118.1 68.0 4.0 PNR95 8.5 100.4 64.0 14.3 
PNR394 9.9 116.5 72.3 4.0 CG4602 8.5 100.4 66.7 7.0 
Tx 14 9.9 116.1 70.3 9.3 SSM2039 8.5 99.9 68.7 7.3 
PNR6429 9.8 115.3 70.7 4.7 A210 8.5 99.8 69.0 19.3 
SNK2236 9.7 113.6 67.0 15.0 SSM2041 8.4 98.9 63.7 12.0 
PNR482 9.7 113.b 66.3 42.7 11L1 8.4 98.8 70.7 9.0 
PNR6405 9.6 113.0 62.3 9.0 SNK2232 8.4 98.4 75.3 8.7 
CG4141 9.6 112.6 68.7 8.7 HL2 8.3 97.8 65.7 19.7 
PNR542 9.5 112.4 66.7 5.7 IP87304 8.0 94.5 67.0 10.7 
CG4403 9.4 111.4 71.3 9.3 R0422 7.9 93.3 72.3 13.7 
SSM2045 9.3 109.2 68.7 8.0 R70 7.9 92.3 66.3 18.7 
SAB17200 9.2 108.8 60.0 10.0 IP87302 7.8 92.3 66.0 4.3 
PNR496 9.2 108.8 70.0 7.7 A471 W 7.8 91.9 62.3 17.0 
A1600 9.2 108.2 63.0 5.3 A475 7.6 89.0 68.7 14.7 
SABI707 9.1 106.6 67.0 20.0 A1650 7.4 86.8 69.7 9.7 
SNK2244 9.1 106.5 69.7 5.0 CG4502 7.4 86.5 63.3 27.7 
RS5205 9.0 106.1 64.7 4.0 AX305 W 7.3 86.1 69.7 12.7 
PNR432 9.0 100.O 70.0 3.0 SSM72 7.2 85.0 67.7 18.7 
SABI7004 9.0 105.5 67.0 8.3 SA4 6.6 77.1 63.3 26.7 
SSM48 9.0 105.5 69.7 3.7 
Sx 24 8.9 104.2 71.0 14,0 Overall mean 108.8 104.1 
Tx 24 8.8 103.9 65.7 9.0 
SAB1308 8.8 103.9 65.0 12.0 SDEV(+/-) 01.1 12.6 
PNR6514 8.7 102.3 69.7 5.7 CV(O/o) 12.1 NS NS 

e/ Planting date November 1, 1983; harvest, 1984 
b/Rainfall 1203 mm 
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CIMMYT, Mexico.) Maize streak trials 
are now being conducted for the first 
time, but no data have yet been 
accumulated, 

National trials-These trials are 
multilocational. Two test sites are 
located in the highveld, three in the 
middleveld, one of which is in the drier 
part, and one in the lowveld. The trials 
incorporate those materials identified 
or selected from the single-site trials, 
The performance of these new 
selections are compared with standard 
maize varieties and hybrids for a 
period of not less than three years. In 
the past, cultivars that yielded well. 
ranked high and possessed certain 
desired characteristics were identified 
and directly transferred to the farmer,; 
for commercial production. Such data 
as are summarized in Tables 2 and 3 
were considered sufficient for the 
recommendation of cultivars. 

Now, however, attempts are being
made to evaluate these cultivars more 
critically. This is because average
yields of specific cultivars in specific 
areas were found to vary considerably;
thus. yield data were considered 
unreliable as it was impossible to run 
tests under all possible climatic 
conditions. The new procedures being
introduced are based on the regression
analyses that have been successfully 
used by Robbertse (8). Unlike Eberhart 
and Russell (3), Robberise developed
his procedures for regression analysis
by evaluating the test cultivar yields
(the dependent variable) against the 
mean yield of a set of standard 
cultivars (the independent variable). In 
practice, the difference between the 
yield of a given cultivar and the mean 
yield of the standards is plotted as the 
dependent variable. Results of these 
analyses fbr the seasons 1980-81 to 
1983-84 are presented in graphical 

Table 2. Results of multilocational National Maize Trials, Swaziland, 1982-83 

Yield (t/ha) Across - siteVariety Hebron Mangcongo Nhlangano Malkerns Luve means 

SR52 3.5 3.6 2.7 2.4 3.7 3.2
 
R5205 5.7 5.7 3.6 3.9 
 4.9 4.8 
R201 5.5 4.7 3.5 2.7 5.3 4.4
R215 5.3 4.1 2.8 2.2 4.2 3.7 
Tx 9/ZS229 4.0 2.2 3.3 3.0 4.0 3.3 
Tx 379 4.8 4.1 3.0 4.2 4.1 4.0
R0415 4.8 3.2 3.2 3.4 3.4 3.6 
A323 W 5.1 4.4 4.0 4.1 4.2 4.4
A471 W 5.3 3.5 4.7 4.9 4.2 4.5
SSM2039 5.1 4.0 2.2 3.2 3.8 3.7 
SSM2043 5.5 2.2 3.1 3.3 3.8 3.6
PN R6501 5.3 5.5 3.6 4.0 3.8 4.4 
PNR651 4.9 4.1 3.0 3.7 4.3 4.1 
PN R493 3.8 4.4 3.3 4.7 4.2 4.1 
PN R473 4.5 5.0 3.6 4.5 3.6 4.3 
PN R95 5.0 4.3 3.7 3.5 4.4 4.2 
Across 3.0 3.3 1.7 3.7 1.5 2.6
CG4141 4.3 3.8 2.8 3.1 3.1 3.6 
CG4801 5.0 2.8 3.8 2.3 4.4 3.7
NPP 5.1 3.5 2.0 2.4 3.5 3.3 
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form for selected maize cultivars that Figure 2 represents the hybrid Pioneer 
show different types of cultivar 95. The regression iine has a positive
behavior. intercept and a negative regression 

coefficient. This cultivar would perform
Figure 1 presents yield data for Across better than the standards in low-yield 
7443. It shows a Y-intercept of zero areas, but not so well under better 
and a negative regression coefficient. environmental conditions. It can thus 
This cultivar performed worse than the be recommended for low-yield
standards under all conditions, i.e., in environments. 
both high- and low-yield environments. 
It is best suited to areas where the Figure 3 presents yield data for the 
potential is low and technology fairly hybrid SR52. The regression line has a 
poor. Its biggest disadvantage is that it negative intercept but a positive
requires a long growing period, regression coefficient. This type of 

Table 3. Results of niultilocational National Maize Trials, Swaziland, 1983-84 

Yield (t/ha) Across- site
 
Variety Hebron Mangcongo Malkerns Nhalangano Luve means
 

SR52 9.5 6.2 6.0 9.8 6.6 7.6 
R5205 7.6 8.4 10.4 11.2 6.8 8.9 
R201 7.2 6.1 7.8 11.2 6.4 7.7 
R215 6.4 5.5 7.1 10.2 5.9 7.0 
ZS229(Tx9) 7.5 8.2 10.4 11.6 5.4 8.6 
Tx 379 8.3 7.1 10.1 9.1 5.6 8.1 
R0415 7.7 6.9 10.5 10.9 6.1 8.4 
A323 W 7.5 5.9 10.3 9.9 6.3 8.0 
AX305 W 6.0 5.3 10.1 10.1 5.8 7.5 
A471 W 6.2 5.1 9.2 7.8 6.1 6.9 
SSM2039 7.3 7.3 9.6 9.0 5.4 7.7 
SSM2041 6.9 5.4 9.8 8.5 4.1 6.9 
SSM2043 5.6 3.7 9.1 6.2 6.2 6.2 
PN R6501 8.8 8.4 10.5 12.0 5.6 9.0 
PNR6405 8.6 7.4 8.8 12.0 5.3 8.4 
PNR651 6.4 8.5 10.2 11.0 5.7 8.4 
PNR493 6.8 5.5 10.7 8.4 5.4 7.4 
PN R482 6.3 7.4 9.6 10.4 6.6 8.1 
PNR473 6.8 6,0 11.0 11.5 5.5 8.1 
PNR95 7.1 5.5 10.3 9.8 5.4 7.6 
IPB7308 5.7 6.4 9.8 9.5 5.4 7.1 
Across 5.3 4.1 6.9 6.8 6.7 6.0 
CG4141 7.5 6.8 9.6 9.8 5.0 7.7 
CG4801 7.3 6.2 7.8 10.7 5.4 7.5 
NPP 6.2 5.8 7.2 8.6 5.5 6.4 

Site means 7.1 6.4 9.3 9.9 5.7 
SE(Diff) +/- 0.4 0.2 0.3 0.3 0.2 
CV (0/0) 19.6 13.6 13.2 12.4 13.7 
LSD (50/o) 0.8 0.5 0.7 0.7 0.4 
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graph indicates a cultivar which 
performs poorly when compared to the 
standards in low-yield environments, 
but performs better than the standards 
in high-yield areas. It could, therefore, 
be recommended for the high-yield 
areas, such as the highveld and the 
middleveld. The level of technology 
should also be high if this type of 
cultivar is to fully express its potential. 

The hybrid R5205 in Figure 4 
represents the ideal type of cultivar, 
which is stable across many 
environments; the graph shows a 
positive intercept and a regression 
coefficient of nearly zero. This type of 
cultivar is regarded as better than the 
standards in all areas. It can be noted 
that the intercept for the hybrid is very 
small; this implies that there is only a 
small improvement when it is 
compared to the performance of the 
standards. However, such hybrids can 
be recommended for all areas of 
Swaziland. 

The use of regression line graphs as a 
technique for processing yield data, 
especially for the formulation of 
cultivar recommendations, has proved 
very promising in Swaziland. It is a big 
improvement over previous techniques 
which were based on mean yields and 
ranks without reference to any 
standard. 

Weed control 
Trials conducted in the past indicated 
that weed control was the single most 
important factor determining maize 
yield in Swaziland (1). Several trials 
are presently in progress to evaluate 
herbicides and herbicide applicators, 
the effect of weeding frequencies on 
maize yields and control methods for 
witchweed (Strigaaslatica). Tentative 
results from some of these trials 
indicate the folllowing: 

Early weeding is more beneficial 
than late weeding, giving rise to 
more rapid plant growth and yields 
up to 40% higher; 

* 	 Witchweed in maize can be 
controlled by early planting (when 
temperatures are not conducive to 
witchweed seed germination), by the 
application of kraal manure long 
before planting, and possibly by the 
use of chemicals, and 

* 	 The ground-driven control droplet 
applicator (GCDA) is the best 
machine for use in weed control. In 
the applicator trials several issues 
were considered, such as labor, the 
quantity of water required, the cost 
of equipment and herbicides, and 
ultimately economic returns. After 
all possible comparisons were made, 
the GCDA was found to be the best. 

Disease control 
The plant pathology section routinely 
evaluates all of the maize trials for 
foliar and ear diseases. The main 
emphasis 13 on the evaluation of 
cultivars for their resistance to maize 
streak virus, using materials from IITA 
and CIMMYT and several seed 
companies in the region (6). and the 
development of control measures that 
can be applied at the farm level. To 
date, Ripcord and Curatter have been 
found effective for the control of the 
vector of maize streak (Cicadulina 
mbila); how economical their use is 
remains to be assessed. 

Maize intercropping 
Several trials were conducted from 
1978 to 1983 to evaluate the 
intcrcropping of maize, with maize 
grown as the main crop with 
pumpkins, beans and groundnuts; 
these are all popular with SNL farmers. 
This work was conducted by the 
Faculty of Agriculture of the University 
of Swaziland (2). In these studies 
several promising intercropping 
situations were established, including 
dry maize-green beans-dry beans, 
green maize-green beans and dry 
maize-pumpkins. 
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Figure 1. Yield data for cultivar Across 7443, Swaziland maize trials, 1980 to 1983 
Note: Cultivar mean =3.57, B-i = -0.29, D parameter = 4.98, standard mean =5.03-- 33 
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Figure 2. Yield data for hybrid Pioneer 95, Swaziland maize trials, 1981 to 1984 

Note: Cultivar mean = 5.30, B-1= -0.125, D parameter = 3.99, standard mean = 5.03 
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When maize was intercropped with dry The Cropping Systems Research 
beans, with the bean plantings and Extension Training Project 
staggered, highest returns were 
achieved when the beans were planted Agricultural research in Swaziland was 
within three weeks after maize initiated in 1959, and the Malkerns 
planting. The reason for lower bean Research Station was established in 
yields was probably the lack of light 1962. Since then, Swaziland has had 
available to them. Maize within the good physical resources for research in 
maize-pumpkin combination showed agriculture. Although it is one of the 
yield advantages of up to 20% over smallest countries in Africa, it has 
maize planted alone, possibly because established itself as one of the leading 
the pumpkins smothered weeds and countries in agricultural research (5). 
protected the soil surface. This system 
was the most popular with SNL The research division was first 
farmers since they utilize pumpkins operated by the Ministry of 
extensively. Agriculture, and then by the Faculty of 

Agriculture of the University ot 
Fertilizer use Botswana, Lesotho and Swaziland: 
Fertilization studies have been carried later it returned to the Ministry of 
out to formulate recommendations for Agriculture and Cooperatives (MOAC). 
the use of lime, chemical fertilizers and At that time, contracts for expatriate 
manure. These recommendations are research personnel expired and there 
based on agronomy field trials at were no replacements; due to the lack 
various research centers in the of researchers, work came to a 
country. They are regional in nature standstill, and no new recommen
and do not allow for differences in soil, dations were forthcoming for five 
climate, land use and fertility years. As a result, MOAC sought 
conditions. A new section has now technical assistance from FAO and the 
been established to provide specific UNDP. 
recommendations for individual farm 
situations. The research that had been conducted 

in the country previously had not been 
Several studies are now in progress. specific to any group of farmers, and 
These include reevaluations of existing yet the feeling was that it was more 
lime recommendations, using methods applicable to the large-scale farmer 
based on extractable acidity; cultivars than to the small farmer operating on 
are also evaluated for their tolerance to Swazi Nation Lands. When the FAO 
various toxicities. Other studies are team arrived in 1980, research was 
conducted on nutrient requirements, planned to be directed toward the 
timing and rate of fertilizer application problems and needs of the small 
and how these rates arc affected by farmers. The project was scheduled to 
such factors as plant density and time run for three years, but was terminated 
of planting. by UNDP before the end of the contract 

(in early 1982). Immediately after that, 
It is hoped that these programs will the MOAC and USAID Cropping 
provide sufficient information to enable Systems Research and Extension 
the research division of the Ministry of Training Project was established and 
Agriculture to develop more realistic was begun in February of 1982. This 
production packages for Swaziland's new project is also focusing its 
maize farmers, especially those with research on the needs of the small 
limited resources. farmers in the areas of agronomy, 

irrigation, horticulture and economics. 
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Objective
The objective of the project is to 
increase the economic viability of 
farming on Swazi Nation Land; this 
will allow a more focused approach to 
research and extension. The 
accomplishments of the project can be 
measured by the amount of this 
increase. At the moment, less than 
10% of the SNL farmers market 
anything above their subsistence 
needs. The goal of the project is to 
increase this number to 20% by 1992 
and to 30% by 1997. 

Hopefully the MOAC research and 
extension programs can develop
cropping systems recommendations 
relevant to the needs of SNL farmers in 
the following areas: 

" 	 Identification of constraints to 
progress on SNL farms, as well as of 
the expressed needs of the farmers: 

* 	Response to the above through a 
program of on-farm research to 
identify relevant crops and cropping
practices; 

" Development of appropriate methods 
of information diffusion that will be 
understandable and usable by
extension agents and farmers, and 

* 	 Provision of in-service training 

courses to improve the skills of the 

extension staff, 


Project staff 
Technical personnel lor the project 
come from two US universities, 
Pennsylvania State and Tennessee 
State. The MOAC also provides
personnel to assist with the project.
There are specialists in agricultural 
information and extension training in 
the program. 

On-Farm Research 

On-farm maize research is being
conducted In a number of areas,
including weed control, pest control 
and planting devices. 

Weed control 
Informal and formal surveys showed 
that farmers seemed to be interested in 
the use of herbicides for saving labor 
in weed control; traditional weed 
control is by hand hoeing. On-farm 
herbicide trials were conducted to test 
the effectiveness of postplanting. as 
well as pre-emergence band 
applications of mixtures of Atrazine 
with Metholachlor in both liquid and 
granular form. The trials showed no 
significant differences in grain yields
between the three treatments (at the 
10% level of significance). Hand hoeing
is cheaper for those with sufficient 
labor. Herbicides would be helpful to 
those with limited labor, but they are 
expensive. 

After the trials, the cooperating
farmers were interviewed by the
 
economics section to determine the
 
impact of the results. This survey

indicated finally that farmers were not 
greatly concerned about the use of 
herbicides. The survey served to 
emphasize the need for studies on 
labor, timing and costs of weed control 
in the future. 

Pest control
 
Cutworms greatly reduce maize plant

populations by lowering the leaf area
 
index, leading to lower yields. In
 
cutworm control trials, bait was

applied with a granular herbicide
 
applicator. The treatment used was
 
Kombat cutworm bait applied at 5
 
kg/ha over the row immediately after
 
planting; in the control, no bait was 
applied. There were some differences 
in plant population and yield, but they 
were not significant. 

Planting devices 
Observations made by the Rural 
Development Area (RDA) Management
Unit Indicate that, for various reasons,
plant populations commonly found in 
maize fields in Swaziland are very low 
(20,000 to 25,000 plants per hectare). 
Poor germination takes place due to 
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poor land preparation, and cutworms Agriculture Soil Testing Unit. The unit 
often destroy the emerging maize was established i. 1975 with the 
seedlings. Also, farmers do not plant at following objectives: 
sufficiently high densities, and the 
SAFIM ox-planter has been found to be * Make pH analyses from which 
inefficient, accurate liming recommendations 

can be made; 
With the traditional ox-planter, * Make soil analyses from which 
fertilizer is placed on top of the seed fertilizer recommendations can be 
rather than at the side; this causes made, and 
burning of the seed. The hilldrop v Convince farmers of the importance 
planter plate mechanism also damages of soil testing, and teach them to 
the seeds. The planter wheel which take representative samples and to 
drops the seeds tends to slip, leaving use lime and fertilizers. 
bare spots in the fields. 

Lime demonstrations were set up as an 
The World Bank Project in Lesotho has extension tool and some farmers 
worked to improve the SAFIM planters. adopted the practice. 
Two were bought from Lesotho and 
another was modified at the Malkerns Soil testing problems 
Research Station. The shoe was and accomplishments 
widened so that the fertilizer would be The soil testing unit has been in 
dropped slightly to the side of the seed, operation for six years, but has had 
thus hopefully eliminating the burning little impact. There have been too few 
problem. The seed plate was also made specialized technicians, such as soil 
about twice as thick as the standard chemists, and they have not been 
SAFIM seed plate, and a chain drive sufficiently competent to run accurate 
was used instead of the standard P and K analyses. No training was 
SAFIM Pitman drive. This should provided for them in the operation of 
eliminate the unplanted spots In the new equipment. which had been 
fields. donated to the program by various 

organizations. Lime recommendations 
Only one modification has been tested which were made were based only on 
in the field, the improvement of soil pH and texture, which is the least 
fertilizer placement. In the trials, half accurate method; also, lime was not 
of a farmer's field was planted with the easily available in Swaziland. Samples 
standard SAFIM planter and the other for testing were usually submitted late 
half with the modified SAFIM planter. by the farmers, and therefore 
Results indicated that, when the recommendations were often returned 
modified planter was used, yields to them after they had already planted. 
improved significantly. The delivery of soil samples for testing 

and the return of the results were not 
The Soil Testing Unit efficient, due to a lack of funds in the 

program. 
Liming has been one of the most 
important areas of soil fertility research The Cropping Systems Research 
since the establishment of the Project has now made some 
Malkerns Research Station; the result improvement in upgrading the 
is the existence of the Ministry of efficiency of the soil testing laboratory 
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and in the accuracy of the soil tests 
with the technical assistance of a 

Pennsylvania State consultant. 
New 
laboratory equipment with higher 
capacity and accuracy has been 
purchased. It has been Installed by tile 
consultant and the technicians have 

been trained in its use. 


Lime recommendations are now based 
on soil p11 and exchan eable acidity 
rather than p-I and soil texture. Tests 
for phosphorus and potassium 
dleficiencies are done using ISFEI 
netbods. Also, tie laboratory has 


doubled its efficiency: it can process 

120 samples for pHl-exchangeable

acidit', lphosphomus and potassitlm anId 
make recommendations witbin a week 
of receiviig a sample. Th( Cropping 
Systems Research Project is working

closely with the soil testing unit ill 

correlating soil testing results with 

field response results, 

The Seed Multiplication Project 

The Seed Mult iplicatoll Proj'ect was 
established in 1978, sponsored by the 

Ministry of Agriculture and 

Cooperatives aid FAO. The projcct 
 was 
begun as a result of a great increase irr 
the number of farmers using hybrid 
maize; it was felt that dormest ic 
production of seed would be a ser'vice 
to farners, would make effective use 0f 
the country's resources and would 
exploit bothf local arid ex)ort markets. 
The project \'as divided into three 
phases, withI the following objectivs: 

" 	 Build and operate a s(''d processing 
plant: 

* 	 Establish a se'd testing laboratory:
• 	 Organize production and 

certification of basic seed for maiz' 
and beans; 

" Set urp field inspection of seed crops;
" Formulate regulations for seed 

certification, and 
" Train personnel for Ih project. 

The target of tile project was the 
production of 600 tons of maize seed 
and 50 tols of bean seed Ihy the end of 
its second phase. 

The above objectives were realized 
except for the target alounts of seed. 
Maize seed produced at the cld of, 
Phase 2 was 460 tons; bean seed
)roduction w%,is 33 toils. TIhe iroblems 

causing this shortfall were the shortage
of land available for seed production. 
the lack of access to basic st.ed 
materials, and tilte scarcit vf con lract 
growers withIUlf. necessary managerial 
skills. 

I'he number conltraclt growers ha.s 
flow increased fromI tlre( to Ininc., andl 
thecy have formed a Seed Growers' 
Association. The Associatiori now
 
recruits new mnembers, and IlC
 
mem bers assist o(e another wit l the
 
management of their sed crops. 

In the first aind secodl phases of tile 
t)rogramn, sect] of ill( following imaize

varieties was )roduced: NP) %K6r.
 
CG41,1. PNR95. lINR6427. Tx 379.
 
A47 IW. A323W and Across 7.t43.
 
Also. seed of tIie potato %arict v [3P1
 
was producd, :s well as that of tile
 
hca ll vari'tv lollnrs. Th'I larget for Ilie.
 
1984-85 season is to produce 600 toins
 
of 	 uilize S'eed arid Ftons of bealn1d0 

s(cd.
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Maize Research in Tanzania 
A.J. Moshi, National Maize Research Programme, TARO-Ilonga
Research Institute, Kilosa, and W. Marandu, Uyole Agricultural
Centre, Mbeya, Tanzania 

Maize is the most important food crop 
grown and consumed in Tanzania. The 
major growing regions are Rukwa, 
Mbeya, Iringa, Ruvuma, Arusha,
Kilimanjaro, Tanga and Morogoro.
Maize is produced by over 50% of 
Tanzanian farmers on appioximately
1,700,000 hectares. Only a small 
percentage is produced on large
commercial farms, 

Although grain yields are highest in 
the southern highlands where there is 
sufficient and reliable rainfall, 
production per unit area is low on 
small farms (less than 1.5 t/ha). This 
low production is a result of a variety
of constraints. In the marginal rainfall 
areas, early rainfall is erratic and often 
insufficient. In the bimodal rainfall 
areas, mid-season moisture stress may
result in considerable loss of yield, and 
in some cases complete crop loss. 
Supplemental irrigation is used to a 
vcry limited extent, although it would 
make maize production less risky in 
the lowlands and the coast and in the 
drier intermediate-elevation areas. In 
the souLthern highlands, acidic, low-
fertility soils limit production when no 
fertilizer is uscd. In the western part of 
the countrv, soil fertlity is generally
low, but poor rainfall distribution 
limits response *o fertili;,cr. In some 
seasons, maize shak virus dliscase 
reduces yields consrierably. Although 
most farmers know th imprt-nce of 
weeding, it Is often done ir'o lalt to 
limit the adverse effect of wee(l
competition. 

In the past. government-fixed maize 
prices were low and tended to keep
production low. Prices have now been 
increased, and farmers are responding
by increasing production. However, 

inputs such as fertilizer and herbicides 
are often not available on time or in 
sufficient quantities. 

Most farmers In Tanzania prefer white 
maize. There Is also preference for flint 
types, which seem to store better and 
are more suitable for the preparation of 
ugali, the popular maize dish in the 
country. For preparing ugali, the 
pericarp of the maize kernel is 
removed by pounding in a mortar. 
Flint grains are less susceptible to 
breakage in the process than are dent 
grains. 

The National Maize
 
Research Programme
 

Prior to 1973, maize research In 
Tanzania was not centrally 
coordinated. In that year, the National 
Maize Research Programme (NMRP) 
was initiated with the help of CIMMYT 
and IITA. It is headquartered at the 
Ilonga Research Institute at Kilosa, and 
is centrally coordinated and national in 
scope. Presently, breeding work is 
conducted at llonga and at the lJyole 
Agricultural Centre, as well as at the 
Tanganyika Wattle Company in 
Njooibc, under the supervision of 
Ilonga and Uyole. Other research 
institutions (Lyamungu, Ukirlguru,
Selian, Maruku, Tumbi, Mlingano, 
KATRIN and Naliendele) cooperate In 
testing materials generated by the 
breeding program and in conducting 
agronomy trials to solve specific
problems In the regions where they are 
located. Some of them have several
experiment stations, thus increasing 
the number of sites for the 
multilocational testing of varieties and 
progeny materials. Varieties are also 
tested on farmers' fields before they 
are released. Each year the maize 
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researchers meet to give progress the major maize-growing region, which 
reports and plan the work for the usually receives sufficient and reliable 
following season. rainfall, and has a growing season of 

six to seven months. Maturity is
 
The NMRP has divided the country delayed due to the low temperatures
 
into three main agroecological zones, which prevail during the growing
 
based on elevation and rainfall (Figure season. A few cases of frost damage
 
1). The lowland zone includes the coast occur In extremely high-altitude areas
 
and areas below 900 meters elevation. (over 2000 meters). Ear rot and stalk
 
The growing period of the varieties borers are occasionally serious
 
grown in this zone is three to four problems, and Helminthosporlum
 
months. Major problems encountered turcicuin is a problem if resistant
 
are erratic rainfall and maize streak varieties are not used.
 
virus disease.
 

The brecding program 
The midaltitude zone comprises those The breeding program has been 
areas between 900 and 1500 meters. It involved in improving populations, in 
is subdivided into two reg~ons the formation and testing of varieties 
according to rainfall regime: and in the supplying of national 
intermediate wet, which receives more foundation seed farms with breeders' 
than 1100 mm rainfall and has a seed of both open-pollinatei varieties 
growing season of four to five months, and inbred lines. During the initial 
and intermediate dry, with less than stages of the NMRP. efforts were 
1100 m of rainfall and a growing concentrated on the development of 
season of three to four months. Major populations as well as on improving 
problems in this zone are maize streak varieties. Using local and exotic 
virus disease, especially around Lake germplasm, several populations were 
Victoria and Arusha, and insufficient developed for the variouo 
rainfall in the intermediate dry areas. agroecological zones of Tanzania; 

Table I indicates major selection 
The high-altitude zone includes areas criteria. Thus far, the main breeding 
above 1500 meters elevation. Within methods employed have been, full-sib 
this zone are the southern highlands, and half-sib family testing and 

selection. Progenies are formed at 
Ilonga, Uyole and Njombe, and are 

Aevaluated in replicated progeny trials 
Rwanda .' Kenya during the wet season. Ofi-season 

Lnurseries are planted under irrigation 
Burundi Ukiriguru Selian* during the dry season. 

Tumbi Minan In the 1982-83 season, the NMRP 
began forming top crosses for possible 

Zaire TANZANIA I DOr as hybrid production and for obtaining 
Salaam information for restructuring the 

,.N .populations on the basis of heterotic 
,ol 1 Indian patterns. Beginning in 1984-85, the 
ib , number of breeding populations in 

Zambia , :active use is being reduced to allow 

breeders to concentrate on the top
priority materials. 

Reoarch stations Mozambique
 

A Cooerating center Mideltitude 

9 

] zone
 

.* High-altitude zone L Low-ltitude zone
 

Figure 1. Research center, and agroccological 
zones, Tanzania 
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The NMRP cooperates with tlte11r lvonil om dcd s:ritcs- lresently, 
breeding programs, including ITA. IvbIrlds re'coitiiteitded lot the1(111- c( 
CIMMYT anld SAFGRAD (Scmi-Arid various zLiils ol i'anzauia. 116302 and 
Food Grain ResearCh De'vClopinem1-C 1-161I are icconmniciulrd ltl" the high-
Project). With the lwlp of CIMMYT.ice levliol. lolig-l-eaSO areas of the 
leadership still olfthe program based sotliherl highlands, Iringa, Mbeva. 
itIliga has been iiaintoitcld for nile Rnkwa aid Uluvitiia. 'hese two 
years withoul serious disruption. hybrids were developed by th l East 
However, local sta"l his ehaiinged AlIiea Anrierulture and Forestrv 
colltilually,'with solie Iea\'ivii fr Resalic Ogallizatioln lEA\AFIRO) and 
f'rther studies and otheCrs being tcsted in TInlzania wherc (ite secd 
transl'terred. ThI'le( of were andresulting shortage stoeks ilerase thleu 
irla;.npowerl'. as well as insihee1 it rehlased. H6302 is the highest 'vitelding 
binding and tlr:llsport la(ililies, has Iybrid in ilie (olultyv (Ild h 2): 
li lited Iesliig lor ad pitllhilit v onl ho)wevtr, io l*Cllizic itslull iolltitlll. it 
falrmers' fields. requriles( l0) )vIIIeiiiilldierei 

lavorable tnviniufllits. The lvhrids 

Table 1.Breeding populations of the National Maize Research Programme, Tanzania 

Days to 
No. Major selection criteria Grain type 50/o silk Target zone 

10 Streak resistance, plant WD 64 Low and 
type midaltitude 

11 Streak iesCistaici,, plant WF 57 Low and 
type midaltitude 

12 Streak resistance Y F/D 65 Low and 

midaltitude 
62 Ear height, c;airot and blight W/Y 106 High altitude, 

resistance, gritill type, yield F!D long season 
72 Yield, streak resistance W/Y 47 Low and 

F/D mnidalti ide 
76 Streak and stalk rot resistance, WF/D 63 Low altitude 

yield 
80 Streak and stailk rot resistance, WD 61 Low ailjtid, 

yield 
84 Earliness, ear lit and blight W/Y 84 Miil- arid high 

resistance, yield F/D :ittitude 
88 Yield, grain sze WF 45 Low and 

midaltitudP 
90 Ear height, eai rot and hliht W/Y 108 1-igh altitude, 

resistance, grain type, yield F/D long season 
92 Yield, grain type, ear rot WF!D 75 MidaltitUde 

resistance 
96 Yield, grain type, blight WD 75 Midaltitude, 

resistance dry 

2/W = white, Y --:yllow, F r flint, D -dent, mixture 

http:CIMMYT.ic
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H632 and H622 and the open- for the intermediate and low-altitude 
pollinated variety UCA are zones, respectively. K1to, an early 
recommended for the intermediate- maturing (90 days at llonga), white 
elevation areas. For several years, flint variety was recommended for 
Ilonga Composite has been areas below 1300 meters. 
recommended for areas below 900 
meters. Tuxpeflo, a full-season variety, The agronomy program 
is grown on a limited scale in the Production agronomy trials are 
northeastern and southern lowlands of conducted to develop economical 
the country. Unlil recently, Katumani technology packages that can be 
was the only early maturity variety recommended to farmers. The 
available, practices investigated include planting 

date, plant density, fertilizer use, weed 
New releases-In 1983, the NMRP control, chemical control of insect 
released three new open-pollinated pests and diseases, and maize 
varieties. Kilima and Staha, both full- intercropping. Results so far obtained 
season varieties, were recommended in the program have resulted in the 

Table 2. Yield performance of commercial varieties in variety trials, Tanzania, 1981 to 1984 

Yield (tlha) 

Variety 1980-81 1981-82 1982-83 1983-84 Mean 

High-altitude zone 
H6302 8.9 11.2 8.4 8.1 9.2 
H614 8.6 10.6 8.2 7.9 8.8 
H613 8.7 9.7 8.0 -- 8.8 
H632 6.8 8.3 7.8 6.2 7.3 
H622 6.8 8.2 6.5 6.7 7.1 
UCA 6.2 7.9 7.6 6.3 7.0 
No. of
 

locations 5 2 4 4
 

Midaltitude zone 
H632 5.0 6.4 3.9 4.4 4.9 
H622 -- 6.3 3.4 5.0 4.9 
UCA 5.7 5.8 4.2 4.5 5.1 
Kilima 6.3 6.0 4.4 4.9 5.4 
No. of
 

locations 4 2 5 6
 

Low-altitude zone 
1CW 4.0 3.3 3.5 3.9 4.0
 
Staha 4.5 3.2 4.8 4.2 4.2
 
Tuxpeio 3.2 3.3 3.1 3.2
 
Kito .... 2.4 3.2 2.8
 
Katurnani .... 2.2 3.1 2.7
 
No. of
 

locations 3 3 4 4 
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refinement of earlier packages of 
technology. For example, in the 
lowlands, grain yields are thf same or 
slightly better when maize is planted 
at two plants per hill at 75 x 60 cm 
distance than when planted at one 
plant per hill at 75 x 30 cm. In the 
highlands, the rates of two plants per
hill with spacings of 90 x 50 cm or 
75 x 60 cm or three plants per hill at 
90 x 75 cm do not change yield 
expectations from single plant stands 
at 90 x 25 cm or 75 x 30 cm. Changes
in spacing are readily accepted by
farmers. 

Under farmer practices, particularly In 
areas of less reliable rainfall, 33,000 to 
40,000 plants per hectare appear to be 
the best population for full-season 
varieties. To obtain high yields, the 
early maturing, small-statured varieties 
need to be planted at densities higher
than those of full-season varieties. In 
the intermediate and high-elevation 
areas, farmers should change to earlier 
maturing varieties when forced to 
plant late. 

Stalk borer control has not been found 
to be economical, except in the 
highland areas of Mbeya, Iringa, 
Rukwa and Ruvuma. 

On-farm agronomy testing-Fora 
number of years, the NMRP has 
conducted trials on farmers' fields in 
areas surrounding research 
institutions, experiment stations and 
villages. The trials have tested varieties 
for response to plant density, planting 
on ridges versus flat land, fertilizer 
application and rates, insecticide use 
and weeding regimes. In 1980, as a 
result of this work, packages of 
technology could be recommended for 
farmers in II areas where substantial 
testing had been done. 

Presently, variety demonstrations are 
being conducted in the villages to 
compare the performance of promising
experimental varieties under farmer 
managment with local varieties and 
released varieties. Owing to transport
and manpower limitations, it has not 
been possible to conduct variety trials 
nor carry out demonstrations in some 
important maize-growing areas of the 
country. 

The NMRP also cooperates vith the 
new Farming Systems Research 
Project in conducting on-farm trials in 
a limited number of districts. 

Post-harvest research 
The NMRP does not do post-harvest 
research on maize per se. Other 
institutions, such as the Sokoine 
University of Agriculture. the Pest 
Control Project, the Tropical
Development and Resear--h Institute 
and the Tropical Pesticides Institute 
have collaborated with other local 
institutions in conducting research on 
maize storage pests, including the 
larger grain borer (Prostephanus
truncutus). 

Utilization of Improved Seed 

Prior to 1973. when the national
foundation seed farms and the 
Tanzanian Seed Company were 
founded, very little improved seed was 
used: most farmers used their own 
seed. Since that time, the use of 
improved seed has increased (Table 3),
although even now many farmers do 
riot use it for a number of reasons, 
such as cost, delivery problems and a 
lack of knowledge as to the importance 
of quality seed. 
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The Future of the National Discussion
 
Maize Research Programme
 

Mr. Haizelin: What are the origins of
 
Although contracts with outside populations 10 and 12 in Table I for
 
organizations have been concluded, it streak resistance?
 
is expected that there will be no 
disruptions in research; most local staff Dr. Moshi: They come from the 
who were iway for training have CIMMYT and IITA streak programs 
finished their studies and returned to in which Tanzania has participated. 
the program. Due to its being such an 
important food crop, maize is now Ethiopian delegate: How can local 
getting the research funding it maize types be conserved when 
deserves. Periodically, producer prices national seed companies are activily 
have been reviewed and increased by distributing improved seed? 
the government as an incentive to 
higher production. Concerted efforts Dr. Moshi: Local germplasm has 
also need to be made to see that been included in our new 
research results reach the farmers, composites, so they are not really 

lost. In addition, international 
research centers are making an 
effort to collect and maintain local 

Table 3.Utilization of improved seed, types. 
Tanzania, 1972 to 1984- 1 

Dr. Gelaw: The International Board 
Seed (tons) of Germplasm Resources has also 

Open-pollinated made extensive collections of local 
Season Hybrids varieties Total types. 

1972-73 420 1 421 Dr. Darrah: Wouldn't it be well to 

109 775 include a list of composites and their1973-74 666 
1974-75 1366 1050 2416 progenitors in the proceedings of

197475366 050this 	 workshop?31221484 16381975-76 
1976-77 916 2128 3044 Note: 
1977-78 409 1061 1470 This suggestion was agreed to by 
1978-79 2485 1615 4100 the workshop delegates. 
1979-80 3022 107 3129 
1980-81 2129 1516 3645 Mrs. Chungu: When a composite or 
1981-82 1525 851 2376 hybrid is released by national 

1982-83 1909 1465 3374 prog.ams, perhaps there is a need to 
indicate its potential yield at low- as
well as high-management 

2a/Based on information from Tanzania Seed environments. 

Company, Ltd. 	 Dr. Gibson: There is a similarity in 
the genetic sources and responses of 
Tanzanian and Zambian materials. 
This indicates the potential 
advantage of cooperation between 
national programs. 
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Maize Research and Seed Production in Uganda 
E.R. Xaahwa and F. Kabeere, Uganda Seed Project,
and E. Rubaihayo, Kawanda Research Station, Uganda 

Maize was introduced into Uganda in 
the last quarter of the 1800s and had 
become an established crop by 1900. 
Its production is still at the subsistence 
level, although there are a few 
commercial maize farmers in the 
country. 

Since 1965. Uganda governimenit policy 
has been the encouragCment of maize 
production in the country, with the 
objectives of ensiring self-sufficiency 
for domestic requirements and having 
a surplus for export. Maize is one of 
the main components in the country's 
dict and incrt-asingly has become a 
Sourec of income for farmers. The 
government's sup)ort for maize 
production has included sales of Ia rm 
machinery to farmers, rentals of 
machinery at low rates for the 
preparation of seedbeds on a large 
scale provision of improved seeds at 
low cost (in some areas) and a market 
for any surphls maize at a guaranteed 
price. 

Maize is the only cereal exported in 
any" quanltily in Ugalldla. Up until the 
early 1970s, maize was gro\vn mainly 
as a food crop. bit since then it has 
become a cash crop, along with coffee, 
cotton, tobacco and tea. A large 
quantity of' maize grain is exported to 
neighboring countries each year. 

Marketing is organized in such a way 
that part of the crop is retained by tie 
farmer for his own consumption. and 
another part is sold in local markets to 
consumers or traders. either in the 
green stage or as grain. depending on 
customer preferences. Any surplus is 
bought by the government through 
organized cooperatives arid eventually
is channeled into the milling indLustry. 
Part of that maize is redistributed 
tlroughout the country for internal 
consumptior, and part is exported. 

Maize research Iegan in Uganda in a 
very limited way in 1927, with the 
evaluation of introduced varieties. 'Fhe 
program was intensified in 1951 as a 
result of an outlbreak of rust (Puccinia 
poli'sora and I'. sorghi) in West Africa. 
Whenever conditions in ihe coulntry 
have been sufficiently stable, new 
varieties have been released by the 
program. Two varieties. White Star 
and Western Queen. were developed in 
the 1950s and released to farmers in 
1960: Kawanda Composite A was 
developed betwcen 1968 and 1970 and 
released Itofariers in 197 t. The scarce 
research funds allocatcd to maize are 
now used for experimentation for 
solving problems in the short term; 
research which is not probleni-oriented 
and whose results will only be realized 
in the long term is cndue ted by tihe 
University. 

The maize breeders in the program 
have tried to carry out a 'ont1fillOUS 
and coherent maize research program, 
avoiding the termination of 
experimentation before conclusive 
restults have been realized, but due to 
problenIs in the countlny. this has oft en 
been inevitable: it is a frustrating 
situation for resear'c'hers and has not 
been conduive to productivi v. ThIc 
lack of facilitie's of tIhe Uganda Seed 
l'oject for handling a mminher of 
improved variclies is also a problem. 
The variety, Kawania Composite 13 was 
developed, improved and ready for 
rcleas' to falners ii 1977; however, it 
has [liot vect beell released dli to thlie 
lack of sced multiplication Ireilitics. 

Early Efforts in 
Maize Improvement 

In the early 1920s. no work was clone 
for improving rimaize production, but 
many varieties were introduced, 
miainly' from Sonl' A,frica, Kenya aml 
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Tanzania. The introduced varieties suitability for Ugandan conditions. 
were evaluated for yield potential and Breeding work came to a stop, and 
released to farmers almost orly a few cultural experiments were 
immediately. In 1927, the government continued. The Kenya varieties did not 
decided to intensify research into the fit the Ugandan cropping system of two 
potential of maize by setting up crops per year as they were late 
experiment stations for the maturing, mid in 1946, varietal 
development of high-yielding varieties, evaluation was resumed at the 
Mony hybridization experiments were Kawanda Research Station. the 
carried out, utilizing local varieties and principal maize testing and breeding 
introductions, with the objective of station. Many local varieies were 
producing varietal crosses that had collected from all of the regions of 
white grain, relatively low ear Uganda. The following procedures were 
placement and were early maturing adopted by the breeding program: 
and high yielding. The work was, 
however, not consistent; some * Evaluation of the entire maize 
experiments were abandoned before collection for yield and maturity 
completion, and all of the varietal over two seasons: 
crosses made before 1950 were lost. * Initiation of mass selection in 

varieties surviving the evaluation, 
As a result of food shortages during and 
World War II, maize was produced on e Production of varietal crosses by 
a lrge scale, using seed imported from crossing elite varieties from the 
Kenya, with no initial testing for mass selection experiments. 

D.
 

!ryy-

Expcrimental plot. cultivation, Kawanda Research Statior, Uganda 
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The early mass-selection procedure
included the selection of as many 
plants as possible with good 
phenotypic expression of grain 
character, maturity and plant height in 
open-pollinated varieties grown in 
isolation; the seed of selected ears was 
then bulked. This procedure was 
repeated over two years, with the 
bulked seed used as the base 
population, giving a total of four 
cycles. The improved variety was then 
increased. and distributed to farmers. it 
is not known what techniques were 
used for producing varietal crosses 
from the mass-selected populations, 
This program was replaced in 1951 by 
a program for rust resistance. 

Breeding for resistance to rust 
Epidemics of rust (Pucctnlapolysora
and P. sorghl) in West Africa in 1950 
and 1951 caused crop losses of up to 
70% in some places. The East African 
countries weie warned of the disease 
and the East African Agriculture and 
Forestry Research Organization 
(EAAFRO) began research late n 1951. 
A survey of Ea_-t African countries 
indicated the existence of the disease 
in the coastal areas of Kenya and in 
some parts of Uganda. 

As it was believed that rust was 
indigenous to Central America, it was 
assumed that rust-resistant maize 
strains should be availabe there. The 
plant quarantine section of EAAFRO. 
stationed at Muguga in Kenya, 
introduced 152 varieties and lines from 
Mexico, Colombia and Purdue 
University in the USA. In addition, the 
25 most promising varieties were 
collected within East Africa. The entire 
assemblage of material was subjected 
to intensive greenhouse testing at 
Muguga, and standard techniques for 
testing for resistance were established 
to be followed by the three 
participating countries, Kenya. 
Tanzania and Uganda. Comprehensive 
studies of the pathology of their maize 
crops were made by each of the 
countries. By late 1953, some seedF l 

was available at Muguga from 
selections of early maturing varieties. 
These were sent to Kawanda Research 
Station (Uganda), Kibarani (Kenya), 
Kizugu (the EAAFRO station in Kenya)
and Nachingwa (Tanzania) for field 
testing. 

The techniques used to assess field 
resistance were designed to detect 
resistance of single plants and to detect 
segregation for resistance to clarify the 
differences between resistant and 
susceptible plants both within and 
between entries. The method was also 
meant to indicate whether there was a 
genotype x environment x location 
interaction at the four locations where 
field resistance tests were being

conducted.
 

The response of plants to the rust
 
inoculum were classified nccording to
 
the following scale:
 

4 	 Disease symptoms expressed
 
from early stages of plant
 
development (most susceptible
 
class)
 

X 	 Necrotic and chlorotic spots and
 
underdeveloped sori on most
 
leaves (less susceptible than 4)
 

1 Sori developing in chlorotic and 
necrotic spots

01 Necrotic spotting (assumed to be 
due to P. polysora) 

0 	 Few chlorotic spots and small
 
specks on leaves (most resistant
 
class)
 

Lines developed from AFRO 29, which 
had a Colombian background, were 
found to be resistant. Genetic studies 
conducted at Nachingwa in Tanzania 
established the existence of two simply 
inherited dominant resistance genes, 
Rpr0 I (completely dominant) and RppI[
(incompletely dominant). These genes 
could be differentiated on the basis of 
their response to the two different 
races of P. polvsora which were 
identified at Muguga, East Africa I and 
East Africa II; they were believed to be 
indigenous to East Africa. 
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As a result of this program, fourIntensive studies were carried out to 

establish the response of resistant synthetics were developed:
 
materials to these two races, as it was
 
assumed that the American material 5314 RRM58-dent, with gene Rppl
 
was potentially susceptible to East 5314 RRM58-flint, with gene R pl
 
African rust strains. It was found that 5354 RRM58-dent, with gene lipil
 
gene RppI conferred resistance (class 0) MH59-dent, with gene RppII
 

to the rust race EAI, but was
 
susceptible to EAII. Gene R p11 gave a The first two synthetics had the same
 
range of responses from 0 through X, parents, but the progenies were
 
and sometimes even 4, against both selected to establish two
 
races of rust. Since the response of subpopulations with different kernel 
RppI was more reliable, and since EAI characteristics. MH59 was a varietal 

cross between two local varieties,was pi edominant and more severe, it 
was ' 'ded that the East African Muratha and Kawanda 8. 
cour. , should use materials crossed 

. 	 In 1959. these four synthetic varieties,to th .olombian lines carrying the 
as well as the local variety Muratharesistant gene RppI during the 

preliminary flelfresistance tests 	 and their nonrecurrent exotic parents, 
were evaluated for yield in replicatedconducted in 1953 and 1954 (9). 
trials. 5314 RRM58 (White Star) and 
MH59 iWestern Queen), the byproductsThe objectives of the field tests were to 

were increased andassess resistance to rust and to breed 	 of this program, 
resistant lines. The F1 progenies which 	 released to farmers as commercial 
were distributed from Muguga in 1953 varieties in 1960. Since Western Queen 
were handled at Kawanda as follows: matured about two weeks earlier than 

White Star, it was recommended for 
1953, season A-Fl lines selfed and the western region of Uganda where 

the growing season was shorter. Whiteevaluated for response to natural 
inoculurn in the field (infected leaves Star was recommended for the 
had been placed in the field to southern, eastern and central regions 
ensure disease spread) (9). 

1953, season B-confirmation of first 
1960 and were noseason results Between 1968. there 


1954A-hybridization carried out qualified breeders in the maize
 
with local materials being crossed program, but an agricultural assistant 
with sources of resistance continued to maintain the breeding 

1954B-FI generation selfed stocks; he also made several 
1955A-F2 seed grown and resistant introductions which were evaluated in 

plants selected preliminary trials until the time that a 
maize breeder would be available. An1955B-F2 resistant plants selfed to 


isolate homozygous resistant plants adequate supply of seed of Western
 
Queen and White Star for farmers was1956A-homozygous resistant lines 


backcrossed to local varieties maintained.
 

After the second season of 1956, 	 Maize Research Since 1965 
backcrossing was continued without 
having to self and isolate honiozygous In 1965, the government decided to 

lines, but In each backcross generation expand the maize breeding program in 
order to produce improved varietiesresistant plants were selected. 
and increase maize production in 
Uganda. Though comprehensive 
breeding systems which had been 
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developed at Kitale, Kenya, were 

available to Uganda. there were 
no 
qualified breeders to utilize them until 
1968; then the development of 
Kawanda Composite A began, using 
the comprehensive breeding system 
which is currently widely used in 
Africa. In Uganda, the system is used 
for the Improvement of millet and 
sorghum as well as maize, and it 
appears to be quite effective. The 
breeding system involves four phases: 

" Evaluation of breeding materials 

" Compositing the breeding 


populations 

" Improvement of composite 


populations

" Release as commercial varieties 


The Lonquist modified ear-to-row 
breeding method (1964) was used in 
the formation of Uganda's first 
composite, Kawanda Composite A 
(KWCA). Sixteen varieties and hybrids 
were selected to constitute the 
composite. The most promising 
hybrids and synthetics included more 
than one entry, thus increasing the 
number of entries from 16 to 36. These 
pedigrees are shown in Table 1. 

Procedure 
The entries were planted in replicated 
yield trials and detasseled. The male 
rows. which were composed of a 
physical bulk of all entries in equal 
proportions, were planted between 
female rows and around the entire trial 
to provide pollen. This procedure 
allowed maximum recombination 
among genotypes x hile making 
possible the elimination or replacement 
of less desirable entries at an early 
stage (2). Five percent selection 
intensity was used In the first cycle 
when the entries were relatively pure: 
this was changed to 25% in the second 
and third cycles and to 50% in the 
fourth cycle, 

The objectives were to use the 
composites as commercial varieties as 
well as base populations for the 
development of others, such as 
synthetic varieties derived from
 
advanced generations of population
 
crosses for areas where hybrid
 
production was not feasible. The
 
crosses of two populations from inbred 
lines as varietal-cross hybrids, single, 
double or three-way cross hybrids were 
developed from elite material after 
each cycle of selection. A practical
consideration was the ease of 
deve!oping composites. especially since 
trained personnel was limited at the 
time the program was Inititiated. 

Kawanda Composite A was 
recommended for commercial 
production in the long-rain, maize
growing areas In 1971. It is rather late 
maturing (133 days) and requires early 
planting. White Star is still
 
recommended for the short-rain areas
 
and for late-planted maize crops
 
because of Its early maturity (115
 
days). Western Queen is no longer
 
commercially produced as it Is highly
 
susceptible to maize streak virus (9). 

From 1972 to 1974, a second
 
composite, Kawanda Composite B
 
(KWCB), was successfully developed,
 
and since then research has centered
 
on the improvement of these two
 
composites using mass selection, SI
 
testing and full-sib and reciprocal
 
recurrent selection. Progress was made 
between 1972 and 1976, but after that 
it became Increasingly difficult for 
breeders to carry out research. The 
climax came in 1977 when the East 
African Community was discontinued. 
Then it was no longer possible for 
Ugandan breeders to collaborate with 
fellow maize breeders in Kenya, and 
they could not use the computer 
service in Nairobi for the mre 
extensive experiments. Also, the cold 
storage facilities In Kitale were no 
longer available, with the result that 
many breeding materials were lost or 
damaged under ordinary storage. 
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Table 1. The components which constituted Uganda's first composite, 
Kawanda Composite A (KWCA) 

Entry 
no. Podigree 

1 Western Queen (or MH59), from a cross of improved 
Muratha KM54 x K.8 

2 White Star (or 5314 RRM58), from a cross of 

Muratha x P. polysora-resistant material 

3 KM54, improved Muratha 

4 5354 RRM58, from across of Muratha x P. polysora-resistant lines 

5 BR1 1, Muratha selection for bird resistance 

S BR29, Muratha selection for bird resistance 

7 24 RRM58 x 56007, original Muratha x Machakos variety 

8 SR8, streak-resistant Muratha 

9-12 Four entries of SR52, Zambian hybrid ex Malawi 

13-14 Two entries of Zambian Local Composite 

15-16 Two entries of Malawi variety Askari 

17-2-(Y)a / Four entries of Embu Composite 1 

21-24 Four entries of hybrid 632 

24-28 Four entries of Kitale Composite B 

29-32 Four entries of Kitale Composite E 

33-36-(Y) a /  Four entries of Kitale Composite E x ACX 
Katumani A x (CBK1)Y 

ay = entries with some yellow color 
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East African Maize Variety Trials 
Apart from developing and improving 
maize composites. Uganda participated 
in the annual East African Cooperative 
Maize Variety Trials from 1955 to 
1977. The purpose of these trials was 
to test the maize varieties developed in 
East Africa under the varying 
ecological conditions of Kenya. 
Tanzania and Uganda. As a result of 
the trials, some hybrids 6eveloped in 
Kenya. such as 1-1632. have been 
widely grown in some parts of Uganda 
where they perform better than local 
varieties. 

International Maize Varity Trials 
Uganda has also participat'-d in the 

International Maize Variety Trials 

organized by CIMMYT after 1971; this 
has been the main source of diverse 
genetic material for the Uganda 
breeding program. Kawanda Composite 
B is composed of materials tested and 

selected under this program. KWCC 

and Opaque-2 Composite were also 

developed with materials from 

CIMMYT. but the, have been lost. 

Uganda also participated in the 
OAU/STRC West African Uniform 

Maize Trial and the FAO Regional 

Cooperative Maize Yield Nursery. but 

could not continue as so many 
constraints prevented the achievement 
of the goals of the trials, 

Maize Research Constraints 

The constraints to maize research are 
tmany. Staff morale dropped during the 
tinie of severe national problems, and 
many facilities were not available, 
These included cold storage, 
greenhouses and computer services, as 
well as inputs such as timely land 
preparation. fertilizers, insecticides, 
waterproof bags, harvesting bags, 
proper field labels and stationery. In 
the 1970s. facilities were destroyed, 
and (te problems reached a climax 

with the liberation war in 1979. Funds 
are now limited for the rehabilitation of 
facilities. Also. there is no maize 
pathologis' or virologist in the program 
to assist in disease resistance work. 
The only resistance presently available 
is field resistance, and this is not 
reliable: hence, maize streak virus 
disease is rampant in spite of the 
intensive and extensive selection for 
resistance conducted since 1968. 

Maize Seed Production 

Tile need for improved, high-quality 
maize seed was recognized by the 
Uganda government over 20 years ago. 
Tile beginning of organized maize seed 
production began in 1968 with l1f 
establishment of the Uganda Sec-, 
Project: before 1982 it was called the 
Uganda Seed Multiplication Scheme. 
Seed of various food crops, including 
maize. was handled by the project. In 
1970, the British government, through 
its Ovei seas Development Agency 
(ODA). provided a grant to finance a 
pilot seed project. With that grant. a 
seed testing laboratory, offices and 
staff houses were constructed. 
equipped and furnished, and 
machinery was purchased and 
installed. Vehicles, inputs and supplies 
were provided for all of the production 
activities. With the technical assistance 
section of the grant. a basic seed 
production structure was established, 
and staff were trained oil the.job. 

With this assistance. it was planned 
that theiproduction of improved seed 
would increase annually. However, 
British aid was withdrawn In 1973 and 
the seed production program was 
continued by the Uganda Seed Project. 
In 1976, the Karamoja Seed Scheme, 
sponsored by the Church of Uganda. 
was also started for providing the 
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Karamojong with seed for various iood farms in Masindi, Gulu and Apach 
crops, including maize. This scheme districts, the seed production areas in 
mainly caters to one district of Uganda. the midwestern and northern regions 
but surplus seed is sold to neighboring of Uganda. Arrangements arc now 
districts which have similar ecological underway to extend seed production to 
conditions. other parts of the country. 

The production of breeder Seed production targets for each yrear 
seed and variety release are worked out in advance and fbrm 
Plant breeders at the Kawanda part of the annual plan of work. There 
Agricultural Research Station produce is always room for flexibility to allow 
improved varieties of maize and other for weather factors, shortages of Inputs 
food crops. Maize breeder seed and other problems during the season. 
production has now been moved to Further measures needed to ensure 
Kigumba Experimental Station near continuity in seed production and 
Masindi, and all maize breeding is availability include adequate and 
expected to be car-ted out there in the timel funding of the various 
future. Breeder seed is released after operations. 
the variety has been tested in various 
district variety trials and has been The only seed-processing facility is in 
approved by the National Variety Masindi, but it is hoped that other 
Release Committee. Since 1960, three centers will be set up in other parts of 
varieties, Western Queen, White Star the country in the future. The 
and Kawanda Composite A have been Karamoja Seed Scheme has its own 
released and multiplied. White Star seed production and processing center 
and Western Queen were released for in Kotido District. 
the northern anct western areas of 
Uganda, respectively. Since 1972, When growing a maize seed crop, care 
KWCA has been the principal variety is taken that no other maize of a 
in the improved seed multiplication different variety or earlier generation 
program. Katumani, a Kenya variety, has been planted in that field for at 
is used by the Karamoja Seed Scheme least one previous season; this is to 
for that semi-arid region, avoid contamination by volunteer 

plants. Only one variety of maize is 
Seed multiplication grown on any one farm during a 
For certification purposes, after a season. Recommended isolation 
variety is released, the breeder seed is distances for different stages of seed 
multiplied .n three stages, foundation, multiplication and proper agronomic 
registered and certified seed. Currently, practices are followed (Table 2). The 
the foundation and registered seed crop is harvested when the cars are 
stages are multiplied separately at dry, but they are further dried in 
Kisindi Seed Farm, a project partly maize cribs to maintain seed quality. 
funded by the European Economic 
Community (EEC). Multiplication of The harvesting and shelling of maize 
certified seed is carried out on seed is still manual, and sun drying is 
government and contract growers' 	 practiced by contract growers and on 

the project farms; artificial seed-drying 
machinery has just been Installed at 
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the seed processing facility. Each 
farmer harvests, dries and shells his 
own maize seed with guidance from 
project staff members. in order to 
improve the quality of seed, the project
plans to assist contract growers with 
shelling and with storage facilities, 

Seed quality control 
At each stage of seed production, 'he 
quality of the seed is controlled by the 
staff of the Seed Quality Control 
Division of the Uganda Seed Project.
Seed quality is guided by 'i,: 
established minimum seed :.trtificatlon 
standards of the Uganda Seed 
Certification Scheme (Table 2). Seed 
certification laws are being studied 
with a view to formulating relevant 
ones for Uganda. Currently, the only 
agreement between the project and the 
contract growers is a mutual 
understanding. It is planned that seed 

Table 2. Seed certification standards, Uganda 

quality control services will be 
autonomous, so as to control the 
quality of seed effectively and without 
bias. 

The seed crop is inspected by project 
seed inspectors who checic on seed 
sources and history, agronomic
practices, isolation distances, off-types, 
presence of other vari,. ties, and 
diseases. Although not seed
transmitted, maize stieak is currently 
seen as an objectionable disease due to 
its bad effect cn yield; it is cuiTently
the major maize disease in Uganda.
Studies to establish standards for the 
presence of maize seed-borne 
pathogens are being conducted. 
Roguing of off-types and other varieties 
is done before tasseling. The failure of 
a crop to reach certification standards 
leads to its being rejected as a seed 
crop. 

