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WELCOME ADDRESS - THE FOURTH EASTERN AND SOUTHERN AFRICA� 
REGIONAL MAIZE CONFERENCE· 28 MARCH - 2 APRIL 1994 HARARE� 

ZIMBABWE� 

C.T. NKWANYANA� 

Programme Officer, SACCAR, Gabarone, Botswana.� 

Mr. Chairman, Deputy Secretary - Ministry of Lands, Agriculture and Water Development - Government of� 
Zimbabwe, Director of the CIMMYf Maize Program, Colleagues, Distinguished Ladies and Gentlemen.� 

On behalf of SACCAR and my Director I wish to welcome you to this, your Fourth Eastern and Southern� 
Africa Regional Maize Conference, a special welcome is to our colleagues from outside the SADC region.� 
Before I address myself to maize issues, I feel it would be proper for the benefit of the participants from� 
outside the region to give a historical background on why SADC and later SACCAR were established by'� 
Member States.� 

The Southern African Development Coordination Conference was established in April 1980 at a meeting in� 
Lusaka of the Heads of State of the nine majority-ruled countries in Southern Africa. Namibia which gained� 
independence in 1990 joined SADCC the following month to become the tenth member of the organisation.� 
In August 1992 the association Member States was formalised by the signing of Treaty by Members and� 
become the Southern African Development Community (SADC).� 

Members States have been given responsibilities/mandates to coordinate on behalf of the region. The 
responsibilities are shared as follows: 

Angola Energy Conservation and Development 

Botswana Agricultural Research and Livestock Production and Animal Disease Control 

Lesotho Environment and Land Management and Tourism 

Malawi Inland Fisheries, Forestry and Wildlife 

Mozambique Transport and Communications, Information and Culture 

Namibia Marine Fisheries and Resources 

Swaziland Human Resources Development 

Tanzania Industry and Trade 

Zambia Mining 

Zimbabwe Overall Coordinator of the Food Agriculture and Natural Resources (FANR) Sectors 
and Food Security 

The Southern African Centre for Cooperation in Agricultural Research and Training (SACCAR) was 
established by SADC to assist the Government of Botswana fulfill its regional mandate of coordinating 
agricultural research. The Centre's objectives are to: 

•� Promote cooperation in agricultural research among the National Agricultural Research Systems (NARS) 
of Member States. 

•� Facilitate the exchange of information among Member States. 

•� Promote the development of the human resources necessary to man the NARS.
• 

•� Promote coordination of SADC agricultural research activities. 

To achieve the above objectives SACCAR has developed a number of regional collaborative research 
projects/programmes which are at various stages of implementation. The majority of these are executed by 
the International Agricultural Research Institutes (lARCs) and have steering committees comprising all 
national coordinators of that commodity in Member States, the donor supporting the project, SACCAR and 
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the Executing Agency represented by the Team Leader of the project. The major aim of the projects or 
Networks is to strengthen NARS through: 

• Germplasm and Technology Development. 

• Training (in service and degree training especially MSc and PhD). 

• Information Exchange. 

The first projects approved by the SADC Council of Ministers were those aimed at addressing the problem of 
the small scale farmer in the communal semi-arid environments of the region. The projects were the 
Sorghum and Millet Improvement Project and the Grain Legume Improvement Programme. 

Maize production has been an area of concern to Member States since the establishment of SADC in 1980. It 
is the principal source of food and calories in the majority of the Member States, but yields are extremely low 
averaging 1,000 kg ha-1. One would then ask why SADC waited so long to initiate a regional project on this 
major food crop. In 1980 the Multinational Programming and Operational Centre (MULPOC) Council of 
Ministers requested the Economic Commission for Africa (ECA) to undertake a study on the feasibility of a 
Sub-regional Maize Research Centre. Several options were suggested in the study and the recommendation 
of having a modest operation with a Network structure and collaborative research among national maize 
research programmes was favoured. It was difficult to secure funding for this initiative. Because of this 
difficulty and delay in securing funding by MULPOC, the SADC Council of Ministers proposed the 
establishment of a Maize and Wheat Network within the SADC region. The addition of wheat was because 
of its increasing importance as a food in the region and the substantial amount of foreign exchange spent by 
Member States on imports. 

In November 1990 the Board of SACCAR initiated the process to establish the Network and CIMMYT, as the 
CG Centre with a global mandate for maize and wheat research improvement, was chosen as an Executing 
Agency. In October 1991, SACCAR and CIMMYT signed a Memorandum of Understanding. In July 1992 
the Governments of Botswana and Zimbabwe endorsed the Network proposal through letters of support to 
the EU (CEq. 

Mr. Chairman, I am happy to report that the Maize and Wheat Improvement Network will be established 
soon with EU funding. The Steering Committee has been constituted and has met twice already to assist in 
the development of the Workplan for the Network. CIMMYT and SACCAR are in the process recruiting the 
two professional staff for the Network. 

Mr. Chairman, this maize conference has come at an opportune time. The papers/presentations on the 
different aspects of maize research for stress environments will enable us to revisit our workplan if necessary 
and assess whether we are addressing the key problems facing the maize farmers in the region. 

In conclusion I wish to thank CIMMYT for organising this Conference and choosing the region and 
Zimbabwe in particular to host it because of the Member State's overall responsibility for the FANR Sectors 
and Food Security in SADC. 

I wish to extend our thanks to CIDA, the Rockefeller Foundation and the UNDP for funding the Conference. 

I thank you. 



OPENING OF THE FOURTH EASTERN AND SOUTHERN AFRICA MAIZE 

CONFERENCE: MAIZE RESEARCH FOR STRESS ENVIRONMENTS 

DR. 5.5. MLAMBO 

Deputy Secretary, Ministry of Lands, Agriculture and Water Development, Private 
Bag 7767, Causeway, Harare, Zimbabwe. . 

Dear Participants, 

Welcome to Zimbabwe and to the Fourth Eastern and Southern Africa Regional Maize Conference. 

This meeting has been organized by the CIMMYr Maize Programme offices in Zimbabwe and Kenya. The 
Agronomy Institute of DR&SS has helped organize our field visits. The meeting would not have· been 
possible without generous finance from the Rockefeller Foundation, the Canadian International 
Development Agency (CIDA), and the United Nations Development Program (UNDP). Several private 
companies have also generously supported the conference by providing the conference bags and stationery 
and, I understand, by sponsoring the conference dinner and drinks. 

Around 110 scientists are participating in this conference, drawn from almost all the countries of eastern and 
southern Africa, and several from further afield· Cote D'Ivoire, Nigeria, Mexico and the USA. Most of the 
conference delegates are from government funded maize research organizations and universities, with others 
from International Agricultural Research Centres and private companies involved with maize breeding and 
seed. 

This is the fourth such meeting organized by CIMMYr for maize scientists from eastern and southern Africa. 
The first meeting in this series took place in Zambia in March 1985. Contributions to that meeting were 
mainly general country reports on all aspects of maize research, along with several papers on maize breeding 
and plant protection. At the second workshop, held in Harare in March 1987, a wide range of papers 
involVing methods and results from breeding, plant protection, seed production and agronomy were 
presented and discussed. A promising development in the third meeting (Kenya, September 1989), was 
good representation from agronomy research, including on-farm research and economics. 

This present meeting builds on the groundwork of the first three meetings and will examine outputs from 
maize research on a particularly important theme, that of stresses that limit maize production. The theme 
will include the presentation of research papers and discussions on mineral nutrient deficiencies, especially 
nitrogen; drought tolerance and water management; pests, especially stem borers; weeds, especially Striga; 
and climatic risk. This conference is not organized on strict disciplinary lines where breeders only talk to 
breeders and agronomists to agronomists. Rather the programme is arranged to allow time for meaningful 
contributions from, and interaction among, various disciplines. 

You will be visiting Makoholi Experiment Station near Masvingo on Wednesday and the CIMMYT Maize 
Station on the University of Zimbabwe Farm on the Thursday. Makoholi, which belongs to DR&SS, is in one 
of the drier parts of Zimbabwe, quite typical of the conditions under which most of our smallholder farmers 
produce maize. A wide range of maize agronomic research and germplasm evaluations are carried out at the 
station. Major research themes are water conservation and management, soil fertility maintenance and weed 
control. On that visit you will be able to judge for yourselves the challenges we face in helping farmers 
produce more stable, economic yields of maize in such areas. 

At the CIMMYr Maize Research Station on the University of Zimbabwe Farm you will see some of the maize 
varieties and hybrids from eastern and southern Africa. I am informed that many of you sent seed for this 
demonstration. It is intended that the conference and the field trips will foster continued collaboration, 
exchange of ideas and improved maize technology within eastern and southern Africa so that maize 
production will continue to increase to meet the future demands. 

There can be little doubt that the theme for this meeting is topical since, once again, the region is facing a 
rather widespread drought that has significantly reduced crop yield expectations for this year in several 
countries of both eastern and southern Africa. There is also no doubt that other constraints, particularly 
those related to soil fertility in maize dominated cropping systems, are extremely Widespread and complex, 
and by many accounts getting worse. Ways of arresting soil fertility decline and developing sustainable 
farming systems that farmers will use, present us with a tremendous challenge that we are just beginning to 
make progress on. 
I do hope you have a pleasant and productive stay in Zimbabwe. It is now my pleasure to declare this 
Fourth Regional Maize Conference officially open. 

x 
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MAIZE PRODUCTIVITY FOR THE 21ST CENTURY: THE AFRICAN CHALLENGE 

M.J. BLACI<IE 

Senior Scientist with the Agricultural Sciences Division of the Rockefeller Foundation, responsible for 
its Southern Africa Programme, The Rockefeller Foundation, P.O. Box 30721, Lilongwe 3, Malawi. 

The views expressed in this paper are those of the author and do not necessarily reflect those of the� 
Rockefeller Foundation� 

ABSTRACT 

The number of farm families in Africa that are able to produce enough food to feed themselves 
throughout the year is declining. Traditional mechanisms for raising food sup.ply have included 
increasing the area under cultivation, and shifting cultivation. However, the closing of the 
agricultural frontier over much of Africa makes these options unsustainable into the future. Progress 
in changing the unsatisfactory trends in smallholder agriculture will require a revised operational 
paradigm involving close and effective collaboration between the variety of organizations with a 
concern for improving the welfare of African farmers. Critical to this effort will be an effective 
mechanism for bringing the farmer directly into the research process, as well as more balanced 
emphasis between investments in crop improvement and those in crop management. 

OVERVIEW� service agencies, as well as local farmer groups, 
NCOs, and other rural associations, is needed toThis is a tale of a growing CrISIS in African 
ensure that priorities are set correctly, that the right agriculture. It - deals with a riddle, whose 
questions are asked, and that the solutions found are dimensions have grown increasingly apparent over 
delivered quickly to those who need them. Whilethe years, and which is generating great volumes of 
the agenda is complex, and the organisation needed literature dealing with possible causes and solutions. 
difficult, there is clear evidence that theseIn this paper, a small piece of the overall puzzle is 
approaches can yield substantial benefits toexamined. Maize is a major food crop in southern 
smallholders and that they are� practical in theand eastern Africa. It is widely grown by 
unpromising world of African agriculturalsmallholders, and forms an important part of the 
improvement.transformation of smallholder agricultural systems 

that has taken place this century. But, despite THE BREAKDOWN OF TRADITIONAL 
considerable and commendable efforts in technology SYSTEMS 
development at both the national' and the This story is well known and only- requires summary 
international level, agricultural productivity here. African countries have an economic structure 
performance is well below that necessary to help heavily reliant on agriculture. The sector typically 
create strong, healthy African economies. generates around 40% of GNP, employs 70 to 90% of 
No single quick solution is apparent for this the labour force, and, except for oil or mineral 
problem. Nor is one likely to be found. But there exporters, provides a similar proportion of exports. 
are actions which can be taken today, and which, if Population growth rates are high, with limited 
carefully planned and coordinated, can lead to a opportunities for industrial or urban employment 
reversal of the present undesirable trends. In this (World Bank, 1993). In most countries, much of the 
paper, two major possible foci are outlined. Firstly, population still lives in the countryside but the 
there is a need to match the advances in crop opportunities for increased incomes there also are 
improvement (through breeding) with scarce. Thus it is on agricultural growth that 
developments in crop management. Too often poor development strategies that embrace broad based 
agricultural productivity is blamed on poor enhancements to employment, export earnings, 
management methods by farmers. If that is the case, income distribution, and human nutrition will 
then the methods accessible to the farmer are clearly depend. 
deficient -- few farmers choose to be poor. The The emphasis in this paper will be on smallholder 
obligation is on the researcher to work with the agriculture. In Africa, smat1holders occupy much of 
farmer to find and refine management methods that the available agricultural land (although, in southern 
address real farmer problems. Africa particularly, historical factors, until recently, 
Secondly, and directly associated with the search for closed the more productive ecologies to them). 
improved crop management methods, a concerted Smallholders are also the largest employers of 
effort, involving public and private agricultural labour. The numbers of smallholders, their latent 
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contribution to national development, and the 
apparent potential for productivity improvements in 
existing smallholder farming systems suggest the 
need for concentrated research on this group. 

In addition, African countries face two problems of 
increasing importance. Firstly, there is growing 
evidence that a substantial number of rural families 
are unable to produce sufficient food for their own 
annual needs (Weber et ai., 1988). Secondly, the 
rising market prices of the main food staples mean 
that the poorest urban and rural families cannot 
afford to purchase sufficient food requirements to 
cover their production deficit. Solving the 
conundrum of raising smallholder farm incomes, 
while producing food at a price affordable to the 
poor, is essential to the peaceful development of 
sub-Saharan Africa (Blackie and Conroy, 1993). 
Agricultural research has an important contribution 
to make to the solution of this dilemma. If higher 
food crop productivity can be combined with 
lowering unit production costs, then it is possible to 
increase farm incomes while reducing the cost of 
food (CIMMYT, 1990). 

The traditional source of increased agricultural 
output in Africa has been through expanding the 
area cultivated. While few countries in Africa do not 
have ample land into which farming populations can 
continue to expand, the long term consequence of 
widespread, low productivity agriculture is likely to 
be a continuing decline in the natural resource base 
of the continent. In the traditional land surplus 
economy of Africa, soil nutrients have long been 
recognised as a seriously limiting factor (Lynam and 
Blackie, 1994). African farmers, particularly in 
southern and eastern Africa, have traditionally 
maintained soil nutrients (mainly associated with 
organic matter) through shifting cultivation. 
Cleared land is cultivated for a few seasons and the 
site is then abandoned and left fallow for an 
extended time. During the fallow period, the 
natural vegetation becomes re-established and 
nutrients are gradually accumulated in the rooting 
zone of annual plants. 

Under traditional long fallows, this system served 
African farmers well. With good vegetation cover 
leading to a hot bum, under traditional African 
farming systems, farmers could feed their families 
adequately in most years with a modest input of 
labour. But, if the length of the fallow period is 
reduced, the equilibrium levels of soil organic 
carbon and organic nitrogen quickly and 
significantly decline - markedly reducing the_ 
productive capacity of the soil (Brossler, 1991). The 
poorer soil (and the cooler bum) means that more 
digging and weeding are needed to produce a crop, 
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reducing the labour productivity of the farmer. 
Crop productivity is reduced through soil erosion 
(exacerbated by the exposure of bare soil during the 
dry season and early rains) and by weeds, as the 
frequency of cultivation, relative to fallow, grows 
(Sanchez, 1986). 

Sustainable systems require that fertility lost 
through agriculture be replaced. But few African 
smallholders in sub-Saharan Africa use fertilizers on 
anything like a consistent basis. The exceptions are 
smallholder farmers in the better ecologies of 
Zimbabwe, Kenya, and, to a lesser extent, Zambia. 
Even in those countries, overall soil nutrient losses 
are high (Smaling, 1993). Cattle manure, composts, 
and other organic nutrient sources are often used 
but rarely is there sufficient of any of these materials 
to fertilise more than a small proportion of the area 
farmed each year. The shortage of organic materials 
is compounded, in many cases, by poor quality. 
Where soils are depleted of nutrients, organic 
manures produced from these soils can only be low 
in nutrients themselves. Poor storage r~ults in 
further losses of nutrients through leaching or 
breakdown. 

Rapid population growth over much of Africa has 
overwhelmed the farmers' ability to adapt tradition 
to more intensive land use practices. Farming 
practice has moved along a continuum of shortening 
fallows until, in some countries, fallows have 
disappeared entirely. Concurrently, land holdings 
have declined in size or families have moved into 
more marginal areas. As the land deteriorates, the 
traditional agriculture of Africa becomes poor 
husbandry. 

African smallholders recognise the importance of 
soil fertility for crop production and have modified 
their practices (often radically) as the available 
sources of organic nutrients have declined. A well 
documented example of a massive shift in farming 
practice (significantly with little input from 
agricultural scientists or extension workers) is the 
change from the 'Chitemene' system (which involves 
harvesting wood from around 10 hectares of land for 
each hectare cultivated; burning the wood on the 
land adds fertility in the form of ash and also helps 
to kill weeds through the action of the fire)found in 
some parts of northern Zambia and southern 
Tanzania, to an organically based composting 
system, known as 'Fundikila' (Blackie and Jones, 
1993). Harrison (1987)ohas documented many other 
valuable efforts by African farmers to adapt their 
farming practices to changing circumstances. Tiffen 
and Mortimore (1994) show how farmers in 
Machakos, Kenya, have improved the quality of 
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their land through investments in new technologies, 
knowledge, and improved management techniques. 

However, adaptation usually starts at overall 
productivity levels that are already too low for the 
existing human population. There is some evidence 
to suggest that African smallholders are often too 
scattered, and without sources of off-farm income to 
enable them to move to higher management input 
systems (Haggeblade et al., 1989; Tiffen and 
Mortimore, 1994). Typically the altered farming 
practices slow, rather than reverse, the declining 
trend in soil organic matter and are insufficient to 
meet the challenges of the future. In addition, the 
poorer households, to whom organic manures offer 
a potential low cost alternative source of fertility, 
often find that labour is a major constraint. They do 
not have sufficient labour to collect and compost 
organic materials, such as leaf litter and stover, and 
they do not own sufficient (or any) livestock to 
produce manure (Carter, 1993). 

The increase in vulnerability to food insecurity at 
both household and national levels is evident from 
the continuing food crises in Africa. African 
smallholders, almost wherever they live, face 
conditions of difficulty and stress for which both 
tradition and science have few real answers. While 
there are technically sound solutions to most of the 
problems faced by African smallholders, all too 
often these turn out to be financially or managerially 
unsound under the circumstances faced by many 
such farmers. 

A RESEARCH AGENDA FOR INCREASING� 
AFRICAN MAIZE PRODUCTIVITY� 

For much of this century - and certainly since World 
War II, plant breeding has led the way to 
productivity gains in agriculture. The logic is 
simple. Traditional crop materials have evolved to 
survive and produce reliably even in poor seasons. 
But this resilience comes at a cost. The physiological 
"buffering" which enables them to survive and 
produce under poor conditions prevents them from 
offering much of a yield response to improved 
conditions - such as being planted with additional 
fertiliser. 

The potential of the plant to respond to improved 
husbandry can be dramatically altered through plant 
breeding. Much agricultural research has 
concentrated on developing crop varieties with the 
consistent capacity to respond to improved 
management and to inputs such as fertiliser and 
water. Through the introduction of attractive 
pricing and marketing (and other) policies, and the 
education of the farmer in the correct use of the new 
inputs, agricultural productivity can be markedly 
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enhanced. Empirical evidence for the success of this 
approach comes from the Americas and from Asia 
where major productivity gains in wheat and 
irrigated rice farming systems have been achieved 
over the past half century (Lynam and Blackie, 
1994). 

But for rainfed crops, which predominate in Africa, 
the results have been less convincing. Few 
purchased inputs are used, and, in many cases, the 
policy environment has been unhelpful. Incomes of 
rural families are low; illiteracy and innumeracy are 
common. Poor infrastructure and communications 
contribute to making inputs costly. There is an 
important exception. Byerlee (1992) shows that, 
although there has been some farmer adoption of 
improved cassava varieties in Nigeria, and of 
improved climbing beans in Rwanda, it is improved 
maizes that have been most widely adopted by 
African smallholders. Ranging from the land scarce 
environments of Kenya, Zimbabwe (and, more 
recently, Malawi) through to more land abundant 
countries such as Nigeria, Ghana, and Zambia, 
smallholders have increasingly turned to improved 
maize varieties (Byerlee and Heisey, 1993). 

The success of maize breeding for the rainfed 
environments of Africa is a substantial achievement. 
The change has been more gradual than with rice 
and wheat in the higher potential irrigated areas of 
Asia, but the trend, nevertheless is evident. Because 
in Africa, as opposed to Asia, the improved maizes 
are not being introduced into a few large uniform 
irrigated areas, the potential for the rapid spread of 
a single, widely adaptE!d cultivar is more limited. 
But, given time, the same model applies. The 
germplasm that gave rise to the Zimbabwe variety 
SR52 has been the source of many improved maize 
cultivars throughout southern and eastern Africa a. 
Rusike, personal communications). 

Evidence of adoption of improved maize varieties, 
once these have been tailored to specific smallholder 
requirements, is encouraging. In Zimbabwe and 
Kenya, early maturing varieties, which can tolerate 
drought stress at silking, have been instrumental in 
increasing levels of adoption in those countries. In 
Malawi, an important consideration in choosing 
maize for home consumption was grain hardness or 
flintiness. The introduction of a semi-flint maize 
(the outcome of an exceptional piece of collaborative 
work ~tween the Malawi national programme and 
CIMMYT), has led to an impressive uptake of hybrid 
technology (Smale and Heisey, forthcoming). 

While the growth in adoption of improved maize 
varieties gives rise to some optimism, the absence of 
a consistent growth trend in average per hectare 
maize yields is worrying (CIMMYT, 1992; Lele, 
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1992). Such a picture might be expected if farmers 
adopting new maize varieties were not using 
fertiliser. But recent data show little aggregate 12§: 

hectare yield increases even where there has been 
significant growth in fertiliser use by smallholders. 
In Zimbabwe, smallholder fertiliser use grew from 
around 27000 tonnes at independence to 125000 
tonnes a decade later yet smallholder maize yields 
have stagnated at an unimpressive 1.2 
tonnes/hectare over the last decade (Conroy, 1990). 
This reflects, in part, an increase in maize cropping 
in the semi-arid areas (where lower yields are 
expected) as well as an improvement in information 
on smallholder production since independence. 
Nevertheless, there is evident room to increase 
average maize yields. The food crisis in Zimbabwe 
following the 1991/2 drought has been attributed, 
not only to the catastrophic season, but also to poo~ 

smallholder maize productivity (Eicher and Rukuru, 
1993). In Malawi, smallholder fertiliser purchases 
rose by around 15 per cent per annum between 
1982/83 and 1990/91 but per hectare yields have 
remained stuck at around 1 tonne/hectare (Conroy, 
1993). The average yield of hybrid maize in Malawi 
is higher, at around 2.5 tonnes per hectare. As 
farmers have made the switch from 'local' maize to 
hybrid, average aggregate yields have started to 
improve. But, despite the increa~e in ~.e use of 
fertiliser, hybrid yields show no eVIdent rlSIDg trend 
(Blackie and Conroy, 1993). 

In conclusion to this section, the big jump in 
potential maize productivity has been made in the 
switch from local open pollinated materials to 
modern high yielding hybrids. But the growth in 
yields is clearly much less than is reasonable to 
expect. The causes of this phen~menon are comple~. 

The remainder of the paper will focus on what 15 

probably the main cause of low maize productivity, 
which is compromised crop management, and on 
the complementary technologies and policies that 
need to be put in place to build on the very real 
success in crop improvement in maize. 

The image of an unproductive smallholder sector is 
not new to sub-Saharan Africa. In many countries of 
southern and eastern Africa, colonial policies and 
restrictions have been identified as a major factor in 
the decline of smallholder agriculture over the first 
half of this century. The truth of this statement may 
be less evident than commonly assumed. Certainly, 
the most spectacular declines in smallholder 
producitivity in Africa have occured p~st 

independence. With the removal of colomal 
constraints, few, if any, countries have managed 
consistent growth in smallholder ma~e 

productivity. The growth in smallholder maiZe 
production in Zimbabwe and Kenya has largely 
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been confined to a minority of smallholders living in 
the higher potential areas (Stanning, 1987; Rohrbach, 
1988; Howell, 1992). 

Generally, throughout the region, seed/ fertiliser 
technology uptake by smallholders has been 
concentrated mainly in the higher potential areas, 
where risks are lower and returns higher (Byerlee 
and Heisey; 1993). Over large areas, the 
productivity gains from this technology have been 
much poorer than would be expected from on
station experimental data - or from information 
derived from large scale farms. The narrowness of 
the adoption pattern leaves open the problem as to 
how to address the increasing constituency of 
resource poor farmers who are either liVing in 
marginal areas, or in areas which are rapidly 
becoming marginal as soils erode and decline in 
fertility, and who have largely been bypassed by the 
conventional seed/ fertiliser technology. There 
persist long standing, and seemingly intractable, 
problems associated with low productivity African 
agriculture (Lipton, 1988). Crop improvement 
through plant breeding represents a technology that 
saves on land. In many of the more marginal areas, 
lack of moisture, usually associated with poor soil 
nutrient status, is likely to be a key constraint. This 
suggests that greater returns to research may be 
achieved through interventions that enhance 
moisture and nutrient conservation, and that 
improve the efficiency of use of these two important 
factors (Byerlee and Morris, 1993). 

Addressing the soil fertility constraint. The most 
important threat to sustainabili~ ~f s~allho~~er 
maize-based systems is the decline ID soil fertility 
associated with falling levels of organic matter and 
soil nutrients as traditional farmer practices become 
untenable under growing population pressures. 
There is much to learn about African soil fertility 
management. The intensification of African 
cropping systems will require the integrated use and 
management of both organic and inorg~c manure~. 
But the maintenance of soil orgamc matter 15 

possibly the most crucial element in eliminating the 
ecological and social decline evident in so much of 
African smallholder agriculture. 

In most areas of the world, chemical fertilizers have 
played a major role in maintaining and increasing 
soil fertility. A range of factors mitigate against the 
widespread use of inorganic fertilisers in southern 
and eastern Africa. Particularly important are the 
highly variable responses to fertiliser use under 
smallholder conditions, which make the technology 
risky and difficult to use by ~~rmers with. ~inimal 
resources. In addition, the effiCIency of fertilizer use 
is typically unsatisfactory, often related to 

I 



Maize productivity for the 21st century xv 

4500T--------T--- _ 

4000 

3500 

3000� 

2500� 

2000� 

1500� 

1000� 

500� 

o 
Hybrid 92 kg N 40 Kg P205 

Hybrid no fertilizer 

Local 40 kg N 20 Kg P205 

Figure 1. Maize yields In MOAIFAO/UNDP fertilizer programme demonstrations. 

inadequate levels of soil organic matter and nutrient 
imbalances (caused by past farming practices) 
(Brossler,l991). The traditional unimproved millets, 
sorghums, and maizes have such low grain harvest 
indices that they cannot provide an attractive return 
to fertiliser except at highly subsidised input 
fertiliser prices. Despite the uptake of hybrid maize 
in southern and eastern Africa, improved varieties 
still only make up a minor proportion of the land 
planted to cereal crops (5. Carr, personal 
communication). 

The old and already highly leached soils of the 
humid and subhumid zones in Africa, frequently 
damaged through lengthy exploitation without 
adequate fertility replacement, present a particular 
challenge for fertiliser management. The, rapid 
reintroduction of organic materials to smallholder 
agriculture is needed - through a focused 
combination of new science and traditional 
agricultural wisdom. Options include rotations, 
green manures, animal manures, reduced tillage 
techniques, intercropping, strip cropping, relay 
cropping, and agroforestry. All of these form 
components of many traditional agricultures, but 
usually fail, under high population pressures, to 

produce sufficient organic materials for today's 
,needs. Associated with this effort, there will need to 
be coordinated studies into the judicious use of 
chemical fertilizers, pest and weed management 
techniques and practices, and the introduction of 
improved crop varieties. And, finally, such 
interlinked work will need continually to focus on 
those factors which enhance the prospects of 
eventual adoption by smallholders. 

Increasing yield response reliability. Fertiliser is 
an expensive input, particularly in Africa. Foreign 
exchange for imports is often difficult to obtain, 
communications are poor, and transport costs high. 
The richer economies of the developed world can 
afford to ,subsidise inputs, such as fertiliser, because 
intensive agricultural practices form only a small 
part of their economies. It is much more difficult for 
poor, donor dependent, African countries to divert 
their limited resources to making fertiliser use 
financially a'fuactive to farmers. In addition, all too 
often, the only data on fertiliser response rates are 
derived from experiment station data which 
typically overstate the likely response under 
smallholder conditions. 
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Malawi, due largely to its geographical position, has 
one of the most unfavourable maize/nitrogen price 
ratios in the region. Data from that country show 
that, even in such an unpromising market 
environment and over a period which included a 
serious drought, fertiliser use can be financially 
attractive to smallholders. A financial analysis has 
been made of 110 on-farm fertiliser demonstrations 
in Malawi which were done over a three year period 
including the 1991/2 drought year. The data in 
Figure 1 represent actual yields possible when 
farmers, on reasonable soils, receive fertiliser (of the 
correct type) on time, and have the resources and 
knowledge to use this fertiliser according to existing 
recommendations. With fertiliser subsidised at the 
present rate, and assuming a minimum economically 
acceptable marginal rate of return of 100 per cent, it 
was economic to use fertiliser, on these soils, with 
both local and hybrid maize in Malawi (Byerlee and 
Heisey, 1993). Similar findings have been reported 
by Sahn and Arulpragasam (1991) and Conroy 
(1993)/ but these reflect a situation where the Malawi 
currency was significantly overvalued (reducing the 
cost to the farmer), and where, in addition, there was 
a substantial subsidy on the fertiliser. 

Yields of around 3500-4000 kg ha-1 should be 
achievable under smallholder circumstances in the 
better maize growing ecologies. Reliable and 
profitable yield increases using seed/fertiliser 
technology under smallholder conditions are both 
necessary and achievable. But to. make them 
happen, the farmer requires dependable supply and 

., ..,~V'ery of the necessary inputs/ together with 
greatly enhanced information on their use. 

However, most smallltoider farmers in Africa do not 
live in these favoured environments, nor do they 
have the capital and labour resources to make use of 
these technologies. Farmers on poorer soils and 
more marginal rainfall areas, for whom fertiliser as 
presently recommended is not financially attractive, 
need sensible and useful guidance in the use of 
fertiliser under their circumstances. Many 
recommendations on input use and crop 
management are impractical from the smallholder 
perspective. Farmers simply cannot complete the 
operations of planting, weeding, and fertilising their 
crops in the short period available to produce 
optimum results. Research prOVides little advice on 
how to manage the necessary trade-offs (Carr, 1989). 
While the 1980s saw a major effort to address this 
problem through adaptive research methods, the 
lack of real commitment by scientists and 
administrators to this effort has meant that little real 
impact has been noticed, although there has been a 
change (but all too small) in researcher perceptions 
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of the need for greater farmer involvement in their 
work. 

Settled agriculture is a new phenomenon in much of 
Africa. The maintenance of fertility through added 
manures (either inorganic or organic) represents a 
major break with tradition. The decline in soil pH 
under continuous cultivation represents one of the 
most intractable problems faced by African farmers 
(S. Carr, personal communication). But there are 
few long term studies on fertiliser use in Africa, or of 
the long term effects of various systems of land 
management. One such experiment, at Kabete in 
Kenya, suggests that inorganic fertilisation alone 
may not be sufficient to sustain yields (Swift et aI., in 
press). The experiment raises many questions of 
significance to smallholder agriculture. For 

. example,� all treatments, even those where 
apparently sufficient farmyard manure was added, 
show a significant decline in organic matter. After 
the tenth year, yields tended to decline more sharply 
in the treatment where only inorganic fertiliser was 
used, than in those where farmyard manure was 
used. There is little information available which can 
be used to assess the changes over time caused by 
African farmers to their soils. Without such 
knowledge, it is difficult to provide sound advice as 
to how the clear and disturbing trends of soil 
degradation - and the associated low crop 
productivity -- can be reversed (Carr, 1989). A 
coordinated regional effort should be initiated to 
provide a firm basis for appropriate long term soils 
experimentation in Africa, and to ensure the best 
and most effective use of the data which already 
exist (Swift et aI., in press). 

Existing experimentation should be carefully 
reviewed to improve its 'fit' with smallholder 
circumstances. Crops respond to fertiliser up to the 
level at which a nutrient becomes limiting. Beyond 
that point/ regardless of the amounts of the other 
nutrients, yields are constrained. The problem may 
be addressed by feeding the plants better, or 
reducing the number of plants. Malawi data show 
that, on moderately fertile soils, maize plant 
populations of 27000 plants per hectare consistently 
outyield the recommended population of 37000 
plants per hectare (the opposite being the case under 
high fertility situations) (Carr, 1989). The obvious, 
but missing, recommendation is that farmers on 
poorer soils who cannot afford fertiliser should 
reduce their plant populations. There is widespread 
evidence from the field that farmers are, in fact, 
adopting this practice regardless of continuing 
advice to the contrary from research and extension 
services. 
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Where smallholders are growing crops on depleted 
soils but are using fertiliser, it may be necessary to 
provide a wider range of crop nutrients than is 
conventionally assumed, in order to achieve 
optimum yields. Malawi researchers have shown 
impressive yield increases to small additions of 
minor nutrients -- such as zinc, boron, and sulphur -
in certain regions of the country. Where organic 
fertilisers are used, balancing with inorganic sources 
may be necessary. For example, tree litter is 
typically low in phosphorus so agroforestry systems 
may work best where inorganic phosphorus is 
applied to the crop (Wendt et aI., 1993). 

It has long been recognised that blanket 
recommendations for fertiliser use are inadequate 
although progress on addressing this issue has been 
painfully and unnecessarily slow. Blanket 
recommendations result in the inefficient use of an 
expensive and usually imported commodity 
which is costly for the nation and the farmer. It is 
possible, through modem fertiliser blending 
systems, to produce small 'runs' of fertiliser to given 
specifications. It is also possible, through a focused 
and carefully planned investigative and verification 
programme, to produce fertiliser recommendations 
for quite localised areas at a surprisingly reasonable 
cost. In the medium term, with improved access to 
modem data base management, exciting 
opportunities exist to refine such recommendations 
still further. 

Blanket crop management recommendations 
likewise are unhelpful. Research staff need the 
opportunity to gain greater exposure to smallholders 
and smallholder situations, and the resources to 
undertake diagnostic investigations and remedial 
experimentation of direct relevance to the problems 
that the farmer encounters regularly. Putting the 
resources together to make this happen requires, not 
only careful (and regularly reviewed) priority 
setting, but also effective liaison and communication 
with others who can contribute to the process. 

REACHING THE SMALLHOLDER 

Just as there is no single technology that will 
transform smallholder agriculture in southern and 
eastern Africa, so there is no single technology 
transfer mechanism. Support will need to come 
from a coordinated effort involving public, private 
and non-governmental agencies. Gaining the vital 
understanding of smallholder agriculture will 
involve researchers in doing more than periodic 
diagnostic survey work amongst farmers; they will 
need to become part of the fabric of the rural 
community. This is no small task, but can be 
materially assisted by making active use of existing 
rural structures. Van Oosterhout (1993) has 
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demonstrated how this approach can use rural 
peoples' knowledge of farming practices to create a 
well focused and rigorous scientific investigation. 
Farmers are no different from workers in other 
spheres and are almost always members of local 
associations qr groups. These groups can be 
invaluable for gaining access to the farming 
community. 

In Zimbabwe, Agritex (the Department of 
Agricultural, Technical and Extension Services; and 
its predecessors) has long promoted 'Master Farmer 
Clubs' and 'Group Development Areas'. 
Agricultural supply firms have assisted in the 
formation and operation of savings clubs. Religious 
organisations have encouraged 'mushandire pamwe' 
associations (Bratton, 1986). Most indigenous 
farmer groups are reported by Bratton (1986) to be 
composed of what he terms 'middle peasants'. 
Group members have holdings in land, cattle and 
labour that are slightly above average, but have not 
developed to their full potential for productivity and 
income. Two-thirds of the membership of farming 
groups is female, with women predominating in 
groups with a production focus (Bratton, 1986). 

The data reported by Bratton indicate the value of 
the group based approach to smallholder extension. 
He found that farmers working in groups 
consistently outperformed farmers working alone. 
This advantage, in fact, increased in the lower 
potential agricultural areas - where most Zimbabwe 
smallholders live. The productivity of group 
farmers was 137% higher than that of individuals in 
Region IV as opposed to 64% higher in Region II. 
The most consistent effect of group membership was 
to increase the access of group members to outside 
service agencies - whether private or public. But 
the service that the groups consistently do not 
interact with is the research service. 

On a wider and more ambitious scale, Global 2000 
have developed this practice of linking researchers, 
extension workers, policy makers, and farmer 
groups in several countries in Africa (Borlaug, 1991). 
The Global 2000 effort focuses on a small number of 
well proven technologies - seed, fertiliser, crop 
chemicals, and draft power - which have the 
potential of creating a major boost to crop 
productivity. The emphasis is on a delivery 
mechanism to bring these resources to the 
smallholder in a manner that encourages their 
uptakel! The published results are impressive with 
average crop yields increasing by 20-40% in project 
areas in selected countries (Dowswell, 1993). 

But this does not represent an approach with 
widespread applicability. The effort depends upon 
juggling with prices to make the technologies 
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financially attractive to participating farmers. Few 
African countries have the resources to support the 
costs involved into the long term. Global 2000, in 
common with many other NGOs and community 
based agricultural development efforts, have 
struggled with the problems associated with scaling 
up from a pilot programme to an activity with 
widespread and lasting impact. As the size of the 
project grows, the work must move out of 
programme hands and into conventional existing 
institutions. This exposes the work to the greater 
uncertainties of the wider world, often with 
disappointing results (Lynam and Blackie, 1994). 
There is a real need to learn how to transfer the 
many valuable project efforts run by organisations 
such as Global 2000 and various NGOs into a more 
general framework: 

Even the group based approach leaves the poorest 
rural dwellers with little effective support. The 
better off farmers appear to prefer a more 
independent mode of operation, while the very 
poorest generally do not join groups - because they 
are unable to contribute time or resources to the 
group, or they lack confidence, or because they do 
not have an interest in improved farming. Typically, 
in the past, many agriculturalists have assumed that 
the best option is for them to move off the land into 
other employment. Their growing numbers indicate 
that not only are the employment opportunities 
limited, but that the problem needs a more positive 
solution. 

Non-governmental organisations (NGOs) and 
religious missions have a long record of working 
with the poorest rural dwellers. This gives these 
bodies a particular strength in understanding and 
articulating the problems of the poorest 
smallholders. Their weaknesses are those of 
charitable organisations everywhere - a lack of 
professional depth and expertise, together with very 
focused objectives and mandates which can inhibit 
the enrollment of wider interests in their 
programmes. While NGOs have a record of possibly 
responding more rapidly and more radically to 
farmer problems than more conventional research 
systems, their experimentation is generally poorly 
disseminated, weak in scientific rigour, and 
inadequately documented (Copestake, 1990). 
Moreover, the coverage of NGOs is modest in terms 
of the overall rural population. Copestake, 1990, 
reviewing data from Zambia shows that although 
there were 43 separate NGOs working in 
agriculture, they served no more than 2.5% of ~e 

rural population of that country. NGOs can aSSISt 
but their impact may be too local for widespread 
impact unless they form part of a large whole. 
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However, thoughtful collaboration between selected 
NGOs and public sector agricultural service agencies 
can only benefit the farmer. At the very least, the 
best of the NGOs should be able to articulate the 
technology needs of neglected smallholder groups, 
helping to bridge the gap between researcher and 
farmer. More ambitiously, NGOs could form a part 
of a comprehensive research and extension network 
for smallholders - but this will require much careful 
development given the multiple objectives of the 
network participants, and the variability in 
professional skills of both NGO and public sector 
organisations (YVellard et al., .1990). 

PRIVATE SEcrOR INTERVENTIONS 

When most African public sector research 
departments were established, both international 
and private sector support for agricultural research 
in Africa was modest compared with the present 
day. Today, in the major food crops, both 
transnational and indigenous private sector 
companies playa major role in the development and 
dissemination of improved materials. This trend has 
long been apparent in the cash crop area - especially 
with tobacco and cotton (Blackie, forthcoming). 
There are instances of the better off farming groups 
setting up their own research system. In Zimbabwe, 
the Agricultural Research Trust was established by 
the large scale farming sector to work specifically on 
agronomic and other research issues of direct 
concern to this sector. 