Characteristics controlled 

In the field 
Isolatton distances 
Off types 
Other varieties 
Disease symptoms 

(maize streak) 

Instorage 
Off-color ears 
Moisture content 

In the laboratory 
Moisture content 
Presence of seeds of 
other varieties 

Presence of other 
crop seeds 

Purity 
Germination 

Minimum seed certification standards 
Foundation 

400 rn 
None 
None 

1 in 300 plants 

None 
11 0/0 

11 0/0 

None 

None 
98 0/0 
85 0/o 

Registered Certified 

300 m 200 m 
1 in 300 piants 1 In 200 plants 
1 in 200 plants 1 in 200 plants 

1 in 300 plants 1 in 200 plants 

1 in 2000 ears 1 in 2000 ears 
12 0/o 10 0/0 

12 0 /o 120/o 

0.50 0/o 0.50 0/0 

0.50 0/0 0.50 0/0 
98 0/o 98 0/0 
85 0/o 80 0/0 
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After harvest the seed crop is inspected Maize seed demand 
for quality, and the quantity to be and production constraInts 
harvested is established: only inspected Approximately 10,000 tons of maize 
seed is purchased. Moisture content is seed is required to meet the annual 
checked on the farm, and if it is too needs of Ugandan farmers; of this, only 
high the farme- is advised to further about 3,600 tons is improved seed. 
dry his seed. Then seed samples are This requirement has been arTived at 
submitted to the seed testing by considering the fact that, for a 
laboratory where moisture content, composite. e.g.. KWCA, a farmer may 
purity and germination tests are need to buy improved seed only once 
carried out. On passing the laboratory every two to three years or every four 
tests, the seed is taken by thc project to six seasons. Twenty percent of the 
from the farm to the processing center. total maize requirement is retained as 
The price paid to the farmer is revised buffer seed. 
from time to time and is approved by 
the Central Tender Board. It usually Table 3 shows figures for maize seed 
includes a premium which takes into production and imports from 1970 to 
consideration the special care needed 1984. Generally, the production of 
to grow and prepare seed for collection maize seed progressed well during the 
by the project. years 1970 to 1974 and in 1983-84: it 

registered a general decline during the 
Seed processing years 1975 to 1982. The situation 
Most of the handling of the seed during worsened during and after the 
processing is manual. In the seed liberation war when the little that 
facility, It Is cleaned, graded and remained In the country, including 
treated with an insecticide and a fariner-saved and improved seeds, was 
fungicide: a Dieldrin-Vitaflo looted. 
combination is currently used. After 
processing, seed lots are bulked into During the period of low production of 
20-ton lots. The seed is then bagged in 	 maize seed, the research activities for 
labeled polypropylene bags of 10 and breeder seed production also declined. 
25 kg capacity, enough to plant one No new breeder seed was provided to 
acre and one hectare, respectively, the seed project, and finally only 

certified seed was produced. Inspection 
Seed marketing and distribution and other seed quality control activities 
Seed is usually marketed and declined, and consequently the quality 
distributed by the farmers' of the seed declined as well. 
cooperatives. Since 1972, the Uganda 
Cooperative Central Union has been 	 As a result of these constraints, the 
the main agent for marketing improved importation of large quantities of maize 
seed. However, project seeds are also seed became necessary. This caused 
sold at the Uganda Seed Project offices problems, as the amount imported was 
at Kawanda, Masindi and Gulu. It is not. large enough to meet the country's 
hoped that, in the future, each district demand. Almost all of the imported 
will have a depot for improved seeds, seed was also of hybrid maize, which 
so that I. will be more available to many farmers had not previously used. 
small-scale farmers. The Seed During some years, when a prolonged 
Marketing Division of the project also drought prevailed, sonic of the 
carries out research on seed marketing imported Katumani seed, which Is only 

and distribution in close collaboration suitable for semi-arid areas, had to be 
with the Extension Service of the used in other areas as well. These 
Department of Agriculture. 	 situations resulted in the occurrence of 

very high maize streak incidence and 
general crop failures. 
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The success of maize seed production 
during the years 1970 to 1974 was 
attributed to the availability of inputs
through the British government grant.
Production has now increased again, 
mainly due to the financial assistance 
the project is receiving from the EEC. 
The target is to produce at least 1000 
tons o improved maize seed annually
for the next two years and, after that, 
2000 tons. A steady increase in seed 
production is anticipated as the project
continues io improve its operations, 

Conclusions 

The g( 'eminent of Uganda considers 
maize research and seed production as 
one of the priority crop production 
activities. Uganda has all of the 
required structure and personnel for 
both research and maize seed 
production. With the assistance of the 
EEC and other donor agencies for 
rehabilitating the seed industry, the 
future of maize seed, und consequently
maize production, in Uganda is bright. 
It is research that now needs more aid, 
as the program cannot be effectively 
financed with scarce government 
funds. 

Table 3. Maize seed production and imports, Uganda, 1970 to 1984 

Area planted with 

Year 
improved seed a/ 

(ha) 

1970 160.0 
1971 217.0 
1972 49.4 
1973 186.6 
1974 783.7 
1975 473.1 
1976 118.5 
1977 217.2 
1978 460.0 
1979 240.0 
1980 7.0 
1981 20.0 
1982 10.0 
1983 127.3 
1984 142.4 

Improved seed 
production b/ 

(tons) 

16.8 
95.8 
14.3 
54.3 


1012.0 

139.7 

70.8 
81.8 

104.2 
68.2 
14.0 
40.0 
20.0 

354.5 
600.5 

Imported seed 
(tons) 

84.1 
23.4 
40.3 

288.7 
810.8 
400.0 

1300.0
 
1700.0
 

200.0 

Figures do not include areas and amount of seed produced by Karamoja 
Seed scheme; area planted indicates project farms only 
Figures include certified seed produced by contract growers 
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Maize Research and Production in Zaire 
N.N. Mulamba and M.Y. Asanzi, Zaire National Maize Program, 
Lubumbashi, Zaire 

Maize, one of the major food crops in 
Zaire, is grown especially in the Shaba, 
Kasai, Bandundu and Bas Zaire 
regions. In the past, Zaire was a maize-
exporting country. However, the 
growing urban population and 
increasing per capita demand for 
maize, as well as the use of 
degenerated varieties and traditional 
husbandry, forced the country to 
become a maize-importing nation 
(imports reached about 180.000 tons in 
1980). For these reasons, the 
government of Zaire recognized maize 
production as a serious problem, and 
in 1971 the International Maize and 
Wheat Improvement Center (CIMMYT) 
was invited to collaborate in a program 
to significantly increase domestic 
maize production over ten years. The 
resulting agreement stipulated that 
CIMMYT would leave the program after 
ten years and that Zaire would 
continue. Indeed, CIMMYT did leave 
Zaire in 1981, and the program has 
moved ahead with local scientists, 

Maize Program Objectives 

Three main objectives constituted the 
mandate given to the National Maize 
Program by the government of Zaire: 

* 	Development and field testing of 
new maize varieties and new 
cultural practices; 

" 	Diffusion of the resulting technology 
packages (improved varieties and 
cultural practices) to farmers, and 

" 	 Indentification and training of 
potential candidates for maize 
research in its variou:, fields. 

Research Achievements 

The Zaire National Maize Program 
(PNM) conducts research in the 
disciplines of maize breeding, 
agronomy and plant protection. The 
research objectives have always been 
to increase the production of maize per 
hectare, so that the country can 
achieve self-sufficiency in maize 
production and thereby eliminate the 
need to use scarce foreign currency for 
importing maize. 

Maize breeding 
Prior to 1972 and the creation of the 
PNM, the farmers from southern Shaba 
grew an old American maize variety, 
Hickory King. which has an eight-row 
flat ear. Those from northern Shaba 
and Kasai relied on three varieties of 
maize. GPS4, GPS5 and the hybrid 
HD11.9.7.2. all of which were 
developed by the National Institute of 
Agricultural Research (INERA). All of 
the materials had low yield potential. 

Since 1972, the PNM has developed six 
high-yielding. widely adapted, open
pollinated varieties. These have 
successfully replaced the above 
varieties, which had become 
degenerated over time. Currently, three 
varieties, Shaba 1. Salongo 2 and 
Kasai 1. are being released, the first for 
high altitudes and the other two for 
low and midaltitudes. 

The PNM varieties have yielded an 
average of 9 t/ha at the station and 
from 3 to 5 t/ha on farrners' fields 
under good technology. They are white 
dents, although Kasai 1 has some 
flintiness in its grain. Yield and 
agronomic characteristics of these 
varieties are shown In Table 1. 
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Table 1.Characteristics of three maize varieties released by the national maize program, Zaire 

Character 

Growing area 

Genealogy 

Kernel color 

Grain type 

Plant height (m) 

Mean lower ear 
placement (m) 

Days to flower 

Vegetative cycle 
(months) 

Ears per plant 

Rows of kernels per ear 

Mean ear length 
(cm) 

Average shelled 
grain (0/o) 

Grains per ear 

Shaba 1 

Southern Shaba, 
Kivu 
(high altitudes) 

Tuxperio x 
Eto x Shaba 

White 

Flat dent 

2.35 

1.28 


73 


6 

1 

14-16 

18.9 

85.56 


569 


Kasai 1 

Northern Shaba, 
Kasai, Bandundu, 
Equateur, 
Haut-Zaire 
(mid- and low 
altitudes) 

Tuxpelio x Eto 

White 

Flat dent 

1.98 

1.10 

68 

4 

1 

14-16 

16.5 

84.43 

515 

Salongo 2 

Northern Shaba, 
Kasai, Bundundu, 
Bas-Zaire, Equateur, 
Haut Zaire (mid- and 
low altitudes) 

Bulk of remmant seed 
held at CIMMYT, 
Mexico, from original 
10 families of Tuxpeio-1, 
cycle 11 

White 

Flat dent 

2.28 

1.23 

65 

4 

1 

14-16 

16.5 

84.83 

530 
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Table 1. (cont'd) 

Variety
 
Character Shaba 1 Kasai 1 Salongo 2
 

1000-grain weight 440 340 325 

Average yield
 
on-statior, (t/ha) 9 8 8
 

Average yield on 
farmers' fields 
(t/ha) 5 4 4 

Through the years, these improved Several steps have been taken for 
varieties have suffered a decline in controlling this viral disease, and PNM 
yield, so that it has been decided to and CIMMYT scientists have taught 
repeat parental crosses during the farmers lechniques for handling it. 
1985 growing season. In addition, Also, in 1976. the PNM and CIMMYT, 
diallel crosses are being nade between with other Afican countries, carried 
good materials (with pro.nising out a collaborat ive )rograiln fIselect ion 
attributes) that exist in the Zaire for resistance against maize streak 
collection. During the next season, virus. Several families screened for the 
their progenies will be cvaluated and disease vere planted late in the season 
the best ones introduced in variety at Kaniarna to hopef1'lly obtain high 
trials. natural Held infestation. The 

apparently resistant plants were selfed 
In the past, large-scale farmers and resereened in Zaire and Tall ai 
purchased hybrid seeds abroad (from and then planted again at Kaniaia. 
Zimbabwe, South Africa and the USA). Noninfected plants within selected 
In order to save scarce foreign familics were selfed for one cycle and 
exchange, the PNM began an inbred- full sibbecd the following cycle, with the 
line program in the 1980-81 growing best ears recombined to form a new 
season. Desirable plants that were population. Unflrtinritely this 
selected in the Shaba 1 population program was diseo,tinued in 1979. 
(with Tuxpeflo x ETO, SR52 and H632 because no prol!- css had been made 
as parents) are undergoing selfing. As after three yezrs of work: much of the 
inbred lines with good general apparent resistance was found to be 
combining ability ha,'e reached the the result of field escape. 
fifth generation (S 5 ) this season, it is 
hoped that Zaire will have its own The PNM has also cooperated with the 
hybrids in the near future. International Institute of Tropical 

Agriculture (IITA) on streak virus 
Breeding lbr resistance to streak work. In 1978, PNM received several 
virus-Although high yielding, all PNM full-sib families and S 1 lines from ITTA, 
varieties are susceptible to maize and they were CI aluated for streak 
streak virus and downy mildew. Streak virus resistance at Kaniama and 
virus, which Is prevalent throughout Gandajika. Families that were selected 
the growing area, Is transmitted by the under natural infeslation were planted
leafhopper Cicadulinanibila (Nande). late in the growing season at Kisanga. 
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The best families Identified as Zaire recurrent selection at Kanlama, 
streak resistant (ZaSR) were crossed Gandajika and Kisanga. 
with PNM varieties. The ZaSR6 family 
was chosen as the source of streak Breeding for resistanceto downy 
virus resistance, since the cross mildew.-Parallel to the program of 
between PNM varieties and ZaSR6 (F1 selection for resistance to maize streak 
progenies) was found to be the best; it virus, the PNM, also in collaboration 
was also outstanding agronomically. with CIMMYT, has been evaluating 
The best plants selected from these F 1 several materials for resistance to 
progenies, and grown under a high downy mildew, which is a serious 
level of natural infestation, were selfed problem In maize at low elevations. 
to provide F2 progenies. They were Some of the materials which shov, I 
then evaluated and the best ones some levels of resistance to downy 
recombined to form SIs. Since 1982, mildew were selected and then bulked 
the Si population has been undergoing to form a variety (DMRF) to be used as 

Grinding maize for family consumption, Zaire 
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a source of resistance. This variety was 
crossed with PNM varieties (F 1 
progenies), and the best plants were 
planted late in the growing season, 
They were selfed to provide F2 
progenies, which are presently 
undergoing recurrent selection at 
Kaniama and Gandajika. 

Today, materials are being screened for 
resistance to both maize streak and 
downy mildew in order to get a unique 
source of resistance, which can be 
incorporated into PNM varieties for the 
lowland areas where the two diseases 
are serious problems. 

Agronomy research 
The PNM has studied several factors 
that determine the success of the 
maize crop, including planting date 
and density, weed control, fertilizer 
use. and soil improvement by means of 
intercropping and rotation, 

Plantingdate and density-The 
planting date trials conducted by the 
PNM in the maize-growing areas have 
demonstrated hat. for high yield, 
maize should be planted during the 
month following the first good rain (of 
at least 25 mm of accumulated 
rainfall). Maize planted later than that 
undergoes many stresses (diseases, 
insect attack and lack of moisture) and 
yields are poor. 

Small-scale farmers throughout Zaire 
used to grow maize on raised beds, 40 
to 50 cm high, with an average 
spacing between beds of almost 
1 meter. The PNM has carried out 
several trials with this traditional 
practice, and as a result of these 
experiments, recommends planting 
maize in rows of 25-cm intervals with 
one plant per hill or at 50-cm intervals 
with two plants per hill, both with a 
spacing of 75 cm between the rows. 
This results in about 53,333 plants per 
hectare. 

Weed control-As is generally known, 
weeds compete with maize for light. 
nutrients and water, and as a result 
can substantially reduce yields. The 
PNM has found that, for maximum 
yield, fields should be weeded twice, 
first about three weeks after planting 
and then approximately six weeks after 
planting. The second weeding often 
coincides with sidedressing the crop 
with nitrogen. 

Fertilizeruse-The results if fertilizer 
trials carried out over a wide range of 
environmental conditions in Zaire's 
maize belt, and the limited availability 
and high cost of fertilizer, have led the 
PNNl to recommend for small farmers a 
low dosage of fertilizer per hectare, 64 
kg of nitrogen and 46 kg of 
phosphorus, an amount which gives an 
economic return. For large farmers 
with enough capital, the 
recommendation is for 150 to 180 kg 
of nitrogen, 120 to 180 kg of 
phosphorus and 90 to 120 kg of 
potassium per hectare. The use of 
potassium is justified by the high 
utilization of this nutrient with 
intensive maize production. 

Studies on the timing of fertilizer 
application have led to 
recommendations of one application of 
phosphorus at planting and of split 
nitrogen applications. The PNM has 
found that one-third of the nitrogen 
should be applied at planting and the 
remaining two-thirds as sidedressing 
when the maize plants have attained a 
height of 50 to 75 cm. 

After studying various fertilizer 
formulations suitable tor maize, the 
PNM concluded that urea (46%) and 
diammonium phosphate (18-46) gave 
the proper balance of nitrogen and 
phosphorus, and If applied at the right 
time, were best for small farmers. 
These fertilizer formulations have the 
advantage of being highly 
concentrated, thus lowering 
transportation and storage costs. as 
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well as being more manageable by the packages of technologies and since the 
farmers. At present, PNM is also area under maize production has 
studying the residual and additional increased, insects, such as Busseola 
effects of fertilizer when applied on a fusca, Heliothls armlgera,Agrotis spp. 
maize crop being grown on virgin, (cutworm) and Spodoptera spp. (army 
unimproved soil. In each case, the cost worm) could become a serious 
and limited availability of fertilizer in problem. To keep ahead of this 
Zaire have been considered. possible problem, PNM has begun to 

screen Shaba materials under natural 
Soil improvement-Research has been infestation in an attempt to get a 
conducted by the PNM on different source of resistance to Busseola fusca 
types of soils in the country, and they and to Hellothfs armigera.This 
have found that the introduction of problem has also been addressed by 
legumes, such as Crotolarlacarfcea, testing the efficiency of other control 
soybeans (Glycine max) and cowpeas measures, such as planting date, 
(VIgna ungulculata), in a continuous rotations and intercropping, sanitation, 
maize-cropping system has maintained weed control and the proper use of 
or improved the chemical and physical appropriate insecticides. 
properties of the soil; this eliminates 
the need to abandon fields to long Extension Activities 
fallow periods. However, even though 
sufficient nitrogen is fixed by The PNM started extension activities in 
crotolaria, this legume is not southern Shaba during the 1972-73 
recommended since it is not a food growing season, and in the following 
crop. Therefore, the PNM recommends seasons, extended its activities to 
either soybeans or cowpeas for rotation northern Shaba and the Kasai regions. 
with maize. 	 It used as its strategy farmer 

demonstrations (or diamond 
Intercropplng-In intercropping trials, demonstrations for more advanced 
PNM has found that maize farmers) to teach the farmers to 
intercropped with legumes yields less increase their maize yields by using 
than maize grown alone. This is due to 	 new packages of technologies 
the fact that legumes compete with (improved varieties and sound 
maize for light, water and nutrients. As agronomic practices). 
a result of this problem, trials for 
determining planting date and density The farmer demonstrations, planted on 
of legumes when intercropped with a quarter to half a hectare, were next 
maize are underway. to farmers' fields where maize was 

grown in the traditional way. During 
Plant protection these demonstrations, the PNM staff 
As stated earlier, all PNM varieties are met several times with the farmers, 
susceptible to streak virus and downy emphasizing the use of new 
mildew. Until resistant varieties to technologies. This technique had 
these two diseases become available remarkable success among small-scale 
through the breeding program, PNM 	 farmers, and as a result, the PNM also 
has recommended as control measures assisted the farmers technically in 
early planting, rotation, weed control, many villages in southern Shaba and 
and for large farmers, the use of provided them with credit for fertilizer 
fungicides such as Ridomyl 50-W. and improved seed. Tro increase the 

efficiency of this system, the PNM 
Insects have not been found to be a appointed a well-trained extension 
serious threat to maize in Zaire. worker (at the A3 level) to work with 
However, since there has been a shift the farmers. 
from traditional practices to new 
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Because of economic problems, 
extension activities had to be curtailed 
in 	the 1975-76 growing season and 
suspended in the 1980-81 growing 
season. Since 1981, the PNM has 
released its new technology either 
directly to farmers around its stations 
or indirectly through private and 
official organizations, such as the 
North Shaba Project (PNS), Kasai 
Oriental Maize Project (PMKO), Lubudi 
Project, the Rural Development Center 
of Mueka (CIDERIM). CEPSE 
(Gdcamines), church groups and the 
Department of Agriculture. 

Training 

To date, 22 agronomists and four 
assistant agronomists have been 
trained at CIMMYT, Mexico. Nine have 
gone to graduate school in US 
universities. Six received masters of 
science degrees and three others, PhDs 
in 	various fields. Because of economic 
difficulties (salary and facilities), most 
of that staff have left the program. 
Today, the program has only one PhD, 
two with master's degrees and seven 
agronomists with bachelor's degrees. 

Fortunately. a new program has been 
designed, which will also involve the 
PNM, the national manioc program
(PRONAM) and the national legume 
program (PNL). One of the areas of 
emphasis for this program will be the 
training of potential candidates for 
research on each of these crops. 

Seed Production 

In the beginning, PNM produced both 
foundation and commercial seed, 
although the production of commercial 
seed was not a principal goal. The 
responsibility for producing 
commercial seed was taken over by 
private or government organizations 
once the seed became available, 

Since the 1979-80 growing season, 
PNM has produced the foundation seed 
of Shaba for high-elevation areas and 
Kasai and Salongo 2 for intermediate 
and low-elevation areas. The 
foundation seed is sold to official and 
private organizations, such as Kaniama 
Kasese, PNS, PMKO, Lubudi Project, 
CEPSE and church groups which 
produce commercial seed to be sold to 
farmers. PNM still produces a small 
amount of commercial seed to fill the 
needs of those farmers who live around 
its stations. 

Maize P 'nduction Constraints 

The following factors impede Zaire in 
its goal to obtain self-sufficiency in 
maize production: 

*The shortage of funds, which does 
not allow the PNM to purchase the 
necessary supplies, such as breeding 
materials, fertilizers, pesticides, 
vehicles and laboratory equipment: 

* 	 The shortage of well-trained 
personnel in both research and 
extension, since many have left the 
program because of poor job 
incentives: 

* 	 The lack of well-trained, production
oriented extension agents (one per 
1000 farmers); 

* 	 The lack of a well-organized 
marketing system (roads, especially 
in agricultural areas, are in must 
cases poor, and there is a shortage 
of transportation to ensure the 
movement of agricultural products; 
a better pricing policy is alse 
needed);
 

* 	 The shortage of fertilizers, fuel, seed 
and agricultural equipment for 
farmers; 
The lack of an adequate seed 
increase, storage and distribution 
system, and 

* 	 The lack of credit, which limits both 
farmers and businessmen in getting 
the facilities they need for maize 
production. 
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Discussion 

Dr. Myers: In looking for ways to Dr. Darrah: For maximum benefit in 
improve intercropping yields. you intercropping, I would suggest 
suggested altering the density of the reducing the maize density, making 
legume. Other experience has shown the spacing wider, planting two seeds 
that it is more important to alter the per hill and breeding for prolificacy. 
maize density. 

Tanzanian delegate: Our experience 
Zairean delegate: In our case, both has shown that, at given maize 
densities were high. We were also populations, the yield of the legume 
studying the Interaction of can be increased with changed 
intercropping yields with date of spacing. 
planting. 
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The Zimbabwe Maize Breeding Program 
R.C. Olver, Crop Breeding Institute, Harare, Zimbabwe 

The Zimbabwe maize breeding 
program began in 1932. and since then 
14 double hybrids. 4 three-way
hybrids, 6 single hybrids and 4 
modified single hybrids have been 
released. File program is totally hybrid
orientated, and seed production is 
undertaken by a cooperative of large-
scale farmers, known as the Seed 
Association of Zimbabwe. Originally
the program was based on the open-
pollinated varieties Southern Cross,
Salishury White. and to a lesser extent,
Hickory King. These were varieties 
that had been grown and mass 
selected by individual farmers for 
about 25 years. The populations were 
high yielding and well adapted, and 
the initial inbreds selected from them 
were outstanding. Some of these early
selections are still in use today. 

More recently, exotic germplasn from 
CIMMY'I, Europe and the USA. as well 
as other countries in Africa. has been 
introduced, and this material has been 
used in combination with elite local 
germplasm. In all. 28 composites have 
been constituted, and these Ibrm the 
long-term genetic source of new inbred 
lines. All populations have been 
constituted reciprocally and are being
improved by various recurrent
selection methods. Some of the 
composites can be lermed relatively
short-lerm, being made up of elite lines
derived from locally adapted material;
others are medium and long-term,
being composed of different 
proportions of exotic and local 
material. Sonic populations have 
yellow grain. but the majority are 
while, and tlhey range from early to 
late maturity. More short-term sources
of new inbred lines come from the 
recycling of existing elite inbreds and 
introduced lines, as well as from 
backerossing. 

In recent years. comprehensive use has 
been made of US germplasm. The elite 
public lines B73, M017, 879, B84, B14. 
B37, N28H.t, VA26. A632 and others 
have been introduced and crossed onto 
selected local inbreds and selfed. They
have also been backcrossed to local 
and introduced lines, before selfing to 
create new lines. 

The US germplasm initially seemed to 
be ideal for complementing local 
mateial. Locally developed varieties 
are generally high yielding, but they 
are relatively poor In standabtllty and 
stability under stress conditions. The 
US material is generally good In both 
of these respects, and by recycling

local lines with selected US lines, it
 
was hoped to create high-yielding,

stable varieties with Improved 
standability. However, this present wet season has exposed weaknesses In the 
US germplasm. Generally, this material 
is rather susceptible to leaf blight
(ttelminthosporium turcicum)and stalk 
rot pathoger! 3, to which local 
germplasrn has excellent resistance. 
Thus, whereas US material has shown
 
good stability in fairly dry seasons. It
 
has proved relatively unstable In high

rainfall seasons.
 

One interesting observation made from
 
initial lines developed by recycling and
 
backcrossing local with US material Is

that lines derived directly from the F1
do not appear as good as do those lines 
derived by backcrossing either with the 
local line or with the US line. It 
aplpcars that good genes for one 
environment cannot be regarded as 
purely additive, but are rather 
components of a whole system which 
cannot be disrupted too much without 
negating the merits of the composite 
genes. 
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On average, around 2000 new inbred winter plowed. Holing out and 
lines are test-crossed annually in the fertilizing takes place prior to the 
Zimbabwe maize breeding program, expected rains, and teams from the 
although this number fluctuates from institute go out to plant as soon as the 
season to season. Generally, a total of planting rains occur. (A lot of 
3603 to 4,0 varieties are tested in guesswork and intuition is required to 
preliminary variety trials every year at assess when these rains are going to 
two or three sites. The most promising fall in some of the remote areas, but in 
of these new hybrids are subsequently two seasons it has been miscalculated 
tested more widely in intermediate and only a few times). Too often research 
advanced variety t'las. Four series of workers, through poor planning and 
intermediate trials are conducted at ten poor communication, have not planted 
sites each, and one series of advanced their trials at the optimum time, and 
trials is conducted at 12 sites. These consequently the farmers' crops have 
trials are located on research stations looked better than the research trials. 
and commercial farms covering a wide Farmers will never adopt new 
range of climatic conditions. In each technology, no matter how proven, 
series of trials, 40 varieties (including unless it can be demonstrated to them 
commercial standard hybrids) are that it will benefit them under their 
tested with three replications. Thus, conditions. Thus, on-farm trials must 
annually, around 170 varieties are be managed efficiently, and yields 
widely tested throughout the country. must be higher than those of the 

farmers' crops. Only then will farmers 
Maize Trials i the Marginal Areas readily adopt a new technology. 

Communication with farmers is also 
In addition to these trials. 20 variety very important, and often if the 
trials testing 15 varieties with two reasons for new production methods 
replications are being cenducted in are explained logically, they will try 
various communal areas, mainly in the the recommended practices. Generally, 
marginal areas of the country. The the communal area farmers in 
objective of these trials is two.-fold: Zimbabwe are very receptive to new 

technology that will assist them in 
* 	 Observe which varieties perform achieving greater production. 

best under prevailing conditions. 
ana One of the major differences observed 

* 	 Demonstrate good production between conducting trials in the 
technology to the farmers in those marginal areas, as opposed to those on 
areas. commercial farms and research 

stations, is that the physical structure 
The Crop Breeding Institute has been of the marginal soils is generally 
conducting variety trials of several poorer, largely as a result of traditional 
crop~s in the communal areas for two cultural practices. The communal-area 
years, and the initial findings may be farmer generally removes virtually all 
of interest to this workshop. the stover from his land to feed 

livestock. Although manure is 
Since one of the objectives of these occasionally applied to the fields, the 
trials is to demonstrate good soils have become deficient in organic 
production techniques, all trials matter and tend to compac' severely. 
conducted by the institute are This makes good seed emersence 
adequately fertilized. Trials are planted difficult, and plant populations are 
at the optimum time, which in the generally well below optimum. 
case of ma!ze Is generally at the time Concentrating on this aspect alone 
of the first rains; the land is always could virtually double the yields in the 
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communal areas. Simple techniques 
like presoaking maize seed can also 
significantly increase plant stands and 
final yields. Being aware of the 
problem will make farmers more 
particular about their planting methods 
and timing. A general observation 
made by the maize research team 
while traveling inl various communal 
areas of Zimbabwe was that, on 
average, the peasant farmer was 
achieving plant stands about half the 
optimum for the area. 

3ecause of the lack of organic matter 
in these soils, their moisture-holding 
capacity is relatively poor and rainfall 
run-off is appreciable. Moisture 
retention techniques like tie-ridging 
and pot-holing are therefore important 
in the dry season. It has also been 
ohservrcd that manure gives a definite 
response over and above those of 
normal chemical fertilizers. However, 
although manure obviously improves 
the physical structure of the soil, it 
a1ppears that minor nutrients like 
magnesium, zinc and sulfur are also 
delicient in the soil in many of the 
marginal areas, 

[)espite the fact that there are unique 
problems associaled with maize 
l)roduclion in the communal areas, the 
Crop lreccding Institute. through 
normal production practices this 
season. is successfullyidemonstrating 
that good yields can be achieved there, 
All but one of the naize trials should 
yield in excess of 5 t/ha. and many of 
the sites will yield in the region of 
10 t/ha. This has demonstrated to the 
peasant farners that, given reasonable 
rainfall, they can achieve good yields 
under their condlitions, 

Objectives of the Zimbabwe 
Maize Breeding Program 

The major objective of the maize 
breeding program is to breed varieties 
with greater productivity for all 
environmental conditions in the 

country. As opposed to yield potential 
per se. a lot of attention is being given 
to yield stability, i.e., the ability to 
yield consistently well under a range of 
climatic conditions. Maize is 
particularly sensitive to drought at 
flowering, when poor pollination can 
result, but apart from this critical 
period, it can withstand serious dry 
spells. The most important single 
selection criteria for drought tolerance 
is the ability of the variety to silk early 
relative to pollen shedding. Having a 
long pollen-shedding period is also an 
advantage, and for stress conditions, 
variable hybrids like three-way and 
double hybrids have an advantage over 
single hybrids. 

In the Zimbabwe breeding program, 
various methods are being investigated 
to facilitate selection for stress 
tolerance. One relatively simple 
technique is to grow segregating 
materials at above-normal plant 
populations. The c- mpetition for 
moisture increases ,etween plants, and 
the gap between silk emergence and 
pollen shedding Increases. Stress
tolerant varieties generally pollinate 
under high population pressure. whi!e 
drought-sensitive varieties do not. 
Testing in the marginal areas has also 
been expanded considerably In recent 
years, and inbred lines that show good 
stress tolerance are continually 
recycled. Selection under stress 
conditions is also frequently practiced. 

Generally, Zimbabwe is following a 
similar trend in maize breeding to 
most programs in the USA. aiming to 
create shorter-statured plants that 
perform better at higher plant 
populations. Iowever, the opposite 
approach, the breeding of prolific
varieties that give good yields at low 
populations, is a' o receiving some 
attention, partieularly for the 
communal areas where achieved 
stands are generally low. As a further 
exercise in researching for drought 
tolerance in maize, N.M. Manyowa is 
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investigating the theory that dwarf rather unique agreement with the 
varieties may peform better than Zimbabwe government that gives it 
conventional varieties under moisture- sole right to produce government-bred 
stress conditions. Dwarf varieties might hybrid varieties. In return, it is obliged 
convelvably have a lower moisture to carry over an estimated 25% reserve 
requirement than taller varieties, and it of seed annually, and seed prices are 
is pcsible that they may divert more negotiated between the government, 
assimilates into a more extensive root the Commercial Farmers' Union and 
system. the association. This tripartite 

agreement has served the country well, 
Disease Research and besides fully providing for its own 

seed requirements, Zimbabwe has 
The major maize disease problems in developed a sizeable seed export 
Zimbabwe arc diplodia and fusarlum market. 
ear rots and leaf blight 
(Helminthosporiumturcicurn). The Seed Association works very 
Generally, local material has good closely with the Crop Breeding 
resistance to leaf blight but only Institute, and they make available their 
average tolerance to ear rot pathogens. research farm, Rattray-Arnold, for 
Surprisingly, some US material has preliminary variety testing. In addition 
shown reasonable resistance to ear to providing the government with the 
rots, but the heritability of this trait extensive facilities of this farm, the 
appears low and 4eems largely Association itself conducts a large 
dependent on the physical maize breeding program to supplement 
characteristics of the husk. government research. 

Various inoculation techniques for The Seed Association breeding 
diplodia ald fusarium ear diseases program has three full-time maize 
were investigated in past seasons, but breeders and one part-time breeder, 
most methods were too severe, who developed SR52. Their program 
resulting in all varieties succumbing to has expanded considerably in recent 
the pathogens. It has been found that years, and anually they test about thc 
spraying spore suspensions of the same number of new hybrids as the 
pathogens in the general direction of government maize breeding program. 
the ear has tended to show up the They work with similar types of 
more susceptible varieties, although material as does the government, 
invariably there axe some escapes. although they have given greater 
However, this latter form of inoculation attention to selection from the original 
has proved most satisfactory, open-pollinated varieties. Breeding for 
particularly in population improvement resistance to maize streak and ear rot 
cycles, is also receiving considerable attention 

in their program. 
Some breeding for maize streak 
resistance is also underway, using high Before any variety is released from the 
levels of natural infections, although at Rattray-Arnold program, it is first 
this stage, streak is not regarded as a tested and approved by the 
major disease problem in Zimbabwe. government. This highlights the 

excellent working relationship that 
The Seed Association of Zimbabwe exists between government research 

and the Seed Association. The 
All varieties released by the Crop combined breeding efforts of the two 
Breeding Institute are produced and organizations should ensure a bright 
marketed by the Seed Association of future for maize production In 
Zimbabwe. The association has a Zimbabwe. 



142 

Summary 

Much of the credit for the success of 
the Zimbabwe maize breeding program 
must go to the early farmers, who as 
amateur plant breeders mass selected 
the early open-pollinated varieties until 
they were elite, high-yielding, well-
adapted populations. The fact that 
these early open-pollinated varieties 
gave excellent inbred lines that are still 
in use today is a strong argument in 
favor of population improvement as a 
long-term source of germplasm in any
breeding program. Since population
improvement is such a long-term 
process, any breeding program should 
also have short-term sources of 
improved germplasm. Recycling
existing elite inbreds and selfing good,
introduced hybrids can yield promising 
new inbreds in a relatively short time. 

Research is well directed and 
meaningful only if the research worker 
has a direct link with the farmer, 
Resesearchers should involve 
themselves in on-farm trials as a way 

to experience the real constraints of 
crop production. The best way to reach 
the small-scale farmer is through the 
use of demonstrations. If new 
technologies can be demonstrated to 
work under their conditions, the 
farmers will readily adopt Improved
production techniques, provided they 
have the means to do so. 

Communal-area (small-scale) 
production could be increased 
significantly if more attention were 
given to establishing optimum plant
stands. Communal area farmers should 
be encouraged to return organic matter 
to the soil, as this will facilitate the 
establishment of better stands. It will 
also Increase effective rainfall by
minimizing run-off and so improve the 
moisture-holding capacity of the soils. 

For the high-altitude areas of southern 
Africa, US Corn Belt germplasm can be 
useful when it is recycled with adapted 
local germplasm. 



Contributed Papers 
I. Maize Research 
Integration of Research Activities and Planning 
W.E.Sprague, Maize Consultant, Hull, Georgia, USA 

Abstract 

Integrationis the bringingtogether of researchersof various disciplines and other 
specialistsas a team to attack the constraintsthat limit the productionof a given 
commodity. To increase the production of any crop. the activities of researchers, 
extension, economists, national planners and farmers must be integrated,as well 
as those of workers in seed production, input supply, credit and marketing. A 
lack of integrationis the majorreason that increases in agriculturalproduction 
have been modest in most countries.Also, agriculturalsc!entists must prepare 
themselves to conduct the type of researchthat will provide the technology 
necessary to increaseproduction. They must think on a broadplane and become 
Involved in more areas than the ones in which they specialized. By working as a 
team, researcherswILfhin the various disciplinescan deal with the whole 
agriculturalsystem, working as equals in the crop improvement process and 
making sure that it flows all the way to and from the fields of farmers. Only the 
genuine integrationof agriculturalplanningand execution can lead to an 
adequate world food supply. 

It is an honor and a privilege for me to 
participate in thls regional workshop, 
and I am pleased to have the 
opportunity to discuss with you the 
integration and planning of research 
activities. What do we mean by 
integration in this context? We mean 
bringing together all of the elements of 
research into a team to attack the 
constraints that limit the production of 
a given commodity. In this case, it is 
maize. 

To increase the production of any crop, 
we cannot only consider research. We 
have to integrate the activities of 
researchers, extension, economists, 
national planners and farmers. We also 
need to coordinate seed production, 
input supply, credit and marketing. A 
general lack of integration is a major 
reason that increases in agricultural 
production have been modest in most 
countries. 

Let us look at food-surplus countries as 
an example. What are the factors that 
have helped them to have those 

surpluses? They aic the countries that 
have had strong support from the 
agribusiness community for the input 
of those factors necessary for 
increasing food production. Those 
businesses provide good quality seed 
and other inputs to farmers, as well as 
much of the technology to increase 
food production. They stimulate the 
availability of sufficient and timely 
credit to farmers, so that the farmer 
can capitalize on all inputs. They 
provide services that are not provided 
by government agencies. 

Today there are too few net food
exporting countries, and the situation 
of food production is extremely serious. 
In the majority of the net food
importing countries, the agribusiness 
community is unable to provide many 
of the services needed for agriculture. 
Therefore, there have to be other ways 
of providing these services. as well as 
organizing, financing and managing 
research, extension and other 
agricultural agencies to meet the 
challenge of increasing food 
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production. Complete integration is 
needed for this, and for such 
integration to be possible, each 
component of the whole production 
package must be well organized. 

Research 

In organizing research programs, the 
integration of the various professional 
disciplines involved in agricultural
research and production is important. 
It may seem that this integration 
should be easy to accomplish; it should 
just be necessary to call together the 
people representing the different 
disciplines to talk about an integrated 
plan or program. This often happens,
but unfortunately it often stops with 

talk; actual integration does not take 

place. 


How can effective integration be 
achieved? Do research personnel know 
enough about one another's fields or 
specialities to be able to work together 
to get the maximum benefit from all
concerned? It Is doubtful that they do, 
since many are so specialized as a 
result of their educational experiences
that they are not conditioned to think 
of the broad issues. The years of 
specifically disciplined thought 
processes also weigh against
integration. However, it is not effective 
to operate as individuals when the 

broader issues must be attacked: 

cooperation and integration become 

essential. This is a problem that is 

difficult to resolve, although it is 

possible. Thinking must be changed to 

overcome 
these training shortcomings. 

What can be done to overcome such 
stereotyped thinking? Perhaps the first 
thing that should be examined is how 
present ideas and training evolved, 
Science is a process of evolution, of 
acquiring knowledge, of fitting together
the pieces. In the early days of 
scientific endeavor, biologists were 
taught to observe and try to 
understand what they saw; later, more 
precise experimentation was employed. 

Over the years, the various disciplines, 
such as breeding, entomology, 
pathology and agronomy, became 
fields of full-time study, each in its 
own right. Now these broad fields have 
evolved and become specialized for
delving more deeply Into scientific 
investigation. This process provides the 
tools that the applied agricultural
 
scientist needs.
 

Present educational programs provide 
great depth within a narrow subject,

and prepare the student for In-depth
 
type research. We, as agricultural
 
scientists, however, need to prepare
ourselves to conduct the type of 
research that will provide the 
technology necessary to increase 
production; we must train ourselves to 
think on a broader plane. As 
individuals, we must become 
Interested and Involved in more 
disciplines than the ones for which our 
basic education and training have 
prepared us. 

Some administrative and budgeting
 
patterns are based on the disciplinary
 
concept. This pattern provides a
 
natural situation for the buildup of
 
jealousy and disagreement; this can
 
lead to a lack of cooperation rather 
than the necessary integration. Other
 
types of administration encompass all
 
disciplines, although there 
can still be 
competition for funds, especially in 
projects where there is a certain 
amount of overlapping. As a result, 
some research might be considered 
redundant and not worthy of separate 
funding. 

These problems have caused the work 
of the applied agricultural scientist to 
be separated by departments or other 
artificial divisions. Scientists report to 
different administrative heads and 
compete, according to their department 
or other division, for scarce resources. 
We give lip service to the concept of 
cooperation and integration, because 
we all know that It is the only way for 
long-term gain; however, we do not 
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participate because of the possibility of appropriate pressures on the 
the loss of personal short-term segregating populations. Their special 
rewards. skills are needed to understand and 

select the tolerance and/or resistance 
Within this present system, required in plant materials; they are 
researchers tend to go their part and parcel of the gene 
independent way unless there is a manipulation and selection process. 
common recognized reward, such as a 
Joint paper to be published. Scientific The dynamic programs needed today 
papers may play an important role in should not follow the traditional 
the dissemination of knowledge, but concepts of such scientists as breeders, 
they are not likely to increase food pathologists and entomologists. The 
production per se. We must formulate, biosystem does not, nor has it ever, 
direct and execute programs that recognized these disciplines as isolated 
reward true integration with adequate areas. Instead, crop species have 
funding and recognition. This requires evolved, with the help of man, 
a new way of thinking about surviving all of the interactions of the 
organization and management. forces of the biosystem that have 

sorted out the genes and gene 
Too often potential reward necessitates combinations available to us today. 
that agricultural scientists consider 
how they should divide their time Why then should we not break away 
between basic and applied research. from the comfort and convenience of 
Let us forget these labels and, rather, studying one isolated - tor of the 
think in terms of farmers, the basic biosystem, and accept the fact that we, 
production unit, and their problems. If as a team, must deal with the whole 
we dedicate ourselves to the urgent agricultural system? If this Is done, 
task of solving their production integration of disciplines will be 
problems, and apply our mental and accomplished. We will then have the 
physical resources at this level, we can breeders, pathologists and 
achieve cooperation across disciplines entomologists working together as 
and institutes. We will then be equals in the crop improvement 
conducting essential research, instead process, resulting in a more effective 
of setting artificial barriers to manipulation of genes within a crop 
integration by pursuing disciplinary species. Superior cultivars will be 
interests or thinking in terms of basic developed more rapidly, and with 
or applied research. effective research management, 

broader adaptation and greater 
Research and Crop Improvement stability will be achieved. 

When crop improvement is considered, A step that is often overlooked in 
it is obvious that genes are the hub of research is the simple but important 
the issue. Genes for such traits as yield one of variety definition. What must a 
potential, disease resistance, insect variety be like to be acceptable to the 
resistance, adaptation and stability producer? It is a waste of time to 
must be manipulated in order to develop a variety, through the 
produce varieties with higher yield and combined efforts of the research team, 
reduced risk for the farmer. Where do if it does not fit the needs of the 
the entomologist and the pathologist fit producer and the consumer. 
into the system? In my view, they fit 
directly into the variety development We must integrate and organize the 
process. They can provide the artificial research system so that it flows all the 
infestations and inoculations to put the way to and from the production fields 

of the farmer. Only then will the 
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researchers be certain that they have, 
in fact, put together combinations of 
genes that are useful and will provide 
the farmer with a tool for increasing 
production, 

Research and Extension 

If is not enough to have integration of 
disciplines within research; of equal 
importance is the Integration of 
research and extension, as well as the 
integration of the two areas with the 
farm community. 

One of the key links which is often 
missing in the research system Is on-
farm research. Through this testing in 
farmers' fields, superior varieties can 
be Identified, and such factors as 
fertilizer responses, economic rates of 
insecticides, and plant densities can be 
validated. These production functions 
should be examined in cooperation 
with extension workers and farmers, 
who must understand that they are an 
essential part of the research system. 
The success of this operation is the 
responsibility of the research staff. 

Where in this dynamic system does 
research stop and extension begin? If a 
time flow system were developed, we 
could see that one does not stop and 
then the other begin; rather, one 
should flow into the other without a 
break. In this way, research would not 
be isolated from the real needs of 
agriculture, and the researcher's 
product would have a positive 
influence on production. Extension 
would not be isolated from research or 
the farm community, and therefore 
appropriate technology and its correct 
application would reach the farmer. 

Farmers, extension and the research 
staff must get together, work 
cooperatively, and integrate their 
respective capabilities. This process 
will bring the farmers physically and 
emotionally into the center of the 
system, so that they can decide which 

products of research are useful to 
them; they can help determine, along 
with the research and extension staff, 
what research needs to be done. This 
type of integration recognizes the role 
of the farmers: their recommendations 
direct the researchers. Extension and 
research become full partners as a 
result of this process. 

Some countries have administrative 
and budgeting structures that actually 
discourage communication, 
cooperation or integration among these 
three groups. There is often a lack of 
respect, with power struggles among 
the heads of the different agencies. The 
farmer, the consumer and the societies 
that finance these agencies are the 
losers. In this type of situation, the 
organizational pattern defeats the very 
objective It was set up to accomplish. 
This is the reason thai agribusiness 
has been so important In the food
surplus countries. They have, to a 
large extent, supplied much of the 
essential technology that, through their 
effort, has flowed directly to the 
farmer. 

Why has this lack of cooperation 
between research and extension been 
allowed to continue? Again, the 
system, often run by the civil service, 
provides the perfect medium for the 
fostering of a lack of cooperation, 
rather than integration. There is no 
incentive for cooperation. Each person 
receives his salary and his satisfactions 
from setting his own targets. There Is 
seldom any stigma attached to the 
individuals or agencies that do not 
accomplish their objectives. 

In the agribusiness community, 
however, there are great incentives for 
commercial products (technology) to 
move to the farmer. The loss of the Job 
for the individual, and the loss of sales 
for the business, may mean personal 
or commercial ruin. I am not 
suggesting that national research and 
extension systems should operate as a 
business, but I do believe that we must 
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evolve systems with incentives and seed of superior varieties, so that they 
penalties that are applied on a fair and would not have to depend completely 
equitable basis. on the more sophisticated approaches 

that are often not able to fulfill national 
Research and Support Services seed requirements. 

Let us assume that organizational Credit, Inputs and 
systems have evolved that allow the national plannirg 
products of crop improvement research Where does credit fit into the total 
to flow to the farmer. There are other Integrated system? Credit agencies 
concerns that we should have in a often are not agriculturally oriented, 
totally Integrated agricultural system, and they operate under various 
such as seed production and bureaucratic systems. This leads to 
distribution, the availability of credit credit not being available at the time 
and inputs, and marketing. appropriate for the farmer. In other 

situations, it is so difficult to handle 
Seed production and distribution the paperwork that farmers find it 
Seed has been a limiting factor in simpler to go to traditional, expensive 
many situations. There are few, if any, credit sources. As a result, credit 
examples in which government seed programs often fulfill the concept of 
agencies and seed farms have been credit to agriculture on paper, but do 
very successful in meeting seed not actually help the rural community. 
requirements. There are also few 
examples of private seed-producing Inputs, such as fertilizer, are often 
firms meeting t.Ae seed needs in the unavailable when they are needed. In 
net food-importing countries. It is of other cases, agencies not attuned to 
little value to have a successful variety agricultural needs manage the 
with a successful production purchase and distribution of fertilizer, 
technolugy if there is no mechanism by and as a result the correct kinds of 
which the farmer can get seed. Since fertilizer are not available to the 
the development of a seed industry is farmer. These agencies need to be 
slow and must evolve over time, closely allied with the research and 
interim ways must be found to meet extension services to avoid this type of 
this need. costly mistake that wastes precious 

foreign exchange and does not serve 
Traditionally, farmers have saved their food production. 
own seed, and seed has moved from 
farmer to farmer. In trying to replace Marketing and financing policies also 
this traditional system with a more must be allied with research and 
sophisticated one, complicated seed extension, so that they can be geared 
policies have often been established to the needs of the rural community. 
that could not be implemented. Economists and planners often work in 
Perhaps we should change this isolation from agricultural research and 
philosophy and encourage farmers to extension, and as a result are not 
save seed of their own superior aware of potential rapid changes that 
varieties and to sell seed to their can take place in agricultural 
neighbors. If we ,ld this, and if the production. Thus, there are often 
extension worker and the agronomist miscalculations of input requirements 
encouraged it in their on-farm testing or the quantity of a crop that will be 
efforts, adequate seed quality could be harvested. These are costly mistakes, 
maintained. They could encourage and and the, could be avoided through 
help farmers throughout the country to greater integration and communication 
grow, promote and sell good quality within the total system. 
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The World Food Picture 

Let us also consider factors in the total 
agricultural system that do not involve 
food crops per se. With the world's 
repidly expanding population, how 
much time do we have left to meet our 
food production needs? At the present 
rate of population increase, food 
production per capita is going down; in 
Africa, per capita food production has 
been dropping since 1967. low many 
years will it take to absorb the surplus 
from food-surplus countries without 
any increase in per capita 
consumption? 

If there were areas with guaranleed 
surpluses that could keep pace with 
population growth, how could that food 
be distributed? The world transport 
system is already so overloaded that 
there are contiInuous delays II 
deliveries. Building more ships is not 
the answer: almost every major port 
has a continuous line of ships waiting 
to dock. After food and other 
commodities reach a country. the 
internal transport facility is also 
usually so overloaded that there is a 
continuous deterioration of imported 
food before it reaches thw consumer. In 
countries where there are both surplus 
and deficit regions. the transport 
systen c(an hardly cope with internal 
distri)ution. All of these problens 
must be of concern when we consider 
integration, organization and 
managemcn,. 

Little additional land remains that can 
be brought into agr!cultural 
production. In fact, In many places, the 
clearing of large expanses of 
mountainous land has been of negative 
value because of erosion. Forestry Is 
part of total agricultural land use, and 
timber and fuel are in short supply: 
there must be a balance between the 
land and resources dedicated to 
agriculture, animal husbandry and 
forestry. A lack of balance in planning 
and carrying out a total agricultural 
system can have dire consequences in 

just one generation. What will the 
situation be for the world's major 
watersheds? How many years will be 
subtracted from the predicted life of 
our major irrigation reservoirs? Let us 
begin to do whatever is necessary 
while we still have time. 

I have no magic answers, but I plead 
with the world's planners and policy 
makers to consider the total 
agricultural system. We can no longer 
afford to think and plan only for today
and tomorrow. We must think of the 
next generation, and stop using our 
natutal resources without concern for 
the future. Further.nore. we must 
make ever), possible effort to bring 
population growth tinder control. 
Increased food production in 
conjunction with lower population 
growth is necessary to avoid 
catastrophe. 

Summary 

Let us return to the general topic, 
"Integration of Res.-arch Activities and 
Planning." The expertise for achieving 
our goals is available among the 
personnel of local, national and 
international agencies. The interests 
and activities of these people must be 
integrated and coordinated to act eve 
maxirnum efficiency. 

Planning is an integral part of the 
success of any program. This is not a 
desk task; rather it requires that the 
people concerned get into the field to 
determine what the limiting factors to 
increased production are, and how 
these constraints can be remedied. 
Only then can the production of 
acceptable varieties through 
appropriate technology lead to 
increased food production. 

A well-planned, dynamic production 
program will result in the Identification 
of problems and constraints. As each 
one is overcome, the next limiting 
factor can be seen and corrected. Such 
a program would become progressively 
more productive each year. 
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Genuine integration in planning and for a seed industry to have to rely 

execution is certain to result in completely on a government budget, as 
success, if governments can respond funds for research are often the first to 

with the necessary policy changes and be cut. Seed production is an 
can keep a balance acroos the total important matter, and the money 
agricultural system. You, as generated by the industry should be 

representatives of the various parts of used to foster integration. 
the total agricultural production 
system, hold the key to increased food Mr. Ngwira: Hou much integration is 
production. Only through the there among crop programs at 

integration of your combined CIMMYT? Now the emphasis is on 

capabilities can the key be turned to adaptive research, involving many 
open the door to an adequate world crops in the same area, and often there 

food supply. is not sufficient personnel available. 
Previously, research vas carried out on 

Dlscussion a single-crop bas3. 

Mrs. Chungu: There is a definite need Dr. Sprague: This question will best be 

for this integration between research answered on Friday, during the 
and extension, so that farmers' discussions on farming systems. 
questions may be answered. 

Mr. Ochieng: You suggested that seed 

Mr. Mauree: Integration across regulation laws may be relaxed to 
allow farmers to produce cheir owndisciplines is an expensive affair. How 

can we also integrate across crops? seed, instead of depending solely on 
the seed companics. This may work for 

Dr. Sprague: It may be expensive, but areas using open-pollinated varieties, 

at least personnel should work on a but it may lead to problems. Don't you 

crop as a team. If it is difficult to think there will be problems of seed 

integrate across crops, at least there shortages during years of poor rainfall? 

should be integration among 
disciplines within a crop. Dr. Sprague: This problem may be 

overcome by overproducing during the 

Question: Some crops have lower better years, and carrying buffer stocks 

economic returns than others. Should over for the years of poor rainfall. I 

work on these crops be integrated with envisage that this will need to be done 

that on high-return crops? until the market is saturated and seed 
companies can meet the seed needs of 

Dr. Sprague: A balance is needed on farmers.
 
efforts devoted to each crop, with
 
consideration being given to their Dr. Gibson: Researchers have job
 

relative importance. definitions. How can they foster 
intergration? 

Mrs. Chungu: Our resources often are 
scarce. Since we can't do everything, Dr. Sprague: The optimum situation 

guidance is needed for allocating would be for each individual to have a 

available manpower on a priority basis. spirit of cooperation. Organizations can 
also foster cooperation by encouraging 

Dr. Trifunovic: The Yugoslavian maize researchers to work together, sharing
 

program began with government rewards and opportunities.
 
support, but now the seed industry is
 
self-supporting. It can be catastrophic
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Mrs. Chungu: Training for many of us 
was not oriented toward an Integrated
approach. How can we structure 
training for today's students, so that 
they get the idea of integrated
systems? 

Dr. Sprague: I do not expect that a
sudden change can take place in our 
institutions. Our educational systems
have become narrower and have 
drifted more toward basic research, 

Univeisities can help by preparitlg
students with wider perspectives
instead of the narrow viow of only one 
discipline. 

Mr. Munyinda: You spoke of incentives. 
What kind of incentives did you have 
in min,.? 

Dr. Sprague: When a variety is 
released, the team should get the 
credit rather than the breeder alone. It 
is important that the whole team be 
recognized for what it has 
accomplished by being rewarded, for 
example, by promotions. Penalties for 
mistakes should also be for the whole 
team. 

Mr. Ngwira: It is difficult to measure 
the value of research. Quite often 
credit goes to the extension worker, 
and this demoralizes breeders, 

Dr. Sprague: Many varieties may be 
developed, but they" are not useful 
unless they are used by farmers. 
Hence, research and extension ought 
to be integrated to ensure that the 
farmer uses the developed varieties 
along with recommended practices. 

Mrs. Sibale: Although breeders are 
interested in their varieties being
utilized, it is unfortunate that they are 
left to work without sufficient funding
and with limited facilities. 

Mr. Watts: Is it possible to provide
incentives thiough the civil service? 
Could research be funded from levies 
on semiprivate firms'? 

Dr. Sprague: That is a viable 
alternative. Historically, commodity 
marketing and export boards had 
levies on cash crops. in Mexico, wheat 
farmers in one region tax themselves, 
supporting about 50% of the wheat 
research in the country. 

Dr. Trifunovic: Support tbr research 
need not come only from seed 
companies, but also from the various 
production systems In a country. 

Mr. Matiree: Although there Is some 
concern that the status of extension 
workers is lower than that of 
researchers. I feel that this is not 
universally true. 
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CIMMYT's Maize Improvement Program 
R.P. Cantrell, Director, Maize Program, CIMMYT, Mexico 

Abstract 

The objective of the Maize Improvement Programof the InternationalMaize and 
Wheat Improvement Center (CIMMYT) Is to supply nationalresearchprograms 
with essentialgoods and services for improvingmaize productivityIn developing 
countries.Among the goods provided are Improved varieties, which are 
developed through the program'spopulationImprovement scheme and tested 
and distributedby means of Its internationaltesting network. These varietiesare 
intermediateresearchproducts that must be furtherrefined and adapted by 
nationalprogramsbefore being released to farmers. Othergoods and services 
provided by the maize program are various researchmethodologies (including 
approaches to on-farm research)and training,which is offered both at 
headquartersin Mexico and in the countries whose nationalprograms work with 
CIMMYT's regionalmaize specialists.An important task of these staff'members is 
to assist nationalresearchersin Identifyingand meeting researchneeds and to 
pass back to CIMMYT Infbrmation that may be useful In directingthe research 
conducted there. 

The International Maize and Wheat A point I would like to emphasize 
Improvement Center is one of 13 about CIMMYT's assistance in 
international agricultural research and supplying develo. Ing country research 
training centers supported by the programs with goods that are essential 
Consultative Group for International for improving the productivity of maize 
Agricultural Research (CGIAR). Within is that those goods and services are 
the CGIAR system. CIMMYT has a intermediate research products. We 
mandate to complement, support and leave the development cf final products 
strengthen maize and wheat research for farmers entirely to our clients, the 
and production in developing countries national programs; we merely supply 
where these are economically the materials from which they can 

aportant crops. The ultimate aim of develop those products. 
this work is to assist developing 
countries around the world in raising 161 ,2' 1 1G4- ,0W Q6. 92 BW 

the quantity and dependability of their 
supplies of food and feed. -

The Maize Improvement Program is ClANO 3 
headquartered and has one of its high- C I 

altitude experiment stations at El P a 
Batan, Mexico, which is 2200 meters Rica El Badtn 
above sea level. The program's other 20*- 60O 2249m 2-"m 
research sites in Mexico (shown in 
Figure 1) are a second high-altitude.- , --- 2 -640 Pnm 
station at Toluca (2600 meters), a low 940aia. 
altitude, tropical station at Poza Rica 112' o* ,* ,W 92* W 

(60 meters) and a midaltitude station 
at Tlaltlzapan (900 meters). At Figure 1. Experiment stations in Mexico 
Tlaltizapan, both tropical lowland and where maize is tested, CIMMYT and INIA 
some highland materials can be grown. 
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The maize program's goods and 
servicecs. which include not only 
germplasm but also research 
procedures, training and Information 
services, are developed and delivered 
by some 15 scientists working at our 
headquarters in Mexico and by an 
equal number of maize researchers 
involved in bilateral or regional 
programs outside of Mexico. These 
scientists represent a number of 
agricultural disciplines, including 
genetics, agronomy, entomology and 
plant pathology, 

Germplasm Development 

CIMMYT staff members based in 
Mexico carry forward an extremely 
diverse but fully integrated germplasm 
development program that is divided 
into several units, as shown in Figure 
2. In the "back-up unit," gene pools 
are developed and then subjected to 
population improvement in the 

"advanced unit." Quality protein 
maize (QPM) is the main concern of a 
third unit, which over the last fifteen 
years has been working to eliminate 
various drawbacks (such as soft 
endosperm and low yields) from the 
original opaque-2 populations, so as to 
make them more acceptable to farmers 
and :herefore more useful to national 
programs. 

In all of these plant breeding units, we 
take a practical approach and aim for 
results that can have immediate 
applications in national programs.
However, there is also an additional 
unit that conducts more basic research 
on wide crosses (between maize and 
Tripsacum or sorghum, for example). 
Unlike the other units, which produce 
germplasm for immediate use, the 
wide cross unit is attempting to 
develop a greater variability in maize, 
which may or may not be of 
immediate use in maize breeding. 

IBack-up unit ' -Quality mieWideAdvanced unit protein crosses 

Germplasm Germplasm
 

bank development
 

Germplasm Population Population

development improvement improvement
 

Inbred development and hybrid evaluation
 

Disease resistance
 

Insect resistance
 

International testing
 

Figure 2. Maize germplasm development program, CIMMYT, Mexico 

L 
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Since it would be impossible for base, over the past 15 years or so, we 
CIMMYT to supply varieties for each of have developed a seres of gene pools 
the numerous ecological zones found or complexes for various mega
in developing countries. germplasm is environments. These pools are 
developed that is suitable for large improved by rr.-ans of half-sib family 
areas termed "mega-environments." selection undei' fairly mild selection 
which encompass many smaller areas pressure so that their variability is not 
that are distinct but similar in some greatly reduced. 
characteristics, such as elevation. As 
indicated in Figure 3, the germplasm From the best fraction of the pools are 
complexes that are developed for these drawn populations, which are 
mega-environments (the lowland subjected to more intense selection 
tropics, for example) are subdivided pressure in a modified full-sib 
into three maturity groups, which are recurrent selection scheme. An 
further broken down according to grain important feature of this scheme is 
color (yellow or white) and type (flint that selected full-sib progenies are 
or dent). Once this germplasm has tested in five or six different 
reached a certain stage of environments to broaden the 
development, it is distributed to adaptation of the populations. As a 
national program researchers, who result of this testing, and the half-sib 
make further refinements and adapt it selection scheme, the variability of the 
to the precise growing conditions of the germplasm is gradually reduced and 
farmers whom they serve, its uniformity increased. The next 

stage is the development of 
CIMMYT's maize germplasm experimental varieties, which are then 
development program has a funnel- tested in multilocational trials. Based 
shaped structure similar to that of upon trial results, elite varieties are 
mos.: :'ser breeding programs for selected; these are among the 
major crops (Figure 4). At the top of intermediate goods most commonly 
the funnel is the germplasm bank, in used by national programs in 
which are maintained some 14,000 developing countries. 
accessions. From this broad genetic 

FLowland tropics Midaltitude Highland tropics Subtropical Temperate 
levation (0-1000 m). tropics (1500-2000 m) (0-1000 m) (0-1000 m) 

Early Inter- Late (1000-1500 m) Early Late Early Late arFly Inter
mediate Early Late mediate 

Daysto 90 100 110-120 110-120 150-110t 150-170 180-240 100 110 120-140 100-115 120-150 
maturity 

Number o! 
gene pools 4 4 4 4 5 

Floury 
4 

Flint 

Floury 
4 

Flint 
4 4 2 2 

Dent Dent 

Lr4 
4 

Figure 3.Mega environments for CIMMYT maize gerinpiasm 



A vital component of this maize 
improvement scheme is CIMMYT's 
international testing network, which is 
both an integral part of the germplasm 
development work and a mechanism 
for distributing that germplasm. One of 
the three sets of trials that make up 
the testing network is the International 
Progeny Testing Trials (IPTTs). Some 
250 full-sib families generated from the 
populations are tested at six locations. 
The cooperators who conduct the 
IPTTs select the families that perform 
best under their conditions and provide 
CIMMYT with data on their 

performance, 


This information is used in two ways. 
On the basis of IPTT results, superior 
progenies are selected to form a 
population for the next cycle of testing; 
experimental varieties are then 
developed. From Population 27, for 
example, seven varieties were formed 

in 1982 (Figure 5). Six of these 

varieties were developed on the basis 

of full-sib progeny performance at one 

of the six tesi locations: among those 

varieties was Los Baflos 8227, which 

was developed from the progenies of 

Population 27 that performed best at 

Los Baflos, Philippines. The seventh 


ClMMYT's maize 

germplasm development program 


Germplasm bank/ 

Gene pools 
ions 

P sq 

SVariety 
.Trials /Elres 
Vaie 

rial 


Intermediate products 

(to be refined by national programs i 


Figure 4. The maize germplasm development 
program, CIMMYT, Mexico 

variety, Across 8227, was formed 
according to the performance of the 
progenies across all locations. As 
mentioned previously, these varieties 
are then subjected to extensive 
multilocational testing, which is done 
through Experimental Variety Trials 
(EVTs) and Elite Variety Trials 
(ELVTs). 

As a check on the progress of this
 
maize improvement scheme, we
 
measure the gains per cycle brought
 
about in each population by recurrent 
selection. The percent of gain varies, of 
course, from one population to 
another, but the average is 3.44% 
(Table 1). These gains are measured 
routinely to determine whether we are 
continuing to make progress through 
multilocational testing of the full-sib 
progenies. 

An even more important test of 
progress Is the degree to which 
CIMMYT germplasm is being accepted 
and used by national programs. So far. 
112 varieties or hybrids containing 
CIMMYT germplasm have been 
released in some 30 developing 
countries. Most of these releases have 
been varieties based in some way upon 
materials distributed through our 
international maize testing system.
Some national programs, however. 
have used CIMMYT germplasm to 
develop inbred lines with which they 
have made hybrid combinations. Since 
CIMMYT's maize program is geared 
primarily toward variety development
through recurrent selection, we are 
often asked how the program can serve 
national researchers who are interested 
in hybrids. We cater to their needs in

two ways. The first is that Information
 
is compiled about inbreeding 
depression and heterotic patterns for 
both gene pools and populations. This 
information would be of obvious value 
to. for example, a breeder in Kenya 
who wanted to know how particular 
materials would interact with other 
and how they would hold up under 
inbreeding. 
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f Development and evaluation of varieties 

IPTT 27 

Csta Rica Philippine=Brazil CEcuador Mexico 

ete Lagoas Pichilingue FAilajel Poza Rica DlIN Los BO:)] A 
8 7
8227 82[7 8 [ 8227I 82 

Experimental Variety Trials 

[ Elite Variety Trials 

National 
trials 

Figure 5. The seven varieties formed from CIMMYT maize Population 24, 1982 

Table 1. Gains following two to three cycles of sqlection in 13 maize populations, 

CIMMYT, Mexico 

Cycles of Total gain Gain/cycle 
Pop. Population name improvement (0/0) (0/0) 

21 Tuxpeio-1 2 4.4 2.20 
22 Mezcla Tropical Blanco 3 4.3 1.44 
23 Blanco Cristalino-1 3 6.6* 2.20 
24 Ant. x Ver.-181 3 10.6"* 3.50 
25 (Mix. Col. Gpo. 1) x Eto 2 4.8 2.40 
26 Mezcla Amarilla 2 6.2 3.10 
27 Amarillo Cristalino 3 13.6* 4.50 
28 Amarillo Dentado 2 5.9 2.90 
29 Tuxpeio Caribe 2 5.4 2.70 
32 ETO Blanco 2 1.5 0.75 
35 Ant. x Rep. Dom. 2 8.1 4.05 
36 Cogollero 2 19.7"* 9.80 
43 La Posta 3 15.7"* 5.20 

7.9** 3.44 

Significant at the 0.05 and 0.01 levels of probability, respectively 
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The second way in which we assist 
hybrid development in national 
programs is in the production of early 
generation inbred lines during the 
improvement of pools under mild 
selection and of populations under 
more intense selection pressure. At 
every cycle of population Improvement, 
and every third cycle of improvement 
in the pools, the superior materials are 
selected and taken through a couple of 
generations of inbreeding. These 
products are then made available to 
national programs (Figure 6). 

The primary goal of many national 
researchers that already have or expect 
to initiate hybrid programs is the 
development of single-cross or 
conventional hybrids. We are 
convinced that in many cases these 
researchers woul' stand a better 
chance of success by concentrating on 
nonconventional hybrids, such as 
family top-cross and variety hybrids, 
These generally yield less than 

conventional hybrids, but they are 
much easier to produce. However, the 
development of any sort of hybrid, 
whether conventional or 
nonconventional, is an easy task 
compared with its production, and 
finally its appearance in farmers' fields. 
This is a fact that needs to be 
considered by national programs before 
heavy Investments are made in hybrid 
development. 

Research Techniques 

As will be clear from the foregoing
discussion, CIMMYT focuses on 
practical plant breeding rather than 
basic research. Even so, in developing 
germplasm for national programs, we 
also devise, as a by-product of this 
work, various research techniques that 
make our program more efficient and 
are of interest to many national 
researchers as well. Some examples of 
these research by-products are 

Inbred development and hybrid evaluation 

Germplasm bank 

inbreeding 
EorrosgenedaFaoldepressiond arly generationinrs

and heteroticpatternspua for h b opnt i M i 

hybridsI . ' nrdVarietiesJ [ 

Varietal Tprs nrd
 
hybrids hybrids fo
 

hybrids 

Figure 6. The production of early generation, inbred maize lines for use by 
national programs for hybrid development, ClMMYT, Mexico 



157 

techniques for mass production of important of these benefits Is that of 
inoculum and mass rearing of insects, bringing together researchers from 
breeding methodologies for developing various disciplines with extension 
hard-endosperm opaque-2 maize and personnel and farmers; in this way on
procedures for rapid analysis of grain farm research opens a flow of 
quality. Information that can be invaluable in 

helping national researchers direct 
On-Farm Research their programs more effectively. Far 

from replacing or encroaching upon 
Over the years, CIMMYT has also the territory of experiment station 
developed a set of methodologies for research or extension, on-farm 
on-farm research. We do not ourselves research can give greater focus to these 
conduct this research any more than activities by pinpointing maize 
we develop and deliver varieties production problems and solutions. 
directly to farmeis, but we assist 
national programs in organizing their Training 
own on-farm research efforts. The 
urgent need for this type of work is In addition to supplying national 
plainly evident from the wide gap that programs with various research 
generally exists between national products. CIMMYT also assists them in 
average maize y.elds (about 1 t/ha in Improving the most valuable resource 
most African countries) and those of they have, namely the researchers 
variety trials conducted on experiment themselves. This is done through 
stations, where yields of 5 to 7 t/ha are various types of in-country and in
not uncommon. service training. Typical of the in

country maize training activities are 
What we hope our colleagues in two to four-week courses, for which 
national programs can accomplish CIMMYT supplies specialists to cover a 
through on-farm research is the specific subject (such as seed 
identification of those factors production), which is of primary 
responsible for this yield gap and the concern to the national program. 
development of recommendations that 
will enable farmers to narrow the gap Many other training opportunities are 
by increasing their productivity, available at our headquarters in 
Obviously, this type of research cannot Mexico. Visiting scientists from 
be the exclusive domain of any one national programs come to work with 
discipline, but must include the our staff for a period of two or three 
combined efforts of several groups. The months on problems of mutual 
complex problems with which farmers interest. Predoctoral fellows, who have 
are faced must be confronted by both finished their university course work, 
biological and social scientists who are may do their research at CIMMYT. So 
capable of integrating experiment can postdocotral fellows, who can 
bat ., and on-farm research. become more closely involved in our 
Extenson agents must also be closely research program while they are 
involveo in this enterprise, since they working independently on problems 
will be primarily responsible for that are of special interest to them. 
transferring recommended technologies 
to farmers. The great majority of CIMMYT maize 

trainees, however, participate in one of 
On-farm work can also yield secondary our six-month in-service courses. There 
benefits for increasing the overall are courses in production agronomy, 
effectiveness of national research and maize improvement, experiment 
extension efforts. One of the most station-management and maize protein 
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exceptions are those few regional staff data. Such visits are one service 
members who conduct some provided by the regional specialists. 
germplasm improvement work on And generally, because they remain in 
specific region-wide problems, such as close touch with this and other 
downy mildew in Southeast Asia and national program activities, they can 
maize streak virus in West Africa. form an accurate picture of national 

program needs and determine how to 
The regional staff members also draw upon CIMMYT resources to help 
support the work of national in meeting those needs. 
researchers by helping them identify 
and meet germplasm, training and Discussion 
other needs. A substantial share of 
their time goes into organizing in- Question: What are the steps that must 
country training and various regional be followed for a successful on-farm 
activities, such as this workshop. research program? 
These events give national scientists 
opportunities to exchange ideas and Dr. Cantrell: First, to begin on-farm 
research results with one another and research, you must start with the 
with staff members from CIMMYT resources you have. There are four 
headquarters and other organizations. points to guide you in setting up the 

program. Use the same design you use 
Another task that illustrates the value for on-station programs, although you 
of the maize specialists to national must expect large CVs with the on
programs is their assistance in on-farm farm experiments. Add such inputs as 
research. Scientists who are new to fertilizer when you begin to 3ee 
this type of research are sometimes progress. Compare local germplasm 
surprised to find that on-farra trials and management with improved 
may have a coefficient of variation as germplasm and management on as 
high as 40% and still provide much large a number of farms as possible. 
valuable information; the trials are And, very important, move to farmer
useful, however, only if someone visits managed trials as soon as you can. It 
the site in addition to examining the takes time to gain farmers' confidence, 

but it can be done. And it must be 
done, as on-farm trials are essential in 
agricultural research. 
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11. Breeding 
Evaluation of Population Improvement

in the Kenya Maize Breeding Methods Study
 
L.L. Darrah, Agricultural Research Service, US Department of
 
Agriculture, University of Missouri, Columbia, Missouri, USA
 

Abstract 

The maize (Zea mays L.) breeding methods study in tienya was initiatedin 1964to compare the efficiency of various methods for improving yield. A minimum of 
ten years of selection was completed in each experiment, and some procedures
continue today because of theirefficacy In line orpopulation development.
Following selection, there were threeyears of evaluation, includfr2g both direct
and indirect effects of selection. Titrapopulationimprovement V.3conducted.
using three variationsof mass biection. including two plant densities and two
levels of selection intensity.Five variationsof ear-to-rowselection Included
comparison of number of generationsof random matingprior to beginning
selection, plant density, male plant eliminationand number of entries in theselection trial. Othermethods compared were half-sib. S1 and full-sib recurrent
selection. The most consistent improvement was found with ear-to-row selection.
with rates of gain of nearly 3% per cycle. Interpopulationimprovement wasstudied, using reciprocalrecurrentselection. S1 and ear-to-row selection In the
parentalpopulations.Gains in the variety crosses were evaluated by making upthe series over all cycles of selection. Gains usingreciprocalrecurrentselection 
were near 7% per cycle. Ear-to-row selection, in contrast, resulted in little gain inthe variety crosses, although improvement was realized in the parental
populations.Inbred lines were developed from cycles 2. 3 and 4 of the reciprocal
recurrentselection experiments in Kitale Synthetic 1I and Ecuador573. The linesof each cycle were advanced to S3 ,when they were crossedIn all possible
combinations. Yields of the best three-way crosses were predicted,and the best
36 or so were actually made and evaluated. The best three-way crosses were
entered into the East African Maize Variety Trials, where they generally
outylelded other entries at mid- and high-atttudesites. Significantgains were
noted in lodging resistance.Two lines from cycle 2 and one from cycle 3 are now
involved In production in Kenya. and three cycle 2 lines are used commercially
in Tanzania. A singularlyhigh-yielding cycle 4 line was identified from Ecuador
573. but is probably not yet found in commercial hybrids. Gains in the best
three-way crosses exceeded gains in the population crosses over the time ofdevelopment by 2 to 5%; uniformity in seed production and in farmers' fields
enhanced the attractivenessof the three-way cross over the population cross. Ahighly prolific hybrid,such as EAH6302, should be quite useful in intercropping
conditions when planted at densities of 25,000 plants/ha. At the recommended
densities of 44.000 plants/ha, it had fewer barrenplants that the older hybrids. 

The maize (Zea mays L.) breeding Comparisons of intrapopulation
methods study in Kenya was designed improvement methods included: 
to compare the efficiency of various 
recurrent selection methodologies for * Mass selection with variant.o of
the improvement of yield (5). selection intersity and plant density; 
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" 	 Modified ear-to-row selection (9) with (after seven cycles) and the half-sib 
variations of number of generations selection experiment, using an inbred 
of random mating, plant density, line tester (after four cycles). Four 
male plant selection and number of separate evaluation trials were grown.
entries; The mass and ear-to-row 
S intrapopulation experiments (M9, M10,$1 selection: 

" 	Half-sib selection with three testers, M17 and E3 to E7) were evaluated in
 
the parent population perse, a low- 14 environments over a two-year
 
yielding population and a low- period, using a randomized complete

yielding inbred line. and block design. The SI, half-sib and full

* 	Full-sib selection (2,3). sib selection experiments (S13, H14,
HL15, H116 and FI8) were similarly
 

Three methods of interpopulation evaluated. The interpopulation
 
improvement were studied, ear-to-row selection experiments (El, E2, S21,
 
selection in two parental populations S22, R 11 and R12) were evaluated in a 
with subsequent variety cross triple-square lattice design of 81 entries 
production, SI selection in the two at six environments in a single year. 
parental populations and reciprocal An additional evaluation of the effects 
recurrent selection. Results of the of selection at different plant densities 
study have provided significant in the mass and ear-to-row selection 
information on direct effects of eyoeriments was made, but is not 
selection, correlated responses of other reported here. 
agronomic variables and an indication 
of inbreeding shown in the cycle 5 or Evaluation trials utilized a 33-plant 
10 populations. plot obtained from three rows of nine 

hills that were planted with three seeds 
Materials and Methods in the end hills and two seeds in each 

of the others. Thinning reduced the 
Three populations were used in the stand to two plants in the end hills and 
breeding methods study. Kitale one in the others, e.g., 11 plants per
Synthetic II (KSIIj was developed by row. Hill spacing was 75 cm by 30 cm. 
Harrison (7) from Kitale Station maize. Fertilizer application included nitrogen 
Ecuador 573 (Ec573) was a land race at 160 kg/ha and phosphorus (P2 0 5 ) at 
introduced from Ecuador that 80 kg/ha; no potassium was applied 
combined well with KSII. The variety because soils in the evaluation areas 
cross, designated H6 11, was used as a were adequate in potassium 
commercial hybrid for a time in Kenya. availability. Weed control was obtained 
Kitale Composite A (KCA) was the by application of Atrazine and 2-4,D in 
randomly mated variety cross. The a pre-emergent surface spraying. Stalk 
general scheme of the methods study, borers were controlled by application of 
specific experiment designations and 5% DDT powder in the whorl of the 
variants of the selection techniques are plants when they were approximately 
shown in Figure 1. Details of the 50 cm high. 
techniques used are given by Darrah 
and Mukurm (1). 	 Data were recorded for grain yield and 

moisture, number of plants per plot, 
The evaluation of the selection number of lodged plants (root and stalk 
progress was completed following ten lodging), number of ears with bare tips, 
years of selection in all but two of the number of usable ears, number of 
experiments, the mass selection diseased ears, number of days to 50% 
experiment at reduced plant density anthesis, ear height, and presence of 
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El Ear-to-row selection - E2 Ear-to-row selection a'
R1 1 Reciprocal recurrent R12 Reciprocal recurrent 
S21 S1 progeny selection S22 S1 progeny selection 

Kitale Synthetic II x Ecuador 573 
(Keny. hybrid H61 1) 

Kitale Composite A Syn-2 

_F 

E3 Ear-to-row selection a/
 
F8L Full-sib selection for
 

low yield
 

Kitale Composite A Syn-3 

j Kitale Composite A Syn-4 

M9 20/0 mass selection, 44,444 pl-nts/ha 
MIO 10/0 mass selection, 44,4 44 plants/ha
M17 10/o mass selection, 22,222 plants/ha 

S13 S1 progeny selection 
H14 Half-sib selection, parent population tester 
HL15 Half-sib selection, low-yielding population tester 
HI16 Half-sib selection, low-yiciding inbred line tester 
F18 Full-sib selection 

Ear-to-row selection: 
E4 22,222 plants/ha, no selection among males, 49 entries 
E5 44,444 plants/ha, no selection among males, 49 entl ies 
E6 44,444 plants/ha, 50/o selection among males, 49 entries 
E7 44,444 plants/ha, 50/o selection among males, 100 entries 

a/Same procedure is for E6 
Figure 1. Outlin of the maize breeding methods study, Kenya 
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blight (Helmlnthosporium turcicum that obtained at the same selection 
Pass.) and rust (Pucclnlasorghi Schw). intensity at normal plant density (M1O: 
Disease was rated on a scale of 1 to 5 44,444 plants/ha). Significant 
(1 = a resistant plant, 5 = a correlated responses occurred in M9 
susceptible plant). Yields were and MI0 for increased frequency of 
converted to quintals per hectare (1 bare tips, usable ears, diseased ears 
quintal = 45.4 kg), and adjusted to and ear height. The increase in 
12.5% moisture content and mean frequency of bare tips was about 6% 
stand. Adjustments for stand per year, while the increase in diseased 
differences were minimal because most ears was just over 2% per year. It is 
plots had above 90% stand. Lodging, likely that the increased yield resulted 
usable ears and diseased ears were in a longer ear, the tip of which 
expressed as a percent of the counted extcnded beyond the husk. Thus, the 
stand. Bare tips were expressed ar, a bare tips were exposed to birds and 
percent of the number of usable ears. insects, which damaged the ears; this 
Days to flowering and blight and rust resulted in a greater incidence of 
rating were done on a plot basis. Ear fungal ear diseases. 
height was measured on ten random 
competitive plants per plot and means Significant increases in days to 
were calculated for further analyses. flowering occurred in M9, and ear 

height increased in M9 and M10. 
Analyses of variance were completed However, the changes were of little 
for each experiment, with the entry x practical importance over the 10 years 
environment term used to test of selection. The net results would be a 
differences among entries. Least- two-day delay in flowering for M9 and 
squares regression techniques were 11 to 17-cm increases in ear height. 
used to compute gain from selection Past evaluations (3) of M9 and M10 
and correlated responses. Where the had suggested rates of increase of ear 
experimental design was a lattice, only height up to twice that found in this 
the yield means were adjusted for evaluation. 
block differences; the analysis for all 
other characters was completed as for M17 was initiated using cycle 5 of M10 
a randomized complete block design as cycle 0. Seven cycles of selection 
experiment. The diallel crosses of the were evaluated in this trial. Because of 
cycle 10 mass and ear-to-row selection the different starting point and fewer 
populations and the cycle 5 Si. half-sib cycles of selection, a greater linear 
and full-sib selection populations were response coefficient wa3 needed for 
analyzed using Griffing's Method 4 statistical significance than for M9 or 
(crosses only), Modei 1, fixed effects M10. The only significant correlated 
analysis (6). response found was for increased ear 

height, and that response was between 
Trial Results that fovnd for M9 and for MIO (0.58% 

per year). 
Intrapopulation improvement 

by mass and ear-to-row selection All of the ear-to-row selection 
Mass selection using a 2% selection experiments resulted in significant 
intensity (M9) resulted in the highest yield gains, ranging from 1.77% per 
yield gain (2.68% per year). but was year for E3 to 4.79% per year for E7 
not statistically different from mass (Table 1). All experiments showed 
selection at 10% selection intensity significant correlated responses of 
(M1O: 1.92% per year) (Table 1). Gain increased frequency of bare tips, 
from selection at reduced plant density increased number of usable ears, and 
(M17: 22,222 plants/ha) was similar to 
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for all but E7, increased frequency of 
diseased ears. The increase in 
frequency of bare tips, for example, 

S1 % in E4 and over 14% in E6, 
suggests that selection against bare 
tips would be important in a breeding 
program designed to produce material 
for farmer use. Increases in yield were 
associated with increases in usable 
ears, but that was likely due to a 
reduction of barren plants because of 
the low mean frequency of usable ears 
(54.8%). This value was much lower 
than expected and may reflect a more 
severe discarding of diseased or 
nonusable ears than had taken place
previously. Significant increases in 
days to flowering occurred for E3 and 
E7 only. E3 and E4 also had 
significant increases in ear height.
Again, the changes in days to 
flowering and ear height were 
relatively small, even though 
statistically significant. In part, this 
differentiation was possible because of 
the accuracy of the measurement of 
the variables, as compared to a 
character such as lodging; lodging
commonly has coefficients of variation 
exceeding 100%, versus 4% to 7% fbr 
days to flowering and ear height, 

The ear-to-row selection experiments 
were set up to test certain variants of 
the technique applied. Selection in E3 
was initiated after one generation of 
random mating (Syn 2) of the variety 
cross. Compared to E6, which used the 
same procedure, except for including
three generations of random mating of 
the variety cross, E3 made progress at 
a rate that was significantly less (P = 
0.01) than that of E6 (1.77% versus 
4.79% per year). Selection in E4 was 
done at half the plant density (22,222
plants/ha) of E5; all other aspects were 
the same. E5 had a significantly 
greater rate of gain (P = 0.05) than E4 
(3.07% versus 1.90% per year). Neither 
of these experiments included selection 
among the male plants. 

The contrast of experiments E5 and E6 
evaluated the effect of selective 
elimination of 50% of the male plants 
before anthesis. No significant
difference in yield gain was found for 
male plant selection. Selection prior to 
anthesis can only be made for lodging,
diseased plants, tassel emergence and 
ear height. However, no significant
differences were found for any of these 
characteristics, except for an increased 
blight rating in E5. A higher frequency
of plant elimination might be effective, 
but sufficient pollen for full seed set 
must be insured. 

Forty-nine entries were grown in each 
cycle of E6, whereas 100 entries were 
grown for E7. Both experiments
included male plant elimination, but 
this was not shown to be a significant 
contributor to yield improvement. Gain 
per year for E7 was 4.79% which was 
significantly greater (P = 0.01) than 
that obtained for E6 (3.10%). E7 also 
showed a significant reduction in 
lodging of 1 % (percent of lodging
percent) per year and a significant
decrease in days to flower of 0.2% per 
year; although the latter is relatively
small, it is in the right direction. The 
reduction of lodging must be a 
reflection of greater harvest from 
standing plants versus losses from 
plants that lodge before grain filling is 
completed or plants that suffer losses 
from predators, such as rodents, that 
have access to ears on the ground. 

A diallel set of variety crosses, 
including all of the KCA mass and ear
to-row selection experiments, was 
made using the cycle 10 populations, 
or the equivalent cycle 5 population in 
the case of M17. Inbreeding or random 
population drift can be discerned by
analysis of the diallel, because either 
one or more of the variety crosses will 
differ and this will be reflected in the 
specific combining-ability effects (sij).
General combining-ability effects (gi) 
should reflect average changes in 
additive genetic effects over the several 



Table 1. Comparison of predicted gains from selection for yield in Kitale Composite A (KCA), using eat-to-row (E) and mass 
(M) selection 

Selection variant 	 Least-squares gain from selection cn pat yet, basis 
Selection Genr'n Plants Mal No. of Plants 3are Usable Diseased Days to Ear Blight Rust 
experiments-" Cycles random /ha sul'n entries selected Yield Lodging tips ears ears flower height rag roatg 

mating (0/0) (0/0) (qlha) (0/0) (00) (0/0) (0/0) (no.) (0/0) - /

0A4
° °  	 ° KCA(E3) 10 1 44,444 50 49 10 	 0.68- 0.03 0.901 0.26- -0.16 " ° 

OA6* 0.000 0.0071 
1.770/o 3.750/o 1.640/0 2.50/o -.14°/o 0.19°/o 0.60°/o 

0.73 ° °  	 ° ° KCA(E4) 10 3 22.222 None 49 10 0.25 1-2901 1A1* 0.43 0.05 0.83" -0.002 -0.002 
1.900/a 10.98°/o 2.680/o 4.130/o 0.26 

° ° 1.30 ° °  " °  KCA(E5) 10 3 44,444 None 49 10 	 1.18 0.01 0.78 OA2 -0.04 0.29 0.007* -0.004 
3.070/0 6.69°/o 2.3-0/o 4.G20/o 0.59°/o 

1.19 ° .  	 ° °  KCA(E6) 10 3 44,444 50 49 10 -0.11 1.73* ° 1.13 0.27- -0.07 -0.05 -0.001 0.003 
3.100/0 14.760/o 2.060 /o 2.580/o 

KCA(E7) 10 3 44.444 50 100 10 	 1.83*" -0.65** 0.50** 2.04- 0.09 -0.18** 0.11 0.000 -0.000 
4.790/0 -1.150/o 4300/o 3.72°/o -0.16elo 

° 
0.25 

°*  KCA(M9) c /  10 3 44,444 - - 250 2 1.03"* -0.26 0.74- 0.80* 0.22* 1.72** -0.003 -0.004 
plots 2.680/0 6.280/o 1 47°,! 2.15°/o 0.220/o 0.70'/o 

/ 	 ° .KCA(M1O) c . 12 3 44,444 - - 50 10 0.74 -0.18 0.67"" 0.55** 0.25- 0.05 1.13*" -0.C05 -0.001 
plots 1.92°/o 5.740/o 1.010/o 2.380/o 0.460/o 

Predicted cycle 0 
for E3 to E7, M9and M10 38.3 57.0 11.7 5.8 10.A 113.7 244.2 1.13 1.18 

KCA(M17)5. dV 7 3 22,222 - 50 10 0.66 ° 
0.54 0.58 0.21 0.30 0.02 1.44"* 0.011 0.000 

plots 1.520 /o 0.580/o 

Predicted cycle 0 
for M17 43.3 52.1 14. 59.1 10.9 114.3 248.8 1.10 1.20 

a Evaluation grown at 14 sites; days to flower recorded at only nine sites 
6/ Rating scale I to 5 (1 = resistant, 5 = suscep-ible) 
c Fifty plants per plot; total number of ear- -:' :ted 250 for all man selection experiments
d KCA(M17C 0 = KCA(M10)C 

Significantly different from 0.0 at P= ,).05 and P = 0.01. respectively 



166 

crosses. Significant positive gi yield 
effects were found for E3 (2.8 q/ha) and 
E7 (3.5 q/ha) (Table 2). These effects 
were not significantly different from 
each other, but were significantly 
greater than the effects for E4 and E5. 
E7 also had a gi effect significantly 
greater then that of E6 (1.2 q/ha). All 
three mass selection experiments had 
significant negative gi effects, with that 
of M1O (-3.8 q/ha) being significantly 
less than that of M9 or M17. The high 
gi effect for E7 agrees with its high 
rate of gain from selection, but the 
significant positive effect found for E3 
is associated with the lowest rate of 
gain from selection among the ear-to-
row experiments. The mass selection 
experiment populations did not 
combine well with the ear-to-row 
populations: they did particularly 
poorly in crosses among themselves, 

Two statistically significant sij effects 
were found, -4.5 q/ha for E5 x E6 and 
3.1 q/ha for E6 x E7. The latter was 
the highest-yielding cross in the diallel 
(59.6 q/ha). suggesting that some 
heterogeneity existed between the two 
populations. The poor performance of 
the E5 x E6 cross may have been due 
to sampling error: it was not associated 
with any pattern and the gains from 
selection for yield were similar. Overall. 
there is little to suggest either a 
significant amount of inbreeding or 
that random drift occurred by cycle 10. 

Ear-to-row selection with 100 entries in 
the selection trials (E7) was clearly the 
procedure of choice. Any possible effect 
of inbreeding was minimized because 
the number of effective parents was 
nearly twice that of any other method 
studied (8.3). Because of that, it might 
be possible to further Increase rates of 
gain by decreasing tile selection 
intensity to 7.5% or to grow 144 
entries and select 5% per cycle. Either 
procedure would result in about the 
same number of effective parents as E3 
to E6. 

Intrapopulation improvement by 
S1, half-Mib and full-sib selection 
The comparable ear-to-row selection 
experiment, E7, was included in this 
evaluation of gain. E7 had a significant 
gain of 3.47% per year (Table 3). quite 
a bit less than estimated in the mass 
and ear-to-row evaluation (4.79% per 
year). However, the actual rates of gain 
were much closer (1.83 versus 1.62 
q/ha per year). Part of the difference 
can be attrti, itcd to the overall lower 
yield predicted for cycle 0 in the 
former evaluation (38.3 q/ha) in 
contrast to this evaluation (46.6 q/ha). 
The rate of gain for E7 was tic second 
highest among the methods included 
in this evaluation. Comparing tile rates 
of gain. the rate for E7 significantly 
exceeded rates of gain for S13, H 14, 
IL15 and [l116. The rate of gain for E7 
was very similar to that of F18 (3.47 
versus 3.59% per year). 

SI selection (S13) had high predicted 
gains based on the selection trials, but 
this gain was not realized. Although 
gain was significant, it was only 0.86% 
per year, less than a quarter of that 
achieved with E7 or F18. Gain in S13 
was not different from that obtained in 
1-114 or HL 15, but was significantly less 
than that of E7 or F18. 

Since the predicted gains from tile 
selection trials were based on Si 
progenies, S13 was also evaluated, 
based on a bulk of random SI ears 
made from each cycle. The rate of gain 
for the selfed populations far exceeded 
that obtained anywhere else in the 
evaluations. 17.6% per year. That high 
rate was based on a predicted cycle 0 
mean of 17.9 q/ha, which was 
substantially lower than that used for 
the S13 cycles per se. After ten years 
of selection, the regressed cycle 10 
values were identical for S13 per se 
and S13 selfecd. Further evaluation of 
these populations will be needed to 
study the inbreeding depression 
changes found over cycles. These data 
suggest that inbreeding depression has 
been significantly decreased from S o to 
SI.
 



Table 2. Yield (q/ha) diallel analysis of Kitale Composite A (KCA), eat-to-row (E)and mass (M) selecition cycle 10 populations
(cross means shown above the diagonal, general combining ability effects (gi) on the diagonal and specific combining ability 
effects (sij)below the diagonal) 

Selection variant 
Selection Genr'n Plants Male Wo. of Plants 
experiment Cycles random /h. sel'n entries relected E6C10E3C10  E4C 10 E5C 10  E7C 10 M9C 10 M10C 10 M17C5 

mating (/o) (0 /o) 

KCA(E3) 10 1 44,444 50 49 10 2.8"* 54.8 56.5 53.0 55.2 53.2 53.0 53.0 
KCA(E4) 10 3 22,222 None 49 10 0.1" 0.2 52.2 53.8 54.1 51.1 48.0 49.3
KCA(E5) 10 3 44.444 None 49 10 2.5 0.8 -0.5 47.9 55.5 47.8 46.6 52.6 
KCA(E6) 10 3 44A44 50 49 10 -2.7 0.7 -4.5" 1.2 59.6 53.9 48.6 52.6
KCA(E7} 10 3 44.444 50 100 10 -2.8 -1.4 0.7 3.1- 3.5 * 55.0 52.0/ 51.9
KCA(M9) a - 10 3 44,444 -- 250 2 CIA 0.9 -1.7 2.7 1.-5 1.7" 44.7 46.0 

plots
KCA(M1O)!- / 10 3 44,444 - - 50 10 2.3 -0.2 -0.9 -0.6 0.5 -1.5 -3.8- 46.7 

plots 
KCA(M17) b /  5 3 22,222 - 50 10 0.2 -1.0 3.0 1.3 -1.7 -2.3 0.4 -1.7 

plots 

Cross means 54.1 51.9 51.3 52.8 54.8 50.2 48.5 50.3 

a 
 Fifty plants per plot; total number of ears selected 250 for all msis selection experiments 
b/°° KCA(M17)C 0 = KCA(M1O)C 

Significantly different from O%a* P = 0.05 and P = 0.01, respectively 
LSD 0.05 (gi--g) = 2.1, LSD 0.05 (sij--Sk) =4.6, LSD 0.05 among crosses =5.2. LSD 0.05 among cross means =2.0 



Table 3. Comparison of predicted gains from selection for yield in Kitale Composite A (KCA); using eat-to-row 
(E), S1 (S), half-sib (H) and full-sib (F) selection 

Least-squares gain from selection on per year basi: 
Selection 
experiment' 

KCAtE7) --/  

Cycles 

10 

Selection or evaluation variant 

100 entries. 10°/o selection 
intensity 

Yield Lodging 
(q/ha) (0/o) 

1.62- -0.16 
3.470/0 

Bare 
tips 
(0/o) 

-0.00 

Usable Diseased 
ears oars 

(0/0) (0/0) 

1.34 
° 

0.13 
2.06O/o 

Days to 
flcwer 
(no.) 

-0.08 
° 

-0.070/ 

Ear 
height 
(0/0) 

0.79' 
0.340/o 

Blight 
ratg 
-

0.004 

Rust 
ragirg 
-

0.001 

KCA(S13) 

KCA(H14} 

KCA(HL15) 

KCA(HI16) 

5 

5 

5 

4 

Population per sotester 

Low-yielding population tester 

Low-yielding inbred line tester 

0.40 
° 

0.8601o 

0.75 
° °  

1.600/o 

0.73 
° .  

1.56°/o 
-0.47' 
-1.02/a 

-0.02 

0.69-
.1.360/o 

0.22 

0.35 

0.16 

0.09 

0.48"" 
2.73/ 

-0.35 

1.55-
2.380/0 

1.33" 
2.05/o 

2.00-
3.09'/o 

0.49 

0.18 

-0.02 

0.49 
° . 

4.500/o 
0.26* 
2.370/0 

-0.1lb 
° 

-0.14o/0 

-0.14-
.0.120/o 

-0.15* 
° 

-0.130/o 
0.11. 
0.100/0 

-0.75 
° 

-0.33°/o 

-1.45 
° ° 

-0.620/o 

-0.81" 
-0.350/o 
-1.28* 

° 

-0.550/0 

0.006 

0.007 

-0.001 

-0.001 

0.001 

0.003 

0.001 

-0.002 

KCA(FI8) 5 1.67"" 
3.5900 

-1.11 
° ° 

.2.180/o 
1.35" 
7.75/0 

1.74-
2.680/o 

0.09 -0.01 -0.37 -0.001 -0.004 

Predicted cycle 0
for above 46.6 51.1 17.4 64.9 10.9 112.1 231.5 1.14 1.19 

KCA(S13)S 1 5 KCA(S13) populations selfed 3.16-
17.600/o 

-1.04" 
-1.66o00 

0.77-
6.600/a 

4.21" 
11.790/o 

0.26 -0.33"" 
-0.29

0 
/o 

0.08 -0.004 -0.007 

Predicted cycle 0 
for KCA(S13)IS 17.9 63.0 11.6 35.7 11.5 113.6 216.1 1.21 1.29 

KCAlHL15) X 5 KCA(HK15) x population tester 0"93 
° 

1.95 
0 

/o 
0.53 -0.35 1.28 

° 

1.930/o 
0.41 

° 

4.830/o 
0.01 -0.17 -0.007 4).009 

Predicted cycle 0
for KCA(H L15) 43.8 53.7 11.8 66.2 8.4 111. 227.2 1.19 1.28 

KCA(H1161 X 4 KCA(HI16) x inbred tester 0.61' 
1.140/o 

-0.40 -0.13 0.96"* 
1.35 

0
/o 

-0.04 0.19"" 
0.170/0 

0.29 0.005 -0.010 

Predicted cycle 0 
for KCA(HI16)X 53.0 52.0 13.9 70.9 11.0 111.4 226.0 1.10 1.16 

is Evauation grown at 14 sites; devs to flower recorded at only nine sites
b/ Rating aclas I to 5 (1 =resistant, 5 =susceptible) 
-- Two cycles in two years versus one cycle in two yearsfor other methods of selection 
". °° Significantly different from 0.0 at P =0.05 and P =0.01. respectively 
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Half-sib selection included three Selection in H14 resulted in a 
variations of the tester. 1114 used the significant decrease in lodging (1.36%). 
parent population as the tester, HL15 Diseased ears increased significantly in 
used a low-yielding population derived HL15 and HI16. but not in other 
from KCA as the tester, and H116 used experiments. S13, H14, HL15 and 
a low-yielding inbred line extracted HI16 had small but significant 
from the low-yielding population as the decreases in days to flowering and ear 
tester. Only four cycles of HI16 were height. These four experiments all had 
available for evaluation because of the a selfing or test-crossing phase in 
time required to develop the inbred which one-third of the potential rows 
tcster. Responses for H14 and HLI5 for either selfing or test crossing were 
were similarly significant at 1.6% gain eliminated prior to anthests. Selection 
in yield per year. H 14 and HL15 both for earliness of flowering and reduced 
had significantly higher rates of gain ear height could account for the 
than HI16, which had a significant reductions observed. F18 had only a 
yield loss (1.02% per year). Gains yield-test season followed by 
predicted from selection trials for the recombination, which was 
test cross were not reflected in gains in accomplished by paired-row diallel 
the population per se. crosses of remnant selfed seed of 

selected entries. A balanced set of ears 
For the HL15 and H[16 half-sib for yield testing was taken directly 
selection experiments, each cycle of from reciprocal crosses made in the 
selection was crossed to the recombination nursery. Thus, there 
appropriate tester for comparison with was not the same opportunity for 
the cycles per se. Because the tester for nursery selection as there had been for 
H14 was the current cycle of the S13, H14, HL15 or HI16. 
experiment, no difference would be 
expected between the cycles and the A diallel set of variety crosses formed 
cycles crossed with the tester. Gains from the cycle 10 population of E7, the 
from selection In HL15 and from HL15 cycle 5 populations of S13, H14, HL15 
crossed with the low-yielding and F18, and the cycle 4 population of 
population tester were similar (1.56% H116 was evaluated to examine 
and 1.95% per year. respectively), divergence of the selection 
although the latter had a lower experiments. Higher yields were 
predicted cycle 0 (43.8 versus 46.6 achieved from these variety crosses 
q/ha). In this case, the gain in the test than from those of the ear-to-row and 
cross was reflected in gain in the mass selection experiments grown In 
population per se. similar environments (64.3 versus 51.7 

q/ha, respectively). The gi effect for 
There were many correlated sponscs S13 was significant and negative (-2.3 
with other agronomic characters. q/ha); that for HL15 was significant 
Selection in F18 resulted in a and positive (3.3 q/ha) (Table 4). The 
significant decrease in lodging (2.18% remaining gi effects were not 
per year) with Increases in bare tips significently different from zero. 
(7.75% per year) and usable ears 
(2.68% per year). The association of In contrast to the mass and ear-to-row 
higher yield and reduced lodging losses selection experiment diallel, several 
would apply as discussed for ear-to-row significant sij effects were found. Most 
selection. experiments had one signlflcani 

positive and one significant negative 
effect. E7 had two of each, positive for 
crosses with HLI15 and HI16 and 
negative for crosses with H14 and F18. 



0 

Table 4. Yield (q/ha) diallel analysis of Kitale Composite A (KCA), ear-to-row (E, cycle 10) S (S)Half-sib (H) and full-sib (F)cycle 5 popu!ations. (cross means shown above the diagonal, general combining ability effects Igi) on the diagonal and specific
combining-abil.ty effects (sij)below the diagonal) 

Selction
experiment Cycles Selection or evaluation variant E7C 10  S13C5 H14C 5 HL15C5 H116C4 F18C 5 

KCA(E7)a/ 10 100 entries, 100/o selection intensity -0.5 58.0 61.9 70.3 69.1 60.2KCA(S13) 5 -3.5" -2.3* 63.0 66.7 60.3KCA(H 14) 5 Population per se tester 
64.6 

-1.3 1.6 -0.6 
 66.7 58.7 68.8
KCA(HL15) 5 Low-yielding population tester 3.2' 1.3 -0.3 3.3°° 62.1 69.1KCA(H116) 4 Tow-yielding inbred line tester 6.8** -0.3 -3.5* -4.Q* -1.5 65.4KCA(F18) 5 -5.2** 0.9 3.5* -0.2 1.0 1.6 
Cross means 


63.9 62.5 63.8 67.0 63.1 65.6
 

2_/ Two cycles intwo years versus one 
cycle intwo years for other methods of selection
 
• Significantly jifferent from 0.0 at P 
= 0.05 and P = 0.01, respectively

LSD 0.05 (gi-gj)= 2.7, LSD 0.05 (sij-Sk ) = 3.8, LSD 0.05 among crosses = 5.4, LSD 0.05 among cross means = 2.4 

http:combining-abil.ty
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This suggests that H14 and F18 were ears and significant decreases in days 
selected for similar favorable alleles, to flowering and blight rating. S22 had 
while HL15 and HI16 had different a 1.89% per year decrease in lodging, 
alleles selected. That would agree with and increases of 3.75% per year for 
the use of a specific tester for those bare tips and 4.55% per year for 
experiments. The presence of several usable ears. Although R12 had no yield 
significant si effects suggests response, it showed a 9.48% per year 
divergence of the selection experiments drop in bare tips, 2.88% per year 
and a greater effect of inbreeding, increase in usable ears, significant 

small decreases in days to flowering 
Interpopulation improvement and ear height, and over 2% per year 
by car-to-row, S 1 and decreases for both blight and rust 
reciprocal recurrent selection ratings. The predicted cycle 0 yield 
Ear-to-row, S1 and reciprocal recurrent was 38.0 q/ha. 
selection were each done in KSII and 
Ec573 for ten years. Table 5 shows the Heterosis of the predicted cycle 0 cross 
gains resulting from selection in the of KSII and Ec573 was 49.6% over the 
parental populations and gains in the mid-parent. Gain of the ear-to-raw 
variety crosses resulting from crossing variety cross over 10 cycles was 
respective cycles of each pair of negative and not significant. Only the 
experiments, frequency of bare tips showed a 

correlated response to selections of 
No significant change in yield was -4.45% per year, which was probably 
realized by selection in KSII. Responses associated with a lack of yield increase. 
were positive for ear-to-row selection, The variety cross derived from Si 
but negative for Si and reciprocal selection In the parental populations 
recurrent selection. KSII was a well- also failed to show any yield gain. The 
adapted population that had already only significantly correlated response 
undergone one cycle of half-sib was an increase in usable ears of 
selection (4). It is possible that genetic 1.24% per year. 
variability for yield was insufficient for 
selection progress under the conditons H61 1(R), the variety cross produced 
in which the experiment was grown. A using reciprocal recurrent selection, 
significant lodging reduction was found had a significant yield gain of 2.75% 
for RI 1. as well as a small but per year or 5.5% per cycle. Previous 
significant reduction In days to evaluations (2,3) reported gains of 7 to 
flowering. All three KSII selection 10% per cycle, with approximately the 
experiments had a significant increase same predicted cycle 0 yield level (60 
in diseased cars, averaging over 4% q/ha). In addition, all of the significant 
per year. The predicted cycle 0 yield correlated responses were in the right 
was 47.0 q/ha. directions-lodging was reduced at a 

rate of 2.36% per year. bare tips 
Selection in Ec573 resulted in a decreased 6.90% per year, usable ears 
significant 4.60% per year yield increased 1.92% per year and days to 
increase by the ear-to-row method and flowering decreased 0.35% per year. 
a 3.33% per year increase by the SI Other selection experiments had yield 
method. Reciprocal recurrent selection gains associated with undesirable 
did not affect the yield of Ec573. E2 increases in bare tips and diseased 
showed a significant increase in usable ears. 
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Table 5. Comparison of predicted gains from selection for yield in Kitale Synthetic II (KSII), 
Ecuador 573 (Ec573) aid their variety cross (H611), using ear-to-row (E), S1 (S)and 
reciprocal recurrent ael ction (R) 

Least-squares gain from selection on per yew basis 

Selection Bare Usable Disemd Days to Ear Blight Rust 
experiment Cycles Yield Lodging tips as ears flower height rating ra irt 

(q/ha) (0/o) (0/o) (0/o) (0/0) (no.) (0/0) P b/ 

KSIIE1I) c /  10 0.14 .0.13 0.29 0.40 0.A5 0.27' 0.60 0.010 -0.009 
4.07'/o 

KSMi(S21) 5 -0.37 0.10 -0.03 1.09"" 0.55 0.03 0.13 -0.009 0.004 
1.66 4.9901 

KSII(R1l) 5 -0.49 -1.17*" -0.22 0.56 0A2 -0.17* -0A7 -0.000 002a ° 

-1.86°/o 3.74°o -0.260/o 2.74 /o 

Predicted cycle 0 47.0 64.0 8.0 65.6 11.1 100.7 219.0 0.86 0.83 

Ec573(E2)c/ 10 	 1.75 * .0.52 0.22 1.18 , 0.14 .A8" ° -0.69 .0.01§" -0.003o	 o 
4.600/o 1.80,/o -0A50 

/o -1.69o-0 

Ec573(S22) 5 1.27" -1.18"" 0.58" 2.97" 0.14 0.13 -0.0120.25 	 -0.006 
3.33%/-1.89 /o 3.75%Io 4.55%/a 

Ec573(R12) 5 0.66 -0.66 -1.46" * 1.88o " -0.12 -0.25"" -1.49"" -0.027" -0.010" 
-9.48°/o 2.88/o .0.23/o -0.63/ -2.53/o -2.10 /a 

Predicted cycle 0 38.0 62.5 15.4 65.2 5.6 107.0 235.6 1.07 0.86 

lH611(E) c 
10 -0.44 -0.11 -0.73" -0.39 0.08 0.03 0.44 0.000 0.008 

4.45°o
 

H611 (S) 5 0A6 -0.64 -0.04 0.97 0.18 0.11 0.37 -0.007 -0.005 
1.24°o/ 

H611(R) 5 1.75" -1.49" -1.12 o 1.50"" -0.24 -0.36" -0.32 0.002 -0.003 
2.750/a -2.36/o -6900/o 1.920/o .0.350/0 

Predicted cycle 0 63.6 62.9 16.3 78.3 6.4 101.6 229.4 0.82 0.79 

°H611(R)F 2 5 	 1.4G** -2.00" -0.32 1.79" -0.34 -0.53, -1.03 -0.009 0.0003.120/0 -3.040/0 2A2 0 /o -0.510/o 

Predicted cycle 0 46.7 66.7 12.2 73.7 9.6 104.3 230.5 0.91 0.87 

KCA(E7) c / 
10 	 1.59** 0.24 0.29 1.61.. 0.26 -0.07 1.13" -0.011 -0.013 

3.19°/o 2.30°/o 0.510/0 

Predicted cycle 0 49.8 57.4 11.1 69.9 7.2 102.3 223.9 0.93 0.83 

a Evaluation grown at six sites; data for lodging, ear height, blight and rust recorde only five sitesb Rating scale I to 5 (1 = resistant, 5 = susceptible) 

Two cycles in two years versus one cycle in two years for other methods of ielectlin
 
" Significantly different from 0.0 atP = 0.05 and P= 0.01, respectively
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Darrah and Mukuru (1) pointed out the 
posslb.iity of using the advanced 
generation of a variety cross, such as 
H61 1(R), for immediate farmer yield 
improvement until a seed industry 
could be developed that would be 
capable of producing a sufficient 
quantity of crosses. The F2 generation 
of each cycle of H61 1(R) was included 
in the evaluation trial, along with E7 
for comparison. Yield increased in 
H61 1(R)F 2 at 3.12% per year; this was 
based on a predicted cycle 0 value of 
46.7 versus 63.6 q/ha for H61 I(R). 
Some bias occurs in percentage results 
where comparisons are made with 
differing initial points. The actual 
predicted gains for the variety cross 
and its F2 were 1.75 and 1.46 q/ha per 
year, respectively. The result is a slight 
increase in the difference between the 
cross and its F2 over cycles of 
selection. E7 closely paralleled the F2 
response with a gain of 1.59 q/ha per 
year and a predicted cycle 0 of 49.8 
q/ha. The F2 also showed a significant 
reduction of lodging (2.36% per year), 
an increase in frequency of usable ears 

(2.42% per year) and a decrease in 
days to flowering (0.51% per year). If a 
variety cross or cross of lines extracted 
from heterotic populations were 
eventually desired, the F2 or further 
advanced generation would be an 
acceptable initial product for release to 
farmers. No advantage over the F2 was 
realized by the use of ear-to-row 
selection in KCA. 

The heterotic response of the H611 
variety crosses was planned to be 
examined by partitioning the gains in 
each parent and adding these to 
predict the cross. If only additive 
effects were present. the individual 
parent population gains should predict 
the cross performance. Table 6 gives 
the parent population gains measured 
against cycle 0. For H61 1(E), a gain of 
0.2 q/ha was found in KSII and a gain 
of 1.9 q/ha in Ec573. The cycle 10 
cross would be predicted to exceed the 
cycle 0 cross by 2.1 q/ha, but the 
actual gain was -5.9 q/ha. Although 
none of the gains were statistically 
different, a trend is suggested. 

Table 6. Contributions from parental yield improvement (q/ha), judged in crosses with cycle 
0, to variety-cross hybrids, using ear-to-row (E), S1 (S) and reciprocal recurrent (R) selection 

Ecuador Kitale Synthetic I1 
573 E1C 0 E1C 10 Gain S21C 0 S21C 5 Gain R11C 0 R11C 5 Gain 

E2C0 68.3 68.5 0.2 .. .. .. .. .
 
E2C 10 70.2 62.4 -... .. .. .. ..
 

Gain 1.9 -- 2.1 vs. - ... .. .
 
-5.9 actual 

322C0
S22C5 

.. 

.. 
. 

.. 
.. 

.. 
68.3 
77.4 

64.6 
63.2 

-3.7 
.. . 

.. 
. 

.. 
. .. 

.. 

Gain . . .. . 9.1 -- 5.4 vs. -

-5.1 actual 

R12C0 .. . . ... . .. .. 68.3 72.4 4.1 
R12C 5 .. .. ... ... . 71.6 79.5 -. 
Gain .. .. .... .. .. 3.3 -- 7.4 vs. 

11.2" actual 

Gain significant at P= 0.05 
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The observed gain due to S 1 selection 
in KSII was -3.7 q/ha, and that of 
Ec573 was 9.1 cl/ha. The predicted 
cycle 5 variety cross was 5.4 qi/ha 
above the cycle 0 cross, whereas the 
observed value was 5.1 q/ha below the 
cycle 0 cross. Again, these differences 
only indicate a trend because there 
was no statistical significance. For both 
161 I(E) and 1161 I(S). selection 
probably decreased the hetcrotic 
respollte OF the variety crosses, 
possibly because the same favorable 
alleles were selected in hoth 
pol)t'lat ion1s. 

The observed gain in KSII. using 
reciprocal recurrent selection, was 4. 1 
c/ha. and in Ec573, 3.3 cl/ha. The cycle 
5 variety cross would be predicted to 
exceed the cycle 0 cross by 7.4 q/ha: 
the observed diffrcence was 11.2 cl/ha 
(significant at 1) = 0.05). Selection 
based on variety cross performance per 
sc increased tlie heltrotic response of 
the hybrid. 

Evaluation of cycle 8 populations 
from. reciprocal recurrent selection 
and lines extracted from 
cycles 2, 3 and 4 of Ec573 (R12) 
An evaluation of the cycle 8 reciprocal 
recurrent selection populations and 
lines extracted from earlier cycles was 
grown in five environlnents in 1983 
(Table 7). Results indicated a 7.6% 
yield advantagc of R 12C5 over RI 2C2 
(commercial version) in crosses with (A 
x F). The cycle 8 yield advantage was 
16.6% for the same cross (87.8 q/ha). 
Significant decreases in bare tips and 
clays to flowering also occurred with 
the cycle 8 cross. 

A cross involving extractel lines 
R12C3-93 and R12C3-82 with the 
fcmale single cross (D x G) yielded 
significantly niore (94.2 (/hal than any 
current cornlnercial cross (closed 
pcdigrecs). When measured against 
KSIII, R12C8 outyieldced R12C2 
(commercial version) by a significant 
15.9%. 

Table 7. Evaluation of cycle 8 populations from reciprocyl recurrent selection and lines 
extracted from cycles 2, 3 and 4 of Ecuador 573 (R12) a-

Entry 

(Ax F)Ec573(R12)C2 
(A x F)Ec573(R12)C5 
(A x F)Ec573(R12)C8 

(Ax F)(R12C2-50 x R12C3-93) 
(Ax F(RI2C2-50 x R12C4-82) 
(Fx G)(RF12C3.93 x R12C4-82) 
(Dx G)(R12C3-93 x R12C482) 

KSIIIx F12C2 
KSIII x A012C8 
KSII(R1 1)C8 x R12C8 

Mean 
LSD 0.05 
CV°/o (based on G x E) 

a/Evaluation grown at five ,ites 

Yield 

(q/ha) 
Stand 

(0/o) 
Lodging 

(°/o 

Bare 
tips 

10/0) 

Usable 
ears 

(0/o) 

Diseased 
ears 
0/o) 

Days to 
flower 
(no.) 

Ear 
height 
(cm) 

75.3 96.8 64.7 9.6 84.5 7.8 95.7 230.7 
81.0 94.7 65.8 6.1 95.1 7.8 96.4 226.9 
87.8 96.5 53.4 2 7 94.5 5.4 93.8 216.4 

80.3 97.9 67.5 6.6 90.0 6.4 95.5 229.7 
77.7 96.8 70.2 4.9 94.6 8.0 96.5 221.4 
88.3 96.7 62.4 23.3 99.5 7.3 98.0 234.3 
94.2 97.7 63.8 19.2 101.3 8.1 96.8 226.2 

76.6 93.9 63.9 12.7 93.3 5.2 98.8 237.4 
88.8 97.4 53.2 10.6 95.5 2.8 99.1 229.9 
98.7 95.9 48.5 14.1 98.2 5.2 97.9 233,4 

84.9 96.4 61.3 11.8 94.6 6.4 96.9 228.6 
10.4 1.6 10.9 4.5 8.0 NS 1.5 NS 
19.3 2.6 28.0 64.9 13.5 2.4 

http:G)(RF12C3.93
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The highest-yielding cross in the References 
evaluation was R 11C8 x R12C8 at 98.7 
qlha; it also had the lowest frequency 1. Darrah, L.L., and S.Z. Mukuru. 
of lodging (48.5%). Commercial hybrid 1977. Recurrent selection methods 
producers in East Africa should be able for maize improvement: The East 
to make use of the advanced cycles of African experience. East African 
this cross to realize significant gains Agriculture and Forestry Research 
over currently available hybrids. Organization, Nairobi, Kenya. 

Conclusions 2. Darrah. L.L., S.A. Eberhart and 
L.H. Penny. 1972. A maize breeding 

Ear-to-row or full-sib selection with 100 methods study in Kenya. Crop 
entries in the selection trials would be Science 12:605-608.
 
the recommended intrapopulation
 
improvement method. Care must be 3. Darrah, L.L., S.A. Eberhart and
 
taken to reduce the frequency of bare L.H. Penny. 1978. Six years of
 
tips that occurs with improved yielding maize selection in 'Kitale Synthetic
 
ability. If half-sib selection is to be II', 'Ecuador 573'. and 'Kitale
 
used, the choice of the tester is critical Composite A' using methods of the
 
to the utility of the selected population. comprehensive breeding system.
 
The teste,"selected should have good Euphytica 27:191-204.
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Discu asion 

Dr. Kirkby: Would the effectiveness of 
sel ction methods depend on the 
facilities available? 

Dr. Darrah: To some extent, but in the 
maize population improvement study
in Kenya. relatively simple facilities 
were utilized in the beginning, 
However. the different environments 
selected were su fficientlv close together 
that proper supervision was possible, 
ensuring appropriate management. 

Mr. Prior: The experinents were 
conducted using high levels of 
nitrogen. Would you have obtained 
sitiilar results if you had used leels 
nearer the low levels used by the 
farmers? 

Dr. Darrah: No, those genotypes with 
higher yield potential would not have 
bet:n well differentiated. It is unlikely 
that there would have been the same 
interaction of variety performance at 
both high and low fertility levels. For 
selection trials, higher fertility levels 
may be neecded to distinguish yield
dififerences among genotypes. 

Dr. Manwiller: What population size 
did you use in the selection methods 
stUdy"? 

Dr.Darrah: liitially Ilhe effective 
population size was 36. At the 
University of Missouri, 12 x 12 lattices 
are being utilized, although 100 entries 
would suffice. If fewver than 50 entries 
are used. I1,r'will likely be problems 
of genetic drift. 

Dr. Khadr: You state that equal gains
from selection were obtained In both 
the ear-to-row and full-sib selection 
methods. Did you expect that at the 
beginning? 

Dr.Darrah: Yes, we did. For bigger
seed, materials were planted at half the 
recommended plant density. To obtain 
enough seed, full sibs were produced 
reciprocally (the two ears were bulked). 
However, individual circumstances 
need to be considered. 

Mr. Ndambuki: The population size in 
Kitale Synthetic II and Ecuador 573 
was low, and there was an increase in 
yield up to cycle 8. Would you expect 
this to continue, given the Initial low 
population size? 

Dr. I)arrah: It is expected that there 
will be further gains if selection is 
conducted under very favorable 
environments. However, higher 
population sizes and selection 
intensities need to be utilized. 

Mr. Debelo: Reciprocal recurrent 
selection requires highly trained 
personnel and considerable facilities. 
What do you suggest when the 
personnel are not well trained and 
facilities are limited? 

l)r. Darrah: If a hybrid seed industry is 
not available, It is advisable to use ear
to-row selection. For maximizing 
variety crosses, two populations may 
be set up reciprocally, with the F2 
Initially utilized as a variety. If one of 
the populations is exotic, half-sib 
selectiun may be used with the local 
population as a tester. 
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Breeding for Drought Tolerance in Maize 
0. Myetm, Jr., Department of Plant and Soil Science, Southern 
Illinois University, Carbondale, Illinois, USA, and W. Mwale, 
Mount Makulu Research Station, Chilanga, Zambia 

Abstract 

There is an urgentneed for maize varieties capable of better production unde 
water stress,particularlyIn sub-SaharanAfrica where drought Is claiming 
thousandsof lives each year. The most critical moisture-stress periods for growth 
and yield in maize are from tasselingand silking to grain filling. Drought 
resistance Is the degree to which one genotype is more productive in a given 
water-stress envirorment than anothergenotype, and is usually accomplishedby 
one or more of three mechanisms, drought escape, droughtavoidanceor drought 
tolerance. The breedingapproachchosen for Improvingdrought resistanceIn 
maize depends on the nature of the moisture-stressenvironment, of which there 
are three types, those having stored moisture, those characterizedby variable 
moisture and those having optimum moisture with occasionalshort drought 
periods. The differences in plant breedingstrategiesfor stress conditions are 
often determined by the severity of the problem, the ability to select for the 
stress condition and the resources available to the plant breeder.A widely 
accepted strategyis to select for yield undera nonstresscondition, and then 
evaluate those selections undera diverse arrayof drought-proneenvironments. A 
second strategy is to select for yield under stress conditions, preferably after 
determining that a variety has reasonableyield potential unde: more optimum 
conditions.A third strategy is the utilization of a number ofphysiological, 
biochemical and morphologicalindicatorsor traits,known or suspected to be 
drought responsive.Morphological traits include leaffiring,shedding,rollingand 
angle changes, height reduction and root factors. The physiologicaland 
biochemical traitslnclud, plant modifications to water-stressconditions. Genetic 
improvement of drought toleranceis a component of many maize breeding 
programs,but a simple, workable scheme has not yet been determined. The nced 
for drought-tolerantvarieties and hybrids throughout many of the mnize
producingregions of the world demands that breeders use all of the 'echniques 
at theirdisposal to improve drought tolerance In maize. 

The need to improve crops genetically and plow pans which reduce rooting 
by the breeding of varieties for better depth, causes sizdable reductions in 
production under water stress is maize yields. Average annual loss in 
urgent. The drought in sub-Saharan tropical maize production may be 15%, 
Africa is claiming thousands of lives according to Fischer et al. (13). 
each year; most of the area has Actually, drought probably has an 
experienced drought for three even greater influence, in that many 
consecutive years. Momen et al. (18) farmers do not apply fertilizer or other 
state that there is evidence thaf. inputs as readily in drought-prone 
climate may be more variable in the areas. 
future, and point out the need for 
cultivars that can withstand more Maize is often classified into only three 
rigorous conditions, maturity groups, early, medium and 

late, but it has many growth stages, as 
Periodic drought, caused by irregular identified by Sprague (26). Both 
rainfall distribution and worsened by maturity and growth stage are at some 
soils with low water-holding capacities point In time greatly affected by 
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drought. The growth stages identified 
are planting to emergence, early
vegetative growth (from rapid stem 
elongation to tasseling), tasseling,
silking and pollination, and finahy
grain production (from fertilization to 
physiological maturity). Of these 
stages, the most critical moisture-stress 
periods for growth and yield are from 
tasseling and silking to grain filling
(10,22). Water dcficits for on!y one to 
two days during tasseling and 
pollination may cause as much as 22% 
reduction in yield (13). Denmead and 
Shaw (12) observed that moisture 
stress at silking reduced grain yield by
50%; moisture stress after silking
reduced yield by 21%. 

irrigation at such critical periods may 
overcome the drought stress, 

Quizenberry (21) reports that, at the 

critical periods, as little as 10 mm of 

additional soil moisture over 

maintenance lexels may increase maize 
yields by 18 to 44 kg/ha. Additionally,
Stickler (27) noted that plot population
could be increased with subsequent
higher yields with adequate moisture; 
under moisture stress, lower 
populations gave higher yields. 