Fertiliser and agricultural supply firms employ their 
own agronomists and extension staff to reach large
and small-scale producers alike, prOViding a well 
developed system of support and advice for those 
producers in the higher potential areas who can 
afford purchased inputs. The Kohwa Pakuru 
scheme run by Ciba-Geigy and Agritex in Zimbabwe 
since 1981 has raised cotton yields from 
participating farmers to some 2600 kg ha-1 as 
opposed to the national average of 1750 kg ha-1. 
There are now some 10000 farmers nationally 
participating in the scheme (Anon, 1990). Zimbabwe 
fertiliser companies have used 'savings clubs' as a 
method of assisting smallholders purchase crop 
inputs. The rewards from a well thought out 
collaborative research effort between private firms 
and public sector research can be substantial. In 
Mali, the Ciba Foundation has been instrumental in 
developing the Cinzanp. Agronomic Research Station 
into a well run, productive institution, with a 
focused and practical on-farm research programme 
and excellent technology adoption results (J. 
Scheuring, personal communication). Eicher (1994) 
has pointed out the value of "cooperation, synergy 
and spillovers between black and white farmers, 
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researchers, and farm support organisations" in the 
mobilisation of smallholder production that took 
place in Zimbabwe following independence. 

International science has also become an important 
player in technology development in the past several 
decades. The International Agricultural Research 
Centres (IARCs) are providing substantial inputs 
into crop breeding in Southern and Eastern Africa. 
CIAT, CIMMYf, ICRISAT and IITA all have major 
programmes based around crop improvement 
interventions in southern and eastern Africa. 
Continuing efforts are being made to ensure that 
national programmes have the opportunity to draw 
upon the very considerable potential that this effort 
represents. 

There not only is potential, but a desperate need, for 
an effective coordination mechanism to bring 
together the best talents into a powerful, prioritised 
research effort tightly linked to skillfully identified 
farmer problems. The additional resources needed 
for such an exercise are not great and could easily be 
mobilised, given the right environment. Real 
progress would soon be evident on what are today 
apparently intractable long term resource husbandry 
issues facing smallholders in Africa. 

DIVERSIFYING THE SMALLHOLDER� 
ECONOMY� 

There has been a long, and often acrimonious, 
debate regarding the role of cash crops in the 
African smallholder economy. Space does not 
permit an adequate review of this literature here. 
Frequently, the opposition to cash cropping arises 
from a concern that it encourages farmers to neglect 
their own food needs - to the detriment of the 
nutrition and welfare of their families. The evidence 
from the southern and eastern Africa region 
suggests otherwise. Chigume and Jayne (1990) 
found that those farmers that were selling oilseeds 
from their survey areas in Zimbabwe were those 
that had a grain surplus. The grain deficit families 
were not growing cash crops in place of food, but 
lacked the resources to grow enough food for 
themselves. Lele (1992) reports similar findings 
from the World Bank MADIA work. 

Kenya, for example, encouraged smallholders to 
participate fully in both food and cash crop 
production. Lele, 1992, shows that, not only did the 
output of all crops in Kenya increase, but also that 
the relative share of smallholders in that output 
increased compared with that of large scale 
producers. Smallholders have become major 
producers of tea, coffee and horticultural crops, 
resulting in improved incomes and food security 
amongst smallholders (World Bank, 1989). 
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Horticulture has become the third biggest foreign 
exchange earner in Kenya, as well as providing over 
90% of the domestic market for fruits and 
vegetables. By contrast, Malawi has shown little 
improvement in smallholder productivity in either 
food or export crops. The bias in Malawi policy 
towards large scale production has meant stagnation 
in smallholder agriculture. 

The encouragement of cash cropping will be an 
essential component of smallholder development 
policies. Smallholders are major producers of cotton 
in Zimbabwe - as the result of a highly focused 
campaign introduced in the 1960s (Anon, 1990). 
Private firms are encouraging the production of 
tobacco amongst smallholders in suitable growing 
environments. Recent data show that oilseed crops 
can be valuable cash crops for smallholders in the 
drier areas of the country (Chigume and Jayne, 
1990). However, even today, many smallholders 
have little chance of participating in the cash 
economy through cash cropping, mainly due to the 
absence of technologies suitable for their 
circumstances. In addition, as will be shown in the 
following paragraphs, participation in the market is 
not always a reliable proxy for smallholder 
advancement. 

One of the critical inputs to agricultural production 
is labour. In southern Africa, the tradition of seeking 
work in urban areas has left many rural households 
without able bodied young males. Agricultural 
production is seasonally labour intensive, and the 
timing of certain operations -- especially planting 
and weeding - has a considerable influence on crop 
yields. Many families have difficulties meeting 
these labour requirements, particularly those female 
headed households who have neither remittances 
nor a cash income with which to buy fertiliser, draft 
power and labour: Those that are unable to provide 
timely and adequate labour are rewarded by 
seriously reduced yields. Typically, those families 
that cannot feed themselves undertake temporary 
agricultural work on other people's fields, with 
payment usually in food rather than cash. While 
this provides some short term alleviation of the 
immediate problem of how to feed the household, 
the poorest families become caught in a vicious 
circle. The greater the food deficit of the family, the 
more off farm work has to be undertaken, most of 
which is at the expense of timely operations on the 
home sardens. 

These families also face the additional problem of 
obtaining cash for essential household purchases. 
They cannot generate enough income and food from 
their own production for family needs, yet their off 
farm work does not generate cash. Consequently, 
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such households often are net sellers of maize as this 
is the only method they have of raising needed cash; 
which only adds to their food deficit problem (Peters 
and Herrera, 1989). The absence of cash crop 
cultivation opportunities which can be exploited by 
low resource farmers leaves them in a 'subsistence 
trap'. 

Critically, what is needed are reliable and timely 
input markets, and reasonably stable and fair output 
markets for smallholder produce. Farmers remote 
from the main centres face very real problems in 
gaining access to modem inputs. Chiduza et al. 
(1994) document that farmers in the northern 
Sebungwe region of Zimbabwe (one of the poorest 
regions of the country) pay local suppliers Z$80 per 
10 kg of hybrid maize seed as opposed to Z$15 in the 
main centres. Conroy (1990) noted that regulated 
transport rates, the absence of storage facilities, and 
the high costs of vehicle maintenance combined to 
ensure that few traders would undertake the service 
of input distribution in the remoter communal areas 
of Zimbabwe, a relatively developed country in the 
region. The absence of adequate input and output 
markets, in which the private sector has such an 
important role to play, acts as a serious drag on the 
ability of smallholders to improve their productivity. 

CONCLUSIONS 

The priorities that face the agricultural industries of 
southern and eastern Africa have changed 
dramatically in the last decade. Many rural 
communities are no longer food self sufficient, 
requiring many of the poorest families to purchase 
food. The stagnation or decline in real incomes 
(especially for the rural and urban poor) requires 
that the cost efficiency of food production must rise. 
Central to this scenario is a productive, flOUrishing 
smallholder agriculture providing a broad base for 
income growth in the rural areas. 

Such a productive smallholder agriculture will 
require the expanded use of purchased inputs. At 
present, the economic returns from the major 
technologies on offer, the associated risks, and the 
problems of input supply, all combine to constrain 
the ability of smallholders to move to higher leveJs 
of production. Smallholders face many important 
production constraints for which agricultural 
scientists have few solutions. Surveys of 
smallholder production systems show a consistent 
pattern of difficulties in meeting optimum planting 
dates and plant populations, and in managing 
weeds. Farmers' ignorance - whether chosen or not 
- of research recommendations is legendary. 
Although there are instances of impressive 
aggregate maize production increases (such as post 
independence in Zimbabwe), there are few of 
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productivity - maize yields remain mired at a little 
over 1 tonne per hectare. The overall unexploited 
yield increase is much less than that frequently 
asserted by plant breeders. Well focused agronomic 
research which, amongst other improvements, will 
need to point the way for smallholders to build up 
and maintain soil fertility levels, is essential even to 
realise this modest potential. 

Modem science combined with traditional wisdom 
will be needed to break the logjam preventing 
Widespread and long term improvements to 
smallholder agricultural productiVity. The 
identification of the problems, and the 
implementation of the subsequent research requires 
imagination, dedication, and a high degree of 
professionalism. Despite a very real need to build 
up national scientific skills, it remains true that most 
countries in the region have an adequate manpower 
and infrastructure base on which to build a quality 
agricultural research programme which is carefully 
focused on priority smallholder problems. The 
dimensions of the problems are such that 
collaboration with regional and international science 
will be essential if adequate resources are to be 
brought to bear on them. Much can be achieved 
through a small, but motivated team of researchers 
who have the requisite access to operational funds, 
and with established links with the best scientists in 
the field internationally. 

International science has the potential to play an 
even greater role in technology development than in 
the past, but needs imaginative direction from 
African agriculturalists. The International 
Agricultural Research Centres (IARCs) have 
encouraged a strong bias towards plant breeding in 
their efforts to revitalise African agriculture but have 
shown less capacity for addressing the more 
complex crop management problems. The overall 
support from international science for the 
development of high quality crop husbandry 
research in southern Africa is dwarfed by that for 
crop breeding - to the detriment of long term 
sustained agricultural productivity across a broad 
base of smallholder farmers. 

Frequently, the poor policy environment, and the 
inability of researchers to influence such policy is 
cited as a reason for a perceived lack of impact of 
agricultural research on productivity. High quality 
research can create good policy, and certainly poor 
research offers little defence against poor policy. But 
clearly high quality research will not, in itself, 
necessarily result in better agricultural policies. The 
adoption of maize varieties by smallholders has 
played an important role in convincing governments 
to reduce their involvement in the seed industry. 
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Global 2000 is explicitly committed at influencing 
government decisions and increasing the flow of 
capital resources into smallholder agriculture - but 
the starting point is the introduction of technologies 
that have a clear advantage in increasing yields and 
reducing costs (Borlaug, 1991). In Malawi, 
agronomic experimentation is leading to the 
introduction of a greater range of fertiliser types, 
and to real communication between research and 
extension (but not yet the farmer). In Mali, the 
development of new cowpea varieties, and the 
resultant abundance of cowpeas led directly to the 
opening of new demand for cowpeas in adult and 
weaning foods (J. Scheuring, personal 
communication). 

Quality agricultural research aimed at smallholders 
requires an emphasis on problem solving - rather 
than research as a way of life. It requires long term 
assistance to young scientists, together with sensitive 
monitoring with respect to experimental design, trial 
selection and implementation, and with excellent 
laboratory service back up. It requires the 
establishment of collegial relationships between 
national and international scientists, extension 
workers, farmer groups, and private sector 
organisations. Above all, it requires long term 
commitment on the part of individuals and 
institutions, and a recognition that a problem exists 
and that change can be brought about. 
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Question to Malcolm Blackie 

L.T. Empig: 
Over the last 10 years in Africa there seems to have 
been a bias among breeders towards the 
development of hybrids, using high levels of 
agronomic inputs, rather than crop improvement as 
a tool to solve maize production problems. Please 
comment. 

Response: 
I think the bias has rather been tawards emphasising plant 
breeding as the most effective intervention in maize 
technology development - although this is demonstrably 
untrue in several important circumstances. 
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ABSTRAcr� 

The major agronomic constraint to maize production in the well watered regions of southern and 
eastern Africa is soil fertility. Shifting cultivation is no longer possible as the bush-fallow period is 
too short to restore soil conditions to the same state as in previous cultivation-fallow cycles. 
Sedentary agriculture without the addition of nutrients depletes the soil nutrient reserve, decreases 
soil organic matter and increases the risk of soil erosion. These factors combine to reduce crop yield. 
Inorganic fertilizers play an important role in maintaining and increasing soil fertility, but many 
smallholder farmers either do not obtain the necessary returns from fertilizer use to justify the costs 
or cannot afford to use inorganic fertilizer. Existing fertilizer recommendations are over-simplistic. 
They do not differentiate between agro-ecological zones or the socio-economic circumstances of 
farmers. The way in which fertilizers are applied to crops (placement), the time of fertilizer 
application. the types of fertilizer used, the response to fertilizer by different maize genotypes and the 
organic matter status of the soil are factors that can potentially be managed by farmers to increase 
fertilizer use efficiency. The improvement of soil organic matter is critical for resource poor 
households. Where inorganic fertilizers are not applied, soil organic matter supplies most of the 
nitrogen and sulphur to plants, maintains the cation exchange capacity and forms complexes crucial 
to the supply of micronutrients. It is also important in supplying phosphorous to plants and blocking 
phosphorous fixation sites. The active fraction of soil organic matter increases the efficiency of 
nutrient availability by reducing leaching losses and providing a steady buffered nutrient supply. 
Agroforestry has the potential to produce sufficient high quality biomass to increase soil organic 
matter and improve crop yields. Progress in soil fertility research is dependent on having good soil 
and plant analytical facilities. Agronomic field trials are needed to understand the interactions 
between different nutrients and to describe the response to applied nutrients. Such trials need to be 
carefully designed and sited to build an understanding of soil nutrient deficiencies that can be used to 
develop appropriate fertility recommendations. Results from fertility experiments need to be 
interpreted with an understanding of the socio-economic circumstances faced by farmers so that 
affordable and practical technologies can be designed and tested that are relevant to the farming 
community. 

INTRODUcrION� between different nutrients, as inorganic fertilizer is 
the main source of plant nutrients for both largeThe major agronomic constraint to maize production and small-scale farmers. There� is a good

in the well watered areas of southern and eastern understanding of maize nutrient requirements and
Africa is soil fertility. The use of inorganic fertilizer the critical periods of growth� for nutrient
and hybrid maize seed has been widely promoted to application.
boost maize yield as intensification of land use 
becomes the only route to increased productivity. Despite this large body of work, the main 
Despite the advent and adoption of these beneficiaries of soil fertility research have been 
technologies, the eastern and southern African large-scale commercial farmers concentrated in the 
region as a whole failed to achieve maize high potential, secure rainfall areas. These farmers 
productivity growth rates in excess of population have clearly demonstrated that it is possible to 
growth (typically between 3 and 4 percent annually) produce consistently high yields with the 
over the period 1951-87. Average production per appropriate maize hybrids and inorganic fertilizers. 
hectare in the region rose from 0.85 tonnes in the There are many high potential areas in the region 
period 1951-60 to 1.24 tonnes in the period 1981-87 that are cultivated by smallholders where the 
(CIMMYT, 1990). growth in smallholder maize productivity has not 

been sustained beyond"the introduction of improved 
The use of inorganic fertilizers on potentially high germplasm (Howell et al., 1987). In Malawi, the 
yielding hybrid maize varieties has been the major average hybrid maize yield has stagnated around 2.8
focus of soil fertility and agronomic research on t ha-1 for the last decade (Blackie and Conroy, 1993). 
maize. Studies have concentrated on the types of The yield gap, defined as the difference between 
fertilizers required, application levels, timing of average maize yields obtained by farmers and the
application, method of application and interactions yields possible with improved practices (FAO, 1984), 
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has been calculated at 53 percent in Malawi when 
comparing national average yields with those 
obtained in maize variety trials conducted on 
farmers' fields. When yields obtained on research 
stations are used for comparison, the yield gap 
approaches 100 percent (Zambezi et al., 1993). 

This paper will examine the way in which soil 
fertility research can contribute to increasing maize 
yields for smallholder farmers in the high potential 
areas. The interactions between climate, pests and 
fertility will be dealt with in different sessions of the 
conference and are therefore not considered in this 
paper. 

HYBRID MAIZE AND FERTILIZER� 
TECHNOLOGY� 

Maize breeding has a long and proud history in the 
region. The development of hybrid varieties like 
SR52, which was released in 1960 by the Zimbabwe 
Programme and H611, released by the Kenyan 
Programme in 1964, were important milestones in 
breeding work. The uptake of hybrids by 
smallholder farmers gave an impressive boost to 
maize productivity in those countries where hybrids 
were widely adopted (Howell et al., 1987; Rohrbach, 
1986). 

Unimproved (local) maize is tall and late maturing. 
It has low yield potential, poor standability and 
responds poorly to fertilizer. In contrast, hybrid 
maize is shorter and matures earlier than local 
maize. It has high yield potential, is less prone to 
lodging and responds well to fertilizer. Despite the 
release of high yielding hybrid varieties, a 
considerable area is still planted with unimproved 
maize landraces in the Eastern Province of Zambia 
and in Malawi. It is now recognized that the lack of 
hybrids with a semi-flint grain similar to local maize 
has been a major constraint to hybrid adoption by 
smallholder farmers, because of the inferior storage 
and processing characteristics of dent maize (Ellis, 
1958). For this reason some agronomic research has 
been done on local maize. 

Research in Malawi aones et al., 1993) and in Eastern 
Province, Zambia (ARPI') to investigate the response 
of local maize to fertilizer has confirmed that local 
maize does respond to nitrogen, although the 
Malawi data show that there is little response above 
30 kg N ha·1• Results from 136 demonstration plots 
on farmers' fields planted in the 1992/93 season 
showed that a farmer could expect to get 16 kgs of 
maize per kilogram of nutrient (10 kg P205 ha·1 + 40 
kg N ha·1) from local maize. The equivalent return 
from hybrid maize was 18 kg with the same nutrient 
package. Similar figures are found in Zambia where 
Jha (1991) estimated farm level response at 19 kg for 
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hybrid maize. Local maize ranged from 9.5 to 15.3 
at Msekera Research Station over the three seasons 
1983/84 to 1985/86. 

In Malawi, fertilizer use as recommended for local 
maize is not very profitable. It is usually assumed 
that farmers require a value:cost ratio (VCR) of over 
two in order to adopt yield increasing technologies 
(CIMMYT, 1990). Conroy (1993) found that, on 
average, smallholders got VCRs of 1.3 for fertilizer 
use on local maize. Forty percent of smallholders 
failed to cover the cost of fertilizer application on 
local maize. Jha and Hojjati (1993) examined the 
average value-cost ratio in Eastern Province, 
Zambia. In 1989/90, the VCR for local maize was 
1.92. Although local maize responds somewhat 
better to fertilizer in Malawi, very high relative 
fertilizer prices reduce the economic returns to 
fertilizer and this has restrained growth in fertilizer 
consumption (Lele et al., 1989). Structural 
adjustment programmes in both countries have 
resulted in further price increases. Fertilizer 
technology for local maize is marginal, with little 
prospect of improvement because of the lack of 
response of local maize to improved fertility 
management. 

In the same study, Conroy (1993) found that, on 
average, smallholders got VCRs of 1.7 for fertilizer 
use on hybrid maize, with 25 percent of 
smallholders failing to cover the cost of fertilizer 
application on hybrid maize. In Zambia the returns 
have traditionally been much higher, but there was a 
decline in the value-cost ratio from four to 3.31 in 
1989/90 because the average price per kilogram of 
plant nutrient rose by 315 percent while the maize 
price only increased by 100 percent aha and Hojjati, 
1993). Even with hybrid maize, the returns to 
fertilizer technology achieved by smallholders are 
not great. The future of these technologies without 
an increase in productivity is in jeopardy unless 
fertilizer use efficiency can be increased. 

If returns to fertilizer use are to be improved, it 
should be clear that attention needs to be focused 
solely on hybrid maize. However, CIMMYT (1992) 
have stated that for environments where current 
yields are less than 2.5 t ha-1, it is unlikely that 
farmers would purchase hybrid maize, since the 
expected yield gain would be unlikely to 
compensate farmers for the cost of hybrid seed (and 
associated risks). In marginal areas with current 
yields of 1.5 t ha-1 or less, the yield advantages of 
using hybrids is unlikely to exceed 10 percent 
(CIMM'Yr, 1987). It is a coI1Ullon perception that 
hybrids require the use of complementary inputs, 
especially fertilizer, to express their yield 
superiority. 
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Table 1. Treatments used in demonstration plots 

Plot 1 
Farmer's agricultural practices 
Farmer's seed 
No fertilizer 

Plot 2 Plot 3 Plot 4 
Farmer's agricultural practices Improved agricultural practices Improved agricultural practices 
Farmer's seed Hybrid seed Hybrid seed 
Recommended fertilizer No fertilizer Recommended fertilizer practices 
practices 
9 kg PO2 Sha" 
40 kg Nha" 
(from DAP and urea) 

Source: Guide to Agricultural Production in Malawi 1992·1993 

On-farm research in the well watered mid-altitude 
ecology of Malawi has shown that hybrids without 
the application of fertilizer significantly outperform 
unimproved local maize, where local maize yields 
averaged less than 1 t ha-1. Data were obtained over 
four seasons from field demonstrations conducted 
on farmers' fields. Each field demonstration was 
made up of four plots (see table 1) each 10 m x 20 m. 

Data were combined over the four seasons to 
determine whether there was a Significant season by 
treatment interaction. The results of this analysis 
were significant and are presented in Figure 1. 
Unfertilized local maize gave the lowest yields. 
When fertilizer was added at the recommended rate, 
the yield increased but was not significantly more 
than that from unfertilized hybrid maize, except in 
the 1992/93 season. In the other three seasons, there 
was no significant yield difference between fertilized 
local maize and unfertilized hybrid maize. 

These results are important because they dearly 
demonstrate that improved germplasm can benefit 
smallholder farmers even on depleted land without 
nutrient inputs, where maize yields are presently 
less than 1 t ha-1. Maize yields can be Significantly 
increased with a modest investment in hybrid seed. 

37 kg P20Sha" 
95 kg Nha" 
(from DAP and urea) 

In all four seasons, fertilized hybrid maize gave 
significantly higher yields than the other three 
treatments. The amount of fertilizer applied to 
hybrid maize was more than double that applied to 
the unimproved germplasm (see Table 1). Soil 
fertility research on local and hybrid maize has 
shown that the total amount of fertilizer that can be 
economically applied to hybrid maize is much 
greater than for local maize. Trials to investigate the 
shape of the maize nitrogen response curve show 
that for hybrid maize on soil that is deficient in 
nitrogen, there was a linear relationship to 
applications up to the maximum of 160 kg N ha-1 
that was applied. The peak response for local maize 
was found to be about 30 kg N ha-1 Oones et ai., 
1993). As nitrogen is the most limiting nutrient in 
the majority of maize based systems, the potential to 
increase yields by applying high levels of nitrogen 
fertilizer is dearly much greater for hybrid than for 
local maize. 

BLANKET FERTILIZER RECOMMENDATIONS: 
THE NEED FOR REVISION 

Despite the large number of agronomic field trials 
that have been designed and implemented to 
investigate the response of maize to different 

Figure 1. Maize grain yield (kglha) a. a function of treatment and .eason from 
field demonstrations conducted in Malawi between 1989-90 and 1992-93. 
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nutrients, there are only a very limited number of 
fertilizer recommendations for smallholder farmers 
and, as will be shown, these recommendations are of 
marginal value to most farmers. 

Simplistic fertilizer recommendations have two 
problems. They either do not take into account the 
full range of nutrients that are known to be 
regionally deficient or they recommend nutrients 
that are not necessary for increased productivity. 
Both problems lead to reduced fertilizer use 
efficiency. Malawi has a blanket fertilizer 
recommendation for hybrid maize (Extension Aids, 
1992) that fails to differentiate between different 
maize growing ecologies, soil types and socio
economic circumstances of the farmers such as 
labour availability and land holding size. Kenya has 
only two recommendations for hybrid maize, one for 
Central/Eastern Kenya and the other for Western 
Kenya (Qureshi, 1987). Tanzania has a more 
sophisticated set of recommendations with 20 
ecological zones, 13 of which have their own maize 
recommendations. The establishment of the agro
ecological zones was based on dominant soil type, 
length of growing season, and annual rainfall, 
dis~ibution and reliability, so that the major 
envIronmental conditions which affect fertilizer 
response were taken into account (Harrop and 
Samki, 1984). However, in all three countries the 
only nutrients that are included in the 
recommendations are nitrogen and phosphorous. 
Sulphur is recognised as being deficient in some 
countries, but it is assumed that deficiencies will be 
addressed by applying nitrogen or phosphorous 
fertilizers that contain this nutrient. In Zimbabwe, 
zinc is included in some basal dressing fertilizer 
formulations together with potassium. Different 
compound fertilizers are recommended for different 
areas based on soil fertility research. There are very 
few examples of existing recommendations being 
modified according to a systematic programme of 
soil fertility research being conducted at a local level. 
Soil fertility is dynamic in space and time. Research 
conducted in previous years at one or two sites is of 
little relevance to land with a diverse range of soil 
types that has been cropped continuously with few 
if any nutrient inputs. 

This last fact is well recognised by commercial 
farmers. Although many fertilizer recommendations 
were derived for the benefit of commercial farmers, 
this group uses these recommendations as a guide 
only. Modifications are made based on research, 
experience and economics. Access· to good quality 
soil and plant analytical facilities is an important 
pre-requisite for effective research and facilitates 
fertilizer management decisions for the more 
progressive farmer. Fertilizer mixtures are 
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purchased to satisfy nutrient requirements whilst 
obtaining the most cost effective formulations that 
achieve the necessary nutrient balance. In contrast, 
smallholder farmers are reliant on outmoded and 
very often inappropriate recommendations. The 
choice of fertilizer is usually determined by the 
government procurement agency and supply 
systems so that there is virtually no feedback to 
refine recommendations. The result is that fertilizer, 
where it is used, is used inefficiently and 
smallholder productivity fails to respond. 

ADDRESSING NUTRIENT DEFICIENCIES: THE 
NEED TO REVISE FERTILIZER CONTENT 

In Malawi, the blanket fertilizer recommendation 
suppl,ies, only nitrogen and phosphorous. 
DefICiencIes of sulphur are now universal and 
regional deficiencies of zinc, potassium and boron 
have been identified (Sillanpaa, 1982; Wendt, 1993). 
L~ck o~ these minor nutrients is markedly reducing 
y~elds m some areas and depressing the response to 
mtrogen and phosphorous application. The 
nationwide blanket recommendation needs to be 
adjusted to address these regional deficiencies. 

Significant yield responses have been obtained from 
application of zinc, sulphur, potassium and boron 
containing fertilizers. A yield increase of over 200 
percent was obtained by the addition of zinc, 
sU:~hur and ~oro~ to maize fertilized with 80 kg N 
ha . The yIeld mcrease from the application of 
nitrogen alone was only 72 percent. These results 
were obtained from a missing nutrients trial 
conducted at several sites throughout Malawi over 
two seasons (Wendt, 1993). They confirm that 
nutrients other than the recommended nitrogen and 
phosphorous are constraining yields. These findings 
clearly demonstrate the importance of addressing all 
the soil fertility constraints to achieve an economic 
return to fertilizer use. However, extrapolation of 
such results from a site to a wider geographical area 
is complex as soils are very heterogenous and can 
differ markedly because of previous cultivation 
history, soil erosion, fertilization etc. Ideally soil and 
plant sampling should take place at a farm level and 
the results used to guide fertilizer recommendations. 
Yields should be recorded and the recommendations 
reevaluated based on the results achieved. While in 
most countries the capacity to undertake such 
detailed work does not exist, it is entirely possible to 
proceed to the development of locally based 
fer~er recommendations through carefully 
planned and well focused soil fertility research. 
Farmers, extension workers and commercial 
companies concerned with the manufacture and 
distribution of fertilizers should all be involved. 
Rect">mmendations should be modified on a local 
bas·.;; with information collected from different trials 
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Table 2. Modified treatments used in demonstration plots in the 1992/93 season 

Plot 1a Plot2a Plot 3a 
Farmers'seed Farmers' seed Hybrid seed 
No fertilizer 9 kg Pps ha·1 No fertilizer 

40 kg Nha-1 

Plot 1b Plot 2b Plot 3b 
Farmers' seed Hybrid seed Hybrid seed 
40 kg Nha·1 9 kg P20S ha·1 95 kg Nha-1 

40 kg Nha-1 95 kg Nha-1 

Jones & Wendt 

Plot4a 
Hybrid seed 
37 kg P20Sha-1 

95 kg Nha-1 

Plot4b 
Hybrid seed 
37 kg P20S ha·1 + nutrient supplement 

Figure 2 Maize grain yield (~gIl1a) from field demonstations 

conducted in Malawi in the 1992/93 season 'Mth anubient 
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being used to make informed decisions that are 
appropriate for smallholder farmers. 

The maize agronomy team in Malawi has 
established a process to develop such 
recommendations. In the 1992/93 season Malawi 
researchers cooperated with the extension agents 
managing the demonstration programme originally 
deSigned to teach farmers about hybrid seed and 
fertilizer technology. Modifications were made to 
the demonstration plots in Table 1. The modified 
layout is presented in Table 2. 

The addition of four extra plots allowed the 
following comparisons to be made: 

1.� Hybrid seed versus local farmers maize at the 
recommended rate of fertilizer for local maize 
(plot 2A and 2B). The existing demonstration 
plots permit this comparison only without 
fertilizer. 

2.� The effect of phosphorous on local and hybrid 
maize at the recommended rates at individual 
sites (plot 4A and 3B for hybrid and plot 2A 
and 1B for local). 

3.� The effect of a nutrient supplement, based on 
earlier missing nutrient investigations, on the 
yield of hybrid maize fertilized according to the 

37.95 plus supp 

Hybrid Hybrid Hybrid 

Treatment 

existing recommendation (plot 4A and 4B). All 
sites received the nutrient supplement of 
sulphur, zinc and boron and selected sites 
received potassium. 

The addition of a micronutrient supplement was 
effective in increasing hybrid maize yield (see Figure 
2). Malawi is divided into eight Agricultural 
Development Divisions (ADDs). ADDs are further 
sub-divided into Rural Development Projects 
(RDPs), Extension Planning Areas (EPAs) and 
Sections. Each section is staffed with a Field 
Assistant (FA) who is responsible for delivering 
extension messages to farmers. The demonstration 
programme was implemented in eight rural 
development projects (RDPs). There was a 
significant treatment by RDP interaction. The results 
are presented by RDP in Figure 3. In Kasungu, 
Lilongwe West and Lilongwe East RDPs, the 
addition of the fertilizer supplement did not 
significantly increase yields over the plot where the 
recommended rates of nitrogen and phosphorous 
were applied to hybrid maize. These results are 
important because they illustrate the need to 
develop area specific fertilizer recommendations. 

In addition to the micronutrient supplement, 
treatments were added to assess the effect of 
phosphorous (see Figure 3). In Kasungu RDP the 
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addition of phosphorous had no significant effect on 
the yield of hybrid maize, but local maize responded 
to the lower rate of phosphorous applied. In Dowa 
West and Ntcheu local maize did not respond to the 
phosphorous applied when compared with plots 
where nitrogen only was added. Maps have been 
made that show regional deficiencies identified to 
date (Wendt, 1993). The demonstration programme, 
replicated at over 100 sites in two agricultural 
development divisions (ADDs), was a very effective 
way to identify nutrient deficiencies. This work has 
been expanded in the 1993/94 season with over 3000 
soil samples being collected and analyzed from 
every EPA in the country. A set of three verification 
trials were designed and, implemented to test 
different fertiliser mixtures, application methods 
and"rates. The results from this work will be used to 
develop area specific recommendations. 

Soil fertility improvement work is greatly hampered 
by the strong tendency to use existing fertilizer 
compounds in soil fertility and agronomic trials. 
There is very little evidence of soil fertility research 
being used to direct the formulation of fertilizer 
compounds that can then be targeted to specific 
areas to address localised nutrient deficiencies. In 
Malawi, negotiations are being held with 
commercial fertilizer companies to formulate 
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fertilizers that address identified deficiencies. Two 
compounds have been formulated on a trial basis 
both of which contain sulphur and zinc and one 
which contains potassium (Optichem, 1994). The 
importance of working with fertilizer companies 
cannot be overemphasized. The choice of fertilizer 
must take into account many considerations 
including the cost, compatibility for formulation, 
fertilizer dynamics in the soil and the efficiency of 
soil supply and uptake by plants. Soil fertility 
research is needed to identify and quantify nutrient 
deficiencies, but more importantly, to understand 
nutrient dynamiCS and the relationships to crop 
performance, in a predictive fashion that allows the 
formulation and testing of appropriate agronomic 
recommendations. 

FERTILIZER APPLICATION TECHNOLOGY 

Fertilizer application technology affects the way in 
which fertilizers are taken up by plants. The labour 
associated with fertilizer application has important 
implications for smallholder management. These 
issues will be examined using the example of 
Malawi where dollop application (point placement) 
is universally recommended. 

The current recommendation for fertilizer 
application is the dollop method, with two dollops 
per planting station, 10 cm away and 10 cm deep. 

Hybrid 37.95+8upp 
Hybnd37,95 

Hybrid 0,95 
Hybrid 9.40 

Local 9,40 
Local 0,40 

Hybrid no fertilizer 
Localnofettlllzer 

Figure 3. Maize grain yield (kg ha .1) as a function of treatment and rural demonstrations 
conducted In Malawi In the 1992/93 season. 
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Figure 4. Maize grain yield (kglha) as a function of timing of single application of 
nitrogen and phosphorous fertilizer and site. 
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Basal dressing fertilizers are applied soon after 
emergence and top dressing fertilizer two to three 
weeks after emergence. If diammonium phosphate 
is used for basal dressing, top dressing needs to be 
done earlier to avoid Nitrogen starvation. Calcium 
ammonium nitrate and urea are the fertilizers 
available for top-dressing, although urea is 
considerably cheaper per unit of nitrogen. 

Two problems exist with the dollop method: it 
results in reduced nutrient uptake, and it is labour 
intensive. Dollop application of basal dressing 
fertilizer containing phosphorous was shown by 
Brown (1966) to be inferior to broadcast or band 
placement of phosphorous in the ridge. 
Experiments to compare methods of applying triple 
super phosphate (TSP) illustrate the importance of 
phosphorous placement. Banded TSP applied at the 
rate of 20 kg P20S ha-1 gave similar results to dollop 
applied TSP at 80 kg P20S ha-1 (Wendt and Jones, 
1993). However, when phosphate rock was tested, 
broadcast application was superior to banding 
which was superior to dolloping. Research has been 
conducted in Zimbabwe on phosphorous placement. 
Experiments evaluated the effect of nitrogen under 
different methods of phosphorous application and 
time of planting. The response to nitrogen was 
higher where phosphorous was banded and 
depended on time of ploughing, the early ploughing 
doing better than late ploughing. In Tanzania, Uriyo 
et ai., (1977), found that only half the quantity of 
fertilizer phosphorous was required to produce the 
same amount of maize grain when side-dressed or 
drilled as compared to broadcast application. 
Dolloping reduces the uptake efficiency of other 
nutrients also. This is particularly the case when 
nitrogen is supplied as urea. The conversion of urea 
to plant usable forms is dependent on an enzyme, 

• Chltedze 1990/91 

~Chjtedze1991/92 

§ MeN 1991/92 

OMeN 1990/91 

3WAE 4WAE 

urease. High rates of urea in a dollop create 
conditions restrictive to the enzymatic action of 
urease. The supply of nitrogen to plants is delayed 
and consequently yields are reduced (Tisdale et al., 
1985). 

Not only is the dollop method an inefficient method 
of applying soil nutrients, but the evidence suggests 
that it is difficult for farmers to apply the correct 
amount of fertilizer. Calibrated: fertilizer cups are 
sold, but the vast majority of farmers use arbitrary 
measures such as bottle tops and teaspoons. Most 
farmers do not have access to fertilizer cups and are 
not familiar with the cup sizes for the different 
fertilizer types or for the reasons for using different 
cup sizes. This results in over- or under-application 
and waste. 

Dollop fertilizer application is very labour intensive. 
At the recommended plant density, more than 
24,000 holes have to be made per hectare. 
Do~ieralla (1974) recorded a total of 174 man-hours 
ha- for fertilizer application on a maize crop in 
Malawi. This compared with 144 man-hours for 
land preparation and 342 man-hours for weeding. 
Fertilizer application conflicts with planting and 
weeding and hence farmers are faced with the 
choice of either fertilizing or weeding late, and of 
deciding whether to plant an additional area or 
weed or fertilize the area already planted. Farmers 
have to prioritize their operations. Weeding is given 
top priority followed by fertilization. The resultant 
compromises typically mean reduced yields because 
of increased weed competition, delayed planting or 
reduced nutrient availability. These are important 
factors that need to be considered when designing 
technologies appropriate to smallholders. 
Furthermore, the onset of the rains leads to an 
increase in malaria and diarrhoeal diseases (Carr, 
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personal communication). Labour constrained 
households can be incapacitated by these problems 
which delay essential field operations. 

TIMING CONSIDERATIONS: CHRONIC LATE� 
BASAL APPLICATIONS� 

Survey work by the maize commodity team in 
Malawi (Zambezi and Jones, 1991; 1992) has found 
that the vast majority of farmers do not apply their 
basal dressing fertilizer containing phosphorous 
until well after the maize has emerged. In Zambia, 
the Adaptive Research Planning Team (ARPT, 1986) 
found that the proportion of fertilized plots on 
which the timing of basal application was done 
within a month after planting averaged 37 percent 
for the plateau region. The effect on yield of delayed 
basal dressing is shown in Figure 4. 

Mengel and Barber (1974) studied the nutrient 
requirement of maize under field conditions. They 
found that the nutrient requirement per m root 
length per day is especially high in the early stage of 
growth and rapidly declines as the crop develops. 
The young plant has a small root system. The level 
of nutrients in the root zone therefore needs to be 
high to facilitate uptake. Adequate plant nutrition in 
the early growth stages enables the plant to develop 
an extensive root system which can help to prevent 
drought stress and also enables the plant to realize 
its full yield potential. As the mobility of phosphate 
in the soil profile is comparatively low, the uptake of 
fertiliser phosphorous depends much on root 
growth and the root morphology of the crop. As the 
phosphorous demands of the young plant are high, 
phosphorous fertilisers must be in close proximity to 
the seed. The placement strategy should therefore 
be aimed at maximising the root surface area in 
contact with the phosphorous. 

Early application of phosphorous containing 
fertilizers at the time of land preparation is one 
strategy to improve timeliness of application. 
Because phosphorous is largely immobile in soil, 
there is no risk of leaching. Labour is less critical at 
the time of land preparation and anyway, 
application in bands before ploughing or ridging is 
less labour intensive than dollop application. 
Certainly where compound fertilizers containing 
nitrogen fertilizer are used, there is a risk that the 
nitrogen will be leached, but the potential yield loss 
is far greater than the value of any leached nitrogen 
fertilizer especially where timely planting is 
practised. . 

NUTRIENT INTERACTIONS AND THEIR� 
EFFECT ON NITROGEN UPTAKE� 

Nitrogen is the most limiting nutrient for maize 
production. This element is the primary constituent 
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of maize fertilizers for smallholder farmers. Maize 
response to nitrogen has been widely studied and 
simulati.on models developed that can predict yield 
when different rates of nitrogen are applied (IFDC, 
1989). 

Craswell and Godwin (1984) developed an index, 
Agronomic Efficiency, which is based on the 
difference between the grain yield from a fertilised 
and unfertilised crop divided by the fertilizer 
nitrogen applied. High agronomic efficiency is 
obtained if the yield increment per unit nitrogen 
applied is high. This is generally the case when the 
soil is low in available nitrogen and the rates of 
nitrogen application are not too high. A satisfactory 
recovery is obtained if the fertilizer applied is not 
lost from leaching, denitrification or immobilized, 
but largely taken up by the crop. 

If elements other than nitrogen are constraining 
yield, there will be a significant interaction between 
the elements when the critical constraint is 
alleViated. Fertilizer response trials are importanUo 
understand these potential interactions. In the 
1992/93 season, a fertilizer response trial was 
planted at 25 sites in Lilongwe and Kasungu ADDs 
in Malawi to run concurrently with the 
demonstration trials described earlier. A central 
composite design was used to study the response of 
maize to individual nutrients and the two-way 
interactions between nutrients. The results showed 
that there was a significant and positive interaction 
between nitrogen and sulphur, but a negative 
interaction between sulphur and potassium. The 
implications of this are important. The application 
of nutrients that are not deficient can reduce the 
uptake of nutrients that are limiting. Apart from the 
additional costs, the fertilizer use efficiency is 
reduced. 

ORGANIC MATTER AND ALTERNATIVES FOR 
RESOURCE POOR FARMERS 

Traditionally, farmers maintained soil fertility by 
shifting cultivation. This system involves the 
clearing of small forested areas followed by 'the 
burning of debris just before the rainy season. The 
bUrning helps to control pests and diseases, and 
accelerates the decomposition of organic matter in 
the top layers of the soil. About half of the nitrogen 
and phosphorous in the burnt material, and nearly 
all the remaining nutrients, are released to the soil 
from the ash after burning. These nutrients are 
flushed from the ash by the rain and have the effect 
of raising the pH of the upper layer of the soil as 
well as incorporating the nutrients. Nutrients in 
concentrated form are thus available for one or two 
years after clearing. The quantity and quality of 
these nutrients depends on the native fertility of the 
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soil (Okigbo, 1984; Seubert et al., 1977; Lal et al., 
1986). As nutrients are removed by crop harvests or 
lost through leaching and volatilization, soil fertility 
declines. 

The secondary forest grows rapidly during the 
fallow, using the nutrients remaining in the soil (Nye 
and Greenland 1960; Ramakrishnan and Toky 1981). 
Essential minerals are extracted from lower soil 
layers during regrowth and brought to the surface 
by trees. Unlike nitrogen fixation, nutrient 
replacement is a slow process that concentrates 
nutrients where they can be used to grow a crop, but 
does not add nutrients to the system. Ruthenburg 
(1980) distinguishes between different systems on 
the basis of vegetation. Shifting cultivation of the 
forest is confined largely to humid areas, while bush 
and savannas are commonly found in the drier 
climates typical of Eastern and Southern Africa. In 
the Miombo woodland of Zambia, two years of 
cropping were followed by 25 years of fallow, 
demonstrating the importance of long-term 
regenerative fallows under drier conditions. 

As the length of the fallow period is reduced, the 
equilibrium levels of soil organic carbon and organic 
nitrogen decline. The maintenance of organic matter 
is therefore essential for agricultural systems where 
inorganic fertilizer is not used. Soil organic matter 
in such systems supplies most of the nitrogen and 
sulphur to plants, maintains the cation exchange 
capacity and forms complexes with micronutrients. 
It is also important in supplying phosphorous' to 
plants and blocking phosphorous fixation sites 
(Greenland and Dart 1972). 

As populations have increased, shifting cultivation 
has largely been replaced by sedentary agriculture. 
Malawi provides a good example of the problems 
that can be expected. It is one of the most dense~ 

populated countries in Africa (± 75 people km- ) 
with an average of only 0.48 ha arable land person-I. 
Only Nigeria, Rwanda and Burundi have higher 
population densities; neighbouring Zambia has 
about five people km-2 while Zimbabwe, 
Mozambique and Tanzania have about 15 people 
km-2. Once population densities exceed about eight 
persons per square kilometre, the length of the 
fallow period is insufficient to allow adequate 
accumulation of soil nutrients in the upper layers of 
the soil (Sanchez, 1976). 

As bush fallow systems have been replaced- by 
sedentary agriculture, there is a tendency to ignore 
soil organic matter in favour of inorganic fertilizers. 
Soil organic matter is important in both systems. 
First, it has the potential to increase fertilizer use 
efficiency even where inorganic fertilizers are used. 
Second, where inorganic fertilizers are not used, soil 
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organic matter can supply nutrients to crops just as 
in shifting cultivation systems already described. 

Blackie (1994) has described the problems facing 
many smallholder farmers in eastern and southern 
Africa. The first section of this paper has focused on 
soil fertility research and inorganic fertilizers. 
Although there is good evidence to show that 
fertilizer use efficiency can be improved, there is a 
growing constituency of resource poor farmers for 
whom inorganic fertilizers are just not affordable. It 
should also be evident that the use of inorganic 
fertilizers is a sophisticated technology that needs to 
be monitored and refined to ensure high fertilizer 
use efficiency. Simple fertilizer recommendations 
with little or no monitoring of soil fertility changes 
can result in reduced fertility use efficiency to levels 
that make the technology unprofitable. Farmers are 
aware of these problems, but do not have the 
experience or access to resources to rectify them. 
Farmers in the southern region of Malawi made the 
astute comment that ''fertilizers damage soil" (Jones 
and Sakala, 1991). 

The role of soil organic matter in traditional farming 
systems has been described. Soil organic matter 
plays a key role in crop sustainability, primarily 
through its interactions with soil chemical and 
physical properties in relation to nutrient release, 
cation retention and soil structure. The value of soil 
matter is well recognised, but little is known about 
the processes that contribute to its three key roles. It 
is essential to improve understanding of the 
functioning of soil organic matter for low-input 
systems. 

Organic fertilizers, defined here as originating from 
decaying plant material, have been studied as 
components of fallow systems. Growing of green 
manure crops on fallow land has largely been 
rejected by smallholders because of labour and land 
constraints. The use of animal manures has long 
been promoted to increase soil fertility in 
smallholder agriculture. Grant (1967a/b) working in 
Zimbabwe studied the fertility of Sandveld soils 
under continuous cultivation with particular 
emphasis on effect of manure and nitrogen fertilizer 
on the base status of soil. In the first five years, 
exchangeable K, Ca, and pH levels of the plough 
layer were maintained. However, exchangeable Mg 
was depleted and this was reflected in foliar 
concentrations of Mg that had decreased to almost 
deficiency levels in·the fourth season. Annual 
applications of three and six tons ha-1 manure raised 
fertility of the soil by progressively increasing cation 
exchange capacity, exchangeable bases, and pH. 
Work by the Chemistry and Soil Research Institute 
(CSRI, 1964/65-1968/69) showed that the effect of 
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incorporating maize stover into the soil each season 
was negligible. Similar findings were reported by 
MacColl working in Malawi (1989; 1990). 
Conflicting results were obtained with manure over 
the same period. Mugwira (1985) and Mugwira and 
Mukurumbira (1985) carried out chemical and 
physical analysis of manure and found that the 
nitrogen and sand contents varied widely, hence the 
nutrient supplying power of manure was not only 
based on quantity but on quality. Despite the 
beneficial effects there are problems in producing 
both the quality and the quantity of manures and 
composts needed to affect soil fertility noticeably. 
Not all farmers keep livestock and therefore many 
do not have access to this resource. Much of the 
organic matter that is readily available to farmers is 
of poor quality and makes little, if any, difference 
when applied to soil. 

In recent years, agroforestry research has shown 
potential for the appropriate production of quality 
organic fertilizers under smallholder circumstances. 
In Malawi, research into alley cropping maize with 
Leucaena leucocephala has demonstrated that organic 
fertilizers can increase maize yields, although the 
biggest yield increase was obtained when both 
inorganic and organic fertilizers were applied. An 
experiment was conducted for three seasons to 
investigate the effect of maize plant population, 
inorganic nitrogen, and phosphorous on maize yield 
in plots where three Leucaena leaf application 
histories had been in effect for three years. These 
histories were: 1) leaves applied, 2) leaves removed, 
and 3) leaves removed with 100 kg N ha-1 added as 
inorganic fertilizer. In the 1990/91 season leaves 
were applied only to plots that had received leaves 
in the past, while in the 1991/92 and 1992/93 
seasons leaves were applied equalll to all plots. The 
application of 18 and 36 kg P ha- increased maize 
yields in plots where leaves and inorganic nitrogen 
at 30 and 60 kg N ha-1 were applied, with the 
highest yields being obtained where both leaves and 
inorganic nitrogen were added. In the 1991/92 and 
1992/93 seasons, leaf application history had no 
significant effect on yield. The addition of inorganic 
nitrogen up to 30.kg N ha-1 increased yield in all 
plots, and plots where phosphorous was applied in 
the 1990/91 season gave higher yields than those 
where no phosphorous was added. Plant 
population did not have a significant effect on yield 
in the first two seasons. In 1992/93 the highest yield 
was obtained at the highest population. Maize 
planted on ridges next to the Leucaena alleys yielded 
less than maize planted away from the hedgerows. 
The results show that the application of Leucaena 
prunings increased maize yields, but yields were 
still constrained by phosphorous that was not 
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present in sufficient quantities in the applied 
biomass. 

Although maize grown on ridges 45 cm away from 
the Leucaena hedgerows yielded less than maize 
further away from the hedgerows, trials carried out 
in previous seasons have shown that maize yields in 
the hedgerow. position are influenced by pruning 
management (Bunderson et al., 1991). In the three 
seasons that this trial was conducted, the hedgerows 
were pruned late relative to the growth of the maize, 
resulting in a slight yield reduction. However, it 
should be noted that the land area available for crop 
production in this system is the same as that where 
no Leucaena alleys have been planted. The 
interactions between maize position, nitrogen level 
and plant population suggest that there was 
considerable competition between the Leucaena 
hedges and the maize. 

Soil and plant analysis data confirmed that 
phosphorous was not cycled in large quantities by 
the trees, but that Ca, Mg, K and S were cycled in 
substantial quantities. Although nitrogen is 
supplied by the application of tree leaves, this 
nutrient was still a constraint on yield (Wendt et al., 
1993). 

The results from this trial support the hypothesis 
that organic inputs produced from an alley cropping 
system can have a beneficial effect on maize yields. 
However, a total reliance on organic manure could 
have limitations in areas where nutrients, other than 
nitrogen, are limiting, at least in the short term. This 
qualification is important as it applies to a large part 
of the area cultivated by smallholders. If the 
potential benefits of organic manure are to be 
realised, a fertilisation strategy needs to be adopted 
to satisfy the nutrient requirements from inorganic 
sources. Agroforestry may· therefore have its 
greatest impact on those farmers who can afford 
some fertilizer. However if inorganic fertilizers can 
be formulated and supplied to complement the 
nutrients from organic sources, then farmers will 
only need to buy smaller amounts of inorganic 
fertilizer that will be substantially cheaper because 
they contain fewer nutrients. The success of this 
strategy is just as dependent on soil fertility research 
to identify and quantify nutrient deficiencies as the 
research that has already been described for 
inorganic fertilizers. 

CONCLUSIONS 

Despite the long history of soil fertility research in 
eastern and southern Africa, the profitability of 
inorganic fertilizer use for many smallholder 
farmers is low. Simplistic fertilizer 
recommendations that either fail to address the full 
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range of nutrient deficiencies, or advocate the 
application of nutrients that are not limiting, reduce 
fertilizer use efficiency~ Existing fertilizer 
application methods and timing recommendations 
need to be re-evaluated with an understanding of 
the constraints faced by smallholders. Research is 
needed to better understand the interactions 
between nutrients and to identify nutrient 
deficiencies so that fertilizer recommendations can 
be tailored on an area basis. Soil fertility research 
needs to be backed up by effective soil and plant 
analytical services. Analytical methods to quantify 
the active fraction of organic matter and its 
contribution to improved fertilizer use efficiency are 
beginning to be developed. This will allow an 
important step forward in the ability to assess which 
agroforestry management techniques and residue 
inputs are most effective. 

The role of organic matter to increase fertilizer use 
efficiency and to supply nutrients where inorganic 
fertilizers are inappropriate needs to be studied. 
The production and management of organic manure 
is labour intensive. A detailed understanding of the 
labour constraints by farmers is needed to ensure 
that the full benefits of this technology can be 
realised. 
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ABSTRAcr 

About 52% of farmers' time in Uganda is devoted to land preparation and control of weeds. A hand hoe 
is commonly used for opening up land and weeding. An experiment to compare the effect of minimum 
and conventional tillage methods on the yield and yield parameters of maize and beans and to 
determine its effect on the response of the system to Rhizobium and fertilizer application was 
conducted on-farm in 1991 and 1992. Results indicate that tillage methods were not significantly 
different in their effect on the yield of maize and beans but higher maize yield figures were observed 
in the conventional tillage method. Fertilizer application increased maize yield but reduced bean 
yield. Though not significant, Rhizobium alone increased bean yield but the interaction of Rhizobium 
and fertilizer resulted in lower yields although yielding higher than fertiliser alone. The different 
systems were not significantly different in their productivity as indicated by the non-significance of 
gross benefit and land equivalent ratios. 

INTRODUcrlON� harvesting damages the soil structure and increases 
compaction. It disrupts and destroys the large and~Maize (Zea mays L.) is one of Uganda's principal 
small soil pore space, essential for air and waterstaple cereal food crops and it occupies about 
movement and storage. 400,000 hectares. It is mainly grown in the districts 

of Masindi, Iganga, Kapchorwa, Arua, Tororo and Minimum tillage (MT) is associated with higher 
Lira. Maize production occurs at low altitude «900 rates of water infiltration, less soil resistance to 
m elev_ation), mid-altitude (900-1,500 m elevation) penetration, less soil compaction and less soil 
and high altitude (>1,500 m elevation) but the erosion besides resulting in equal or greater yields 
majority is in the mid-altitude areas. Beans cover than Cf (Gallaher, 1980; Michieka, 1985). Indirect 
about 380,000 hectares mainly in the above districts. effects of MT are less weeds, more root growth, 
The two crops are key in the barter trade better vegetation growth, and less lodging. The 
arrangement within the preferential trade areas. effect on soil and water conservation has been 
Although for years intercropping has been regarded directly related to the presence. of mulch (plant 
as a primitive and disorderly farming practice, residues). 
approximately 90% of the beans in Uganda are Greater nutrient uptake by interctopping has been 
produced in association with other crops especially reported for nitrogen (Wahua, 1983), potassium 
maize (Baguma et ai., 1993). (Dalal, 1974; Wahua, 1983), calcium (Dalal, 1974; 
Seedbed preparation and the control of weeds Wahua, 1983) and and for magnesium (Dalal, 1974). 
continue to present severe limitations to the This leads to a more rapid depletion of natural soil 
improvement of food crop production by fertility and might necessitate higher fertilizer 
smallholder farmers in Uganda. In general about application rates (Mason et ai.; in Waddington et ai., 
52% of their seasonal farm inputs are allocated to 1989). Research was intiated to establish whether a 
these two production operations. The commonly maize/bean system would respond to Rhizobium 
used implement for opening up land and weeding is inoculation and fertilizer application under two 
a hand hoe. This method is slow, tedious and exerts tillage methods. 
a lot of drudgery to the user. The number of OBJECfIVES
weedings is a function of the method of land 
preparation. Some farmers use tractors in order to 1. To compare the effect of muumum and 
open up land but they do not often get the tractor at conventional tillage methods on the yield of 
the time they need it. maize and beans. 

Frequent conventional tillage (cr) operations are 2. To determine the effect of minimum and 
rarely beneficial, and frequently detrimental, in conventional tillage on the response Rhizobium 
addition to being costly. Paradoxically, the same and fertilizer applications. 
equipment used for tillage, planting, cultivation and 
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Table 1: The yield performance, gross benefit and land equivalent ratios values as influenced by tillage, Rhizobium and fertilizer in the intercrop 
system in Mityana, 1992A. 

Yield (kg ha'!) Gross LER 
Production System Maize Beans Benefit (USS) 
1, Convention + No Rhizobium + No fertilizer 2692 712 483 2,21 
2, Convention + No Rhizobium + Fertilizer 2562 651 452 1.12 
3. Convention + Rhizobium + No Fertilizer 2508 923 528 1,37 
4, Conventional + Rhizobium + Fertilizer 3213 737 543 1.33 
5, Minimum + No Rhizobium + No Fertilizer 1438 549 312 0,81 
6, Minimum + No Rhizobium + Fertilizer 2512 541 414 1.01 
7, Minimum + Rhizobium + No Fertilizer 1151 755 342 0,95 
8, Minimum + Rhizobium +Fertilizer 3645 678 568 1.36 
CV% 42.7 20,2 16.1 
LSD NS NS NS 

MATERIALS AND METHODS RESULTS AND DISCUSSION 

The trial was conducted on farmers' fields in two Results for season 1992a indicate that tillage 
sites (Mityana and Masindi) during both seasons of methods were not significantly different in their 
1992 (1992A and 1992B). A split-plot design was effect on the yield of maize and beans (Table 1). 
used with the tillage method as the main plot. Fertilizer application significantly (Pa O.05) increased 
Rhizobium (with and Without) and fertilizer (with maize yields but reduced bean yields. Higher bean 
and without) were sub-plot treatments. Fertiliser yields were obtained with Rhizobium alone but was 
was applied to both crops in the plots that received not significantly different. The application of 
this treatment. Rhizobium was applied only to beans Rhizobium and fertilizer resulted in lower bean 
in plots that received this treatment. Each plot had 7 yields, although they were higher than fertiliser 
maize rows of 5 metre length with a space of at 75 alone. 
cm x 50 cm leaving 2 plants/hill. Six bean rows were The different systems were not significantly different equidistant between pairs of maize rows and beans 

in their productivity as indicated by the nonwere spaced at 15 cm intra-row. Nodule counts significance of gross benefit. Productivity, as
were taken on the 2nd and 5th bean rows and the 2 indicated by the gross benefit and LER did notmiddle bean rows were used for final yield data. significantly vary from one treatment to another.The maize data were taken on the 3 middle rows. 

The treatments did not significantly affect the yields 
Land equivalent ratios (LER) were computed using of maize and beans. Fertilizer significantly increased 
the largest yield value of each crop. Gross benefit maize yields (P-0.003) irrespective of the tillage
was computed using Shs.100/- and 300/ method.
(December 1992) per kg of maize and beans, 
respectively. In 1992b, bean yields were similar on both tillage 

systems and with Rhizobium inoculation (Table 2).
For the minimum tillage plots, glyphosate herbicide The productivity of the various systems was not
was applied and' the soil was opened only where significantly different as indicated by the gross
seeds were to be planted. For the conventional benefit and the LER values.
tillage method, a hand hoe was used to make the 
final seedbed. 

Table 2: The yield performance, gross benefit and LER values as influenced by tillage, Rhizobium and fertilizer in the intercrop system in Masindi, 
19928. 

Yield (kg ha·1) Gross LER 
Production System maize beans benefit (USS) 
1, Conventional +no Rhizobium+ no fertilizer 2376 346 341 1,40 
2. Conventional + No Rhizobium + Fertilizer 1909 304 282 1.18 
3, Conventional +Rhizobium+ No Fertilizer 3245 238 396 1.39 
4. Conventional +Rhizobium +Fertilizer 1439 232 214 0.90 
5. Minimum + No Rhizobium+ No Fertilizer 2890 273 371 1.38 
6, Minimum + No Rhizobium+ Fertilizer 1738 248 248 1.01 
7, Minimum + Rhizobium + No Fertilizer 3183 332 418 1,58 

258 1.15� 

CV(%) 20.2 23,2 15.6� 
LSD NS NS NS� 

8. Minimum +Rhizobium + Fertiliz&r 2148 292 

\ ......~ 
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CONCLUSION� 

Tillage method did not significantly affect the 
productivity of the various production systems. The 
few differences in treatment effects observed could 
have been due to chance or environmental 
differences. Thus a farmer could use either of the 
tillage methods depending on convinence. Socio
economic implications of this technology should be 
assesed before a meaningful recommendation is 
made. Fertilizer applicationion resulted in lower 
bean yields. Furthermore Rhizobium innoculation 
did not result in significantly higher bean yields in 
both seasons. This implies that the natural soil 
Rhizobium population should be assesed before 
innoculation. 
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ABSTRACf� 

A series of laboratory, greenhouse and field experiments were carried out to assess the effect of 
application of different levels of lime and phosphate on soil zinc availability, zinc uptake and the yield 
of maize using a sandy soil and a sandy clay loam soil. The laboratory incubation studies showed a 
very significant decrease in zinc availability with lime application. An increase in pH by 1.0 was 
found to increase zinc sorption by about 125% in the sandy soil and by 2900% in the sandy clay loam. 
The stud.y also showed that phosphate applications at the rate of 100 J&gP/g soil increased zinc sorption 
by about 28.8 per cent in sandy soil and 16 per cent in red clay soils. We conclude that application of P 
affected zinc sorption by an indirect pH effect and a possible CEC effect. Both pH and phosphate 
application reduced zinc uptake by maize. Increased response to zinc was observed at higher 
phosphate application rates. Zinc concentration of maize grown on sandy soils was observed to be 
about 2.3 times higher than that grown on sandy clay soils. 

INTRODUCfION� concluded that the "dilution" effect did not seem to 
prOVide a credible explanation for the reduced zinc

Zimbabwean soils are known to be acidic and 
concentration in plants upon P application in

deficient in phosphate. Most local management 
Zimbabwean soils. 

practices concentrate on liming the soils to correct 
pH and fertilizing the soil with the recommended Some of the variations observed in P-Zn 
amount of N P K fertilizer. In most cases the effect relationships may be explained by the differences in 
the liming and phosphate fertilization has on zinc chemical properties of the different soils, especially 
availability and uptake by crops is rarely considered. those of the temperate and warm climates. In soils 

of variable charge, adsorption of P may alter surface 
Research has been carried out to determine the effect 

properties of soil colloids and thereby change the 
of liming on zinc availability in soils. As pH 

effective CEC of the soils. Mekaru and Uehara
increases, with liming, zinc availability has always 

(1972) observed an increase in CEC from 26 to 127 
been observed to decrease. On the other hand, 

Cmol kg-1 with addition of NaH2P04 in soils high in 
reports on the effect of phosphorus on zinc 

free Fe oxides. These changes in chemical properties 
availability have been variable. Some researchers 

brought about by P addition can, therefore, change 
have observed that increasing P levels reduces zinc 

the equilibrium of zinc in soils and therefore affect 
uptake and yield as a result of an assumed P 

zinc uptake. 
induced zinc deficiency while others have reported 
the reverse. Still other researchers have concluded The objectives of the present study were (a) 
that zinc uptake and yield are unaffected by P-Zn determine the significance of lime and phosphate 
interaction (Tagwira, 1992). application on zinc availability and uptake by 

maize on the two most important� Zimbabwean
The P induced zinc deficiency, as this interaction has soils, and (b) attempt to explain the effect of P 
come to be called, has been attributed to soil or plant application on soil zinc availability. 
factors, such as either (a) a P-Zn interaction in soil, 
(b) a slow rate of zinc translocation from roots to MATERIALS AND METHODS 
shoots, (c) a "dilution" effect of zinc concentrations Experiment 1: Effect of lime and P addition on� 
in plant tops due to growth response to P, or (d)� zinc retention by soil.� 
metabolic disorders within the plant cells caused by� Soil samples were "mixed with lime at three 
P and Zn imbalance in the plant. Among the plant treatment levels of 0, 1200, 2400 kg ha-1 (0, 0.48 and 
factors the "dilution" effect has had greater support. 0.96 g kg -I) for sandy soil and 0, 4000, 8000 kg ha-1 
The "dilution" effect occurs when the rate of plant (0, 1.6 and 3.2 g kg-I) for sandy clay soil). The 
growth exceeds the rate of uptake of a plant nutrient differences in the liming rates for the two soils was 
and, in tum, the concentration of the nutrient in the due to the differences in the buffering capacities of 
tissue is reduced. In a study of two Zimbabwean the soils. The samples were incubated at 34.5 °C at 
soils we (Tagwira, Piha and Mugwira, 1993a; 1993b) 
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field capacity for 14 days. The soils were then mixed 
with P (KH2P04) at 0, 100, 500, 1000 and 2000 !J.gP 
per gram of dry soil and incubated for a further 14 
days. After the soils were air-dried, CEC was 
determined for each sample using the method 
described by Russell (1973). 

Zinc adsorption was determined for each sample by 
the following method. Five grams of each sample 
were placed in centrifuge tubes and mixed with 
50ml solutions of O.OlM CaCl2 containing the 
following zinc concentrations:- 0, 0.001, 0.005, 0.05, 
0.1, 0.5 and 1.0mM (as Zn504)' The samples were 
shaken at 25°C for 24hrs. A drop of alcohol was 
added to prevent growth of algae. After filtration 
the zinc concentration in solution was measured by 
atomic absorption spectrophotometry. Phosphate in 
each sample was determined by the method of 
Murphy and Riley (1972). 

Experiment 2: P effect on zinc sorption under 
controlled pH conditions. 
First equilibration. Duplicate five gram soil 
samples were equilibrated with 25ml solution 
containing P in the form of KH2P04 at a and 9mM 
concentrations in 50ml stoppered polypropylerte 
centrifuge tubes. The ionic strength of each solution 
was controlled using 0.03M KCI04. The mixtures of 
soil and solution were adjusted to initial pH values 
of 4.5, 6.0 and 7.0 (in O.OlM CaCIV for the sandy 
soils and 5.0, 6.0 and 7.5 for the sandy day soil, 
using HCI04 or KOH. The pHs were maintained or 
monitored for 2 hours before shaking. Centrifuge 
tubes were weighed before and after adjusting pH, 
to determine the volume change introduced by 
adjusting pH. The tubes were mixed for 72 hours on 
a reciprocating shaker to achieve near equilibrium 
conditions. The solutions were centrifuged at 12 000 
rpm for 10 minutes and filtered through Whatman 
no.2 filter paper. Supernatant solutions were 
analyzed for pH and zinc. 

Second equilibration. The tubes containing the 
residues from the first equilibration were weighed to 
determine how much P remained in the interstitial 

Table 1. Physical and chemical characteristics of Gwebi and Chiota soils. 

Soil clay silt pH pH 
% % CaCI2 water N 

ppm 
Sand clay 38 23 4.9 5.6 47 
Sandy 6 3 4.4 5.1 5 
Z'Iimba 8 3 4.3 5.0 4 
Makosa 5 3 4.9 5.6 4 
Panmure 45 22 4.8 5.5 25 

Sandy clay =Gwebi soil: Sandy soil =Chiota soil 
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solution. A 25ml solution of zinc at concentrations 
of 0, 0.5 and 1.0mM ZrtS04 in 0.03M KCI04 was 
added. The pH of each solution was adjusted over a 
period of two hours to make sure it stabilized before 
shaking, and weighed to monitor volume change. 
The solutions were equilibrated on a reciprocating 
shaker for 72 hours. They were then filtered and 
analyzed for pH (O.Olm CaCl2), zinc (using an 
atomic absorption spe~trophotometer) and 
phosphate (Murphy and Riley, 1972). 

From the amounts of zinc and P in solution, 
adsorption values were calculated. The experiment 
was repeated. 

Greenhouse Experiments. The two soils (a sandy 
soil from Chiota and a clay soil from Gw~bi), as 
characterized in Table 1, were used in the 
greenhouse experiments. Soils were air dried to 
pass through a 2mm stainless steel sieve. Ten 
kilogrammes of soil was placed in each pot. Three 
levels of P: 0, 120 and 240 kg ha-1P20S (0, 0.48 and 
0.96 g P20S/10kg pot of soil) together with three 
zinc levels: 0, 30 and 60 kg ha-1 Zn504 (0, 0.12 and 
0.24g Zn504/10kg pot of soil) were applied to the 
soils. Since the two soils had different textures and 
buffering capacities (Table 1), different levels of lime 
were required. For the sandy soil the lime rates used 
were 0, 600, 1200 and 2400kg ha-1 (0, 2.4, 4.8 and 
9.6g/10kg pot) while for the sandy clay soils the 
rates used were 0, 2000,4000 and 8000kg ha-1 (0,8.0, 
16, 32g/10kg pot). The other nutrients were added 
according to a fertilizer recommendation. 

The greenhouse experiments were arranged in 
completely randomized block designs with three 
replicates. Maize was grown in the pots and 
watered using distilled water passed through a 
deioniser. The maize was harvested six weeks after 
date of seedling emergence. Shoots and roots were 
harvested separately and oven-dried before 
weighing. Total P, and Zn were determined in each 
sample. The experiment was repeated three times in 
the case of the sandy soil and twice for the sandy 
clay soil. 

Resin Exchangeable EDTA CEC 
P20S K Ca Mg zn Cu 
ppm me% ppm 

3 0.07 4.15 1.58 1.00 1.8 7.00 
4 Q.14 0.52 0.24 0.80 1.4 1.94 
9 0.10 0.44 0.21 1.50 2.1 1.85 

14 0.13 1.28 0.39 0.49 1.9 1.56 
14 0.12 5.38 1.72 2.50 3.0 856 
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Field experiments. Two sandy soil sites and two 
clay soil sites were selected for the field experiments. 
The sandy soil sites were at Zvimba and Makosa 
while the sandy clay soil sites were Gwebi and 
Panmure. The following factors and levels were 
used: 

Lime: 0/800 and 3200kg ha-l in sandy soil 

Lime: 0/ 2000 and 8000kg ha-l in sandy clay soil 

P20 S: 0/80/ 160 and 800kg ha-l 

Zinc: 0/ 30kg ha-l znS04. 

Treatments were a factorial combination of lime, P 
and Zn factors arranged in a randomized complete 
block design. The treatments were replicated three 
times' and the plot sizes were 22.5m2. 

Table 2. Effect of KH2P04 phosphate source on pH of soil. 

Phosphate Sandy Soil 
applied 
f.JgP g-1 Lime rate applied (kg ha-1) 

o 1200 2400 
o 5.0 6.9 7.0 

100 5.7 6.8 6.8 
500 6.2 6.8 6.8 

1000 6.8 6.8 6.7� 
2000 6.8 6.8 6.7� 

Sandy Clay Soil 
Lime rate applied (kg ha-1) 

o 4000 8000 
o SA 7! ~8 

100 SA- 7.5 7.7 
500 5.6 7.6 7.8 

1000 6! 7! 71� 
2000 6.8 7.6 7.8� 

Table 3. Effect of lime and Pon zinc adsorption in two soils. 

Sandy soil 
Lime Phosphate Zinc 

applied adsorbed 
kg ha" f.JgP 9" f.J9 g-1 

o� 0 12.78� 
100 20.77� 
500 28.75� 

1000 31.95 
2000 

1200 0 43.13� 
100 54.31� 
500 63.90� 

1000 84.47 
2000 

2400 0 130.99� 
100 172.52� 
500 242.81� 

1000 298.72 
2000 

Tagwira et al. 

Lime was applied 30 days before application of P 
and Zn to allow it to react with the soil. Other 
nutrients were applied according to a fertilizer 
recommendation. The maize hybrid, R201, was 
planted. Ammonium nitrate topdressing was 
applied 6 weeks after crop emergence. Maize yield 
per hectare was recorded after harvest. 

RESULTS AND DISCUSSION 

Effect of pH and P on zinc adsorption by soil. The 
physico-chemical properties of the soils used in the 
experiment are given in Table 1. In experiment 1/ 
application of phosphate as I<H2P04 increased pH 
in treatments where lime was not applied in both 
soils (Table 2). Where lime was applied, phosphate 
did not have a Significant effect on soil pH. The 
phosphate material used had a neutralizing effect 
and therefore affected low pH soils. Table 3 shows 
that pH increased due to liming and P application 
increased zinc adsorption in both soils. Table 2 
shows that at zero P applied, the application of 
1200kg ha-llime increased pH by 1.90 in the sandy 
soils and 4000kg ha-llime increased pH by 2.1 units 
in the red clay soil. Assuming a linear increase in 
zinc adsorption with pH, zinc adsorbed (Table 3) 
increased by 125 per cent in the sandy soil and 2904 
per cent in the sandy clay soil per unit increase in 
pH. 

Where no lime was added, the addition of 100J.1g P 
g-l soil increased zinc adsorption by 62.5% in the 
sandy soil and by 100 per cent in the red clay soil. 
Where soils were limed, the addition of 100J.1g P g-1 
soil increased zinc adsorption by 28.8 per cent in 

Sandy clay soil 
Lime Phosphate Zinc 

applied adsorbed 
kg ha" f.J99'1 
o o 3.19 

100 6.39 
500 12.77 

1000 19.17 
2000 25.56 

4000 o 95.85 
100 114.06 
500 124.60 

1000 134.19 
.2000 143.77 

8000 o 188.50 
100 214.06 
500 233.23 

1000 258.78 
2000 281.15 
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sandy soil and 16.3 per cent in the red clay. An 
explanation for the greater effect of P in limed soil 
can be obtained from Table 2. Where lime was not 
applied the application of phosphate had a 
significant effect in changing soil pH. Where soils 
had already been limed, the application of 
phosphate did not change the soil p;H. The 
significant difference in zinc adsorption with P 
application in the limed and unlimed soil is 
therefore explained by the pH changing effect of the 
phosphate material. 

The above results showed that pH had a very strong 
effect on zinc adsorption. Small changes in pH 
resulted in large changes in zinc adsorption and thus 
zinc availability. It is therefore noted that any 
phosphate material that has an effect on pH will 
affect zinc adsorption through an indirect pH effect 
resulting from the P application. Apart from the pH 
effect caused by P application, there was also a 
phosphate effect which was not governed by pH 
changes. These conclusions were confirmed by the 
results of Experiment 2 (Table 4). In this experiment 
the pH of soil solutions containing different P levels 
was controlled. Results showed that even if P did 
not alter pH of the soil solution, there was still 
another smaller but significant effect of P on zinc 
adsorption. 

In Table 5 we show that application of phosphate 
also resulted in an increase in the effective CEC of 
the soil. That increase is consistent with results 
obtained by Gillman and Fox (1980); Kuo and 
MacNeal (1984) and Mekaru and Uehara (1972). 
Application of 100j.1gP g-l increased the CEC by 3 
per cent in the sandy soil and by 9 per cent in the 
clay soil. Table 6 shows a strong correlation between 
CEC and zinc adsorbed (0.87 in sandy soil and 0.84 
in clay soil). In the greenhouse experiments a strong 
relationship between zinc concentration in maize 
plants and CEC of the different soils was also found 
(Sandy soil R2 • - 0.712; Sandy clay soil R2 • -0.930). 

The increased zinc adsorption with P addition is 
possibly a result of changes in CEC. Saeed and Fox 
(1979) and Xie and Mackenzie (1988) observed an 
increase in CEC with phosphate application and 
concluded that this increased negative charge was 
responsible for the increase in zinc sorption. 

Effect of pH and P application on zinc uptake by 
maize. In the greenhouse experiments, both pH and 
applied phosphate significantly decreased zinc 
uptake by maize. In the sandy soil a pH change of 
0.8 units (from 4.4 to 5.2) reduced zinc concentration 
by about 65 per cent in shoots and 61 per cent in 
roots (Figure 1). At pH 4.9 the application of 240kg 
ha-1 P20S reduced zinc concentration in maize 
shoots and roots by about 50 and 31 per cent, 
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respectively. In the clay soil (Figure 2) a pH change 
of 1.1 units (4.9 to 5.9) resulted in a decrease in zinc 
concentration of about 40 per cent in shoots and 50 
per cent in roots. P application also significantly 
reduced the zinc concentration in maize tissue. 

In the sandy clay soils the maize plants generally 
took up less zinc than in the sandy soil (Figures 1 
and 2). At pH 4.9 the concentration of zinc in maize 
grown on sandy soils was 2.3 times greater than the 
concentration in maize grown on clay soils. The 
difference in zinc uptake was due to the differences 
in the CEC and clay content of the soils. In the 
sandy soils the low clay content and CEC meant 
more zinc was in solution and more likely to be 
taken up by plants. The implication of this is that in 
situations where stover in not returned to the same 
field, as in Communal Areas, the sandy soils will 
become zinc deficient faster than the clay soils. 

Effect of P and Zn on yield. Figure 3 shows that the 
dry matter yield response to applied zinc increases 
with increase in phosphate applied. This is a result 
of more plant growth where P was applied, and 
therefore a greater demand for zinc. 

Table 4. Effect of phosphate on Zinc sorption at controlled pH. 

Zinc applied pH No Padded Padded 
Zo-s (fJg g-1) Zn-s (fJg g) -1 

Sandy Soil 

0.5 4.5 8.06 11.77 
0.5 6.5 59,08 66.70 
0.5 7.5 88.96 94.93 

sandy Clay 5011 

0.5 5.0 80.08 107.92 
0.5 6.0 111.80 117,21 
0.5 7.5 121.79 128.51 

Zn-s =- zinc sorbed 

Table 5. Effect of sorbed Pon eEe and zinc sorption. 

pH Padded eEe Zinc sorbed 
IJgP g-1 soil me 10Qg-1 soil H9 Zo g-1 soil 

Sandy Soil 
7.0 0 3.09 122.5 
7,0 100 3.19 147.7 
7.0 500 3.65 156.5 
7.0 1000 3.81 158.4 

Sandy Clay Soli 

7.6 0 11.05 163.3 
7.6 100 12.04 165,8 
7.6 500 13.67 169.5 
7,6 1000 15.20 173,1 
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Figure 1. Effect of pH on maize Zinc concentration at different P levels. 
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Figure 2. Effect of pH on maize Zinc concentration at different P levels. (Sandy clay soil) 
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Figure 3. Effect of Zinc on dry matter yield at different P levels. 
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Table 6. Correlations between pH, CEC and Psorbed (Ps) with zinc sorbed (Zns). 

pH Ps CEC 
Sandy Soil 

Zns 0.87*" 0.57* 0,87*" 
pH 0.22 0.66* 
Ps 0.76** 

Sandy Clay Soli 

Zns 0.90'" 0.37* 0.84·" 
pH 0.16 0.85'" 
Ps 0.38* 
NS =Not Significant, **. =Sig. at 0.1 %, • =Sig. at 5% 

Table 7. Effect of phosphate and zinc on yield in field trials. 

Fertilizer rate 
Phosphate Zinc Gwebi Gwebi 

kg ha-' Yr1 Yr2 
a 0 5.13 5.66 
0 3 4.33 5.87 

80 a 
80 3 

160 0 5.31 7.84 
160 3 5.16 8.19 
800 a 5.55 8.98 
800 3 5.74 9.58...P NS 
Zn NS NS 

NS =Not Significant, ... =Sig. at 0.1%, * =Sig. at 5% 

Table 7 shows yields of maize in field trials. In the 
Gwebi trial there was a very significant response to 
applied phosphate in the second and third year. 
Response to applied zinc was observed in the third 
year. The zinc response in the third year shows that 
zinc level in the soil decreased during the first two 
cropping seasons. In the Makosa trial there was also 
a response tO I zinc application. The available zinc 
status at Makosa was below a critical level 
(Madziva, 1981) of 0.5 ppm. No yield response to 
zinc application was observed at Panmure and 
Zvimba. The lack of response to zinc on these sites 
was because the zinc status of those sites was above 
the critical level. 

CONCLUSION 

The results of this research show that any fertilizer 
application that causes a small change in pH causes 
significant changes in zinc adsorption. This means 
that any soil management practice that affects soil 
pH will have an effect on zinc adsorption. The 
relationship between CEC and zinc adsorption 
needs further research to determine whether it may 
playa part in increased zinc adsorption. The high 
zinc uptake by maize grown on sandy soil means 
that in communal areas where stover is given to 
livestock feeding, the zinc depletion rate for a sandy 

Maize yield (t ha-') 
Gwebi Makosa Zvimba Panmure 
Yr3 

1.55 0.50 6.83 6.20 
1.71 0.66 7.17 5.20 

1.97 7.26 5.25 
2.22 7.48 5.96 

4.32 2.62 6.89 5.75 
4.73 2.59 7.50 5.87 
5.14 2.86 7.36 6.49 
5.86 3.25... 7.87 

NS 
6.43 

NS 
NS NS 

soil will be much higher than for a clay soil, if 
manure is not returned to the same fields. 

The observed increased response to zinc with P 
application shows that adequate zinc levels in the 
soil will enhance maize response to fertilizer 
phosphate. The response to zinc in the third year at 
Gwebi supports the current Zimbabwe 
recommendation of applying a fertilizer containing 
Zn once every three to four years. 
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EFFECTS OF BANDED· P, SOLUBLE· P AND RESIDUAL - P� 

ON MOLLIe ANDOSOL� 

H.G.MWANGI 

National Plant Breeding Research Centre, P.O. Njoro, Kenya. 

ABSTRACf 

Two field trials were carried out simultaneously on a high phosphorous (P) fixing Mollie Andosol to 
determine the effects of soluble P, banded P and residual P on maize (Zea mays, L.) yields at 0 (-N) and 
80 kg N ha-1 (+N). In one trial, six treatments of 0, 50, 100, 200, 500, 1000 kg P ha-1 were applied by 
broadcasting and incorporation, and left to equilibrate in the soil. After 5 months, the top soil from 
the plots was sampled and analysed giving 9, 11.8, 21.4, 30.3, 57.2 and 72 I1g P g-l at planting. A second 
trial was laid adjacent to the first trial and comprised of 0 (PO), 20 (PI), 40 (P2), 60 (P3), 80 (P4), 100 
(P5) kg P ha-1 of banded P at planting. Forty two days after germination (DAG), strong synergistic 
effects were observed between P and early growth dry matter yield EGDMY, and Nand (EGDMY). Dry 
matter yield increased progressively with amount of soluble P up to the highest level of 72.0 Ilg g-l. 
For banded P, no resronse was obtained beyond 80 kg P ha-1 in the +N treatment. Grain yields 
increased to 8.59 t ha- at 72.0 Ilg P g-1 in +N treat~ent and 6.84 t ha-1 in -N treatment. Each unit of 
soluble P gave an estimated grain yield of 0.2 t ha- . When P was banded, nitrogen influenced grain 
yield up to P3. Maximum yield (7.26 t ha-1) was attained at P4 in +N treatment and 7.0 t ha-1 at -N 
treatment. In the second season, P was not applied however the residual P at planting was 9, 10,22, 
31,40,46 I1g g-1 soil respectively. DMY, grain yield were lower in comparison. GY being 6.10 t ha-1 for 
residual broadcast Pat 46 ~g g-l soil +N, and 3.65 t ha-1 at P6 +N. 