Drought resistance is the degree to

which one 
genotype is more productive
in a given water-stress environment 
than another genotype, and is usually
described under three mechanisms, 

drought escape, drought avoidance or 

drought tolerance. Drought escape is 

the ability of a plant to complete its life 

cycle before severe soil and plant water 

deficits occur. Drought avoidance is the 
plant's ability to endure drought by
maintaining high tissue water potential 
or manifesting a relatively small 
reduction in tissue water potential 
under conditions of increasing soil-
moisture deficit. Drought tolerance Is 
the ability of the plant tissue to sustain 
a smaller reduction in physiological or
metabolic activities as its water 
potential decreases. Most ol the 
drought resistance In crop plants is 

due to avoidance, and the traits are 
mostiy xeromorphic, I.e., they are 
developed by the plant as a result of 
moisture stress, for example, an 
epicuticular wax layer. These traits 
should have high heritability In a 
moisture-stress environment, and
 
therefore selection should be more
 
successful in moisture-d-..icit
 
environments (11). 

Darrell and Clark (11) have divided 
plant responses to drought into two 
categories according to stage of plant
development, the preflowering or early
season response, whose symptoms are 
leaf rolling, leaf bleaching, leaf firing
and delayed silking or flowering, and 
the postflowering or grain-fillingresponse, whose symptoms include
 
premature senescence, stalk lodging

and poor grain filling. They observed
 
that hybrids have been shown to be
 
more preflowering tolerant than are
 
inbred lines
 

The nature of the moisture-stress
 
environment determines 
the breeding

approach for improving maize for that
 
environment. The water-stress
 
environments 
can be roughly classified
 
as follows:
 

* 	 Stored-moisture environment-In 
this environment, the crop
completes its entire life cycle on soil 
moisture stored during a prior wet 
season. Such an environment is 
characterized by distinct wet and 
dry seasons, and Is particularly 
sensitive to any genetic, climatic or 
cultural factor favoring moisture 
utilization. Breeding strategies for 
this type of environment favor 
selecting for metabolic efficiency 
(21) among shorter, earlier maturing 
materials with improved
morphological features for retarding 
water loss. 

* 	 Variable-moisture environment-In 
this environment, the crop is grown
during the period of the year when 
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moisture is intermittent. Variable Breeding Strategies 
rainfall patterns usually result in for Drought Tolerance 
alternating periods of adequate soil
moisture availability and drought The differences in plant breeding 
conditions: the ability to survive strategies for stress conditions, such as 
prolonged drought with rapid drought, are often determined by the 
growth following rainfall is severity of the problem, the ability to 
desirable. The "latente" maize select for the stress condition and the 
studied by Castleberry and LeRette resources available to the plant 
(7) apparently has the ability to breeder. A widely accepted strategy is 
maintain itself in a near dormant to select for yield under a nonstress 
state under early water stress and condition, and then evaluate those 
then respond rapidly to irrigation or selections under a diverse array of 
rainfall. The variable-moisture environments including, in this case, 
environment is more difficult to drought-prone environments (5). This 
breed for than the stored-moisture approach assumes that drought
environment, and unfortunately is tolerance genes are present in high
the one most representative of yielding material, and that some 
eastern, central and southern combination will contain adequate 
African countries. Breeding genes for both traits. Work by Russell 
strategies for this type of (23) has shown that this approach has 
environment favor the selection of developed superior maize hybrids in 
plants with high photosynthetic the USA. 
rates, sensitive stomatal responses, 
dense or deep root systems and A second strategy is to select for yield 
osmotic adjustment mechanisms for under stress conditions, preferably 
maintaining cell turgor (21). after determining that a variety has 

reasonable yield potential under more 
Optinum-moisture environment--In optimum conditions (5). One problem 
this environment, the crop has with selection under the stress 
adequate moisture during most of environment is that the genotype x 
its life cycle, with only occasional environment interaction is more 
short drought periods. Such difficult to distinguish, due to the 
environments are usually tgenerally low yields in such an 
characterized by high-input, high- environment. Examples of progress in 
management fanning systems and selecting maize for drought tolerance 
the drought, though rare, can be are reported by Fischer et al. (13). 
severe in its economic impact. Since Three cycles of selection in Colombia 
the combination of high yield under in the wet season gave gains of 10.5% 
optimum conditions and drought per cycle for the wet season and 0.8% 
tolerance is difficult to achieve, this for the dry season; the three-cycle dry
environment is the most difficult to season selection had gains of 7.5% per 
breed for in a direct way. Generally, cycle for the wet season and 2.5% for 
indirect selection by wide testing the dry season. 
before release of new material is the 
accepted practice. Breeding A third strategy, which perhaps is a 
strategies for these conditions modification of the stress-environment 
include selecting for root selection approach, is the utilization of 
development, osmotic regulation and a number of physiological, biochemical 
stomatal closure (21). and morphological indicators or traits, 

known or suspected to be drought 
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responsive (20). These traits are often 
examined only under greenhouse and 
laboratory conditions, and the lack of 
definitive correlations with field 
response has hampered their 
widespread use. However, since they
offer a way of examining large
amounts of breedirn, material, their 
potential use is of great importance.
Seetharama et al. (25) noted that, for 
sorghum, lack of progress could be due 
to the fact that cultivars utilize a 

multiplicity of drought avoidance 
or 
tolerance mechanisms, some of which 
concomitantly reduce photosynthcsis.
They also noted that screening
technologies were not sufficiently

developed for routine evaluation, 


Drought resistance is a complex
character, but it can be measured by
the use of many physiological, 
morphological and biochemical traits,
Seetharama et al. (25) reported that, as 
drought affects many plant-growth
processes, consideration of a single
character has not provided any

consistent results. Christiansen and 

Lewis (9) advised that, initially, tne 

plant breeder should be prepared tosearch all available sources of existing
germplasm, with yield taking second 

place to the identification of superior 

sources of drought resistance. They

further pointed out that two breeding
approaches are available to the plant
breeder when attempting to develop
varieties with better yield in moisture-
deficit environments, the development 
of varieties with adaptation to a wide 
range of environmental conditions or
the development of varieties that are 
highly adapted only to a moisture-
stress environment. 

Selection Traitsfor Drought Tolerance 

Morphological traits 
Preflowering drought-stress traits
include leaf firing, leaf shedding, leaf 
rolling, leaf-angle changes, height
reduction and root factors. Leaf rolling 

or leaf shedding (leaf-area reduction) is 
a common way of reducing water loss. 
Leaf enlargement following drought 
stress is considered to be a good
.ndicator of drought tolerance, and has 
the further advantage of being 
relatively easy to evaluate. The 
senescence of older leaves is a method 
For dehydration avoidance in the plant.
Narrower leaves may also reduce water 
loss, and since normally
photosynthesis utilizes only a small 
fraction of incident irradiation,
 
narrower leaves should not cause
 
losses in yield. Reduced tassel size
 
may also fit into this category. Leaf
angle changes may reduce water loss 
by providing more shading of lower 
leaves and by reducing canopy
temperatures. Height changes do not 
necessarily influence drought
tolerance, although in general a more 
favorable ratio of reproductive to 
vegetative parts is desirable. 

Changes in the root system may be 
desirable under drought conditions.
 
Increased root density or root depth
 
may permit greater utilization of
 
available soil water. Care should beexercised, however, that selection does 
not result in greater transpiration 
losses or in abnormal root/shoot ratios. 
Darrell and Clark (11) observed that 
postflowering drought-stress traits
 
included premature plant senescence,

stalk lodging and poor grain filling. A

predisposition to stalk rot pathogens

generally accompanied earlier drought
 
stress.
 

PLysiological and 
biochemical traits 
These traits represent plant
modifications to water stress 
conditions. In some cases they may beobvious In their benefit: in others, they 
only indicate a response and are not of
direct benefit. 

Pollen shed or anthesis and silk 
emergence must be synchronized if 
effective pollination is to occur. This 
synchronization is altered greatly by 
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drought stress, often with silking beiag significant differences between 
delayed beyond pollen shed. Johnson cultivars grown under nondrought 
and Herrero (16) showed that, under conditions, but not between those 
control, mild stress and severe stress grown under drought stress. Leakage 
conditions, there was a 0.6, 3.8 and values were generally lower following 
4.5-day delay in silk emergence, drought stress, indicating osmotic 
respectively. All treatments began adjustment. 
pollen shed about 3.5 days after tassel 
emergence. Pos.ive silk elongation Stomatal behavior, or more particularly 
ceased at about -9 bars in droughted the timing and completeness of 
plants and at about -14 bars in well- stomatal closure during water stress 
wa,.ered plants, measured at similar and following water relief, is an 
ear-ieaf potentials. Pollen viability was important characteristic. Hiron and 
only moderately affected by drought, Wright (15) reported that water stress 
but it was affected by high is one of the factors which induces 
temperatures. Troyer and Brown stomatal closure. They also noted that, 
(30,31) noted that physiological silk in plants which had been allowed to 
delay was usually caused by a lack of wilt and were then watered, the 
moisture to the developing ear. stomata remained closed for several 
Selection for synchrony under drought days, even when there was a rapid 
stress should be an important part of a recovery of full turgidity. 
drought-tolerance breeding program. 

Beardsell and Cohen (4) indicated that 
Barlow et al. (3) found that, when the abscisic acid (ABA) increases under 
soil-water potential was decreased from water stress, inhibiting transpiration 
-0.35 to -2.50 bars, leaf elongation and inducing stomatal closure. Sharp 
rates decreased by 44% while soluble reductions in photosynthesis and sharp 
carbohydrate- increased 42%; dry increases in leaf-aiffusion resistance at 
matter accur.,lation and transrpration specific water potentials could be the 
decreased 26 and 24%, respectively, result of ABA-induced stomatal closure 
Osmotic adjustment influencing leaf (32). Larque-Saavedra and Wain (17) 
and cell-water potential is important in used a latente hybrid, developed by 
the ability of plants to survive drought Mufioz in Mexico, that was believed to 
stress. Acevedo et al. (1) have shown be drought tolerant, and two European 
that, in response to moderate water cultivars, Anjcn 210 and LGI I, which 
stress, seasonal osmotic adjustment had not been bred for drought 
occurs in field-grown sorghum, maize tolerance, to compare levels of ABA in 
and soybeans. detached leaves. The amount of free 

ABA in detached, nonwilted maize 
Estimation of critical water-stress leaves in the latente hybrid was found 
levels by cellular (membrane) integrity, to be more than four times that of the 
measured by electrolyte leakages, other two. After subjecting the 
appears to be a relevant criterion for detached leaves to water stress, the 
selection for drought and heat level of ABA increased in all varieties. 
tolerant i. According to Sullivan and 
Ross (28), the degree of membrane Ackerson (2) studied a US Corn Belt 
stability to stress, as evaluated by ion hybrid and a latentc hybrid developed 
,akages, correlates well with other by Castleberry and LeRette (8) and 

pir-.1 [ responses to water stress. Mwale found that levels of ABA were higher 
and Myers (19) determined leaf in the latente hybrid, particularly 
electrolyte leakage following water under stress during the vegetative and 
stress for several US maize inbreds and intermediate grain-filling stages. ABA 
their FIs and F2s. They obsc. ved accumulation was coincident with 

more rapid stomatal closure and 
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lowered conductance. Photosynthetic 
activity was also affected by water 
stress, in part because of losses in leaf 
area, but also because of the closing of 
stomata with a consequent loss of CO 2
uptake. The drought interrelationship 
between photosynthesis and 
translocation has been studied by 
Boyer and McPherson (6), with the 
conclusion that photosynthesis is the 
critical factor in determining yield, 
assuming that pollination and 
fertilization have occurred. Johnson 
and Herrero (16) have listed the plant
growth processes in order of decreasing 
sensitivity to drought-cell and leaf 
enlargement, floral development, 
photosynthesis and transpiration, 
respiration and translocation. 

The accumulation in leaf tissue of 
metabolites, such as proline and 
betaine, also seems to be response toa 
drought-stress conditions. Hanson et 
al. (14) suggest that the extent of 

proline accumulation reflects the 
degree of internal water deficit, as 
evidenced by the decline in leaf-water 
potential. Mwale and Myers (19)
evaluated six F 1 maize hybrids, their 
F2s and their inbred parents for 
proline accumulation, and found a 
broad-sense heritability of 0.70. 

Pathulogical presence may also be used 
to indicatc drought stress in maize. 
Schneider and Pendery (24) reported
that, at the end of the growing season, 
the incidence of corn stalk rots in field 
plants exposed to mild water stress 
during the pretassel, post-pollination, 
or grain-filling stages were 60.3, 25.3 
and 7.7%. respectively: the 
nonstressed control had 24.7% disease. 
The resistance to water flow betweenroots and leaves was approximately 
doubled in stressed, infected plants,
and it was thus concluded that a water 
deficit during the early part of the 
growing season had a predisposing 

effect toward disease development. 

Table 1. Characteristics of three maize breeding programs for drought tolerance 

Breeding program 

Characteristic BSSS(R) a /.

Genetic Improved 
goal populations 

Germplasm Elite line 
source composites 

Stage of Half-sib 
selection test crosses 

Stress Multiple 
environment environment 

Selection Yield, 
criteria agrc, • nic 

index 

Secondary Line 
evaluation development 

SIowa State University, Ames, Iowa, USA 

CIMMYT 

Improved 
varieties 

Tuxpehio-1 

Full-sib 
families 

Limited 
irrigation 

Growth, 
firing, 
synchrony, 
yield 

Mu!tiple 
environment 

!j/Dekalb Agricultural Research, Inc., Dekalb, Illinois, USA 
Source: Castleberry (7) 

Castleberry-

LcRetteb17
 

Commercial 
hybrids 

Line x line 
(Michoacan 21 

composites) 
Inbreeding 

Limited 
irrigation 

Firing, 
synchrony, 

ear, root 

Multiple 
environment 
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Development and Evaluation 
of Maize Hybrids in Zambia 
D. Ristanovic and P. Gibson, Mount Makulu Research Station, 
Chilanga, and K.N. Rao, FAO, Lusaka, Zambia 

Abstract 

In Zambia, where maize Is the primarystaplefood crop, the maize research 
program is working to collect, screen and develop materialswith useful 
agronomic characteristics,develop a range of new genotypes to meet the needs of 
different types of farmers, improve and maintain the purity of existing
commercially grown hybrids and varieties, test commercially grown hybrids and 
varieties from other countries to determine suitability for import, and identify
agronomicpracticesthat give the highestand most stableyields for the soils,
climates and hybrids and varieties found in Zambia. The emphasisof the 
program is to provide for two immediate needs, earliermaturinghybrids and 
varieties better edapted to Zambian conditions,and the staff, physical facilities 
and genetic resourcesto allow for continuousimprovement over a long period.
Since 1978, hybrid maize development has focused on the improvement of 
Zambia'sprincipalhybrid, SR52, as well as on the development of new, earlier 
maturingdrought-toleranthybrids. In 1983. SR52 was re-released under the new 
name of MM752. It has shown a yield increaseof 20% over the old SR52, and by
1986-87 should completely replace it. The development of new hybrids suitable 
for the country is now the major emphasis of the program. Excellent progress
has been made, with seven new hybrids releasedIn 1984. Inbred lines are being
tested accordingto five approaches.Preliminaryresults indicatethat these 
approachesare successful in maintainingor Improvingyield, even though
selection emphasis is largely on other traits,earliness, drought toleranceand 
streak resistance,all of which Lave been substantiallyimproved. It also appears
that the most promisinglines are coming from tl,e conversion of yellow lnbreds 
into white and from the extiaction ui inbreds from diversepopulations. 

Maize hybrids have been widely grown
in Zambia since independence in 1964. 
In the beginning, the major 
commercially produced hybrid was 
SR52, although SRI 1 and SR13 were 
also grown on limited areas for a short 
time. Zambia's maize breeding 
program also began with 
independence, with the main objective 
being that of maintaining and 
increasing the parent lines of SR52 in 
order to begin hybrid seed production, 
However, there were difficulties, 
because the male parent was a poor
producer of pollen. Therefore, a 
program of test crossing was begun in 
1966 to select an inbred line or variety 

with high yield and easy maintenance, 
which would readily cross with SR52. 
Over 500 different varieties and inbred 
lines, collected both within Zambia and 
from outside the country, were 
included in this crossing program. By
1968, this number was reduced to six, 
and in 1969 inbred line 63J 347 was 
selected as the male parent for a three
way cross, with SR52 as the female. 
The new hybrid was released in 1970 
as Zambian Hybrid I (ZHI). 

A long-term breeding program was 
initiated in 1965, following the 
Zambian maize breeder's attendance at 
the First, Second and Third East 
African Cereals Research Conferences. 
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The methods of recurrent selection Research Institute of Yugoslavia, the 
were described in detail at these three breeding situation changed in 1979. 
conferences and were adopted for The program became more 
Zambia's long-term maize breeding comprehensive, with an attempt to 
program. The aim of the program was improve the existing genotypes of 
to produce a variety that would be maize, particularly SR52, as well as to 
higher yielding than the currently develop new genotypes to meet the 
grown SR11, SR13 and SR52, and wide range of requirements of various 
suitable for the requirements of both types of farmers in areas with varying 
small farmers and the more productive environmental conditions. Financial 
commercial farming enterprises, support for this program was provided 

by GRZ (Government of the Republic 
Two maize populations were formed of Zambia), Yugoslavia, FAO, SIDA (the 
between 1966 and 1969. The first, Swedish International Development 
Zambian Composite A (ZCA), was Agency) and USAID. A large 
made up of Hickory King plus 17 introduction program has also been 
inbred lines from the Zambian hybrid carried out by the Yugoslavian Maize 
development program; the second, Research Institute throughi their farm 
Zambian Composite Z (ZCZ), came in Mazabuka. Zambia has benefited 
from material originating in Central greatly from this assistance. 
America, an area ecologically similar to 
Zambia. ZCA was released for Objectives 
commercial production in 1971. 
Following the initial release, recurrent Considering the importance of maize 
selection resulted in a yield increase of as the primary staple food crop in 
approximately 10% in two years. Two Zambia, the main objective of the 
more composites were formed between current maize research program is to 
1968 and 1970, Zambia Yellow contribute to increased and more 
Composite and Zambian Short-Season stable maize production in the country. 
Composite. More specifically, the objectives are: 

Unfortunately, during the period 1971 Collect. screen and develop source 
to 1978, most research emphasis was materials which possess useful 
on activities other than straightforward agronomic characteristics, including 
hybrid and variety development. This high yield potential, stability, 
included work on protein quality, tolerance to the principle diseases 
cytoplasmic male sterility, dwarf and insects, suitable ti-a~irities and 
brachytic genes and the testing of desirable plant and grain type: 
foreign hybrids and varieties. The 
development and improvement of new Develop a range of new genotypes of 
populations was not carried on in any maize capable of meeting the needs 
sizeable way. This lack of continuous of different types of farmers, of 
effort for the improvement of key improved composites for subsistence 
populations was one of the main farmers in remote areas, of top 
reasons that only one local single-cross crosses and double crosses for 
hybrid was in production in Zambia for subsistence and emergent farmers 
over 20 years, despite the big demand and of three-way crosses and single 
for a diversity of maize hybrids and crosses for emergent and 
varieties. commercial farmers: 

As a result of cooperation between Improve existing commercially 
Zambia's Ministry of Agriculture and grown hybrids and varieties by 
Water Development and the Maize modification of parents or selection 

within the variety: 
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Maintain (through cooperation with 
ZAMSEED) the purity of 
commercially grown genotypes of 
maize: 

" 	 Test commercially grown maize 
hybrids and varieties from other 
countries to compare newly 
developed genotypes with the best 
foreign hybrids of the same types to 
determine the suitability of such 
hybrids for import, if necessary, and 

" 	 Identify agronomic practices which 
give the highest and most stable 
yields for the soils, climates and 
hybrids (and varieties) found in 
Zambia. 

The emphasis of the program is to 
provide for two immediate needs, 
earlier maturing hybrids and varieties 
better adapted to Zambian conditions, 
and the staff, physical facilities and 
genetic resources to allow for 
continuous improvements over a long
period, 

Research Results 

Since 1978, hybrid maize development 
in Zambia has focused on the 
improvement of the main existing
hybrid, SR52. and on the development 
of new. earlier maturing, drought
tolerant hybrids. 

Replacement of 
Zambian SR52 by MM752 
The accomplishment of the greatest
immediate benefit to Zambia has been 
the yield improvement of the 
contaminated Zambian version of 
SR52. Both parents were highly 
contaminated, causing noticeable 
unevenness and morphological 
variation, as well as yield reduction,
when compared to the Zimbabwe 
version of SR52. In 1978-79, results of 
yield trials conducted at six locations 
to compare SR52 seed from different 
producers confirmed the high level of 
variability, even among single seed lots 
(Table 1). Obviously, in a single-cross
hybrid, there should be little variation 
among plants or seed lots. During the 

a mb 
Village mango trees and plantings of maize and pumpkin, Lnangwa Valley, Zambia 
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growing period, it was impossible to without a system of maintenance 
distinguish between plants of the involving hand-pollination, this 
correct type and off-type plants in contamination was not kept within 
either parent; at harvest, only 5% of acceptable limits. 
the cobs of SC5522 (male) and 23% of 
the cobs of N3233 (female) Considering the nature of the 
corresponded to the correct type. It is contamination, a simple eat -to-row 
not surprising that this degree of method of line purifiration was 
contamination caused the Zambian utilized. In 1978-79, about 2000 true-
SR52 to be about 15% lower in yield to-type ears were selected from basic 
than the Zimbabwe version. seed of each parent and were planted 

ear-to-row. At tasseling, .'ive plants of 
The contamination of the parents of each of 200 selected rows were hand-
SR52 occurred because of improper pollinated in each parent. During the 
maintenance of breeders' arid basic 1979 dry season, three rows each of 
(registered) seed. Specifically, basic 100 selected families were planted. The 
seed of both parents had recirculated best 20 families were then selected at 
for over 15 years, and there had been tasseling, giving a total of 60 rows. 
essentially no production of hand- Selected families were ranked from 
pollinated breeders' seed. Fortunately, 1 to 20 on the basis of plant 
basic seed of the females and males phenotype. Five plants were selfed 
were never produced on the same farm within a row, and 20 plants were 
and were properly isolated from other crosseu with the family in the other 
maize, so that the contamination parent which had the same rank. 
within the inbreds apparently came These crosses were planted in a yield 
from residual variation and mutation trial at two locations in the rainy 
rather than from outcrossng. However, season of 1979-80. At the same time, 

Table 1. Results of yield trials of tha hybrid maize variety SR52 at six locations, using seed 
produced by six different growers, Zambia, 1978-79 

Yield (t/ha) 
Grow'r Mt. Makulu Kabwe Msekerra Magoye Moch. Kaoma Mean 

Mortizan 9.29 3.81 7.58 5.35 5.24 2.84 5.69 
Xantuba 10.26 6.19 9.09 5.32 5.38 2.41 6.44 
Coventry 8.44 5.68 7.28 5.47 5.44 3.05 5.89 
Cublinkof 10.37 3.41 763 4.68 5.09 3.37 5.76 
van Devanter 10.54 6.83 9.88 5.96 5.38 2.89 E.91 
Nakumba 10.07 7.85 8.33 5.65 5.85 2.31 6.68 

Mean 10.14 6.01 8.51 5.40 5.46 2.91 6.41 

SR52 (Zimbaawe) 12.01 8.30 9.80 5.40 5.81 3.50 7.47 
(check) 

CV°/o 13.40 
SE/M 0.35 
LSD(0.05) 1.01 
LSD(O.01) 1.36 

http:LSD(O.01
http:LSD(0.05
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the five selfed ears of each of the 20 
families were planted for further 
selfing. Detailed records of phenotype 
were collected on all selected families. 
F 1 progenies of the 20 families were all 
roughly equal to each other and to the 
Zimbabwe SR52. Therefore, on the 
basis of phenotype, and to a lesser 
degree on yield, five of the female 
families and three of the male families 
appeared identical. These families were 
mixed together within each parent to 
serve as the source for further 
breeders' seed increases, 

In the dry season of 1980, 60 kg of 
seed each of both male and female 
parents were produced by hand-
pollination. Further testing of the new 
SR52 was conducted during 1980-81 
and 1981-82 at five locations, showing 
an increase of 20% over the old SR52: 
there was no statistically significant 
difference between i, and the 
Zimbabwe SR52 (Table 2). This new 
version was released in 1983 under the 
name Mount Makulu 752 (MM752). 
The number 7 stands for FAO group 
700, and the 52 was retained in the 

name to show its connection with 
SR52. Roughly 10,000 hectares were 
planted with MM752 duiing the 
1984-85 season, and more than 
100,000 hectares are expected for 
1985-86. By 198687. MM752 will have 
completely replaced SR52 in Zambia. 

MM752 is the only hybrid currently 
being produced Iii its maturity group. 
It gives excellent yield under good 
conditions, and is suitable for any 
farmer (small or commercial) who can 
plant at the beginning of the rains, in 
an area of adequate moisture with at 
least 150 growing days, and with a 
reasonable amount of fertilizer. It 
generally needs at least 200 kg/ha 
basal compound D or X, 10-20-10 and 
20-10-5 N, and K20,P2 0 5 
respectively), plus 200 kg/ha 
topdressing (ammonium nitrate at 34% 
N or urea at 46% N). 

Development of new hybrids 
Development of new maize hybrids 
suitable for the country is now the 
major emphasis of the research 
program, and it is recognized that 

Table 2. Comparisons of yields of the hybrid maize varieties MM752 and SR52 (Zambia), 
1980-81 and 1981-82 

Yield (t/ha)a-1 

Variety Mt. Makulu Mazabuka Magoye Msekera Kabwe Mean 

MM752 5.59 4.50 5.83 10.64 10.38 7.39 
SR52(Zainbia) 4.57 3.94 4.61 9.51 8.01 6.13 
SR52(Zimbabvve) 5.43 4.72 6.61 0.29 10.61 7.75 

Mean 5.20 4.39 5.68 6.81 9.56 7.09 

0/o increase 

of MM762 over 
SR52(Zamhia) 22 14 26 12 29 20 

SE/M 0.20 
LSD(0.05) 0.64 
LSD(0.01) 0.90 
LSD(0.001) 1.31 

a/Average of the two years 



191 

several types of hybrids are necessary crosses and highly productive single 
for different agroecological areas and crosses are needed with a range of 90 
different levels of management. Three to 180 days to physiological maturity. 
major areas are defined on the basis of 
total rainfall, length 'if growing season The development of new maize hybrids 
and mean temperature. Zone I is the began in 1978-79, with the main 
northern, high-rainfall area. Zone II. emphasis on earlier maturity, drought 
the intermediate-rainfall area in the tolerance and disease resistance. 
central part of the country, and Zone Excellent progress has been made. 
III, the hot, dry valleys of the Zambezi with several new hybrids identified 
and Luangwa rivers. Hybrid types, that have excelled in three years of 
topcrosses, double crosses, three-way testing. These hybrids are crosses of 

Table 3. Yield of the National Maize Variety Trial in 12 environments representing the three 
agroclimatic zones of Zambia, 1984 

Zone I Zone II Zone III Mean 
(6 envi- (5 envi- (1envi- (12 envi

ronments)- ronmens) ronment) ronments) 

Entry 
Yield 
(tha) 

°/o of 
MM752 

Yield 
(tha) 

0/o of 
MM752 

Yield 
(t/ha) 

/o of 
MM752 

Yield °/o of 
(t/ha) MM752 

MM601 6.07 107 9.79 112 6.84 120 7.68 110 
MM752 5.69 100 8.73 100 5.72 100 6.96 100 
MME602 5.70 100 8.75 100 4.99 87 6.91 99 
MM502 6.09 107 8.52 98 3.76 66 6.91 99 
MM501 5.71 100 8.44 97 6.02 105 6.88 99 
MM603 5.90 104 8.13 93 5.78 101 6.82 98 
R215 5.04 89 8.92 102 4.47 78 6.61 95 
RS52(Zambia) 
PNR473 

5.07 
4.98 

89 
88 

8.28 
8.45 

95 
97 

5.64 
4.40 

99 
77 

6.46 
6.38 

93 
92 

CS4141 4.89 86 8.15 93 6.00 105 6.34 91 
SR52(Zimbabwe) 
MME503 

4.97 
4.89 

87 
86 

7.98 
8.31 

91 
95 

5.69 
4.48 

99 
78 

6.28 
6.28 

90 
90 

ZH1 4.63 81 7.40 85 4.00 70 5.73 82 
ZUCA 4.95 87 6.13 70 5.73 100 5.51 79 
EV8076 4.72 83 6.49 74 4.15 73 5.41 78 
Pop. 10 
Across 7844 

4.23 
3.84 

74 
67 

6.69 
6.79 

77 
78 

4.73 
4.68 

83 
82 

5.30 
5.14 

76 
74 

Across 7843 3.75 66 5.95 68 5.16 90 4.78 69 

Mean 5.06 89 7.88 90 5.12 90 6.24 90 

SE/M 
CV°/o 
LSD(0.05) 
LSD(0.01) 

0.35 
11.69 
0.98 
1.31 

0.35 
7.50 
0.99 
1.31 

0.59 
14.99 

1.66 
-

LSD(0.001) 1.69 1.70 
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elite inbreds which were obtained from 
the Maize Research Institute of 
Yugoslavia during advanced stages of 
inbreeding and then selected for 
adaptation to Zambia. Seven hybrids 
developed from these inbreds and the 
parents of MM752 were released during 
1984 (MM501, MM502, MM504, 
MM601, MM603, MM604 and MM606). 

Yields of the new hybrids are listed in 
Tables 3 and 4: descriptions of other 
charcteristics appear in Table 5. The 
yield of MM601 was exceptionally good
in all three zones: the yields of all of 
the others were competitive with 
MM752 and the popular Zimhabwe 
hybrid, R215. All of them mature 5 to 
25 days earlier than SR52 arid are 
more drought tolerant, both because of 
the early maturity and because of 
better synchronization between pollen 
shed and silking. These now hybrids 

are also more streak resistant than 
SR52, MM752 and R215. They should 
be of great benefit to both large- and 
small-scale farmers who are currently 
growing SR52 but cannot plant on 
time, or who are farming in areas of 
low rainfall. Certified seed of most of 
the newly developed hybrids will be 
available for farmers during the 
1985-86 season. 

Excellent single, double and three-way 
crosses have now been developed, but 
some very promising top-cross hybrids 
are also being tested. In 1983-84, two 
first-year trials were conducted at two 
locations to test combining ability of 
some selected half-s' families of 
composites undergoing recurrent 
selection. Fifteen families, representing
eight populations, were crossed with 
two inbred testers (ZPL9 and ZPL12), 
and the resulting 30 top crosses were 

Table 4. Yields of the advanced maize hybrid trials, Zambia, 1981 to 19842-/ 

1981-82 1982-83 1983-84 Mean 
Entry Yield 

(t/ha) 
0/o of 
SR52 

Yield 
(t/ha) 

0/o of 
SR52 

Yield 
(t/ha) 

0/o of 
SR52 

Yield 
(i/ha) 

0/o of 
SR52 

(Zim) (Zim) (Zim) (Zim) 

MM601 
MM604 

8.13 
7.69 

94 
88 

6.74 
6.70 

129 
128 

7.50 
7.10 

160 
151 

7.46 
7.16 

120 
115 

MM603 7.31 84 6.24 11 6.82 145 6.79 109 
R215 
MM504 
MM606 
MM501 
PN R473 
SR52(Zimbabwe) 
SR52(Zambia) 

6.95 
6.30 
6.90 
5.71 
6.90 
8.69 
6.94 

80 
72 
79 
66 
79 

100 
80 

6.70 
6.50 
6.00 
7.30 
6.50 
5.23 
4.45 

128 
124 
115 
140 
124 
100 
85 

6.43 
6.50 
6.20 
6.10 
5.62 
4.70 
4.47 

137 
138 
132 
130 
120 
100 
95 

6.69 
6.43 
6.37 
6.37 
6.34 
6.21 
5.29 

108 
104 
103 
103 
102 
100 
85 

Mean 7.15 82 6.24 119 6.14 1.31 6.51 105 

SE/M 0.43 0.38 0.45 0.41 
LSD(0.05) 
LSD(0.01) 
LSD(0.001) 

0.95 
1.40 
1.78 

0.26 
1.25 
1.63 

0.82 
1.23 
1.69 

0.85 
1.31 
1.70 

a/Average of two environments 
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compared with four standard check This breeding material represents 
hybrids (R215, PNR473, MM502 and collections from over 14 maize-growing 
MM752) and four open-pollinated countries, Zambian local collcctions 
varieties (Pirsabak (2) 7930, Across and composites, and CIMMYT and IITA 
7844, ZUCA, and EV8076) (Tabie 6). varieties. The numbers of lines 
All selected families showed good screened each year in the rainy and 
combining ability with both testers. dry seasons are shown in Table 7. 

The top crosses were markedly Five different approaches to inbred-line 
superior in yield to the varieties, with development have been used in 
several top crosses having equal or Zambia: 
better yield than the best hybrid 
checks (e.g., Across 7644-117 x L9, * Conversion of yellow Inbreds to 
Across 7644-117 x L12, Pit7832-241 white; 
and PR7832-256 x L12). The level of * Improvement of established inbreds; 
heterozygosity of the top crosses is * Selfing of genetically diverse 
much higher than that of the inbred- breeding populations: 
line hybrids, but yields are similar. * Recombination of related inbreds, 
The stability and adaptability of top and 
crosses make them very suitable for * Introduction of foreign elite inbreds. 
the small-scale sector, and considering 
the yields of those tested in this trial, it During 1983-84, there was preliminary 
is clear that an effort should be made testing of 105 new inbred lines 
to release some top-cross hybrids as representing these different 
soon as possible. approaches. The number of tested lines 

and the average yield within each 
Development of inbre4 lines category are shown in Table 8. Some 
The main source of inbred lines in the new hybrid combinations showed 
program has been breeding material significantly higher yield than the 
from the Yugoslavian Maize Research check hybrids, with the remainder 
Institute which is being tested on the yielding about the same as the checks. 
research farm in Mazabuka, Zambia. 

Table 5. Plant characteristics of newly developed maize hybrids, Zambia, 1984 

Ear Plant Daysto Resistance score 
Hybrid Grain ht. ht. 500/o Maturi- StreakS / Cob Drought 

Hybrid type-./ type- / (cm) (cm) silk ty rot- / 

MM501 SC SD 84 180 65 125 2.1 3.7 Exc. 
MM502 SC SD 84 200 69 135 1.5 4.1 Exc. 
MM504 TC SD 86 200 66 130 2.2 4.4 Good 
MM601 SC SD 110 210 69 135 2.4 4.6 Good 
MM603 TC SD 100 200 69 140 2.5 4.7 Good 
MWM604 TC SD 100 210 70 145 2.7 4.7 Good 
MM606 DC SD 100 200 68 '140 2.9 4.7 Good 
MM752 SC D 120 210 76 150 3.1 5.0 Poor 

SC single cross, DC = double cross, TC three-way cross
 
SD = semident, D 
= dent 

- cScoring scale 1 to 5 (1 =resistant, 5 = susceptible) 
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Table 6. Yields of hclf-sib selected families 
crossed with two inbred testers at tvo 
iocations, Zambia, 1983-84 

-

Yield (tho) 

ZPL9 ZPL12 


Family (tester) (tester) Mean 


Tlaltizapan 7644-1B 4.93 8.10 6.52 
Tlaltizapan 7644-19 4.52 8.66 5.59 
"ialtizapan 7644-67 3.40 6.16 4.78 
Across 7644-117 6.61 8.66 7.65 
Across 7644-128 5.51 8.21 6.86 
Poza Rica 7832-241 4.22 9.23 6.72 
Poza Rica 7832-256 5.14 9.63 7.38 
Alajuela 7725-168 5.1' 9.44 7.03 
Alajuela 7725-189 3.17 8.66 5.91 
ZUCA 232 3.70 8.28 5.99ZCA 269 4.24 8.15 6.20La Cal. 7728-83 4.73 7.48 6.11La Cal. 7726-83 4.65 7.63 6.14La Cal. 7726 -8 0, 4.65 7.6 3 6 .14 
Tocumen 7728-136 4.13 6.03 5.08 
Tocumen 7728-140 4.69 5.07 4.88 
Average 4.59 7.96 6.26 

Open-pollinated checks 
P(2)7930 1.98 4.45 3.22 
Across 7844 1.56 4.52 3.04 
ZUCA 2.97 6.78 4.88 
EV8076 4.28 6.95 5.62 
Average 2.70 5.68 4.19 

Hybrid checks 
R215 6.11 8.76 7.43 
PNR473 4.55 6.68 5.61 
MM502 4.69 8.97 6.83 

SR62 2.37 6.57 4.47 

Average 4.43 7.75 6.09 


Grand Mean 4.23 7.52 5.87 
CV°/o 30 25 
LSD(0.05) 2.16 3.07 
LSD(0.01) 2.89 --

These tests were preliminary :4rsd were 
not adequate to identify any specific 
hybrid as superior to the checks. They 
did, however, indicate that the 
nicthods of Inbred development being 
used were successful in maintaining or 
improving yield, even though most of 
the selection emphasis was on early
maturity, drought tolerance and streak 
resistance. The improvements in these 
latter three characters have been 
substantial, indicating that the 
program should be continued with the 
approaches currently being used. It is 
apparent that the combining ability of 
L12 is generally higher than that of 
L9, and there are indications that the 
most promising lines are coming fromthe conversion of yellow inbreds into 

white and the extraction of inbredsf r m d v se p ul t o . F r h r 
from diverse populations. Further 
information on the effectiveness of the 
different approaches will be available 
during 1984-85, as a result of tests on 
the combining ability of 575 inbreds 
representing 115 lines from each of the 
five groups. 

Conclusions 

If the maize breeding program in 
Zambia continues with the same 
intensity. it should 3oon be possible to 
develop hybrids for each agroecological 
zone and each level of management.
They should be much superior to the 
currently grown SR52, or even the 
recently released new hybrids.Although much progress has been 
made, the maize program is only at the 
beginning of the ultimate achievements 
that can be realized in Zambia. The 

development and improvement of 
maize hybrids have resulted In major 
yield gains in the United States, 
Europe and some African countries, 
and better-adapted hybrids should also 
revolutionize maize production in 
Zambia. 

http:LSD(0.01
http:LSD(0.05
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Table 7. Inbred line development, Zambia, 1978-712 to 1984-85 

Season 

No. planted lines 
SO to S6 

Rainy Dry 
season sealon 

No. selected lines 
Rainy Dry 
season season 

No. 
Tested 
lines 

1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 

5578 
3580 
5450 
2467 
9839 
11431 
17600 

2950 
5020 
5540 
6350 
6100 
8630 

--

959 
640 
380 
608 
1872 
2481 

--. 

856 
580 
680 
1080 
1870 
2180 

--

-
109 
38 
58 
60 
105 
575 

Table 8. Number of tested lines and yields of five different sources 
of inbred line development, Zambia 

Source 

ZPL12 
No. Tested Yield 

lines (tlha) 

ZPL9 
No. tested 

lines 
Yield 
(t/ha) 

Conversion of yellow 
ijto white inbreds 

Improvement of 
established inbreds 

Genetically diverse 
populations 

Recombination of 
related inbreds 

Introduction of 
foreign iribreds 

9 

9 

6 

29 

21 

9.83 

7.37 

9.86 

7.62 

8.30 

--

10 

--

18 

3 

-

8.33 

-

5.87 

6.73 

Checks 
MM502 
R215 
PN R473 
SR52 

8.71 
8.05 
6.76 
6.40 

CVO/o 
LSD(0.05) 
LSD(0.01) 
LSD(0.001) 

12 
1.54 
2.06 
2.69 

11 
1.48 
1.97 
2.58 
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Discussion 

Dr. Nissly: In developing hybrids for 
large-scale farmers and for small-scale 
farmers, do you consider different 
criteria? 

Dr. Ristanovic: The types of varieties 
recommended for different types of 
farmers depend on the level of 
heterogeneity in the hybrid. For 
example, three-way and varietal-cross 
hybrids, rather than single crosses, 
would be recommended for use by the 

subsistence farmers whose level of 
husbandry is low. 

Dr. Sprague: Pirsabak (2) 7930, which 
you mentioned, was developed as a
result of selections made in Pakistan. 
and it was supplied to Zambia by 
CIMMYT. This is a good example of 
cooperation between programs in the 
exchange of materials. 
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Progress in Breeding for Resistance 
to the Maize Streak Virus Disease 
M. BJarnason, CIMMYT/ITA, !badan, Nigeria 

Abstract 

Reliable techniques for the mass rearingof the vector (Cicadulina spp.) of maize 
streak virus were developed at IITA. Streak resistantsources were Identifled and 
others introduced, and large-scalefield screeningmade poss!ble the development 
of populations,varieties and inbred lines with high levels of streak resistance. 
Both recurrentselection and conversion by backcrossingwere used. National 
programsareparticipatingIn the selection of superiorgenotypes for theirown 
use. Streak-resistantvarieties are beingmiltipliedand have been released to 
farmers In several African countries. 

Maize streak virus disease (MSV) is 
considered one of the most important 
maize diseases in sub-Saharan Africa. 
It occurs both in the forest and in 
savanna zones, and from sea level up 
to 1800 meters in elevation. The 
magnitude of yield loss due to MSV 
varies from season to season, 
depending on the percent of infected 
plants and the growth stage at time of 
infection. Severe outbreaks often occur 
in combination with late planting and 
in second-season maize. In 1983, 
epidemics of maize streak virus were 
reported from the savanna zone of 
several countries in West Africa and 
caused substantial yield losses, which 
were further aggravated by erratic 
rainfall distribution. In 1984, also, high 
incidence of streak was reported from 
the savanna zones of West Africa. 

Yield losses of up to 100% have been 
measured in experiments at the 
International Institute of Tropical 
Agriculture (IITA) in Nigeria, under 
artificial streak epiphytotics. Reliable 
methods for mass rearing of the vector 
(Cicadulinaspp.) and for screening 
large numbers of genotypes have been 
developed (1,2 3,7). Although yield 
losses due to MSV can be controlled to 
some extent by agronomic practices, 
such as timely planting and seed 
treatment with systemic insecticides, a 
much more reliable strategy would be 
the introduction of MSV-tolerant, high

yielding, well-adapted varieties. Streak 
resistance is an important component 
of yield stability of maize varieties in 
streak-prone areas. It also has an 
impact on such crop demands as 
fertilization and weed control; f ,rners 
are less reluctant to invest in these 
inputs if they know that their crop will 
not succumb to diseases. 

In this presentation, reliable methods 
of screening for streak resistance will 
be described briefly, and an overview 
given of the progress in streak
resistance breeding. 

Development of 
Screening Techniques 

Erratic natural occurrence of MSV 
makes it very difficult to make genetic 
gains by routine field selection. 
Artificial rearing methods were 
therefore developed at IITA, starting 
with the mass rearing of Clcadullna 
triangulaleafhoppers. The leafhoppers 
were initially reared in cages on young 
plants, fed on plants infected with MSV 
and then released from the cages into 
large greenhouses. These methods 
were improved and techniques 
developed to uniformly infest large 
populations of maize plants in breeding 
nurseries in the field (6,7). The process 
for mass rearing cicadulina leafhoppers 
is shown in Figure 1. 
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It is now possible to r,-Iease about 
200,000 leafhoppers per week in the 
field, enough to infest about 50.000 
plants with viruliferous insects. The 
screening technique has been 
described in detail by Dabrowski (3).
The infestation is very uniform, whic, 
minimizes the chances of "escapes" in 
the field. Susceptible check rows are 
planted at regular intervals in order to 
monitor the uniformity of the 
infestation, 

Nyvr-haI 

After aporiod of 7 day5, tha expowd 

plants vith eggs aa tri3fefrad to
 
nyinphal rfttring cogez
 

Identification of 
Sources of Streak Resistance 

In 1975, streak resistance was found in 
the maize population TZ-Y, which was 
partly based on yellow segregants from 
Tuxpefto Planta Baja. A number of 
lines were developed through 
continuous selfing under artificial 
streak infection. One of these lines, 
IB32, has subsequently been used 
extensively at IITA as a donor for 
streak resistance. 

...cages 

After 3 wolts, odults are 
transfeare-J to adu:1 raring andvirus ucquititk~n fcoding cages 

Egklyintot&. o.adults go bc%to' 
el -lay,In tabler 75% adults 

udfor fi 

Field infCstalOinat8-t danfter p IdnNeing 

Figure 1. Diagram for mass rearing Cicaduijina triangula, IITA, Ibadan, Nigeria 
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In 1976, streak resistance was also Plants of category 0 were eliminated,
 
verified In the variety La Revolution as that category could include escapes.
 
from Reunion Island and In Tuxpehio x
 
Ilonga composite from Tanzania. In Development of Streak-Resistant
 
1977, both white and yellow-grain Populations and Varieties
 
populations were established, based on
 
TZ-Y. they were called TZSR(W) and The rather simply inherited resistance
 
TZSR(Y), respectively. These and the screening techniques, which
 
populations had good streak resistance, provide uniform streak challenge, have
 
but a rather narrow genetic base and made it possible to make rapid
 
certain limitations, one of which was progress in the development of streak
poor standability. resistant materials. Table I lists the
 

populations which are currently being 
In 1982, streak resistance was verified improved for streak resistance and 
in uniform streak nurseries at IITA in igronomic characters through 
the populations tropical late white dent recurrent full-sib selection in 
(Pop. 10), tropical intermediate white cooperation with national programs. 
flint (Pop. 11) and tropical yellow flint
dent (Pop. 12). The populations were TZ8SR-W-1 and TZSR-Y-1 
developed in a cooperative effort Because of the agronomic limitations 
between the national programs of and the narrow genetic base of 
Tanzania and Zaire and CIMMYT. TZSR(W) and TZSR(Y), other materials 

were introgressed into these 
A study of the inheritance of streak populations. TZSR(W) was crossed 
resistance in 11332, using generation with TZB and TZPB from IITA and 
mean analysis (5), has suggested that with 1974 experimental varieties 
only about three major genes are originating from Populations 21 and 22 
Involved in controlling streak from CIMMYT. TZSR(Y) was crossed 
resistance; modifier genes also play a with Poza Rica 7428 (CIMMYT), the 
role in disease expression. The streak Nigerian variety 096EP6 and IB32 x 
resistance in La Revolution is La Revolution (a cross between two 
rnonogenic. Field observations indicate sources of streak resistance). 
that streak resistance developed at 
IrI'A also holds up in East Africa. Half-sib families were formed under 

streak pressure in both populations 
In the evaluation of breeding materials, during the dry season of 1979-80. In 
efforts were made to select plants with the following season, the half-sib 
a high level of tolerance to MISV. The families were tested at five localions in 
fo!lowing scale of 0 to 5 was used for Nigeria and one location in Upper Volta 
evaluating tolerance: (Burkina Faso). The best 50 families of 

each population were recombined to 
0 = no symptoms form TZSR-W-1 and TZSR-Y-1. Full-sib 
I = -'e-y few streaks on leaves recurrent selection was initiated in 
2 = light streaking on older leaves, 1981, with the cooperation of African 

gradually decreasing on young national programs. 
leaves 

3 = moderate streaking on old and La Posta 
young leaves, slight stunting La Posta (Pop. 43) is a late white dent 

4 = severe streaking on 60% of leaf of Tuxpefto background. The 
area, plants stunted population has shown good 

5 = 	severe streaking on 75% of leaf performance In the lowland tropics of 
area, plants severely stunted or Latin America, West Africa and parts 
dead of East Africa. Various selections from 
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this population have been released to 
farmers and are widely distributed in 
several African countries, e.g., Ghana, 
Benin, Togo and Swaziland. 

La Posta is in high demand by national 
programs on the African continent, 
Therefore, it was decided in 1980 to 
transfer the center of population 
improvement for La Posta from Mexico 
to IITA. Nigeria, with major emphasis 
on streak resistance. However, 
recurrent selection for yield and other 
agronomic characters was carried out 
at the same time, In order to continue 
to develop new superior varieties and 
Improve the population, 

Early-maturing lowland populations
(TZESR-W, TZESR-Y and Pool 16)
For adaptability to areas with short 
rainfall duration in many par-ts of 
Africa, early-maturing populations 
have been developed. Since streak 
incidence in the second season in the 
bimodal rainfall distribution areas in 
West Africa is usually higher than in 
the first rainy season, such varieties 
must possess streak resistance. 

Two early maturing, streak-resistant 
populations, TZESR-W and TZESR-Y, 
were initiated in 1977 by crossing 
early maturing materials, mainly
originating from Upper Volta, with 
TZSR(W) and TZSR(Y). These crosses 
were advanced to S3 under streak in 
subsequent seasons. Selected S3 lines 

were then recombined to form the two 
early maturing populations, which 
were tested for yield on a family basis 
in Nigeria in 1981. In 1982, recurrent 
full-sib selection for yield and other 
agronomic characters was started in 
cooperation with national programs; 
the level of streak resistance of the 
selected families was monitored at 
IITA. TZESR-Y is currently being
handled in the Semi-Arid Food Grains 
Development Project (SAFGRAD) in 
Burkina Faso. 

Through the regional testing activities 
of the SAFGRAD project, Pool 16,
developed at CIMMYT, was identified 
as promising and early maturing under 
semiarid conditions. Population 
improvement was initiated by the 
SAFGRAD project, but in order to 
incorporate streak resistance into this 
material, the center of improvement 
was transferred to IITA. Pool 16 is an 
early maturing white dent, while 
TZESR-W has white flint grain. Pool 16 
was crossed to TZSR-W-1, and the 
resulting population has been 
backcrossed four times to Pool 16. 
Priority is being given to recovering
the genes for the typical plant type and 
earliness, as well as for improving the 
streak-resistance level. 

Mildaltitude population (TZMSR)
TZMSR combines a high level of 
resistance to maize streak virus with 
resistance to P. sorghl (rust) and 

Table 1. Streak-resistant populations under selection, I ITA, Nigeria, 1985 

Population Description 

TZSR-W-1 Late white flint 
TZSR-Y-1 
La Posta (Pop. 43) 

Late yellow flint 
Late white dent 

TZMSR-W Late white flint-dent 
TZUT-W Intermediate white flint-dent 
TZUT-Y 
TZESR-W 
TZESR-Y 
Pool 16 

Intermediate yellow flint-dent 
Early white flint 
Early yellow flint-dent 
Early white dent 

Adaptation 

Lowland forest and savanna 
Lowland forest and savanna 
Lowland tropics 
Midaltitude 
Savanna 
Savanna 
Lowland forest and savanna 
Lowland forest and savanna 
Lowland forest and savanna 
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H. turcicum (blight), major diseases in 	 Intermediate-maturing lowland 
the African midaltitude ecology. It is populations (TZUT-W, TZUT-Y)
derived from crosses of well-adapted These populations were developed with 
maize varieties and hybrids from the objective of combining the efficient 
eastern, southern and central Africa 	 plant type of US Corn Belt varieties 
that have streak-resistance sources. with tropical materials. They have 
It is late maturing and has the white performed well in the savanna zones of 
grain preferred by consumers in many West Africa and have a good level of 
countries of Africa. A combined half-sib streak resistance. 
and Si selection breeding procedure 
was followed for a number of In addition to the work on these 
generations, screening the materials for populations, improvement of materials 
streak resistance under artificial with combined resistance to maize 
infestation at Ibadan and for highland streak virus and downy mildew is also 
blight and rust in Jos (1300 meters being pursued. 
altitude). 

Breeding for Streak Resistance 
By 1982, when a good level of through Backcrossing 
resistance to streak and highland 
bilght and rust had been achieved, full- A different approach in breeding for 
sib progenies from the population were streak resistance is the conversion of 
subjected to international testing in elite varieties by backcrossing. The 
Cameroon, Nigeria, Zambia and prerequisites of a successful backcross 
Zimbabwe. Experimental varieties program are fulfilled in the case of 
synthesized from the best families in resistance to maize streak virus. Well
these trials arc currently being adapted varieties of decided superiority 
evaluated in African countries that in the majority of their characters are 
have midaltitude ecologies. 	 available, as are heritable sources of 

resistance. Also, suitable screening 
techniques exist for identifying plants 
carrying resistance. 

Table 2. Source populations of experimental varieties used for conversion to 
streak-resistance, IITA, Nigeria, 1985 

Pop. Backcross 
Source population no. Description generation 

Tuxpeho-1 
Mezcla Tropical Blanca 
Amarillo Dentado 
Tuxpeiio Caribe 
Blanco Cristalino-2 

21 
22 
28 
29 
30 

Late white dent 
Late white semident 
Late yellow dent 
Late white dent 
Early white flint 

BC2 
BC4 
BC4 
BC4 
BC4 

Amarillo Cristalino-2 
Antigua x Republica Dominicana 

31 
35 

Early yellow flint 
Intermediate yellow dent 

BC4 
BC4 

La Posta 
American Early Dent x TuxpeFho 
Blanco Dentado-2 

43 
44 
49 

Late white dent 
Late white dent 
Intermediate white dent 

BC4 
BC4 
BC2 

White Flint QPM 62 White quality protein maize BC3 
Yellow Dent QPM 66 Yellow dent quality protein rnaiz BC2 



202 

National programs in Africa have Figure 2 illustrates the breeding

identified varieties with good 
 approach used, a backcrossing scheme 
performance in the CIMMYT- that takes advantage of the on-going

coordinated International testing 
 efforts in population improvement of 
program. These varieties are being the source populations. The most
used in various ways in national recent experimental variety with 
breeding programs, and some have proven performance from each 
been released to farmers. Therefore, a population is used as a recurrent 
conversion program was initiated for parent in each backcross generation.

quick delivery of elite germplasm with Approximately 4,000 plants are
 
streak resistance. Table 2 describes the 
 screened for streak resistance, and the 
source populations from which these progenies from about 100 selected 
varieties were extracted. Experimental plants are planted ear-to-row the 
varieties from populations with following season. Precaution is taken to 
different plant types, maturities and sample enough plants of the recurrent 
grain types were used that would be parent to adequately recover the gene
suitable for the various farming frequencies characteristic of the variety
situations on the continent, under improvement. Various 

modifications of this scheme are used. 

7Year 1 [ x. ariety] Bulk Streak-resistant(A season) from Pop. X (C1 " pollinate donor 

Year 1 F families
(B season) streak screening
 

Year 2 F2 families - Bulk Exp. variety

(A season) streak screening pollinate from Pop. X (C1 )
 

Year 2 BC1 (F1 ) families
(Bseason) streak screening
 

Year3 BC1 (F2 ) families Bulk Exp.variety

(A season) streak screening ollinate from Pop. X (C2)
 

Year 3 BC2 (F1 ) families
(Bseason) streak screening
 

Year 4 BC2 (F )families- Bulk xp.variety
(A season) streak ireening pollinate from Pop. X (C 

Repeat 

Streak-resistant experimental

variety from Population X
 

Figure 2. Scheme used for converting experimental varieties from Advanced Unit populations 
undergoing improvement for streak resistance, IITA, Nigeria 
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For instance, the F1 generation is not counterparts; they werc also superior 
always advanced to F2 belore making in other agronomic characters under 
the next backc,'oss. this very heavy streak Infection. Table 

4 demonstrates that yield pokuntial was 
Table 3 presents a ccinpa,'rison of not sacrificed. When the streak
strea k-resistant conveisions and the resistant varieties were compared with 
recurrent parents under artificial their normal counterparts without 
.treak infection at IITA. The streak streak, the yield levels were very 
conversions were five to eight times similar. 
higher yielding than their unconvertcd 

I'able 3. Compari )n between straak-rasistant conveisions and their non-streak-resistant 
counterparts in EVT-LSR(W) and (Y) under streak, IITA, Nigeria, 1983 

Grain Days Plant Ear Streak 
yield to lit. ht. scorT 

Trial Variety (kgiha) silk (ern) (cm) --

EVT-LSR(W) Poza Rica 7822 90i 63 13" 74 5.0 
Poza Rica 7822-SR BC2 7040 56 215 113 2.3 

EVT-LSR(W) Across 7729 10137 62 140 72 5.0 
Across 7729-SR 5C2 7050 54 212 107 2.3 

EVT-LSR(W) Poza Rica 7843 1502 60 165 80 5.0 
EVT-LSR(W) Poza Rica 78'13-SR BC2 7400 55 242 128 2.5 
EVT-LSR(Y) Across 7728 857 61 113 76 4.8 

Across 7728-SR BC2 6743 55 234 133 2.3 
EVT-LSR(Y) Tocumen (1) 7835 1435 58 120 54 3.5 
EVT-LSR(Y) Tocumen (1) 7835-SR BC2 5118 50 206 103 1.3 

a_/Scoring scale 1 to 5 (1 =- resistant, 5 = susceptible) 

Table 4. Comparisons of streak-resistant conversions and normal counterparts of five 
varieties, tested under negligible streak at Ikenne, Ilorin and Samaru, Nigeria, 1983 

Grain Yield Days Plant Ea 
yield inde to lt. - ht.-

Variety (kg/ha) a/ silk (cm) (cm) 

Poza Rica 7822 6572 100 56 229 116 
Poza Rica 7822-SR BC2 6601 100 56 226 119 
Across 7729 5811 100 1 218 166 
Across 7729-SR BC2 6495 112 -5 220 110 
Poza Rica 7843 6964 100 58 238 134 
Poza Rica 7843-SR BC2 6638 95 56 243 129 
Across 7728 5743 100 57 219 114 
Across 7728-SR BC2 6391 111 57 231 129 
Tocumen (1) 7835 5086 100 51 206 100 
Tocumen (1) 7835-SR BC2 5497 108 51 197 96 

a/ 1= non-streak-resistant variety 
.b/Data from Samaru and Gusau only 
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Breeding for Streak 
RXiestauce in Hybrids 

In addition to these efforts in the 

development and improvement of 
populations and open-pollinated 
varieties, ITTA has embarked on a 
substantial hybrid project. Streak-
resistant inbred Jines and hybrids have
been developed by using the 
populations mentioned above as 
sources for streak resistance. The 
inbred lines are available to national 
programs upon request. 

Cooperation with 
Natior-il Programs 

In order to give national programs the
opportunity to evaluate the streak-
resisant materials, trials are organized 
aid dih;p tched from IITA to African 
co'perator, . These trials Include 
popuiation,,,. and varietics derived from
the streak-resistant populations and 
the streak cenvcrsions developed by
backerossing. The researchers in 
rational progrns request seed of the 
best-performing ,'arieties and make 
fu ther selection nder local 
coijlitions; thcs,: virieties are then_1982 

either used directly or integrated in 
various ways into the national 
breeding programs. 

Population improvement of streak. 
resistant populations includes thefollowing steps: 

* International testing of 250 families; 
* Selection within families at IITA; 
* Recombination of best families, and 
* Formation of new families. 

As an example, Table 5 summarizes 
the results from the progeny testing of 
La Posta in 1982. The 250 full-sibs 
were arranged in a 16 x 16 simple 
lattice and tested along with six localchecks in six different countries. The 

ten best families were selected at each 
location and across locations for the
formation of experimental varieties. 

Table 6 shows the percentage of 
selected families of La Posta with 
plants having streak resistance after 

Table 6. Improvement of streak resistance 
within La Posta, IITA, Nigeria, 1980 to 1984 

Families with 
Year resistant plants (0/o) 

1980 4.626.9 
1984 100.0 

Table 5. Grain yield of IPTT 43 (La Posta), 1982 

.oqer:y 

tesfin'2 

Honduras 
(Ca ta-

macas) 

Ivory 
Coast 

(Ferke) 

Nicaragua 
(Santa 

Rosa) 

Yield (t/ha) 

Nigeria Thailand 

(kenne) (Suwan) 

Mean 
Zimbabwe (6 loca
(Gwebe) tions) 

SelI ct¢.d 
faromilies 7.87 9.64 6.25 7.08 8.56 9.15 7.45 

?opulation 
rnein 6.63 7.83 4.89 5.12 6.62 6.67 6.29 

Best check 5.51 9.31 5.40 5.44 7.25 12.35 7.54 

CV 13.70 11.70 17.30 16.60 11.80 '13.10 -
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three cycles of selection. The families population will be uniformly streak 
were selected for yield and other resistant by 1986, and that all future 
agronomic characters; efforts were varieties derived from this population 
made to include families that had will be streak resistant. 
plants with streak resistance, if their 
yield was average or above. In 1984, Table 7 presents results from the 
the 250 families from the latest cycle testing of early maturing streak
of selection were distributed to six resistant varieties in 1954. The streak
different countries. Some plants with resistant varieties were earlier and 
streak resistance were found in all higher yielding than the mean of the 
families that were screened at IITA. best check across 17 African locations. 
The best plants within each family Table 8 summarizes the results of the 
were selfed. The Si lines will be first late, white, streak-resistance 
screened and advanced to S2 before variety trial, which was conducted in 
they are recombined for the next cycle 1984. 
of selection. It is expected that the 

Table 7. Results of testing early streak-resistant varieties in Elite Variety Trials in 17 
locations in Africa, 1984 

Grain Days Grain Plant 
Grain yield to moisture ht. 

Variety type (kg/ha) silk (0/0) (cm) 

EV 8335-SR YD 4570 54 21 183 
M.Galke-82 TZESR.W WF 4220 53 20 190 
lkenne-82 TZESR-W WF 4140 53 20 187 
Gusau-82 TZESR-W WF 3950 53 20 189 
EV 8331-SR YF 3830 50 19 167 
Pool 16 nusau-81 (RE) WD 3810 50 20 163 
EV 8330-SR WF 3720 51 20 168 

Best check - 3660 55 20 197 

Table 8. Results of testing late white streak-resistant varieties in Elite Variety Trials 
in 14 different locations in five countries, 1984 (streak incidence negligible) 

Grain yield Days Plant Ear 
O/o best to ht. ht. 