INTRODUCfION MATERIALS AND METHODS 

Although the Rift Valley of Kenya has for a long The field experiments were conducted at the 
time taken the lead in food production, there have National Plant Breeding Research Centre, (NPBRC) 
been reports of declining yields from this area in Njoro, which is 2160 m above sea level and receives 
recent years. The declining production has been an average annual rainfall of 931 mm. The 
reflected in national food production. An example is experimental field was previously under grass for 2 
maize whose bulk production comes from this area. years. The soil is classified as a mollie Andosol 
The national average yield was 1.92 t ha-1, 1.87 t ha-1 Gaetzold and Schmidt, 1983), with 9 !Jog g-! P 
and 1.84 t ha-1 in 1989, 1990, 1991, 'respectively (Kamparanth, 1967). The clay (44%), is 
(Shaw, 1992). Besides adverse weather, farmer characterized by the high percentage of allophane 
practice have contributed to declining production. (amorphous hydrated Al silicates) which contributes 
There has been a continuous monoculture of high to a high P-fixing power (Muchena, 1981), copper 
yielding varieties with little or no fertilizer applied. deficiency (Butters, 1945), pH of 5.6, sand 50% 
Phosphorus is second to nitrogen in limiting yields organic carbon 2.4%, and base saturation of 81 %. 
in Kenya (Olsen and Drier, 1956; Muriuki and Five months before planting in March 1990 the site 
Barber, 1980). The later has been shown to enhance was ploughed and harrowed 4 times. There were 2 
crop response to applied P (Parks and Safely, 1977). trials in one site. For each trial the design was 2x6 
Fertilizers have become very costly which results in factorial RCB replicated 3 times, with 36 plots of 4.5 
farmers reducing the amount applied per unit area m x 6 m. Broadcast P (TSP 46%P) was applied at 0, 
or the area cultivated. Too little or too much 50, 100, 200, SOD, 1,000 kg ha-1 incorporated at 15 cm 
fertilizer result in a loss of profits. Presently, depth soon after harrowing to react and equilibrate 
recommendations for fertilizer P rates on the soil are with the soil from November 1989 to March 1990 
empirically based on soil test values and crop before planting. During this time, there was a total 
history of land. However, field trials that correlate of 355.6 mm of rain. In wet conditions like this, 
soil analyse P and yields would give better reaction between soil and P is increased (Barrow, 
recommendations. Such trials may be conducted in 1972). Banded P was applied at seeding time at 
diverse areas where the soil has not had liberal P o ~O), 20 (Pl), 40 (P2), 60 (P3), 80 (P4), 100 (P5), kg 
applied and N, Cu, and other elements are available ha- in furrows. At planting, all of the 72 plots were 
sufficiently so as not to limit yields. The objective of dug into 15 em depth then had a basal ,?plication of 
this experiment was to investigate the effects of copper at 4 kg ha- and zinc at 4 kg ha- , to alleviate 
banded P, soluble P and residual P on early growth Zn deficiency that may be induced by high rates of P 
and grain yield of maize grown on a mollie Andosol (Gitonga, 1980). The furrows were dug at 75 cm 
of Rift Valley. spacing and 15 em depth. The first dose of N (CAN 
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26% N) was applied in the furrows at 0 or 40 kg ha-1. 

In the banded P trial, P and N were mixed and 
applied in the same furrow. Then all the furrows 
were filled with the soil up to 5 em depth. Two 
maize seeds (H625) were placed 25 em to the side of 
the band such that the fertilizer was 10 em below the 
seed for efficient utilization (Toews, 1984). Forty 
two days after germination (OAG), fifteen plants per 
plot were sampled and oven dried at 60°C for dry 
matter (OM) yield. Soil samples (0-15 em depth) 
were taken from plots which received broadcast p/ 
for soluble P determination and were analysed using 
the Me~lich method (Mehlich, et ai., 1962). All plots 
were thmned to 1 plant/hill, in order to achieve a 
density of 55,000 plants ha'l and a second dose of N 
at 0 or 40 kg N ha'l top dressed the same day. At 
harvest, grain yields were adjusted to 12.5% 
moisture content. Stover was removed and plots 
kept weed free until the next planting in 1991. No P 
was applied at the next planting. OMY and grain 
yield data were analysed by ANOVA using 
MSTATC. 

RESULTS AND DISCUSSION 

Early growth. In early growth (42 OAG), there was 
no response to applied N for plots with no applied 
P. There was a slight response to applied P with -N. 
For applied P or soluble P with N / there was 
splendid crop response to both nutrients, indicating 
a strong interraction between P and N (P<0.05) 
(Tables 1 and 2). The EGOMY at highest P rate was 
168 g per plot. The EGOMY potential for banded P 
was attained at 40 kg P ha-l being 90.2 g per plot but 
was much lower than that. for broadcast P, which 
evidently lay beyond 168 g per plot. It was argued 
that there may be some spatial limitations that 
hinder plant roots from maximum utilization of a 
localised fertilizer band. It was reasoned that in 
early growth stages, the vegetation yield is higher 
for broadcasted P than for banded P because P 
moves very little, and where broadcasted, more 
plant root surface area will intercept, contact and 

Table 1. Effect of banded Pon grain yield of maize. 

o 20 

okg Nha-1 3.2 3.1 
80 kg N ha-1 3.2 5 

Table 2. Effect of banded Pon early growth of maize. 

0 20 

okg Nha-1 16 28 
80 kg Nha-1 16 38 

Mwangi 

exploit P to increase both OMY and grain yield. 

Grain yields. Banded P, levels above P3 at +N 
treatment did ~ot significantly increase grain yield 
(P<0.05). MaXimum grain yield (7.26 t ha-l ) was 
attained at PS, with +N treatment but P3 could be 
the most economical amount of P that could be 
banded in this soil for efficient utilization by maize 
(Table l):tor broadcast P, the h~hest grain yields 
(8.59 t ha ) were at 1,000 kg P ha' (72.0 J.lg g-l) with 
+N. tre~tment (Table 2)/ and is among the highest 
gram yield ever recorded for the soil. Each unit of 
soluble P gave an estimated grain yield of 0.2 t ha-l . 
In earlier work with a humic Nitosol it was found 
tha~ .mixing. individual phosphorus and nitrogen 
fer~hze~s With a larger volume of soil gave higher 
gram yield than mixing individual fertilizer with 
more soil in the absence of the other (Gitonga, 1980). 
Others working with high P fixing soils came up 
with similar findings (Kamparanth, 1967). 

There was lower DMY and grain yield from residual 
P than the previous season for both broadcast and 
ba~ded (fables 5 and 6). Highest grain yield (6.10 t 
ha ) for broadcast P at 46 J.1g gol, +N and 3.65 t ha-l 

where soil had previously received banded P at P6, 
+ N.. This was attributed to P-fixation, leaching, and 
nutrient removal by the previous crop. In another 
study a harvested maize crop was found to remove 
139 kg K ha-l , 23 kg Ca ha-l , 16 kg P haol, 11 kg Mg 
ha-l (Qureshi, 1990). 

Finally the yields are dependent on initial available 
P and N; a soil with higher amounts would give 
lower crop response to applied P and N. This fact 
makes it difficult to compare the two methods of P 
application and the yields. Nevertheless, table 2 can 
be used to give an estimate of grain yield potential 
of the Andosol; after determining the initial amount 
of soluble P when no P is applied. Similarly Table 1 
can be used to give a prediction on grain yield 
response to banded P. 

Banded P (kg ha- i) 
40 60 

Grain yield (t ha-1) 
4.0 4.5 
6.4 6.8 

Banded P(kg ha' i) 
40 60 
Weight of 15 plants (gm) 

34 32 
90 88 

80 100 

7.2 7.3 
6.9 7.3 

80 100 

40 42 
80 86 
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Table 3. Effect of broadcast Pon grain yields of maize. 

Level of soluble P (I-Jg Pg •i of soil)� 
Nlevel 9 11.8 21.4 30.3 57.2 72� 

Grain yield (kg ha-1) 
okg Nha'\ 3.1 4 3.6 5.4 6.6 6.9 
80 kg Nha-1, 3.6 4.6 5.4 6.7 7.7 8.5 

Table 4. Effect of broadcast Pon early growth of maize. 

Level of soluble P (I-Jg Pg'i of soil)� 
N level 9 11.8 21.4 30,3 57,2 72� 

Gm weight of 15 plants� 
okg Nha·1, 12 22 28 42 52 60� 
80 kg Nha·1, 16 36 44 84 96 168� 

Table 5. Effect of residual P (broadcast) on the grain yield of maize. 

Level of soluble P (I-Jg Pg'i of soil) 
Nlevel 9 10 22 31 40 46 

(kg ha·1) 
okg Nha-1, 2,35 2,31 3,2 3.5 4,3 5,8 
80 kg Nha-1, 2.7 2.9 4,25 5,3 5.7 6,2 

Table 6. Effect of residual P (banded) on the grain yield of maize. Kamparanth, E.J. 1967. Residual effects of large 
applications of P in high P-fixing soils. Agron. J. 

Level of P With 0 kg N With 80 kg N 59: 25-27. o 1.5 1.9 
20 1.9 2.0 Mehlich, A. Pinkerton, A. Robertson, W. and 
40 2,3 2.3 Kempton, R 1962. Mass analysis method for
60 1.9 1,6 

fertility evaluation. (internal document). National 80 2.3 3.0 
Agricultural Research Laboratories. Kenya. 100 3,4 3,6 

Muchena, F.N. 1981. An outline of the major soils of 
Kenya. 5th. AGM of the Soil Sci. Soc. of E.A.,
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ABSTRACT 

The direct and residual effect of medium-term applications of maize residues (stover, 4 t ha-I season-I) 
and/or mineral fertilizer (0, and 50 kg N ha-I season-I) on uptake and use efficiency of nitrogen and dry 
matter yield of maize was examined for four seasons (1991 SII, 1992 SI and II and 1993 SI) on a humic 
Nitisol (semi-humid region, NARL site) and a chromic Luvisol (semi-arid region, NDFRC site). 
Treatments in the field trial were: residue removal (RR), residue mulch (RM), half residue mulch and 
half residue incorporated (RMC) and residue incorporated (RI), each with and without N application. 
During the season of trial establishment (1991 SII), mulching (RM, and also RMC) with inorganic 
fertilizer application substantially enhanced N uptake (by 50%) and use efficiency more than RI at 
NARL; but N uptake and use efficiency did not vary significantly under all treatments without N 
application. This response however reversed during successive seasons (1991 - 1993), whereby total N 
uptake was in the order RI > RR > RMC > RM. At NDFRC, N uptake and use efficiency response 
pattern was in the order of RI > RMC > RM > RR throughout the experimental period. Inorganic N 
fertilizer application improved uptake at both sites, during all seasons. In terms of maize grain yield, 
both sites showed trends of response similar to N uptake patterns, indicating maize response to 
nutritional (N) stress, and (albeit less so) adverse soil temperature and soil water stresses (eg. 1991 SII 
at NARL). Clearly, rainfall amount and distribution rather than mere totals determined uptake and 
dry matter production. High harvest index and high dry matter production correlation (positive) was 
only evident under relatively drier (water stressed) and inherently lower fertility (low soil organic 
matter) conditions. These results suggest that the incorporation of maize residues (except during the 
season of trial establishment or on moderately more fertile soils), plus some inorganic N fertilizer 
application, is a promising option for soil management and improvement of maize production. 
Incorporation of seasonal carryover stover (accruing from mulching), on tillage, is apparently an 
undesirable practice, due to resulting N immobilization in asynchrony to maize N requirements. 

INTRODUCTION� through volatilization and leaching), through 
immobilization and mineralization of N in

Per capita food production in Sub-Saharan Africa synchrony with crop demand (Swift, 1985; 1986). 
continues to decline (Van Reuler &� Prins, 1993). The Apparent N Recovery Efficiency (ANRE)
Increased and sustained production in Tropical (Fageria, 1992), provides a useful index of this 
Africa requires appropriate soil management Residues may also conserve nutrients by protecting 
practices, involving the integrated use of organic the soil from erosion, through surface protection as a 
and inorganic resources Ganssen, 1993). A recent mulch, and/or through improved� soil physical
survey in countries of Sub-Saharan Africa shows structure, water infiltration and moisture status. 
that on average, soils are being depleted of 22 kg N, 
2.5 kg P, and 15 kg K ha-1 per year (Stoorvogel et al., Maize stover, the most abundant crop residue, has a 

number of uses in Eastern and Southern Africa, 1993). In Kisii, a high potential area in Kenya, it has 
including as a livestock feed, for animal bedding, been estimated that nutrients are being depleted 
shelter and fuel (Bationo and Mokwunye, 1991). Use from the soil at a rate of 110 kg N, 3 kg P, and 70 kg 
of stover as a soil amendment is often limited due toha-1 per year (Smaling, 1993). Improved crop 
its impediment to mechanical and hand tillage, andresidue management is an essential part of the 
negative effects on crop productivity arising from strategy to reduce the nutrient deficit. For example, 
incidence and carryover of pests (Macharia, 1988), crop residues are a valuable source of nutrients; a 
diseases (Osunlaja, 1990), al1elopathy (Cochran et al.,tonne of maize stover contains between 4-8 kg N, 
1991), and short-term nutrient deficiency (Ocio et al.,1.5-1.8 kg P, 13-16 kg K, 3.8-6.6 kg Ca, and 1.5-3.4 kg 
1991). For these reasons, much stover in burnt in Mg (Nandwa; unpublished data). Crop residues, 
situ in areas with few cattle. The return of stover tooften regarded as low quality resources, also have 
soil can however, have beneficial effects on soilthe potential to reduce losses (in the case of N, 
fertility, and crop productiVity in the longer term. A 

28� 
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long-term trial in Kenya shows that stover return, 
initially suppresses yields, but later increases yield 
and more than compensates for the earlier losses 
(Qureshi, 1987). This initial yield suppression 
seriously restricts the adoption of stover return, 
particularly by smallholder farmers who can ill
afford short-term losses in productivity. Can this 
yield suppression be overcome by improved 
management practices to allow farmers to reap the 
benefits from longer-term improvements in soil 
fertility? 

Improved stover management practices can be best 
developed from an understanding of the soil 
biological processes that regulate nutrient 
availability. The frequently-observed initial yield 
suppression which follows stover application is 
attributable to nutrient immobilization (nutrient 
deficiency stress),. through the application of crop 
residues of low nutrient availability index (ANI), 
and high organic stability index (051) (Parr et ai., 
1986). It is generally reported that crop residues 
with a wide C:N ratio (e.g., >35) or N content of less 
than 1.5-1.7%, usually decompose sloWly, and cause 
immobilization. Apart from the quality of residue, 
decomposition (and nutrient availability) is a 
function of the physical environment (primarily 
moisture and temperature), and the actiVity of soil 
organisms (Tian, 1992). 

Management practices can influence soil biological 
processes. For example, N fertilizer application can 
overcome immobilization (Bahl et ai., 1986; Aulakh 
and Renie, 1986; Aulakh et al., 1984). Other options 
include· the timing of application (Mulongoy and 
Akobundu, 1992) or placement of stover to improve 
synchrony of nutrient release with crop demand, or 
avoid the release of phytotoxins at sensitive stages of 
crop growth (Guenzi et ai., 1967). As far as 
placement is concerned, the rate of crop residue 
decomposition and mineralization can be increased 
through incorporation in contrast to surface 

Table 1. Some climatic and soil characteristics of the study sites. 

StUdy AEZ(l) Mean Mean annual 
site annual air precip. mm& 66% prob. 

temp ("C) (rIEo) 1st and 

NARL, UMII 18.2 973 530 
Kabete, (upper (50..00 %) 
36" 46'E semi

humid) 
01" 15'S; 
1737masl. 

NDFRC, UNV 19.3 673 230 
Katumani, (Upper (40-50 %) 
Machakos; midland, 
37"14'E semi- arid) 
1575masl. 
(1) According to Jaetzold and Schimdt (1983) 
(2) According to FAO UNESCO (1990) 
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placement (Bandara, 1991), due to more rapid 
catabolism (Swift et ai., 1979; Eijsackers and 
Zehnder, 1990) resulting from the greater contact of 
residue with the decomposer organisms (Holland 
and Coleman, 1987). 

There have, to date, been few field studies aimed at 
improving the management of stover through the 
manipulation of soil biological process under Sub
Saharan African conditions. This paper reports on 
research aimed at formulating recommendations 
involving stover placement and N fertilization for 
the management of stover in two different 
agroecological zones in Kenya. The study was 
conducted within the framework of the TSBF 
African Network which uses standard methodology 
(Anderson and Ingram, 1989) to improve the 
understanding of the soil biological processes that 
regulate the fertility of tropical soils. The following 
hypotheses were tested: Yields and N use efficiency 
are not influenced by different stover placement 
practices in the absence and presence of N fertilizer; 
and optimum stover management practice does not 
differ between the two sites. 

MATERIALS AND METHODS 

Experimental sites were chosen to represent two 
different agroecological zones (AEZ) in Kenya: the 
National Agricultural Research Institute 
Laboratories (NARL) at Kabete, Nairobi in the Sub
humid AEZ, and National Dryland Farming 
Research Centre (NDFRC) at Katumani, Machakos 
in the semi-arid AEZ. Details of the sites are given 
in Table 1. The soil at NARL has the greater clay 
and soil organic matter content. 

An experiment was laid out at each site in a 
randomized complete block design, with four 
replicates. There were five stover placement 
treatments, selected to vary the soil mulch cover in 
the absence and presence of N fertilizer (Table 2). 
Stover was applied at a rate of 4 t ha-1. The 

2nd rains 

soil 
type(2) 

Sandi 
Siltl 
Clay 

Org. 
Carbon 
% 

CIN 
ratio 
% 

CEC 

480 Humic 
Nitisol 

10.61 
22.11 

1.65 10.0 23.9 

220 Chromic 51.1/ 0.60 5.8 21.8 
Luvisol 8.51 
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experiment was continued for three seasons (1991 
SII; 1992 SI; 1992 SII), with the stover and N applied 
to the same plots each season. Maize (KCB, planted 
both seasons at NDFRc, and short rains at NARL; 
H511, planted during the long rains at NARL), was 
sown a day after stover application at an inter- and 
intra-row spacing of 75 cm and 50 cm (60 cm at 
NDFRC) respectively, in plots measuring 6m x 6m. 
P, as triple superphosphate, was applied at a rate of 
22 kg ha-1, at planting, and 25 kg N ha-1, as CAN, 
was applied twice: two weeks after emergence and 
at knee high stage. Weeds were controlled by 
hoeing, and insect pests (especially stalkborer) using 
recommended pesticides. Plants were harvested 
(4% of the total plot plant population) for dry matter 
and N content at monthly intervals during 
vegetative growth, and also at maturity. Oven-dried 
samples (80°C for 72h), were ground to pass through 
a 1.5 mm mesh. The samples were analysed for N 
content follOWing the TSBF Handbook of Methods 
(Anderson and Ingram, 1989). N uptake was 
calculated as the product of dry matter and tissue N 
content. Stover and grain yields were recorded at 
maturity. 

Apparent N Recovery Efficiency (ANRE) was 
calculated according to Fageria (1992): 

ANRE (%) = nutrient uptake by • nutrient uptake by 
fertiliZed crop unfertiliZed crop 

Nfertilizer applied 
Agroclimatic conditions, including temperature and 
precipitation, were also measured, and soil mois~re 

content and soil organic N concentration were 
determined at two-weekly intervals (Nandwa et al., 
1994). 

RESULTS 

Grain and stover yields. Maize grain and stover 
yields are reported in Tables 3a and 3b. The 
application of N resulted in significantly higher 
yields at both NARL and NDFRC. At NARL, N 

Nandwa et al. 

increased the grain by between 20.6-48.4% and the 
stover by 27.7-68.6%. Respective increases at 
NDFRC were 12.2-35.7% and 18.247.5%. At NARL, 
in the absence of N fertilizer, there was no 
significant difference in yields between placement 
treatments in all three seasons; with N, maize 
production was significantly higher in the mulch 
and deep incorporation treatments in the second 
season. At NDFRC, deep incorporation was 
significantly superior to other treatments in the first 
season, both in the presence and absence of N 
fertilizer; but in the second and third seasons, there 
were no significant differences between stover 
placement treatments. 

Nitrogen use efficiency. At NARL, the ANRE 
pattern (Table 4) was closely related to the dry 
matter yield trend (Table 3a). During 1991 SIl, N 
recovery efficiency was found to improve with 
increasing rate of surface mulch cover (%); a pattern 
which was reversed during the follOWing two 
seasons. This was consistently in the order of deep 
incorporation > shallow incorporation > mixed > 
mulch> control> (removal) at NDFRC throughout 
the experimental period. In the second season, 
ANRE was lower at both sites than in the first and 
third seasons. This was attributed to poor 
distribution of rainfall through the season. 

DISCUSSION 

The effects of maize stover placement and N 
fertilization may be explained through process 
measurements which accompanied those of N 
uptake and maize productivity reported in this 
paper. 

In the absence of N, incorporation of stover in the 
first season at NARL resulted in N immobilization. 
This is in agreement with Azam et al. (1986), Sidur 
and Sur (1993), and Amarasiri and Wickrama Singh 
(1988), who have shown that incorporation of large 

Table 2. Treatments (residue management and tillage operations) applied to each plot. each season. 

Treatment 

I) Control -N (unamended) 
ii} Mulch -N cultivation 
iii} Mixed-N 

iv} Shallow incorporation -N 

v) Deep incorporation -N 
vi) Control +N 

vii) Mulch +N 

viii) Mixed +N 

ix) Shallow incorporation +N 
x) Deep incorporation +N 

Crop residue placement 

All residue removed and minimum hoe cultivation 
All residue mulched and minimum hoe cultivation 
Half residue mulched and half buried by conventional hoe cultivation 
One third residue mulched and threEKluarter chopped and buried by conventional hoe cult. 

All residue shredded and incorporated by convention.,a' hoe cultivation 
All residue removed and minimum hoe cultivation 
All residue mulched and minimum cultivation 

Half residue mulched and half buried 
One third residue mulched and threEKluarter chopped and buried by conventional hoe cult 
All residue shredded and incorporated by conventional hoe cultivation 
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Table 3a. Maize grain (t ha" at 12.5% moisture content) and stover (t ha") yield response to diffferent stover management practices at NARL over 
three successive seasons. 

Stover 1991 511 1992 SI 1992 SII 
Placement -N +N -N +N -N +N 
Grain Yield 
Control 0.923 1.648ab(1) 1.520 1.809 2.185 3.715a 
Mulch 1.268 1.745a 1.360 1.865 1.793 2.508b 
Mixed 1.235 1.609ab 1.465 1.871 2.093 2.585b 
Incorporation 1.060 1.15800 1.528 1.878 2.208 3.491a 
(shallow) 
Incorporation 1.003 1.006c 2.002 2.072 2.385 3.529a 
(deep) 
LSD (P=0.05) NS 0.488 NS NS NS 0.550 
(placement) 
LSD (Nitrogen) 0.157 (P=0.001) 0.197 (P=0.05) 0.875 (P=D.001) 

Stover Yield 
Control 1.350 2.554a 5.105a 6.418 4.374 5.325ab 
Mulch 1.275 2.225ab 3.275b 5.700 2.948 3.151c 
Mixed 1.149 1.92500 5.408a 5.981 3.423 4.476 
Incorporation 1.177 1.80000 5.408a 6.373 3.824 5.966a 
(shallow) 
Incorporation 1.100 1.698c 5.650a 7.248 4.776 6.277a ". 
(deep) 
LSD (P=0.05) NS 0.422 1.606 NS NS 1.232 
(placement) 
LSD (Nitrogen) 0.842 (P=0.001) 2.329 (P=0.01) 0.412 (P=D.001) 

Table 3b: Maize grain (t ha-1 at 12.5% moisture content) and stover (t ha-1) yield response to diffferent stover management practices at NDFRC 
over three successive seasons. 

Stover 1991 SII 1992 SI 1992 SII 
Placement -N +N -N +N -N +N 
Grain Yield 
Control 0.865c 1.265c 1.545 2.178 1.383 1.940 
Mulch 1.033c 1.328b 1.455 2.140 1.570 2.003 
Mixed 1.2300 1.37800 1.433 2.155 1.543 2.020 
Incorporation 1.725ab 1.590b 1.975 2.183 1.578 2.154 
(shallow) 
Incorporation 1.845a 1.960a 2.043 2.812 1.759 2.193 
(deep) 
LSD (P=0.05) 0.530 0.705 NS NS NS NS 
(placement) 
LSD (Nitrogen) NS 1.132 (P=0.05) 0.517 (P=0.001) 

Slover Yield 
Control 1.475c 2.874d 2.374 3.399 1.847 2.311 
Mulch 2.019b 3.075c 2.549 3.250 1.962 2.339 
Mixed 2.449ab 3.29900 1.999 3.090 1.941 2.340 
Incorporation 2.700d 3.422b 2.774 3.200 2.019 2.375 
(shallow) 
Incorporation 2.849a 4.274a 2.874 3.300 2.195 2.409 
(deep) 
LSD (P=0.05) 0.635 1.211 NS NS NS NS 
(placement) • 
LSD (Nitrogen) 0.842 (P=0.OO1) 0.800 (P=0.01) 0.412 (P=0.OO1) 
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quantities of low ANI/high 051 materials such as 
maize stover, results in N immobilization. Applying 
stover as a surface mulch avoided N immobilization 
presumably because of limited stover/soil contact. 
The increase in. ANRE due to incorporation in the 
following two seasons was attributed to the 
remineralization of N immobilized in the first 
season. Conversely, the decrease in ANRE in the 
mulch treatment may be attributed to N 
immobilization following incorporation of the 
remaining surface mulch during tillage operations 
for the succeeding crops. 

Yield suppression, even in the presence of 50 kg N 
ha-1 in the first season, raises the question of how 
much N needs to be applied to overcome this effect. 
Evidence in the tropics is scarce, but Parr and 
Papendick (1978) report that N requirement for 
straw decomposition is greater in warmer than in 
cooler soils. In Alaska, Cochran (1991) found that no 
N was needed in the first year, but 9 kg N ha-1 and 
4.5 kg N ha-1 was needed to compensate for surface 
and incorporated barley straw accrued from a 3 t 
ha-1 barley crop during the second year. In tropical 
Australia, Ladd (1981) found that one tonne of low 
quality material (C:N ratio of 55) immobilized 4.5 kg 
N during the first year. 

In the absence of N, there were no significant 
differences in grain and stover yields between stove 
placement treatments at NARL, with the exception 
of stover yield in the second season (1992 51)/ in 
which there was an extreme decrease due to surface 
mulch. This may have been due to the low mean 
soil temperature in the 0-5 cm soil layer under mulch 
(21.1°C), which is below the optimum soil 
temperature (25-30°C) for the growth and 
development of maize (Fageria, 1992). The 
corresponding temperature of the soil in the 
incorporated treatment was 26,SOC. Cooper and 
Law (1977), from work in Kitale, found a substantial 
reduction in yields of maize of about 0.6 t ha-1 week 

Nandwa et ai. 

when planting was delayed, a consequence of 
decreased soil temperature follOWing the onset of 
rains. It is also hypothesised that surface mulch may 
have had phytotoxic effects on maize growth, 
resulliilg in lower plant populations. For example, 
the number of plants which died after thinning at 
NARL were 9.7/ 20.5, 16.4 and 10.4% of the total 
plant population in the control, mulch, mixed and 
deep incorporation treatments respectively. 

It would have been expected that, as in the +N 
treatments, incorporation would have resulted in 
immobilization of native soil N. There was however 
a trend in the opposite direction with greater grain 
yields due to deep incorporation in all three seasons 
(although not significant). This effect was 
particularly evident at NDFRC, where yields (grain 
and stover) were significantly greater due to deep 
incorporation in the first season. Results are difficult 
to explain, but may have been due to improved soil 
physical conditions resulting in better soil moisture 
status. Infiltration measurements at the end of the 

~~second season were 0.6, 0.9, 1.5 and 2.4 cm per hour , . . 

for the removal, mulch, mixed and deep 
incorporation treatments respectively. Also, termite 
activity was noticeably greater at NDFRC than at 
NARL, which could have accounted for the faster 
mass loss of stover at NDFRC, removing the C 
source for microbial immobilization of N. 

Results of cumulative grain yields for the three 
successive seasons indicate that, in general, 
incorporation is superior to the mixed and mulch 
practices in the sites representative of the semi-arid 
and sub-humid agroecological zones. In the absence 
of N, incorporation was superior to all treatments 
(including removal) at both sites. However, in the 
presence of N, by the end of the third season at 
NARL, stover removal was still superior to the 
incorporated treatment. At NDFRC, maize 
productivity (in terms of grain and stover yield) was 
consistently greater in the order of deep 
incorporation > mixed > mulch > control in each of 

Table 4. Effect of stover placement on apparent Nrecovery efficiency (%) at NARL and NDFRC over three successive seasons. 

Stover 
Placement 
NARL 
Control 
Mulch 
Mixed 
Incorporation (shallow) 
Incorporation (deep) 

NDFRC 
Control 
Mulch 
Mixed 
Incorporation (shallow) 
Incorporation (deep) 

NRecovery Efficiency 
1991 1992 1992 
SII SI SII Mean 

43,0 13.3 118.0 58.1 
51.5 7.9 -8.7 16.9 
40.0 12.9 19.2 54.0 
20.1 54,7 120.6 • 55.1 
19.4 41.2 136.5 65,7 

45.5 21.8 28.0 31.8 
53.7 22.5 32.6 36.3 
52.9 18.4 43.8 38.4 
65.3 24.9 53.7 48.0 
96.0 31.0 59.5 62.2 
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the three seasons. This clearer trend at NDFRC, may 
have been a consequence of improved soil physical 
conditions on this soil of very low organic matter 
status (0.6% total C at the start of experimentation). 
The trials are continuing to investigate the long-term 
effects of stover management practices. 
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Questions to Richard Jones 

H. Ssali: 
There seems to be a tendency to underestimate 
native soil fertility particularly for maize grain yields 
below 3 t ha-1, For many trials at sites with no 
r~sponse to P but with very low Bray/Olsen levels, 
sImulations estimate no yield without N yet field 
observations give yields above 3 t ha-1. What are 
your experiences, particularly on farmers' fields. 

Response: 
The situation you outline, law Bray/Olsen levels, but no 
response to P is probably due to the effect oforganic 
matter, which is often not considered in soil tests. A yield 
level of3 t ha-1 suggests you have high organic matter 
le~els. Crop simulation models do not always account for 
sotl orgamc matter or soil organic matter quality. These 
can have a major inpact on yield. I do not knaw ofany 
crop simulation model that has a P module. The Ceres 
Maize Model does not include P. Our experience has 
been that Bray P does not give a good indication of the P 
response. This illustrates the importance ofconducting 
many replicated trials to i4entify P defidendes. 

E. Nxumalo:� 
Some farmers mix kraal manure with inorganic� 
fertilizer. What can you say about this technology�
should it be encouraged?� 

Response: 
Some research has been done in Zimbabwe on this issue 
(referenced in our paper). Yes this strategy appears to be 
1ulte su~cessful but the mechanisms underlying the 
mteractlons are not well understood. 

P. Seward: 
The Value: Cost Ratio (VCR) is a critical factor for 
the adoption of fertilizer by farmers. Improving 
fertilizer use efficiency (FUE) is one option to 
increase VCR. Have you done any calculations from 
your data to determine whether improved FUE 
through improved use of fertilizers in terms of 
appropriate form and rate of fertilizer (and 
micronutrient supplements), are sufficient to raise 
the VCR to a profitable level for farmers? Or are 
modifications of fertilizer and grain prices also 
required to make fertilizer use economically 
feasible? 

Response: 
A detailed economic analysis of these results is being done 
by Paul Heisey ofCIMMYT. Hawever the responses we 
have had at some sites suggest that FUE is increased by 
such a large amount that the VCR will be increased. Also 
at many sites the amount of P fertilizer can be reduced 
which decreases the cost offertilizer and therefore 
increases the VCR. 

DK Berner: 
How do you propose to implement and test location 
specific fertilizer recommendations given the limited 
amount of funding, in general, for NARS, and 
especially for agricultural extension services? 

Response: 
We plan to conduct these "verification" trials through the 
extension s~rvice to get the necessary coverage. With 
good plannmg and management such trials need not be 
very expensive to execute. We will coordinate with 
extension training activities and send out detailed 
instructi~ns ~th pre~packed trials. The major expenses 
are the sIte VISItS dunng the season. This approach will 
co~er many si,tes and we expect to lose 25 - 40% of the 
trials. But still the data collected will be very useful 
because of the high number ofreplicates. 

A.a. Diallo:� 
What are the reasons for using local varieties and� 
hybrids instead of including improved open� 
pollinatated varieties also?� 

Response: 
Although there are several released open pollinated 
varieties in, Malawi, they are not multiplied on a big scale 
by the NatIonal Seed Company ofMalawi Ltd. and are 
therefore not planted byfarmers on a large scale. 
Hawever in a set of trials conducted with 0, 20 and 40 kg 
N ha-1 o~ farmers I fields to compare "local", composite 
and hybrid maize, the hybrid outperformed the other 
maize types at all three N levels. There was no difference 
between local and composite maize yields. 

E.Shumba:� 
I agree with you on the tremendous potential of� 
hybrid maize seed under smallholder conditions.� 
However, it has been argued that the yield increase� 
from such seed might not cover the cost of seed� 
when compared to local varieties or other open� 
pollinated materials under zero fertilizer situations.� 
Did you look at this in your analysis?� 

Response: 
We are in the process ofcarrying out an economic 
analysis on these data. Hawever the preliminary work 
shawed that the yield increase is well above the seed value. 
No improved open pollinated varieties were included in 
the demonstrations. This is a potential avenue for 
investigaiion in the future. 

J.N. Mushonga: 
How far can a breeder sacrifice grain quality for 
higher yield? It seems many small-scale farmers go 
for traditional varieties because of their higher grain 
quality than hybrids. 
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Response:� 
The experience from Malawi is that it is possible to� 
develop semi-flint hybrids, with grain characteristics� 
similar to "local" maize without sacrificing yield.� 
However totally flint types have lower grain yield. Most� 
local maizes however only have semi-flint grain.� 

Questions to S. Dickson Baguma: 

C. Fambisayi:� 
Besides tillage method, Rhizobium and fertilizer� 
application, what other factors dictate the outcome� 
of a maize-bean intercrop system?� 

Response: 
Other factors include the level ofweed infestation and the , 
timing of their control. Institutional support is needed to 
supply the Rhizobium and fertilizer. Market price of the 
produce also affects how much attention farmers will give 
to the different management options. 

I.K. Mariga:� 
How readily available is Rhizobium inoculant to� 
smallholder farmers in Uganda?� 

Response: 
It is not readily available. Farmers' have to get it from 
Makerere University in Kampala. A mechanism is being 
worked out to put in place a good delivery system in the 
whole country however this will require additional 
financial support. 

A. Chivinge, V.H. Kabambe, D.T. Kumwenda: 
There were no significant differences in yield 
between 1153 kg ha-1 and over 3000 kg ha-1. What 
is the source of the high CV? What is the implication 
as far as the farmer is concerned because the gap is 
large? 

Response: 
The yield figures presented are for the overall three factor 
interaction. This was not significant. However, .fertilizer 
application significantly increased maize yields: 1151 kg 
ha-1without fertilizer and 3645 kg ha-l with. The 
implication therefore is to apply fertilizer ifmaize is a 
major crop but ifbeans is a major crop, then it may not be 
economical to apply fertilizer. Although low CVs are 
good, with on-farm experiments where there is a lot of 
variation in afield a cv of35% is acceptable to me. 

Questions to Henry Mwangi 

V.H. Kabambe:� 
How do farmers apply P at present and what was� 
the rainfall in the five months between broadcast� 

and planting? Would land be idle at this time? 

Response:� 
Small-scale farmers apply one teaspoon offertilizer per� 
hill together with the seed. Large-scale farmers use seed� 
drills. Seed is placed together with fertilizer in shallow� 
bands. Sometimes, fertilizer is placed on top of the seed.� 
There is poor placement and poor calibration of the drill.� 
There was a total of356 mm ofrain. 

S.D. Baguma: 
On what basis did you decide to use very high levels 

of P, say from 200 - 1000 kg ha-1? 

Response: 
Pn'or to the trial, we incubated the soil (with moisture at 
field capacity) mixed with varying levels ofP for five 
months. We then analysedfor the amount ofsoluble-Po 
Finally we estimated the amount ofP that should be 
mixed with the top soil to provide high levels ofsoluble P. 

C. Mungoma:� 
Is it recommended to apply fertilizer so long - five� 
months - before planting?� 

Response: 
In the broadcast-P trial, we applied P five months before 
planting to give the P and the soil time to react and reach 
equillibrium. Such reactions are P fixation, P 
immobilization, dissolution in soil water etc. We were 
interested in the amount ofP in the soil after these 
reactions reach equillibrium. 

M.Mudhara:� 
How applicable will your findings be to farmers� 
since they can not apply fertilizer five months before� 
planting?� 

Response: 
Farmers can broadcast high rates ofP and incorporate it 
at planting. They need not wait five months. The yield 
potential for broadcast P was found to be higher than· 
where P was banded. Low rates ofP can be banded at 
planting,·but farmers cannot expect very high yields. 

A. Chivinge:� 
Why did you keep the plots weedfree to get the� 
effects of residual P? Farmers do not remove all the� 
weeds.� 

Response:� 
The plots were kept weedld (weedfree). If left unweeded� 
weeds would deplete the level ofresidual P in the soil, the� 
parameter that was under investigation.� 

E. Nxumalo:� 
Was N applied on plots where P and N were applied� 
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in the previous trial? 

Response: 
Yes. 

Questions to Stephen Nandwa 

F. Tagwira: 
The problem with studies on stover use as a source 
of nutrients for growing crops is that stover 
application does not only affect soil nutrient 
dynamics but also moisture availability. 

Response: 
That is true. We have tried to look at stover effects on soil 
moisture and temperature and found that all these factors 
affect yields. I could not highlight all those results due to 
time constraints. 

A.O. Dialio:� 
Did you obserVE! the effect of stover on the incidence� 
of insects?� 

Response:� 
Busse?la fusca levels were not affected during the� 
expenmental period. With termites (Macrotermes spp.,),� 
there was a positive correlation between numbers of� 
termites and percentage surface mulch.� 

J. Kumwenda: 
You attributed the maize yield reduction in the 
incorporated or mulched treatments to allelopathy 
or low temperature. Did you measure allelopathic 
effects or soil temperature? Did you measure maize 
plant growth under different treatments? 

Response: 
Allelopathic effects were ~tected in laboratory bioassay 
expenments. Allelopathlc effects were hypothesized or 
inf~rred in~he field from high post-thining mortality of 
mazze seedlmgs. We need more work to verify these in the 
field. 

A. Tadesse: 
Retention of crop residue, on the soil surface or 
incorporated, does increase stem borer and termite 
problems. Pests were not severe in your trial 
periods and sites. How do you seethe application of 
your results in areas and seasons where and when 
these pests are problematic? 

Response: 
Termite populations at the semi-arid site was higher than 
at t~ sub-humid site, resulting in more termite-lodged 
maIze plants after physiological maturity. Crop loss was 
minimised by sequential harvesting. Tentative results 
from other workers suggest that shredded stover (through 

secondary tillage) minimizes stalkborer carry over from 
one season to another. 

L.T. Empig:� 
Did you observe changes in the C:N ratio due to� 
treatments or tillage by location interactions?� 

Response:� 
Yes, but these were complex so please see the full paper.� 

S. Snapp: 
Which soil properties do you think will be most 
useful to predict the beneficial effects of stover 
incorporation, in the relatively short term? 
Once stover incorporation has been practiced for 
about three years how beneficial is this practice for 
N synchronization with maize N demand? 

Response: 
In sites with tendencies to compaction, improvement in 
soil bulk density (and hence porosity, infiltration etc.) is a 
good predictive index ofmaize response to stover 
amendment. 
After three years, continuous stover incorporation 
~nhanc~~ att~inment ofsynchrony through a) early season 
ImmobtLlzation and hence minimization ofnutrient losses 
by leaching, b) late season remineralization ofpreviously 
immobilized N will affect the synchrony. 

A. Chivinge:� 
Where are the allelo-chemicals coming from - maize� 
or bean stover? Do these crops have allelopathic� 
effects?� 

Response:� 
I have not identified or analysed these chemicals. The� 
allelopathic effects were inferred from stand reduction� 
(field) and bioassay experimental results (laboratory).� 

Comment from K. Short: 

I question whether allelopathy/ phytotoxicity is 
really the significant issue you indicate in the paper. 
Would microbial populations be a more important 
factor? 