Variety T/ha check silk (cm) (cm) 

EV 8343-SR BC 5.3 113 60 216 1143 
EV 8329-SR BC 5.3 113 59 201 103 
EV 6322-SR BC 5.2 111 61 206 110 
Sekou 81 TZSR-WN-1 5.1 109 61 218 117 
Ejura 81 TZSR-W-1 5.0 107 60 205 112 
Across 81 TZSR-W-1 4.9 104 61 207 110 
Bertoua 81 TZSR-W-1 4.6 98 60 202 110 

3 

Mean (SR var.) 5.1 109 60 208 111 
Gusu 81 TZB (RE) a 5.0 107 61 209 115 

Best check k/ 4.7 100 61 209 110 

a/RE = reference entry
!_/ Different check used at each location 
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Streak-resistant experimental varieties 
with good agronomic characters of 
various maturity groups and plant 
types are now available to national 
programs in the various agroclirmatic 
zones of Africa. Some of these varieties 
have been released to farmers and are 
being multiplied in several African 
countries. Once the streak-resistant 
varieties are widely distributed, they 
should greatly increase the stability of 
maize produ( tion on the African 
continent. 
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Discussion 

Mr. Olver: Is streak resistance 
monogenic? 

Dr. Bjarnason: Resistant materials from 
Reunion Island have been fbund to be 
monogenic. However, there are at least 
three major genes involved in the 
resistance based on 1B32. 

Mr. Mulamba: Some streak-resistant 
materials have been found to be 
susceptible to downy mildew. Are there 
any efforts to combine streak and 
downy mildew resistance? 

Dr. Bjarnason: There are already 
materials with resistance to both 
streak and downy mildew in the
breeding program at IITA. 

Dr. Manwiller: Have you observed any
differences in the races of streak virus? 

Dr. Bjarnason: We have not observed 
any differences in the virus in terms of 
race, and resistant materials from IITA 
have held up well in East Africa 
(Tanzania) and vice versa. 
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Dr. Gibson: Tanzania and Zambia have lower yielding under our conditions. I 
been very successful in selecting for don't see this as a serious problem 
streak resistance by the method you since there is still adequate variability 
have suggested, that is. by selecting for selection for our local conditions. 
plants which were infected early and However, it will be an advantage to 
developed only broken symptoms on have an improvement in streak 
the lower leaves, with little increase in resistance in our own region. 
these symptoms on the upper leaves. 
Pdthough you have not found that the Dr. Bjarnason: I agree; it is useful to 
EC:2 of the streak-resistant conversions select in the different regions, and 
of CiMMYT populations have lower yield should not be sacrificed in these 
yields than the original populations, conversions. 
they generally do appear to be slightly 
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CIMMYT's Maize Improvement Role
 
in East, Central and Southern Africa
 
B. Gelaw, CIMMT East African Maize Program, Nairobi, Kenya 

Abstract 

Although maize is an alien crop of recent origin, it is the most important staplefood crop in sub-SaharanAfrica. However, production has remainedstagnant atabout I t/ha over the last two decades, and in some countries,production has
aictually declined in absolute terms. The relativepoor performanceof maize insub)-Sahiarat Africa stems from complex interactionsof naturaland man-made
disasters, otff'cial ne/lect of riculture, the population explosion, drought,problems of soil fertility, pests and diseases, the absence ofimproved technology,the practice ofgrowing maize as a subsistence crop, poor tralingopportunities
with the developed countriesand the coloniallegacy of aglriculturaldevelopment,
which stressed the production of cash crops for external markets. In 1980, the
Lag'os Plan of Action. adopted by African leaders, set 1985 as tile target yearfbrcliinatingfhinger rom the African continent. According to an FAQ brtcast, 21Africall countries will Iicc mo,'c severc fbod shortages in 1985 than thea faced In 
1984. oue of thc worst famine years in Africa's recent historv. However there isoptimism that improved maize varietiesand hybrids, as well as improved
productionpractices, exist for increasingmaize productionin the region. Torealize this potential, there is a need fbr location-specificresearch bymultidisciplinarY teams within tei nationalresearchprograms.International 
centers, such as CIMMYT and IITA, are also determined to intcnsifjy their maizeresearch clbrts in the retion, in collaboration with the national programsand 
other interested agencies. 

Africa is the only continent in which 
Malthus's grim prediction that food 
production would not be able to kve 1)
pace with population growth scems to 
be a reality. According it FAO 
statistics. food profuctioL in Africa 
during the 1970s incre;ised ait only
1.8% per 'ear; population increase was 
almost 3% per year. Between 1971 and 
1980, food production per capita fell by
I I%: food imports more than doubled 
in volume, but at a sevenfold increase 
in (ost. 

The 1980s have been worse. FAO 
predicts that 21 African countries will 
face more severe food shortages In 
1985 than they faced in 1984, one of 
the worst famine years in Africa':i 
recent history. Paradoxically, 1985 was 
set as the target year of the Lagos Plan 
of Action, which was adopted by
African leadcrs in 1980 for cliniinaling
hunger fron li tcoilitientl, 

Maize is the most important staple food 
crop in sub-Saharan Africa. However. 
production over the last 20 years
remained stagnant at about 1 tlha, and 
in cerlain countrics production per
capita actually declined. IDuring the 
same! period, for Ihe world as a whole,
maize production increased at an 
annual rate of 3.,%. 

In the 1970s, there was a yield decline 
in maize of I%annually in sub-
Saharan Africa. In the developed
-ont fries, maize production increased 
by 3.8% annually. with yield increases 
accounting for three-quarters of that 
increase, In the developing countries, 
production Increased by 2.5% 
annually, with area expansion 
contributing to one-half of the 
production increases. In absolute 
terms, maize yields have increased 
about 0.3 f/ha In developing countries 
over the last two decades, as compared 
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to an increase of nearly 2 t/ha in which 11 % was produced in sub
developed countries. In other words, Saharan Akrica. Nigeria, Malawi, 
yields in developing counties Zimbabwe, Kenya and Ethiopia each 
increased at less than half the rate of produced between I and 2 million tons 
those of developed countries, per year, and twenty other countries 

produced from 100,000 to 1 million 
Now, however, there is optimism that tons. All of the countries cultivated at 
improved maize hybrids, varieties and least 100,000 hectares of maize. 
production practices exist for 
Increasing maize yields in sub-Saharan From 1978 to 1980, eastern and 
Africa. African farming systems are southern African countries grew 8.6 
complex, and the development of million hectares of maize, with a total 
suitable maize varieties and production production of 8.9 million tons; this was 
technologies will require strong 7% of total world area, but only 2% of 
national research programs. with world production. Similarly, western 
multidisciplinary teams conducting African countries grew 5.9 million 
location-specific research. hectares and produced 4.5 million 

tons, 5 and 1% of world area and 
The Importance of PaIze production, respectively. The figures 
in Sub-Saharan Africa for North Africa were '.2 million 

hectares and 3.4 million tons, I and 
For the period 1978 to 1980, average 0.9% of total world area and 
maize production in the developing production, respectively (Table 1). 
countries was 118 million tons, of 

Table 1. World maize area, yield and production by region, 1978 to 1980 

Percent Percent 
Area Yield Production of total of total 

(million ha) (tlha) (million tons) aroa production 

Developing world 70.4 1.7 118.1 58 31 
Eastern and southern Africa 8.6 1.0 8.9 7 2 
Western Africa 5.9 0.8 4.5 5 1 
North Africa 1.2 2.8 3.4 1 0.9 
Mideast countries of Asia 1.2 1.9 2.4 1 0.6 
South Asia 7.0 1.1 7.7 6 2 
Southeast Asia and Pacific 8.2 1.3 10.6 7 3 
East Asia 12.8 3.1 39.2 11 10 
Mexico, Central American 

and Caribbean 9.4 1.3 12.6 8 3 
Andean region 1.9 1.4 2.8 2 0.7 
Southern Cone 14.3 1.8 26.0 12 0.7 

Developed world 51.2 5.1 260.3 42 69 
Developed market economies 42.2 5.5 221.3 35 59 
Eastern Europe and USSR 8.9 3.5 39.1 7 10 

Total world 121.6 3.1 378.4 100 100 

Cource: World Maize Facts and Trends, CIMMYT Report One, 1981, CIMMYT, Mexico. 
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The average annual total maize 
production (1974 to 1982) for the 
Multinational Programming and 
Operational Centre for Eastern and 
Southern Africa States (MULPOC), a 
group of 18 countries, was as follows: 

Kenya 2.0 million tons 
Zimbabwe 1.3 million tons 
Malawi 1.2 million tons 
Ethiopia 1.1 million tons 
Tanzania 0.9 million tons 
Zambia 0.8 million tons 
Remaining 12 1.6 million tons 
countries 

Maize has become the main food crop 
for laborers in the towns as well as for 
rural peasants. because of the ease of 
storage and handling and the simple
preparation of porridge and other 
dishes. Small patches of maize are 
often grown near the home for eating 
as roasting ears. For certain countries 
(e.g., Zimbabwe, Malawi and Kenya), it 
is an important source of foreign 
exchange earnings, while for others it 
is the most important staple food crop. 

The H11story of ?Matze Research 
in Eastern and Southern Africa 

The first attempts to breed maize in 
eastern and southern Africa too!. place 
in Rhodesia (,low Zimbabwe) arid 
Kenya, and were designed to benefit 
the commercial European farmers. In 
1919, Zimbabwe became the first 
country after the USA to release 
hybrids for commercial production, 
Interest in maize breeding in East and 
West Africa in general, and in Kenya 
in particular, was stimulated by the 
occurrence of Pucclriiapolysora,
tropical corn rust, in West Africa in 
1951. In the search for resistance, 
many collections were made, 
principally fiom Latin America, but 
also from the rest of the world. No 
particular consideration was given to 
the yield potential of the varieties into 
which resistance was transferred. 
Kenya released its first hybrid in 1964. 

The introduction of Ecuador 573 from 
Latin America, and Its outstanding 
combining ability with Kitale Synthetic 
II, led to a breakthrough in commercial 
hybrid production in Kenya. 

The Current Status
 
of Maize Research
 

Currently, maize research In sub-
Saharan Africa is conducted principally 
by national agricultural research 
programs, assisted by international 
research centers, such as CIMMYT and 
IITA, bilateral agencies, some private 
companies and missionary groups. In 
some countries, universities play an 
important role in basic maize research. 

In certair countries of the region, 
research trials average 5 to 6 t/ha and 
occasionally reach 12 t/ha. In 
Zimbabwe. Kenya and Zambia, 50 to 
80% of the small farmers grow
 
hybrlds;, but national average yield
 
levels are a low I to 1.5 i/ha. Large
scale farmers average 4 to 6 t/ha.
 

The Kenya Seed Company is presently
in the process of increasing seed of 
three hybrids, designated as Pwani 1, 2 
and 3, for possible release in the low 
coastal areas. Tanzania is producing its 
own hybrids by recycling inbred lines 
that had been developed in Kitale,
 
Kenya. Malawi is also producing three
 
hybrids, namely MH12, MH13 and
 
NSCM4I. The National Seed Company 
of Malawi .vas able to obtain the inbred 
lines of NSCM41 from Ciba Geigy and 
pays a royalty for producing the F1 in 
Malawi. However, the adoption of 
hybrids in Malawi is still low. 

Zambia has been growing SR52 for a 
long time; consequently, the parental 
lines have become contaminated. In 
1983, Zambia released a new version 
of SR52. after successfully cleaning up
the parental lines. This new hybrid is 
designated as MM752. In 1984, they 
successfully released seven additional 
earlier maturing, drought-tolcrant 
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hybrids and two open-pollinated Ethiopia, Angola, Zambia, Zimbabwe, 
varieties. All of the major maize- Malawi, Mozambique and Madagascar 
producing countries of the region have have extensive areas suited to 
developed or are in the process of intermediate-maturity maize. The 
developing new hybrids and varieties, lowlands of Tanzania, Kenya, Ethiopia, 
The others are screening a large Zambia, Zimbabwe, Malawi, 
number of materials obtained from Mozambique, Botswana, Swaziland, 
CIMMYT, IITA and other sources, to Lesotho, Somalia and Djibouti are 
identify those that combine well for characterized by short and erratic 
hybrid production and for direct rains; these areas require early 
utilization as varieties per se. maturing maize varieties. In the high 

mountains of Lesotho, cold-tolerant 
Covetraints to iize ProductIon maize varieties are needed, due to the 

short growing period between killing 
Generally speaking, Africa's food crisis frosts. 
stems from the complex interactions of 
natural and man-made disasters, The threshold temperature for growing 
including official neglect of agriculture, maize is about 100 C, with the rate of 
rapidly expanding poulation, drought, growth proportional to the number of 
problems of soil fertility, pests and degrees above this figure up to 301C. 
diseases, the absence of improved Much of sub-Saharan Africa enjoys 
technology, the practice of growing favorable temperatures for maize 
maize as a subsistence crop, and poor growing. Temperature and rainfall are 
trading opportunities with the usually associated with altitude, with 
developed countles. Also, as a legacy cooler temperatures and more reliable 
of Africa's colonial years, the emphasis rainfall at higher altitudes. For 
in agriculture has been on the example, while Kitale maize varieties 
production of cash crops, such as take 230 days to mature at 1500 to 
coffee and tea, for external markets. 2000 meters elevation, it takes 13 
rather than food crops, such as maize. months to mature at 2700 meters. 
The major constraints limiting malze 
production in sub-Saplaran Africa can Maize has the highest yield potential in 
thus be broadly classified as the semitropics in tho:ie areas where 
environmental, biological, agronornic. temperatures are comparatively cool 
socloeconor-ic and governmental. and there is plenty of sunshine. On the 

equator there Is little variation from 
Environmental factors the 12-hour day length; hence, there is 
The major environmental factors less time per day for photosynthesis 
affecting maize production are climate than there is in the temperate regions. 
and soils. Climatic factors include Coastal areas also have low yields due 
rainfall, temperature and sunshine, to unfavorable combinations of high 
The amount, distribution and temperatures and low sunshine. The 
reliability of rainfall are equally high Incidence of diseases and pests in 
important. On the equator, there are the coastal areas is due to the 
two rainy seasons a year, as the combination of high temperatures and 
convergence zone moves backwards high humidity. 
and forwards across the equator. 

A large proportion of the soils in sub-
The high-potential maize-growing areas Saharan Africa have a low pH, 
of western Kenya, Uganda, Ethiopia although not below 5.5, the critical 
and the lake region of Tanzania have level for maize. In those regions with 
long rainy seasons and utilize maize high rainfall and high temperatures, 
varieties averaging 200 (lays to there is a problem of soil acidity which 
maturity. The mildaltitude areas of 
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may be related to iron and aluminum 
toxicity. Nitrogen is the major limiting
nutrient. followed by phosphorus; 
sulfur is usually more deficient than 
potassium. Potash is deficient mainly 
in 	coastal areas. 

Blological factors 
Discascs-The following are the main 
maize diseases In sub-Saharan Africa: 

* 	 Helmmtinosporiun turcicum-
mostly above 1000 to 1500 meters 
elevation: 

* Helminithosporhurnma vdis-below 
1000 meters; 

* 	 Micinia sorghi- 1000 to 1500 

meters;
 

* 	 fuccinia polysora-below 1000 

meters: 


* 	 F.,ariunand Diplodia spp. (car and 
stalk rots)-damage varies from 
country to country and from year to 
year. and 

o 	 Cicadulina nibila (maize streak 
vtrus)-the incidence of maize streak 
virus fluctuates from season to 
season and from area to area. The 
virus is more serious in areas with 
two seasons of maize per year, or 
where there is an alternate host in 
the dry season, such as grasses and 
sugarcane. Severity of attack 
Increases with late planting, as the 
vector population builds ip over 
tine. (This writer has seen a severe 
infestation of streak virus on 
highland maize grown at an 
ekvation of 2300 meters in Burundi; 
this shows that the dWiease can 
endanger maize production at all 
altitudes in sub-Saharan Africa.) 

Jnsets-The two serious groups of 
insects that attack inaize in Africa are 
stalk borers and storage pests. Of the 
stalk boring insi.ts, the principal ones 
are: 

" lfusseola Cusca-(he main borer in 
highland maize; 

" Sesamia calaniistis-aproblem in 
lowland and coastal areas; 

0 	 CtHio partellus-aproblem In low 
elevations: 

" 	 Spodoptcra exenipta (army worm)-
a cause of complete devastation in 
sonic areas and some years; 

o 	 Ag'rotis spp. (cutworms)-lnsects
 
which attack scedriags, and
 

o 	 icliothis arnugera(earworms)
insects which feed on the leaf.
 

The two serious primary storage pests
are Sitophilus spp. (maize weevil] and 
Sitoroga cercalella (grain moth). 
Prostepharnustrancatis(the larger
grain borer) is now causing alarm in 
Tanzania and along the southern 
borders of Kenya. 

In general. disease and pest losses are 
lowest in the cool hiihlands and 
highest in the hot lowlands and humid 
coastal areas. 

Agronomic factors 
In 	many sub-Saharan countries, the 
maize production practices followed by
small-scale farmers are inadequate. 
Principal among these poor husbandry 
practices are late planting, low 
planting density, insufficient and late 
weeding and inadequate and late 
application of fertilizers, herbicides and 
insecticides. 

Socioeconomic factora 
Somi examles of socioeconomic 
factors limiting maize production are 
the lack of funds. labor and manpower, 
the lack of availability of Inputs and 
their high price, and post-harvest 
losses due to a lack of proper storage 
facilities. 

Governmental policy 
The lack of proper seed production and 
di'iribution systems and the absence 
of sound marketing arid pricing 
policies, coupled with inadequate 
research and production policies.
hinder maize production In many sub-
Saharan African countries. 
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CIMMYT's Mandate normal and 13 quality protein gene 
pools; there are 22 normal and 10 

CIMMYT is responsible for assisting in quality protein advanced populations. 
raising the productivity of the Sin,:e some advanced populations were 
resources committed to maize by constituted before a corresponding 
farmers in the developing countries, gene pool was developed, all 
Operationally, the center concentrates populations do not necessarily have a 
on providing national programs with corresponding gene pool. 
Improved gennplasm, as well as with 
assistance in breeding methods, Trials distributedin the East African 
training and some material needs. regionalprogram-CIMMYT's East 
National programs are ultimately African Regiotal Maize Program was 
responsible for developing improved formally established in September 
technologies for their farmers. 1982, with headquarters In Nairobi, 

Kenya. CIMMYT's regional programs 
Improved germplasm for wheat and economics had been in 
Improved germplasm is defined in existence since 1975 and 1976, 
ten's of yield dependability (stable respectively. Although the maize 
performance in the face of drought, program is the newest in the region, 
diseases, insects and other hazards), there has been interaction with 
yield responsiveness and maturity (for regional maize scientists in germplasm 
avoiding hazards. intensifying cropping testing, training and consultancy 
systems. satisfying new demands or services since 1974. The following 
exploiting the potential of longer- chan zhFows the number of maize trials 
season environments), distributec in eastern and southern 

African countries between 1974 and 
The stages in maize germplasm 1984: 
management and improvement 
followed by CIMMYT are shown in Year 74 75 70 77 78 79 0 01 82 83 84 Total 

No. ofFigure 1. The scheme provides for trials 16 23 32 20 74 75 134 99 94 I4 84 755 

continuous population improvement, 
with the best fraction siphoned off to 
provide an experimental variety for Performanceof CIMMYT materials In 
immediate utilization or for furthering sub-SaharanAfrica-Tables 3, 4 and 5 
hybrid development. New accessions show the relative performance of 
are continuously fed into the CIMMYT varieties in eastern, southern, 
corresponding pools to broaden the central and western African countries, 
gcrmplasm base. respectively. Most varieties did better 

than the best local checks. This was 
Figure 2 presents the population more evident in those areas where the 
improvement scheme utilized in the growing conditions were less than 
CIMMYT maize program. The progeny optimum for the maximum potential 
trial and regeneration system is genotypic expression of hybrids, such 
designed in such a way that national as SR52. In its proper environment, 
program scientists are full partners in SR52 is an outstanding hybrid, but its 
the breeding process. The selection of performance is very poor In marginal 
superior families is cardied out by areas. The small-scale farmers who 
national programs in close grow most of the maize in developing 
collaboration with CIMMYT scientists, countries do not necessarily have an 

optinum environment or favorable 
The various gene pools and growing conditions. They are the ones 
corresponding populations assembled who need help most, and CIMMYT's 
and classified by CIMMYT arc shown maize improvement program is 
in Tables 2a and 2b. There are 33 targeted especially to those farmers. 
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Farmers' 
adoption 

On-farm demonstrations 
(-seed increases) 

M__T Technological packages 
(C100 sites) 

Elite Eyperimental Variety Trials -----------
(± 50 sites) 

Regional level 
National level 

International level Best progenies for 
inbred and hybrid 

u Experimental Variety TriaJs (± 30 sites) development 

Regional level 
E National level 

International level 
U 

,mm 

o Progeny testing trials (6sites)
Regional, national or international levels

C Inect, disease and plant-density nurseries 

Advanced stages of improvement 
U MT Development and improvement of advanced 

populntiruns
Each structured with 250 Ifull-jib families 

Back-un half-sib p,-ogenies enter I 
-. * corresponding population through 

visual selection and/or progeny evaluation C 

, , 
q 
I E 

Back-up stages of improvement 
Development and maintenance of gene pool 

q .0 
2-

L- - complexes 4- -

Each structured with ± 500 
_ half-sib progenies -- -

U 0 New selected intrcductiorns and bank I 
> accessions enter corresponding pool(s) 

Z - mainly as female rows I a :
0 

Germplasm accessions and new introduction nurseries in 2 to 3 key sites 
for evaluation, selection and assignment to appropriate pool(s) 

-- Genetic Diversity Maintained 

MT multilocation tests 

Figure 1. Stagos in maize germplasm management and improvement, CIMMYT, Mexico 
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Step Season 

Progeny regeneration 
1 A Plant ± 300 half sibs to generate 250 full-sib families for IPTT 

2 B 	 Progeny trials (250 full sibs +6 checks) 

Within-fanily improvement 

3 A 	 Make selfs or within-family sibs in 80-100 across-site selected 
full-sib families. Save 3 sibs or selfs from each selected family 

Family improvement and recombination 

4 B Plant 240-300 sub families. Select one or two best sub families from 

each selected full-sib family. Select best plants from each selected 
sub family and bulk pollinate. Save 300 half-sib ears 

Progeny regeneration 

1 A Plant 300 half sibs. Make reciprocal plant-to-plant crosses to generate 
250 full-sib families for the second cycle of improvement 

Figure 2. Population improvement szheme breeding sequence, CIMMYT, Mexico 
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Table 2a. Maize gene pools and corresponding populations in CIMMYT's maize improvement 
scheme, CIMMYT, Mexico 

Pool 
no. Pool name 

Pop. 
no. Population name 

1 Highland early white floury Blanco Harinoso Precoz 
2 
3 
el 
5 

Ilighland late white floury
Highland early yellow floury 
Highland late yellow floury 
Highland eariy whitei morocho 

. 
-

-

Amarillo Harinoso Precoz 
Chillos x Varicis 

6 Highland early yilow morocho 
7 Highland late wie mnorocho .. 
8 Highland latt. yellow mrurocho .. 
9 Highland late: white dent... 

15 Tropical early whtu.r flint 30 Blanco Cristalino-2 
16 
17 

Tropical early white dent 
Tropical early yellow flint 

. 
31 Amarillo Cristalino-2 

18 Tropical early yellow dent 
19 
20 
21 
22 
23 

Tropical intermediate whit, flint 
Tropical intermediate white dent 
Tropical intermediate yellow flint 
Tropical intermediate yellow dent 
Tropical late white flint 

49 
26 
35 

Blanco Dentado-2 
Mezcla Amarilla 
Antigua-Hapublica Dorninicana 

24 Tropical late white dent 
32 
21 

ETO Blanrco 
Tuxpeio 

22 Mezdla Tropical Blanca 
29 Tux peho Caribe 

25 
26 

Tropical late yellow flint 
Tropical late yellow dent 

43 
27 
24 

La Posti 
Amarillo Cristaliiio
Aniigua-Veraci uz 181 

28 Amai OlN-Dentado 

27 Temperate-subtropical early white flint 
36 Cogollero 

28 
29 
30 
31 
32 

Temperate-suhtro2ical early white dent 
Temperate-subtropical eaaly yellow flint 

einperate-subtropical early yefllrw dent 
Temperate- ubtropical intermediat; white flint 
Temperate-subtropical intermediate white dent 

46 
48 
34 
44 

Templado Amaiillo Cristalino 
CoMpuesto de Hungria 
Blanco Suhiropiral 
AED-luxpeho 

'12 ETO-ll1mois 

33 
34 

- -

Ternperate.1tropizal intermediate yellow flint 
/enlperate.suhtiopica; intermediate yellow dent 
Northern temperate range gene pool (NTR) 

'17 
33 
45 

Templado Blanco Dentado 
Amarillo Subtropical 
Amarillo de Bajio 

- -
- -

Southurn temperate range gene pool (STR)
Intermediate temperate range gene pool (ITR) 

- CIMMYT-Geimnan gene pool 
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Tuble 2b. Tropical and siibtrDical quality protein maize (QPM) gono pools ind corresponding 
populations in CIMMYT's maize improvement schome, CIMMYT, Mexico 

'Pool Pop. 
no. Pool namo no. Population name 

15 QPM Tropical early white flint QPM 62 White flint OPM 
17 QPM Tropical early yellow flint QPM 61 Carly yellow flint QPM 
18 QPM Tropical early yellow dent QPM 66 Yellow dent QPM 
23 OPM Tropical late white flint QPM 62 White flint QPM 
24 QPM Tropical late white dent QPM 63 Blanco Dentado-1 QPM 
24 QPM Tropical late white dent OPM 64 Blanco Dentado-2 QPM 
25 QPr1 Tropical late yellow flint OPM 35 Yellow flint QPM 
26 QPN Tropical late yellow dent OPM 66 Yellow dent QOPM 
27 QPM Subtropical early white flint QPM 67 Templado Blanco 

Cristalino QPM 
29 QPM Subtropical early yelkow flint GPM 69 Templado Amarillo QPM 
31 QPM Subtropical intermediate white 67 Templdo Blanco 

flint QPM Cristalino QPMI 
32 QPM Subtropical intermediate; white 68 Templado Blanco 

dent QPM Dentado QPM
:,3 QPM Subtropical intermediate yellow 69 'emplado Amarillo 

flint OPM QPM 
34 QPM Subtropical intermediate yellow 70 Templado Amarillo 

dent QPM Dentado QPM 

Table 3. Purforr nrica of C!M1V1\T materials in East and southern Africa 

Mal a-aian YedYield 

Country Year Location im) Lntituc.(- 1.st CIMPAYT variety (krj/h,) ilest local chock (kg/hal 

Angola 1992 U.. 'n 1700 12'44'S PR022 8816 SAM 5109 
Piura (1l 7936 6808 HTCA2 6423 
AOu. 744RE 5329 HTCA2 5112 

Blowwona 4f77 Good Hopz 100 25°29-S LUwaquine 7635 3587 RECOP 2971 
Cabofe Pirbask (1) 7642 4987 Kalshpri 4423 

1970 Sabel 1100 74'34,3 Ferle 11)7622 3295 Cna, 2706 

Ourundi 1980 BoSIo 1400 - Acros 7142 7349 In-a.=m.5 5253 
hnbo 830 3011 ' Acron 7729 b671 CPS-5 4717 
Mo,o 1260 40001S TL7944 75E5 t;PS-4'SR- 2 6547 
Imbo 930 3:!l I 's Acresi 7043 7467 I'MOU 4997 

Ethiopia 1978 Alemywn l0tJ - S10S7634 7130 ChG:k 5997 
Awe a 14k - Acov 7522 873 Ci1eck a838 
Bako 1650 90 O'N lonL Ctistalino.2 'i33 OP512 :3821 
Nazareth 15950 8°30'N Actoss7723 0114 SNAYE 3942 

Maiawi 1979 Chitedzu 1150 140 s LTG.14 657) UCA C, 6179 
Ngibu 100 - Tounon 7720 5791 PNR35 (HYrI 5ZO1 

1000 2itdza 110 
-

14
u 

S 
,an Andres7721 

TL7044 
5005 
8532 

PNR353 
CX-H41 

3751 
100118 

Eumbwe 1i W - Arom. 7643 002 Chock 7113 
- Across762 6506 Check 5790 

1982 Mbava 100 - Guoymn (1)0027 5816 C'ZCC. 5636 
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Table 3. (continued) 

Elevwion Yield Yield 
Country Year Location (m) Letitude Best CIMMYT v-riety (kg/ha) Besalocal check (kg/h;) 

Mozambique 1977 Sussundanga 6'15 19'20-5 Pichil;nga 7429 4546 S652 3597 

1978 
Umbilt"i 
Umbeluzi 

12 
12 

260
0 

3'S 
26003'S 

Sjwan 7528 
Delhi 7622 (1) 
llonge 7721 (1) 

5929 
4024 
4715 

5652 
Silver Mine 
La Poasta 

5526 
2582 
3200 

Chiquiacce 7728 2933 S652 1873 
La Granji 7525 4661 SR52 3321 

1979 Umboluzi 12 26003'S 
067734 
TL7633 

4091 
21131 

Sahma 
Silver King 

1952 
1435 

1980 Lioma 670 15°10-S 
° 

Marecay 
TL7844 

7522 3499 
6626 

Kalahari 
SR52 

1693 
7776 

Nampuls '32 15 9-S Sate LaJrea71124 3424 SR52 2930 
1982 Chirembe - - Santa Rota 2022 5572 VAR.2 (Mukulu) 4467 

Somalia 1973 Afgny 83 20 8'N Gerneiza 7644 (2) 5935 Local vriety 4446 

Swaziland 1976 Malkerns 650 26°35'S Actoss 7433 3580 Cteck 2902 
1978 Malke,nt 650 26o35-S Los Barlos 7643 4314 SR52 3263 
1979 Malkerni 650 26035'S Acros 7632 8570 5H52 9195 
1930 Mangcanqo 1300 26°31,S Cotaxtla 7144 5528 SR52 5221 

Tanzania 1975 loarge 506 6°41-S Cuyut, 7430 4772 Loc chec. 3935 
1976 
1977 

Lambo 
Lambo 

126P 
1268 

3°14'S 
3014-S 

Across 7542 
Pirtabak 7942 (3) 

6889 
10755 

Loca; chock 
LUCA 

4589 
13559 

1979 
1980 

Ilontla 
Ilonga 

506 
506 

6°42'!; 
6°42'S 

TL7644 
Acron 7843 

4669 
5144 

EXP799, 
Check 

2103 
41151 

Lambo 1268 3°14'S Skha 7847 (I) 7693 UC..' 8217 
1982 llongn 506 6o42'S LnMaquine8022 5772 EV8076 4624 

Uganda 1976 Kawanda 1208 0°25'N LaMiquina 7422 5327 Cchk 4769 

Zambia 1901 M.nsa 1259 110 0,'5 PR7921 4693 SR52 4654 
- - Kisenga 7729 4622 SR52 4854 

Zimbabw! 1982 Harare 1506 - PR8U22 9379 ZS225 12177 
Chie-,ze 429 - Forke (I 8023 7721 ZS225 9393 
Kndoma 1155 - Across 8045 563 ZS202 6155 

Swat (1) 60,17 5341 ZS225 6165 

Table 4. Performance of CIMMYT materials in central Africa 

Elevation Yield Yield 
Country Year Location (n) Latitude Best CIMNIYT variety (kg/hal Best local check (kg/ha) 

Cameroun 1982 Ekona 400 4"N 	 Ferke (1) 8023 6933 EkonaSynthetic 5511 
Chuquisfca (1) 7281 C644 Ekona Whita 5081 

Centrl Africa 1976 Soumbe 521 6'30-N 007328 3061 Local check 271
RePublic Sounbe 521 P68022 	 Demba 4522 

192 	 6°30'N 7830 

Zaire 1975 Kanma 049 7°25 5 ETO x Tuxp"lAu 9911 Local check 9112 
1976 Kia,'rpa 1187 11'44'S Across7422 6508 Check 6266 

Kaniama 949 7'25'S La Maquina 74220	 8193 Check 8119
1977 Gandajika 780 6 45-S Ferke 7529 8213 Salongo 11 6736 

Pichilinguq 7429 7873 Kasai-I 67461978 Gandajika 780 6045S Acro /613 7127 Tuxlxrpo x ETO0 4927 
Kirang 1197 11 44'S Son Remon 7528 8187 Kasai-I 8039 

1979 Kanama 949 
0

7 25'S P67643 7340 Tuxpeto x ETa 6572
1982 K.nima 949 7'25"S PR8032 6790 Katai-I 5745 

Kisang 1107 11°44'S Farka (1) 8022 7174 PNM 1 6708 
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Table 5. Performance of CIMMYT materials in West Africa 

Elevation Yield Yield 
Country Year Location (m) Latitude Best CIMMYT variety (kg/hid Best local check (ko/ha) 

Benin 1881 Sekou 80 6°20'N Maracay 7921 5748 TZPB 4577 
PR8022 4442 TZPB 2502 

1982 Niouli 105 6°42'N rarke 11)8023 4195 TZPB 3203 

Ghana 1975 Nyankpale 185 9'29-N Cuyuta 7429 3022 Composite 4 2034 
1976 Kwadsao 270 2°45'N Guaymas 7522 4422 Check 3227 
1977 Kwadeso 270 2°45'N Delhi 7622 (1) 3776 Composite 4 2442 
1978 
1979 

Pokoas 
Nyankpala 

50 
185 

6941'N 
9 

0
29'N 

Acros 7529 
PR7843 

5242 
9129 

La Posts 
Comp-W 

4970 
3260 

1980 
1982 

Ejure 
Ei1re 

232 
232 

7
0 

23-N 
7

0
23"N 

Santa Cruz 7835 
PR7822 
Piura (1) 7926 

4044 
6685 
6217 

Golden Cristal 
Composite 4 
Golden Cristal EVBO 

2598 
4338 
5077 

0*.*-ea Bissau 1982 Canenrac 8.5 12
0

21-N SateLagoas7931 6156 Check 3702 
PR8032 6204 Check 3136 

.ost 1975 Ferkt 330 9'36-N ETO x Tuxpelo 8146 CJB 5724 
La Maquina 7422 8741 CJB 6191 

1975 Farke 330 9'36-N Across 7524 5236 IRAT81 4524 
1979 Forke 330 9°36'N Ferke (I) 7622 7213 Tuxpeflo (Cli) 6528 

Across 7728 7368 IRATBI 6329 
La Maquina 7143 7741 iRAT91 7424 

Bouake 360 7°41'N PR7643 6451 IRATBI 4981 
1980 Ferke 330 9'35'N PR7929 6982 IRATSI 6742 

Liberia 1982 Suakoko - - Los Diamjntes 7921 (I) 4575 Check 3549 
Across8023 2198 Check 1409 

Mall 1979 Sotuba c00 12°40'N Tocumen 7835 (1) 4997 IRtAT85 4358 
PR17729 5636 Boni 4746 
Gameiza 7644 12) 6001 Sanguerini 5134 

1982 Tierousla - - Ferks 11)8023 5721 Check 5164 

Nigeria 1977 Ibaden 220 7'30-N Ferks 7529 (1) 7039 Local variety 4788 
La Moline 7432 5089 Local variety 4603 

1978 Ikene 
Ibedan 

53 
220 

6052-N 
7

0
30-N 

S-n Andres 7530 12) 
TL7633 

5873 
4073 

TZPB ( (C 7 
TZPB (S,1 C7 

5160 
3484 

1980 Ikene 53 6°52-N PR7931 4462 TZUT 3584 
1981 Guslli PR7926 5421 TZEUX174 5160 

Mokwa 1318 100O'N Across 7843 5825 TZSRW.1 5633 
1982 Gusau 2400 12°10-N Alauela 8032 5375 Pirsabak 7930 4627 

Senegal 1978 Safe 10 12°47'l Farke 7529 (1) 4849 6DS 11 4374 
Cali7623 4590 2M1 3597 

1980 Safe 10 12°47"N Across 7627 4074 Check 4048 
Pichilingue 7726 5242 Check 3728 

1982 Sofa 10 12°47-N Across 7929 5814 HVB-1 5462 
Piura I) 7926 5176 9OS111 4666 

Sierra Leone 1979 Nila 54 80 O'N PR7822 4572 Local variety 3322 

Rokupr 8 90 Ow. Across 7728 3577 WeslerrYLEXNrieria 2049 

Toga 1982 Sucral 400 
400 

9 
0 
30'N 

5°30'N 
SanAndres 5043 
Mexico 8049 

5637 
4375 

Local check 
Kepole 

4175 
3660 

Djama Cnp - - PR8023 4950 Kepole 43110 
Adrta -- - PR8032 4582 LaPasts 3588 
Sotouboue 380 g0 3N Suwan 8035 45R4 La Posts 3971 

Uppir Volta 1976 Farakoba 420 110 O'N 067442 5068 Check 3364 

(Burkina Faeol PF17422 5048 Check 5046 
1979 Farekoba 420 110 6i Across 7535 4655 Syn. Messeyomba 3671 

1981 Farakobt, 420 110 6N La Maquina 7928 3861 liot. 100 2960 
Kamboinse 300 12°28'N PR17931 7759 TZPB 7036 
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Materials based on CIMMYT 
germplasm released by national 
programs-Table6 lists some 
examples of maize varieties based on 
CIMMYT germplasm that have been 
released by seven sub-Saharan A':!ican 
countries. Almost all of the varieties 
are adapted to lowland tropical 
growing conditions except those of 
Lesotho, which are for the highlands. 
The four highland maize materials 
were reported to have had 75% 
adoption by Lesotho farmcr within 
two to three years. 

Materials Identified for possible release 
by nationalprograms-Table7 shows 
a number of maize varieties derived 
from CIMMYT germplasm that are 
being reselected and extensively tested 
for possible release in six countries, 

Breeding 	methods 
Seed maintenanceand multiplication 
of open-pollinatedvarieties-The 
procedures involved in the production 
of hybrid seed and the maintenance of 
parental lines are well documented. 
However, 	adequate documentation on 
the development, maintenance and 
multiplication of improved open
pollinated varieties Is lacking. Millions 
of hectares of land in the developing 
world are devoted to open-pollinated 
varieties, 	because such varlctles are 
well suited to the vast regions where 
traditional agricultural practices are 
still the rule. Open-pollinated varieties 
have a distinct advantage where seed 
distribution is difficult and costly. The 
seed of open-pollinated varieties can be 
saved by the farmer from year to year 
and can move from fanner to farmer. 

Table 6. Materials based on CIMMYT germpla|in released by national programrs in Africa 

Sou rce 
Country population 

Ivory Coast 	 22 

22 

21 


Lesotho 	 Pool 4 

Pool 2 

Pool 1 
Pool 6 

Malawi 	 21 

Swaziland 	 43 

Tanzania 	 21 

30 


21 


Zaire 	 21 


21 x 25 

21 x 32 
21 x 32 

43 x 44 
44 x 21 

44 

Zambia 	 30 
21 


Population name 

Tuxpefo Caribe 
Mezd.la
Tropical Blanca 

Tuxpefio.1 


Highland carly "yellowflint 
Highland early white dent 
Hfighland early white flint 
Highland intermediate white floury 

Tux, e'o 

Le Posta 

Tuxperfo-1 
Blanco Cristalino-2 
Tuxpeio-I 

Tuxpefio-1 
Tuxpefio.l x COL, GPO1 x ETO 
Tuxpefo.1 x ETa Blanco 
TuxpeiPo.1 x ETO Bhnco 

La Posta x American Early Den: 
American Early Dent x Tuxpeo 

Blanco Cristalino.2 
Tuxpefio.1 

Variety 

Poza Rica 7520 
La Maquina 7422 
Tuxpefio.l 

-

-

-

Tuxpeflo C11 

Acrus 7443 

E\/8076 
EV8188 
EV7992 

Tuxpeflo-I 
Shtba Sai 
Tuxpefo-l x Eto 
Tuxpeio-1 x Eta x 

Shaba Safl 
-

Pirsabak (2)7930 
EV8076 

National program nama 

Poza Rica 7529 
La Maquina 7422 
Tuxpefio-1 

Highland early yellow 
Highland white dent 
Highland white flint 
Highland white floury 

Tuxpefio 

Across 7443 

Staha 
Kito 
Kilima 

Salongo 2 
PNM-1
 
Kasai-1 
Shaba-1 

VC9 
VC8O 

MMV400 
MMV600 



Exchange of germplasm among as adaptation, plant height, maturity 
national programs Is also easier with and grain color and texture should be 
open-pollinated varieties than with considered in var!etal description. Each 
closed pedigree maize materials that variety should also possess some 
involve property rights. disthct genetic features which can be 

used to distinguish it from other 
In the past, many released materials varieties. Table 8 lists those characters 
were variable in agronomic attributes that may be considered in describing a 
and lacked phenotypic appeal; this was variety. 
largely a result of a somewhat loose 
definiion of variety. More recently, Evaluation and varietal release systems
variety has been redefined as an vary with national programs. In most 
assemblage of the superior fractioin of cases, conditions on experiment 
uniform and stable phenotypes of an stations and in farmers' fields are so 
improved population in a given different that any assessment of variety 
improvement cycle. Once a variety has performance without conducting on
reached the release stage, it should be farm trials are unreliable. The 
described for salient attributes for the evaluation system employed should 
area of its adaptation. Characters such facilitate identification of superior 

Table 7. CIMMYT materials under consideration for release by African national programs 

Country Source population Population name Variety 

Burundi 43 
43 
43 

La Posta 
La Posta 
La Posta 

Ferke 7643 
Across 7643 
Across 7843 

Ghana 	 43 La Posta Poza Rica 7843 
43 La Posta Ejura (1) 7843 

Kenya 	 49 x 32 Tuxpeflo Planta Baja x ETO Blanco Pwani Hybrid 
30 Blanco Cristalino-2 Pirsabak (1) 7930 
30 Blanco Cristalino-2 Pirsabak (2) 7930 

Malawi 	 44 American Early Dent x Tuxpeflo Across 7844 
44 American Early Dent x Tuxpeflo Kisanga 7844 
30 Blanco Cristalino-2 Pirsabak (1) 7930 
30 Blanco Cristalino-2 Jutiapa 7930 

Mozambique 	 43 La Posta 007643 
34 Blanco Subtropical OB7734 
28 Amarillo Dentado Monica 
22 Mezcla Tropical Blanca Makulu 
43 La Posta QPM La Posta QPM 
40 White QPM PR7740 
49 Tuxpefio C17  Mexico 8049 

Zambia 	 43 La Posia Across 7843 
44 American Early Dent x Tuxpeflo TL7844 
44 American Early Dent x Tuxpeflo Across 7844 
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varieties as rapidly as possible and 
involve simultaneous tests on several 
sites at experiment stations and in 
farmers' fields, along with appropriate 
checks. Figure 3 illustrates the 
sequence of such a program. 

The maintenance and seed production 
of open-pollinated varieties of maize 
can be easily managed through three 
stages of seed multiplication, namely, 
breeders' seed, foundation seed arid 
certified seed. The breeders' seed field 
should show the least amount cf 

variation, and the certified seed field 
the most; the foundation seed is 
Intermediate between the two. The 
responsiaility for maintaining the 
purity of breeders' seed should rest 
with the breeder himself. The 
certification standards should be fixed 
carefully for various stages of seed 
multiplication, so as to provide quality 
control but not hamper seed 
production and distribution. 
Alternative procedures for the 
maintenance and production of 
breeders' seed are shown in Figure 4. 

Table 8. Characteristics that may be considered in the description of a variety 

Characteristic 
Plant part Qualitative 

Stem Color 

Leaves Color 
Color of central vein 
Color of leaf sheath 
Pubescence of sheath 

Tassel Color of glumes 
Color of anthers 
Compact or open 

Ear Color of stigmas 
Color of dry husks 
Husk pubescence 
Husk texture 
Ear shape 
Kernel row arrangement 
Cob color 

Seed Color of pericarp 
Color of aleurone 
Color of endosperm 
Texture (dent, iint, 
etc.) 

Quantitative 

Height 
Number of nodes
 
Number of tillers
 

Total number
 
Number of leaves above ear
 
Leaf angle
 
Width of ear leaf
 
Length of ear leaf
 

Length of peduncle 
Length of central axis 
Number of branches 
Days 500/o plants with pollen 

Number per plant 
Insertion angle 
Lergth of ear peduncle 
Number of kernel rows 
Length 
Diameter 
Weight 
Shelling percentage 
Cob diameter 

Length 
Width 
1000-grain weight 
"hickness 

Source: Development, maintenance and seed multiplication of open-pollinated maize varieties. 
1984. CIMMYT, Mexico. 
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4 

TraW1 ng 

A major function of the CIMMYT maize 
program is that of trainIng and staff 
development. Since it takes 10 to 15 
years of training and experience 
beyond high school to develop 
agricultural research scientists, this 
investment in humqn resources does 
not produce immediate results; 
therefore, it is a difficult task for 
developing countries. 

The main objective of CIMMYT's 
training program is to assume a 
supportive and complementary role to 
national maize research programs. One 
of the primary objectives is to help 
fortify the capacity of collaborating 
national programs to conduct effective 

Year Varietal Evaluation 

Varietal evaluation at experiment stations 

dentify promising variety 

research on maize improvement and 
production. CIMMYT's maize program 
provides the following types of 
training: 

In-service training-This type of 
training is offered to national 
program scientists who are actively 
engaged in maize improvement, 
production and experiment station 
management. The five-month course 
takes place in Mexico. 

Visiting scientists-This offer is 
extended to senior-level research 
collaborators with national 
leadership responsibilities. The visits 
range from one week to three 
months, and training includes 
orientation, discussion and review of 
research methodologies. 

Variety Maintenance Seed Production 

Bulk planting of promising varier 

Multilocation vurielal lusting prcr nitorr of varietal0.7 

on auperimental stations breeder dchar.'tristics
 

Cortirue muitilocato varietul testing __ _ _d_ 

- Vari!tol and agronomic trials on Estlish,half sib recomomatii;o blocl in iSolation wvith 
farmrs' fields ± 600Ghlif sib families 

Bulk -ed Select 5 00 'ar to: 

- for~ SaA.Serve proqevitrrs leo,. 

toro ofof breeder wed 

- Vurietal ltting on favrmner fieldsr ofr jsartisrr cycles of 
- Variet response and verification trials meinteriance and breeder 

- Approval of offic iat variety releuse seed production 

- Continue or farm trials 
- Verification andenperimentulproduction

plot for promotion of variety 
- Formulate recommendstions 

-. Cuntract seed growirti 

Beusedvs 

breeder 

szd Aloiga
with other Bre se 

true-to. 
typeears 

Foundation sied 

Figure 3. Sequonce of events in varietal evaluation and maintenance and a seed production 
program 
Source: Development, maintenance and seed multiplication of open-pollinated maize 

varieties. 1984. CIMMYT, Mexico. 
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Pre- and post-doctoral fclowship 
programs-Pre-doctoral fellowships 
provide thesis re3earch opportunities 
for selected candidates. Post-doctoral 
fellows come to CIMMYT to develop
their professional scientific 
knowledge in maize research. This 
program also serves as a way for 
CIMMYT to screen and identify 
potential staff. 

Associate scientists-This program 
serves as a link between the 
respective national programs and 

CIMMYT. The salaries of these 
scientists, who stay at CIMMYT for a 
year or more, are frequently paid by 
their own goverim cnts. 

in-countr:y training-A number of 
regional and national training 
progrmrns are conducted periodically 
in selected countries and regions. 
The advantage of this kind of 
training is that a large number of
participants can take part. This type
of training is meant to complement 
the in-service training offered in 
Mexico. 

Alternatives foT maintenance and production of breeder seed 

Plant F2 bulk. Isolated mass bulk seedF2 

buik poilinate, selection blockselect planting convertedears planted with into half-sib 

hFbulkseed [ isolation4,_____, 

Maintenance Breeder seed 

Select -: 500 half-sib eai s to: 

Serve as progenitors 
of breeder seed for 

subsequent " cles of 
maintenance andbreeder ,seed 

produc'ion 

Shell in bulk for 
subsequent cycles 

of maintenance 
and breederseed pi oduction 

Plant half..ib 

isolation blockusing t-500 

half-sib ears 

Seed multiplication 

Shell selected ears 
in bulk to produce 

Breeder seed 

Grow breeder seted in 

isolation and exermise 
roquing to produce 

Foundation seed 

Plant foundation s d 
in isolation to produce-J 

Certified seed 

Figure 4. Maintenance and seed production of an open-pollinated maize variety 
Source: Development, maintenance and seed multiplication of open-pollinated maize 
varieties. 1984. CIMMYT, Mexico. 
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Conferences and workshops-Such scientists, former CIMMYT trainees and 
meetings bring together researchers, other agencies engaged in maize 
development assistance agency research. Field discussions and 
officials and others for improving demonstrations in areas of mutual 
communication between CIMMYT interest, such as note-taking, scores for 
and its collaborators, both at measuring disease and insect damage, 
headquarters and in regional offices. harvesting procedures and yield 
National scientists are invited to determination are covered. Such 
present. papers, share ideas and personal contacts have been found to 
discuss priorities. be a valuable training method. 

Table 9 shows the number of CIMMYT CIMV1MYT maize staff also actlvcLy 
maize trainees, visiting scientists and participate in regional and/or national
pre- and post-doctoral fellows from level seminars and workshops and 
eastern and souLhern African countries often present papers. To a limited 
between 1974 and 1984. extent, they also participate in maize 

research project identification, 
Other training-relatedactlvytles-In preparation and implementation when 
1982, along with CIMTNIYT scicntists, requested by national programs. 
the national maize research 
coordinators of Ethiopia and Kenya Materi.l assistance 
visited the Zambia and Malawi maize to national programs 
research programs. All associated The budget of CIMMYT's East African 
expenses were paid by CIMMYT. Regional Maize Program is very 
Similarly, one of the senior inaize limited. However, a genuine attempt 
breeders of Zambia visited the has been made and will continue to be 
Tanzania maize program, along with made to provide certain essential items 
the CIMMYT team. As a result of such needed by national programs. To this 
tours, the maize scientists of these effect, CIMMYT has donated pollinating 
countries have started exchanging bags, grain moisture meters, field scale 
germplasm. It is hoped that such balances, fertilizers, herbicides, steel 
activities will be continued in the tape measure.s, knapsack sprayers and 
future if funds are available, even motorcycles and vehicles in 

exceptional cases. This modest effort 
CIMMYT staff members attempt to visit partially offsets foreign exchange 
each national program once or twice a restrictions fhced by almost all national 
year to hold discussions with national programs in Africa. 
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Table 9. Maize trainees, visiting scientists, and pre- and post-doctoral fellows from eastern 
and southern African countries, CIMMYT, Mexico, 1974 to 1984 

Program and country Year Number 

In-service trainees 
Botswana 1978-80 2 
Burundi 1984 lA / 

Ethiopia 1974-83 7 
Kenya 1975-84 19-W 
Lesotho 1983 1 
Mozambique 1981 3 
Malawi 1975-84 82 / 

Rwanda 1978-84 2 
Somalia 1984 3 
Swaziland 1980 1 
Tanzania 
Transkei 

1977-84 
1980 

3 0 2 / 

1 
Uganda 1981-82 2 
Zaire 1978-80 11 
Zambia 1977-84 12 a - / 

Total 103 

Visiting scientists 
Botswana 1981 1 
Ethiopia 1977-84 7 
Kenya 1981-84 6 
Lesotho 1982 1 
Malawi 1982 1 
Mozambique 1981-84 2 
Uganda 1984 -
Zambia 1983 3 
Zimbabwe 1982 1 

Total IT 

Pre-doctoral fellows 
Tanzania 1981-82 2 
Zimbabwe 1974-75 1 

Post-doctoral fellow 
Zaire 1981-82 1 

In-country training 
Malawi 1984 38 

a/ Includes candidates accepted for March to June 1985 
)/ Departed in February 1985 



227 

References 	 11. Eberhart, S.A., M.N. Harrison and 
F. Ogada. 1967. A comprehensive 

1. 	Anderson, E., and W.L. Brown. breeding system. Der Zuchter
 
1952. Origin of Corn Belt Maize 37:169-174.
 
and its Genetic Significance in
 
Heterosis. J.W. Gowen, ed. Iowa 12. United Nations Economics
 
State College Press, Ames, Iowa, Commission for Africa (in
 
USA. Pp. 124-148. cooperation with FAO). 1984.
 

Feasibility Study for a Subregional 
2. 	Borlaug, N.E., and E.W. Sprague. Maize Research Programme for
 

1979. Exploratory Genetic Eastern and Southern Africa.
 
Research Undertaken by CIMMYT
 
in Maize, Wheat, Barley and 13. Gelaw, B. 1983. Strategies for
 
Triticale. CIMMYT, Mexico. maize improvement and
 

production research in Rwanda. 
3. 	Burton, G.J.L., and C. Maher. Paper presented at the Rwandan
 

1931. Improvement of Maize Yields Agricultural Research Review,
 
in Kenya. Kenya Department of Kigali, Rwanda, February 5-12.
 
Agriculture Bulletin 6. Nairobi, 1983.
 
Kenya.
 

14. Gelaw, B. 1984. Maize research 
4. 	CIMMYT. Maize Program Reports and production in sub-Saharan 

1974 	to 1983. CIMMYT, Mexico. Africa. Paper presented at the 
Association of Faculties of 

5. CIMMYT. 1984. CIMMYT Maize Agriculture in Africa (AFAA). Fifth 
Facts and Trends, Report Two: An General Conference. Faculty of 
Analysis of Changes in Third Agriculture, Manzint, Swaziland. 
World Food and Feed Uses of April 22-28. 1984. 
Maize. CIMMYT, Mexico. 

15. Greenway, P. 1945. The origin of 
6. CIMMYT. 1982. CIMMYT's maize some East African food plants. 

improvement role in sub-Saharan East African Journal 10: 177-180. 
Africa. Presentation Week, March 
22-26, 1982. CIMMYT, Mexico. 16. Harrison. M.N. 1961. The early 

history (1955-61) of maize 
7. CIMMYT. 1984. Development, breeding In Kenya. Coniribution, 

Maintenance and Seed Ninth meeting of SCAB, Kampala,
 
Multiplication of Open-Pollinated Uganda.
 
Maize Varieties. CIMMYT, Mexico.
 

17. Harrison, M.N. 1970. Maize 
8. CIMMYTF. 1984. This Is CIMMYT. improvement in East Africa. In 

CIMMYT, Mexico. Crop Improvement In East Africa. 
C.L.A. Leakey, ed. Chapter 1. 

9. CIMMYT. 1982. 'Training at 
CIMMYT. 	 CIMMYT, Mcxico. 18. Paliwal, R.L., and E.W. Sprague. 

1981. Improving Adaptation and 
10. CIMMYT. 1981. World Maize Facts Yield Dependability in Maize in the 

and Trends, Report One: An Developing World. CIMMYT,
 
Analysis of Changes in Production, Mexico.
 
Cinsumptlon, Trade and Prices
 
over the Last Two Decades. 19. Sprague, E.W., and R.L. Paliwal.
 
CIMMYT, 	 Mexico. 1984. CIMMY's Maize 

Improvement Program. Outlook on 
Agriculture, vol. 13, no. 1. 



228 

20. Storey'. IL i.l.and A.K. Huwvland. 
1957. Resistarlce ill mtize to tile 
tropical American rust. I'uceinia 

polsora Unid.'rw. 1: Geies Rpp 1 
and Rpp2. lcreditv 11:298-301. 

21. 	Storey. 11.11.. and A.K. Ilowland, 
1967. Transfer of resistancei to the 
Streak virus in to E;st African 

maizo'. East Af'rica Agriculture arid 
Forcst rv JoirI'i! 33:181-1 85. 

22. 	 Thew Ke'a "'Fiiies. 19,85. No. S . 

28l. 	 Vasall S.K.. A. Ortega lurid S. 
Pan dcv. I--82. (CiMMY'T's Maize 
Gctriipll~lstll MallagelntllI, 
Improveenvnt and tiilization 
Program I E.('IMMY'I', MeXico. 

Discussion 


Malawi delegale: \Vc feel that il-
c(ol lt rv training irogramns are mlior' 

uslul Ihiliaml courses at CIMMYT 

hctadquart'rs in Mlxico that cilipllasi, 

sonic techiques. shii as iiininum 
tillage. that iarl, a toi lie-.o! li(,bite

lo( al silllili((ll illiril i l r. 


)r. (i('law I ciioinra.' il-( iiiilrv 

llail!illl ru,1 Ill IIh' 'lv'. l , Ioo l 

trailiig ill .Me ico. o'lslesco tllls .s call 

exlose ','(i r pcpl, to to ii hroader 

.Sh)e('ttill of litld It-'hliiqlurs aid 
('olirs, ialcrials. 

[)I.Khadr: 'Youl i(tlitioill tIia, th real 
ii-dicatlini oft s ini plaslr.cess it ger 
p lrogrami iillilt iwl is riot1 mlll(,r of 
r'l'a5l ' itr rill br',ldilt ijlg- i s. litll 

the extent to which farmers have 
adopted those varieties. )o ,otil know 
how much area is covered bv varieties 
which include CIMMYT materials? 

Dr. Gelaw: Nationil programs would be 
ill a bettr position to answer that 
questiun, bul as an example, 75% of 
lilt, Ialll, rs ill tit hig lands o' Le'sotiro 
have adopted new varictics which are
bascd oil CIMMYT gertriplaSlfl. 

2ustinill: Wve ised to get the Fast

Afrini Maize Varietv Trial. Wouldi't
 
it he a good idea to rtvive tiris? 

I)r. Gelaw: Ili immany cotirtries. seed
 
.ollpjallies ald gov''rllIll(-t research
 
arc doilng a good job with trial work. I
 
believe therc ill( betcr wavs of
 

acconliplishinlg tile sallir poirpost Inid
 
avoid (11plitat ioll.
 

Mr. Mpabaiizi: ('Ccitral Africa i<; io!
 
idei'lifierd as a s('plaraitc ecological
 
rgoil. The result is that CiMMYT antid
 
IITA materials are iiadapted to the
 
hlighltlds of {'anllda and lu-rund 
. 

[)r-. 	 Gclaw: The flietr that Rwailta amid 
ltinidi ire inchided iii this workshop, 

'Ix-rl Ihoigh thit' alc. riOt NIULPOC 
en lultrics, shows Ihi we hlve ill 
iiltrCsl ili ih ir .sitUatii. It is true 
tal (lurl- matcrials art, riot well adaplted 
,i vo ir hihluimi d ; Iiv to hehey riced 

sI''i.clt'd for adaptal ion inl a siriii:ir 
cli\'itolillel its il tlti regioll. 
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111. Agronomy 
On-Farm Research wfih " Ovystems Perspective: 
Its Role in Servicing Technical Component 
Research in Matze, with Examples from 
Eastern and Southern Africa 
M. Collinson, CIMMYT Eastern and Southern African Economics 
Program, Nairobi, Kenya 

Abstract 

On-farm research with a farming-systems perspective(OFRIFSP)Is a new tool for 
agriculturalresearchin the eastern and southernAfrican region. Focusingon 
local farmingsituations,OFS/FSPcan modify the findings of technical research, 
pinpoint farmers' technicalproblems and bring together researchers,farmers and 
extension in the selection and adoption of technology for local situations.Three 
case studies in which OFR/FSPhas shown merit are discussed, one concerning 
the low power resources which are available to small farmers and which affect 
their varietalchoice and management,anothershowing how more intensive 
croppingpatternshave come about as a result of increasingpopulation pressure 
on the land, and a third case study describingthe circumstances which cause 
farmers to use specialized varietal types. The three cases illustratehow a 
systems perspective is used in OFR/FSPto understandlocal farming situations, 
and how the output of technical component research can be mobilized by 
identifying the techniques appropriateto those situations.This approach can 
feed information back to researchersthqt will help them to evaluate selection 
blocks, yield trialsand culturalpractices,using the same criteriathat farmers 
use in assessing recommended varietiesand practices.This can make the 
products of researchmore pertinent to the needs and capabilitiesof the small 
farmers who constitute the market for those products. 

There is an Increasing commitment to and the extension services. Burundi, 
on-farm research with a farming- Mozambique, Rwanda, Somalia and 
systems perspective (OFRIFSP) as a Uganda also have, or soon will have, 
new tool tor agricultural research pilot programs in OFR/FSP. 
among countries of the eastern and 
southern African region (ESA). There is interest in OFR/FSP in three 
OFR/FSP is relatively well developed in areas: 
Zambia (1982) and Malawi (1984), 
where regionally deployed teams of on- a Mobilizing timely and appropriate 
farm researchers, including both findings of technical research in 
technical and social scientists, have identified local farming situations: 
been restructured into their research a Identifying, in those local situations, 
services. Botswana, Ethiopia, Kenya, unsolved, technical problems 
Tesotho, Sudan, Swaziland, Tanzania important to farmer development. 
Hnd Zimbabwe have OFIVFSP-type and feeding them back to the 
programs, and are actively debating relevant specialist researchers 
how they can best be integrated with (TCR), and 
technical component research (TCR) 
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Allowing a participatory approach to 
the selectlon arind adaptation of 
technology lii local situalions, 
involving researchers, farmers and 
extension staff. 

The roles fill gaps and complement 
deficiencies, which in fhe trAditional 
researct: process have inhibited the 
wide utilization of research results and 
recoIien dations by lhrmers, 
especially small farmers. Agricultitral 
researchers have always realized that 
blanket reconmendationis teprcsent a
compromise, and have sought to 
handle differences in climate and soil 
by multilocation Trials, adapting their 
materials to local agroecological 
circumstances. Adaptive research and 
on-larn: experimentation per sc are not 
new hut OFR/FS1i brings to Them 
three new perspectives: 

s 	Awareness that social and economic, 
rather Ihan agroecological, 
circumst;IIcs dictate fai'imers' final 
decision making; technologies, like 
other products, need to be tailored 
to Ilhe peculiarities of local mrairkels: 

Understanding that farmers, to mheet 
their diverse obiectives. operate 
ra till iactivity systems which demanid 
compromises on Technicai perfection 
in any one adctivi t in the interests 
of the Systelil as a whole, aid 

Recognition that innovations imn-t 
be exposed to Farmers and extension 
staff as part of the technology 
development process, with nonviable 
options eliiina Cd before 
reconmeridat ions are made. This is 
clearly preferable to finding out 
about nonviability after 
recomnendation, when considera)ie 
resources haw already been 
invested in extension traitting, ilpuI 
and credit servicing of tie 
technology. and often related 
infrastructural development 

In the urge to realize biological 
potential, agricultural scicntists have 
often exploited interactions by 
developing comprehensive "packages" 
of coinponents. Recoimewndait,"n, nd 
the credit packages which ac compainy
Them represent the "hest ." to ,raOW 

ii-!e within hc re. u: state of tilt, 
art. The gap betweer current pr'actirc 
aillithese "final sollition" , to i "aL: 
growing is often so wide that it canmot 
I;- bridged by the smaller tarmer for
 
such reasons as:
 

' 	 Their cash surplus is so low that 
these compound packages are out of 
reach economically: 

* 	 The management repercussions of
 
these conipounnd packages on their
 
current activities are highly
 
complex, and often imply the
 
sacrifice ot other objectivcs, which 
may have a high priority with tile 
farmi family, and 

* The visks in making tllwsc charigzs.
ev-eti in accepting credit heyond 
their an nual splding levels, go 
against f/ni i!v scurity. which is 
oflen Cc ir;ai to the prioritie.s of the 
small fainimcr. 

There is nothing wrong wilh packages 
per sr; farurics, like agriculural
 
scivnliso;., are it crested in exploiting
 
interactions. What is important is that
 
the srAc'tion of cmiiponeitS for 
packa!ges be'ii:.de with a kno~viccde of 
,;pi f:-rnmt . OFFi&F'SPci he sitilneioij. 
supplies tlh.; nowvledge. ;trn-h Iiii0 
lte pilanning of ad: p.iivc research. 
ithesc additiona! p,!'spectives enable 
the rnawching of emerging technologie.s, 
to the nirrds 'iff;,hocahiliii, 
specific farmer grops. raisiug h(' rate 
of techtnolo yv(ql)tinc. 

Allhoul-h Ot i ;i: Peno\ini, 
comnm'imcn t ItOFIR/FS,!'. it is ;i il in 
its hegiming ',agos ;ilOw.ESA region: 
('apiciiy fon (ilR/iFSl 4q Iiinied. 
Profal ly less .! t fic3n f% 
professionai p(r.soimel of (t(' nal lonal 
agricultural :cS'aZra'-h SCrv'iC' (NARS) in 
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the region are working with OFR/FSP. Some show how technical results have 
It seems likely that the participation of been Immediately available to meet 
15 to 25% of national researchers, identified farmer needs. Other show 
depending on the complexity and how needs have Influenced, or will 
diversity of f'rner circumstances in a influence, the orientation of specialist 
particular country, is a cost-effective research programs. The majority are in 
proportion, leaving 75 o 85% cf the maize in the interests of the audience 
research professionals in speciadized here, but other situations are 
technical component research. This mentioned to illustrate circumstances 
estimate .may be modified for very which may also be applicable to maize. 
small countries. which have large, All of the cases ar. designed to show 
agroecologically similar neighbors with how OFRFSP assists specialized 
greater resource bases to support a technical component researchers, both 
critical TCR mass. Where a regional by mobilizing their results to meet 
spirit of cooperation allows ready observed farmer needs anid by 
access to research information across identifying technical problems, which 
national boundaries, it makes sense for are important to farmer development 
small countries to opt more heavily for and which need their attention. 
OFRJFSP and to concentrate on 
adaptation. The capacity of a country The three cases are concerned 
for OFR/FSP cannot be counted by the primarily with varietal selection. They 
number of researchers allocated to it. illustrate how the use of a farming-
Professional competence in diagnosis, systems perspective for understanding 
planning, implhmcntation and the situations of small fhrmers can be 
Interpretation of on-farm experiments, brought to bear in the choice of 
and In eliciting farmer and extension appropriate varieties. Aspects of maize 
participation in the OFRIFSP process, agronomy are added where relevant to 
requires high levels of skill and the particular case. 
commitr ent. Few of the national 
researchers allocated to OFR/FSP have Case 1. The low power -te-ources 
master's degrees, and perhaps only available to small farmerm, and 
half a dozen have PhDs; very few have impllcations for varietal choice 
been exposed to the concepts, and and management 
fewer still the practice, for more than Small farmers in the tE3A region have 
five years. It will take time to build limited power resources. Land 
effective capacity in an approach preparation and planting of a hectare 
which is itself evolving rapidly, and of maize with a hoe takes up to 50 
which because of the added social and man-days, depending on the previous 
economic dimensions is complex in its crop cover and soil type. Even with a 
different dimensions as compared to team of oxen, often weakened after the 
technical research, dry season, a family need:s up to a 

week to prepare and plant less than a 
The Ua,: of OFRJFSP hectare. Studies from Tanzrnia, 
hk frmall-Farm Gftuation3 Zambia, Zimbabwe and Malawi, as 

well as across the region, show that 
Despite the infancy of OFR/FSP, it has small-farmer communities are still 
begun to show its merits. Three cases planting several months after the start 
where the application of OFR/FSP has of the rains. Characteristically, for 
provided new insights into the needs of much of the ESA region, cultivation 
local small-farm situations will be begins in late October and ends in mid
discussed here. They have been chosen January, a three-month period. Land 
to Illustrate situations which are widely preparation and planting are riot the 
relevant in small-farm agriculture, farmers' sole occupation during this 
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period; they also weed and fertilize
their earlier plantings. The decision as 
to when to stop nlianting more area 
and weed the early plantings is 
economically complex. The ose of a 
larming-systemns perspective to 
exarmifle su1ch situations has promoted 
rcs'arci interest in a range of 
disciplines. 'Xnong these are plant 

breeding and sclcf"tion. 


Variability beltween and within species 
1ot tolcrance to delayed planfing-The 
planting date effect pei- se is perhaps
not yet fully understood, and is 
different in different agroecological 

sttuations. It is clear throughout the 

region that there is a 
strong tile-of-
pl:nting effect, that independent of late 
plantings being imnmature at the end of
tei rains. rer:uces yield radically, 
Figures of 50 to 150 kg/ha yield loss 
per day of delay after the onset of the
rains have been quoted for maize in 
Kenya (1). Research results show that 
planting date for optinmum yields, often
of a wide varietv of crops, is 
nimnlediatelv after the onset of the 
rains. How,:-ver, an economic analysis 
of the situati o shows that where these 
findings are reflected in the same 
recommended planting (late for a 

variety of 'crops grown hy the farmer,

lie might reduce his production for 

food and cash by up to 70% by 

following the recommendations 

faithfully. Given evidence of the 
severe 
power limitations of small farmers andthe relative land abundance in many 
sinall-farm situations, interest has 
increased in the relative tolerance of 
both crop species and varieties within 
species to delays in planting. This is 
l)articularly relevant to maize, which
occupies hitween 50 and 80% of the 
cultivated area in farming systems of 
the region, and which is both the 
staple food for the household and a 
profitable cash crop. 

Changes in varietalsuperiorityas 
plantingtime is delayed-This same 
limited power characteristic of small-
farm communitles has prompted 

interest in cross-over points In maize
varietal performance with delays in 
planting. Work is being done in both 
Zambia and Zimbabwe to formulate 
recommendations of maize varieties 
more suitable for delayed planting. 
Most of this work is currently centered 
around the use of early maturing 
varieties to avoid the end of the rains, 
rather than of tolerance in the maize 
varieties to the direct effects of late 
planting. 

Some q.fronomic aspects of thepower
limitationsof'small lhrmei-s-Contrary 
:o the conventional belief that proper
time of planting is virtually costless to 
tie farmer, there is increasing 
recognition that power limitations can 
restrict the farmers' ability to achieve
optimal time of planting. This has led 
to increased interest in the 
management of late-planted varieties.
As a result of agronomically significant 
interactions between planting date, 
plant density and fertilizer levels, it is
becoming accepted that different
 
management regimes 
are necessary for 
late-planted crops. On-farm research in 
both Zambia and Zimbabwe is working 
towards management recominen
dations for late-planted maize. 

In the draft-animal systems, which are 
widely found in the ESA region, power
limitations are increasing inseverity.
As population density increases, tile 
demand for new arable land
encroaches on grazing areas, reducing 
th, number of animals which can be 
nitijutained and consequently the draft
power pool. Well-documeoted cases 
from the Internationa! livestock Center 
in Africa (ILCA) in Eth'iopia and from
Zimbabwe (Research and Specialist
Services) show that a decreasing draft
power pool has to prepare the land for 
an increasing farm population. Delays
in land preparation, and consequently 
maize planting, are exacerbated across 
the community as the draft-power pool
decreases. Similar situations can be 
identified in parts of Kenya, Tanzania. 
Lesotho, and probably Zambia and 
Uganda. 
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In both Ethiopia and Zimbabwe, on- rainfall) parts of the East African 
farm research has resulted in highlands. There a population of up to 
initiatives for stabilizing the draft- 600 people per square kilometer 
power herd, both by improving feed results in a high proportion of holdings 
resources and by reducing draft of little more than one-half hectare per 
requirements. At ILCA, harnessing family. At this settlement density, the 
experiments have resulted in a single power problem fades and land area 
draft animal giving some 70% of the becomes the limiting factor in the 
power output of the traditional pair. In potential of the farming system. In the 
Zimbabwe, it has been foand that the western Kenya high-rainfall areas, 
use of a tine for opening the planting highest yields are obtained with the 
row can reduce the number of passes currently recommended 600 hybrid
in plowing to one-third. Because the series bred at Kitale. These hybrids, 
tine can be pulled by a two-animal planted in early March, stand in the 
team, rather than the four-animal team field until mid-September. With 
traditionally used for plowing, the rate unreliable rainfall in January and 
of land preparation increases five to February and with the late-maturing 
sixfold. Combined with the use of 600 maize, only 100 days are left for 
Atrazine to control the early weed the recultivation of the land for a 
flush, this higher work rate will allow second maize crop. This second maize 
for earlier planting of a significant crop is particularly important to small 
proportion of the farming community's farmers, since in a significant 
maize; it will also lower the stress level proportion of years maize prices reach 
for the draft herd. The appropriateness 300 to 400% ol the post-harvest price 
of different approaches to the solution in June and July, before the new long
of this widespread problem of animal rains maize is harvested. Unless tlhere 
draft power can only be assessed from is a second crop, the small farmer is 
an understanding of the particular forced to buy maize for food at these 
farming system in which the problem very high prices, and then because of a 
occurs, lack of cash or because he has had to 

inortgage his current crop to buy food 
These facets of an examination of the earlier, he Is forced to sell his crop at 
implications of the low power resources the low, post-harvest price. 
of small farmers for maize variety 
choice and management are important. Because of this need for a second crop,
They reflect an increasing awareness and because of the high penalties paid
that the best way to grow maize by farmers forced to buy in the market 
changes radically with local before the main harvest, experimental 
circumstances, both agroccological and work has been done in farmers' fields 
economic. Technically optimal maize in western Kenya to reconsider varietal 
growing, identified in isolation from a recommendations. Varieties of 120 to 
farming situation, can reduce the 180 days to maturity are being 
farmer's flexibility to manage. For compared for performance in the long
enhanchlg his flexibility to handle the rains (March to August) and short rains 
circumstances within which he has to (August to December), to Identify the 
operate, such as low power resources, combination which gives the best 
the problem must be seen and met production over the whole year. Also, 
from his perspective, and this is relevant to many other 

situations in the region, a high 
Case 2.More intensive proportion of families are dependent on 
cropping patterns local markets for buying expensive
Extreme population pressures for rain- maize for food in the pre-harvest 
fed agriculture are being experienced months in some years. An early 
in some well-watered ( 1500 mm planted, early maturing variety can 
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conmaid three to four thimes the price 

of maize harvested at tile usial time. A 
short-feric variety 'ul I) grown for 
food sec(urity. fr avoidting having to 
buy maize when itisat its roost 
expensive or for bering able to sell it for 

profit to exploit the inar+,-t . Although 
such a varNtv nlight hav%e onl,- 50% of 
the yield pot-rntial )! I statdatn d 
vari,ty, its t'liicss would allow the* 
tarner to l)eltett Ioil lites' high 

pric-s, inakiig itIOW% l lore profitable
thanta longer imattiring standard yp., 
The expelielllts illw an llllliol) o 
t-arlier matturing varieties withItfiese 
circtllis ltes illilllnd. 

Agronomnic -otisidcratiotrs of 
iltrcrop11"-Twt) ag-oiitmic aspetts 

of these exper'illnlts ate of interest. 
First. with tiets( extrcete\' resoturce-
poor fIareir,. ! itiligible ntiintber are 
lsinlg fe'rtilize'r on thit maize, whic-h is 

heavily iltererol)ped wili bllans. ant 
to a lesse.r dlereT. CtasSava attd 
sorglttint or litger miiillt. It is tinliktly 
that there ct-albe iatransitiott to Ht-. 
tse of f+ertlilizerl tinl it food securit eoall 
be assured thri-oighoutl tlit,et. ai lsili 

fime( wittl ftilizet- lntist be bolught is 
Illc. tint farmers iieed cash to 
SUpplehrtieit their itite.-gi-owni ftood 
supplies: the'refore, varietal 
eontl)l'isoits are, heing tide tier ile 
low ltels of orlgalcitllJC iiii- curoitlll' y 
is('( by hltal firn'llilers. 'lccauose of tIc-

)os!i)le iihractions Nt)'twieti itia~z 
anid tit' hav' ittererolt (' beans, 
eo' p)l'isolns \%i'i also b' lllade oit ill 
ilurrti)lped basis, nln'tsuiring thl 
effet' i lli challge illmal"izt varitties 
otl bean prodiutttil. 

St-ond. lotyal lhirturs ut ilize tli-
Inaizi' stov'r illtlisively lfor ttvdino a 
dairyv animal to provide, fh hiy lrizetd 
iuilk for teitnily. Th, possibility 
exists , : opew1int 1:f) the tall stltiding 
Iaize I, stri%)it, the lower h-ax'-s. 
not only to p",,id' foidde'- ilt also to 
give ar-"c.-, ior light to a st ('o1(l niaiz 
cr,p), relaY plant id illthtI-iilrow 
after the beiants ti-t-moi-\,d. This ita\ 

two shorter-trlmt ll~i would
x'arities. ItX, 

allow a lt -mat uritv va iely for the 
early rains anld an earlier ottiringi 
variiety tor til,late rains , or perhaps 
tven lon.g-terni varitlies t'orboth rains. 
Suchlt optiois call only inr"ge fron an 

tonderstan(lintg of tarnielt ne(ls and 
curre'nt tlwrticti-s illat slpecifc local 
situation. 

Case 3. Circumstances 

in which farmers use
 
specialized varietal types
 
('itse I nid Cast- 2 are sittiatiors where
 
Iknowledge of fattnet-rt-sottree
 
elld',tltllts an(l Illltigerlltit
 
Sill it.gics !s inil Olrtitll o
lt Ill
 
titndel staindinig otttheir varietal etl's. 
Case I exlnesslllls tt- lf te vrietal 
itipijlircatlions of Ilow poweriIstlti's. 
eol)niioii toiany sit :tll-I';ltrillt-" 
sv.-nis at'ross the l'tooii. (ase' 2 is ;ill 
eixtrte -illlitn win-ri lailt his 
teolne tOtw illiiiing resolurce tlsjitt 

low power a\v;tihtl)ility (.1s, 3 brings 
togeti'lh threc (O'ltlhlflow 

U ,(ir'tl",tatS thtle Ialll lCesollf
vlt-lovitie play at lrge pJ;art ino 
farnierY" t'hoitt,of I'It i-, for tHe'ir 
It;trlitfiha - cilhtun-litii 't-. 

lgrotting 

dill-rcnt (onsittniptitln
 
ehr;lcri.tie.-Multilines ilt. t)tt-tn
 
ssocitltd with whtal growiigI as ;I 

slrotg(-g to iiolt itih-lVV lissus trot 

iisilast.. ilt' gl-twill Itt till f 

Thc Of s(.tttJ tart'ics with 

i tillhl" 
Va-l'irli'
is :lso a freitenit eat til't- () 
stiall-flar'tll- Illiliaglvllit Slrlttgx,1' 
islet-tiall- \whti ltrodttion for 
(tlstllmll ioll or rtill 1itlt ilthlll lot salts 
objet'tiv-s, l"art-Irs illpa ltlo Zaitl)it 
nake ioily py iliugs ofttradiiltol 
short-termn maize vat'ettics (100 to 120 
ditys) to obtain ly t'I food. These 
v:trit'titsalso islte biell +isig-t'u 
titiize thai (It)tiht '.;i, -l)02 andi 
1121 (1170 (la -sl. w'hith lrl ir Ithiain 
t-rot). Faniier Itriolit tor tcrl' planiing 
ofttlhtste Iralitil lal 'arit'thi's hi-ds to a 
dt'fav illtht 1)101flg ofg 25"oI hybrids: 
tt h\'brid lanltigs ,- i Inlie tith 
e1Xpltations of only 125 days of tamn. 

fist tst Illans\\.r t
b' a mo'r, 'ilh- ol)tiot lan thii tit- (ltiestitrl tf whetlt-tr 
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an Improved 120-day variety would be 	 term variety would improve their 
uscful. 96% of the farmers answered 	 flexibility to manage this hazard. 
that it would be; 63% mentioned the allowing greater probability of escape 
advantage of early food. In areas for the early planting, and the option 
investigated in Malawi, virtually all 	 to plant the second crop later, perhaps 
farmers plant local maize and give it 	 as late as January. in those years 
priority in establishment over MH12. 	 when the drought occurs early. 
because of its storage and consumption 
characteristics. 	 The considerationof crop by-products 

in variety selection-Case I highlighted 
Working in the Ol-Obeid area of the 'he decreasing pools cf draft power as 
Sudan. Intsormil found a range of a result of the competition between 
sorghum varieties being mixed in the arable land and grazing land. In many 
same planting. Different varieties were parts of the world that are more 
identified with differently valued intensively cultivated than the ESA 
consumption characteristics. Farmers region, the stover of cereal crops, used 
mentioned as desirable such for animal feed. sometimes has a 
characteristics as, "Gives a large food higher value than the grain itself. 
crop in a good season," "Comes Strong local markets exist for stover. 
through with sufficient food in a dry with farmers who do not own draft 
season," "Stoics well to allow a carry- animals trading their residues for 
over until the current crop is in," "Is services from draft owners, or finding 
good for brewing," and "Stalks make their niche in the milk market by 
good animal feed." In many small-farm selling forage to dairy farmers. The 
systems in the region, there will be no possession of stover by non-animal 
single "best" variety. Selection and owners can be seen as a bargaining 
perhaps even breeding can be usefully position for access to draft power; the 
oriented toward replacing specific beginnings of such a situation can be 
varieties of major importance to identified in the ESA region. In sonic 
farmers, anti can be guided by an drier parts of Zimbabwe, although 
understanding of the strategies of tradition allows access to all crop 
farmers in growing a range of varieties, residues by livestock. 90% of the cattle 

owners collect their maize stover from 
The use of more than one planting for their fields and store it from time of 
adaptabilityto weatherconditions- harvest in April and May until It is fed 
Mid-season droughts are a feature of to their cattle from August to 
significant areas of the drier parts of November. A few cattle owners in the 
the ESA region. About once every area report planting maize after the 
three years. farmers in part of southern harvest of groundnuts in February, 
Zimbabwe face a floating mid-season some six weeks before the end of the 
drougit, which occurs anytime rains: their aim is more nutritious 
between Christmas and the end of fodder for their animals in the dry 
February. They manipulate two season. 
plantings of R200 and R201 (135 to 
140 days) so that one of the plantings In western Sudan, where transhumant 
can escape this possible drought. The farmers move through settled areas 
strategy is for the early planting to with their animals In the dry season, 
start setting grain before the drought the beginnings of a fodder market can 
when it occurs late, or for the late be seen. Settled farmers get the value 
planting to stand through the drought of the manure In exchange lr the 
if it occurs soon after its establishment, residues grazed by the transhumant 
Once it was understood that this was animals. In all of these cases, as 
the farmers' drought-avoidance pressure on dry-season feed increases, 
strategy, it became clear that a shorter- the market for fodder will become 
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more important as a criterion in 
variety choice. In part of' the Mount 
Kenya area of Kenya, farrncrs have 
indicated preference for the 600 series 
over the recommended 500 series of 
hybrids, as the larger 600 plant 
struct nrc gives more biomass t'or stall 
feeding one or two dairy cows; inilk is 
a 	major source of cash fbr these 
holtseholds. 

Conclusions 

These eases ilinstrate how OPI/,FSP 
tises a syslems perspective to 
understand local farning sit tat ions. 
The first two more-detailed cases show 
how OFR/FSP mobilizes TCR outpti by
identifying new techniques approprialt. 
to those situations. All of the cases 
illustrate how OFRiFSP feedcan 

information back to breeders to help
them asseimble and evaluiate selecltion 
blocks and yield trials, uising the :aint 
technical and ecorionic criteria that 
farmers will use in assessing varieties 
recommended for their use. 
)escriptions of sinall-farmer situiations 

rutust specify the maiagemen t context 
into which selected varieties arc going 
to be introduced. This can bring 
realism to the manageentl of select ion 
trials, making the prodticts of research 
more ptrinent oI the needs ani
capabilities of the small farmers who 
constititc the market for those 
p')11n-t S. 
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IV Plant Protection 
Maize Diseases in Africa and Their Role 

t Varietal Improve ment Process 
J.M. Fajemis.n, Ynternational Institute of Tropical Agriculture, 
lbadan, Nigerla 

Abstract 

Diseases are gretcrIn number and Intensity in the tropics than in the 
nont'opica' regions of the world. In Africa, annualyield losses to diseases are 
commonly In the range of 15 to 5')%. compared to the world average of 9%. 
Some years, epidemics of such Africa-specific diseasesas maize streak virus can 
cause yield losses of 100%. The yield-depressingeffect of maize diseases is among
the principalcauses of the instabilityof maize productionIn Africa. This paper
discusses the groupsof diseases which are most widespread and important in 
Africa, theirsymptoms, control measures and the availabilityof sources of 
resistancein maize. The groups discussed arc seedling rots and otherseedling
diseases, local-spot follar diseases (including leaf blights, rusts, leaf spot and
brown spot), the systemic foliardiseases (including the economically important 
maz1.,' treak, maize motthehlorotic stunt, maize dwarfmosaic and downy
mildew) and stalk and earrots. Maize is also prone to attack by the parasiticseed 
plant Striga (witchweed), which feeds on the plant, deprivingIt of essential 
nutrients,metabolites and water. IITA has developed techniques for disease
resistancescreening by exploringho.,t-plantresistance (among adapted varieties 
first in order to hasten farmeradoption). Three parametersare consideredin 
disease assessment, Incidence, intensity/severityand crop yield. The role of 
maize diseases in catalyzing the variety development process in Africa has been 
tremendous; the birth of many nationalprogramsof.maize research was a direct 
result of the spread of disease on the continent. IITA and CIMMYT have 
collaboratedto develop varietiesresistant to the systemic foliar diseases,
especially maize streak. Futureefforts of IlTA will continue to be concentratedon 
the development of maize varieties with combined resistanceto the major
economically important diseases, maize mottle/chloroticstunt. Striga and stalk 
and ear rots. 

Maize (Zea jiays L.) is a cereal crop of 
great dietary and sucioeconomic 
significcnce inAfrica. Its cultivation 
spans the entire continent, from the 
subtropical south through the central 
tropical region to the arid subtropical 
north, where production is irrigated. ft 
is the dominant cereal food crop in 
many countries of tropical Africa, 
playing the same role as rice In Asia 
and wheat in Europe and the 
Mediterranean. The place of maizc in 
the farming system of the African 
farmer is very important; it is 
sometimes planted as a sole crop, but 

more frequently it appears in mixed 
cropping with legumes, root crops. 
leafy vegetables and other cereals. 

Even though the total annual volume 
of maize production in Africa has 
increased by about 150% in the past 
25 years, from 12 to 30 million tons, 
yield has stagnated at about one ton 
per hectare; this unprogressive yield 
trend Is particularly true of the tropical 
region. Disease attack is a major 
reason for the low yields obtained by
African farmers. Diseases are greater In 
number and intensity in the tropics 
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than in the nontropical regions of the 
world. In Africa, annual yield losses to 
diseases are commonly in the range of 
15 to 50%, compared to the world 
average of 9%. Some years, epidemics 
of such Africa-specific diseases as 
maize streak virus can cause yield 
losses of 100% (12). The yield-
depressing effect of maize diseases is, 
therefore, among the principal causes 
of the instability of maize production 
in Africa (7). 

Latitude, altitude and vegetation type 
are the principal physioclinatlc factors 
for stratifying maize ecologies in 
Africa. There are six major ecologies: 

* 	 Lowland tropical rain forest-mostly 
between ION and 10 0 S latitudes, 
with altitudes below 1000 meters 
(parts of Tanzania and coastal 
Kenya); 

* 	 Lowland tropical savann-between 
100 and 151N latitude, with 
altitudes of less than 1000 meters 
(the eastern belt from Ethiopia to 
Mozambique and the southern belt 
from Mozambique to Angola);

* 	 Tropical. midaltitude-between 1000 
and 1500 meters altitude (mainly 
eastern and southern Africa and 
parts of central Africa); 

* 	 Tropical highlands-between 1500 

and 2000 meters altitude (mainly 

the eastern and southern parts of 

central Africa);


* 	 Subtropical/Mediterranean--above 
and below 23"N and 23 0 S latitudes, 
respectively, and 

* 	 Tropical desert, irrigated-mainly 
between 150 and 231N latitude and 
parts of eastern and southern Africa. 

Major Maize Diseases 

Maize is subject to attack by some 
diseases wherever the crop is grown. 
The two most important factors that 
influence ecological stratification, 
namely temperature and rainfall, also 
govern the distribution of maize 
diseases in Africa. For instance, 

subtropical or temperate diseases like 
Helminthosporiuni turcicum leaf blight 
and Pucciniasorghl rust occur in the 
cool environment of the tropical 
highlands, whereas their, hcat-loving 
counterparts, H. maydis and 
P.polysora,prevail in the lowland tropics. 
Furthermore, even within the lowland 
zone, the higher relative humidity of 
the rain forest belt of West Africa 
facilitates the occurrence of more 
diseases than in the drier savanna. 
Since temperature does not limit year
round maize production in tropical 
Africa. seasons are differentiated 
principally by rainfall pattern. 
Differences in rainfall (total annual 
precipitation and distribution). 
temperature regimes, relative 
humidity, cumulative inoculum 
potential and the overall climatic 
influence on vector behavior affect 
disease distribution between seasons 
within the same ecology. 

Maize diseases can be classified in 
several ways. The system used here 
combines elements of h-st-plant 
development with easily recognizable 
symptom -characteristics. Over thirty 
diseases have been recorded on maize 
in 	Africa. many of which are of little or 
no practical significance in its 
production. Only the major, commonly 
encountered diseases will be reviewed 
here. 

Seedling rots and 
other seedling diseases 
Maize seeds are subject to infection by 
fungi, causing seed rots and diseases of 
the seedlings, often referred to as 
damping-off. These fungi are soil 
and/or seed borne. The symptom of 
seed rot is the complete decay of' the 
seed before or at time of germination. 
Seedling diseases, usually called 
seedling bl! )t, may occur In several 
forms. Some commonly encountered 
symptoms are those of brown water
soaked lesions on the roots, the 
twisting of the shoot (Pockkah boeng) 
and stunting or progressive wilting and 



239 

eventual death, beginning at the tip of rots. Yield losses are particularly 
seedling leaves. These diseases are pronounced when the plants are 
favored by pla-ting In wet, poorly severely infected in the early growth 
drained or cold soils, by mechanical stages. 
injury to the seed coat and by very 
deep planting. Helminthosporiumleafblights-These 

are the most prevalent and potentially 
Fungi that incite ear or kernel rots are most damaging of the leaf-spot 
also common agents of seed rots and diseases of maize. The two common 
seedling diseas.,s. Fusariumspp., species are southern leaf blight and 
especially F. rnonlliforme, are the most northern leaf blight. 
frequently occurring fungi found on 
sceds across all the maize-growing Southern leaf blight occurs in warm 
ecologies in Africa. Other commonly humid areas of the lowland tropics 
occurring seed-borne fungi are (200 to 321C). It is caused by the 
Macrophomina phaseoli, Nfgrospora fungus Helminthosporiummaydls 
oryzae. Botryodiplodia theobrornae, Misik and Miyake (Cochllobolus 
Hclminthospoiurn iaydfs and heterostrophusDrechs.). The 
Diplodta maydis. F. roseum occurs in synonyms of the fungus are Drechslera 
the highlands. Aspergillus and maydis and Bipolarismaydls. The 
Penicillum may also be important, disease is characterized by tan, 
especially if the seed is wet when roughly rectangular lesions, with the 
harvested and stored. The most longer side being parallel to the leaf 
important group of soil-borne axis. They range in size from 1.9 to 
pathogens are various species of 2.7 cm long by 0.6 to 1.2 cm wide. 
Pythium. 

There are two races of the fungus. 
Seed rot and seedling diseases can be Race 0 is the most common and is not 
controlled by l)lantlng good-quality specific on any type of cytoplasm; it 
seed in warm soil. Factors that usually attacks only leaves. Race T 
predispose seed and seedlings to occurs on plants having the Texas (T) 
diseases can be corrected or eliminated type of cytoplasm that confers male 
by the avoidance of excessive sterility to the plant. On such maize 
mechanical damage through careful varieties, not only the leaf blades are 
processing of seed, planting mature infected, but also the sheath, husk, 
seed, storing seed at relatively low shank and cob. The lesions incited by 
temperatures and humidity, and Race T are larger and less rectangular; 
planting when soils are warm and they are more spindle shaped or 
favorable to seed germination and elliptical. They usually have dark 
growth. Chemical seed treatment, I.e., reddish brown borders. 
with Captan or Thiram, protects 
against invasion by soil-borne fungi. Northern leaf blight is caused by 

Trlchometasphaeriaturciea (Luttrell) 
Local-spot foliar diseases and appears in cool, humid climates, 
Local-spot leaf diseases are the most such as those of the subtropics or the 
frequently occurring maize diseases, tropical highlands. The characteristic 
They are principally caused by fungi symptoms are large boat-shaped, 
and are common in areas of warm grayish green lesions (5 to 10 em long 
temperatures and ample moisture in and about 1.3 cm wide); they later turn 
the form of rain or heavy dew. When tan. The temperature range of 180 to 
severe, they depress yield by reducing 27"C favors disease development. 
the photosynthetic leaf area and H. maydls and H. turcicun overseason 
predispose the plants to root and stalk as mycelium and spores (conidia) on 
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infected leaves of the previotis-seasorl 
crop and ol stored grain. The disease 
is spread by mcans of coniia,and 
under ideal weallier conditions Ihe. 
(lisease cvle iscompilet ed in (30 to 72 
hours. The coni(lia ean also be 

transformed into ehlanvY(ospores

(resting spores). 


Rusts 
The maize rusts are fungal diseases 
eatised by ll(' [tPIR ilin spCcies. RiS.S 
OcCur primarily onIlthe leaves and an" 
above-grotnd grecn tissute. Thy'' are 
charaterizccl by the prcsence of 
rcoughly cir('Utlar. gollei yellow to 
brown rtised siruiltrsT , (plistliles). 
which whCn llaltirc erupt ttrlase 
powdery spores. There arc two nllijor 
species. which like ll leaf bligils are
(listiliguislhb. Oil Il'VIhai.si of 

ecological hidntalloril ilc
ierle i-;ill. 

preferrices. 


Iolvsor-ii ruis't-This Ivp, of' l, iss 
.
ealisetd )y o cIrs illPOlV ,%Sora.It 1 
warmi, htiliid enlvirollliwlllt: ehvatiols 
above 1220 meters itr'"Uiitavor-tilth l~Ir 
(lisease (evkclopnilen . l)l ,.sThe isil r 
light browni and roll it(1or oval. ThI '.y 
are usually fou(1 oil ilie irtptper 
stirfaces of the leatves., with Illi. af 
epid(ermis rernailirg ililit over"li. 
ptistilhs tor a lonlg period. 'Ilt 
tire(dosporesr, 'vellowish to gol(tln, 
niiiialso rotiriol to oval. Ni alt('lilIt' 
host liis be'in rt'tr((I for Ilic fhig s, 
bl ilt lias a 1nn111hr of'collateral glass 
hosts. l',ri- lltor is h, t ire(losportes. 
Teltospores are rare :ii(l ol little 
tniportannce il Ilis s'.Ilt' .t'vt'h'. 

So ghi rist-Ttis ri is ciisi(d bY 
S. sorgLji. Tht' diseast, is prevatil rlirl 
cool ernvironrntts, sich as irllie 
highl lds of (-as rl ail(l sollilh('ril 

rust. P. sorghi has a coiplete fife (cycle
(maCrocvClic). whiCh passes Ihi-ough al
 
alternate host. tihe barberry (Oxllis 
sp.). lowever. as with polysoral rust. 
the uredosporc is the chieff nieans of 
(Iisase spread. 

Crvritiarhi leaflspot-( -vularia leaf 
s;pol is miid tlhroiglout tile Iropitcs, 
but thrives inwarni. ilnllid 
relvironmllents. te (lisetase is 'ailse(

N the ,)i olnglis tulviltian pal,,s 'es or 
C. ilInti. 'l'he spotls are usMlly siil
 
and(ir'llar (I to G nin il(liamecter)
 
with itgray ('(ler and a brown hordcr. 
beyond whicth ithere is often i ehlorotic' 
bakgroin11. Oi very,N suce(ptible 
\'arictres. the ltisasC is also CtOMd oi 
h 'li ild tlrsks;. (Ciwt\laria heafslheth 


Spot is pr-nlliald by ('()lli(li that

sllvive on nlaize( d(eiris: ili,('oll(lia
 
arc also responsihe for the seeoridlir'
 
spread (Ifthe (lise:tc tItiling il,
 
growiIIL , season1.
 

Pthvs'oderlla bro'i Spot-Brown Spot
 
is erjlillrlon Ill]lt, itliilli(
(liilliates,
 
('sl)('cially whi'i lInd is ct0itilltiis:v
 
Ilifehd ioimiize,. I is calilsc(t )v Ith
,
 
Illtis hv.sorlcrtna 111;Io
vdis Nilk.ak 

Tlec first signs o1' ite(listSC lr('tiny\'
Ycellowish spots (0. I to 1.5 111111ill
 
tialnleer OIl lehaves; tlist'.
tilt spot(s
nlat'r itii l'h (a1illv
tIrowi. Slage 01' 
lh((lis ase ll;l he olItls-d(I willitar ii 
Ilsl. hill Ilhtbrowliisl \(I'lhtw )o\(er 
pro(liced ill Ilsi i, lot pnel. Oil ilhu 
el'af in 'rilaid ,hilk I(' Spotssht'ali, 1 

airc 'hllt(iotol(, irowii., ltigi disease 
sevrit v !av Il( to teat aild stalk 
breaka;g. Jsrtit'lllarly in wilidnaltas. 

Economic significance 
and control of leaf diseases 
Leaf (listas.s, pirilitilurly (';ifblights 
an(I 'ists., iislinlly .pptar fIrsl oil liw

Africa ald parts tf ('tni-al Africa. 'I1'i, l)wer leaves: Ih' list';ist)!'(ogrtss(,s 
pisitls ar' iore (,lolgat(l and 
(darker tlhin those ('alise(I b I1. 
I)ol-I'solI. Iltstiulles appear or] boIth 
lpptr a i lower leaif sUirflac's annd 
break Ihirothig hi' el)ii('rinis r'litl'l't'v 
early aiS coniparcl to bost. of N'so-ia01, 

ipwird. in1il ills ,vr(e('i(.5 neatlry all
of Il' htavt,s of tIh' planltnl'('ltnne
 
Ilavly hllt't'td . Th'c prseil' llof' a 
lar' iilnrtl)('r of l lotrbis t lit' lili ol 
Ilt' l i 'li-it''ltI'tl gr-t'(ii Ilalltlissil' Fo 
lio)toi Vrll(,t'sis. ;111(1 tli('enre of ligl 
liro(llitlivily. Hl'lis of st'vei'r ly iilt'(' i 
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plants are light. The earlier the plant is systemic diseases is proportional to the 
infected, the greater the ultimate yield number of plants infected, as such 
loss, severely infected seedlings may plants die prematurely or remain 
die prematurely. virtually unproductive. 

A'though leaf diseases can be Maize streak virus disease-Maize 
controlled by the use of fungicides, the streak virus (MSV) disease was first 
practice is not economically feasible, recorded in South Africa in 1901. It is 
and frequent rainfall can necessitate now widely distributed in Africa and 
frequent spraying. Host-plant occurs in diverse ecologies, from sea 
resistance is the simplest and most level up to 2000 meters and in the 
cost-effective method of control. The forest belt as well as on the savanna. 
improved maize varieties offered by the The disease is still virtually restricted 
international centers (IITA and to the African continent and the 
CIMMYT) have high levels of resistance neighboring islands in the Indian 
to most of these diseases. Stable Ocean (14). Maize streak is most 
quantitative resistance, i.e., the commonly observed on irrigated crops 
appearance of few spots, is emphasized and off-season crops. such as maize 
in the breeding program. A simply planted late In the main season or as a 
inherited qualitative resistance to second-season crop in the two-season 
I. maydis has proved very effective ecology in the West Africa forest zone. 
and stable (2). It is being utilized by The disease is spread by several 
seed companies in the USA. Many of species of leaihoppers belonging to the 
tile improved varieties available in genus Cfcadulina. No other method of 
national programs in eastern and spread is knovn. 
southern Africa have high levels of 
resistance to H. turcicum, deriving Leaves of plants infected with MSV 
largely from some early introductions. show broken to almost continuous 
such as Ecuador 573. Resistance to cliioroiic lines along the veins and over 
curvularia leaf spot and physoderma the leaf surface. Only new growth 
brown spot has been progressively develops thcsc symptoms: there are 
improved through a gradual normally green leaves at the base of 
elimination of sensitive plants during the diseased plant. This allows 
the breeding process. estimation of ihe growth stage of the 

plant at time of hifectIon. Plants 
Systemic foliar disease& infected at an early growth stage 
For this category of diseases, Infection become stunted and produce poor ears. 
is not restricted to the primar:y point of Fajemisin et al. (91 identified the major 
infection or to the tissue withli ihe eOIn(l)oncnts of yield loss in MSV
infected leaf. Rather, leaves thai infected plants as plant loss due to 
develop later will contain the pathogen early infection (within ten days after 
and express the characteristic emergence), resulting in low plant 
symptoms of the disease. All of the stand and subsequent reduced 
maize diseases induced by viruses and harvestable cars. and less vigorous 
virus-like pathogens are systemic. growth in laic-Infected plants. Late 
Maize streak, maize mottle/chlorotic Infection Is characterized by shorter 
stunt and maize dwarf mosaic arc plants, narrow stern diameter, smaller 
presently the major virus diseases of leaf size, delayed flowering, 
economic significance In tropical nonsynchronization of pollen shed with 
Africa. Downy mildew is also a very silkfng and small, poorly filled ears. 
important systemic disease that Is 
caused by a fungus. Yield loss through 
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Chemical control with Furadan can 
achieve sone control of streak disease, 
although this is neither reliable nor 
cost effective. The most economically 
feasible method of control is the 
planting of resistant varieties. Over the 
past ter years, ITTA has emphasizcd 
the develojpment of"streak-resistant 
varieties as i approach to improved 
prodlCt ivit of mlaize in Africa (8). This 
has becn made oossiblc through thIe 
evolition of a ,;npe and Ircliable. 
screening technique. utilizing large-
scale, conltrollcd infest at ion of mIatc 
seedlings with virtliferaus Iclf1l)'pcrs 
(3,4), Through collalbgration bctwcen 
IJTA and CIMMYT, varieties with 
improved plant type, high yield and 
rcsistance to MSV have been developed 
which nieet ie needs of falrmers and 
consumers in fli( principal maize 
ecologics of A frica (1,8. 10,15). Under 
severe streak pressure. these streak-
resistant vari(etics have yields thbrie 
tillies higher (hall those of their streak-
susceptile cO~trlIIpirts. 

Sillilarly, strcak-rcsistaiit inaizc 
hybrids have hecti (developed for 
lowland and nridaltitude. ecologies (13j. 
Natitonal programs illAfrica arcit now 
aware of' strcak resisianrc sources. all(] 
by 1984 nmre tiai 30 (c(,ntricshad 
pro\'en thceffc'tivenecss of this 

resislanci. 


MAhize 1mntll le//hlorolic silulil-Maize 
mottle/ch lorot ic Stui (NIMCS) is 
caus(d by iavirus which is also 
transmittied by (Cii'adnliruileat'hoppcrs. 
The synIlptouns offit' discase include a 
shorter plant due to shortetecd 
iliterniocles, leaf lrlortli g with or 
without purpling, shoo h-nding, 
nonextrtisio of ailtihrs, causing 
functional male sterility, false 
prolilicacy (multiple car shoots) and 
poorly develo)id ets. This dissasc is 
as widely distributed as MSV, 
Symptoms sitilar to MMCS arc 
prevalent IllIHic ildallItuide areas of 
southern Africa. particularly iii Zambia 
and Zimbabwe. Almost all of the clite 

inbred lines being used illthis region 
are susceptible to a disease suspcCtCd 
to be NIMCS; further research is 
nceded. 

Generally. streak-resistat varicties 
have high levels of resistance to 

NIMCS. This is a result of seccction 
agaiinst te (liscase illMSV disease 
ii u rser!s. sinc' bothI diseases are 
spread by Cicadulina lcaflliopprs. 
I lowever, work isnow ruldcrway all 
II'TA to investigate NMCS and embark 
oIl indcependent screening for 
resistat ee it, the virus. 

Malie divarf iiosaic--Syiri ptonls of 
maize dwarf mosaic (MI)M)iirst appear 
on I.c Yonungest leaves is all irregular. 
light and 'ark miosaic. vhichmil ay 
develop into narrow streaks along tire 
\'-iis that appear as dark grcn islands 
on a cihlorolic background. As the 
pIllit IltitirrIes, leaves hColIc 
yellowisi grecn. 'lanrts with these 
S.Villptollis ,l(. sollictOlics stunted and 
iliV0 exe'tisive iller-ing. nultiple car 
shoots antI poor sci s.et. Leaves often 
turn purple as wi,plant approaches 
lnat uritv. The disease is caused by a 
virus that cia be Iraismritted 
nieclh.ieallyv1by 1tast 12 s)ecies of 
aphid.;. including the lllizc leal aphid 
{lJhlpalosiphtil ma vriis). The disease 
is coniuon in the mlidalltitude ecology. 
The strcak-resistanll varictics have also 
been rejiortcd to resist IDIMV (12). 

flowlt.V nildie-I)owlry mildew 
('costituites )erlal)s the ]ilost sCriolls 
mlaize dlisease wherever it oiciirs. The 
diseasc is ctauscd by fungi of tli 
gncxvr-as Perollos'Jerosporaand 
Sclerophlhonj and is very imuportaint iit 
several countries iii Asia. )owiny 
umildew has also been reported illsolmeC 
conilrics illAfrirea. inclurding Zaire, 
Nigeria. Mozambique. SouthI Africa, 
Zaitbia, Somlia.a, Slidall and Ivory 
Coast. 

hIfected plants show sonic iorm o1f 
chlorosis, which Is uiniforn or striped, 
le)endilg onitheipathogen involved. 
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Systemically intected plants are the grain. Losses due to ear and kernel 
stunted, spindly and brittle, with erect, rots are considerable but vary widely. 
narrow. chlorotic leaves. Infected Delayed harvesting and improper 
plants may display a leafy proliferation drying and storage methods increase 
of the tassels: such leafy masses the level of ear rot infection. 
constitute the so-called "crazy top" 
symptom. In late-infected plants, ear Rots are caused by a complex of 
shoots tend to be numerous, elongated species of fungi and bacteria that 
and have leafy appendages: they are attack plants approaching maturity. 
usually barren. Pythium and some bacteria commonly 

atlack maize before silking. The most 
Chemical control of downy mildew can common fungi causing rots of root, 
be achieved by treating the seed with stalk ana ear in Africa are Fusarium 
Apron SD 35 at 3 g/kg of seed. Also, moniliforine, Diplodia maydis. 
varieties with downy mildew resistance Botriodiplodiatheobromae 
(DMR) have been developed by IITA (= D. natalensis),Macrophomina 
and CIMMYT. Since maize in sonic phaseoli (Sclerotiumbataticola)and 
African countries is attacked by both Rhlzoctona solani. The rots induced 
streak and downy mildew, varieties by these pathogens can be 
that combine resistance to the two distinguished by the color of the rot, 
diseases have been developed at IITA. the consistency of the rotten stalk, and 
These DMRSR varieties produce good of course by the identification of the 
yields under severe attacks of either causal agent. 
downy mildew or streak, as well as of 
combined attack by the two diseases Fusarium rot is found wherever maize 
(11). is grown in Africa, lowland forest. 

lowland savanna and from medium to 
Stalk and car rots high altitudes. The infected stalk is of 
Stalk and root rots are universal. Some various shades oi pink, and the grain is 
stall rot occurs in every field where pink or has whitish treaks. Rots 
maize is grown. When conditions favor induced by Diplodia ire common in 
rapid disease development, infected cool environments, such as the tropical 
plants may die several weeks before highlands of eastern and southern 
the cars are fully mature; this results Africa. The stalk is brown, and Infected 
In ears that are poorly filled and In ears have bleached husks that are 
chaffy kernels. Indirect yield losses stuck together with a fungal mass. 
also occur through stalk breakage and B. thcobromae is common in the 
root lodging, making harvesting humid lowlands. Infected stalks are 
difficult and causing many fallen cars brown, and the grains are dark 
to rot. Losses vary from season to colored. Macrophomina causes 
season and from region t region, but charcoal rot. characterized by 
throughout Africa stalk rot incidence of Internodes consisting of vascular 
5 to 40% Is common. strands surrounded by numerous dark 

selerotia. Infected grains are dark 
Maize is susceptible to sonc ear-rotting colored. Charcoal rot occurs in dry 
pathogens. They cause reduction in the environments, such as in the savanna 
yield and quality of grain. Sonic of and in the second season in the forest 
therm, especially Aspeiillus flavus and belt. R. solani causes a rotting of the 
Fusariurnmoniliforme, produce shoot, which causes leaf drying and 
mycotoxins which ieduce the nutritive rotten stalks and ears. It Is commonly 
value of the grain (5): others cause encountered In very wet equatorial 
various fbrms of discoloration, which forests. It has been found in Gabon, 
directly reduces the market value of Liberia, Cameroon and Nigeria. 
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subsequent development of synthetics in some African countries. This 
and composites, research efforts have problem was first rec'gnizecd in Zaire 
helped to nullify the threat posed by in about 1973 (PNM Annual Report,
polysora rust epidemics (19). 1973), and then in Nigeria (6). The 

disease is important in South Africa,
Perhaps the greatest development in and it has also been reported in 
the past 15 years has been the Somalia, Sudan, Mozambique, Zambia 
recognition of maize streak virus and Ivory Coast. Downy mildew
disease as a production hazard in resistant (DNMR) varieties have been 
many countries in Africa. Before the developed in the CIMMYT Asian 
1970s. streak was considered of Regional Program. IITA has utilized 
economic importance only in southern the Asian DMIk varieties to develop
Africa (20,21,22.23). As a result of the maize with combined resistance to 
emergence of national programs and downy mildew and streak virus. High
the need to grow off-season maize yielding, strcak--'st.tani maize hybrids 
through irrigation for the acceleration are being developed at IITA for the 
of the varietal development process, as various maize .eologies in Afrtca (14). 
well as the incre ase in maize 
cultivation in various regions of all Future efforts in developing maize 
African countries, an increased varieties with combined resistance to 
incidence of streak has been observcd. the major economically important
The disease has gradually moved into diseases In Africa will be concentrated 
the major growing season. This has on maize mottle/chlorotic stunt, Striga
motivated. IITA to carry out research and stalk and ear rots. 
into the devel-°pment of a simple and 
reliable screening technique for tie Developmnent of techniques 
breeding of streak-resistant maize for disease-Lea.atrmce screening 
(8,17). This streak-resistant (SR) maize After establishing priority for detailed 
is being used by many African research activities on a particular
countries, either as varieties per se or disease. based on its socioeconomic 
as resistance sources (12). significance, the next step is to evolve 

effective control measures. Because of 
Due to the recognition of maize streak its economic feasibility for the farmer, 
as an enemy to increased maize host-plant resistance Is explored. It is 
productivity in Africa, IITA and desirable to screen as many cultivars 
CIMMYT have collaborated for a more as possible lbr sources of resistance,
effective solution of problems affecting but the first phase of the screening 
maize production over the past five should involve adapted varieties i 
years. Streak-resistant maize has been order to hasten adoption. The rate of 
developed for every major ecology in progress in developing effective, stable 
Africa, and some experimental and durable resistant cultivars depends
varieties with proven performance in largely on the use of reliable screening 
the CIMMYT international testing techniques. There are two broad 
program are being converted to streak- groups of screening procedures, the 
resistant versions (1,10). Also, the hot-spot technique and the controlled 
center for global improvement of infection technique. 
La Posta (Pop. 43) has been moved 
from Mexico to Nigeria to allow for Hot-spot iclnique-This method 
Integration of streak resistance with Involves the use of a location that is 
tropical adaptation, known ior its high level of 

infection/infestatIon for that particular 
The past 10 to 15 years have pathogcn/pest. It is generally used for 
witnessed the emergence of the threat soil-borne diseases like root and stalk 
of downy mildew to maize production rots and Striga infestation. Such 

http:20,21,22.23
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locations are often referred to as sick 
plots. The hot-spot technique is also 
used for pathogens which have a local 
concentration of alternative hosts or 
other means of perennation; this is 
true of downy mildews. It is a feasible 
technique for diseases of local 
distribution and hence of quarantine 
importance. Even for diseases cf 
widcsipread distribution, such as rust 
and blight, a hot-spot approach is used 
where environmental conditions lead to 
til natural development of the disase 
jo epiphytotic proportions. Th,: success;
of this technique depends on the 
consistent expression of epiphytotic 
potential of the location in question. 
The advatihage is that wild types of the 
pathogen ibrin are used, thereby
assuring durability of the resistance so 
developed, 

Controlled infetilon telnique--This is 
an intensive method which can be 

practiced in the laboratory, in the 

.greenhouse or in the field. It utilizes
 
knowledge of pathogen behavior, host 

physiology and the prevailing 

environment. Controlled infection 

methods vary !n their complexity. 

They can be as simple as that for 

blight (H. turcicum and H. maydis), 

whereby naturally infected leaves are 

dried and pulverized and then 

introduced into the leaf whorls of 
maize seedlings, or they can be as 
complex as that for streak-resistance 
screening. In this latter case, the 
Cicadulinaleafhoppers Lre reared and 
fed on streak-infected maize plants to
allow the acquisition of the virus. The 
virtliferous insects are then dispensed
into the leaf whorl of young maize 
seedlimgs (7 to 10 days old). Between 
these two extremes are several other 
forms of controlled infection methods, 
ineludillg the production of spores of 
the pathogen, e.g., rust and blight leaf 
spots. and the inoculation of the plants
with the spore suspension, either by
spraying or through syringe Injection. 
Stalk rots and car rots are induced by
inoculaling thc stalk or ear with 
toothpicks (lipped in a pathogen 
llmdillill.
 

The effectiveness of a controlled 
infection method depends on a 
thorough understanding of the host, 
the pathogen and the environment. In 
insect-borne diseases, knowledge of the 
ecology and population dynamics of 
the vector in the geographical zone of 
interest is also vital (3,4). In selecting 
the pathogen/vector isolates for mass 
culturing/rearing, it is important to 
utilize forms that will assure the
 
durability of the resistance.
 

Disease rating methods 
Diagnosis and assessment of plant 
diseases arc two of the most important 
functions of plan' pathologists. 
Diagnosis of the more common 
diseases is based on the identification 
of the pathogen and/or symptoms, 
using methods that are universally 
known and accepted. Disease 
assessment methods, on the other
 
hand, have received much less
 
attention.
 

Diseas, resistance is the relative 
measure of diseaFe on a cultivar as 
compared to the amount of disease on 
other cultivars subjected to the same 
environmental conditions and given
the same quantity of initial inoculum. 
A very reliable method of disease 
assessment is therefore a prerer ulsite 
for the effective screening of cuitivars 
for resistance. Three parameters are 
considered in disease assessment, 
incidence, intensity/severity and crop 
yield. 

Incidence is the quickest and easiest 
parameter to measure. It is expressed 
as the total number or the percentage 
of Infected plants. The limitation of 
incidence for measuring disease is that 
it can only be correlated with loss In 
diseases where the presence of the 
disease means the total loss of the 
infected plants, e.g., wilts and downy
mildew. In other diseases, where tile 
mere presence of the disease symptom 
does not mean premature death and a 
resulting loss of the plants, the time of 
Infection and the dtgree of attack 
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determine the effect of the disease on 
the productivity of the plant. For 
example, late infection of maize by 
streak virus, e.g., after eight weeks, 
has little or no effect on yield. 
Incidence perse has no significance in 
this case. Therefore, the actual area of 
damaged plant tissue must be 
assessed. 

Disease severity is specific to the plant, 
whereas incidence relates to a plant 
population or to an area. Disease 
severity or intens!ty is expressed as the 
place where it falls in the range 
between no disease and complete 
disease, i.e., by dividing the range of 
0 to 100% into a number of categories 
or classes. The subdivisions may be for 
entirc parts of the plant, such as total 
leaf area for rust and blight or the 
whole ear for ear rot, or it may be for a 
portion of the plant, such as the ear 
leaf or the seccnd to fourth internodes 
for stalk rot. Careful scoring is 
necessary for reliable, reproducible 
results. If the nLrmner of distinguishing 
classes is too small, the ky will have 
no discriminative capacity; if the 
number is too large, too much time is 
lost in deciding which grade hest 
matches the plant or plant part 
observed. 

All method&:, of assessment of disease 
severity are subjective to some extent, 
since they are the results of visual 

judgment. A commonly used scale is 
that of 0 to 5, a form of which is 
presented in Table I. 

Two tools for rating for intensity are 
commonly used: 

* 	 Disease scale-a verbal and 
numerical description of the classes 
to be distinguished, and 

' 	 Standard diagram or pictorial 
disease scale-the percentage of the 
leaf, stalk, or fruit area infected. 

In both cases, the observer has to 
visualize the -rea the lesions (including 
the surrounding chlorosis) would cover 
if they could be gathered together, and 
then estimate this area as a percentage 
of the total area of the plant tissue 
being assessed. 

Before the adoption of material for 
general usage, it is desirable that 
experiments be carried out to correlate 
the amount of disease shown by the 
disease assessment method with actual 
crop loss. Also, the method must be 
related to the phenology (growth stage 
or development) of the host. Scoring 
must not be delayed Until a time when 
it would be impossible to record 
differential responses among the 
various cultivars being assessed, as 
then the increase In disease would no 
longer have any significant effect on 
crop productivity. 

Tab!a 1. Scoring scale used for assessing disease severity 

Numerical Disease class/interval Description of Host-plant 
designation- / (0/o infection) infection disease reaction 

0 
1 0-
2 10-
3 25-

4 50-

0 None Immune (or escape) 
10 Slight Highly resistant 
25 Mild Resistant 
50 Moderate Moderately 

susceptible 
75 Heavy SuscPptible 

5 75-100 Very heavy Very susceptible 

a/ Further subdivisions can also be used, i.e., 1.5, 2.5, 3.5, 4.5 
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management of this weed is needed. 
with a pathology-type breeding effort 
combined with cultural control 
methods. This kind of interdiseiplinary 
approach to Stri'a control is being 
developed by national sorghum
researchers in Ethiopia and in Kenya. 

Dr. Dari-ih: You now have Stri!ra-
resistant varieties. I-Have you gone 
further in identifying tile mechanism 
or mechanisms involved? 

Dr. Fajemisin: We have not yet 
investigated the mechanism, but the 
resistant maize is able to tolerate some 
Strig'a infestation without showing 
symptoms of stress, such as wilting, 
leaf firing and stunting. 

Mr. Malithano: When do you consider a 
disease to be of economic importance? 

Dr. Fajemisin: Starting with farmers' 
plots with different planting dates, you 
monitor the incidence and severity of 
disease and correlate this with loss in 
yield for each disease. 

Mrs. Sibalc: flow available is IITA for 
helping national pathologists in 
identifying local pathological 
problems? 

Dr. Fajemisiri: We can help in various 
ways. such as through training.
publication of field guides. country 
visils and exchanges of scientists. 

Mr. Marandu: From the map of Africa 
that you showed, it appeared that 
downy mildhw is restricted to certain 
countries. is the disease localized. 

Dr. Fajemisin: Yes, it is, and the rat- of 
movement is reduced if the moisture 
content of seed is kept below 13%. 
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Maize Resistance to Stalk Borers [Chilo 
partellus (Swinhoe) (Lepidoptera: Pyralidae)]: 
Some Aspects of Insect Responses to the Plant 
and Implications for Breeders 
J.K.O. Ampofo and K.N. Saxena, International Centre for Insect 
Physiology and Ecology, Mbita, Kenya 

Abstract 

Maize plants exhibit much variability in terms of moth preference lbr oviposition 
and larval colonization. Studies on the relationshipbetween the stalk borer [Chilo 
parteilus (Swinhoe)]and the maize plant indicate that factors such as plant 
surface tkihiomes and plant exudates influence adult ovipositionon the plants. 
The neonate larvae also are able to discern between acceptableand unacceptable 
plants for feeding and colonization. Knowledge of such variabilityand the effect 
on C. partellus colonizationpatternscan be useful in plant breedingstrategiesfor 
the development of maize genotypes resistantto stalk borers. 

Maize is the third most important 
cereal (after wheat and rice) in the 
world. In African countries, it is 
perhaps the single most important food 
crop, and yet their production levels 
are among the lowest in the world. One 
of the major constraints limiting 
production in Africa are insect pests, 
particularly the stalk borer. Strategies 
to reduce this constraint have, in the 
past, relied mainly on the use of 
chemical pesticides. The use of such 
pestic!des without regard to the 
complexities of the ecosystem. 
particularly the population dynamics of 
the pest and its natural enemies, has 
been one of the basic shortcomings of 
this control strategy. In Africa, a large 
proportion of the total land area under 
maize cultivation (70 to 80% in Kenya) 
is held by small-scale subsistence 
farmers. For such farmers, it Is not 
economically or logistically feasible to 
use chemical pesticides. Therefore, 
they must depend on a more 
fundamental approach to pest 
management, such as the use of Insect-
resistant eultlvars. 

The Maize-Stalk Borer Complex 

The stalk borer complex in Africa is 
quite wide. However, four major 
species, [Chilo partellus(Swlnhoe), 

Busseola fusca (Fuller), Sesamia 
calamistis (IHmps.) and Eldana 
saccharina(Walker)], are the most 
important in distribution and 
predominance. The damage symptoms 
of these pests are similar: the early 
instar larvae feed on leaf or leaf sheath 
tissue, while later instar larvae bore 
into the stems. On young plants, stalk 
borer feeding on leaf tissue may cause 
a reduction in the photosynthetic area. 
and extensive infestation may cause 
the destruction of the growing tissue 
with the resulting "dead heart" 
condition. On older plants, the larvae 
penetrate and tunnel through the stem 
piths. Extensive tunneling in the 
peduncle may result in poor pollen 
development and poor pollination. 
Tunneling in the lower stern or shank 
damages stern piths and vascular 
tissue. This type of damage may 
interfere with the transport of 
metabolites and cause stalk weakening 
and breakage. 

Little is known of the extent of loss 
caused by stalk borers. mainly because 

of the exteme variability in maize 
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yields, due to clinate, variety, type of 
agricultural systen, plant growth stage
and timing of the pest altack. In 
Kenya. however. Walker (7) and Warui 
and Kuria (8) estimiated that average 
annuial losses dt t. stalk borers arc 
about !8%. 

The problem of stalk borers for 
sLbI)sistlInc tiarnitr-, presents a 
challenge to agricullural researlcheri-ls to 
develop control tactics thait do no! rcly 
on costly and often untavailabe 
pesticides. flost-plant resistallce is oile 
contirol tactic that appears to ofter 
greait protnise. 1lost-platit resistiance 
comies is t package in the sted of lie 
'al'iet'v, tlId itilizes mechalnisils 

which allbrd adequate protection to itlt 
plant l hrotigh its vulerabe stages. 