Reponse: 

Organic matter and microbial populations are certainly 
related. 
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Section 2:� 

Soil nitrogen deficiency: the 
role of crop improvement 
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ABSTRACf 

Synthetic nitrogen fertilizer is derived from a non-renewable source, of limited availability in many 
areas, and environmentally harmful in others. Using breeding to lower crop demand for nitrogen 
would ameliorate these problems. The few reported results of maize selection under high and low 
nitrogen availability show significant improvements in nitrogen efficiency and yield under stress. 
Significant interactions of commercial varieties with nitrogen availability levels also indicate 
potential to improve performance under low nitrogen levels. High environmental variation and 
genotype by environment interaction complicate selection in nutdent-stressed environments. A 
growth chamber screening method has been developed to evaluate nitrogen stress responses under 
uniform conditions. Component processes may be less affected by environmental variability and 
genotype by environment interaction than yield, and easier to measure. Genetic variation has been 
documented for pre-flowering nitrogen accumulation. protease activity, and nitrate reductase 
activity, all of which are important components of nitrogen utilization in maize. Whole plant traits 
correlated with yield under nitrogen stress also would facilitate breeding. Chlorophyll meter readings 
and stem volume (to estimate above-ground plant biomass) are promising options. Root 
characteristics contributing to nutrient use efficiency are largely unknown and unexploited, due to 
the destructive, time consuming. and expensive nature of root measurement methods. Electrical 
capacitance is proposed as a rapid. inexpensive, and non-destructive method to assess root system 
surface area. Future research will need to focus on interacdons between nitrogen and water supply, 
and the nitrogen content of grain and stover from genetic materials with improved nitrogen use 
efficiency. To place these genotypes appropriately within cropping systems, we will need to 
understand the basis for their nitrogen use efficiency. 

INTRODUCfION� from organic matter, and nitrogen inputs from 
biological fixation and atmospheric deposition.Improving agricultural sustainability involves 
Many agronomic researchers are using thisreducing dependence on externally purchased and 
approach. The second approach, rather thannon-renewable resources, and minimizing harmful 
concentrating purely on nitrogen supply, would beenvironmental impacts of agricultural systems, 
to lower crop demand for nitrogen through

while maintaining or improving their productivity 
breeding. This approach could� help addressand profitability. In maize (Zea mays L.) production, 
productivity limitations in nitrogen-poor areas andsynthetic nitrogen fertilizer represents an input from 
problems of nitrate leaching, and may help reduce a non-renewable source which can cause harmful 
reliance on the finite resource used to produceenvironmental impacts. In many areas, crop 
synthetic nitrogen fertilizers. It also may help

productivity is limited by nitrogen availability, 
improve farmers' economic status, if� reductions in either from organic or inorganic sources. In others, 
fertilizer expenditures are greater than the value of nitrate leaching and the resulting groundwater 
any reductions in saleable maize yield resulting 

pollution (Wild and Cameron, 1981) and coastal 
from reduced nitrogen fertilizer use. 

eutrophication (Howarth, 1988) are serious 
problems. Known global reserves of natural gas, the Coffman and Smith (1991) point out that "breediilg 
primary feedstock for producing synthetic nitrogen for sustainability is mostly a process of fitting 
fertilizers, are projected to be depleted in 50 years varieties to an environment instead of altering the 
(Hough, 1987). It is likely that new reserves will be environment by adding inputs such as fertilizer, 
discovered, but such reliance on a finite, non water, and pesticides." Breeding maize for better 
renewable resource for food production has long productivity under lower levels of available nitrogen 
term implications for feeding people, and short-term contributes to this process. Maize response to 
economic implications given the linkage between additional nitrogen at fairly high soil nitrate levels 
fertilizer and energy costs (Mudahar and Hignett, has been investigated extensively (e.g., Larson and 
1982). Hanway, 1977; Lemcoff and Loomis, 1986), and for 

many ye,ars, crop breeders have selected varieties for 
Two basic approaches can be taken to improve crop their capacity to respond to high fertility levels. The 
productivity in a sustainable fashion� in areas with high yielding varieties of wheat and rice which 
low nitrogen fertility. First, innovative agronomic , provided the' basis for the "Green Revolution" were 
practices can be developed to better use nitrogen 
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novel, in part, because of their ability to take 
advantage of high fertility conditions. Maize has 
been selected for adaptation to high fertility 
conditions as well, simply through use of high 
fertility levels in maize breeding nurseries and 
varietal evaluation trials. Although considerable 
research has focused on maize varietal response to 
increased levels of nitrogen fertilizer, very little 
work has focused on responses at the lower end of 
the nitrogen curve. Genetic differences which affect 
ability to maintain yield under reduced nitrogen 
availability have not been studied in depth. 

Results of selection studies. Those few studies 
reporting results of selection in maize under high 
and low nitrogen availability show significant 
alterations in nitrogen efficiency (plant nitrogen 
uptake and utilization) and yield of the resulting 
populations. Muruli and Paulsen (1981) conducted 
one cycle of selection under high and low nitrogen 
fertility, and found Significant differences between 
the resulting populations for nitrogen efficiency 
traits and yield under nitrogen limiting conditions. 
In another study, two cycles of selection for high 
yield under both low and high nitrogen availability 
resulted in improvements for both nitrogen regimes, 
but greater improvements under the low nitrogen 
conditions (Lafitte and Edmeades, 1991). Short 
(1991) selected divergently for good performance in 
both high and low nitrogen regimes ("nitrogen 
efficiency") vs. good performance under high 
nitrogen and poor performance under low nitrogen 
("nitrogen inefficiency"). The "nitrogen efficient" 
selection was higher yielding under both optimal 
and low nitrogen regimes than the "nitrogen 
inefficient" selection. 

These studies all indicate that useful genetic 
variation exists for performance under low nitrogen 
conditions, and that breeding for this trait can be 
successful if selection is carried out under low 
nitrogen availability. Significant interactions of 
commercial varieties with nitrogen availability levels 
provide additional evidence of genetic variation 
affecting maize performance under nitrogen limiting 
conditions (J. van Beem, T.e. Barker and M.E. Smith, 
unpublished data). That such variation exists 
among commercial U.S. hybrids, which undoubtedly 
have been selected and tested with ample available 
nitrogen, suggests that much greater differences 
might be apparent if comparable genotypes selected 
and tested for nitrogen stress tolerance were 
available to evaluate. 

Screening strategies. A primary difficulty in 
selecting for nitrogen stress tolerance is the high 
environmental variation (an~ associated high 
genotype by environment interaction) which 
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manifests itself in nutrient-stressed environments. 
This environmental component of variation could be 
reduced by carrying out selections in a more 
controlled environment, or by selecting for 
component processes (which are generally less 
affected by environmental variability and genotype 
by environment interaction). Although these 
approaches may be limited by low correlation 
between the traits measured· and actual field 
performance under nitrogen stress, they may allow 
preliminary screening to limit the number of genetic 
materials which must be field tested. 

Working with sweet maize, Miles (1993) developed a 
sand culture screening method to evaluate plant 
growth under nitrogen stress in the growth chamber. 
Different nitrogen levels were generated using a 
modified Hoagland's solution, with Ca(N03h plus 
KN03 as the nitrogen source, and HEDTA rather 
than EDTA to improve iron chelation and prevent 
deficiencies. Varieties responded differently to 
nitrogen levels (optimal and low) at 30 days after 
planting, in terms of plant height, fresh and dry 
weight of above-ground biomass, and plant 
greenness measured with the SPAD-502 chlorophyll 
meter. How well these differences relate to 
performance under adequate and nitrogen-stressed 
conditions in the field remains to be determined. 

Efficient use of nitrogen, like any other crop 
performance character, is the product of numerous 
genetically-controlled metabolic processes. Selection 
based on these component processes rather than 
based on yield under stress conditions is attractive, 
because the components may be less affected by 
environmental variability and genotype by 
environment interaction, and simpler and/ or less 
costly to measure. Unfortunately, selection for 
individual physiological or biochemical processes 
often does not prOVide a reliable estimate of final 
accumulated nitrogen or final yield, due to the 
complexity of these latter traits (Blum, 1988; Cregan 
and van Berkum, 1984). However, an 
understanding of the processes which contribute to 
efficient nitrogen use and higher yield under low 
nitrogen availability is essential to long-term 
improvement in these traits, and may provide more 
rapid or efficient screening approaches for use in 
conjunction with complex measures such as yield 
under nitrogen stress (Bramel-Cox et al., 1991). 

Many component trait;; related to efficient nitrogen 
use show genetic variation (Bramel-Cox et al., 1991). 
Pre-flowering nitrogen accumulation influences 
kernel number and overall nitrogen economy of the 
maize plant (Kamprath et al., 1982; Lemcoff and 
Loomis, 1986). Protease activity is another 
component which shows particular promise because 
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of its relationship to remobilization of nitrogen 
compounds during grain filling (Dalling et al., 1976; 
Reed et al., 1980). One recent study showed that 
nitrate reductase activity of maize leaves in vitro 
was quite highly correlated with nitrogen uptake in 
the field, and indicated that selection for nitrate 
reductase activity might accelerate progress towards 
improving nitrogen acquisition and maize yield (Feil 
et al., 1993). Study of how these component 
processes have changed duting selection for 
nitrogen efficient varieties will provide needed 
insight into the basis of efficient nitrogen use in 
maize. 

Identification of whole plant traits which are 
correlated with yield under nitrogen stress, and are 
rapidly and inexpensively measured, would 
facilitate the breeding process. Miles (1993) used 84 
families of sweet maize to investigate use of the 
SPAD-502 chlorophyll meter to assess plant nitrogen 
status, and stem diameter measurements to predict 
plant biomass and yield. Chlorophyll meter 
readings were significantly correlated with plant 
nitrogen concentration and content in one year 
(values of the correlation coefficient ranged from 
r=0.15 to r=0.57), and to yield in another year (range 
of r=O.11 to r=0.25). In other studies, correlation 
coefficients between chlorophyll meter readings and 
maize yield under nitrogen stress ranged from 
r=0.14 (significant at P<==0.05) for breeding families 
to r=0.65 (significant at P<==O.Ol) for hybrid varieties 
(T.e. Barker and M.E. Smith, unpublished data). 
Measurements of stem diameter (along both axes at 
the base of the stem) and of plant height allow 
calculation of stem volume, using the formula for 
the volume of a cone with an elliptical base. Stem 
volume calculated in this way was highly 
significantly correlated to above-ground plant 
biomass (r=0.83 to r=0.96), and to husked ear weight 
(r=0.22 to r=0.26) (Miles, 1993). Although significant 
positive correlations were obtained for chlorophyll 
meter readings and stem volume with yield, they 
were not strong enough to advocate using these 
traits as sole selection criteria. However, they may 
be useful as part of a selection index for nitrogen use 
efficiency. The high correlation between stem 
volume and plant biomass may facilitate selection of 
materials with vigorous plant development under 
nitrogen-limiting conditions. 

Root characteristics important to superior 
performance under low nutrient status are largely 
unknown and unexploited (Smith and Zobel, 1991). 
Zobel (1975) demonstrated the remarkable ability of 
some varieties to modify their root systems in 
response to stress, while other varieties were less 
able to adapt, and suffered much more extreme 
yield losses. Much of this variation appears to be 

heritable, and thus amenable to improvement via 
breeding (Zobel, 1986; 1991). Initial studies of maize 
inbreds under different nitrogen levels showed large 
differences among the inbreds in root system 
plasticity in response to nitrogen levels a. van Beem, 
unpublished data). Many methods for studying 
roots in the field have been reported (see Bohm, 1979 
for a review), but most are destructive, time 
consuming, and!or very expensive. Chloupek 
(1972, 1977) proposed use of electrical capacitance 
for measuring rooting volume in breeding studies. 
This is a rapid, inexpensive, and non-destructive 
method to "observe" roots in the field, particularly 
the lateral and determinant roots which account for 
90% of the total root absorbing surface (Zobel, 1989; 
Zobel and Voland, 1990). Preliminary assessments 
of root system surface area using this approach 
show distinct differences among genetic materials 
which respond differently to nitrogen availability (J. 
van Beem, unpublished data). Whereas the genetic 
variation in above-ground plant traits has been 
extensively refined through maize breeding,. rO(lt 
system variability has been exploited only indirectly 
through breeding efforts to date. Direct, non
destructive selection for root system traits may lead 
to important gains in maize productivity, 
particularly in soil-related stress environments. 

Future challenges. Concerns which remain to be 
resolved in breeding maize for improved nitrogen 
use efficiency include interactions between nitrogen 
and water supply, and effects of plant nitrogen 
nutrition on protein content and quality of grain and 
forage. Both drought tolerance and nitrogen use 
efficiency are complex traits, and they are clearly not 
unrelated. In the absence of adequate water, plants 
cannot take up nitrogen regardless of the theoretical 
soil nitrogen availability. Both water and nitrogen 
availabilities vary during the course of the growing 
season, and timing of shortages may be 
unpredictable. In many areas, the combination of 
drought and nitrogen stress, rather than either 
individually, may be the primary limitation to 
improved maize yields. Approaches for jointly 
addressing these two complex traits need to be 
developed. 

Although maize is not a major protein source in 
human diets, when consumed as a staple food it 
may contribute significant amounts of protein. To 
date, we have little information on the nitrogen 
conteqt of grain and stover from genetic materials 
with improved nitrogen use efficiency. We do not 
know whether better plant performance under 
nitrogen limiting conditions results from better soil 
nitrogen extr~ction capacity or from more efficient 
translocation of stored plant nitrogen to harvestable 
yield, or whether such plants are simply lower in 
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overall plant nitrogen content. Each possibility 
poses different potential limitations to the utility of 
the materials developed. In order to manage 
nitrogen use efficient genotypes appropriately, we 
will need to assess the mechanism for that efficiency 
and use care and foresight in placing these 
genotypes within cropping systems. 
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ABSTRACT 

In the cultivation of maize under high rainfall conditions in the lowland wet tropics, nitrogen is the 
most limiting nutrient. Considerable work has been undertaken to improve nitrogen use efficiency of 
maize through crop management and breeding. Yet, little is known about the effect of root 
characteristics on N use efficiency. Plants with a deeper root system at an early stage of development 
may be better able to capture the first flush of mineralized N, which is readily leached down from the 
top soil. In a field study, 11 varieties of tropical maize were grown under 3 rates of nitrogen fertilizer 
(0, 30 and 90 kg N ha-1) on a deep Alfisol in the South Nigerian forest zone. Root length densities 
(RLD) were determined 32 day after planting (DAP) down to a maximum rooting depth of 60 cm. In 
addition, plant dry matter, N uptake, and grain yield were determined. Varietal differences in dry 
matter, N concentration and N uptake 32 DAP and at silking, and grain yield were detected. Dry 
matter accumulation and N uptake at silking were related to grain yield. Under low N, yield was 
correlated with N uptake and dry matter production early in crop growth. Due to high variation in 
root data, it was not possible to detect differences in RLD at each depth, although some trends were 
visible. We could not generalize that varieties with larger root systems take up more nitrogen. When 
screening seedling root growth in pots, varieties differed in root length and in their ability to 
penetrate a wax layer in the soil. These traits were not correlated with each other nor with root 
growth in the field. Experimental modifications to reduce variability of root data and to obtain a 
closer relationship between root growth in the field and in pots are suggested. 

INTRODUCTION� stress and deficiencies of other nutrients. It would 
also be beneficial in reducing root lodging, or

Nitrogen is the most limiting nutrient in maize 
overcoming mechanical soil constraints. 

production in the humid and subhumid tropics. 
Soils are typically low in organic matter and N is Seasonally, wet and dry environments are 
readily leached out of the rooting zone. Fertilizers characterized by a major flush of N when microbial 
are not always available or are too expensive for activity is stimulated by the onset of the rains. Early 
small-scale farmers. N availability and N use root growth may affect the plant's ability to catch the 
efficiency can be improved by better management of first flush of mineralized N. The importance of early 
N resources, inclusion of legumes in the cropping root growth in determining N use efficiency will 
system and use of highly efficient varieties. Genetic depend on the potential to synchronize root growth 
variablity for N use efficiency has been widely with downward nitrate movement, the N uptake 
reported (SAFGRAD/IITA, 1986; Lafitte and and storage capacity of young maize plants, and on 
Edmeades,1987). Development of tropical varieties the relative effect of N deficiency at early compared 
with improved capacity to capture and utilize soil N to later growth stages. Yet, detailed information 
would be cost effective and sustainable. about these factors is limited. A field experiment 

was conducted to see if genetic variation in root 
In the lowland tropics of West and Central Africa, growth characteristics can be detected in tropical 
experience has shown that selection for yield under maize. An additional objective was to determine if 
low N supply alone may not be precise enough, root growth, especially at the early stage, affects 
since deficient plants are more sensitive to other nitrogen uptake and yield. In a pot experiment, the 
constraints, which can mask differences in N use genetic variation in the ability of maize seedling 
efficiency. Several traits including Nitrate Reductase roots to penetrate soil impediments was determined. 
activity, chlorophyll content in the� ear leaf, and In addition the effect of soil bulk density on root
reduced anthesis-silking interval were proposed as growth and its vari,bility was investigated. Of
selection criteria. Selection for� root growth particular interest was the comparison of root 
characteristics may provide a direct means for parameters at the seedling stage and in the field. 
improving N uptake. Uptake efficiency was shown 
to be the most important factor contributing to N use MATERIALS AND METHODS 
efficiency under N deficient conditions in the West Field experiment. The field experiment was 
African tropics (Akintoye, 1994). A vigorous root established in the first season of 1993 on a deep, 
system could provide better tolerance to drought 
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fertile Alfisol in the forest zone of South Western 
Nigeria, with bimodally distributed, reliable rainfall. 
The experiment was designed as a split plot with 4 
replicates, 3 nitrogen levels (0, 30 and 90 kg N ha-1) 
as main treatments and 11 varieties as subtreatments 
(Table 1). Among the varieties were 7 improved 
populations, two local varieties and two commercial 
hybrids. Root samples were taken in all plots at the 
suboptimal N level (30 kg N ha-1) with a root auger 
(core bore method, radius 4.0 cm, 4 profiles per 
plot), between rows and 19 cm distance from· the 
plants, down to maximum rooting depth. The soil 
was washed from the roots and root length 
estimated by using the line intersect method 
according to Tennant (1975). At 32 days after 
planting (DAP) and at silking the following 
parameters were determined: maximum rooting 
depth (MRD), root length densities (RLD) in 15 cm 
increments down to MRD, root length per area of 
soil surface (RLA), dry matter production and N 
uptake. At maturity, yield and dry matter 
production, N uptake and distribution were 
measured. Roots sampled at silking and N samples 
taken at harvest are still being processed. 

Table 1. Varieties compared in the field and pot experiment. 

Variety Remarl<s 

Late, Improved open pollinated: 
TZPB-SR high yield potential in forest ecology 
TZB-SR susceptible for low fertility and root 

lodging 
TZSR-W-1 high yield potential 
EV 8728-SR potential for improvement in Nuse 

efficiency 
EV 32-SR low yield potential 
SPL semi-prolific 

Early, improved open pollinated: 
Pool 16-DR selected for drought tolerance 

(SAFGRAD/IITA, 1986), susceptible to 
Streak Virus 

Localt:� 
Synthetic 28 early, crossed with improved material� 
SRGbogbe late, susceptible to Streak Virus� 

Hybrids:� 
8321-18 commercial, 'Oba-super-2', adapted to� 

savanna but not the forest zone� 
8644-27 commercial, 'Oba-super-1', adapted to� 

both, the savanna and forest zone� 

Seedling screening. The pots consisted of two tube 
sections, 5.7 cm in diameter and 5 and 15 cm long, 
with a filling height of 3 and 12 cm, respectively. A 

.wax sheet (0.6 mm thick paraffin wax, melting point 
710c) was placed between the two sections, touching 
the soil on both sides to provide a defined 

impediment. The ability of varieties to overcome the 
impediment was quantified by counting the number 
of holes left by penetrating roots. The same 11 
varieties as in the field experiment were compared 
at 3 different bulk densities (1.5, 1.6 and 1.7 gcm-3) 
in 4 replicates using a randomized complete block 
design. A sandy topsoil, high in organic matter, was 
compacted in the pots according to treatments, and a 
constant moisture regime of 22.5 % volume was 
maintained during the experiment. In each pot, 2 
pre-germinated seeds with radicles of 0.5 to 1 em 
were planted and grown until the second leaf was 
fully extended. Total root length (RL) in the top and 
bottom tube sections was determined. 

RESULTS AND DISCUSSION 

Field experiment. Varieties differed clearly in dry 
matter production, plant N concentration 
(unpublished data) and N uptake 32 DAP and at 
silking, and in grain yield at maturity (Figures 1 and 
2). Nitrogen by variety interactions were not 
significant for these traits, so the averages over N 
levels are presented. However, varietal differences 
in N uptake 32 DAP were more significant under 
low N (P=0.01 %) than under higher N supply 
(P30kgN-l.20%, P90kgN-43%). Grain yield (15% 
moisture) was correlated with dry matter production 
(r=0.82, Figure 1) and N uptake (r-0.68, Figure 2) at 
silking. Considering only improved late varieties 
and hybrids, dry matter production and N uptake 32 
DAP were related to grain yield. The correlation 
was most pronounced at low N (roM-0.80, and 
rNup-0.79), but not significant for the two higher N 
levels. This suggests that N uptake capacity early in 
crop development is an important factor for N stress 
tolerance. 

It was not possible to detect significant varietal 
differences for any root growth characteristics 
investigated i.e., MRD, RLD at each depth, and RLA. 
Maximum RLD observed at 32 DAP was 0.36 cm 

cm-3, which is rather low compared to values 
obtained by Roeckel (1991) in Benin, but similar to 
results of Akinnifesi (personal communication, lITA, 
1993) in Nigeria. The C.V.'s for RLD's ranged from 
47.0% to 66.3%, which is typical for this trait, 
especially at low densities (Wiesler, 1991). All 
varieties attained the same MRD of 60· cm. There 
was no consistent relationship between RLD at any 
depth and N uptake at the suboptimal N level 
(Figure 3). EV872S-SR, reported to be N use 
efficient, and the drought tolerant Poo116-DR had 
highest RLD in 30 to 45/ and 45 to 60 cm depth, 
respectively (Figure 3). The hybrids, especially 8644
27/ appeared to have less dense root systems. 
However, 8644-27 had the highest N uptake of all 
varieties at silking. Although significant differences 
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Figure 1. Grain yield and dry matter production (tlha) 32 DAP and at silklng of 11 maize varieties In 
the field; means over N application rates. 
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Figure 2. Grain yield (tlha) and N uptake (kglha) 32 DAP and at silking of 11 maize varieties� 
in the field; mean across N application rates.� 
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in root growth could not be detected, it can not be sample in the unfertilized plots, but within rows and 
concluded that varietal differences do not exist, since closer to the plants to obtain higher RLD's. If a 
C.V.'s were very high. positive correlation between early root growth and 

yield can be established, it would still not be clear if The main problem in root studies is high 
early root growth and N uptake per se areexperimental error. In this experiment samples were 
influencing yield or if these traits are just indicators taken at low N fertility and from open pollinated 
of later root growth and N uptake potential. varieties which may have additionally increased • 

variability among plants and among varieties. Seedling screening. An average of 3.3 roots per pot 
Several methods are available to reduce variation in penetrated the wax layer. Differences among 
root data e.g., compare only improved varieties of varieties in number of holes occurred only at the 
similar maturity; increase replication; choose an medium bulk density, which had the highest 
experimental site with fewer biotic constraints and average number of pores (Figure 4). RL both in the 
higher yield potential but low natural fertility; and upper and lower section was clearly reduced with 
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Figure 3. Root lenght densities (RLD, emlem)3 at 15 to 60 em depth and N uptake 32 DAP 
in plots fertilized with 30 kg Nlha. ' 
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Figure 4. Number of pores left by roots penetrating a wax layer at four leaf stage 
as affected by variety and bulk density. 
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increasing bulk density, but differed among varieties method and a wider range of bulk density needs to 
only at low bulk density (1.5 g cm-3). The varietal be investigated. An experiment of longer duration, 
means of RL in the upper and lower part were not using larger, sectioned tubes may show a closer 
associated with number of holes in the wax sheet. relationship to root growth in the field and will give 
None of the seedling root traits were correlated with information about rooting depth at the seedling 
RLD at any depth in the field. The lack of a stage. 
relationship of any seedling root parameter with CONCLUSIONS 
field root growth may be due to different soil 

Genotypic differences in N uptake capacity and dryconditions (differing bulk densities, soil types, 
matter production were clearly established. Highmoisture, and nutrient content), comparison of 
uptake of N and dry matter production during earlyplants at different developmental stages, or the fact 
growth was related to N stress tolerance. Althoughthat field root data were imprecise. The influence of 
trends in root growth among varieties wereN level and thickness of the wax layer in this 
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apparent in the field, modifications in the 
experimental procedure are required to detect 
possible relationships to N uptake and use 
efficiency. Differences in root growth of seedlings 
and in their ability to penetrate a wax layer were 
identified with a screening technique in pots. 
Further investigations are needed to determine if 
this can be an effective screening method for N use 
efficiency. 

REFERENCES 

Akintoye, H.A. 1994. Comparative analysis of 
growth and nitrogen utilization efficiency of 
maize hybrid and open-polliated genotypes in 
different ecological zones in Nigeria. Ph.D. thesis 
submitted to the Department of Agronomy, 
University of Ibadan, Nigeria. 

Lafitte, H.R. and Edmeades, G.O. 1987. An update 
on selection under stress: Selection criteria. In: 
Proceedings of the Second Eastern, Central, and 
Southern African Regional Maize Workshop, 
March 16-20, 1987, CIMMYT:Harare, Zimbabwe. 

Heuber et ai. 

Roeckel, H. 1991. Wurzelwachstum der 
Kompollenten eines alley-cropping Anbau
systems im Sueden Benins. (Root growth of the 
components of a alley cropping system in 
southern Benin) MSc.thesis, Institute for Plant 
Nutrition, University of Hannover, Germany. 

SAFGRADjIITA. 1986. Annual Report. 
Ouagadougou, Burkina Faso. 

Tennant, D. 1975. A test of modified line intersect 
method of estimating root· length. Journal of 
Ecology 63: 995-1001. 

Wiesler, F. 1991. Sortentypische Unterschiede im 
Wurzelwachsty.m und in der Nutzung des 
Nitratangebots des Bodens bel Mais. (Differences 
among maize varieties in root growth and 
utilization of nitrate in the soil) PhD. thesis, 
University of Hohenheim, Germany. 

•� 



Fourth Eastern and Southern Africa Regional Maize Conference 
28th March - 1st April. pp. 49 - 53 

RESPONSE OF MAIZE HYBRIDS TO NITROGEN: SELECTION FOR N-USE� 

EFFICIENCY IN MALAWI� 

B.T. ZAMBEZI, W. G.NHLANE and E.M. SIBALE 

Maize Commodity Research Team, Chitedze Agricultural Research Station, P.O. Box 158,� 
Lilongwe, Malawi.� 

ABSTRACf 

A study was conducted at Chitedze, Mbawa and Meru Agricultural Research Stations, Malawi, to 
evaluate the performance of 15 maize hybrids at two fertilizer levels, 0 and 80 kg N ha-1, during the 
1991/92 season. The trial design was a split-plot, with fertilizer rates as main plots and ge~otyp~s. as 
the subplots. The objective was to identify hybrids that would yield well at both levels ~f soli fertlhty. 
The performance of the genotypes was adversely affected by drought, particularly at Chlt~dze. It was, 
however, observed that MHI7, Z13534-3xAxl58 and IP25173-3-4xl58xA, were outstandIng at both 
fertility levels. 

INTRODUCfION 

The effectiveness with which nitrogen is used by 
maize (Zea mays L.) and other non-legume crop 
plants has become increasingly important because of 
increased costs of fertilizer (Moll et al., 1981). The 
screening of maize varieties and inbred lines at a 
routine level of 120 kg N ha-1 in the Malawi Maize 
Breeding Programme is, therefore, being reviewed. 
Differences in N utilization among maize genotypes 
have been demonstrated, not only in the genotypes' 
differential responses to N fertilizer (Smith, 1934), 
but also in the differences in absorption and 
utilization of absorbed nitrogen (Beauchamp et al., 
1976; Chevalier and Schrader, 1977; Moll and 
Kamprath, 1977; Reed et al., 1980). Thus, the 
potential for developing superior, N-efficient 
genotypes seems to exist. 

This trial was designed to evaluate the performance 
of experimental and commercial hybrids at low rates 
of nitrogen fertilizer. The objective was to select 
hybrids that would perform well at both zero an~ 80 
kg N ha-1, simply by ranking them on the bastS of 
grain yield within each nitrogen level. This is a 
quick way to screen for "N-use e ificleney.. " 

MATERIALS AND METHODS 

The trial was conducted in the 1991/92 season at 
Chitedze, Mbawa and Meru Research Stations, 
Malawi. Fifteen hybrids, consisting of 10 
experimental 3-way cross hybrids and 5 commercial 
hybrids, were evaluated. Two of the commercial 
hybrids, MH17 and MH18, were 3-way topcrosses. 
A randomized complete block design was used with 
split plots. Fertilizer was applied to main plots and 
genotypes allocated to sub-plots. There were 3 
replicates per site. Nitrogen was applied at two 
levels, zero and 80 kg ha-1. In addition, 40 kg P20S 
ha-1 was applied to all plots. Both fertilizers were 
applied as a basal dressing. Plot size was two rows, 

5.1m long, with an inter-row spacing of 90cm and 
30cm within the row, giving a plant population 
density of 37000 plants ha-1. 

RESULTS AND DISCUSSION 

Chitedze Research Station 
Grain yield. There was a significant interaction 
between genotypes and fertilizer (P-O.OS) at 
Chitedze Research Station, indicating that the 
response of the hybrids to the two fertility levels was 
variable. MH15xPR8432, Z13534-3xAx1S8 and 
IP25/73-3-4 performed well without fertilizer. 
MH15xPR8432 outyielded MH18 by 30%, but the 
difference was not statistically significant. MH16, 
IP25/73-3-4 and MH12 were the highest yielders at 
80 kg ha-1 N. 

Table 1. Rainfall (mm) for Chitedze, Mbawa and Meru research 
stations 1991/92 season. 

Month Chitedze Mbawa Meru 
November 103.2 50.1 53.4 
December 176.2 190.3 200.0 
January 140.0 247.4 124.3 
February 23.9 150.0 180.6 
March 146.3 148.8 210.0 
April 12.4 20.3 12.6 
May 0.0 16.4 11.3 
Total 602.0 823.3 792.2 

However, these results were confounded by drought 
(Table 1). The site mean for the unfertilized 
treatment at Chitedze was significantly (P=O.OS) 
higher than that of the fertilized treatment (Table 2). 
Initially plants in the fertilized plots grew faster than 
in the unfertilized plots, but as the drought started 
to take effect, the vigourous plants in the fertilized 
plots consumed soil moisture much more rapidly, 
than the unfertilized plants. Visual observations 
were that plants in fertilized plots started to wilt 
earlier than in the unfertilized plots. 

49� 
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Table 2. Response of maize hybrids to two levels of nitrogen fertilizer at Chitedze. 

Ok Nha'\ 
Ear 

Yield hI. Cob Lodg. 
En k ha· j em % % 
Z13534·3xAx 158 2906 123 59.6 14,2 
Z13534-5xAx158 1479 119 38.1 13.7 
Z23844·1 xAx158 1193 115 38.1 22.7 
113994xAx158 916 124 28.9 27,4 
11787xAx158 2461 121 58.7 15.7 
19071xAx158 341 127 7.6 23.1 
IZM1502xAx158 1474 121 31.8 10,9 
MH12 1246 125 25.6 16.9 
MH16 1888 104 65.7 26.0 
MH17 2624 107 62.2 30.1 
MH18 2723 83 83.5 26.6 
NSCM41 2063 103 57.3 93.8 
MH15xPR8432 3495 109 82.3 425 
IP25173·3-4x158xA 2834 118 55.3 13.8 
IP25/141-5-1x158xA 2312 110 50.1 22.1 
IP25/225·2-2x158xA 1065 114 30.5 24.9 
Mean 1939 114 49.0 23.4 

Yield Ear ht 
F G FxG F G 

LSD (0,05) 415 1172 166 4.4 12.2 
Sig.(F) • .. 
CV(%) 61.9 9.4 

Considering the overall variety mean yields (across 
the two fertility levels), MH15 x PR8432 was the best 
followed by IP25/73-3-4x158xA, MH16, Z13534
3xAx158 and MH18, but again the differences were 
very small. 

Ear height. As expected, fertilizer significantly 
improved ear height, indicatin"g that fertilized 
plants grew faster. However, these plants wilted 
earlier than those in the unfertilized plots, 
apparently due to higher demand for moisture. 

Cobbing percentage. Fertilizer x Genotype 
interaction was not significant. There were highly 
significant differences in percent cobbing between 
the two fertilizer levels, with the unfertilized 
treatment producing significantly more cobs than 
the fertilized treatment. There were, however, no 
differences in cobbing between the genotypes within 
each fertility level. We concluded that the poor yield 
in the fertilized plots was a result of a high incidence 
of barren plants. One of the effects of drought on 
maize is a delay in silking. Selection for good 
synchrony of flowering is one way to improve 
varieties for drought tolerance (Fischer et al., 1982). 
This trial was planted early in December, 1992. 
Tasselling and silking coincided with drought in 
February (Table 1). This caused poor synchrony 
between silking and tasselling. 

Lodging. Theire were highly significant differences 
in lodging between the two fertilio/ levels. 
Application of fertilizer caused significantly more 
lodging. 
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80 k Nha- I Mean Yield 
Ear kg ha· j 

Yield hI. Cob Lodg. 
k ha·1 em % % 

1509 117 33.3 26.1 2208 
1741 117 543 15.4 1610 
1465 120 42.1 16.4 1329 
1375 126 32.1 10.6 1145 
938 122 29.1 19,1 1700 
515 122 14.0 14.0 428 
421 117 10.5 15.7 948 

1859 133 45.8 8.3 1552 
2547 133 63.5 10.8 2217 
1529 120 32.2 27.6 2077 
1653 103 50.5 16.9 2188 
1658 117 52.7 15.5 1860 
1624 107 60.8 21.4 2560 
1864 125 33.5 5.1 2349 
1365 112 30.2 24.5 1839 
486 114 14,8 11.0 775 

1409 118 37.6 16.2 

Cob % Lodging % 
FxG F G FxG F G FxG 
17 8.3 23.5 33.4 5 14.4 20.5.. ..NS NS NS NS 

43.1 64.3 

Mbawa Research Station 
Grain yield. At Mbawa the interaction between 
genotypes and fertilizer for yield, was not 
significant, indicating that the hybrids performed 
similarly at each fertility level. However, highly 
significant differences (P=O.Ot) were observed 
between the fertilizer treatments, with the fertilized 
treatment giving double the yield of the unfertilized 
treatment (Table 3). This trend was different from 
that observed at Chitedze indicating that drought 
was not a major factor at Mbawa. The variety means 
across the two fertility levels showed that 
19071xAx158 was the highest yielder, followed by 
MH17, I13534-3xAx158, and 1P25/141-5-1x158xA, 
even though the difference was not significant. 

Ear height. Highly significant differences (Table 3) 
were observed in the ear height of the hybrids 
within each fertility level and among the genotypes. 
Fertilizer significantly (P-O.05) doubled ear height. 

Cobbing percentage. There were highly significant 
differences in cobbing rate between the two fertilizer 
treatments. As expected, lack of fertilizer resulted in 
more barren plants. Among the varieties, MH18 
showed high incidence of multiple cobbing, 
particularly in the fertilized treatments (Table 3). 

Lodging. Fertilizer x ~enotype interaction was not 
signmcant, indicating that regardless of the fertility 
level, genotypes were equally affected by lodging. 
There were also no significant differences between 
the fertilizer treatments. 
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Table 3, Response of maize hybrids to two levels of nitrogen fertilizer at Mbawa. 

Ok Nha·1 80 k Nha·1 Mean Yield 
Ear Ear kg ha·1 

Yield hI. Cob • Lodg. Yield hI. Cob Lodg.
Ent k ha·1 em % % II ha·1 em % % 
Z13534-3xAx158 1366 56 53.3 62 2767 80 98 54.1 2066 
Z13534·5xAx158 906 51 54.1 66 1482 73 77.2 66.5 1194 
Z23844·1xAx158 1342 55 73,7 74.1 1712 81 77.9 80,7 1527 
11394xAx158 1062 50 72.1 67.3 2157 93 84.9 69,6 1610 
11787xAx158 974 53 72.2 53.1 1893 72 94,3 60.1 1433 
19071xAx158 1506 55 69.1 63.1 2986 84 75,4 47,5 2246 
IZM1502xAx158 607 56 51,5 66.1 2131 88 83 69.7 1369 
MH12 619 58 52.1 73.1 1948 93 86,8 84.9 1283 
MH16 851 39 83.6 80.6 2504 72 101,9 89,7 1677 
MH17 1506 53 77 78.9 2693 71 102.1 77.5 2099 
MH18 1220 45 74,2 84,4 2244 67 114.3 81.9 1732 
NSCM41 922 43 77.7 82.3 2184 74 106.2 79,7 1553 
MH15xPR8432 895 41 77.5 76.2 1564 66 90.5 96,2 1229 
IP25173·3-4x158xA 902 47 71,9 88.1 2162 83 86.2 67.1 1532 
IP25/141·5·1x158xA 1468 48 86.3 60.4 2594 79 83.2 84.4 2031 
IP25/225·2-2x158xA 661 52 63 72.2 2062 82 85.4 49,8 1361 
Mean 1051 50 69.4 71.7 409 118 37,6 16,2 

Yield Ear ht Cob % Lodging % 
F G FxG F G FxG F G FxG F G FxG 

LSD (0.05) 307 873 1236 3.9 11.1 16.1 8,3 23.5 33 7,2 20,5 29,1.. ..Sig. (F) NS NS NS NS NS NS NS 
CV(%) 47.6 15.5 26.2 25.4 

Table 4. Response of maize hybrids to two levels of nitrogen fertilizer at Meru. 

Ok Nha·1 80 k Nha- Mean Yield
' Ear Ear kg ha·1 

Yield hI. Cob Lodg. Yield hI. Cob Lodg. 
En k ha'\ em % % k ha·1 em % % 
Z13534·3xAx158 2323 144 74,2 9.3 4090 126 95.6 3,5 3207 
Z13534-5xAx158 3225 156 94.8 6.2 3926 132 94.0 6.3 3575 
Z23844-lxAx158 3013 129 86,7 16,5 4061 123 95,1 9.7 3537 
I1394xAx158 2346 138 73.6 9.1 3937 118 82.5 11.6 3141 
11787xAx158 2584 141 84 15.9 3945 118 92.4 7,7 3264 
19071xAx158 2152 157 69.6 10.1 6443 135 97.4 3.3 4298 
IZM1502xAx158 1630 133 72.1 13.5 2902 128 85.7 10.7 2266 
MH12 1130 137 61.3 12.1 3799 135 96.8 10.2 2465 
MH16 2582 127 92 19.4 3104 101 91,7 12.2 2843 
MH17 2778 94 90.9 10.3 4174 107 98.4 11.6 3476 
MH18 1749 87 93,1 21.5 3872 106 98 12.1 2811 
NSCM41 2860 89 74,4 5,8 3974 113 87.2 9.2 3417 
MH15xPR8432 2986 133 95.8 9,2 4264 106 92.9 13.5 3625 
IP25173·3-4x158xA 2286 95 76,1 23.8 5162 131 95.7 10.2 3724 
IP251141·5·1xl58xA 1811 111 83,6 12.7 5263 110 102.7 9.1 3537 
IP25/225-2·2x158xA 1793 138 68.4 4.1 3820 121 94.5 3.5 2807 
Mean 2328 125 80.7 12.5 4171 119 93.8 9,1 

Yield Earht Cob % Lodging % 
F G FxG F G FxG F G FxG F G FxG 

LSD(0.05) 446 1264 178 13.0 37 52.4 4,6 13.0 182 63 7.5 10.5.. ..Sig. (F) NS NS NS NS NS NS NS 
CV(%) 34,3 26.7 13.3 61.4 

Meru Research Station between the genotypes and the interaction was also 
Grain yield. Highly significant differences were not sigIlmcant. 
observed in grain yield between the two fertility Ear height. As for ear height (Table 4), among the 
levels and the fertilized plots gave double the yield genotypes there were no significant differences
of unfertilized plots (Table 4). Meru was the best of between fertilized and unfertilized treatments, and 
the three sites. There were no significant differences the Fertilizer x Genotype interaction was also not 
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Figure 1. Response of maize hybrids to low N. Means over 3 sites 
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significant. This is an indication that the site was 
fertile. The site received ample rainfall (Table 1) and 
plant growth was good. 

Cobbing percentage. The difference in cobbing rate 
between fertilized and unfertilized treatments was 
highly significant. Application of fertilizer 
significantly reduced barren plants. 

Lodging. This site experienced the lowest lodging 
compared to Chitedze and Mbawa. Unfertilized 
plots had significantly the highest number of lodged 
plants (Table 4). The Fertilizer x Genotype 
interaction was however, not significant. This was 
to be expected because of the good rainfall and fairly 
fertile soils of the site. 

Ranking of genotypes. On the basis of a pooled 
analysis of the three sites, the genotypes were 
ranked within each fertilizer level (Figure 1) to pick 
out any genotypes that would perform reasonably 
well at both fertilizer levels. 

In the unfertilized treatment, the best five hybrids 
(which included MH15 x PR8432, MH17, Z13534
3xAx158, IP25/73-3-4x158xA and 11787xAx158), 
yielding over 2t ha-I , although the cut off point was 
1.8t ha-I , below which the differences were 
significant from the top yielder. This indicates that 
10 hybrids exhibited good yield performance at zero 
fertilizer. Interestingly, MH17 ranked second from 
the top yielder, whereas NSCM4l and MH18, 
ranked sixth and seventh, respectively. 

In the fertilized treatment, the best hybrids included 
I907lxAx158, IP25/141-5-1x158xA, IP25/73-3
4x158xA, MH17, Z13534-3xAx158 and MH16. The 
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difference in yield between the top yielder and 
MH16 was not Significant. Among the checks, 
MH17 ranked fourth, and MH16 sixth. Only three 
hybrids were able to perform outstandingly at both 
zero and 80 kg ha-I N. These were MH17, Z13534
3xAx158 and IP25/73-3-4x158xA. The tendency for 
hybrids to yield well with and without fertilizer 
indicates high fertilizer use efficiency. This is the 
trait that many breeders are interested in. 

CONCLUSION 

Because of the drought, these results are not 
conclusive. However, they are an indication that 
some of the genotypes tested, particularly MH17, 
Z13534-3xAx158 and IP25/73-3-4x158xA, seem to 
yield relatively satisfactorily with and without 
nitrogen fertilizer. 
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ABSTRACT 

Low nitrogen fertility of soils often limits maize yields on small family farms in southern Africa, 
particularly where continuous cropping of maize and poor access to fertilizer are common. A 
breeding program was initiated at CIMMYT-Zimbabwe in 1989 to assess the feasibility of improving 
grain yield of a maize population, 'ZM609', when grown under N-Iimiting conditions. An 81 recurrent 
selection scheme has been conducted for 2 cycles in which 500 81 lines were evaluated in field trials 
with N topdress treatments of 0 and 120 kg ha-l . Nitrogen use efficient (NUE) lines were those with 
high grain yield for both N topdress treatments, whereas N use inefficient (NUl) lines produced high 
yield only with the higher N application. The 26 81 lines selected to form cycle 2 of the population 
yielded 3.70 and 4.27 Mg ha-l , whereas the 24 81 lines recombined to form cycle 3 yielded 4.01 and 5.01 
Mg ha-l at 0 and 120 kg N ha-l , respectively. One NUE and one NUl synthetic were formed for each 
cycle of selection using 10 to 13 81 lines to constitute each synthetic. The lines recombined to form 
NUE synthetics had average grain yield of 3.73 and 4.58 Mg ha-l for cycle 1, and 4.60 and 5.82 Mg ha-l 
for cycle 2 at 0 and 120 kg N ha-l , respectively. The program is presently testing 81 lines from cycle 3, 
and extensive evaluations are currently under way to assess progress from this breeding effort and to 
suggest modifications to our methodology. 

INTRODUCTION� fertilizers cause more harm than good to their maize 
crop.Nitrogen is the most limiting soil nutrient for maize 

yields worldwide (Rhoades and Bennett, 1990). With these concerns in mind, and encouraged by 
Tropical soils are frequently deficient in N due to progress from a full-sib recurrent selection program 
high rates of leaching (Anderson and Ingram, 1989), conducted by Lafitte (CIMMYT-Mexico, personal 
denitrification (Keller et aI., 1986; Matson et aI., 1986), communication) for improved grain yield for low 
decomposition of organic matter, and the erosive and high soil-N conditions, maize breeders at 
action of rainfall. Small-holder farmers and those CIMMYT-Zimbabwe initiated a program to improve 
farming marginally productive fields are often N use efficiency of a maize population (Short and 
limited in their options for providing supplemental Edmeades,1991). ZM609 is a white grained maize 
N to their maize crops. Many farmers use mulches population adapted to mid-altitude tropical 
or manure, but these are seldom available in ecologies, has short plant stature, is semi-prolific, 
sufficient quantity to reverse the yield reducing has good level of resistance to maize streak virus 
effects of N-deficient soils. Crop� rotations and and corresponds to a Tuxpeno heterotic pattern. 
fallowing schemes are viable options only when Genetically, population ZM609 is comprised of 
population pressure is low on farm lands, a situation 'EV7992' (also known as 'Kilima' in Tanzania) and 
which can only become increasingly rare. 'EV8449-SR', a streak virus resistant version of an 

experimental variety from CIMMYT population 49
Use of inorganic fertilizers in sub-saharan Africa is (Tuxpeno Planta Baja or Tuxpeno short plant). 
quite limited, and in southern Africa an average of 
only 4 to 25 kg N ha-1 is applied to maize crops Population ZM609 has been improved by S1 
(Low and Waddington, 1989). Many factors are recurrent selection. For each cycle of selection, 500 
responsible for these low rates of fertilizer use. S1lines were evaluated at 2 sites and at 2 N topdress 
Farmers may fail to purchase fertilizer for lack of levels, 0 and 120 kg N ha-1. We have defined N use 
cash or access to credit. In other cases, poor efficient and inefficient lines as follows: 
infrastructure for production and distribution results • N use efficient • high grain yield for both N 
in inadequate or untimely supply of fertilizer to topdress treatments. 
farmers. Still other farmers regard fertilizer as a 
risky investment, since it must be purchased with no • N use inefficient • high grain yield only for 120 
guarantee that a successful crop will be harvested. kgNha-1. 
Untimely application or misuse of fertilizer has also Trials. Lines from cycle 1 were evaluated in 1990 
fostered the belief among some� farmers that and those from cycle 2 in 1992 (Table 1). Results for 

cycle 1 of selection were reported by Short and 
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Edmeades (1991). The 1992 growing season was 
extremely dry for Zimbabwe, so the evaluation trials 
were stressed both by limited moisture and soil N 
fertility. Lines selected from cycle 2 yielded more 
grain than those selected from cycle 1 despite lower 
mean yield of cycle 2 relative to cycle 1 lines. These 
results are likely confounded by the effects of 
moisture stress, but they do indicate that our 51 
recurrent selection scheme produced some lines with 
improved performance for both low and high N 
topdress treatments. Lines from cycle 3 of ZM609 
are currently being evaluated at 3 sites. 

Table 1. Grain yield across 2 locations for S1lines from CIMMYT 
population ZM609 

Group Yield 0N Yield 120 N 
t ha-' (12.5% moisture) 

Selection Cycle 1(1990) 
ZM609 C1 (500) 2.42 3.27 
C1 Selections (26) 3.70 4.27 
NUE Selections (13) 3.73 4.58 
NUl Selections (13) 2.08 4.85 

Selection Cycle 2 (1992) 
ZM609 C2 (500) 2.00 2.91 
C2 Selections (24) 4.01 5.01 
NUE Selections (11) 4.60 5.82 
NUl Selections (10) 2.52 5.15 
Notes 
1. C1 and C2: Cycles 1and 2of improvement. 
2. NUE =Nefficient; lines with high grain yield for both Nfertilization 
treatments. NUl =inefficient; lines with highest grain yield for high rate 
of Nfertilization and no selection applied for yield at 0Nfertilization. 
3. For each cycle values are the mean of all lines evaluated (500), the 
mean of lines chosen to form the next cycle of the population (26 or 24), 
and the mean of lines chosen to form NUE and NUl synthetics (10 to 13 
lines). 

Ongoing research projects. Several trials are 
presently underway to assess the progress form 
selection for N use efficiency for population ZM609. 
These trials form the basis for a Ph.D. thesis study at 
CIMMYT-Zimbabwe. Evaluation of hybrids from 2 
diallel mating designs will provide information 
regarding the type of gene action controlling several 
traits associated with N use efficiency. The parent 
lines for these diallels were 53 lines from cycle 2 of 
selection for ZM609. Diallel1 included 10 lines, 5 of 
which were selected as N use efficient (NUE) and 
the other 5 were identified as N use inefficient 
(NUl). Diallel 2 was formed with 8 parent lines, 4 of 
which were NUE and 4 NUl. We are evaluating 
Diallel 1 at 6 sites and Diallel 2 at 4 sites. 

We are also evaluating trials of testcross hybrids for 
NUE and NUl lines from ZM609 cycles 1 and 2. Our 
objective is to determine whether NUE lines produce 
a greater frequency of NUE hybrids than NUl lines. 
For experiment 1, 18 cycle 1 lines were crossed as 
females with 'N3' and 'SC.' In experiment 2,18 cycle 
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2 lines were crossed as females to N3, 5C, 'K64R' and 
CIMMYT population 'DR-B' (drought tolerant 
population of heterotic group B, or ETO-type). The 
2 additional males were included for experiment 2 to 
test whether use of males selected for "stress" 
tolerance would contribute to performance of the 
NUE or NUl x tester hybrids. Both experiments are 
being evaluated at 3 sites. 

A third type of experiment is a simple evaluation of 
progress from 3 cycles of selection in population 
ZM609. This study compares cycles 1, 2 and 3 of 
ZM609, plus NUE and NUl synthetics from cycles 1 
and 2. This cycles of selection trial is being 
evaluated at 3 sites. 

The traits we are measuring for each of these studies 
include above-ground plant biomass at flowering 
and S weeks after flowering, leaf chlorophyll density 
at various phenological stages, leaf and above
ground plant N content, leaf senescence or "stay 
green", ear-leaf area, and grain yield. Most trials are 
being evaluated with 2 levels of N topdress 
application, 0 and 120 kg ha-1. A few sites with 
poorest soil fertility levels received topdress 
treatments of 30 and 120 kg N ha-1. A basal 
fertilizer of 4, 34, and 30 kg N, P20S, and K, 
respectively, was applied at planting to minimize P 
and K deficiency symptoms that could confound 
differences for N use efficiency. 

Research plans. We are interested in implementing 
a seedling screening procedure for N use efficiency. 
Two approaches which we are exploring are 
hydroculture and sand culture of maize seedlings. 
For both methods, proper nutrient solution can be 
provided during first weeks of seedling 
development and N deficient solution can be 
provided subsequently to identify genotypes least 
susceptible to N deficiency stress. The effect of N 
deficiency can be qualitatively assessed by visual 
rating of seedling chlorosis, or several quantitative 
measures can be taken (e.g. chlorophyll density, root 
biomass or seedling biomass). Transplanting NUE 
seedlings to the field would allow pollination of the 
best plants. 

Seedling screening for N use efficiency is appealing 
because it is rapid (4-6 weeks), a large number of 
genotypes can be tested, it can be performed during 
the winter or summer seasons, and most 
importantly, it allows greater control of 
envirol\IDental factors than possible when 
evaluating germplasm in the field. This latter 
attribute suggests heritability of N use efficiency 
traits may be higher for controlled seedling screens 
than for field evaluations. 
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Preliminary hydroculture studies conducted at 
CIMMYT in collaboration with the African Center 
for Fertilizer Development (ACFD) provided some 
encouraging results. Of 8 lines identified as NUE in 
field evaluations, 5 were classified as NUE by 
hydroculture techniques. Similarly, 6 of 8 lines 
identified as NUl in field evaluations were also 
found to be inefficient according to hydroculture 
evaluation. We would like to emphasize that these 
are only preliminary results and further testing is 
necessary before we can confidently recommend this 
methodology. 

It is critical to determine whether seedling 
performance under N limiting conditions correlates 
well with grain yield. Vigorous, dark green 
seedlings may not necessarily produce the most 
grain yield. 

CONCLUSION 

We are presently completing the third cycle of 51 
recurrent selection for improved N use efficiency in 
CIMMYT population ZM609. Meanwhile, current 
evaluations of a wide array of genetic materials with 
ZM609 background should give a fair indication of 
progress to date, and will allow a more detailed 
reporting. Scientists at CIMMYT-Mexico have been 
improving N use efficiency of lowland tropical 
populations using a full-sib recurrent selection 
scheme. Finally, we are interested in introducing . 
hydroculture or sand-culture seedling screening into 
our N use efficiency breeding program. Never-the
less, after 5 years of research on selection of maize 
cultivars with increased N use efficiency, we still 
have more questions than answers. The facts remain 
that maize will not grow without N and that maize 
yields for smallholder farmers are commonly limited 
by low soil-N levels. We intend to continue a 
modest research effort exploring options for 
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genetically improving performance of maize under 
N-limiting conditions. 
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ABSTRACf 

Low soil nitrogen supply is one of the principal causes of the large differences observed between 
ma.ize yields on experiment stations and yields in farmers' fields in the tropics. While genetic 
variation in crop response to N supply has been documented, there are few reports of progress from 
selection programmes targeting the low N environment. This presentation summarizes results from 
such a selection effort. Some of the methodological difficulties associated with selection under low 
soil fertility are discussed. Results are presented that indicate that gains from selection similar to 
those in low N environments can also be achieved by selecting for tolerance to mid-season drought 
stress. 

INTRODUCfION 

Low soil nitrogen supply is one of the principal 
causes for the large differences observed between 
maize yields on experiment stations and yields in 
farmers' fields in the tropics. While genetic variation 
in crop response to N supply has been documented, 
there are few reports of progress from selection 
programmes targeting the low N environment. This 
presentation summarizes results from such a 
selection effort, and mentions some of the 
methodological difficulties associated with selection 
under low soil fertility. It also presents results 
which indicate that gains in low N environments can 
also be achieved via selection for tolerance to mid
season drought stress. 

SELECfION AMONG FULL-SIB FAMILIES FOR 
PERFORMANCE UNDER LOW N 

In 1986, a selection programme for performance 
under low N was initiated in the lowland tropical 
experimental variety 'Across 8328'. The selection 
criteria used reflected a specific ideotype for low N 
environments which was expected to be compatible 
with high yield potential. The features of the 
ideotype were high grain yield under both -N and 
+N, high N uptake prior to flowering under -N 
(expressed as greater production of vegetative 
biomass estimated from leaf area and plant height), 
and synchrony of male and female flowering and 
delayed senescence under -N. An effort was made 
to maintain the original maturity and height of the 
population at +N unchanged. The weights assigned 
to each of these traits varied from year to year, based 
on the extent of observed variation in each trait. For 
example, flowering synchrony was emphasized in 
only two of the six progeny evaluations that have 
been conducted. A preliminary evaluation of 
phenotypic correlations among these traits indicated 
that they could be combined in a selection index, 
since they were not negatively related. 

After three cycles of full-sib recurrent selection with 
a selection pressure of approximately 20%, we 
conducted an evaluation of progress. Cycles 0,1,2, 
and 3 (CO, Cl, C2, and C3) were sown along with 8
20 other entries in replicated trials in four seasons, 
each of which included a high (200 kg N ha-1) and 
low (0 kg N ha-1) N level. All evaluations were 
conducted in Poza Rica, Mexico (200 N, 60 masl). 

The linear change in yield with Selection from CO to 
C3 was 75 kg ha-1 cycle-l (2.8% cycle-1) under -N, 
and was 137 kg ha-1 cycle-l (2.3% cycle-I) under +N 
conditions. In a traditional stability analysis, where 
grain yield of the entry is plotted against the mean 
yield of all entries in the trial, the superiority of C3 is 
observed at all yield levels (Figure 1), though the 
two lines are not parallel. Cycles 0 and 3 were also 
compared in a different environment (Thailand) 
under N-limited and +N conditions (R. Thiraporn, 
personal communication). There, the yield 
improvement in the five N-limited environments 
was 119 kg ha-1 cycle-l (2.5% ~cle-1), and in the +N 
trials, the gain was 219 kg ha- cycle-l (3.4% cycle
1). These results indicate that the gains observed in 
Poza Rica were not simply due to specific adaptation 
to that location, and confirm the hypothesis that 
yield improvement under low N is not necessarily 
associated with a loss of yield potential in +N 
conditions. 

Other traits included in the selection index included 
plant height, the date of male flowering, ear leaf 
area,ear leaf chlorophyll concentration shortly after 
flowering, and the number of green leaves below the 
ear at three and five weeks after silking. The ear leaf 
area and the ear leaf chlorophyll concentration did 
not change with selection. The date of male 
flowering was delayed slightly, plant height 
increased at both N levels, and the rate of senescence 
declined (Table 1). Selection resulted in an increase 
in the amount of biomass accumulated in the period 
before flowering, and in the amount of N moved 
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from vegetative parts to the ear during grain-filling 
(Table 1), but the total quantity of N absorbed by the 
plant did not change. This result indicates that the 
yield improvement with selection is due to 
improvements in the efficiency with which N is 
utilized to produce biomass, not in the efficiency of 
N uptake by the crop. 

Table 1. Changes in grain yield and other selection criteria as affected 
by three cycles of selection for improved performance under low Nin 
Across 8328. when evaluated at Poza Rica, Mexico. Values are means 
of four evaluations conducted at each of two Nlevels. 

Change per cycle: 
CycleD Cycle 3 Traita Percent 

Grain yield (Mg h.-') 
LowN 2.62 2.81 0.07+ 2.8 
HighN 5.76 6.13 0.14** 2.3 
Across Nlevels 4.19 4.47 0.10** 2.3 

Plant height (em) 
LowN 163 186 7.9· 4.5 
High N 193 221 8.8* 4.3 
Across Nlevels 178 204 8.4* 4.4 

Number of green le.ves below the e.r, 3wk pOlt..llklng 
Low N 2.53 2.93 0.13· 5.0 
High N 5.26 6.10 0.25* 4.5 
Across Nlevels 3.90 4.51 0.19** 4.6 

Blom....t 50% IIIking (Mg h.-i) 
Low N 4.21 4.80 0.19+ 4.2 
High N 5.57 6.11 0.18* 3.1 
Across Nlevels 4.89 5.45 0.18** 3.5 

02)Nmoved from vegetative parts to grain during gralnoflllIng (g m
Low N 1.43 1.64 0.06 
H~N 190 ~~ Q~ 
Across Nlevels 2.67 3.15 0.14* 4.8 
aSignificant at: ** P<0.01, • P<0.05, + P<0.10, ns P>O.10 

A study of ear growth in CO and C3 in both N
limited and +N environments revealed additional 
differences in the patterns of dry matter 
accumulation in the ear; The number of florets ear-! 
declined with selection (Table 2), a response also 
observed with selection for tolerance to drought at 
flowering (Edmeades et al., 1993). The length of time 
between pollination and the onset of the linear 
grain-filling period was increased with selection 
(Figure 2), and that change, combined with the 
reduction in the number of florets ear-I, resulted in a 
greater biomass kernel-! for C3 (Table 2) at that 
critical point when the number of final grains ear-l 
is determined (Tollenaar, 1977). The kernel growth 
rate during the linear grain-filling period tended to 
be greater for C3 than for CO, These results indicate 
that selection pressure for performance under low N 
has had an effect, not only on the patterns of 
biomass accumulation and N mobilization, but also 
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on basic patterns of ear development. In addition, 
these changes were similar to those observed in the 
patterns of ear growth after eight cycles of selection 
for tolerance to drought in the population Tuxpefto 
Sequia (data not shown). 

After we evaluated the first three cycles of selection, 
we continued the selection programme with a 
selection index which has been gradually modified. 
We no longer select for ear leaf area and chlorophyll 
concentration. The number of grains ear-! under-N 
now receives direct selection pressure. We have 
reduced the use of plant height at -N as a selection 
criterion, and have placed negative pressure on 
plant and ear height at high N, in order to recover 
the original plant height of the population. We have 
attempted to reduce tassel size by including a score 
of that trait in the selection index. We have also 
included a score of husk colour, and are placing a 
slight pressure on maintaining green husks for a 
longer period after flowering. These changes in the 
selection criteria appear to have resulted in some 
yield instability in C~ similar to results observed 
after the initial selection cycle in the original 
population. The population will be reevaluated 
after the sixth cycle of selection is completed. 

Table 2. Ear growth characteristics as affected by three cycles of 
selection for improved tolerance to low Nin Across 8328. when 
evaluated under high Nconditions in T1altlzapan and under N-limited 
conditions in Poza Rica, Mexico. 

Cycle 0 Cycle 3 LSDo05 
Florets ea,..' 
LowN 445 432 ns 32 
HighN 621 586 34 

Time from pollination to the onlet of IIne.r graln.fllllng 
Low N 15.5 17.3 ns 4.2 
High N 9.4 13.5 3.6 

Weight kemel°i • the onset of IIne.r gralnoflllIng 
LowN 28 41 ns 28 
H~N V 00 * ~ 

Kernel growth rate, polltlon 10 from b... of the e.r 
Low N 8.4 7.7 ns 1.7 
High N 6.9 8.6 * 1.3 

Kernel growth rate, polltlon 20 from b... of the e.r 
Low N 1.7 3.2 * 1.0 
High N 6.4 7.7 + 1.6 

Number of .borted florets 
Low N 313. 259 49 
High N 232 150 49 

Floret .bortlon (%) 
LowN 70 60 * 10 
HlghN 37 26 * 6 

aSigniflcant at: • P<0.05, +P<0.10, ns P>O.10 
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Table 3. Correlations among characters measured in 75 S1 families of 
La Posta Sequia Co when evaluated under drought and low N. 

a. Correlations of the same trait when measured under drought and low 
N 

Drought· Low N 
Anthesis date 0.59 
ASI 0.30 
Grain yield 0.41 
Grain number planr1 0.30 

b. Correlations between traits when measured under under drought and 
lowN 

Anthesis date· grain yield 
ASI - grain yield 
ASI • grain number planr1 

Drought LowN 
-0.52 -0.30 
-0.46 -0.51 
-0.49 -0.54 

METHODOLOGICAL CONSIDERATIONS FOR� 
SELECTION UNDER LOW N� 

Screening of progeny under conditions of abiotic 
stress is generally associated with an increased level 
of environmental variability. In the case of low N 
stress at our experiment station in Poza Rica, the 
extent of soil variability in N supply has been 
extreme. For example, the yield of check plots 
planted in an area measuring 42 m by 52 m varied 
by 470% (0.7-4.0 t ha-1) under low N, compared to a 
variation of 115% (3.0-6.4 t ha-1) for a similar area 
under high N. Estimates of organic matter in the 
upper O.~ m of the profile in one low N block ranged 
from 0.66% to 1.38% in an area measuring 12 m by 
68 m. We have used several different approaches in 
attempts to minimize the effect of soil variability in 
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our progeny trials and evaluations under low N. 

The use of a simple alpha 0,1 lattice design with a 
small incomplete block size improves the 
experimental efficiency by 70-110% relative to a 
randomized complete block design. This approach 
has worked well in progeny trials, where each plot is 
represented by a single row. In evaluations, where 
multiple-row plots are used, it is less successful 
because each incomplete block encompasses a larger 
area, and soil variation within the block becomes 
important. 

For trials with large plots, we have found that a 
useful covariate is the grain yield measured in 
adjacent check rows. The use of yield in adjacent 
check rows as a covariate improved the efficiency of 
an evaluation of 12 entries in four replications by 
280% relative to a randomized complete block 
design, compared to an increase of 55% over the 
randomized complete block design when a lattice 
design was used. When check values from an 
experiment sown seven or eight seasons before were 
used for other trials, the improvement in efficiency 
relative to a randomized complete block design was 
40-55%, compared to 0-20% for the lattice design. 
The underlying soil factors responsible for the 
variation observed in Poza Rica appear to be 
reasonably stable from season to season, so check 
yield measured in one experiment may be used as a 
covariate for a trial sown several seasons later. This 
avoids the additional costs in land and labour 
incurred when check rows are planted each season. 

Other approaches to reducing the effects of 
environmental variation include nearest-neighbour 
designs and trend analysis (e.g. Brownie et al., 1993). 

Table 4. Grain number per plant, single grain weight (mg) and number of green leaves below the ear three weeks after flowering of original and 
advanced cycles of four populations which have been improved for drought tolerance. The traits were measured in two experiments (93A and 938) 
under low N. 

Grain number per plant 

Tuxpello Seq CO 188 147 215 172 1.8 2.9 
Tuxpello Seq C8 251 273 226 205 2.0 3.0 

La Posta Seq CO 205 207 219 195 1.6 2.2 
La Posta Seq C3 243 263 196 161 1.8 2.3 

Pool 26 Seq CO 197 180 243 220 1.3 2.4 
Pool 26 Seq C3 265 271 249 206 3.0 3.3 

Pool 18 Seq CO 197 204 245 214 3.0 3.2 
Pool 18 Seq C2BA 222 172 273 203 3.5 2.6 

Mean 221 215 233 197 2.3 2.7 
LSD 45 72 10 24 1.0 1.0 

Mean CO 197 185 231 200 1.9 2.6 
Mean advanced eycles 245 245 236 194 2.6 2.8 
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Figure 1. Stability of aaoss 8328 BN cyde 0 and over various Nlevels. 
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Figure 1. Grain yields of Across 8328 BN cycle 0 and cycle 3 versus mean grain yield of the environment for 
trials conducted during four seasons at high (200 kg N ha-1) and low (0 kg N ha-1) levels of soil N. All 
experiments were conducted at Poza Rica, Veracruz, Mexico. 

Figure 2. 8328 BN cyde 0 and ear. 
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Figure 2. Grain growth of Across 8328 BN cycle 0 and cycle 3 versus time after silking for an experiment 
sown with high N at Tlaltizapan, Morelos, Mexico. For the exponential portion of the curve (day 0 to day 
15), points represent ear weight divided by the number of florets ear-1. For the linear phase of grain growth 
(day 21 to day 48), pOints represent the weight grain-1 for kernels at position 10 frOJ;l\ the base of the ear. 

While the best statistical approach will vary PERFORMANCE OF DROUGHT TOLERANT 
depending on the site and the computational MATERIALS UNDER LOW N 
resources available to the researcher, we have found There is evidence that. certain plant characteristics 
that it is essential to use some statistical procedure to have adaptive value across a range of abiotic
control the effect of environmental heterogeneity stresses. For example, when 75 St progenies were 
when working under low N. Before embarking on a evaluated under drought in one experiment and
selection programme under low N, it is also under low N in another, measured values of the 
important to identify reliable low N sites which are anthesis-to-silking interval, grain yield and grain
as homogeneous as possible. number planr1 were significantly correlated across 
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the two environments (Table 3a). The magnitude of 
the correlations measured among these traits within 
an environment was similar (Table 3b). In the search 
for efficient ways to select genotypes tolerant to low 
N, we evaluated the extent to which selection for 
drought tolerance, as performed at CIMMYT, has 
helped to improve grain yield under low N. 

We evaluated four populations which had been 
improved under drought: Tuxpefio Sequfa, La Posta 
Sequia, Pool 26 Sequfa and Pool 18 Sequfa. These 
populations have never been selected under low N. 
Tuxpefio Sequia is a late-maturing population which 
has been selected for drought tolerance over eight 
cycles in a full-sib family structure. La Posta Sequfa 
and Pool 26 Sequfa, also late-maturing, have been 
selected on the basis of Sl family performance for 
three cycles. Pool 18 Sequfa is an early-maturing 
material in which only two cycles of st selection had 
been conducted when the evaluation was initiated. 
The experimental variety Pool 18 C2BA (:= best all 
traits) was used as the advanced cycle in this 
population, while cycle bulks were used for the 
other populations. For details in the selection 
procedure, we refer to the contribution from 
Edmeades et aI., (1994) 'Recent evaluations of 
progress for drought tolerance in tropical maize' in 
these proceedings. 

The original and most advanced cycle of each 
population was grown at 0 kg N ha-1 (-N).and 200 
kg N ha-l (+N) in three seasons. Due to hIgh rates 
of soil N mineralization in the -N block in one 
season, the N level obtained was inten;nediate. The 
evaluations were conducted in Poza Rica. 

The progress in grain yield under low N which 
resulted from selection for drought tolerance varied 
among populations (Figure 3). Grain yield in 
Tuxpefio Sequfa increased at -N by 123 kg ha-1 

cycle-l (4.9% cycle-I), and in Pool 26 Sequfa the 
increase was 326 kg ha-1 cycle-l (11.7% cycle-I; 163 
kg ha-1 year-I). These gains are similar to (in 
Tuxpefio Sequfa) or greater than (in Pool 26 Sequia) 
those observed under drought or under non-stressed 
conditions (Edmeades et al., 1994, these 
proceedings). Gains under low N by La Posta 
Sequfa were non-significant (64 kg ha-1 cycle-I; 2.5 
cycle-I), and were about one third of those observed 
under drought. Pool 18 Sequfa C2BA yielded less 
than cycle 0 in one -N experiment. 

The variation in the response of drought tolerant 
materials to -N conditions can be interpreted 
through an examination of yield components (Table 
4). The drought tolerant selections of the late 
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materials (Tuxpefio Sequfa, La Posta Sequfa, Pool 26 
Sequfa) generally maintained a higher grain number 
plant-I under -N as compared to their original 
cycles. A similar result was observed for Tuxpefio 
Sequfa under drought stress (Bolanos and 
Edmeades, 1993). A combined analysis of the three 
late maturing drought populations over the various 
N levels shows that maintenance of a higher grain 
number planrl became more important as N stress 
became more severe (Figure 4). We conclude that 
the increased yield under low N after selection for 
drought tolerance is probably due to reduced grain 
and ear abortion in the advanced cycles of selection, 
perhaps because of an increased partitioning of 
current photosynthate to the ear during early grain
filling (Edmeades et aI., 1993). It seems that these 
changes are constitutive, and that they represent a 
strategy which reduces grain and ear abortion under 
both drought and low N. This conclusion is 
consistent with the observed changes in ear growth 
and floret number observed in Across 8328 with 
selection under -N. 

Single grain weights of Tuxpefio Sequfa and Pool 26 
Sequfa under -N remained fairly constant with 
selection for drought tolerance (Table 4), suggesting 
that the photosynthetic capacity of these genotypes 
was sufficient to meet the demand of the larger 'sink' 
(more grains). Single grain weights of La Posta 
Sequta measured under -N decreased with selection, 
resulting in the lower yield advance of this 
population under -N. Since La Posta Sequfa and 
Tuxpefio Sequfa showed similar increases in stay
green due to selection, stay-green parameters could 
not explain the reduced grain-filling capacity of La 
Posta Sequfa C3. An increase in stay-green under -N 
was observed in all of the late populations (P = 0.03). 

Selection for drought tolerance in the early 
population Pool 18 Sequfa was less successful in 
improving yield under -N than it was in the late 
populations, even though yield gains were observed 
under drought. While changes in one season (93A) 
under -N were similar to the changes observed in 
the late populations, the results of 93B (when 
lodging was severe) were contradictory. The 
advanced cycle of Pool 18 Sequfa represents only 
two cycles of selection. We do not think that we 
have sufficient data to decide whether selection for 
drought tolerance in Pool 18 Sequfa led to different 
changes under -N than those observed with the late 
materials. 

• 
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Figure 3a. Stability of Tuxpeno Seq and Pool 26 Seq over 
various N Levels. 
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Figure 3b. Stabiltty of Tuxpef'lo Seq and Pool 26 Seq over 
various N Levels. 
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Figure 3c. Stability of La Posta Seq selections over various 
N Levels. 
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Figure 3d. Stability of Pool 18 Seq selections over various 
N Levels. • 

Figure 3. Grain yields of Tuxpefto Sequta CO and ca, La PostaSequ1a CO and/C3, Pool 26 Sequfa CO and C3, 
and Pool 18 Sequta CO and C2BA plotted against mean grain yield of environment. Evaluation was 
conducted under three N regimes at Poza Rica, 1992-93. 
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Figure 4. Grain number plant- 1 of orginal vs dro cycles when evaluated 
over a range of N 
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Figure 4. Grain number plant-1 of original and advanced cycles of late drought materials (Tuxpefto Sequia, 
La Posta Sequia, Pool 26 Sequia) plotted against mean grain number plant-1 of environment. Evaluation was 
conducted under three N regimes at Poza Rica, 1992-93. 

CONCLUSIONS 

Selection for tolerance to low soil N and good yield 
at high N using an ideotype approach has resulted 
in improved yield at both N levels after three cycles 
of full-sib selection. These gains were associated 
with changes in the patterns of N and biomass 
accumulation, and with changes in ear growth 
parameters. 

In the selection site we have used, problems of 
extreme soil heterogeneity appear when N is not 
applied. This undoubtedly decreases the efficiency 
of the selection process, though statistical 
procedures can be used to reduce the severity of this 
effect. 

Breeding for drought tolerance as conducted at 
CIMMYT has the potential to increase grain yield 
under low N as well, and it appears to affect key 
parameters of ear growth and senescence which are 
also affected by direct selection for tolerance to -N 
conditions. In cases where the uniformity and 
severity of drought can be more easily managed 

than can N stress, it may be an efficient route to the 
development of materials with reduced grain and 
ear abortion under low N conditions. 
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Questions to Margaret E. Smith 

A. Tadesse:
 
Besides the genetic improvement for NUE do you
 
include other stresses like pests and diseases?
 

Response: 
At present our nitrogen effort focusses only on nitrogen 
stress tolerance, to identify and accumulate alleles for this 
complex trait. Ultimately, varieties also will need 
tolerance to other biotic and abiotic stresses if they are to 
be ofuse to farmers. 

J. Ransom:
 
Can you measure the layering of roots in the soil
 
profile with the conductance technique?
 

Response:
 
No, this technique cannot indicate root distribution; only
 
root system surface area. '
 

S.K. Kim: 
One of your slides showed NUE at 0 N and at 50 kg 
N ha-t . Also, the measurements at flowering time 
show variation in leaf greenness below the ear. Can 
we use a rating scale of green leaves below the ear 
and the final grain yield at 50 kg N ha-1 for the 
selection of NUE varieties? 

Response: 
This may be an excellent approach. How it compares to 
alternative screening approaches is something we do not 
know yet. At present, our approach is to selectfor yield 
under nitrogen stress. Once we have obtained materials 
with convincing differences in performance under 
nitrogen stress we will be able to identify traits that 
would comprise efficient selection schemes. 

L.T. Empig:
 
Have you tried, or do you know of data that use,
 
high plant density for screening for NUE?
 

Response:
 
I have not tried this, but to the extent that stress tolerance
 
mechanisms are parallelfor various physiological stresses,
 
it might work. CIMMYT's data on drought tolerant
 
selections and their performance under nitrogen stress
 
provides the most pertinent information at present.
 

E. Nxumalo:
 
When breeding for NUE do you keep other nutrients
 
constant so that they can not be limiting?
 

Response: 
At present, we are varying only nitrogen levels, because 
we need to determine whether and how nitrogen use 
efficiency can be improved. Once we know how to 

manage nitrogen stress, we can consider improvement for 
additional nutrient stresses. 

P. Setimela:
 
How easy will it be to transfer some of these genes
 
to other lines, since traits like "stay green" are not
 
influenced by one gene but many?
 

Response: 
As for any genetically complex trait (yield, insect 
resistance, etc.), improvement ofnitrogen stress tolerance 
will likely be agradual process, with short-term products 
showing some improvement and medium- or long-term 
products showing more improvement. 

Question to Heidi Heuberger 

J.P. Shikulu: 
You have indicated that N-uptake at silking was 
highly correlated with yield. Could you comment 
on how much N-uptake occurs at this stage? Is it not 
true that at silking most of the N taken up is being 
translocated? 

Response:
 
Absolute values across varietiesfor N uptake at silking
 
were: 0 kg N ha-l gave 39.38kg N uptake; 30kg N JurI
 
gave 53 kg N uptake; 90 kg N JurI (fertilized) gave 79 kg
 
N uptake. Percent uptake at silking (N silk/N maturity)
 
is not analysed yet, but it ranges normally from 40 - 60%
 
depending on variety.
 

Translocation ofN to the grain starts at silking and 
continues through grain filling. The portion of 
translocated N depends on how much is taken up before 
silking and on the variety. There are differences I 

Questions to Batson Zambezi 

D. Hess:
 
Are you better to evaluate parents or hybrids if the
 
objective is to develop improved N use efficiency
 
hybrids?
 

Response:
 
It is better to screen the inbreds for NUE. This work has
 
already started in conjunction with the maize agronomy
 
programme at Chitedze Agricultural Research Station.
 

D.Hikwa: 
A comment. It may be useful for you to consider 
one more N level between zero applied and 80 kg 
haot, in order to capture responses to lower N 
applications. It could be that you will find little 
difference in response between 40 and 80 kg N ha-t • 
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If that is the case, it may not be necessary for farmers 
to even go up to 80 kg ha·1. 

Response:� 
I agree. I have modified this experiment to include an� 
intennediate level of40 kg N ha-1• This will be reported� 
on in later presentations.� 

Question to Kevin Pixley 

L.T. Empig:� 
Is it possible that your screening method is favoring� 
NUE during the vegetative phase against the� 
reproductive phase of plant growth?� 

Do you have data on correlated responses? 

Response: 
Probably not because the bottom line in our method, and 
the basis for our selections, is grain yield. We 
(CIMMYT-Zimbabwe) do not have data on correlated 
responses; current research will generate some. The 
physiology program at CIMMYT-Mexico, Dr. Renee 
Lafitte specifically, do have nice data which is en route to 
publication. 

Question to Gregory Edmeades 

R.S.I<. I<im: 
Several presentations showed a high correlation 
between NUE and drought tolerance. Which of 
NUE or drought tolerance research is most easily 
conducted by the NARS? 

Response: 
If the goal is to improve NUE, it is probable that low N 
sites can be found more easily for selection and evaluation 
purposes than reliably droughted sites, and routine 
evaluation under low N can then become part of routine 
evalution procedures for 51 or 52 lines. Ifdrought 
tolerance is more important than NUE, carefully 
managed drought sites will be needed. This usually 
requires access to irrigation facilities in the dry season, 
and this is costly and difficult for NAR5. However, 
CIMMYT research (Lafitte and Banziger, this conference) 
has shown that drought stress applied at flowering is an 
effective way ofimproving drought tolerance and 
tolerance to low N conditions, so tolerance to both stresses 
can be obtained simultaneously. 

R.S.I<. I<im:� 
Can farmers in east and southern Africa grow more� 
legumes such as soyabeans in rotations and as� 
intercrops? This might be more sustainable.� 

Response: ' . '" 
Market forces usually dictate the practical balance 
obtainable between cereals and legumes in any cropping 
system. Ifmarkets for soyabeans can be developed in east 
and southern Africa, ifgood cultivars ofsoyabeans are 
available, and good growing practices are known, there 
seems no reason why maize/soya rotations, so stable 
throughout the U.S.A., could not find an important place 
in this region. 
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GENETIC IMPROVEMENT OF MAIZE FOR DROUGHT TOLERANCE 

S.JENSEN� 
Pioneer Hi-Bred International, Department ofeorn Breeding, Route 2, Box lA,� 

York, Nebraska 68467-9501, USA.� 

ABSTRACT 

Drought resistance is an important trait in maize because drought is the most common yield limiting 
factor almost wherever the crop is grown. U.S. maize yields have increased from 1.5 t ha-1 to over 7.0 t 
ha-1 in the last 60 years. Our studies suggest that the greatest genetic gains have occurred under 
irrigated growing conditions at higher plant densities, but genetic gains under drought stress have 
been steady even though at a slower pace. Evaluation for drought tolerance is dimcult and requires a 
large investment in testing over locations and years. The Eberhardt and Russell (1966) regression 
analysis is a useful evaluation technique where there are adequate numbers of replicates and range of 
drought conditions. Genetic material is an important consideration in breeding for drought tolerance. 
Elite by elite F2's have been our best source of germplasm for improved modern single cross maize 
hybrids. The advantage of such material is the improved knowledge base available to the breeder, 
both for yield potential and stress tolerance. Specific effects need to be considered when designing 
selection schemes for a hybrid program, especially a single cross hybrid program. in order to take 
advantage of non-additive genetic effects. Breeding programs must also be designed to select for 
whole plant performance. Selection based on component traits or individual genes probably will not 
be as emcient as selection based on the complete genotype. 

INTRODUCTION� direct Significant research dollars in a deliberate 
breeding effort toward drought resistance per se.Breeding for drought resistance in maize is a very 
After all, it is easier to pick the winners under high complex subject, and yet it is only a part of the even 
yield conditions; heritabilities are higher, test errors more complex field of maize breeding in total. This 
are lower, and if the same hybrids win under stress paper will discuss some of the important issues of as under good growing conditions, obviously the 

breeding for drought resistance only in the context 
good growing route is the way to go. These are of� their being important to maize breeding in some of the issues that need to be addressed. 

general. It is difficult to discuss the one without the 
other. Some of the questions that I will try to cover My own interest in this subject probably was 
are as follows: instilled at a very early age. I was born and raised in 

South Dakota, one of the more arid areas of the 
1)� Is drought resistance an important trait in maize 

United States on the western edge of the central com 
germplasm? belt. My childhood years coincided with the dust 

2)� Is there useable genetic variability in maize for bowl years of the 1930's. My memory of dust 
resistance to drought stress and, if so, is this an blackened skies and blistering heat left me with a 
important fraction of the total genetic variance healthy respect for the ravages of drought. 
available? 