Maize Resistance to Stalk Borers: 
ICIPE's Research Objective 

lit late 1979, ai p-oject to develop taize 
resistancc to stulk horers was initiated 
at the Internitional Cctittrc I,)-
Physiology aiid IEcology (ICIPI), wilt 
utinds fron USAII) ;tl tt Ite O ilish OlDA 

to be, used for: 

* 	 Evalmiatitg Inaizc g .rotypes for 
sources of resistaicc to stalk I)otl'ts;

* 	 Ideritil,'ing th lI iotlilllicl. 
biophysical a ul/or other 
eharlacteristwi:s ol iaize plinits 
w'hich inllilcc stlilk borcr 
respoises lld catse plalt 
sutsceptibility or rtsisitance. aid 

* 	 Idetni ifyitn the gLt'it it' bases of' 
lrsistanc cx prcssed, in oitdcr to 
enahble breeder-, I) 1oritil;ite 

appropriie Irledilnlg tathgieS. 


('lhilo partlh.s is ise ts tihte model ill 
these studis is it is roost widespreal. 
It is also the predotlitinaut species it 
Ilhe Mbiti Point aicv~a where ICIPE is 
located. 

Evaluation of maize germplasm 
for sources of resistance 
in 1980-8 1, about 460 families of 
maize from CIMMYT that had shown 
some resistance to Ostrinia nibilalis 
(-hbrier) and Diitra a gn-riodiosell 
(Dyrar) were Itsted with some elite 
muat rials Ilronl Kenya and elsewhere. 
Malerials showing high levels of 
rcsistatltce werei selected for detliled 
study. Ill 198.I, ihe lfollowing groups of 
Imaize gcnotypes were also tested bfr 
t ici r lvcls of rcsisthlaice or 
sttscepltibility to the stilk lorer 
C. 	falrtclht1s: 

Grotip I-MP704. NIP702 a rid MP701 
wi lih c dWereeveloped ill Mississippi. 
USA. Thcsc art, itliretl lines aild 
w'cr'por-tld t) h;lve resistallce 
gititIS lhe Sonthwestern cot'ti 

borers D. gr (Iios.li tid 
Spodoplera i 'ioLpcrd:, WI.E. Siith). 

Group II-(C131A, 1175. B85. 186 and 
01143. which otigiilltd in tilt 
UsSIDA Coti Itsects Research 
La)olratorie,s it Antkcty,. Iowa, USA. 
These werc reported to be rcsistant 
to the Europcain coni lmtcr 
0. 	tntbiltllis. 

Grotip II1-ICZI-CM atnd ICZ2-CM, 
which or'igitalled ill the li terIatiottll 
l)isease Rcsistattec Nursitery ;i 
Cornell ULrivt-rsit y. New York, LISA. 
andI lolitlat ion 27, CIMMYT In;ize: 
all weretcei%'cd tIhi ogh CIMNI YT. 
IC l-CtI w *.itaitd ICZ2-CM Iainily 
.1Ce showed slltsclcliolls thil 

iTsistailic to Chio [Jitf'ilts ill
 

rtehi-nitiary studics it Mbilt.
 
ICZ2-(CM \\as utscd I. Ilit, resistait 
check itl thii sttldv. 

(i 	op IV-hibrcd A a;iId KatlUiilaiii. 
which ot-iginatwd froi Kenya 
getlllas ll. KaIttillalli is ;a locally 
growit variely. [liibred A was tised as 
Ihe Stisceptibe check. 
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The evaluation process took into 
consideration adult moth responses, as 
well as larval damage. A radial 
planting design was used to monitor 
C. partellus adult oviposition 
preference among the maize genotypes 
in a choice situation. This design gives 
each plant an equal chance for 
selection for oviposition by the moths, 
The plants were enclosed in a cage (6 
x 6 x 2.5 meters) of nylon net (6 
meshes/cm) to exclude ovipositing 
larvae from the field population. 
Twenty ovipositing moths were 
released in the center of the cage. and 
the number of eggs laid on each plant 
was counted every other day. The 20 
moths were replenished each week 
with fresh ovipositing females. The test 
pe iod covered the second to the tenth 
weeks after plant emergence. 

For evaluating larval establishment 
and damage to the maize genotypes. 
plants were infested with a specified 
number of C. partellus larvae or eggs 
at the blackhead stage. 3 to 4 weeks 
after emergence. A scale of 1 to 9 
(1 - no damage. 9 = severe foliar 
damage) (4) was used to evaluate the 

degree of foliar damage four weeks 
after infestation. At harvest, stalk 
breakage and ear drop were monitored. 
Stalks of harvested plants were split 
open and borer tunnels were 
measured. In a parallel study, field 
plants at 4 to 5 weeks were infested 
with ten first instar larvae each. All 
egg masses were removed from the 
plants before and after infestation. 
Twenty-eight days after infestation, the 
plants were dissected and all immature 
forms of C. partellus were recovered 
and their developmental stages 
recorded. 

Table 1 shows oviposition distribution 
on the various maize genotypes. From 
these observations, the maize 
genotypes were categorized according 
to C. partelluspreference for 
oviposition: 

* 	 Nonprcferred-ICZ1-CM. B75, B85 
and MP701 

* 	 Moderately nonpreferred-MP704, 
C131A, MP702 and B86 

• 	 Preferred-ICZ2-CM, Katumani. 
Inbred A and OH43 

Table 1. Oviposition by Chilo partellus on different maize genotypes presented in radial rows 
around a circle within acage in the field, ICIPE, Kenya, 1984 

Genotype 	 Source 

Inbred A Keny 
Katumani Kenya 
ICZI-CM CIMMYT 
ICZ2-CM CIMMYT 
CI31A Iowa 
OH43 Iowa 
B75 Iowa 
B85 Iowa 
B86 Iowa 
MP701 Mississippi 
MP702 Mississippi 
MP704 Mississippi 

O/o eggs laid a/ 

(mean ± SE) 

-10.8 1.8 
15.2 3.3 

-2.5 1.4 
17.9 -4.3 
6.9 1.4 

10.7 ± 2.3 
4.2 0.9 
4.4 3.1 
9.8 ± 3.4 
4.5 - 0.6 
8.2 ± 1.4 
6.8 ± 3.3 

-/ Percent of total number of eggs laid on all genotypes during the period 5 to 9 weeks after 
plant emergence 
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Table 2 summarizes some of the 
measurements of primary damage by
C. partellus,as well as damage 
expression among the maize 
genotypes. Foliar damage ranged from 
2.6 in MP702 to 8.3 in Inbred A. 
Percentage of dead heart was highest 
in CI31A: most of the genotypes had 
no symptoms of this condition. Mean 
stem tunnel length per plant ranged 
from 22.8 cm in MP704 to 53.9 Cm in 
Inbred A. CI31A could not be 
compared for this factor, since most of 
the plants died before harvest. Based 
on the mean values of foliar damage 
assessment, the genotypes were 
categorized as resistant, moderately 
resistant and susceptible: 

o Resistant-MP702, MP704. MP701. 
ICZ I-CM, i,2Z2-CM and possibly 
Katumani 

• Moderately resistant-0H43, B85, 
B86 and B75 
Susceptible-Cl31A and Inbred A 

Katumanl suffered little foliar damage 
in this experiment, apparently because 
of its rapid growth. It tasseled soon 
after infestation, and thus larvae were 
not able to establish themselves on leaf 
tissue. Earlier infested Katumani plants
showed higher levels of foliar damage. 

Foliar damage was caused mainly by
C. partellus.The:efore, resistance to 
foliar damage indicated resistance to 
C. partcilus at the whorl stage of plant 
development. Stem damage was
 
caused by both C. partellusand
 
E. saccharina, which usually appear on 
maize plants at Mbita during the early
flowering stage. Stem tunneling and its 
subsequent expressions, e.g., broken 
tassels. ear drop and stalk breakage
(Table 2). were used to categorize 
genotypes as to resistance levels: 

e Resistant-MP704, MP702, ICZ2-CM 
and MP701
 

e Moderately resistant-B87, B75. B86 
and ICZI-CM 

a Susceptible-OH43, Katumani, 
Inbred A and CI31A 

Table 2. Primary damage by Chilo partellus larvae and expressions on twelve maize 
genotypes, ICIPE, Kenya, 1984 

Mean fol r /odead Stem °/o stemGentotypo lesions -a ahearts tunnelinga/ breakage- / 

MP704 2.90 a 0 22.8 a 14.3 a 
MP702 2.60 a 0 28.2 ab 16.0 ab 
MP701 3.35 a 0 24.8 a 30.3 ad 
ICZ2-CM 3.45 ab 2.5 37.2 b 17.8 abc 
B85 5.08 cd 0 35.7 ab 34.4 bcd 
ICZ1-CM 3.48 ab 0 36.4 b 27.5 abc 
Katumani 3.10 a 0 40.6 bc 40.4 cde 
B75 6.73 ef 37.5 39.0 b 23.5 abc 
B86 6.35 de 15.0 38.0 b 31.0 ad 
PH43 4.80 bc 0 39.9 b 37.5 cde 
Inbred A 8.25 g 57.5 53.g 48.7 de 
C131A 7.88 fg 45.0 54.5 e 

a/Figures followed by the same letters not significantly different at the 50/o 
b/level of probability, according to the DMRT 
- Plants completely destroyed before harvest 



255 

Larval establishment and development Behaioral responses of 
after 28 days of infestation was highest C. parteluaad,-Its end larvae 
in B85. with 50% larval recovery, and to resistant and susceptible 
least in MP704, with only 2.5% maize genotypes 
recovery (Table 3). Also, 44.7% of the Observations of C partellusoviposition 
C. parte1lus recovered from B85 were behavior on maize indicate that they 
In the pupal stage: no pupae were prefer plants 3 to 4 weeks after 
recovered from MP704 and MP701. It emergence. The moths usually oviposit 
thus appears that MP704 has a high on the lower leaves (1.3,5). Other 
level of resistance to C. partellus factors observed as influencing 
Infestation and larval survival. oviposition were leaf ,;urface trichomes 

and plant exudates (water of guttation). 
The Iowa materials (Group I) were all The moths appeared to favor smooth 
reported to hove moderate to high surfaces for oviposition. On maize 
levels of DIMBOA in their leaf tissues plants, the underside of the leaves was 
and were highly resistant to the preferred oviposition site. Plants 
0. nubilalis infestation. Their with high trichome density were less 
susceptibility to C. partellus infestation preferred. Considering that C. partellus 
suggests that DIMBOA may not be a moths lay eggs arranged in flat and 
factor in maize resistance to partially overlapping masses, surfaces 
C. partellus, and that the factor with irregularities such as hairs would 
determining this resistance and that to be a hindrance (5). Oviposition on the 
0. nubilalis may he different. undersicde of the leaf also may hell) to 

Table 3. Larval establishment and development of Chilo partellus on twelve maize 
genotypes, ICIPE, Kenya, 19842-1 

No. recovere O/o below 
Genotype per plant b 4th instar 0/o pupae 

MP704 0.87 a 25.0 0 
MP702 1.32 ab 5.3 10.5 
MP701 1.59 b 20.7 0 
ICZ2-CM 1.71 bc 0 5.7 
B85 2.34 c 3.0 9.0 
ICZI-CM 1.53 b 20.7 69 
Katurnani 1.51 b 6.9 6.9 
B75 1.77 bc 0 44.7 
B8 1.84 be 17.0 2.1 
r! 43 2.23 c 6.5 14.3 
lnbred A 2.08 c 3,7 9.3 
C131A 1.37 ab 22.7 9.1 

SE 0.16 

a/ 10 larvae were released per plant; larvae and pupae were recovered 28 days after 
the release of neonates, and data analyzed after transformation byF[ X I-.05 
Figures followed by the same letter not significantly different at the 50/o level, 
according to the DMRT 
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protect the eggs from direct sunlight 
and excessive heat and so prevents
dessication. lHow.-ver, more detailed 

knnvledge of tile moth behavior 

)attern which leads to plant

acceptance and subsequent oviposition
is nccessary for a thorough 
understanding of the role of )lant

characters oil oviposition. 


Detailed observations of C. partellus

oviposition preferences under 

controlled voclition is i.tlicate the 

importance of' disiivee-pcrceivablc 

characters, siuh ais waler vapor arid 

plant odor, as well as coot act 
perceivable characters, suih as plant

surface irichonrcs and waxes. 


Despite moth prefercnce for oviposition
oil lower leaves, tle newlv emerged 
larvae do not feed tintil tthev arrive in 
the -whori. where tihey may later 
becoine established (2). Emerging
larvae are Iherlore faced with Ic !ask 
of migratin th ile feedling sites. a 
journey which seems to be( a critical 
phase in larval survival and 
establislimernt on the plant. This 

suggests that suitability to neonate 
larval feeding Is not a major
determining factor in the choice of
 
o\viposiing sites. Any plant
 
characteristic xviich slows down 
the
larval novement or causes larvae to 
leave the planl exjpscs them: to the 
dangers of increased predation and 
environmental factors, such as heavy
 
rain and excessive wind or heat (6).
 

Resistance to C. partculhs ini maize 
may result simply from the !aillure of 
the larvae to reach the whorls, due to
Ihe presence or abscnce of 'certain 
plant characleristics. Such 
characterist, s mna v be influenced by
gZenotype and are therefore open to 
nanipulation through )reeding 
processes. Observations on C. partullis 
neonate larval behavior at te ceclosion 
site-s (leaf surfaces) of 3- to 4-week-old 
plants indicate different patterns of 
;.CCJpIallC Of such SUr'fiecCS. For 
convenience, larval behavior on the 
leaf surfaces have been categorized ais 
follows: 

Table 4. Mean percentage of acceptance by Chilo parte//us larvae of different maize lines,
ICIPE, Kenya, 1984 

Maize line Hiqh 

Whole plants
Inbred A 67.34 (55.15)a bl 
Inbred G 25.00 (29.95)h 
ICZI-CM 36.60 (39.00)ah 
ICZ2-CM 29.50 (32.91)h 

Artificial/modified 
plants
Inbred A- x S/ 22.00 (28.03)h 
Artifici'rt plant 29.30 (32.79)h 

SE 4.55 

Larval acceptance (0/o) a/
Low 

7.88 (16.33)ah 
26.22 (30.81)a 
21.46 (27.60)ah 
13.31 (21.44)ah 

24.55 (29.74)a 
5.14 (13.15)h 

3.76 

Tentative 

15.56 (23.31)ah 
9.45 (17.95)h 

18.53 (25.55)ah 
21.90 (27.89)ah 

39.26 (3 8.80)a 
26.22 (30.80)ah 

3.97 

Rejection 

9.24 (17.66)h 
35.55 (36.65)a 
15,27 (23.02)h 
33.89 (3 5.62)a 

9.24 117.68)h 
38.41 (38.28)a 

2.97 

b, Figures followed by the same letters not significantly different at the lO/o levelF-,iFgures in parentheses are means of angular transfoimmations 
c/Inbred A- x = inbred A plants with leaf margins removed 



257 

S1-igh acceptance-The larvae move * Suitability of the host plant for
 
in the direction of the axil, reaching shelter and escape from natural
 
it within ten minutes of release enemies of the insect, and
 

* 	 Low acceptance-The larvae roam v Reaction of the host plant to Insect 
Ihe leaf surface for I I to 30 minutes infestation. 
betre reaching the axil 

* 	 Tentative acceptance-The larvae For the development of reliable 
roam the leaf surface for more than breeding procedures, research is 
30 minutes: they sometimes essential on how these icteractions can 
repeatedly spin on and off the plant be modified by breeding and by 

* 	 Rejection-The larvae spin off the agronomic factors. Only then can a 
plant within 15 minutes of release successful search for durable resistance 

to stalk borers be incorporated into 
Analyses of these behavior patterns on maize improvement programs. 
leaf surfaces showed significant 
differences among the maize genotypes References 
in terms of larval acceptance (Table 4). 
There was a trichome density gradient I.Ampofo, J.K.0. 1985. Chilo partellus 
along the leaf margins of all genotypes; (Swinhoe) oviposition on resistant 
areas near the axils were generally free and susceptible maize genotypes. 
of trichomes, and trichome length and Insect Science and its Application 6. 
density increased toward the leaf lip. (In press.) 
The larvae appeared to use this feature 
to locate the leaf axil. On the most 2. Chatterji, S.M.. M.W. Bhanburkar. 
acceptable plant (Inbred A), larval K.K. Marwaha, V.P.S. Panwar, K.H. 
arrival -ithe leaf axils dimnished Siddigui and W.R. Young. 1971. 
signilicatly when (he leaf margin Relative susceptibility of some 
trichomnes were removed. The promising and exotic maize material 
percentage of sunccessful larval to Chio zomndlhs (Swinhoe) under 
establishment, food consumption, artificial infestation. Indian Journal 
growth and development were also of Entomology 33:209-213. 
lower on the more resistant ICZ2-CM 
genotype. These factors appeared to be 3. Dabrowskl. Z.T., and E.O. Nyangiri. 
directly correlated. 1983. Some field and screen-house 

experinents to naize resistance to 
Studies are in progress to isolate those Chilo partlhUs under Western 
factors within tile plant responsible for Kenya conditions. Insect Science 
tile responses of C. partellasadults and and its Application 4:109-118. 
larvae and which determine plant 
resistance or susceptibility. A good 4. Guthrie, W.D., F.'. Dicke and C.R. 
knowledge (,, a number of insect/plant Neiswander. 1960. Leaf and sheath 
interactions and how they can be feeding resistance to the Eurpcan 
modified is essential. These corn borer in eight inbred lines of 
interactions include: dent corn. Ohio Agricultural 

Experiment Station Research 
Signals emanating from host plants Bulletin 860. Columbus, Ohio, USA. 
(e.g., color. odor, shape, surface 
texiure, etc.) and insect responses to 5. Roome. R.E.. G.K. Chadha and 
such signals; Padgiarn. 1977. Choice of 
Suitability of the host plant for the oviposition site by Chilo, the 
feeding. growth and development of sorghum stem borer. SROP B-ulletin. 
the insect, and the insects ability to Pp. 115-131. 
exploit it: 
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6. 	Singh, B.. J.S. Shaliwa and A.S. 
Atwal. 1974. Effect of sihnuated rain 
on survival of first instat larva oi 
Chilo arvelllls (Swinlhoc) 

Crairrbidair, LCipictopi ,rt. Curret 

Scier ,e3:422-423. 


7. 	 Walker, P.T. i976. A survy olf 

losses ot (cleals to pts1 ill Keinya 

and Tainzairia. I'A() Sylmposium ion 
Crop Losses, I' otrr. Italy. Pp. 7!)- 8. 

8. 	Waruri. C(.1.. allnd J.N. lKtiflia. I 
Popuitlationtiitiden ti lite i nlirti 
of maize stalk bortis Chlob oarthl].s 
(Swinhroe), C. orj(hihcoCj'ri l,,; 
Strand di] Sesanin calaitis 
Hirips., in Coast lProvit-v. K i'ya. 
Insecti Svie'ict and its Applicatioln
4:1 1-18. 

Discussion 

Dr. Gelaw: It haIslaui- luntiliincd lthat 
0 o1 etiateria'till yttil rteWti'ii!4: 

With Iarave poor getltHiC t)aekgr( unids 
arid are not of any rinlimedia I. value to 
naiiolnal prograllis. Why don't you 
corlienliirate your work on rmirc 
adaptcd germilasm s? 

Dr. Ainpoif: ICIPE does not try Ito 
develop uscabl, varieies, biu l ather to 
id(entiify 'e-;Lsi- SOtl!OC'S Wlhich tie 
ntationa! proigrams Own:1thin
 
incorporatu int) their own tiiatcria .
 
ICIBE is now pliinitg to con tact
 
nlional !),ralIit in toi cooperate

with them Inoln dil'tll\ i!
liil jhas ill 
the past. 

)r. );Trrith: It is riot sturprisin! Ihal 
votn toluld i ii ri'il; ih ill 1)IMItO:\
 
to 'i : i,''ori '.iS it to Ch'd(; ili
 
itk!t(riisi. I)INM3OA is asmsl.iit(

wilh ii:-;itarl( ito . c.t'tI c t
t'1vdile 
e' t i gcci'rile Wal ih Oti EllrO(all 

(' irl borel', hltt o t i) ;llliag( 
Caiis'd by tile Sc(-iilll tgelrtrl. I oltr. 

l'thiopiai cltltetit,: ICI E'I ,is c trs'wo
 
to work on ('hi/i. wtich is riot Om
 
[II)ost illprtlli ii:pcst. Wiry all't I voll 
working liltot hr pests'? 

D)r. Almpofo: Wc ilrt, ki.k in il Chilo 
parii I lterilset it is i very 
\idespied pest il This !e{imi.otr 
lSriul'i(Is are tor limitcd to work ol a 
varit o pt'sl.. 

NIr. Ndalibuli: 'T'lceKilah Reselr-ch 
Station turnish l l('t 1t1, witi Kena 

,hylbrid lines to surell Ior tsistailt . 
Thc resitults werc vry useftl Ill oit 
breedlil lrorila Ills. 
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The Maize Pathology Program in Zambia 
K.N. Rao and L.D. Ristanovic, Mount Makulu Research Station,
 
Chids anga, Zambia
 

Abstract 

Maize in Zambia Is attacked by a wide rangeof diseases caused by fungi. 
bacteriaand viruses. Due to limitationsIn staif and resources, the maize program 
is focusing on only the oner,that aremost importantand wldcspread, maize 
streak virus, ear rots and leaf diseases (blihtand rust). Various field screening 
techniques were tested for maize streak, nd it was found that the p!anitngof 
Infector rows four weeks before the test roe', led t) high levels of MSV infection. 
Large numbers of breedingproge;ies,germpla -n inaterla!sand hybrid 
combinationshave been screened,and eighi have been ibund less susceptible 
across ten locations in the country. A trial on the control ,f MS V by various 
Insecticide treatmentsshowed no significant differences, possibly because the 
vectors had built up on alternate weea hosts-and the maize plantshad already 
been Injected with virus before the vectois were killed. Earrots, which lead to 
grain loss as well as to the presence of mycotoxins in both human and animal 
food, constitute a health threat In Zambia. To select for resistance,maize ears 
are Inoculatedin the field with fungus, an(. disease reactionsare scored for 
individual ears. Three germplasm lines have shown less susceptibility to carrots, 
and they will be used to incorporate resistance into maize hybrids and varieties. 
Research hasjust begun on the lefaf diseases, and testing is being carriedout to 
determnine the best methods for screening for resistanceto these diseases. 

The maize crop in Zambia is subject to 
a number of diseases caused by fungi, 
bacteria and viruses. Yearly losses 
range from 3 to 30%, but in sorm, 
localized areas, one or more diseases 
may become acute and destroy a 
considerably higher proportion of the 
crop. Because of limitations in staff 
and resources, systematic work has 
been initiated on only the most 
Important and widespread of the 
diseases, streak virus, ear rots, blight 
and rust. 

idaize Streak Virus (MSV) 

Streak disease in maize is found in all 
the maize-growing areas of southern 
Africa and is widely distributed in 
other parts of Africa, It also occurs in
Maciritius, Madagascar and parts of 

Asia (van Rensburg an(: Kuhu. 1977). 
MSV Is not seed transmitted in raize, 
nor is it transmissible by sap 
knoculation. The !-ole method of 

transmission is by the insect vectors. 
of which Clcadulinambila (Naude) is 
the most important in southern Africa. 

The first symptoms in the diseased 
maize seedlings is the appearance of 
small, spherieai, eliorotic spots on the 
youngest leaves three to six days after 
inoculation has taken place. All leaves 
formed after inoculation with the virus 
display the symptoms, while leaves 
below the place of inoculation are 
unaffected. When the disease is fully 
deve!oped, the leaves of infected plants 
are covered with narrow, continuous, 
chlorotic streaks that sometimes fuse 
laterally, so that virtually the whole 
leaf has a chlorotic appearance. 

Widespread, severe incidence of MSV
has been reported from Luapula and 

Western, Northwestern, Northern and 
Central provinces of Zambia. The 
parents In the seed maize crop of SR52 
have often been severely affected with 
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MSV II I ie major maize-growing areas 
of the cotinry. Thicreorc, s.-ystematic 
work was inilialed ill 1980 to devvlop
screening et hoils. identifv resislant 
sources alln ilizt blhn in (leviIo)ping 
high-yildinlg. MSV-resista ni maize 

livlrids, rompioites mid varit-lifs. 


Screening techniques 

It ,rdt to devehop reliable
I-eirning 

tehelli(ltie'. avs,id (hsease escape 
 uild 
snUreCi t\evll distribltiol! of 
illoelhIuIIIiII1( vc tlo" jmpultliol:s, 

various field scroeiiiiu,tn- iifqles 
 were 
tested. It evidentwas trol the results 
obtainedtiaI;it tr plint lim. III itiector 
rows four week.,; II fhre I('I test rows 

led to high levels of1NSV iift(-(,-t.l 

Ino(ulaillijn with virulitertls illsfets 

helped to avoid it poissible escape, of* 
phlnts ill te field. 

Screening activities 
During tHe last loor tais. la-ge 

n.llrbers of, hibredinlg pr glliies, 

g'riiiplasui imaterials aiid hybrid 

coitbitilills have 
bctlI s _elled, 
using IiIc ali\'e ieltuliie. Io ideillil'V
 
.Olli.e'-s of resis!tri,- toIMSV. The 

results aitre summarized in Table i.

Exeept for the 1981-82 oasoii. whewn 
weather cotidilioiis were :iot faivorable, 
the 4ereenitig has beCll Stec.,,ful. 
Most of, lhe local gernipla.lsnl has shown 
lloderate-to-high suseeplibility. 
I weiit - hre sinigle (-,ir seleetionls lhavwe 

PIrYl'V (llsiit'mllv less S iseceptibtc 
over Ihe four seasonis. Among them. 12 
elntries were tested iln it lllililocalillal 
program 1t tell healiorns ill Zambia:
eight were lollild less slsceplible 
aiross illl of the locatllis. 

The A;Ireak-resislil tilliivars 1566/1
ali(d 15671 \\'eI ei'-;ed as patentts to 
develop hvbrids, of' wiich four. 1566! i 
x Se, 1567/1 x Se, 1566/1 x 1,12 wtd 
1567/I x 1,12. have heen ind wt hi 
both hiigh yi,.ding alli highly resisliil 
lo NIS\'. Wt;-k is in progress to ftirlher 
test theseliatetrials for release to 
flirmers ts ;ai alernaliv to S-52 iii 
a-ea wil(. drak is ;1 i ia jor p roblem, 

Insecticide control 
A tial oil the control of MSV by
insecticides was ilitiated after reports 
were rceived hal Furadam 
apl)licatious had reduced slreak virins 
iiicenete ill Gliana and Zimbabwe by 
reducing ithi eetor popllation. Six 
frials were field with soil and seed
being trealed wilh )eltmet. Miral and 
Furadan in di fi-rent Iornliltions. 
Ulinlretle-d seed anld seed Iilltmt I-liet 
Zambiail ( (S'ee lpnllv were used is 
ulill'ols. 'ilte trial nilized at 
rn(Iomized complele Ihoek (lhsigi
 
with Ithree repli-at ions a(d six 5-on 
 r 
rows. Ilh, results. which are 
summainirizeC ill Table 2, indicate that 
I:,' (ilerewilt-t ratneris led to io 

signieiall (Iiif erelces in any of IIhe 
Ihre paraiettcrs beiig test.]ed. pIreil 
virus ifileeti(Iii, seril v of viruls
 
ifilectioln aiild 
 vielI bweet diflffreii
 
treal mli ts. A p ss;ihlc cxplinali i or
 
this Ih, itat . e(,to-s h.iad buill 11) oil
 
all'lltrat weed hosts, 
 and te maize
 
phills hiad ahrcitdv hi-cin inijc(te(e with
 
viriu, btot liote (veeror, were killed.
 

Ear Rots 

MNizu is sisceptiih to a liuIm.i'r of ealr
 
aid kclnei rots, Somei of whicl are
 
wiidely distrithtecd. [)tiriiig 197,1. whin
 

ilsu;l \Val her eoiiditIOis prevailed 
ihrmoghout Zambia. ;iliorilal rain aid 
low tlipieralllrs (tiriilig llowcrill illid 
illtaize hllve ;I cmxec )h iiall \,fedIo all 
filgh IiiditelC Of eiarlot.. Thev wecre 
daltiagiltg ill two wiys: lirlt. licre was 
'lisidrahle graiin loss, ai'i secold,


the staiple iet of Hc'il irc nitiol Wias
 
elidailger(ied b theliy pliei'.':e of 
illycot'),xiins. The nallti souirce of
,iilinial feed wlts siiilarlV 
t'llfi.i illatrl. Past Illtlc loifrgil data 

idi,-ate that siuch weacl her rolldilois 
arc tiilikelw " Ito iii Iirt hrouighott 1e 
coiilll lloi-e bla twic ai celiturv. 
Ilo'(er. e(n t11hal is a sIllficicitlY 
high fr ( yiiit) liisitile a1 
pellilneill threit to the well-beilg of1 
the people of Zaibia. 
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Ear rots are caused by a group of initiated in 1980 to test the effect of 
fungi, the most important being these organisms on seed viability, and 
Diplodiazeae, D. macrospora, a large number of germplasm and 
Fusar.fum grarninearamand breeding materials have been screened. 
F. moniliforme. Systematic work was 

Table 1. Results of four years of screening to identify sources of resistance to maize streak 
virus, Zambia, 1980 to 1984 

Number of lines in different reaction Total 
Material categories (0/o virus infection) no. of 

00/0 1-100/0 11-250/o 26-600/o 61.1000/o lines 

1980-81 season 
Local collections 5 10 44 36 9 104 
Hybrid combinations 37 51 45 14 2 149 
Breeding progenies 127 25 66 45 10 273 
from IITA 

Total 169 86 155 95 21 525 

1981-82 season 
MSV-resistant 

selections 41 42 7 1 0 91 
Hybrid combinations 85 44 11 0 0 140 
Inbred lines 447 63 30 24 6 570 
Total 573 149 48 25 6 801 

1982-83 season 
MS V-resistant 

selections 23 47 98 166 18 352 
Hybrid combinations 0 0 6 23 41 70 
Germplasm 0 1 1 17 56 75 
Swaziland material 0 0 0 1 22 23 
CIMMYT material 0 2 5 3 3 13 
Total 23 50 110 210 140 533 

1983-84 season 
Multilocation testing 0 8 0 0 12 
MS V-resistant 

selections 67 245 29 4 0 345 
Hybrid combinaticis 0 4 8 6 2 20 
Open-pollinated maize 

trial 0 7 11 10 3 31 
Early maize trial 0 1 7 2 0 10 
Total 67 265 59 22 5 418 

Gr;ind total 832 550 372 352 172 2278 
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Maize kernels were collected separately
for fusarium and diplodia Infection 
from the previous crop, with 
apparently clean maize of the same 
variety used as tile control. Visual 
assessment was made of the kernels, 
which had been placed on moist filter 
papers in plastic pctriplates and 
incubated at 25uC. Results indicated 
that there was a complete loss in 
viability of the diplodia-infected maize: 
only 1.5% of tile fusarium-infectcd 
kernels germinated. The clean maize
had 97.8% germination. 

Screening techniques
In order to distinguish between 
resistant and susceptible cultivars, a 
factorial experiment with four 
replications was conducted to 
dleterminle tit most appropriat, 
method and stage (f inoculation of 
maize cars. They were inoculated in 
the field wvith Diplodia lacrosporaand 
Fnsai'rngranincarian,and disease 
reactions on individual cars were 

scored. A scale of 1 to 5 was used 
(H = no infection, 5 = very severe 
infection). Cob rot infection was found 
to be greater when inoculations were 
lade around pollination time, rather 

than two weeks after pollination. 
Diplodia infection was most severe 
when inoculation was dlone with a 
ioothpick at the base of the ear. 
Inoculatling tle tip of the ear with a 
syringe was more effeclive for fusarium 
infection. 

Screening activities 
The screening activities carried out 
from 1980 to 1984 are briefly
summarized in Tahle 3. There were 
only three germplasm lines which 
showed less susceptibilitv in the initial 
screening. For the segregation of this 
material for various characters. 
including resistaince in subse uent 
screenings, single ear selections were 
made to purity the material. 
Consistently noderately resistant liies 
were identified each season and tested 
under the multilocation testing4 

Table 2. Reaction to six soil and seed inlecticide treatments for maize streak virus, Zambia 

Virus Virus
 
Treatment infection a / infecti 9r Yield
(0/0) score- (kg/ha)
 

Deltanet SD 47.63 3.40 419
Deltanet 3G 47.23 3.25 631

Deltanet 400 EC 
 35.77 3.53 479
Miral 10 G 36.53 3.50 526
Furadan liquid 36.27 3.52 514
Furadan 1OG 43.77 3.40 789 

Zamseed check 46.30 3.64 592 

Clean seed check 39.60 3.92 500 

SCm ± 5.81 0.14 105.92
CV°/o 24.16 7.11 33.01
Significance NS NS NS 

a Percentage of plants infected in the middle two rows of each plot
Visual scoring scale 1 to 5 (1 = no symptoms, 5 = severe symptoms)
(average of 30 plants in middle two rows) 
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program. These li'ies will be utilized in diseases greatly limit yield under 
the breeding program to incorporate severe epiphytotic conditons: 
ear rot resistance in elite maize 
hybrids and varieties. 9 Turcicum leaf blight 

(Helminthosporium turcicum)
Leaf Diseases e Maydis leaf blight 

(Hehninthosporhmmaydis)
Among several leaf diseases affecting a Common maize rust (Puccnia
maize in Zambia. the following five sorghl) 

Table 3. Results of four years of screening to identify sources of resistance to cob rot in 
maize, Zambia, 1980 to 1984 

Material Number of lines in differentreaction categories --  Total 

lines 
1 2 3 4 5_ 

1980-81 season 
Local germplasm 3 27 26 21 26 103 
Breeding progenies 0 3 10 11 89 113 
Hybrid combinations 0 17 70 51 11 149 
Elite inbreds 0 0 1 10 57 68 
Total 3 47 107 93 183 433 

1981-82 season 
Streak selections 0 0 2 42 47 91 
National maize variety trial 0 0 12 11 0 23 
Experimental hybrids 0 0 20 48 0 68 
Inbred lines 0 0 12 31 58 101 
Germplasm lines 0 0 2 61 78 141 
Total 0 0 48 193 183 424 

1982-83 season 
Cob rot selections 0 4 9 82 134 229 
Resistant hybrid combinations 0 1 5 13 33 
Elite hybrids 0 17 39 13 70 
Swaziland germplasm 0 0 3 12 7 22 
Total 0 23 59 143 203 428 

1983-84 season 
Multilocation trial 0 9 3 0 0 12 
Cob rot resistant selection 0 10 63 15 0 93 
Hybrid trial 0 1 2 3 14 20 
Open-pollinated maize trial 0 0 0 2 29 31 
Early maize trial 0 0 0 0 10 10 
Total 0 20 73 20 53 166 

Grand total 3 90 287 449 622 1451 

2./ Scoring scale 1 to 5 (1 = no infection, 5 = very severe infection) 



264 

" Southern (Polysora) rust (Puccinia 
poysori) 

" Leopard spot (vector unknown) 

Screening techniques
Because of staff limitations, active 

research has only been initiated on 

these leaf diseases this season. An 

experiment has been eonduct,.d to 
determine the best method of 
inoculation, the optimurn growth stage
of the plant and the varietal interaction 
for infestations of turcium leaf blight 
and common maize rust for screening 
purposes. Several attempts made to 
isolate the causal agent for leopard
spot have been unsuccessful: this may 
mean that it is a physiological 
disorder. 
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Discussion 

Mr. Olver: Do you inoculate varieties of 
different maturities at different times? 

Dr. Rao- Yes, we gencrally inoculate at 
pollination tinc. 

Mr. Olver: Do you standardize the 
environment, for example, by
irrigation, after inoculation? 

Dr. Rao: Yes, we have found that 
sprinkler Irrigation after inoculation 
gives the right environment for disease 
establishment. 

Dr. Moshi: When does the leopard spot
disease occur during the growth of the 
maize plant? Does it affect all of the 
leaves of the plant, and how does yield 
loss occur? 

Dr. Rao* It can occur anytime after 
three weeks from planting. Grain yield 
is reduced through a reduction of the 
total leaf area. 

Mr. Malithano: What was the objective 
of the experiment in which you used 
various Insecticides? 

Dr. Rao: Reports from Ghana and other 
places suggested that Furadan couldcontrol the incidence of maize streak. 
However. our results did not confirm 
this. It appears that th, insect had 
already infected the plants before it got 
the lethal dose of thc insecticide. 

Mr. Ochicng: Is it )ossible to 
incorporate nmlt iple resistance into a 
given genotype by inoculating the 
same plant witlh scveral 
pathogens/strains? If so, which fungus
species could one treat in this wiv 
without risk of interaction? 

Dr. Rao: It is possible to ifnoculate for 
multiple resistance to different 
diseases, for example, fusarium and
diplodia, but it is better to identify 
resistant sources for each disease and 
Introduce tIeiii independently. 



205 

V. Seed Production 
Kenya Seed Company: Growing for the Future 
C. Ndegwa, N.K. avrap Tumn and F. Ndambuki, Kenya Seed Company 
Limited, Kitale, Kenya 

Abstract 

The Kenya Seed Company was begun in 1956 for the productionand marketing
of agricultural seed. Maize seed now constitutes Its largestcrop, with a volume of 
14,000 tons in 1984. Forproductionof certified seed, Kenya Seed contracts with 
sele-ted growers, of v.,hich 35% ar.2 government farms and 65% are individual 
growers. The company supplies basic seed to ihe growers, who grow the hybrids
with the assistanceof qualified field supervisors: the supervsorsregister the crop 
for certification ,with the NationalSeed Quality ControlService. After the seed 
has been harvested it is dried on the cob, shelled, cleanedand processed. It is 
then ready fbr distributionto firme:' by the Grain Growers' Cooperative Union 
and stockists. Currcntly,Ienya Seed produces ten hybrids and two open
pollinated varietiesfor the variousagroclimaticareas of the country. Breeder 
seed for these varieties comes from three nationalagriculturalresearchstations. 
as well as Kenya Seed Company'ssmall but cfictlve researchprogram on maize 
breeding and improvement. As a result of that program, PioneerXIO5A, HGI4C,
H625 and t1he recently releasedH5012 have been introducedon the market for 
the benefit of Kenya farmers. 

The Kenya Seed Company Limited Seed Production aad Distribution 
(KSC) was started almost 30 years ago 
as an enterprise for the production and The Kenya Seed Company contracts 
marketing of seed for maize, wheat, with selected growers for the 
barley, sorghum, sunflower, production of certified seed. 
horticultural crops and pasture. It has Approximately 35% of the certified 
expanded Its volume of seed maize hybrid maize seed Is produced on ADC 
production from 300 tons in 1963 to farms, which are located mainly in the 
14,000 tons in 1984, and maize seed Trans Nzoia District. Individual 
now constitutes the largest single crop farmers produce 65% of the seed in the 
produced by Kenya Seed. Trans Nzoia arid Uasin Gishu districts. 

The company supplies basic seed to 
Kenya Seed was privately owned when the growers. who produce the various 
it was inaugurated in 1956; now, hybrids with the asistance of qualified
however, the Government of Kenya field supervisors; the supervisors 
holds 51 % of the shares through the register the crops for certification 
Agricultural Development Corporation (according to OECD regulations) with 
(ADC). a parastate corporation charged the National Seed Quality Control 
with the responsibility of promoting Service. 
the development of agriculture in 
Kenya. Twenty-seven percent of the After the seed maize has been 
shares are held by the Kenya Grain harvested by the growers, it is dried on 
Growers' Cooperative Union, and the the cob, shelled, cleaned and 
rest are held by individuals, processed. It Is then ready for 

distribution to various parts of Kenya, 
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ilf if 

Ihere is a surplus. The 1nik of' Ilit( 


as well a.s t lict-igol ill4 cOiilll.is " 
sced 

is clistributed to I'irners lhl-oulgh 
branelies ol it Keaiv Fairimers' 

Associltlioi, whose stores will. 
 ill tilt 
Lulture. he imiangcd 1)*v the Keaareall 

Graini Growers' Cooperati've tol.li. Tll 

Kenya Graiin Growers' (iooperativle 

Ulion is a tariltr cooperaltive, 

s.ipl)lvlig ilJulls altl illarkletilg 
prodltt-. tllc it will niow also serve as 
the iami markeling aget br Keniia 
Secd Comipatiy. Stoekists are also 
appoinlit( to turther clistriitte secd so 
that it is more eoellvelllt to small-
scl, ailier.s. 

(Jtlri't'ntlY, thl Kil, 
 itStcId Cloililii , 


)ro(lues lI(ii dlfTerei\t hybrids adI two 
op)lti'-)ollilit'tl Vaittitsf sllilal)e for 
the tour agrolitia ie areas ill KenyvI. 
! 198-4, it also r(lut,eed seen nw\ 
te.XpcrihlItuial hybrids siillo n a swale 
for ise. illield Irials. 'li-se it(\' 
hybrids. ahliog wit- t lie older varilics. 
ilre availahIt to taniers lir the 
tollowilig 'tgiolls: 

*til.h-ailtitildC,, ilih-riiitlill .
 
which rltedl i
c il v -s ot lie 
Hill Valley, andmil art- lit, ilost 
iJliportali iiii/.t--grcwitig artas iiil t 
Kl v . Ieli lit,-illaltirit hybrids 
adapted to this art -'[idehessarea 116 1 1. 
1f1i2. I 1618. I11I-I and 11625. ind 
Ihle ;xl)riililitlal hlbrids Iar 118 102 
and 118108. 'I'lsl hv-hrids r-jilir-, 
750)to 1200 i lof railiiIillp-r veat 
over iapt-nod ot' 6 to) 8 il(Illh. 

lBillodilal raia'Ill lz'oe, whi-li 
coipises [lotst of1clittal Kle'li'ii.It 
has G50 toI 00 immiii oftrainilll 
(list ribtlld over two tlistiil t s 
(of-t'i rt'-t'rrt-d to as. t Iclng avld lie 
short r-ahi.)s. There ai-r areas iii the 

Hilt Vallev lid Nvaiza lroviti, 

whihh also ltthis categotry. 

'spceeIiallx' illthe la - hasil. The 
llcelittllin-tlurl "vri Itybiids suilutabl, 
for Ithest, areas irC'iluth, 1151 1. 11512, 
11622 id 11632. andIi lict 
ixcl)t'i-itiital hybrids all-i(I ) 12 aidI182M I. 

The l)iioidal ul errati-niiiffall 
areas east of lie Rilt Vallev. wit h 
procitation averagi G35 illn per 
ear. The vari-tics most slital)lt, lor 

this inargitial! il.i-proucteilig area 
Ir u
lllllillli ('Conm)Osite B nid the 

'xlperiiniitial Mlakiltei tioimpositc: 
sveral 1.Ct line-way or (lorllhe
(ross livlrids are Ibciil. iested. 

Tlh- liiglh-i1iliprailirh.iliinfill, 
ligh-htnll]litN, 'eoastil zoli-i, which 

has Iwo lit, sasois. tlilewet 
aid the, dry. The varieties illost 
suitablel i- this area art- Pioner 
X O1A, Coast Colimosite mi Ili
txtte n Sal)rihlitll hyhrids. Pwan i 1.2 
lild31. 

Maintenance Breeding 

Il order to iroctlil, all of' llit 
ilnh)lprvd hlybrids utl oliposites. Ite
 
(oailuilv hlepewilcs Oil IrecdIr sct-ud
 
lroil lit Natllil Agricultural
 
Researih S(llions, Kilalh totr late
tiialuritv et-dt, Katiilil 1(11seted bIr
 

lit- illar ituil Mii(5 ild 
Mi walpat/Msat laba or11.se- tol lilt-

I ioastal zoll. (lne re-asel. the inbrt-dl 
lhies. popiilatiolis al syntiilhet h-s are 
ilitail atlIh( Kenyla S cd 

1 '.c rlillivi-li eal tiaroll) illal
 
illlhw Kitale arail. Silloi
 

1970. th( iiiiiiiv hlas had ismaill
 
hotL il'-'fii-' eSl(il-: prolliii 1 oil
-

tlliz h- ailld ilil)pro ul'will its i
lre(tliti 

if-stilt ot ill progiati, lJioicnr X 105A,
 
I1CIIt. 11(25 a dIli( reit-llttv rlIasdl
 
115012 hliave ht-i iilri Oidii-(lon Ile
 
tiarketl lor t In- luutlit of Keiiva
 

'lluiers.Tlhe results ;iivt-Jv til
so 
a' li'oii-;agitlg. illdIhe prgraii will 
he(I fhe-tlit-i-r Xialiled. 

Tlhe sevt-li (x Inli,iil;l hIvbtds\.whih 
i- Is-lig piroiltii-tl I ill small dltiatitis. 
will I sold to liiil-r-stel 1-irt-rs for 
l'ottitirlal field trials. This will givte 
bcldbak to th- Kta ii (.npla'nxcl
' 

t-at--lh l)Researtcttuittt tidicIh Nathoilal 
Agt-iriltir-al Rt-st-rl Stalii its to 
whtire hirthltr ihltJrovt-iiit-nl is iit ,ld .
Figure I shows Ilc hilrluiatioi whit-h 

http:cOiilll.is
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KENYA SEED COMPANY LIMITED 
RESEARCH DEPARTMENT 

PRE-RELEASE RECOMMENDATION FOR NEW EXPERIMENTAL HYBRIDS 

A team of plant breeders in Kenya Seed Company Limited have developed seven new hybrids. 
Small amounts of seed of each of these hybrids will be offered for sale to interested farmers to try 
out at various parts of the country. These new hybrids have high potential yields. We are contident 
that the improved hybrids will enable farmers to increase their yields, better their profits and 
provide more food security for the nation as well as their families. We are proud of our 
achievement in this regard. 

15 years ago Kenya Seed Company committed itself to aprogramme of genetic research and 
hybrid improvement, an undertaking that demanded an investment of both time and money. 
Today we can see some results from this programme in the form of the new hybrids. 

We invite farmers to purchase these new hybrids for at most 100/0 of their maize crop and observe 
the difference. 

As long as we can improve upon hybrid performance the odds of increasing your yields and profit 
will be that much more in your favour. 

Below are the hybrids you can select for your location. We are sure these will increase your profits. 

SEVEN NEW HYBRIDS 

H8108 H8102 H5012 82MI PwaniH1 PwaniH2 PwaniH3 
(Kitale) (Kitale) (Embu) (Embu) (Mombasa) (Hola) (Mombasa) 

Approx. days to 50°/o tassel 110 110 70 74 66 69 66 
Approx. days to maturity 200 200 160 160 120 120 120 
Adaptability 1 1 2 1 1 2 1 
Standability 2 2 2 2 1 2 1 
Blight resistance 1 1 1 1 1 1 1 
Rust resistance 1 1 1 1 1 1 1 
Hust cover 2 2 3 3 1 2 2 
Ear height Tall Tall Medium Medium Short Short Short 
Yield potential High V.high High V.high High High High 

Scale: 1-5 (1 = excellent, 2 = very good, 3 = good, 4 = fair, 5 = poor) 

Figure 1. Prerelease information made available to farmers on new experimental hybrids, 
Kenya Seed Company 
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is made available to farmers on new 
experimental varieties, 

The initial stages of seed Inultiplicatiol. 
are conducted in selfing or sibbing 
blocks sown with various lines on an 
car-to-row basis. The inbred lines arc 
established under normal cultural 
conditions with adequate amounts of 
fertilizer and crop protectors: roguing 
is carried out at least three times 
before and after controlled hand-
pollination. The praclice as adapted for
older lines is inter-row sib pollination, 
a method which has helped in the 
development of vigorous lines for 
further seed increase. The Hazelden 
method of check plotting each ear has 
minimized problemis of contamination: 
a row is planted from a portion of each 
car of )reeder seed and observations 
are made in the early stagfes on such 
characters as trueness to variety. Only 
the best cars which pas.3 tile check plot 
test continue to the second 

multiplication stage. A committee 
made up of government breeders, 
Kenya Seed Company breeders, the
National Seed Quality Control Service 
(NSQCS) and senior seed production 
officers of Kenya Seed assesses the 
quality of lines approved for further 
seed production. 

The remainder of the seed of the 
approved cars is planted car-to-row in 
isolation in 400-meter rows. Plants are 
checked and inspected by both the 
company production staff and tile 
NSQCS. At this stage, super elite seed 
isproduced. After the rcluired 
quantities of souper Clite Seed are 
avafilable, single crosscs are formed: 
they will ilt ima cly be u-e d to )roluce 
the final hybrids. Under nornal 
circumstances. both of these stages
take place on Ie com pa iv farm at 
En!h-bcss. The final stage of 
multiplication is the production of 
certified seed The hybrids under 
experimental production for seed 

A
 

W• -. 
 , . - ' 

Exccraslvcty tall Kenya maI.ze at 2150 uiteter. levatlon 



distribution include variety crosses, 
three-way crosses and double crosses; 
currently, only one single-cross hybrid 
is under experimental production, 

Future Programs, 
Problems and Opportunities 

The Kenya Seed Company Research 
Department has one of the richest 
stores of germplasm in the country. 
Line development from its own 
composites, synthetics and 
populations, together with those from 
the National Agricultural Research 
Station, CIMMYT and the USA, will 
contribute greatly to the maize 
breeding program. Kenya Seed has a 
breeding plan for shortening the Kenya 
maize plant, as well as a project for 
strengthening the root and stalk of the 
plant as a means to elevate harvest 
index. 

By the end of this century, Kenya will 
need about 2.8 million tons of maize 
grain each year to feed an estimated 
population of 28 million. Assuning 
that arable land planted with maize 
will remain at about 1 million hectares, 
all maize producers will have to grow 
improved maize cultivars with good 
cultural practices (timely planting of' 
high-quality hybrid seed and the 
application of appropriate fertilizers). 
To meet the need for improved seed, 
therefore, the Kenya Seed Company 
will need to double its seed production 
and distribution capacity by the year 
2000. 
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Discussion 

Dr. Kadlir: How do you overcome the 
problems associated with seed 
production in contract farmers' fields? 

Mr. Ndcgwa: The farmers provide all 
inputs and labor, but they are assisted 
by Kenya Seed field staff'. 

Dr. Fajemisin: How does the seed 
certification scheme operate? 

Mr. Ndegwa: The seed crop is 
registered with the National Seed 
Quality Control Services, and they 
monitor all stages of production. 

Dr. Ran: How often do you go back to 
breeder seed to cheek the proper 
maintenance of the seed? 

Mr. Ndanbuki: It is not usually 
necessary to do thl:, because seed is 
properly maintained by the Kenya 
Seed Company. However, we did have 
to go back to breeder seed in the case 
of one of our open-pollinated va'ieties. 
Also, we have annual comparisons of 
new seed from the government 
program and tie company seed stock. 
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Zambia Seed Company:
 
The Maize Seed Situation in Zambia
 
W.M. Chibasa, Zamseed, Lusaka, Zambia 

Abstract 

Seince I9,q]. the Zam hue See '( Cotlijeali (Zallisc 'e(I) has bee!)it[ lti[siltl' lbr-the'
 
prodeuction, PleeC1'irtiietitatid dlistribut ion1 
 of, nunzc seed, as well itsall]offhe'r
 
it1rieciiicial ail hortlictl t ral se ed i Zanlilia. ITe' seed is prod ce d bY LI fs
eer-1 
ill
fill, Zan11hi'a Seed lProciers' elsocuileet imder pret('tericliliid licetaraege's atid
 
cotills. Qiitvl cotent
rel andi~ (cit ifyititeji is ceuticctd 1)v lte' S'e'l ('onte')oarid
'e'rtilleat[lot) hostutte. Mli,ce i's'/and)bia' liost ireipoertlni cropq. atidsioccl9S3 thic 

illiz' sit eucticenchas ('liaii-et for the- beter as airesult oi'the releaise eel the hchrid
 
MIMI52. an ore pren-
evecyrsioti of 5R52. TociY aZem fejare/iiicers ha ye'a vaila Die
 
raellge ol, vlrilcs thi Shouild gJve' I/Icer11ic11exibility to planlt thlai/c' cJ to the
 
last tw cc, 1)e't'tiher ;nd(St ill n)h,1iii re asonia
eks in le vie'is. The viahiliti ef,
Zitise'C'l is nowV t 'fi( OW icr-iSin4 fromc 
prodcc aid store ille flarolau fliis eel 552 aiid petedeice acid suipph lythe'( te1. 
til~Olfe ll e5c 

heirL'lir' erie'CbY til'()os fie'nc''esi to heel l 

,Ihf pn'e fcl f sc'd1alail.)jf )h ,; Zj~(l is~ oew-v~~~tilI/V ac11cj a. 
al"/i o,,h irvce'esrcI.;(teticeno eteedS teeNe .ilJv tee lN'tte' tecn±c ilat(istrict alld 
preecirie'ii levi 'is, oiprecc(I iuear-ke 'tiee,. ariw!'ec tA"1ieliof1 "lrntiers'c10 e'xte'osiol ats
to) the' vaclcicthe vmiriies. as %ice.!I;e') 'cc/e'isttihcltioeni efl flu' tit, Icy/eidsoe, tieen 
£clldl the' ltilil/etioel fclrlctot .stcks ee'liee older eaneties. 

ha,, il(i Owce1r-Iceilsiiijl' eefpieel'illL1 (c2,i'lilc-c liicbic'scep seeds I millc
 
Wii-cclJlc ll l ijeiiici~oil
cccI (wcllfcieccz 2). It is, cslice cwcethatic it pee chiascde 

(1ici1ccicjl imicjecilelieeil ',',ie icce',;,leivj Iliic' seed wclv ccsc'ii lot- [lilccllimi all 
accce eiislnbiifeiic miii/c scud, its wcll it,c ()eell( ld eceew% ccic(e' iilaj/e'. /.icul'e'(
a11 llel' aielicilcciail ;Ioe] iiueicticliieil weiclei leavc lteplrcedilc acidI 1iiciilict 

sedill /.lcicia sic'lw 198. I cl(l thl 15.750 [oills eelseed amiicicalIv. 
fi111c. O ll-ce'jerec (i0ese'ee w, 
cercgaclizee(l 1), tlc sere'l I e'iices"(iowiv Seed Production 
Oicw S'eci ( eeilieei() icccc(e'rilieclieeii 
Ilslitlc (SU('(Iljeel Owce iicliie~i / Ilscciiee''e cicics icet Ilc iecccdiclicecul ee' 
l'ieeeiec'c'is t\sSeeeilieel (Z'S'l1\j. acud flle ili'lizi' -,eed 1olucc.i eiliac'is w~ith 
se'e't wves ilclilci )i' Nmilhle,i Hic XSI'A iiilulhc'is whoe giceee hisic aceie 
Nitileel i~lculel NI;l-lcicct- i~ieil. eciliei steel iciieic'i pevc'ccler.nc11icrd 
lic' lncrciee, (1i. Il ow meells licev(ce~ic icioc~cs aceeccceeilicees; seec 5,000)
ccticicilliccme seed(. ceejilliele) it 1lrc ilt, leitcaecs le Lilewll aciiclciv. iFeee 

(llol ic' 
ilw1-11-a ceas eelto I!,ellaimc .ccsiz(EIiisai lii 

p iceii e rli e rl-s. h l li di" t1) celc l Icedl ee.1Ill(.~ jew ofc t-(e',,'c 

Maize. is liwe ileesl ilc1peelil reep ill Nikeisici, Kaclwc cud1(lciilmiliii 
Zaclicbi. It is tce ilIl oliesI id'egieeils. liccicie ofl gleewei iii','elvde ll1lllcc' 

eewlictilliie ccas ',vii'i'e seeigliliiii acid cl'rili'alieci is, c'cele(iiIe'ci le' Hit. 
1101(. oft ccleei'e S(V('l iiic i lie' cislie'lcl IllOwec'essievc ;If-( ccilpir. 
lice icleliolacce eol11iciz. Is rellee'leu ill i'ei'i viii Sec'rem iavel lic Nicistry ieio' 
the' vcclic eelIlli'c tilli acccc tilt, saeies :ec'ccli'11cicl \\,l'c' Dloe''lelcce'c 
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(MAWD). Seed certification is carried It is generally accepted that 
ou! :ccording to OECD regulations, agricultural research and extension 
wh! e ISTA rules govern laboratory should promote that which is most 
testing. The specifics relating to maize beneficial to the farmer. However. 
seed production are presented by Zamseed and its marketing agencies 
Wellving (1), and quality control for must also be viable business 
certification is covered by the enterprises in order to continue to 
Agricultural (Seeds) Act, CAP 352, of serve the farmer; they are responsible 
the laws of the Republic of Zambia. to the farmer, but they also depend on 

Table 1. Production (and importation) of maize seed compared to other agricultural seeds, 
Zambia Seed Company Limited, 1981 to 1984 

Type of seed Number of bags 
Iall varieties) 1981 1982 1983 1984 

Maize (50-kg bags) 193,615 78,848 100,403 123,352 
Sunflower (25-kg bags) 5,831 12,422 19,788 32,958 
Soybeans (50-kg bags) 8,652 8,938 8,893 10,314 
Groundnuts (40-kg bags) 841 1,490 766 1,412-1 
Sugarbeans (50-kg bags) 2,325 2,448 574 351 
Wheat (50-kg bags) - - 13,252 8,570 4,903 
Sorghum (50-kg bags) ...... 1,710 

Imported maize 
R215 (50-kg bags) .... 30,000 - -

PNR473 (50-kg bags) ...... 20,000 
CG4141 (50-kg bags) ...... 10,000 

2_/30-kg bags 

Table 2. Sales of maize seed compared with other agricultural seeds, Zambia Seed Company 
Limited, 1981 to 1984 

Type of seed 
(all varieties) 1981 

Number of bags 

1982 1983- / 1984 b 

Maize (50-kg bags) 174,106 167,008 133,000 138,000 
Sunflower (25-kg bags) 16,478 8,423 6,326 7,665 
Soybeans (50-kg bags) 4,481 6,302 6,660 14,982 
Sugarbeans (50-kg bags) 322 552 1,133 320 
Groundnuts (40-kg bags) -- 1,097 17 309 
Wheat (50-kg bags) 2,631 1,265 3,575 7,067 
Sorghum (50-kg bags) . . 458 2,417 

a/ Sales for 11 months 
b/Namboard also sold about 10,000 50-kg bags of seed maize; this quantity is nnt included 

in the figure for the year 
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him for their survival. This must be 
borne In mind when seed production
and distribution is discussed. 

The Maize Sitnatlon in Zambia 

A.!; has already heen menticned in the 
Zamlbian papers presented here hybrid
varieties doninate cornniercial and 
semricom-inercial naize production in 
the nountry, and they,will proiahl' 
Colltillue to do so. However, it is 11i0p(dthat open-pollinated varieiics vill soon 
begin to play a more in portant role in 
naize production (2). 

Betw%.een 1961 and 1970. seed was 
a',.ailable ill Zaibia for liet( ,ultivars
SR52 (a single cross), SRI i and SRI 3 
(double crosscs). f lickory King (open
pollinlatcd) and ZUCA (a colirposilt.). 
From 1971 to 1982. only SR52 andZH I (a top cross) were bcing utilized. 
Duiringt this Ia Itt-r period. occasional 
import at "oths wereo11tier culltivars 
made to atoi,levnl 'tCId PAIhWced 
within the coltm-y. 