As� a student at South Dakota State University, I 
3)� Assuming the answers to the first two questions learned about the emphasis in that state on drought 

are positive, how does one go about utilizing research - growing crops in a manner to conserve 
genetic material and moving it onto farms in the moisture, growing the more drought tolerant crops, 
form of an improved commercial product.? and breeding more drought resistance into those 

crops. It was there that my interest in maize 
IS DROUGHT RESISTANCE AN IMPORTANT breeding in general and for drought resistance in 

TRAIT IN MAIZE? 
particular was developed. It was at least partly 

Most breeders would agree that drought resistance because of that interest that I was hired by Pioneer in 
is an important trait in maize. They have seen crops 1954. There was a felt need at that time in breeding 
dry up during prolonged dry spells. Breeders know for the drier areas of the western com belt. 
that some genotypes are better than others under 

I moved to Nebraska, also an arid state, in 1958 and those kinds of conditions. They also know that the 
began to develop a program with a strong emphasis interaction between the genotype and the on� drought tolerance. It was about that time,

environment is high and effective selection is however, that irrigation was developing rapidly. difficult. One cannot depend on repeat Water had been discovered under the westernperformances over locations and years. As a result plains, and in the next 20 years over 75,000 irrigation
breeders would not agree on whether one should 
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wells were placed in operation in that state. Center 
pivot systems put irrigation on farms that could not 
otherwise have used supplemental water. Irrigation 
changed the way farmers grew maize, and it 
changed the type of plant that was needed. 
Supplemental water created an environment that 
would effectively utilize higher plant densities and 
higher fertilizer rates. Thus there was a need for 
hybrids that would tolerate plant density stress and 
respond to higher fertilizer levels. Stalk quality 
became more important. Large eared genotypes 
became less important. 

The irrigation age also changed our approach to 
breeding. With 75 to 80% of the maize hectares 
(about 4.2 million hectares) on the western plains 
irrigated we needed to pay more attention to the 
needs of those growers. Hybrids that performed 
well only under stress conditions had limited 
potential and a shift in priorities was in order. For 
the dryland farmer, who was becoming more 
sophisticated in his farming practices, we needed 
hybrids that would respond to good management in 
years when rainfall was favorable and tolerate 
drought stress when it was not. For farmers using 
irrigation, we needed hybrids that would respond to 
good irrigation management, but also tolerate a 
reasonable amount of stress on those acres with poor 
soils or that were improperly irrigated. In addition, 

we needed heat tolerant types for years when 
excessive heat prevented normal pollination and 
grain fill in sensitive genotypes. These same hybrids 
needed cold tolerance for sub-optimal temperatures 
in the spring and sometimes again in the fall. 
Finally, the new hybrids also needed resistance to 
prevalent diseases and good root and stalk strength 
to stand up to the frequent severe summer storms. 

Our program became and continues to be a 
compromise in that it has attempted to cover two 
significantly different types of farming practices. 
We have compromised in our selection for the 
ultimate in drought tolerance in order to achieve 
higher yield potential. And we have compromised 
our selection for top yield in order to incorporate 
higher levels of drought tolerance. Successful plant 
breeding is the art of intelligent compromise. 

The U.S. is blessed with large areas of highly 
productive agricultural land capable of producing 
high yields of com. Much of this land is also located 
in areas where annual rainfall is over 750 mm which 
is adequate for producing yields of 12t ha-1. 
However, yields of this magnitude are not common, 
primarily because the rainfall is not ideally 
distributed. 

Most years significant maize growing areas in the 
United states will suffer major crop losses due to a 
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shortage of rainfall (Newman, 1978.). Even in the 
most productive areas maize will respond to 
supplemental irrigation most years. In addition, the 
poorer soil types suffer more commonly; these are 
sandy soils, those with low organic matter, eroded 
hill sides, clay pans, and heavy soils that accept and 
give up stored moisture rather grudgingly. 

There is no insect pest, disease problem, or nutrient 
deficiency that reduces maize yields in nearly every 
field. So the answer to the question of whether 
drought resistance is an important trait in maize is 
"Yes!". It is important in temperate zones, it is 
important in the subtropics, and it is no doubt 
important in the tropics. Soil moisture stress for 
maize is not unusual, it is the usual. Drought stress 
is the normal condition and maize breeding 
programs must recognize this and be designed 
accordingly to be successful 

IS THERE USEABLE GENETIC VARIABILITY IN 
MAIZE FOR DROUGHT RESISTANCE? 

Prior to the introduction of double cross hybrids, 
maize yields in the U.S.A. over a period of many 
years were essentially constant at about 1.5 t ha-t per 
year - about the same as many of the developing 
areas of the world today (Figure 1, Troyer, 1990). 
With the advent of hybrids, maize yields in the 
U.S.A. began to increase rapidly, and for the next 30 
years, maize yields increased at the rate of about 
0.06 t ha-t per year. Since single cross hybrids were 
introduced in the 1960's, yields increased at the rate 
of 0.118 t ha-t per year. There seems to be little 
indication that this rate of gain has leveled off. 

In the decade of the 1980's there were three years 
when drought stress was quite severe over the main 
maize growing regions of the U.S.A. However, even 
though average yields were well below the trend 
line, they were well above the toughest years of the 
1970's and well above the average years in the 
1960's. Some of these gains under stress conditions 
are no doubt due to improved cultural practices, and 
some to genetic improvement. 

I remember seeing a field of hybrid maize for the 
first time. It was on our family farm in South 
Dakota. It was in the mid 1930's, and I was 8 or 9 
years old. I recall seeing that hybrid planted in a 
field next to my father's open pollinated variety. 
The hybrid clearly yielded more and stood better. 
These were the dust bowl years during the Great 
Depression. There was very little money, but 
somehow my father found a way to purchase hybrid 
seed. Previously, his seed came from ears that he 
carefully selected and placed in a box on the side of 
his harvest wagon while he was hand-harvesting his 
fields. This seed was essentially free, but my father 
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never went back to saving his own seed. Even for 
free, it was no bargain. By most estimates hybrids 
out-yielded open pollinated varieties by 20%. A 
yield boost of 20% and a 1.5 t ha-t average yield in 
the U.S.A., at that time, meant the average farmer 
received a 0.3 t ha-t gain and better standability. 
Nearly 100% of U.S. farmers shifted over the next 10 
or 15 years to higher priced hybrid maize seed. 

Farmers were pretty happy with their double cross 
hybrids when I started with Pioneer in 1954. 
However, double cross hybrids were destined to 
become obsolete very soon. Seed producers liked 
the high yielding single cross parents of double cross 
hybrids, but high seed production field yields could 
not compensate for the 10% loss in genetic potential 
(0.3-0.5 t ha-t ). In SWitching to single cross hybrids 
the price of seed doubled, but once again farmers 
chose higher yields over a cheaper product, and in a 
10 year period U.S. farmers shifted nearly 100% to 
higher priced single cross hybrids. 

Genetic gain over the last 60 years. An important 
question for us is how much of our total U.S. yield 
gain is genetic. Most studies designed to estimate 
genetic gain suggest something over half of the 
overall yield increases are genetic, and the 
remainder are due to cultural improvements 
(Russell, 1974; Duvick, 1977). Pioneer was interested 
in the difference between genetic gains under 
irrigation as opposed to dryland culture, so we 
copducted a study involving hybrids released 
between 1930 and the late 1980's. Trials were grown 
side by side under dryland and irrigated conditions" 
using three densities. Such direct comparisons had 
not been made previously. 

Under irrigation average yield gains from 1930 to 
1960 were 0.043 t ha-t , and from 1960 onward were 
0.084 t ha-t per year, or about an 85% additional gain 
dUring the single cross years compared to the double 
cross period. In the dryland tests, yield gains were 
similar to the gains under irrigation during the 
double cross period. During the single cross era, 
dryland yield increases were considerably less than 
they were under irrigation - 0.049 t ha-t per year 
dryland Vs 0.08 t ha-t per year irrigated. 

The density studies show that older hybrids were 
better at low densities than high densities (Figure 3). 
Modem hybrids are better at high densities. There 
has been a strong genetic gain at high plant densities 
in recent years. 

These studies agree with our experience. Genetic 
gains for yield have been increasing faster under 
high yield conditions than under stress. But genetic 
gains under stress conditions have been steady and 
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have shown no signs of reaching a plateau. There is 
some shifting among dryland farmers on the 
western plains from the traditional dryland crop of 
grain sorghum to dryland maize. Maize hybrids 
with improved stress tolerance and higher yield 
potential are considered a berter choice. 

UTILIZING GENETIC VARIABILITY FOR� 
DROUGHT RESISTANCE IN MAIZE.� 

Multi location/multi year testing. One of the most 
difficult problems in breeding for drought tolerance 
and breeding in general, is evaluation. Our multi 
location/ multi year testing program has evolved 
over time to expose a hybrid to most conditions that 
it will face when grown on hundreds of thousands, 
or even millions, of hectares if it becomes widely 
sold. The Pioneer program calls for roughly 100 
locations of small plot research testing over two 
years and 500-1000 locations of strip testing before a 
hybrid is advanced to commercial status. Often, 
however, hybrids with winning records even after 
this kind of intensive testing may have a bad year 
and on occasion a hybrid with a winning record for 
several years will find itself exposed to certain stress 
conditions with which it cannot cope. Pioneer 
hybrid 3475 is a good example. After several years 
of outstanding performance and becoming the most 
widely sold hybrid in Pioneer history, this hybrid 
became a below average performer in the wide 
spread drought of 1988 and 1989. We over 
estimated its ability to tolerate the overpowering 
effects of those kinds of conditions. Farmers were 
upset, sales people were unhappy, and breeders 
were embarrassed and confused. Pioneer 3475 was 
not a bad hybrid under drought stre!\s. It was at 
least adequate most of the time. It simply was not 
good enough for severe drought conditions 
accompanied by unusually high temperatures that 
happen every decade or so. 

Side by side irrigated/dryland testing (Figure 4) 
A system that we developed in our testing program 
in Nebraska involves the use of limited irrigation 
testing adjacent to fully irrigated testS. There are 
some significant advantages to this kind of 
controlled stress testing program. Some of these are 
as follows: 

1.� Water is essentially the only difference between 
the two treatments. Planting dates, rainfall 

I. 

Jensen 

patterns, insects and disease problems - all of the 
other factors that may confuse the breeder in 
selection are the same whether watered or not 
watered. 

2.� Since these locations are in lower rainfall areas 
significant levels of drought stress almost 
always allow the breeder to select from two 
different yield levels. 

3.� High yielding irrigated tests permit the breeder 
to make informed judgments in the compromise 
between yield potential and stress tolerance. 

4.� Since both tests are at the same site the system 
reduces travel time and simplifies planting and 
harvest, however it needs to be said that extra 
management is required to water them properly 
- to prevent water from getting where it's not 
supposed to be, and to allow a proper amount of 
stress - not too much, not too little. 

5.� Such tests have been successful in selecting lines 
that have contributed to widely sold hybrids in 
recent years and in adding stress tolerance to 
our overall genetic base. They have also been 
useful in sorting out hybrids with less than 
adequate stress tolerance from entering the 
market place. 

Regression analysis. The Eberhardt and Russell 
regression analysis (1966) has, in the last few years, 
gained considerable respect for it's ability to place 
drought tolerance ratings on our hybrids. A reliable 
analysis requires a range of yield levels in the test 
sites, and unless there are a large number of reps, 
meaningful differences are difficult to uncover. 
Pioneer varieties 3379 and 3343 are examples of 
hybrids for which the regression analysis prOVided 
useful data. 

The average yield in 523 paired comparisons of the 
two hybrids over three years of testing was about 
identical at 9.6 t ha-1 (Figure 5). However, the slopes 
of the lines were quite different, - 3343 with the 
steeper slope would be predicted to yield better than 
3379 at high yield levels and lower at lower yield 
levels. Wide spread drought in 1988 and 1989 
resulted in a much stronger demand for 3379 which 
this data accurately predicted. 
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Pioneer 3394 is an example of a hybrid with a 
steeper slope than in 3379, but the two lines never 
cross (see Figure 6). Pioneer 3394 will be the most 
widely sold hybrid in the world in 1994. The reason 
for this is that it is a hybrid with a rare combination 
of high yield potential under high yield conditions 
and a high level of drought tolerance for stress 
conditions. 3394 performs well under a wide range 
of stress to non-stress conditions. 

Genetic material. One of the most important 
decisions a breeder makes is the genetic material 
with which he is going to work. If he makes bad 
choices at this level he will not be successful. It will 

Figures 2 and 3 
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make no difference what he does otherwise. 
Opinions about the best choices for breeding 
material have been quite varied. Broad based 
populations improved through recurrent selection 
and reciprocal recurrent selection have been highly 
touted by the academic community. We have found, 
however, that elite line by elite line F2's with special 
attention to specific heterotic patterns have been our 
best source of improved lines and hybrid 
combination. 

There was considerable reluctance on the part of 
theorists and practical breeders alike in the late 
1950's to accept the idea of elite F2's as breeding 
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material. It was thought that these narrow based 
populations did not fit quantitative genetic theory 
which was popular at the time. There was too little 
genetic variability within the F2 and little 
opportunity for crossing over for genetic 
recombinations to occur. Why then should elite by 
elite F2's work as well as they do? One of the reasons 
in the opinion of this writer is because they allow the 
breeder a better opportunity to manipulate the 
strengths and weaknesses of the parental genotypes 
in a positive direction. 

Working with lines with known combining ability 
values, not only of the parental lines but the 
grandparents as well, is important information in 
choosing F2's. Adding an under- standing of the 
stability values of these parental lines the breeder 
has a very powerful knowledge base from which to 
make his selections. Combining ability values 
without any understanding of stress tolerance leaves 
a large gap in the breeder's understanding of the 
potential of that germplasm. Genetic potential for 
high yield without a high level of stress tolerance is 

an accident waiting to happen, and that accident will 
happen. You can count on it. 

Selection schemes. Another important decision the 
breeder must make is choosing the most efficient 
selection scheme for exploiting' the genetic variance 
of his breeding material. If he has good genetic 
material, but a poor selection scheme he will still 
lose. Decisions on selection schemes have been 
influenced by the kind of hybrid we are trying to 
develop. In the double cross era we were interested 
in general combining ability and additive gene 
action. We used broad based testers to develop 
inbreds with good general combining ability, used a 
large single cross testing program to predict double 
crosses which after being developed and tested were 
not as good as the single crosses we already had. It 
was a very inefficient program when compared to 
today's standards. 

We were slow in getting into selection programs that 
were well designed for commercial single crosses. 
We were led down the path of S2 per se testing on 
the basis of a genetic model that had not been tested. 
When it was tested, it didn't work or at least did not 
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Figure 5 
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work very well (1983). Shull had it figured out in 
1908 when he wrote liThe goal of the com breeder 
should be not to find the best pure lines but rather to 
identify and maintain the best hybrid combinations" 
(1908). This is excellent advice for us today. It 
suggests that we should be looking for the favorable 
heterozygotes rather than the favorable 
homozygotes. It means. concentrating on the non
additive fraction of the genetic variance available to 
us. It means looking for specific combining ability 
and identifying those combinations early in the 
inbreeding process. The most successful programs 
of the future will be those that take best advantage 
of specific effects. In addition to utilizing a testing 
scheme that takes of specific combining ability a 
selection program for drought resistance should 
contain selection pressure in the breeding nursery as 
well as the yield test field for drought resistance. A 
side by side irrigated dryland breeding and testing 
program is an effective way of maintaining effective 
selection for stress tolerance and high yield potential 
simultaneously. 

New technologies. So far in this discussion of 
exploiting genetic variability, no mention has been 
made of the new technologies for enhancing the 
process. Our goal in plant breeding is to develop 
superior genotypes to add value in the farmer's 
field. Superior genotypes are unique combinations 
of many traits and many geneS control most of these 
traits. This has broad implications for the future 
direction of plant breeding research. 

Most molecular marker applications being pursued 
at present are related to single gene selection. This 
strategy in the past has had very limited success. 
The same can be said for transformation where a 
single gene affecting only one trait is of interest The 
fact is that single gene selection has had little, or no 
impact on overall genetic gain in maize breeding. 

Selection methods that have resulted in the highly 
successful products currently available to farmers 
have been based on whole plant performance. The 
whole plant is a unique combination not only of the 
additive effects of the many thousands of genes 
involved, but of the infinite number of dominant 
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and epistatic effects as well. It might be said that the 
whole genotype is greater than the sum of its parts. 

Biotechnology obviously has a valuable place in 
plant breeding research. A better understanding of 
the genome at the molecular level will be useful 
toward more efficient whole plant selection in the 
future. Biotechnology will likely be involved in the 
development of tools that will be used to understand 
the genetics, biochemistry and physiology of yield 
gain. The implication is that selection based on 
component traits or individual genes will never be 
as efficient as selection based on the complete 
genotype. 

SUMMARY AND FUTURE DIRECfION 

In summary, I want to reiterate that drought 
tolerance is important for maize and all breeding 
programs should consider this trait. Breeding 
material should be selected and evaluated for stress 
tolerance and yield potential simultaneously. 

Breeding schemes that exploit the non-additive 
fraction of the genetic variance are essential to 
achieve the highest degree of genetic gain. 

The final question has to do with where this high 
degree of genetic gain is going to take us. We have 
seen that improved genetics and improved cultural 
practices build on each other to achieve higher and 
higher yields. Where will it end? Most of us have 
lived with the assumption that our ability to increase 
maize yields would some day plateau and further 
improvements would not be possible. But how 
about considering another assumption, an 
assumption that maize improvements will never 
plateau and will continu~ on and on indefinitely. 

We have learned that the maize genome is much 
more plastic than was thought just a few years ago. 
The evolution of the maize plant has been going on 
for 100,000 years and will continue. The demands of 
environmental change will force selection in 
different directions. The use of the maize plant as 
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something other than a solar collector for the 
production of starch is likely. The maize plant is a 
marvelously efficient system that will continue to be 
utilized indefinitely to meet the changing needs of 
society. Is it worth pursuing? Absolutely. Maize 
improvement has paid huge dividends to the 
world's farmers and to the people that these farmers 
feed. 

We need to continue to search for genetically 
improved maize and for better cultural practices for 
utilizing these genetic improvements. Drought 
tolerance is an important part of this effort. 
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STRATEGIES FOR INCREASING MAIZE PRODUCTION IN MOISTURE STRESS� 

AREAS OF EASTERN KENYA� 

M.NCURE 

KARl-National Dryland Farming Research Centre, Katumani, P.O. Box 340, Machakos, Kenya. 

ABSTRACT 

Maize yields in the semi-arid areas of eastern Kenya are low; being on average 0.5 t ha-i while 
improved cultivars have a potential of 3-4 t ha- i . The rainfall received is bimodal, and insufficient 
(250-400 rom per season). Rainfall is irregular and has a short duration of approximately 60 days. 
Farming is subsistence due to limitations of land, farm power, inputs and credit facilities. This paper 
reviews strategies and technologies that have been developed on germplasm, crop management, 
climatic risk management, response farming tactics, and technology transfer methods. Two cultivars, 
only Katumani and Makueni composites, are available and rely mainly on drought escape mechanisms 
through earliness. For development of suitable, high yielding and drought tolerant cultivars; good 
stand establishment, reduced days to 50% pollen shed and silking, good anthesis-silking interval, 
grain moisture content, increased seed weight per ear, number of ears per plant and yield to grain 
moisture content ratio have been identified as useful traits for selection. Maize production 
recommendations developed in the past (based on the prevailing economic and agronomic optima) 
require review. 

INTRODUCTION� good rainy seasons at Katumani (Table 1). The 
improvement achieved so far has been by matching The area devoted to maize production in semi-arid 
crop phenology with the rainfall pattern and has areas of eastern Kenya accounts for 7% of the 
largely been the result of early maturity and its effect national maize acreage. Production at farm level is 
on productivity and variability in� maize yields

low, being 0.5 t ha-1 while available improved (Keating et al., 1992b).
varieties have a potential production of 3-4 t ha-1. 
Farmers view drought, stemborer and weeds as the Recent evaluation of early maturing commercial 
major problems limiting maize production (Mugo et cultivars indicate that further reduction in maturity 
ai., 1993a). below that of MC the may not offer greater gains 

than are already available (Empig et al., 1992;
Farming is at a subsistence level, and farm sizes are Keating et al., 1992b). The option is to develop
mostly 2-4 hectares. Farmers use a hand hoe or oxen cultivars with increased drought tolerance. 
plough for tillage, purchase little inputs and have 
limited credit facilities (Mugo et al., 1993a). Drought Drought stress in eastern Kenya may occur at 

establishment, pre-flowering, flowering and posthas resulted in recurring food shortages and 
flowering. During the April rains, establishment famines. The rainfall is low (500-800 mm per 
and pre-flowering stresses are common whileannum), occurs in a bimodal pattern, is of irregular 
flowering and post-flowering stresses are generally distribution and short in duration falling in about 60 

days. This paper reviews strategies and common during the October rains (Mugo and 
Empig, unplished). There is need to and identifytechnologies developed for maximizing maize 

production, the extent of adoption of the and define traits useful in selecting genotypes for 
recommended technologies, and the availability of tolerance to drought occurring at these different 

stages of growth. Genotypes that have minimum seed of the recommended maize varieties. . 
anthesis-silking interval (ASI) under drought stress 

STRATEGIES FOR INCREASING MAIZE conditions have been found to have greater grain 
YIELDS yields when subjected to drought stress at the 

Germplasm improvement. Improved cultivars are flowering stage (Balanos and Edmeades, 1992). 
a relatively low cost technology to adopt by the An attempt was made to identify traits associated 
farmer, though germplasm development is costly for with drought toleranc~ during the entire growth 
the research agencies. Improved early maturity cycle of maize in semi-arid Kenya. Eight genotypes 
composites Katumani composite B (KCB) and were grown at Katumani (1,600 masl), Kitui (1,097 
Makueni Composite (MC) have been developed masl) and Kiboko (995 masl), during the long rains 
(Njoroge, 1985). These composites utilize earliness and short rains 1992 seasons (Table 2). The short 
to attain yields of 3.6 and 3.0 t ha-1 respectively in a rains were wetter (679 mm) than the long rains 
poor seasons and 5.5 and 5.0 t ha-1, respectively in season (251 mm). Data were recorded on stand 
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Table 1. qrain yield and days to tasseling for the genotypes evaluated ai Katumani during the long (unfavorable) and short (favorable) rains, 1992 
seasons. 

Grain Yield Days to Tasseling� 
(kg ha·1) (Days)� 

LR SR LR SR� 
1.ZM607 2893 5786 83.5 76.5� 
2. ZM 609 C1 FS 2325 6450 81.0 73.5 
3. SNSYNF3 (GCA·A/B-90) 2874 6168 81.2 75.5 
4. SNSYNF3 (89 ELITE) 2226 NIT 78.5 NIT 
5. (TUX. SEQUIA C6) C1F2 2842 5367 78.5 76.5 
6. (EV 79921POOL16-SR)#S 3197 6819 67.5 72.5 
7. H512 2720 5625 78.0 75.0 
8. KATUMANI COMPOSITE B 3672 5546 59.0 56.7 
9. MAKUENI COMPOSITE 3015 4977 60.0 55.5 
10. SNSYNF2 (SC/ETO-S-90) NIT 5759 NIT 76.5 
11. SNSYNF2 (N3ITUX·A-90) NIT 5494 NIT 73.5 
12. S2SYNF4 (GPLA) NIT 6335 NIT 75.2 
13. ZM 606 NIT 5640 NIT 76.0 
14. (MSR xPOOL9) C2F2 NIT 5216 NIT 75.5 
15. H511 NIT 6000 NIT 71.5 
16. KAVC 9024 NIT 7079 NIT 62.2 
Mean 2863 5884 68.0 71.6 
CV(%) 20.0 8.9 1.0 3.0 
LSD (0.05) 1272 752 0.7 3.0..TEST ** 
.,** significant at p= 0.05 and 0.01, respectively 
NIT =genotype not evaluated during that season 
Source: Mugo at a/., 1993b 

Table 2: Performance of some Katumani genotypes grown at Katumani, Kitui and Kiboko during the long (Unfavorable) and short (Favorable) rains, 
1992 seasons 

ENTRY YIELD DTS ASI SAT SW/E liE 
1. KAVC 9024 4.27 59 0.7 53 0.159 0.193 
2. KAAP3 4.37 59 0.4 51 0.143 0.216 
3. KAVC 41522 4.22 58 0.5 51 0.174 0.197 
4. KAVC432 5.40 60 0.0 54 0.226 0.231 
5. KAVC 316 3.81 57 0.2 46 0.179 0.176 
6. KAAP4 H. 4.41 62 0.0 49 0.186 0.187 
7. KCBCOMM. 3.82 56 0.2 51 0.181 0.176 
8. MC. COMM. 3.78 55 1.8 50 0.141 0.228 
Mean 4.81 58 0.3 51 0.174 0.226 
Location 27.850" 887.320" 18.445" 3787.167" 0.009" 0.208" 
Entry 3.370" 61.187" 1.500ns 81.844" 0.001" 0.006** 
Location • entry O.906ns 24.960" 2.063ns 56.536 0.OO2ns 0.008" 
LSD 0.56 4 6 0.028 0.078 
CV 16 4 74 9 1 19 

count at establishment (SAT), days to 50% pollen emerge under moisture stress and have higher grain 
shed (D1'5), days to 50% silking (D1'5), number of yield per unit of grain moisture would be suitable 
ears per plant (EPP), ear height (Eht), plant height for increased grain. production. D1'5, DTS, Pht and 
(Pht) and grain moisture content (MC) and grain MC have negative though non-significant correlation 
yield (YLD). Derived data were calculated for seed coefficients with grain yield. Thus, early flowering, 
weight per ear (SWIE) and the grain yield to: grain shorter plants with fast grain drying are suitable 
moisture content ratio (liE). Phenotypic under such moisture stress environments. In 
correlations and regression analysis were calculated contrast, during the wetter short rains 1992 season, 
on the various traits against grain yield. Eht, Pht, D1'5 and SWIE were highly significantly 

correlated with grain yields. D1'5, DTS and MC are
During the unfavorable long rains season, only SAT positively correlated with grain yields. As expected,
(0.717**) and liE (0.966**) had Significant genotypes that are later flowering and taller and 
phenotypic correlations with grain yield, indicating with high SWIE are suited for high grain yield 
that genotypes that have ability to germinate and 
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production. However, such good seasons are not 
common. 

Regression analysis was done for yield components 
(SWIE, EPP and Ears), plant numbers and sizes 
(SAT,Eht and Pht) and for phenological traits (OPS, 
DTS, ASI, liE and MC) (Equations 1-3). 

Yl.. -18.956 + 3.877** Xl + 0.058*'* X2 

(From 3 sites)(l)� 

R2.. 0.722� 

Y2.. - 3.102 + 2.706*'* Xl + 0.114*'* X2� 

(From 2 sites) (2)� 

R2.. 0.786� 

Y3 - 0.544 + 1.599*'* Xl + 0.031** X2� 

(From 1 Site) (3)� 

R2.. 0.718� 

Where,� 

Yl, Y2, and Y3 - Yield (t ha-1) 

XI-SWjE 

X2- EPP. 

Only SWIE and EPP showed significant regression 
coefficients, during the two seasons, showing that 
these are useful traits for selection of maize for 
growing in semi-arid eastern Kenya. For drought 
tolerance useful traits are therefore, high SAT, YLO 
and liE and reduced OPS, DTS, ASI and Me. 

Table 3: Phenotypic correlations for genotypes evaluated during long 
and short rains, 1992 seasons at Katumani, Kitui and Kiboko sites. 

Grain yield (t ha-1) at 13% 
moisture content 

Yield long Yield short 
rains 1992 rains 1992 

Stand at thinning (No.) 0.717· 0.633 
Days to 50% pollen shed (Days) -0.586 0.689· 
Day to 50% silking (Days) -0.488 0.690* 
Ears per plant (No.) 0.002 
Anthesis • silking interval (days) 0.445 0.666 
Ear height (em) 0.587 0.750· 
Plant height (em) -0.139 0.750· 
Seed weight per ear (g) 0.402 0.691· 
Grain yield moisture content ratio 0.966** 0.208 
Grain moisture content (%) -0.048 0.642 

Following the identification of these traits, selection 
will be done on drought tolerant pools which are 
being developed. Germplasm reputed for drought 
tolerance has been gathered from CIMMYT and 
other national programs. This germplasm has been 
evaluated and grouped according to maturity and 
grain type. Selection for sustained yield will be 
initiated under both drought and non-drought 

environments. We plan to eventually develop 
populations with tolerance to drought occurring at 
the four stages of maize growth. 

Response farming and climatic risk management. 
Stewart and Kashasha (1984) defined response 
farming as the manipulation of the cropping system 
in accordance with rainfall predictions based on the 
date of on-set of the rains and actual amounts 
received in the early part of the season. Its based on 
potential of the pending growing season using rules 
based on time of season onset and early cumulative 
rainfall (Wafula et. aI., 1992). The technique includes 
tactical responses, such as adjustments in crop 
densities, and nitrogen fertilizer, to match with 
seasonal potential. 

This strategy however, has limitations in application. 
Firstly, the technique requires a high level of skill, 
judgement and effort on the part of the farmer. 
Secondly, evaluation does not consider low input 
level since the model and tactics are only relevant 
when at least some inputs are in use (Wafula et aI., 
1992). While the adoption rate is high for plant 
density (41%), that of fertilizer use (9%) is limited 
(Table 5). However, manures are used by 67% of 
farmers (Mugo et aI., 1993a). Farmers may find it 
difficult to practice response farming in terms of 
alternative inputs like manures and modifications 
may be required. 

Crops failures (maize yields of less than 300 kg ha-1) 
can be expected about one season in every six 
seasons, 16% for the agro-ecological zone UM4 
(Keating et al., 1992a). In the absence of irrigation 
schemes there is little farmers can do about 
production in the worst 10-20% of the rainfall 
seasons. Under these circumstances, farmers must 
ensure the best possible production in the remaining 
80-90% of seasons when maize production is 
possible. Good production in the better seasons then 
needs to be combined with strategies to cope with 
the crop failures. Such coping strategies might 
include storage of a reserve grain from one season 
till the next, sale of livestock, planting of a portion of 
the land with more drought tolerant crop e.g 
cassava and sorghum, and intercropping with grain 
legumes. 

Crop management strategies. Increased maize 
production has· been dependent on improved crop 
management technologies which incude: weed 
control, fertiliser application, insect and disease 
control, reduction of runoff and evaporation from 
the soil, use of adapted varieties and appropriate 
plant application density (Table 4). 

Soil loss and fertility degradation is high due to the 
nature of the soils. Tillage technologies for reducing 
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Table 4: Maize production management recommendations for semi-arid eastem Kenya. 

Recommendations 
PRACTICE 
1VARIETY 
2.FERTILIZERS: 

N(kg/ha)� 
P(kg/ha)� 
Farm yard manure (tlha)� 

3.PLANTING: 
Date 
PUM2 
Spacing (em) 
Depth 

4.wEED CONTROL: 
Number of weedings 
Intervals 

5,INSECT CONTROL: 
Stalk borer 
Cutworms 
Chaffer grubs 

6.DISEASE CONTROL: 
Leaf blight 
Smuts 
Streak 

7,GRAIN YIELD 

• AEZ - Agro ecological zone, 

AEZ4 
KATUMANI COMPOSITE B 

40 
40 
2- 3tlha 

End March 
3.7 

90 x 30 (2) 
8 -10 

2 
2-4 weeks 

Dipterex 
Furadan 
Furadan 

Plant early 
Certified seed 
Plant early 
3.5 t Ha-1 

AEZ5 
MAKUENI COMPOSITE 

40 
40 
2- 3tlha 

End October 
3.7 

90 x30 (2) 
8 -10 

2 
2 -4 weeks 

Dipterex 
Furadan 
Furadan 

Plant early 
Certified seed 
Plant early 
3,0 tha-1 

"2 seeds per hill thinned down to 1seedling per hill., 

Table 5: Adoption of recommended maize production practices in semi-arid eastern Kenya. 

Percentage Maize Fertilizer 
variety use 

Farmers using 34,0 8.6 
Farmers not using 66.0 91.4 
Source: Mugo at a/., 1993a. 

soil loss and increasing rainfall infiltration have been 
developed. These include terracing, ridging, 
mulching and trash lines. 

Sixty six percent of the farmers prepare their land 
using ox-drawn ploughs, 22% use hand hoes, 8% use 
both oxen and hoe and only 4% farmers use tractors 
(Mugo et ai., 1993a). Attempts have been made to 
develop an appropriate ox-drawn multi-purpose 
tool frame that can be fitted with different 
implements, thereby reducing the costs to the 
farmer. Recommendations on timing of tillage 
operations have also been made. 

There is a need to revise fertilizer rates and levels of 
other purchased inputs in order to reflect increased 
price levels following the recent liberalization of 
maize and maize products in Kenya. 

TECHNOLOGY ADOPTION AND SEED� 
PRODUcrION� 

Improved technology adoption in maize production 
in semi-arid Kenya was assessed by Mugo et ai., 
1993b. The results are presented in table 5. The 

Pest Spacing! Soil conservation 
control density 
35.7 40.6 42.6 

, 91,4 59,4 57,4 

farmers who adopted these improved technologies 
did so after attending agricultural shows, farmers' 
field days, field demonstration plots field visits and 
through participating as cluster farmers. 

Seeds of Katumani and Makueni Composites are 
produced by the established seed company in 
Kenya. Seed unavailability and high costs are issues 
affecting small scale and subsistence farmers. On
farm seed availability for the open-pollinated 
composites is a constraint especially in seasons 
following tho~e seasons where rains fail (Ngure et. 
ai.,·l993). Following crop failures, farmers consume 
seed and demand from the seed companies rises 
dramatically. Planning for adequate seed supply for 
the coming season after a crop failure during the 
current season will remain a challenge for seed 
producing agencies. 

CONCLUSIONS 

Useful traits in selection for drought tolerance were 
identified as increased SAT, SWIE and IjE and 
reduced PPS, OTS, ASI and Me. Genotypes with 
tolerance to drought occurring at establishment, pre
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flowering, flowering and post-flowering stages of 
maize growth would be useful as drought can occur 
at any of these stages. Germplasm pools with 
tolerance to drought are being developed with 
selection based on the traits identified. This is being 
done under controlled drought environments. 
Adoption of the response farming technique is 
limited due to the skills required of and efforts 
placed on the farmer and lack of flexibility on input 
levels and alternative inputs. Recommendations on 
land and crop management technologies require 
review due to the recent liberalization of the market 
for maize. 
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ABSTRACT 

Three cycles of reciprocal recurrent selection for yield were carried out in two open-pollinated maize 
varieties by means of random and agronomic parent selection. Populations as well as the population 
crosses derived at each cycle of selection were evaluated for yield, the main factor, and the co-variants 
ears per 100 plants, silk delay and flowering time. Highly significant yield increases were obtained 
with this of reciprocal population improvement method when parents were selected at random, 
whereas the agronomic pre-selection of parents resulted in lesser or no gains from selection. Similar 
trends were observed for the correlated selection responses for the co-variants ears per 100 plants and 
silk delay, which were positively and negatively associated with yield, respectively. The results 
clearly illustrate the close association that exists between yield and these plant co-variants which are 
known to be important factors in yield stability. Although no clear distinction between types of gene 
action was possible, the selection trends for both yield and its co-variants generally suggest that 
additive genetic variation is important in the inheritance of these characters. 

INTRODUCTION� recurrent selection for yield in two open-pollinated 
maize varieties. Reciprocal recurrent selection in maize was 

proposed by Comstock et al. (1949) to provide a MATERIAL AND METHODS 
method that would exploit both additive and non

The well known South African open-pollinatedadditive genetic variance in genetically divergent 
maize varieties Teko Yellow (T) and Natal Yellow populations. Although this method made provision 
Horsetooth (N) were used as base populations in for the exploitation of overdominance, if it should be this programme of reciprocal recurrent selectionof importance, it would also be� effective for 
(RRS) because, initially, high heterosis values and characters that are predominantly� controlled by 
genetic divergence were observed in their crossadditive gene action. The method provided a (Gevers, 1975).

rational basis for the evaluation of gain from 
selection as the performance of the cross between the The essential feature of reciprocal recurrent selection 
two populations in reciprocal selection, which is the (Comstock et al., 1949) is that an array of plants 
ultimate aim of this procedure. derived from one population (serving as male 

parents), are each self-pollinated and at the same 
The announcement of this method by the North time outcrossed to a sample of plants from the other 
Carolina School (Comstock et al., 1949) coincided population (serving as tester), a procedure that is 
with an ongoing debate on the relative importance repeated in a reciprocal way with the other
of overdominance and other types of gene action in population. In its simplest form, this will provide 
the inheritance of yield in maize (Gevers, 1975). two sets of half-sib families, which are evaluated in 
Selection for yield, a relatively complex character, replicated yield trials to allow for the ranking of 
would therefore be best accommodated in a method testcross yields according to male parents. We used
that recognised the importance of both types of ten (10) ,male parents from each set (kept as self
gene action, while the results obtained would pollinated seed), which gave the highest testcross 
provide further insight into the predominant type of yields, to intermate in all possible combinations to 
gene action involved in this and other characters, provide the source populations for the ensuing, and 
and particularly those closely associated with yield. operationally similar, selection cycle. Crosses 
Number of ears per plant (prolificacy index) or, between the base populations and between 
conversely, number of barren plants, as well as silk populations derived at each cycle of selection, 
delay (difference between days to silking and together with the corresponding populations 
tasseling) and days to physiological maturity are obtained for each cycle of selection, prOVided the 
important co-variants of yield which have been final te:lt material for the evaluation of selection 
associated with yield stability, stress tolerance and progress. 
adaptability (Gevers,1975). Two distinct procedures were followed in choosing 
It was of interest to evaluate the responses and the male parents to be used in testcrosses. 
correlated responses when using two variations of Employing numerically equal populations (usually 
initial parent selection in a programme of reciprocal 2000) for the two varieties, the crossing field was 
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Table 1: Experimental material available after three cycles (C) of reciprocal recurrent selection between populations Teko Yellow (T) and Natal 
Yellow Horsetooth (N). 

Type of selection 
Unselected Random • Agronomic • 

CO C1 C2 C3 C1 C2 C3 
TO' TU1 TU2 TU3 TS1 TS2 TS3 
NO NU1 NU2 NU3 NS1 NS2 NS3 

TOxNO TU1xNU1 TU2xNU2 TU3xNU3 TS1xNS1 TS2xNS2 TS3xNS3 

• See text for description of selection methods.� 
# TO, population Tcycle 0; TU1 population Tunselected (random) method cyde 1; TS1, population Tselected (agronomic) method cycle 1.� 

stratified into rows of 20 hills each and planted in The following data was collected on all plots: 
such a way that paired rows of varietal source T and (a) Grain yield per plot at a moisture of 125 % was
source N followed each other in a regular sequence. routinely obtained by means of standard techniques 
In the one case, male parents were indicated by and expressed as quintals (100 kg ha -1 ). 
random numbers, one for each 20-plant row, the 

(b) Number of ears per 100 plants was derived from intention being to apply no selection at all in the 
counts of the number of grain-bearing ears per choice of male parents prior to testcross evaluation. 
plot.In the other case, male parents were preselected on a 

basis of visual agronomic merit, a procedure that (c) Silk delay. This is an estimate of the difference in 
was to simulate as best possible the methods days between the silking date (50 % silks) and 
employed by maize breeders when doing initial the tasseling date (50 % pollen-shed). 
plant selection and inbreeding in an open-pollinated 

Although all the experiments were designed and field of maize. The visual preselection of parents 
carried out in the field as simple or balanced lattices, was based on the following criteria: (1) plant vigour, 
they were finally treated as randomised block(2) absence of lodging, (3) freedom from 
designs by excluding the additional entries andHelminthosporium turcicum leaf blight at flowering 
analysed jointly over localities and years according and (4) freedom from ear diseases at harvest. No 
to a model and ANOVA provided by Cochran andintentional selection was done for a specific plant 
Cox (1957).. For each combined analysis a test of type, while every attempt was made to select on a 
homogeneity of variances was carried out on theuniform basis during the different cycles of selection. 
error variance by means of Bartlett's test (Kenny and 

The following numbers of testcrosses obtained for Keeping, 1954) and a regression analysis of selection 
each cycle of selection and parent selection type (and progress over three cycles of selection was carried 
controls, if necessary) were evaluated at Cedara, out according to methods outlined by Eberhart 
Natal, in different seasons in lattice trials of the (1964) and Draper and Smith (1966). 
order indicated (Gevers, 1975). ObViously, the 

RESULTS AND DISCUSSIONselection differential varied slightly, in this case 10%, 
8.5% and 8.6% for cycles 1, 2 and 3, respectively. Unrestricted selection for yield (random parent 
After three cycles of selection in maize varieties T selection) is showing a similar, highly significant, 
and N with random (U) and agronomic (S) parent linear response over cycles in both the cross TU x 
selection the materials listed in Table 1 were NU and the variety NU (Table 2 and Fig.l). The 
available for extensive evaluation. highly significant linear regression co-efficients of 

2.78 and 2.60 represent selection progress of 6.8 and
Cycle No. of test crosses (n) Lattice order (kl 

7.0% per cycle, respectively. The variety TU, which 1 100 10 
has shown an unexpected quadratic response, has 2 118 11 

3 116 11 shown an overall selection progress of 8.3% per 
cycle in regression analysis. These trends present 
no obvious departure frpm additive gene action. 