In 1983 IiIh maize si olat ion ill Zin bia 
changed for the betler wi the rcleasc 
of M M752, an improved version of 

Table 3. Tentative maize variety recommendations for Serenje District, Central
Province, Zambia Seed Company Limited, 1985-86 

Planting date Expected yield2-/ 

November High 
Medium 

Low 

December 
(first two weeks) 

High 

Medium 

Low 

December Medium 
(last two weeks) 

Low 

First choice 

MM752 
MMO03 
MM604 
MM606 
MMV600 

MM601 

MM603 

MM604
 
MM606 
MMV600 

MM603 
MM604 
MM603 
MMVGOO 

Second choice 

SR52 
MM752 
SR52 

MM603 
MM604 
MM606 

Iv1M603 
MM604 

MM 60G 
MMV600 

MM603 
MM604 
MM606 

MMV600 

MM603 
MM604MM606 

=High yield eight 90-kg bags/lima, medium six 90-kg/lima, low four 90-kq bags/tima 

Note: Implication for Zamseed is that at least seven varieties will need to I, delivered to 
Serenje. Are the farmers ready? 
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SR52. The new commercial hybrids the 1981-82 agricultural season, which 
MM501, 502, 504, 601, 603 and 604 appears to have been an anomaly, the 
were released in April of 1984; the supply of maize seed has been more 
open-poll Inated varieties MMV400 and than adequate. 
MMV6OO were released in July 1984 
and the double-cross MM606. at the The Ft,.tt..r of t
end of 1984.Today, at least in theory, Seed Industry i r Z'Iambia 
Zambia has a range of varieties which 
shoulr! give the farmer the flexibility to The developmen' .d -eleasc of eight
plant maize up to the last two weeks in new , hybrids and two opentdze 

December ind still obtain reasonable pollinated varieties has dramatically 
yields ('fable 3). changed the situation in the 

production, and more especially, the 
Present estimates show that. betwveen distribution of maize seed. The 
500,000 and 760,000 hectares arc viability of Zamsced is now being 
planted to maize in Zambia each year. threatened as a result of the costs 
Maize seed sales for the period 1981 to incurred in bolh the production and 
1984 show that, on the average, only storage of the parent lines of SR52 and 
306,000 hectares were planted with the production and supply of the new 
seed purchased from des:gnatmed maize varieties. Table 5 dscribes the 
outlets. Table 4 shows the 1982-83 maize varieties available for 19.85-8:i 
estimates of maize hectarage, and the zones for which they are 
production, seed sales and area planted recommended for either early or late 
to certified hybrid seed. The tables plantings. It can be seen that most of 
pr.:sented here indicate that, except for the new varieties have wide 

Table 4. Etimates of maize area. production, seed sales and area planted io certified hybrid 
seed for 1982-83, Zambia 

Total Seed 
production r ehrketed Yield sold 

Area (300 90-kg (000 90-kg (90.kg (000 50.k9 Area plamited (000 ha) 
Provinc, (000 ha) bags) bags) bags/ha) bags) Hybrid- / Other!L/ 

National 564 12,800 8,875 22.? 160 304 260 
Central 160 4,000 3,000 25.0 35 70 90 
Southern 120 4,100 3,200 34.2 53 106 14 
Eastern 200 3,200 1,700 16.0 33 66 134 
Lusaka 38 600 400 15.8 9 18 20 
Northern 25 550 400 22.0 18 25 --
Western 9 110 45 12.2 3 6 3 
Copper Belt 6 120 50 20.0 4 6 -• 
Northwestern 4 70 45 18.0 3 4 
Luapula 3 50 35 16.7 2 3 

Total 503 9,671 6,606 19.2 130 266 237 
1983-84 

a/ Estimate based on' 25 kg seed per ha 
b/ Estimated by substracting area p!anted to hybrid from total area 

Source: Paul Gibson, June 1984 
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adaptability and provide tle arnir as they 	 tohave in tih past. lowever.with flexibility as regards planting im prov(e overall maize prociet iondale, which will depend on Ihe 
in 

varying the country, it will be necessary todates of the onset of the rains and the irlcrUat,e sales so that Iliealt-ar plantedduration of' the railiy season. to farnier-retained maize seed can he 
reluced.Za mseed is suggesting he following Th maize seed situation 	in Zatrbia iscombinations of 'arielics for th hlrict generally adquate. alt tough il(TLSCdlagricultural zones: a enrioll dicets to be giein to: s 

ZonL I SR52 aid MM752 o Iinproved stoiage at provincial and
(high 	 or district levels: 
rainfall) MM606 and MMV600 * Improvcd miarketliug to reach ilet 

farmers who tlant retaind seed
Zone II MM752 and SR52 
 (this constilutets 50% 	of the total
(inter-	 or hectares plancld to maize annually):
mediate MM601 and MM604 * Educalion of farmers and extension 
rainfall) 	 or as to tie v-alue of the newvarietics. and 

MM606 e 	 Distribution of1 new hybrids and the 
utilization of current stocks of ithe,older Variet ies.Zone Ill MM504 and MMV400 

(low References
 
rainfall) 


1. Departncnit of A'griculture, 1984.
 
''o a l availabilil. of, Scd Production Handbook of
large extilt, tih 

seed will I iencedllu by t le cost of 
 Zambia, A.H.A. Well'ing. ct.
seed prd ucLtiol, a factor that i lusaka. Zamia. 
ducriliined by seed vitlds ot tuho' 2. 	 1)Ristanovlc, D., . Gibson anld K.N.various varieties. If tlhe weather is Rao. Developn c and E\aluation ofIivorahle. Zanlslcd will uot ha'- to Maize llybrids in Zanhia. (Theise.

imporl early 
 ialturiig iaize vaeric'ts, )ro(ceclings.) 

Table 5. Description of maize varieties available from Zai."bia Seed Company Limited for 1985-86 

Days to Kernel Drought Streak Cob Recommended zonesd /1' cVariety Typ e
- matuity- / 

type tot, res. rot res. Early planting Late planting 

MMV400 OP 100 120 F Exc. Good Good III IISMM504 TC 130-135 SD Exc. Good Good iI S, Ill I, It, illMM601 SC 130-135 SD Good Good Good It I, IIMM603 TC 135-140 SD Good Exc. Good It I, itMM604 TC 130-135 SD Good Good Good I1 I, IIMM606 DC 130-135 SD Good Good Good I, I I, IIMMV600 OP 130-135 SF Fair Exc. Good I, II N IMM752 SC 150-155 D Poor Poor Poor I, II Not rec.SR52 SC 150.155 D Pool Poor Pool I,II Not rec. 

OP = open-pollinated variety, SC 	 - sirrqle-cross hybrid DC - double.cross hybrid, TC - three-way cross hybrid- Days to maturity = the ,rumber of days from olantin to lrhysiololic,,l maturity. the number of days Is relative, beini lessSIn a low-rainfall or low-ale ,iion 	 situation, and nose in aIhfgh-r-tinfail or high-elevation envirornmen
-/ F - flint, D dent, SO 52Midfrnt SF - semifllnt
 
= 

d Zone I is the high-raintall area C '1,000 r in), includin] Nurtfiyr, NortIwestern, Copper BJell, Lsaptl; provinces and parts 
of Central Province
Zone II is the interrrslatew-rai all jrea 1'K.1,000, >8k Fmini, including moit afEverr, Cenrtral, Luapula, L sarkat ondniWestern provinces, the norlherr part (if this tone fIt NI is similar to Zone I anrdIhe Soithri O trr zone (ilSi is similar 
to Zone III

Zone ill is thf. low-rainfall, rrought-lwrone Zarnlezi arnd Ljannwi. ihves, plus parls of Weter,, Provninc


Note These tescrif tio,s dr tir ovisional tase'I on current data, i] 'rytvisedl as ftr lr nfOrflrirr onl le.comrres avallatlle 



Visit to Golden Valley 
W1.1wale (reporter), lount Makulu Research Station, Chilanga, 
Zambia 

On March 12, the workshop delegates Zambia now has 579 new 
drove north of Lusaka 'o see the combinations of hybrids, and wirk on 
Golden Valley maize trials with Dr. modified single crosses is in pogress. 
Ristanovic, Zambia Maize Team 
Coordinator. He explained that, For developing inbred lines. Dr. 
depending on climatic conditions, Ristanovic stated that sister crosses 
rainfall and altitude. Zambia is divided have produced excellent lines Ibr good 
into three maizc growing zones. The seed in Zambia; most Zambian hybrids 
35 to 40 trials being conducted a' have SR52 as parents. Program 
Golden Valley include National Maize emphasis is on the selection of plants 
Variety Trials for Zones I and II and for good prolificacy and car placement. 
National Maize Variety Trials and The FAO maturity group system for 
Advanced Maize Variety Trials lbr hybrids and open-pollinated varieties is 
Zone III. There are also 17 trials to test utilized, and Zambia presently has 
combining ability of new hybrids, groups ranging between 400 and 700. 
CIMMYT trials, commercial maize Lines with 100, 130, 145 and 160 days 
trials and open-pollinated maize trials, to maturity are available, and 

I. tyI 
YAA 

1:"A s/

44 

Dr.Gela'n an'aneo maizc plant withl cornference delegate at Golden Valley 
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emphasis is being given to selection lor 
streak and drought resistance. In most 
trials, hybrids with good performance
in commercial production within 

Zambia and surrounding countries 
are 

used as cheeks, for example, PNR473,
CG41,1. R215 and SR52 (from both 

Zambia and Zimbabwe). 


Dr. Sprague observed that the stand 
seemed shorter than in previous years;
Dr. Gibson answered that probably
that was the result of less sunshine 
than normal. Under that condition, the 
hybrid MM601 was reported as being
better adapted than SR52. Mrs. Sibale 
mentioned the presence of stunted 
plants; stalk borer was reported as tile 
most likely suspect. A suggestion from 
Dr. Darral was that when trials are 

separated as to plant height, shorter 

varieties can be planted at higher

densities. Dr. Gibson stated that there 

would be more emphasis on lowering

plant height in the future; presently, 

every variety is compared Io the tall 

SR52. 


It was observed that early hybrids have 
a tendency for prolificac,. The new 
Zambiani hybrid MM502 asis prolific,
well as being very adaptable and the 
most resistant to maize streak. Dr. 
Gibson mentioned that MM502 has not 

been well accepted in Zambia, because 

it is a 
back-cross conversion from- one 
yellow parent and so is creamy white. 
Wiy,he asked, should Zambia import
yellow maize and refuse a creamy 
white hybrid? A good choice for small-
scale farmers is the reeently developed 
line MMV400; it is very early maturing 
and needs less management than 
hybrids. 

Dr.Gibson discussed the commercial 
sovjean crop, which is planted in 
rotation with maize in the trials. This 
has been found to be a successful 
procedure, as the soybeans call be sold 
and the money returned inlo the 
program. Dr. Sprague mentioned the 
variations in the soybean stands, and 
wondered whether the arker green
patches were an indication of higher
levels of nitrogen. Mr. McPhillips stated 
that generally fertilizer was not applied 
to soybeans; the variations were due to 
water logging in the low spots i the 
fields. Mr. Prior stated that poor land 
preparation was also a faclor; ithad 
been delayed as a result of tile rains 
and a lack of funds to buy diesel fuel. 
Dr. Sprague asked whether lilth was 
improved after a crop of soybeans, and 
was told that it was. 

The group then proceeded to Dr. 
Gibson's plot of the oopen-pollinated 
variety A7844. They discussed tie 
amount of streak intfeetion present in 
the population, and how to select for
 
resistant plants. Dr. Fajeinisin of IITA
 
pointed out that those planits with 'ew
 
and broken lines of infection should be
 
selected as they show resistance. Dr.
 
Gibson said that while the population 
was still susceptible to streak, resistant 
materials had been incorporated into 
it; Ile mentioned that tile late planting 
had been found to ellcourage streak 
infection. He reported that they get
better yields oul of their own 
reselections in the fanilies than they
do by usi,,(g resistant lines from IITA: 
simple half-sib selection has led to 
good improvenni. 
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Visit to Mount Makulvm Research Station, 
Chilarga, and the Mldz-.e Research Institute 
Farm, Nazabaka 
R.Watts (reporter), Yount PMakulu Plesearch Station, Chilanga, 
Zambin 

0, March 14. the workshop delegates 	 Alount Makulu Research Station 
spent a full day visiting various 
agricultural sites south of Lusaka. The Mount Ma'.ilu is the headquarters of 
purpose of the visit was to aee on-going the research branch of the Ministry of 
maize research, as well as Zambian AgvIculture and Water Development 
agriculture in gencral. Hybrid maize (MAWD), and houses the Maize 
seed production was seen at both the Research Team. Itis used to only a 
Maizc Research Institute and at the limited extent ibr breeding work and 
farm of Lionel Coventry, a commercial trials, because dust from the nearby
farmer. On the way. delegates saw cement factory makes the soils very
examples of small-scale maize alkaline (pH > 7). Therefore, the station 
production, and were able to get an 	 is not representative of most of 
impression of the potential of the Kafue Zambia, and so is unsuitable for trials. 
flood plain area as they drove through Delegates %vw:-eshown demonstration 
part of the 9.000-hectare Nakambala plots of' maize, rainfed wheat, sorghum 
Sugar Estate. 	 and sunflower, as well as the National 

Maize Variety Trial. 

-

-~ ~ 7; : 

t, -7T5 

Enamples of maize storag ayatema, Plount Makulu Rlesearch Station 
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The Maize Research Institute Farm 

The Maize Research Institute (MRI} 
farm in Mazabuka was purchased ill 
1980 by the Maize Research Ist it ute 
of YugOslavia as a winier nursery 

incorporated into some of the new 
Zambian hybrids. Sevenlt Zaiihians 
have been trained at th( hIstitute. 

The Yugoslavian Maize lescarch 
hnsitittle at Zeunmi1 I olIJe. olt.Side 

itlthiplicatioll t'-. r fo0r ilcreasiig tihteBelgrade. is all irll)orttnt (eliter for 
rate of devclopti elt of new hybrid 
varieties. The puri'chase took place after 
a search through a nLlmlbecr of Iropical 
and subtropical coumnries. Zamnbia was 
chosell becal.se of the availability of 
suitable lai1d %witllsome irrigation 
capacity: the area also offers good 
collditiolns for groliil. nlaize alid lI)r 
srvc1eling agails a rallge of diseases. 
A cootperltiy' agrcement was signed 
Iy Zatibiat atid YXlgoslavia. mid it isan 
eXCellent (eamnpleC of mutual 
assist atic.. Breeding material is freel 
exchanged be tweeri ihe twO comliries. 
and Yugoslivian mtllerial has bel 

I .>-;y. ,2a"; 


maize research atdl has itstaf o about 
400. Some 145 Zeiiiiiii Polje' iin}ize
 
hr'ids have already bleen released.
 
and seed has been exported to E1irope,,
 
North Africa and tiltUSSR.
 
Yuigoslavia. being at in,)aligniccl niationt.
 
has wide oilltacl., with both Westcrn
 
mnd Eastern 3lock countries,. and
 
alicutlurists frol d\'elopillg
 
eoUlitries are parlicularly welcome in 
thlie training protgrams, which are 
conducted ti lilt e'rnatiolal Maize 

' Trairimu ('enIllcr. Yugoslavian experts 
are also assisting itnumber of 
countries. iie tiditig Zamnbia. Angola 
and Mozanllbique. 

.. 

maize grown at th MR! farm at MzabukaConference delegates eamie 

http:becal.se
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The Mazabuka farm consists of 2,500 since two-thirds of its ZP certified 
hectares, of which 500 are arabic; the maize seed is exported. For many 
remainder are used for ranching. Maize African countries, the financing of 
is grown on a three-year rotation, with research and the generation of foreign 
two years of pasture between the exchange are paraliel problems. There 
maize crops. As a result of the severe may well be value in making certain 
droughts experienced from 1981 to aspects of research the responsibility of 
1984, plans have been made to extend self-financing institutes, such as the 
the irrigate,. area from the present 15 MRI, and maize breeding might be a 
to 100 hectares. particularly good area. especially when 

there is a possibility for export. The 
MRI is now beginning to grow two Zimbabwe research program has 
warm-season crops in Zambia, so that already developed along these lines, 
the following three generations can he and the Kenya Seed Company is 
produced in each 12-month period: financing its own maize research. One 

disadvantage of such a program could 
Crop 1-October to January (in be thai the commercialization of 
Zambia) research might lead to an undue 
Crop 2-January to May (in Zambia) emphasis on hybrids. Zambia is 
Crop 3-May to September (in striving to develop open-pollinated 
Yugoslavia) varieties for use in remote areas arid 

for farmers with insufficient capital to 
Dr. Vladimir Trifunovic, former buy new hybrid seed each year. 
director of the Institute and now 
adviser to the Director General. Commercial Seed Production 
explained the work of the MRI farm to on the Lionel Coventry Farm 
the workshop delegates. The manager 
of the fa q is stationed in Zambia, and The tour ended wit'h a visit to the 
seven to ,ighi supporting staff come Coventry farm. which is situated on 
from Yugoslavia during the maize- flat land along the Kafuc River. 
growing season each year. There are Delegates inspected an excellent seed 
also 40 permancut Zamhiar, workers, crop of the MM604 hybrid (MM502 x 
who are suppleciicnted by over 100 N3) developed at Mount Mal-ulu. This 
part-time workers at harvest time. is the first commercial production of 
Zambian staff live in villages around the hybrid, and a yield of -1.5 to 5 t/ha 
the station, and are given enough free is forecast; the female parent is the 
seed to plant about 3 hectares of maize prolific hybrid MM502, which has two 
per family. In addition to the yellow or more ears per plant. Although Mr. 
maize hybrids and inbred lines grown Coventry planted tell female rows to 
for the Yugoslavian program, a large three male rows, instead of the 
part of the farm is used for grcwir:g recommended 4:2 ratio, pollination 
seed on contract for the Zambia Seed appears to be reasonable. However, he 
Company. In particular. the MRI farm has been discouraged by the slow 
undertakes much of the basic seed pollination of the crop, which in drier 
m, 'tiplication. years could lead to problems in 

synchronization. More research Is 
One of the most interesting aspects of needed on recommended ratios for new 
the MRI in Yugoslavia is that it is hybrids. 
reported to be 98% self-financing. It is 
also a major fcreign exchange earner, 
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Visit to Small-Scale Farmers,
Chipapa, Lusaka District 
A.F.E. Palmer (reporter), Maize Program, CIMMYT, Mexico 

On Saturday, March 16, aftcr the visit 
to the Zamlbia Seed Conipany faeilities 
in Lusaka. a group ofl participants
visited som on-farui trials at Chi pa pa
in Lusaka Districl. The guide was Alf x 
Njobo. an agricultural (tonornist in the 
Adaptive Research Planning Team
(ARPT) for Lusaka lProvi te. Threce on-
'ariln locations wet-re visited. and the 
following types of trials were seen: 

" 	 A Irial comparing an early varitv 
(MM400) for earlier food stiply and 
the farncr's variety. MM400 had 
received fertilizer: the farmer's 
variety had not. 

* A variety trial wilh lhe local varictv 
izIterplantCd with sor-ghliur. Bir-d]
damage had been a severe problem.
Two different planting dates had 
been used. but the second planting
had been lost. due to goats at one 
location and to birds at another. 

, Alt 

h faru' er
 

V 

A 	 trial testing alternative crops,
such as sunflower and beans, since 
maize is ofteri planted late. While 
birds do not ronstittle a problem For 
carly planIcd maize, they Frcquently 
do for late plantings. 

Farmers around Chipapa firequently 
grow maize at low plant po)ulations. 
and they intercrop maize with 
sorghum and squash. There
debate at Ihe sites as 

was 
to why farmers
 

grow their local varieties evcn though

they give inferior yields: one obvioLs
 
reason was 1ood i)rcfcrencc. There 
was
 
also discussion as to hC best use OF 
!inuited fertilizer iresources for hybrids 
or 	local \'arielics. 

Onc larner did not alse fertilizer on 
opCn-polliMaI ed v.1uictIS.i:i lie thOLIght
the grain could not be kept br seed 
after using fertilizer. This appear(d to 
be an exltension .)I, the concept that 
fertilizer is only used on hybrids.
which canniot be kept for usc as seed. 

,wr.?/,
 

V A 

Chipapa fairmer diucusses his experimental maize plot with conferencec delegates 



Closing Ceremenie: 
Conclusion of the First Eastern, Central 
and Southern Africa Regional Maize Workshop 
The Honoir&ble D. Munkombwe, PAP, Minister of State, hinistry of 
Agriculture and Water Development, Zambia 

It i, an honor and a privilege for me to 
have been asked to close this First 
Ea:stern, Central and Southern Africa 
Regional Maize Workshop. which has 
been attended by distinguished 
scientists from both within and 
without the region. I am particularly 
pleased that this first workshop has 
been held here in Zambia: it is indeed 
an honer for our country,. 

Needless to say, a workshop of this 
nature is of paramount importance in 
fostering cooperation on a regional and 
international basis. We in the region 
need to cooperate among ourselves if 
we are going to succeed in developing 
agriculture in our countries. I see this 
workshop as a step towards further 
Interaction and cooperation among our 
agricultural scientists, those on whom 
we rely for Increasing the productivity 
of agriculture, 

Since this workshop opened, I have 
been following the deliberations with 
keen interest, and I wish to inform you 
that I am pleased with the progress 
made in identifying issues and 
problems that commonly affect the 
region. I understand that you have 
resolved to hold a workshop of this 
nature on a biennial basis, rotating 
host countries. I welcome this proposal 
wholeheartedly, because it will ensure 
the continuity of the cooperation that 
has been established here. 

It Is important to note tha' maize 
research alone cannot bring about the 
desired production levels necessary to 
meet self-sufficiency in our region or 
individual countries: there is a need to 
integrate the efforts ol all those 
involved in !he process of food 

production. To this end. I would like to 
urge that future maize workshops be 
organized with a view to integrating 
crop breeding, production and 
processing, so that many of the issues 
that affect maize can be addressed 
simultaneously. This will help ensure 
that appropriate solutions he applied to 
al types of problems which are faced 
by the maize farmer. 

I hope that the resolutions made at 
this workshop will not be allowed to 
gather dust on your shelves. Not only 
would this undermine the efforts of all 
of you gatheredl here: it would also 
undermine the efforts of your various 
countries. As you return home, you 
should ensure that action i.; taken on 
those resolutions that are relevant to 
your situations. I would like to urge 
that your chairman designate a person 
or persons to follow up on the 
imliementation of the resolutions and 
set the stage for the next workshop, 
which I understand our colleagues 
from Burundi and Zimbabwe have 
offered to host. 

Those who will be charged with the 
responsibility of organizing the second 
workshop may wish to learn from the 
experience gained from this one, to 
avoid any mistakes which may have 
been made here. For Instance, there 
should be facilities for the translation 
of the papers presented and 
discussions held at the workshop. 

I would not be doing justice to my 
place here if I did not pay tribute to all 
of those who have made it possible for 
this workshop to be held here in 
Lusaka, especially the organizing 
committee, CIMMYT and the 
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Govurnment of the Republic of Zambia.
I also wish to thank IITA, USAI)-
REDSO arid IDRC. In addition, there 
are a number of companies it Zambia 
which have generously contributed to 
the suticess of the workshop. Last butnot least, I wotild like to thank tile 
management and employees of this 
hotel for their hospitality, 

Too ofltei we forget the people who 
work so tirelessly behind the scenes at
workshops, conferences or seminars of 

this kind. Therefore. I want to express
special appreciation to the secretarial 
staff, drivers and others without whom 
this workshop could not have 
functioned so smoothly. 

I would like to wish each and every 
one of yoUi a safe return to your
respective countries and organizations. 

Now It is my honor and privilege to 
declare officially closed this First
Eastern, Central and Southern Africa 
Regional Maize Workshop. 
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The Delegates' Response 
to the Honourable Minister 
A. Mpabanzi, Institut de Recherche Agronomique et Zootechnique 
de la CEPGL (Burundi. Rwand1a a Zaire), Gitegn, Burundi 

It is an honor for me to be chosen to 
respond to the Honourable Minister on 
behalf of the delegates, to the First 
Eastern, Central and Southern Africa 
Regional Maize Workshop. 

First, i would like to thank the 
Zambian people through their 
Honourable Minister of Agriculture and 
Water Development for their special 
hospitality to us. We will always 
remember it. 

I also wish to thank Their Excellencies, 
the Ministers, for taking time out from 
their many duties to their country for 
opening the workshop and then for 
participating in this closing ceremony. 
This is an indication of their deep 
interest and determination to 
encourage maize researc',i, so that 
eventually everyone In this region will 
have enough to eat. 

We have been pleased with the 
presentations and discussions that 
have taken place in the workshop, and 
also with having been able to visit 
some of the Zambian research stations, 
We have all learned from our Zambian 
experiences, and I hope that we can 
utilize this knowledge in our respective 
countries. 

It has been a privilege to have among 
us the eminent scientists who came to 
share their experiences with us. Our 
thanks are extended to those who have 
made this workshor -.ossible, the 
Government of Zi, nbia, CIMMYT and 
others who have already been named. 
We are especially grateful to Dr. Gelaw 
of CIMMYT's East African Maize 
Program for working so tirelessly in 
organizing this maize workshop. To 
our friends on the Zambian research 
team, thank you for welcoming us to 
your beautiful country and for making 
our visit so worthwhile. 

We will not forget the international 
organizations, who sponsored the 
attendance of many of us at this 
workshop. We hopc that now, when 
the governments of the African nations 
are faced with tremendous financial 
problems, the international 
organizations will continue their 
asistarlcc to us as they hnve in the 
past. 

We are looking forward to the second 
maize workshop, but we will never 
forget this first one In Zambia. The 
things that we have learned here will 
keep us busy, so that at the next 
meeting, we will have much to report. 

Ayain, Honourable Minister, thank you 
on behalf of all of the workshop 
participants. 



Appendi I 
Varieties, Cornpoites and Hybrids
Released by African National Programs 

Country and variety name 

Angola 
ZPSC852b 

SAM3 

Burundi 
Kitale Composite A 

Igarama-4 

GPS4 x SR52 

Bambu 

GPS5 

Across 7843 (to be released in 

Ethiopia 
Composites (mainly) 

Kenya
Kitale Synthetic I (1961) 

H611 (1964) 

H622 (1965) 

H632 (1965) 

H612 (1966) 

1985) 

Type, source and
 
origin of germplasm
 

Single cross
 

Synthetic
 

Kitale, Kenya 

Improved local highland maize 

Rwanda 

Synthetic from Gandajika, Zaire 

CIMMYT Pop. 43 

Open pollinated 

Open pollinated 

Variety cross 
KSII x Ec573 

Double cross 

Three-way cross 

Topcross 
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Characteristics 	 Comments 

White dent grain, late, tall 	 Similar to SR52 

Yellow flint grain, broad adaptation 	 Yield potential > 7 t/ha. moderately 
tolerant to H. turcicurn 

Late (220 days to maturity), plant Yield potential 7 t/ha, prone to 
height 2.5 m, adaptation 1800-2600 m lodging, farmer resistance because of 

lateness which does not permit a good 
second-crop pea crop 

Adaptation 1200-2600 m Yield potential 5.5 t/ha 

Adaptation 1200-1800 m Yield potential 6.5 t/ha 

Adaptation 1200-1800 m Yield potential 5 t/ha 

Adaptation 800-1200 m Yield potential 4.7 t/ha 

Adaptation 800-1200 m Yield potential 7.5 t/ha 

Intermediate and high rainfall Yield potential 80-100 q/ha, prone to 
adaptation lodging, resistant to H. turcicum and 

P. sorghi: in the late 1970s a program 
was initiated to develop early maturing 
varieties for escape from moisture 
stress 

Flat white grain, late (105 days to Outyielded maize grown at the time 
maturity), adaptation 1700-2200 m 10-20%, released to farmers west of 

the Rift Valley 

Late (105 days to maturity), tall plant High yield potential, prone to lodging 
height, adaptation 1800-2400 m 

Late (100 lays to maturity), Yield potentiai 3.1 t/ha. susceptible 
adaptation 1000-1700 m to MSV 

Late (100 days to maturity), adaptation 	 Yield potential 2.8 t/ha, susceptible 
1000-1700 m 	 to MSV 

Late (90 days to maturity), adaptation 	 Yield potential.3.8 t/ha 
1500-2 100 m 
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Appendix I (continued) 

Country and variety name 

Katumani Composite B (1967) 


H511 (1967) 


H512 (1970) 


1-161 IC (1971) 


H613 (1972) 


Coast Maize Composite (1974) 


1-1614 (1976) 


Embu Composite 3 (1980) 


11625 (1981) 


Kenya Seed Company
 

H8102 (to be released) 


H5012 (to be released) 

82MI (to be released) 

Pwani HI (to be released) 

Pwani 1-12 (to be released) 

Pwani H3 (to be released) 

Type, source and
origin of gerrphasrn 

Katumani V x Katurnani VI 

Variety cross 

Variety cross 

Variety cross 

Topcross 

Open pollinated 

Topcross 

Composite of 5 local varieties 

Double cross 

The company cannot release pedigrees 
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Characteristics Comments 

Early (65 days to maturity), adaptation 
500-1600 m 

Intermediate (60-70 days to maturity), Yield potential 2.6 t/ha, susceptible to 

adaptation 1000-1700 m headsmut and MSV 

Intermediate (65-80 days to maturity), Yield potential 3.1 t/ha, susceptible to 

adaptation 1000-1700 m headsmut and MSV 

Late (105 days to maturity), tall plant Yield potential 3.8 t/ha, prone to 

height, adaptation 1800-2400 m lodging 

Late (100 days to maturity), adaptation Yield potential 3.8 t/ha 
1500-2100 m 

Intermediate (80 days to maturity), On-farm yield 1.8 t/ha (compares 
adaptation 0-1000 m favorably with H511 and H512). 

susceptible to P. sorghi rust 

Late (100 days to maturity), adaptation Yield potential 3.9 t/ha 

1500-2100 m 

Intermediate 

Late (95 days to maturity), adaptation Yield potential 4.4 t/ha 
1500-2100 ni 

Late (200 days to maturity), high ear Very high yield potential, blight and 
placement, high-.altitude adaptation rust resistant 

Late (160 days to maturity), medium High yield potential, blight and rust 
ear placement, midaltitudc adaptation resistant 

Late (160 days to maturity), medium Very high yield potential, blight and 

car placement. midaltitude adaptation rust resistant 

Late (120 days to maturity), low ear High yield potential, excellent 
placement, coastal adaptation standability and husk cover, blight and 

rust resistant 

Late (120 days to maturity), low ear High yield potential, blight and rust 

placement. coastal adaptation resistant 

Late (120 days to maturity), low ear High yield potential, excellent
 
placement, coastal adaptation standability, blight and rust resistant
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Appendix I (continued) 

Country and variety name 

Lesotho 

Highland early yellow 

Highland white dent 

Highland white flint 

Highland white floury 

Madagascar
Plata 264 (proposed for release) 

266 


377 


378 


321 (proposed for release) 

375 (proposed for release) 

383 (proposed for release) 

374 (proposed for release) 

384 (proposed for release) 

387 (proposed for release) 

322 (proposed for release) 

375 (proposed for release) 

325 (proposed for release) 

341 (proposed for release) 

380 (proposed for release) 

Type, source and
 
origin of germplasm
 

CIMMYT Pool 4
 

CIMMYT Pool 2
 

CIMMYT Pool 1
 

CIMMYT Pool 6
 

Fianarantsoa synthetic x
 
Tulhar synthetic
 

Polyhybrid, 1-1632 x (SR I1 x 
SR 13)
 

Polyhybrid, TV23 x 266
 

Three-way cross
 
(NAW5867 x C2806D) x 
D160F 

Intervarietal hybrid, 374 
x 377
 

Polyhybrid, HD9 x TV]3
 

Polyhybrid
 

Polyhybrid
 

Double cross
 
A435 x (21A x B2785)
 

Intervarietal hybrid, 374 x 
266
 

Double cross
 
HDI = (F2834T x E680) x
 
(A435 x Pa 109) 

Double cross 
(F2834T x AJ54) 

Complex hybrid, 21A x 264
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Characteristics Comments 

Flint grain 
There has been 75% 

Early maturity farmer adoption 
of these varieties 

Early maturity in 2-3 years 

Intermediate maturity 

White grain 

White grain 

White grain 

White-yellow grain Mean yield 8 t/ha on-station 

Yellow grain 

Yellow grain 

Yellow grain 

Yellow grain 

Yellow grain 

Yellow grain 

Yellow grain 

Yellow grain 
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Appendix I (continued) 

Country and variety name 


Malawi
 

SV17 (mid-1960s) 


SV28 (mid-1960s) 


SV37 (mid-1960s) 


LI-I (mid-1960s) 


Chitedze Composite A (mid-1970s)
 

Chitedze Composite B 


Ukiriguru Composite A (mid-1970s) 


Ukiriguru Composite B 


Chitedze Composite C 


MH12 

MH13 

NSCM41 


CXH66 (after 1977)
 

CXH74 (after 1977)
 

CXH43 (after 1977)
 

Tuxpefio 


Mauritius 
UR22 (1981) 

IJR14 (1982) 

Others (not yet named) 

Type, suurce and 
origin of germplasm 

Synthetic 

Synthetic 

Synthetic 

Local hybrid 

Formed from exotic materials 

Tanzania 

Tanzania 

Chain crossing of 19 CIMMYT 

materials and SR52 

CIBA-Geigy hybrid 

CIMMYT Pop. 21 CII 

Three-way cross, United 530 (French 
single cross) x R22 (inbred line 
derived from Rodrigucz local variety) 

Three-way cross, United 530 (French 
single cross) x R14 (Rodriguez local 
v'ariety) 

Three-way cross. Ghcppio (French 
single cross) x inbred lines derived 
from Rodriguez local varieties 
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Characteristics Comments 

Lakeshore area adaptation Released for low-potential areas, farmer 
dissatisfaction because of height 

Tall Some progress in ear height reduction 

Tall Released for high-potential areas. 
farmer dissatisfaction because of height 

Tall Some progress in ear height reduction 

White semiflint grain, intermediate 
maturity, adaptation 500-1500 m 

Malawi pays royalty lo produce FIs 

High yield potential 

High yield potential 

High yield potential 

Lowland, tropical adaptation Released for Karonga Agricultural 
Development Division 

Yellow grain, early maturity, short Recommended for planting in 
plant height sugarcane interrows 

Yellow grain, short plant height Recommended for planting in 
sugarcane interrows 

Early maturity, short plant height In process of release 
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Appendix I (continued) 

Country and variety name 

Mozambique 
Three varieties based on CIMMYT 
germplasm (soon to be released) 

Obregon 7643 (soon to be released) 

HZPSC852b 

Reunion 
IRAT 143 

IRAT 279 

Revolution (IRAT 292) 

Rwanda 
Golden Corn (1951) 

Bambu (1959) 

Katurnani (1972) 

Nyirakagoli (1975) 

Somalia 
Afgoi Composite (1976) 

Somtux (Somalian Tuxpefto) (1980) 

ISOMA (Improved Somtux) 

Type, source and 
origin of germplasm 

Complex hybrid
 
Revolution variety x INRA 508
 

Complex hybrid
 
Revolution variety x 137TN
 

Local Reunion variety 

Zaire 

Zaire 

Kenya 

Local variety 

Afgol Composite Yellow, composed 
of Somali land races, Guatemalan flint 
and US hybrids 

Half-sib crosses of Afgoi Composite x 
Tanzanian Tuxpefio 

Multivarietal hybrid, Pop. B.RBS. 
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Characteristics 	 Comments 

In experimental production 

Yellow grain, early maturity, short High yield potential, tolerant to 
plant height MSV, MMV and MStrV 

Yellow grain, late maturity, tall plant High yield potential, very tolerant to 
height MSV, MMV and MStrV 

Yellow grain, late maturity, tall plant Medium yield potential, very tolerant 
height to MSV, MMV and MStrV 

'ntermediate maturity, tall plant Farmer and miller dissatisfaction 
height. midaltitude adaptation, because of hard grain, but still 
needs sufficient rainfall (at recommended because of productivity 
high altitudes the growing cycle is and intermediate maturity 
long, under dry conditions the stalk is 
weak and susceptible to stalk borers) 

Early maturity 	 Good yield potential, good resistance to 
diseases, prone to lodging, planted 
around Lake Kiva 

Large grain, sweet flavor, early 
maturity 

Hard grain 

White flint grain, late (110-120 days Yield potential 5.7 t/ha, genetic purity 
to maturity) lost due to lack of continuity in the 

breeding program 

White semident grain, late (110-120 Yield potential 5-6 t/ha. genetic purity 
days to maturity) lost 

Yield potential 5.7 t/ha, planned for 
release after multilocation testing 
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Appendix I (continued) 

Country and variety name 

Swaziland
 
NPPK (official Itatni.t NIPI x K64R) 

(1979-80) 


PNR95 (1981-82) 

(prodtced in Soulh Africa since 
1969) 

Across 7443 (1981-82) 

CG4 14 1 (1982-83) 

(Not Yet named1) 

Tx 379 

Tanzania 
116:302 (1977) 

1614 (1977) 

Staha (previously EV8076) (1983) 

Kilima (pi'eviously EV7992) (1983) 

Kito (previously EV8188)(1983) 

Type, source and
 
origin of germplasm
 

Parents Natal Potchefstrooni Pearl, 
South African open-pollinated 
variety, and K64R, USA 

Top-ross
 
Parents improved versions ol those
 
above
 

Open pollinated
 
CIMMYT Pop. 43. La Posta
 

Three-way cross 
SX 1 (female) x (1.6 (nale inhrel, an 
excellell pollen 1)rodu(er( 

Double cross
 
(7584 x 7583) x (7560 x 7597)
 

A 1-20 (female single cross) x
 
A 1-6 x A 1-3 (male inbred)
 

[KSII R1 I)C2 - 5 x KS11 (RI I)C2 - 30] 
Ec573 (R12)C 2 - 50 
l)eveloped at KitahI. Kenya. and tested 
throtghout East Africa 

tAXF} x Fc573 C 2 

Open-pollinated variety of Pop. 76 
comprised of lhouuga Composite, 50%, 
TuxpefIo-I (CIMMYT). 45%. and 
Kiatunbili. 5% 

Opcn-pollinated varicl v of Pop. 92 
co:iiprised of lUkirigui'r Cotupositc A. 
90%,and ilx [WOo-I (CIMMYT). 10% 

Opcn-po inat.d variety of Pop. 88 
forined froi lilanco Cistalino-2 
(['o). 301), ('IMMYT 
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Characteritico Comments 

White dent grain, medium to early Good drought resistance, problems of 
maturity, medium plant height husk cover, ear placement and barren 

stalks (K6.'IR is sensitive to low pH) 

Small white flint grain, late maturity. High yield potential under irrigation. 
tall plant height, lowland tropical breeding attention being given to 
adaptation improved husk cover 

Tall plant height Vigorous plant growth 

Short plant height, upright leaves 

In 1979 an Improved version was 
developed using an advanced 
generation of the male parent 
(AXF) x Ec573 C5 

Late, adaptation 0-900 m 

Late, adaptation 900-1500 m 

White flint grain, intermediate (90 days 
to maturity at llonga), adaptation 
1300 m 
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Appendix I (continued)
 

Country and variety name 


Uganda

White Star (previously 5314 Rust 
Resistant Muratha 58) (1960) 

Western Queen (MH59) (1960) 

Kawanda Composite A (I P7 1) 

Kawanda Composite B 

Zaire 
Shaba Safi (1969)
 

PNM 1 (1973-74) 


Kasai 1 (1974-75) 

Shaba 1(1975) 

Salongo 2 (1975) 

VC9 

VC80 

Zambia 
Zambian Composite A 

Zambian Yellow Composite 

Zambian Short-Season Composite 
(1968-1970) 

ZH1 (1970) 

Type, source and
 
origin of germplasm
 

EFRO29 (Colombia) x local Muratha 
(ex-Kenya) 

KR54 (ex-Kenya) x K8 (local 

Kawanda 8) 

Contains 36 varieties and hybrids 

Contains 24 varieties and hybrids 

Tuxpefim-I (CIMMYT) x CoL.,
 
GPOI x ETO (Pop. 21 x 25)
 

Open pollinated
 
Tuxpefio-1 x ETO Blanco (C!MMY'T)

(Pop. 21 x 32)
 

Open pollinated
 
Tuxpeflo-1 x ETO Blanco (CIMMYT)
 
x Shaba Safi (Pop. 21 x 32)
 

Open pollinated
 
Original 10 families of Tuxpefmo- ,

cycle I1 (CIMMYT) (Pop. 2 1)
 

La Posta x American Early Dent
 
(CIMMYT) (Pop. 43 x 44)
 

Americaa Early Dent x Tuxpefio-I
 
(CIMMYT) (Pop. 44 x 21)
 

Three-way cross
 
633 347 (male) x SR52 (lemale)
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Characteristics 	 Comments 

Late (115 days to maturity) 

Late (101 days to maturity) 	 No longer produced as so susceptible 
to MSV 

Late (133 days to maturity) 	 Ready in 1977 but not yet released due 
to lack of seed multiplication facilities 

White flat dent grain, late (120 days Yield potential 8 t/ha, some flintiness 
to maturity), plant height 98 cm, in the grain 
car height 110 cm, mid- and low
altitude adaptation 

White flat dent grain, late (180 days Yield potential 9 t/ha 
to maturity), plant height 235 cm, ear 
height 128 cm. high-altitude 
adaptation 

White flat dent grain, plant height Yield potential 8 t/ha 
228 cm. eai height 123 cm, mid- and 
low-altitude adaptation 
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Appendix I (continued) 

Country and variety name 

Zambian Composite 2 

MMV400 

MMV600 

MM752 (1983) 

Type, source and 
origin of germplasm 

Central American materials 

Blanco Cristalino-2 (CIMMYT) (Pop. 30)
 
(Pirsabak (2) 7930)
 

Tuxpeflo- 1 (CIMMYT)
 
(Pop. 21)(EV8076)
 

Single cross
 

Hybrids released in 1984 (all are crosses of elite inbreds f'rom MRI, Yugoslavia,
and selected lbr adaptationin Zambia) 
MM501 Single cross 

MM502 Single cross 

MM504 Three-way cross 

MM601 Single cross 

MM603 Three-way cruss 

MM604 Three-way cross 

MM606 Double cross 
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Characterisitcs 	 Comments 

Dent grain, late (150 days to High yield under good conditions, 
maturity), plant height 210 cm, ear suitable for any type of farmer planting 

height 120 cm 	 at beginning of rains In areas of 
adequate moisture with at least a 
150-day growing season and using a 
reasonable amount of fertilizer: by 
1986-87 will have completely replaced 
SR52 in Zambia; susceptible to ear rot 

Semident grain, late (125 days to Yield potential 6.4 t/ha, resistant to 

maturity), plant height 180 cm, ear drought, quite rcsistant to MSV 

height 84 cm 

Semident grain, late (135 days to Yield potential 6.8 t/ha, excellent 

maturity), plant height 2 m. ear height resistance to drought, good resistance 

84 cm to MSV, quite susceptible to ear rot 

Yield potential 6.4 t/ha, good resistanceSemident grain, late (130 days to 
maturity), plant height 2 m, car height to drought. quite resistant to MSV 
86 cm 

Yield potential 7.5 t/ha, good resistanceSemident grain, late (135 days to 
maturity), plant height 210 cm, ear to drought, fair resistance to MSV, 

height 110 cm susceptible to ear rot 

potential 6.8 t/ha, good resistanceSemident grain, late (140 days to Yield 
maturity), plant height 2 m. ear height to drought, susceptible to ear rot 

Im 

Semident grain, late (145 days to 	 Yield potential 7.2 t/ha, good resistance 
to drought, susceptible to ear rotmaturity), plant height 210 cm, ear 


height 1 m
 

Yield potential 6.4 t/ha, good resistanceSemident grain, late (140 days to 

maturity), plant height 2 m, ear height to drought, susceptible to ear rot
 

1 rn 
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Appendix I (continued) 

Type, source andCountry and variety name origin of germplasm 

Zimbabwe 
SN 52 Siiigh' (T1oss 

N3-2-3-3 (Iiiial. iiihnd( fromI Salishijr-v 

S01t1ur(.1 rloss) 

ZS 107 Sinigle ero-(ss' 
N3-2-3-3 (Ifeniic x\ N:\ \5885 (iiialiii 
iijbi-t(I lionini NI '. !-(Sii Af\tr al 

ZS206 Nmdifi(A sinlel (lo.ss 
RI. 17 x E1,771,I leniili . vi o 
(omcniis ()I N3-2-233 x I IS25:11' 
(tlilet. \'ellmo (Onli%-cnsii~n lf SC5522) 

P215 'Il \eew. cross 
N323- \AV585 

(11. friliciiiii-nrs-~nkii 

R201I 'I'ITCe-Wil\v en )SS 
N3-2-3-3 x NAW58ti5 
(eolnkxc-sionl (Ii nn;, 

R200 'I'll le(-Wa1 V (Ti (551 

NAW588:5 x MW\581I 

ZS225 

x 2 I{Inm 
vrisioni ()f ElI 

x KI 
hlli N I) 

I(texiean 

N3-.2-3-3~ x 2N3(d (tIcki is Verioni~i o)I 

r((\Ii x~N;I\A\5885) 

ZS202 \Io Iiic) (I~ '((~
 
P1,1l7 NE1,771' xC1 (Itimit US
 

(Zimnbagbwe (l niot fi(iclcicharacterstic.sor (()flilltil1.s loir ic/eacl-;scd
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Appendix 11 
Participants, First Eastern, Central and 
Southern Africa Klegional Maize Workshop, 
Lusaka, Zambia, Parch 10-17, 1985 

Angola 
Maria Manuela Girfo Monteiro 
Agronomist 
Instituto de Inves!'gacao Agronomica 
C.P. 406 
Chianga. Huambo, Angola 

Fernando Marcelino 
Agronomist 
Instituto de Ivestigacdo Agronomica 
C.P. 406 
Chianga, Huambo. Angola 

Burundi 

Manasse Kayibigi 
Ingenieur Agronome 
ISABU-Burundi de Kisozi 
B.P. 75 
Bujumb'.tra, Burundi 

Dr. A. Dunstan Malithano 
Maize Program Advisor 
ISABU-Burundi de Kisozi 
B.P. 75 
Bujumbura, Burundi 

Apollinaire Mpabanzi 
Directeur/Breeder 
Institut dce Recherche Agronomique 
et Zootechnique de la CEPGL 
(Burundi, Rwanda and Zaire) 
B.P. 91 
Gitega, Eurundi 

Methias Nijimbere 
IngenieLir Agronome 
ISABU-Burundi de Kisozi 
B.P. 75 
Bujumbura, Burundi 

Ethiopia 
Aberra Debelo 
Research Officer/Maize Breeder 
Institute of Agricultural Research 
Awasa Agricultural Research Station 
P.O. Box 6 
Awasa, Sidamo, Ethiopia 

Aahanom Negasi 
Research Officer/Maize Entomologist 
Institute of Agricultural Research 
Awasa Agricultural Research Station 
P.O. Box 6 
Awasa, Sidamo, Ethiopia 

Kenya 
Dr. J.K.O. Ampofo 
Research Entomologist 
Inernatlunal Centre of Insect 
Physiology and Ecology 
P.O. Box 30772 
Nairobi. Kenya 

Nathaniel K. arap Tuin 
General Manager 
Kenya Seed Company Ltd. 
P.O. Box 553 
Kitale, Kenya 

Dr. Mike Collinson 
Farm Economist 
CIMMYT-East. Central and Southern 
Africa 
P.O. Box 25171 
Nairobi, Kenya 

Dr. Bantayehu Gelaw 
CIMMYT East African Maize Program 
P.O. Box 25171 
Nairobi, Kenya 

Dr. Roger A. Kirkby 
International Development 
Research C-.v .-e 
P.O. Box,:?2984 
Nairobi, ,€enya 

Dr. Alfred Manwiller 
USAID 
P.O. Box 30261 
Naiobi, Kenya 
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Edward W. M non 
s'ni Ii1l warch (lift-ii' r 
Ein i At ri,,hitt Iral Research Starion 
P.O. liox 27 
EItnu. tIV.t''I 

Iralis NI. \darnbtuki 
Maiz/t' elcd r 

tE.ny;1.%-lc' ('onipany 

P.(). Box 553 

KNiah.. KInlV\. 


,(harh' NI Ncegwa 
Rcscarh MNatint.er
 
KcnV\a Seed (onipany Ltd. 

'.O. 1Pox 533 


Kitah'. Kclenva 


I)r. Curtis R. Niss 

Research ALtrot tonl ist
 
I SAID 

P.0 Box 30261 

Nairobi. Kc.liva 


Joscpi A.W. Ochienif 

Mnlizc tHre(ter 


National Agrictiltral
 
Research Stat ion 

I'.O. Box 150 

Kitale. Kenva 


Lesot ho 
Musi 1' Math 
)cp 'tvI )ircc(or of Research 

Agrictitural Research Lesotho 
P.O. Box 329 
Masru 100. Lesotho 

Phcko P. Nl halo 
Dist rit Agticllit ural Officer 
Agrictlluirl Rese,,arch I( sotho 
IO. liox 125 
Til "T'svka 550. Lesotho 

Madagascar 
Rtdolphe Eiunilison 
Agrononist 
I"O.FI,['A (CENRADIJU) 
IB.'. 144-1 
Artt;unarnivo 101 I Matlagascar 

Lydia Rondro-Harisoa
 
Maize Breeder
 
FO.FI.FA (CENRADERU)
 
h.P. 1444
 
Antananarivo 101, Madagascar
 

Malawi 
Lo\,well D.M. Ngwira 
Senior Maize ALrononfist/ 
Maize CoiolOdity, Teamll Leader 
Chit -(ize Agriculturn! Rescarch Station 

P.O. Box 158
 
Lilongwe, IvIalawi
 

Elizabeth M. Sibalc 
Maize Breeder 
Chitedze Agricultural Research Station 

1P.O. 3ox 158 
Lilongwe. Malawi 

Mauritius 
J.R. Noel Govinden
 
Senior Scientific Officer
 

MauritiIs Sugar Industry Research
 
Institute
 
Rduil. Ma uritlius Island
 

Soocrarnanien P. Mauree
 
Divisional Scientific Officer
 
Extension Services Division
 
Ministry of Agricullure. Fisheries and 
Nat ura Resources 
R duit, Mairit tis Island 

Mozambique 
Daniel L,.C. Sousa 
Research Officer 
Instittuto Nacional dce Investigacio 
Agronomrica 
Posto Agronotnico de Liehinga 
Lichinga, Mozam bique 

Nigeria 
Dr. Magni S. 13jarnason 
Maize Breeder, CIMMYT/IITA 
International [lttittle of l'ropical 
Agriculture 
P.M.B. 5320 
Ibodan. Nigeria 

http:FO.FI.FA
http:MNatint.er
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Dr. Joseph M. Fajemisin John Pali-Shikhulu 
Maize Pathologist/Breeder Research Agronomist 
International Institute of Tropical Ministry of Agriculture and 

Agriculture Cooperatives 
P.O. Box 4 

Ibadan, Nigeria Malkerns, Swaziland 
P.M.B. 5320 

Dr. F.H. Khadr Tanzania 
Maize Breeder Dr. Wilson Marandu 
International Institute of Tropical Maize Breeder 

National Maize Research ProgrammeAgriculture 
Tanzania Agricultural ResearchP.M.B. 5320 

Ibadan, Nigeria Organization 
Uyole Agricultural Centre 

Reunlon P.O. Box 400 
Etienne Hainzelin Mbeya, Tanzania 
Maize Breeder 
Institut de Recherches Agronomiques Dr. Alfred J. Moshi 

Tropicales et des Cultures Vivrieres National Maize Research 

IRAT Ligne Paradis Coordinator/Maize Breeder 
National Maize Research Programme97410 St. Pierre 

lie de la Reunion, France TA. O-Ilonga 
P.O. Ilonga 

Jean-Leu Marchand Kilosa, Tanzania 

Maize Breeder 
Institut de Recherches Agronomiques Uganda 
Tropicales et des Cultures Vivrieres Wycliffe 0. Mangheni 
IRAT Ligne Paradis Scientific Officer, Maize Breeding 

97487 St. Denis Kawanda Research Station
 

lie de la Reunion. France P.O. Box 7065
 
Kampala, Uganda
 

Somalia
 
Bana A. Abucar Elizabeth B. Rubaihayo
 

Maize Breeder Principal Research Officer. Maize
 

Ministry of Agriculture Breeding
 
Research Department Kawanda Research Station
 

Mogadishu, Somalia P.O. Box 7065
 
Kampala. Uganda
 

Mohamed F. Shirdon
 
Maize Breeder 
 Zaire
 
Faculty of Agriculture Asanzi Mbey-yame
 

Somali National University Deputy Director
 
P.O. Box 801 	 Programme National Mats 
Mogadishu, 	Somalia B.P. 3673
 

Lubumbashi, Zaire
 

Swaziland 
Elliot B. Mavimbela 	 Dr. Mulamba Ngandu-Nyindu 

Research Agronomist Director, Programme National Mats
 

Ministry of Agriculture and B.P. 3673
 
Cooperatives Lubumbashi. Zaire
 
Malkerns Research Station 
P.O. Box 4
 
Malkerns, Swaziland
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Zimbabwe 
Norman M. Nny'owa 
Maize Brecdcr 
Rescarch and Spccialisl Services 
P.O. Box 8100 
Ca\sVwv. IInwilc. Zili);tlhvc 

Robt ('. Olver 
tha(d. Crop Iirceilig hslilutc 
'.. Box 8100 

Cause'way, I tararc. Zimbawel)w 

Pauil G. Rupcit(d 
Maize 1 reedcr 
Seed Cooerativc (of Zinlt')w, 
Ratlray Arnold Rescarch Station 
P.O. Box C1,12 

Chisipilu. larare., Ziintahwe 


Zambia 

J.A. Ilanda 
Crop Ihi!sba ildry Officer 

I)eparttnctl(of Agriculturc 

P.O. Iox 80-14 

Kabwe. Zambia 


Robina K. (uingitl 
Assistant Director of Agriculture-
Rcsearch 
Dt'artbmcnt o 'Agrictulurc 
P.O. Box 50291 

Lusaka. Z;initia
 

Dr. I'aul T. Gibsoni 

Maize 1Ireeder 

USAID/Zailn)ia I)cpartnent of 
Agriculture 
Mount Makulu Reh'search Station 
Private lNag 7 
Chilanga. ZaIll(aii 

Sipon (. IUflaihaldi 
Senior !x('(titie Officer 
I)clprlt111(tt of Agriculturc 
Mlotlil Makiilt Rescarncil Station 
Ilrivatc BLg 7 
(lhi"laog. Z'aiibia 

Kautnb%%wa -. Kalnda 
Maize Ir -edcr 
lDcpartinent of Agri'ulture 
Mount Makult Research Station 
Privatc Biag 7 
Clhilanga. Zambia 

Mathli as M1.KaINyemba 
Crop Huslisandry Otficer
 
Departnicnt of Agriculturc
 
P.O. Box 910067
 
Mongo, Zambia
 

Moses E. Kapuka

Crop Ilutisbtldrv Oficer
 
DIleparlment of Agricullurc
 
1'.0. Box 702:32
 
Ndola. Zanbia
 

Bodwin T.C. Khonldowve 
Agriculnttral Supervisor
 
Depart 00et ot Agriculture
 
Mochipapla Research Station
 
P.O. Box 630090
 
Clhoma. Zambia
 

Eva Lindvail
 
Assistant Maize Brcdcr 
Departnment of Agriculture 
Mount Makulu Research Station 
Private lNig 7 
ChilaIn;a. Zambia 

Ihrhert Masolc
 
'1'chnical Officer. 
Maize Research 
M.insii Rcgional Rescarch Station 
1.O. Box 710129
 
Matllsa. Zallllia
 

Jamies K. Mc'lhillips
Soils and Crops Research Advisory 
Otficcr" 
Departinctit of Agriculture 
Mount Mlaktlu Rcscarch Station 
Private Mag 7 
Ca abia 

Z\Willtur A\.Mllinnnl
 

('rop IlttsiiIr*v ()ie'cr 
l)ltarlniti of Agrictilttire 
P.O). Box 7 1(072 
Mils;l, Zatlti 

Sanictil K. Ntikclalihi 
Crot) Iuisthiidr\. Officer 
I)cparl nntcIt of Agriculturc 
P.O. Box 630042 
Chloltia. ZaIlbia 
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Russell Mulele Dr. Dusan Ristanovic
 
Assistant Director of Extensi.n Maize Breeder
 
Department of Agriculture Department of Agriculture

P.O. Box 50291 Mount Makulu Research Station
 
Lusaka, Zambia Private Bag 7
 

Chilanga, Zambia
 
George C. Mulenga
 
Plant Pathologist Ishrat J. Siddiqui

Department of Agriculture Agronomist

Mount Makulu Research Station Kabwe Regional Research Station
 
Private Bag 7 
 P.O. Box 80908
 
Chilanga, Zambia Kabwe, Zambia
 

Mwananembo V. Mushiba M. Elias Sitali
 
Crop Husbandry Officer Crop Husbandry Officer
 
Department of Agriculture Department of Agriculture
 
P.O. Box 110041 P.O. Box 510046
 
Solwezi. Zambia Chipata. Zambia
 

Watson Mwale E. Ronald Watts 
Maize Breeder Research-Extension Liaison Officer 
Department of Agriculture Department of Agriculture
Mount Makulu Research Station Mount Makulu Research Station 
Private Bag 7 Private Bag 7 
Chilanga, Zambia Chilanga, Zambia 

Charles Mwambula USA 
Maize Breeder Dr. Larry L. Darrah 
Department of Agriculture Research Geneticist 
Mount Makulu Research Station Agricultural Research Service 
Private Bag 7 US Department of Agriculture 
Chilanga. Zambia I 1OA Curtis Hall 

University of Missouri
Dr. Bharatl Patel Columbia, Missouri 65211, USA 
Chief Agricultural Research Officer 
Department of Agriculture Dr. Oval Myers, Jr. 
Mount Makulu Research Station Professor of Plant Genetics 
Private Bag 7 Department of Plant and Soil Science 
Chilanga, Zambia Southern Illinois University 

Carbondale, Illinois 62901. USA 
Alexander J. Prior 
Team Leader, Cereals Research Dr. Ernest W. Sprague
Department of Agriculture Maize Consultant 
Mount Makulu Research Station 127 Beck Road, Rt. No. 1 
Private Bag 7 Hull, Georgia 30646, USA 
Chilanga, Zambia 

Yugoslavia
Dr. Kolli N. Rao Dr. Vladimir Trifunovic 
Pathologist, FAO Maize Breeder/Advisor 
P.O. Box 30563 Maize Research Institute 
Lusaka. Zambia Belgrad-Zemun PolIje 

Slobodana Bajica 1, Yugoslavia 
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CIMMYT 
Dr. Ronald P. Cantrell 
Director, Maize Program 
CIMMYT 
Lisboa 27, Apdo. Postal 6-641 
06600 Mexico, D.F., Mexico 

Elizabeth S. Cuelar 
Editor, Communications Department 
CIMMYT 
Lisboa 27. Apdo. Postal 6-641 
06600 Mexico, D.F., Mexico 

Dr. A.F.E. Palmer 
Maize Training/Agronomist 
CIMMYT 
Lisboa 27, Apdo. Postal 6-641 
06600 Mexico, D.F., Mexico 

Dr. Joel K. Ransom 
Agronomist 
CIMMYT 
Lisboa 27, Apdo. Postal 6-641 
06600 Mexico, D.F., Mexico 

Workshop Observers 

Kenya 
Dr. Zerubabel M. Nylira 
Coordinator, Outreach Research and 
Development 
International Centre of Insect 
Physiology and Ecology 
P.O. Box 30772 
Nairobi, Kenya 

Mozambique 
Iltya Sataric 
Maize Breeder 
Maize Research Institute 
Belgrad-Zemun Polje 
Slobodana Bajica 1, Yugoslavia 

Zambia 
Per Eklund 
Senior Economist 
Department of Agriculture 
c/o SIDA DCO 
P.O. Box 30788 

Lusaka. Zambia 


Doreen Hikeezi 
Project Officer 
Small Industries Development 
Organization 
P.O. Box 35373 
Lusaka, Zambia 

Arnold Kaoma 
Assistant Agricultural Manager 
Hoechst (Z) Ltd. 
P.O. Box 32055 
Lusaka. Zambia 

Christoph Klinnert 
Agronomist 
Department of Agriculture 
Mansa Regional Research Station 
P.O. Box 710129 
Mansa, Zambia 

Davies M. Lungu 
Lecturer, Plant Breeding 
School of Agriculture 
University of Zambia 
P.O. Box 32379 
Lusaka. Zambia 

Dr. D. Mbewe 
Lecturer, Plant Science Department 
School of Agriculture 
University of Zambia 
P.O. Box 32379 
Lusaka, Zambia 

Andrew Msiska 
Agronomist 
Namboard 
P.O. Box 30122 
Lusaka, Zambia 

Maurice R. Muehinda 
Agrometeorologist 
Department of Meteorology 
P.O. Box 30200 
Lusaka, Zambia 

Stephen Mullokela 
Seeds Officer, SCCI 
Mount Makulu Research Station 
Private Bag 7 
Chilanga, Zambia 
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Kalaluka Munyinda Catherine Siandwazi 
Principal Officer, Agricultural N ,1tritionist 
Research National Food and Nutrition 
Department of Agriculture Commission 
Mount Makulu Research Station P.O. Box 32669 
Private Bag 7 Lusaka, Zambia 
Chilanga, Zambia 

Dr. N.S. Sisodia 
Stephen Mwansa Professor, Crop Science 
Agricultural Technical Develpment School of Agriculture 
Officei University of Zambia 
Shell Chemicals (Zambia) Ltd. P.O. Box 32379 
P.O. Box 31994 Lusaka. Zambia 
Lusaka, Zambia 

Akiva Spektor 
Terry M. Mweemba General Manager 
Agriculturai Manager Amiran Ltd. 
Barclays Bank P.O. Box 31744 
P.O. Box 31936 Lusaka, Zambia 
Lusaka Zambia 

Pamela Thole 
Richard M. P;.Incr Production Officer 
Agricultm ai ianager Zamseed 
ICI Zambia Lid. P.O. Box 35441 
P.O. Box -13342 Lusaka, Zambia 
Lusaka, Zambia 

James Waterworth 
Dr. Gtuseppc M. Ravagnan Farming Systems Agronomist 
Project Leaider, NODP Department of Agriculture 
FAO (UNDPI Zambia Development Project, Eastern 
P.O. Box 31966 Province 
Lusaka, Zambia P.O. Box 510089 

Chipata, Zambia 
Heinz Seifert 
Coordinator, Maize Development 
P.O. Box 81110 Kambldima Wotela 
Kabwc. Zambia Agricultural Officer 

Standard Chartered Bank 
R.K. Shula P.O. Box 32238 
Asistant Crop Husbandry Officer, Lusaka, Zambia 
Lusaka Province 
P.O. Box 32252 
Lusaka. Zambia 