These 21 materials and an additional four entries 
were evaluated in yield trials at Ukulinga Research 
Farm and Cedara College for two years. All data 
were collected for net plots of 40 plants spaced at 
36,000 ha-1. 
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Table 2. Grain yield ears per 100 plants and silk delay after three 
cycles of RRS for yield for the cross Teko Yellow xNatal Horsetooth 
Yellow (T XN) and the varieties Tand Nwith random (U) and agro
nomic (5) parent selection. 

Material Cycle Yield Ears/100 Silk delay 
g/ha # plants days 

TUXNU 3 48.71** 95** 1.50** 
2 46.10 93 1.90 
1 45.12 88 2.30 
0 40.72 87 2.90 

TSXNS 3 45.66" 93NS 2.30(**) 
2 44.04 90 3.50 
1 43.68 88 3.80 
0 40.72 87 2.90 

TU 3 49.16(**) 96(**) 2.80NS 
2 37.23 88 3.60 
1 37.67 83 1.90 
0 39.38 89 2.80 

TS 3 44.76" 95" 0.50** 
2 41.48 95 2.20 
1 41.80 90 2.60 
0 39.38 89 2.80 

NU 3 45.12** 91** 2.20** 
.2 41.80 86 2.60 
1 42.07 87 3.40 
0 37.41 76 5.00 

NS 3 38.12NS 82NS 4.00NS 
2 35.25 76 3.30 
1 34.53 74 5.20 
0 37.41 76 5.00 

LSD (P=0,05) 3.50 6 1.29 
(P=0,01) 4.57 8 1.69 

·,**Linear regression of character on cycle of selection significant at 
P=0,05 and P=O,01; quadratic if in brackets. 

Estimated actual selection progress for yield over 
three cycles is 6.5 for the cross and 8.3 and 6.9 % for 
the varieties TU and NU, respectively. In contrast, 
regression analysis for agronomic parent selection 
(designated S) indicate yield gains of 4.2,4.1 and -1.0 
% and similar actual yield gains ()f 4.0, 4.6 and 0.6 % 
for the corresponding material. Agronomic parent 
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selection is therefore meeting with a lesser response 
than random parent selection, the most striking 
example being the variety NS which has shown no 
gain from selection (Table 2, Fig.l). The yield gains 
per cycle are considerably greater than those of 
3.5% and 4.6 % reported by Moll and Stuber (1971) 
and Eberhart et ai. (1973), respectively, but are lower 
than the advance of 10% reported by Darrah et ai. 
(1972). Variable selection differentials may have 
contributed to these differences. 

The results obtained with random parent selection, 
where the linear selection response in the two 
varieties is closely reflected in the cross, not only 
indicate very good progress but also suggests no 
obvious departure from an essentially additive type 
of gene action. Further, the lesser response or no 
gain obtained with agronomic parent selection, 
indicates that a restriction on progress is imposed by 
this method, presumably due to close type selection 
or even inbreeding (Gevers, 1975), a conclusion that 
generally corroborates the findings, for instance, of 
Moll and Stuber (1971) and Eberhart et ai. (1973). 

The question arises whether selection for yield alone 
(as represented by random parent selection) is to be 
preferred to selection for yield accompanied by 
visual parental screening or selection based on 
agronomic criteria, which is more acceptable to the 
breeder. In this case the characters ears per 100 
plants, silk delay and maturity criteria were 
considered, which although important, exclude 
other important characters, such as lodging, plant 
and/ or ear height, etc., for which no accurate data 
could be obtained. 

The characters number of ears per 100 plants and 
silk delay have given a clear indication of their 
association with yield as reflected in actual and 
regression data (Table 2 and Figs. 1-3, respectively). 
The former is significantly increased and the latter 

Fig. 1 Regression of maize grain yield on cycle of selection for the cross (T x N) and populations Teko Yellow 
(T) and Natal Yellow Horsetooth (N) after three cycles of reciprocal recurrent selection with random (x) and 
agronomic (-) parent selection. 
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decreased as a correlated response to selection for 
yield with random parent selection while agronomic 
parent selection is meeting with a reduced or no gain 
from selectio. The selection trends correspond 
closely with those for yield and may be similarly 
interpreted. Both these characters are therefore 
recognised as important co·variants of yield. Data 
obtained on the responses for date to silking and 
tasseling, although mostly non-significant, were less 
consistent. 

Number of ears per plant (or prolificacy) has been 
recognised here as an important co-variant of yield, 
which confirms this widely established character 
association in maize (see Gevers, 197~, for a review). 
It has been specifically associated with stress 
tolerance by numerous authors (e.g. Collins et al. 
1965, and Theron et al. 1970). In this case, the 
number of barren plants is reduced by an estimated 

Gevers 

3,2 and 5 ears per cycle in the cross TU X NU, and 
the populations TU and NU, respectively, while 
responses obtained with the alternate method 
agronomic parent selection is usually lower or 
absent (Table 1). 

Silk delay, is showing a linear reduction over cycles 
(Table 2, Fig.3) while, as for the other characters, 
agronomic parent selection is meeting with a lesser 
response. Whatever the underlying physiological 
basis, it would appear that a reduced silk delay is of 
advantage in the expression of yield. An obvious 
effect is that pollination would be more uniform and 
complete and yields therefore higher in populations 
with a reduced interval between tasseling and 
silking. 

A reduced silk delay has been recognised as an 
important factor in overcoming periodS of moisture 
stress, particularly as stress periods had the effect of 

Fig. 2 Regression of number of ears per 100 plants on cycle of selection for the cross (T x N) and 
populations Teko Yellow (T) and Natal Yellow Horsetooth (N) after three cycles of reciprocal recurrent for 
maize yield with random (x) and agronomic (.) parent selection. 
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increasing silk delay (Dijkhuis, 1965; Du Plessis and 
Dijkhuis, 1967). However, in this case, no stress was· 
observed, and the association between yield and silk 
delay may reflect a more profound biological and 
adaptive significance. Seen differently, these data 
infer a positive association between silk delay and 
incidence of barrenness as found by Buren et al. 
(1974), which adds significance to this association, 
particularly under conditions of stress. 

The interrelationship of these three characters, 
namely, yield, ears per plant and silk delay, 
therefore suggests an association conducive to stress 
tolerance as well as characterising the old varietal 
breeding sources and suggesting useful selection 
criteria in population and inbred-hybrid breeding 
programmes. 
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ABSTRACT 

The study was carried out between 1986 and 1988 to investigate the relationships between flowering 
habit, plant phenotypic appearance, seedling vigour and grain yielding ability while breeding early 
maturing maize. Four rainfed and four irrigated trials were conducted in a semi-arid area of eastern 
Kenya with two growing seasons per year, the long and the short rains. In the first group of trials, 
comprising Experiment I, relationships between the various traits of interest were studied within 
cultivars that have been developed by the programme at Katumani, a breeding centre located in the 
area of interest. In Experiment 2, SI selection was practiced on the same materials looking for early 
and for late flowering plants within a population of 2,000 plants per cultivar. Results from both 
experiments showed similar relative changes, although of lesser magnitude in Experiment 2. Seedling 
vigour was positively correlated with grain yield and was not correlated with flowering time and, 
therefore, maturity. Unlike grain yield, seedling vigour interacted little with the environment of 
growth. Experimental precision seemed to increase with additional water applied as irrigation. It was 
concluded that current cultivars have scope to be improved using good plant type and seedling vigour 
as the major selection criteria for yield. It was also concluded that selection could be aided by 
irrigating some of the trials to increase the environmental range covered, especially during the long 
rains season which was evidently the less reliable. 

INTRODUcrlON� In selection experiments done under optimal 
conditions of growth, such as under irrigation,

Grain maize (Zea mays L.) is the most widely heritability for grain yield is commonly higher than cultivated and consumed food crop in the short under sub-optimal environments. Although
season, semi-arid areas of eastern� Kenya. One preferable, selection in situ shows great variability 
hundred per cent of the farmers grow and eat maize and low heritabilities for yield in drought prone as a basic dietary staple. Drought, mainly through areas. Breeding under both optimal and subinsufficient rainfall and poor distribution during optimal conditions may offer the more attractivegrowth, is cited as the greatest� hindrance to 

option for the breeder (Arboleda-Rivera and
increased production of maize in these parts (Hassan Compton, 1974).
et al., 1993). This is the main reason why this region 
is a net importer of food maize dUring most years. Earliness is usually as important as yield in breeding 

varieties for cultivation in short season semi-arid 
Breeders have attempted to develop quick maturing areas. Tolerance to water stress is also a very
maize varieties for these farmers by selecting for important attribute to build into such varieties if the
early flowering types (Dowker, 1981); this feature is yields are to be stabilized under erratic rainfall
known to be positively genetically correlated to conditions common in these areas. Yield is a
length of maturity (Rosielle and Hamblin, 1981). complicated character to select for, especially under 
However, early maturity, as measured by early droughted conditions (Reitz, 1974; Blum, 1988). 
flowering alone, has its limitations for success in Although both highly heritable (Mutisya, 1986) and
improving grain yields. This is because duration of responding readily to selection (Dowker, 1981;
maturity is expected to be positively correlated to Inone, 1985), flowering in maize is also a complex 
grain production, as this is generally a function of trait (Cloninger et al., 1974). Progress in genetic 
the period that the crop has stayed in the field fixing improvement could be made easier therefore, if
carbon-dioxide. This is not always so, and the traits were found to help the breeder in selection for 
challenge for the breeder is to develop a cultivar these attributes in combination. The possible use of 
which ,does this efficiently despite serious limitations plant vigour during early growth was investigated 
such as soil moisture. It would be desirable if easily in these studies to asoertain the usefulness of this 
measured and genetically controlled traits were trait in selection for early maturing maize under 
found to assist the breeder in selecting for high and water stress. 
stable yields in cultivars for drought-prone, short 
growing seasons. An efficient breeding strategy and The study described here was part of a larger 
correct selection criteria are critically important to research project undertaken between 1986 and 1988 
ensure the desired success (Hassan et al., 1993). in eastern Kenya to identify and assess selection 
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traits associated with earlier flowering and high 
grain yields in maize. In this paper, the possible role 
of seedling vigour as an indirect selection criterion 
for increased grain yield, accompanied by earliness 
to flowering in water stressed environments, is 
reported. Irrigated and non-irrigated conditions 
were used in this study. 

MATERIALS AND METHODS 

Breeding materials from Katumani Research Centre, 
Kenya, and chosen to represent the range of 
breeding stocks available at this centre were used. 
The following six dryland varieties were used: 

1 Katumani Composite B Cycle 0 (KCB CO) 

2 Katumani Composite B Cycle 11 (KCB Cll) 

3 Dryland Composite 1 (DLC 1) 

4 Hybrid C78 (HC78) 

5 Taboran (Taboran) 

6 Machakos Local White (MLW) 

KCB CO was a widely cultivated variety in the area 
covered by this study, whereas KCB Cll was a later 
improvement of this variety advanced through ear
to-row selection. DLC 1 was also an early cultivar 
grown in this area under the name of Makueni 
Composite, and HC78 was a varietal F hybrid 
between two synthetic lines, KS7 and KS8. Both 
Taboran and MLW were land-races originally 
collected from farmers' fields in East Africa and 
subsequently used in development of KCB CO. (Two 
other varieties, H511 and Naples, were also used, 
but their results are not reported here on account of 
their outlier qualities; H511 was a late wetland 
variety, whereas Naples was an accession with poor 
adaptation. 

Experiment 1. Eight trials were grown during two 
seasons (1986 and 1987) and at two sites, Katumani 
and Kiboko. Employing randomized complete 
blocks in 3 replicates, each variety was grown in S
row plots at 7.4 plants per square meter. To 
ameliorate inherent soil moisture deficits and to 
increase the environmental range of available water 
regimes, one trial at each site and during each 
season was prOVided with 50% more water through 
sprinkler irrigation. 

Data were recorded from the middle 3 rows of each 
plot for the following three traits: 

a)� Seedling Vigour: From each planting hole one 
plant was randomly removed at 3 weeks of 
growth. After oven-drying the harvested 

seedlings for 72 hours at 75 °C, the weights of 
these seedlings were recorded for each plot. In 
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addition, seedling vigour was Visually scored by 
3 observers independently on each plot using a 
1-10 scale (minimum vigour 1, maximum vigour 
10). This was done weekly on 3 occasions 
beginning the fifth day after seedling 
emergence. 

b)� Flowering Date: At flowering, daily record of 
counts were kept of those plants that had 
exuded pollen and also for those whose silks 
had emerged. 

c)� Yield Data: The harvested grain at maturity was 
expressed in tonnes per hectare at 15% moisture 
content. The data was then subjected to 
standard analysis of variance followed by 
correlation and regression analyses among 
variates. 

Experiment 2. KCB Cll, DLC 1, MLW and the 
parents of HC78 (i.e. KS7 and KS8) were subjected to 
two cycles of 51 selection. From each population, 
2,000 plants were planted and the 5% of the earliest 
and 5% of the latest to flower were selected for 
selfing, but only if they had good phenotypic 
appearance 

The early and late selections of each population were 
evaluated in trials during two seasons (1987 and 
1988) at two localities, Katumani and Kiboko, under 
similar water regimes and crop husbandry practices 
as in Experiment 1. The same experimental design 
and statistical analyses were followed. 

RESULTS 

These experiments studied the relationships 
between three traits of early maturing maize 
varieties: grain yield, flowering habit and ability to 
grow vigorously early in the season. Drought stress 
effects could be assessed as the differences between 
irrigated and non-irrigated treatments in these trials. 
Results from both Experiment 1 and 2 are presented 
in Tables 1 to 10. Data shown in Tables 1, 2, 6 and 7 
confirm previous findings (Dowker, 1981) that the 
short rains season is more reliable than the long 
rains season with respect to crop production in 
eastern Kenya. The coefficients of variation were 
consistently smaller, and the grain yields 
consistently higher, during the short rains compared 
to the long rains, even among the irrigated trials. 

Irrigation improved experimental precision as 
measured by the coefficients of variation by 30% for 
the grain yields. The other traits were affected less 
by water regimes (Table 1). Similar results occurred 
in Experiment 2 (Table 6). On average however, 
drought decreased grain yields by 53%, delayed 
silking by about 3 days, decreased seedling vigour 
by 8%, seedling weight by 14.8% and had no effect 



88 Njoroge 

Table 1: Experiment 1: Trial coefficients of variation for the different variates measured at Katumani and Kiboko LR =First Season, SR =Second 
Season 

Trial and Site Grain yield 
Ralnfed 
Katumani-LR 9.2 
Katumani-SR 8.3 
Kiboko-LR 14,5 
Kiboko-SR 10.4 
Irrigated 
Katumani-LR 9.1 
Katumani-SR 9.5 
Kiboko-LR 7.2 
Kiboko-SR 12.0 

Table 2: Experiment 1: Trial means. 

Trial and Site Grain yield 
(t ha-1) 

Rainfed 
Katumani-LR 3.71 
Kalumani-SR 3.96 
Kiboko-LR 2.21 
Kiboko-SR 2.51 
Irrigated 
Katumani-LR 4.72 
Katumani-SR 5.03 
Kiboko-LR 4.28 
Kiboko-SR 4.92 
s.d.m.* 0.07 

Silk emergence Pollen extension Seedling vigour Seedling weight 

1.5 1.6 6.3 16.6 
1.4 0.9 6,9 7.0 
3.2 2.3 4.7 10.7 
2,1 1.3 9.0 16.9 

1·4 1.1 6.3 13.4 
1.8 1.7 7.8 7.1 
1.6 2.3 5.2 10.0 
1.4 1.3 5.5 15.8 

Averages over varieties, data for two seasons, 1986 LR and 1986/87 SR. at Katumani and Kiboko 

50% Silk emergence 50% Pollen extension Seedling vigour Seedling weight 
(days) (days) (0-10) (glplant) 

55.6 56.4 5.37 3.79 
58.3 59.7 6.26 9,45 
51.7 49.8 6.88 3.89 
54.9 54.7 4.68 5.44 

54.3 55.8 6.31 5.21 
57.1 60.1 6.13 10.00 
49.9 50.7 6.90 5.78 
52.0 54.2 5.83 4.74 
0.22 0.18 0.03 0.05 

s.d.m. = Standard deviation of trial means; not useful as a measure of trial mean differences 

Experiment 1 Seasons: 1986 LR and 1986/87 SR 

on days to pollen shed in Experiment 1. Results of 
Experiment 2 showed the same trends; seedling 
weights were, however, decreased by a larger 
margin (46%) in this Experiment. Among the 
various genotypes tested in Experiment 1, HC78 was 
the highest grain yielder across trials (Table 3), 
followed by KCB Cll. It is noteworthy that the 
commercial KCB CO did not outyield OLC I when 
both irrigated and non-irrigated trial data were 
considered. HC78 did not flower significantly later 
than either commercial KCB CO or the OLC I; KCB 
Cl1 flowered earlier than any of these three 
varieties. The results in Table 3 also show that the 
highest yielding varieties (led by HC78) produced 
the most vigorous and heaviest biomass seedlings. 
Correspondingly, the varieties producing the least 
grain had light seedling biomass with very low 
vigour. Similar results were recorded for 
Experiment 2 (Tables 8 and 9). Variance ratios for 
differences between genotypes and environments 
were highly significant (P<O.OOl) for all variates 
reported. Only small GxE interactions were 
detected for most traits, whereas this interaction was 
not significant for days to silking and seedling 
weight (Table 4). In Experiment 2, these interactions 
were only Significant for grain yield (Table 10). The 

correlations between grain yield and seedling vigour 
were large and positive (Table 5). Earliness was not 
correlated to yield, nor days to flowering with 
seedling vigour, results which were generally 
repeated in Experiment 2. 

DISCUSSION 

The highest yielding variety, HC78, was not the 
latest to flower, but it exhibited the highest vigour 
during early growth (Table 3). Actually, the latest 
variety to flower was MLW which had the least 
vigour. The results also indicate that seedling 
vigour was increased when KCB CO was advanced 
to KCB Cll. This increase was concomitant with 
increased earliness and raised grain yields. 

The results of Experiment 2 corroborated those of 
Experiment 1, which showed that the varieties used 
,in these trials, generally called the Katumani 
varieties, yielded and flowered differently when 
grown in different water regimes. In addition, 
seedling vigour of· these varieties changed 
correspondingly with changes in crop yields, which 
were apparently controlled principally by the total 
amount of water received. Each improved cultivar 
seemed to have been altered for each of these traits 
in the course of development from the general 
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genetic background of Taboran and MLW, the undesirably correlated with either pollen shed or 
original landraces grown by farmers. For example, duration to silking. Thus, these results show that 
HC78 grain yields have been increased by an grain yield, flowering behaviour and seedling 
average of 70% over those of MLW, while days to vigour have desirable correlations for selection. 
silking and pollen shed have become earlier by 

Experiment 2 investigated the use of seedling vigour about 7 and 6 days, respectively (Table 3). Seedling 
in selecting for high yield in semi-arid environments vigour was at the same time increased by more than 
using supplementary irrigation (Arboleda-Rivera30%. Because seedling vigour is less affected by 
and Compton, 1974). The selection traits wereenvironment than is grain yield, it might be a useful 
seedling vigour, early maturity and goodtrait to select for if the strong and positive 
phenotype. To increase the range of the measured correlation with yield is found to be genetic in origin 
traits, selection for later maturing plants with good and if heritability is greater for seedling vigour than 
phenotype was also attempted. The results in Table for yield. 
8 show clearly that it is possible to improve grain 

Seedling vigour should be a useful phenotypic yield using this method. In KCB Cll and OLCI, 
selection criterion for yield because it has large and selection for earlier flowering can apparently be 
positive correlation with grain yield and is not achieved only at the expense of grain yields. 

Table 3: Experiment 1: Variate means for various cultivars averaged across seasons (i.e. 1986 LR and 1986/87 SR) at Katumani and Kiboko 

Genotype Grain yield 
(tha-1) 

50% Silk emergence 
(days) 

50% Pollen extension 
(days) 

seedling vigour 
(0-10) 

Seedling weight 
(glplant) 

KCBCo 4,01 54.2 55.0 6,40 5.95 
KCB C11 4.70 51.4 52,4 6,30 6.63 \ • • .~J 

OLe I 3,87 53.9 53,9 6,03 5,84 
MLW 3,16 62.0 61.2 4,99 5.29 
HC78 5,34 55.0 55.3 6.69 6.95 
Taboran 3,17 54.9 54.2 5.44 5.08 
s,e.d. 0.54 1.39 1.26 0.54 0.91 
Mean 3.92 55.1 55.2 6.05 6,04 

Table 4: Experiment 1: Variance ratios (F-values) for genotype, environments and GxE interaction. Results from acombined analysis of all trials 

Variate Genotype Environment GxE Interaction 
Grain Yield 24.43 20.44 1,52· 
SO% Silk Emergence 95.Sr 21,90 1,33NS 
50% Pollen Extension 84.66 47,19 1.91** 
Seedling Vigour 6,91 7,79 1.62· 
Seedling Weight 4,24 46.00 O.99NS 

Table 5. Experiment 1: Phenotypic correlation coefficients between grain yield, days to flowering and seedling vigour (Data averaged from all 
trials). 

Variate Grain yield Pollen Silking 
Seedling vigour 0.843** 0.265NS 0.255NS 
Seedling Weight 0.880** 0.205NS 0.179NS 
Grain Yield 1.00 0.531NS 0.S09NS 
Pollen 0.531NS 1.00 0,996

Table 6: Experiment 2: Trial coefficients of variation of the different variates measured at Katumani and Kiboko LR =First Season, SR =Second 
Season 

Trial and Site Grain yield Silk emergence Pollen extension Seedling vigour Seedling weight 
Ralnfed •
Katumani-LR S.6 1.3 1.3 3.8 7.3 
Katumani-5R 5.2 0.8 0.6 3.3 8.2 
Kiboko-LR 5.9 1.4 1.0 3.7 9.3 
Kiboko-SR 6.9 0.9 0.9 4.4 9.5 
Irrigated 

1.4 3.2� 9.4Katumani-LR 4,7� 1.5 
10.2Kalumani-5R 6.2� 0.6 0.8 3.4 

Kiboko-LR 3.3 1.3 1.3 3.5� 9,5� 
8,5�Kiboko-SR 3.9� 1.1 0.6 3.6 
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Table 7: Experiment 2: Trial means. Averages over varieties, data for two seasons, 1986 LR and 1986/87 SR, at Katumani and Kiboko. 
Trial and Site Grain yield 50% Silk emergence 50% Pollen extension Seedling vigour Seedling weight 

(I haJj (days) (days) (0-10) (glplant) 
Rainfed 
Katumani-LR 3.68 62.1 61.5 5.9 3.00 
Katumani-5R 3.86 61.5 61.1 7,5 3.65 
Kiboko-LR 3.85 51.4 50.1 6.1 2.69 
Kiboko-SR 4.06 49.5 47.9 6.3 5.99 
Irrigated 
Katumani-LR 5.13 61.2 60.9 6.1 3.29 
Katumani-5R 5.69 59.0 59.3 7.4 7.98 
Kiboko-LR 5.09 50.2 49.6 6.3 2.94 
Kiboko-SR 5.18 49.5 47.9 6.9 8.16 
s.d.m.· 0.065 0.17 0.22 0.09 0.137 
"'s.d.m. = Standard deviation of trial means; not useful as a measure of trial mean differences 

Experiment 2Seasons: 1987 LR and 1987/88 SR 

Table 8: Experiment 2: Variate means for parental populations (P), early (E) and late (L) selections (Two season, two site averages) 

Genotype Grain yield 50% Silk emergence 50% Pollen extension Seedling vigour Seedling weight� 
(t ha-1) (days) (days) (0-10) (glplant)� 

1. KCB-Parent 4.70 52.3 52.1 6.4 4.83 
KCB-Early 4.65 50.8 50.9 6.8 5.12 '". 'or 

KCB-Late 4.86 53.0 52.7 6.8 4.87 
2. OLC·Parent 4.49 53.7 53.3 6.3 4.62 

DLC-Early 4.38 50.2 50.3 6.9 5.31 
DLC-Late 4.76 53.0 52.5 7.0 5.27 

3. MLW·Parent 3.92 63.0 61.8 6.1 3.n 
MLW-Early 4.41 61.2 60.0 6.4 4.07 
MLW-Late 4.17 63.3 62.3 6.4 3.70 

4. HC7B-Parent 4.91 55.3 55.2 7.1 5.99 
HC78-Early 5.58 53.2 53.6 7.2 7.61 
HC78-Late 5.07 55.5 54.7 7.6 6.99 
Mean 4.65 55.4 55.0 6.8 5.18 
s.e.d 0.17 0.45 0.40 0.22 0.35 

However, later flowering types with increased grain most productive. In the semi-arid areas of eastern 
yields could be derived from these composites Kenya, however, farmers' preferences would 
within a relatively short period if the method probably favour improving the parents of HC78, 
suggested here were to be used. Both earlier and especially I<S8 as a cultivar, rather than HC78. The 
later maturing versions of MLW and HC78 could earlier type of I<S8 developed in the course of these 
easily be obtained, although the greater scope studies out-yielded the various versions of KCB 
appears to lie in developing earlier types. The mean (Table 9). It is to be noted that yield trends were 
yields under the whole environmental range of these closely followed by seedling vigour, which did not 
trials were also improved, similar to the theoretical have undesirable consequences on flowering. Vigour 
expectations of Rosielle and Hamblin (1981). The did not have large GxE interaction, unlike yield 
very good performance of HC78 in these (Table 10), similar to the results in Experiment 1. 
experiments raises the possibility of developing Genetic improvement of drought resistance in maize 
varietal Fl hybrids for this area. An analysis of yield requires effective and efficient criteria (Martiniello, 
stability across the various environments of this 1983) which should be genetically correlated to 
study, using the method of Finlay and Wilkinson drought response of the plant. Traits that are easily 
(1963), showed that HC78 was also the most stable measurable are needed to assist in breeding varieties 
among all the test varieties used (data not shown). tolerant to drought stress. lf such traits are highly 
Stability of performance is perhaps more important heritable, then rapid improvement can be made 
than yield itself to farmers, especially in semi-arid (Jinahyon, and Russell, 1969). It seems that seedling 
zones. Both HC78 and KCB Cll exhibited the vigour in the genotypes used in these experiments 
higher degree of tolerance to stress and were the should be assessed in this respect 
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Table 9, Experiment 2: Variate means of parental populations, early and late selections of KCB C11, KS7 and KS8 genotypes of maize grown 
during 1987 LR season (means from all trials) 

~. ~ s,d.m. 
Parent Parent Earl Parent 

Grain Yield (I ha-1) 4,83 4,18 4.72 4,60 0,07 
Days 10 50% Flowering· 53,08 58.2 55.2 55,6 0,25 
Seedling Vigou~1-10) 6,00 5.78 6,55 6,48 0.10 
Seedling Weighl(glplant) 2,92 3.01 3.08 2,86 3.17 3,42 3.39 0,07 
• Days to 50% flowering is the mean of Ihe days to 50% silking and 50% pollen shed. 

.. s.d.m. =Siandard deviation of lrial mean. 

Table 10: Experiment 2: Variance ratios (F·values) for differences 
between genotypes, environments and GxE interactions (mean data 
from all 4 trials) 

Variate Genotype Environment GxE Interaction 

Grain Yield 4,77 16.33 1.73· 

Pollen Shed 86.5 206.8 O.84NS 

Silking 117.4 156.6 O,914NS 

Seedling Vigour 1.45NS 5.79 O,257NS 

Seedling Weight 1.99· 33.Q1 O,385NS 

According to the results presented here, there is 
good scope to improve yield using current Katumani 
genetic gene pools if selection for early flowering is 
practiced in the company of good plant type and 
seedling vigour. Seedling vigour score, as defined 
here, was easier to measure than seedling weight; 
the score proved to be the more reliable attribute 
and seemed to be more closely correlated to grain 
yields. Also, it was more easily measurable under 
irrigation. An index of selection which combines 
seedling vigour, earliness and grain yield should be 
developed. 
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Questions to Stanley Jensen 

S:K. Kim:� 
How much does the drought tolerance of hybrids� 
such as Pioneer 3394 correlate with earliness and� 
heat tolerance?� 

Response: 
Pioneer 3394's drought tolerance is not related to 
earliness. It is not a drought escape genotype. It does 
have excellent heat tolerance which is an important 
element since high temperatures and drought stress often 
occur together. 

S.K. Kim:� 
Do you measure any other traits beside grain yield� 
to assess drought tolerance?� 

Response: 
We collect the standard set of traits - flowering, root and 
stalk lodging, plant and ear height, diseases etc. We like a 
strong stay green score, but in the final analysis grain 
yield is the measure ofdrought tolerance and is scored 
relative to known benchmark hybrids. 

Questions to Kiarie NJoroge 

B. Zambezi:� 
How many plants did you plant per station in your� 
seedling vigour assessment trial? And how did you� 
do your sampling?� 

RespcJnse: 
We used normal agronomic recommendations (90 cm x 30 
cm spacing) with an extra seed sown per hill which was 
later used for single plant weight measurements. I would 
stress that this is only part ofa larger experiment where 
even higher densities were used for more elaborate 
measurements. The overall result did not change 
substantially from what is reported here. 

D.Hikwa:� 
Don't you think the title of your paper should read� 
" under drought stress environment" rather than� 
" under water stress environment?" "Water stress"� 
gives the impression that you had too much water� 
stressing the crop.� 

Response:� 
You are probably right, because "water-stress" is� 
ambiguous.� 
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Section 4:� 

Drought: methodology and 
achievements in Mrica 
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ABSTRACI' 

The Maize Physiology sub-program at CIMMYT has recently completed several sets of evaluations of 
progress from selection for tolerance to midJlate season drought. The results of 10 trials of 16 entries 
comparing cycles of selection (0, 1, 2, and 3) in the tropical late populations La Posta Sequia and Pool 
26 are presented and discussed. Selections from CIMMYT populations DTPI and DTP2 and cycles 0 
and 8 of Tuxpeiio Sequia were also included in the evaluations. Two aspects of selection are 
considered. 1. Improvement with selection for grain yield and changes in other traits (e.g. anthesis 
silking interval, and yield components); in La Posta and Pool 26 yield gains of 200 kg ha- l cycle-l were 
observed under drought and of >100 kg ha- l cycle-l under irrigation. 2. AMMI and cluster analysis of 
the GxE interactions for grain yield across environments; yield stability increased, and it was found 
that selection solely in either a drought or irrigated environment was unlikely to improve 
performance in the other environment. Divergent synthetics made from various cycles of La Posta 
Sequia for secondary selection traits have been tested in trials with 40 entries, at 3 irrigation levels. 
Results from these trials are presented to illustrate the value of secondary traits in selection for 
drought tolerance. 

INTRODUCI'ION� of Mexico (27.2°N, 38 masl). The superior 225 
families are screened during winter at Tlaltizapan

Drought ranks second to soil infertility as the most using three water regimes, and the best 50 families 
severe limitation to maize production in the less are recombined thus completing a cycle of selection 
developed world. Annual average yield losses are every 2 years. The main selection traits are high 
thought to be about 17% per year, but can be much shelled grain yield, constant anthesis date, short ASI
greater (up to 70 %) some years, with potentially and high ear number per plant (EPP) under severe 
large losses due to drought around flowering (see stress, and reduced leaf senescence under moderate 
Waddington et al., these proceedings). The stress. Other, secondary traits, are also considered 
CIMMYr maize physiology sUb-program has been (small tassels, erect unrolled leaves� and lodging
selecting germplasm to tolerate this type of drought. resistance). 
The first CIMMYr tropical drought tolerant In the trials discussed here, we evaluated cycles of 
population, Tuxpeno Sequia, was derived from a selection for drought tolerance from three late
late white lowland tropical population (Tuxpeno maturing tropical maize populations and check
Crema 1 Cycle 11)/ and underwent 8 cycles of genotypes developed from similar germplasm. The
recurrent full-sib selection under different drought latest cycles of two broad-based source populations 
treatments in the dry winter season at Tlaltizapan, for drought tolerance were also evaluated. We
Mexico (180 N, 940 masl). Families were selected for aimed to evaluate selection progress for yield and
recombination on the basis of grain yield (for for characteristics used during selection. Yields
moisture treatment), and in the drought treatments across sites were examined to evaluate the relative 
on on the basis of short anthesis to silking interval performance of germplasm in irrigated and
(ASI), low canopy temperature and reduced leaf droughted environments. From a separate trial, we
senescence, Selection also favoured families with present some results of divergent� selection for
high relative stem and leaf extension rate in the well drought traits in La Posta Sequia. 
watered d. severe stress treatment. Each cycle took 
1 year to complete.� MATERIALS AND METHODS 

A similar methodology, but using recurrent St Ten trials were conducted in Mexico (Tlaltizapan, 
selection, has been used to improve two other late Obreg6n and Poza Ric4) to evaluate the performance 
maturing lowland tropical populations, La Posta of germplasm from several late maturing tropical 
Sequia (white dent) and Pool 26 Sequia (yellow maize populations selected for tolerance to drought 
dent), and to continue improvement in cycle 6 of near flowering and during grain-filling. Five of the 
Tuxpeno Sequia (1'56). A large number of families trials subjected the plants to drought while the other 
(600 to 1500) are screened under summer heat and five were well-watered. Each trial was of 3 
drought stress at Cd. Obreg6n in the Sonoran Desert replicates of 16 entries (all F2) and was grown in an 
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alpha 0,1 lattice design, with 4 plots per sub-block. 
The entries included: cycles of selection 0 to 3 for 
drought tolerance for La Posta Sequia and Pool 26 
Sequia, cycles 0 and 8 of Tuxpeno Sequia, TS6 Cl' 
We included checks for La Posta and Pool 26 from 
populations improved under unstressed conditions, 
two earlier-maturing drought tolerant source 
populations (DTPI and DTP2 (DTPl with 
introgressions» and an experimental variety 
selected for erect leaves (TLWD-EL). The plants 
were grown at a density of 52 600 plants ha-1 in 
plots of 4 rows x 5 m long. Measurements included: 
anthesis and silking dates (from which ASI was 
calculated), total leaf number; plant and ear height; 
tassel branch number, leaf erectness scores and 
estimates of leaf senescence during grain-filling. 
Leaf rolling was scored for stressed plots and 
canopy temperature was measured in two trials. At 
the final harvest we measured lodging, plant and ear 
number, grain yield and 100 grain weights. In 3 
trials we also measured total plant biomass. 

Linear regressions were fitted through the yield data 
for La Posta Sequia and Pool 26 Sequia to estimate 
changes in yield per cycle (relative to the mean of all 
cycles (Cl.5». Gains for Tuxpeno Sequia C8 
compared to CO were calculated by subtraction. 

The mean yields for genotypes across 9 of the 
environments (excluding Obreg6n) were also 
subjected to ANOVA, cluster analysis (Fox and 
Rosielle, 1982) and principal coordinate analysis 
using the AMMI (Additive Main effects and 
Multiplicative Interaction) model (Gauch, 1988). 
Standard deviations from mean yield and PCA 
(principal component analysis) scores were used to 
describe differences in genotype performance and 
stability (Crossa et ai., 1990). 

In the 3 lowest yielding environments, low grain 
yields in checks and early cycles of selection were 
associated with longer ASI and fewer EPP (data not 
shown). In all drough~ environments yields of these 
genotypes were depressed due to a low grain 
number (Table 3), whether or not EPP was affected. 
Differences among entries for ASI, EPP and grain 
number, including between cycles of selection or 
checks of similar germplasm background, were 
often significant even for higher yielding 
environments. 

In another trial, conducted in the 1992 winter cycle 
in Tlaltizapan, we evaluated the performance of 40 
entries, mainly comprised of 10 line synthetics that 
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had been selected divergently for various individual 
drought tolerance traits (e.g. ASI, leaf rolling, 
canopy temperature and leaf senescence). A brief 
summary of some of these results is given. 

RESULTS AND DISCUSSION 

Field results. Grain yields (at 0% moisture) 
averaged by environment ranged from 1.0 to almost 
10.5 t ha-1 (Table 1). In the low yielding, droughted 
environments «5.0 t ha-1), the most recent cycles of 
selection in La Posta Sequia, Pool 26 and Tuxpefio 
Sequia almost always significantly surpassed Co and 
the respective checks. In these environments, yield 
gains per cycle were 229 kg ha-1 in La Posta, 288 kg 
ha-1 in Pool 26 and 80 kg ha-1 in Tuxpefio Sequia 
(Table 2). As cycles of selection in La Posta Sequia 
and Pool 26 Sequia take 2 years to complete, the 
gains per year (approx. 114 to 144 kg ha-1) in the 
lower yielding environments are similar to those 
observed in Tuxpeno Sequia in these and previous 
trials (Bolanos and Edmeades 1993). The yield gains 
were seen in all droughted sites, even where. tbe(~ 

was relatively little stress before flowering (e.g. in 
1992). 

Average anthesis dates (AD) of the latest cycles of 
selection were 1 to 1.5 days earlier than those of Co 
(data not presented). However, the check materials, 
improved from the same original backgrounds, were 
2.5 to 4 days later in AD. In drought environments, 
regressions of AD on yield accounted for 115 kg ha-1 

d-l of the differences (data not presented). Thus, 
while the lateness of the checks contributed to their 
poor performance under drought, differences in AD 
did not account for all of the variation among 
genotypes. 

Differences among similar genotypes in any of the 4 
Tlaltizapan drought environments were related 
strongly to grain number per unit area (Fig. la). 
Where pre-anthesis drought was severe, barrenness 
(low ear number per plant - EPP) of non-drought 
tolerant genotypes was greater than that of related 
tolerant germplasm (Table 3). The low grain 
number (due to barrenness or to decreased grain 
number per ear) was associated with a longer ASI 
(Fig. 1b) and decreased partitioning as evidenced by 
a lower harvest index (data not presented). 
Differences in kernel weight accounted mainly for 
differences across environments, but not among 
genotypes (data not presented). 

The source populations DTPl and DTP2 had the 
highest yields of all genotypes in the 1993 drought 
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treatments. Their earlier flowering dates probably (accounting for 45.5 and 25.9 % of the variation, 
allowed them to escape some of the pre-anthesis respectively) (data not presented). Fig. 2 plots the 
drought as evidenced by their shorter ASI and yields of three of the extreme groups. Group 25, 
higher EPP (Table 3). And, their performance under which had relatively poor performance in all 
irrigated conditions was also promising, considering environments (group 25 - two checks), (group 24: 
that both populations contain a broad mixture of three early drought tolerant genotypes) good 
germplasm. Similar high yields for these materials performance under drought and relatively poorer 
have· been measured in other trials (Edmeades and under irrigation and group 18 that was relatively 
Chapman, unpublished data). stable across all environments (group 18: La Posta 

Seq. C2 and C3)'Pattern analysis. Environment mean effects 
dominated the across site ANOVA, although G, E In an AMMI analysis, the relative PeA (principle 
and GxE effects were all significant (data not component axis) scores for 2 points in the plot 
presented). As GxE was substantially greater than indicate the influence of GxE interaction (Fig. 3). For 
G, interpretation of performance based on G alone example, if a genotype has a large positve score and 
would ignore a large proportion of the variation in so does an environment of interest, then their GxE 
genotype response. Five genotype groups were well interaction will be relatively large and positive. In 
distinguished by the first 2 principal coordinates of an environment with a large negative score, the 
the GxE squared Euclidean distance matrix same genotype will have a negative interaction. A 
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genotype with a PCA score close to zero is stable 
across environments - having a small interaction. 
The magnitude of 
indicates its overall 
environments tested. 

the mean 
perfor

of the 
mance 

genotype 
in the 

We found that droughted and irrigated 
environments had PCA1 scores that differed in sign: 
> 0 for drought and < 0 for irrigated (Fig. 3). This 
suggests that it would be difficult to sel«t in either 
of these types of environments and expect to make· 
gains in the opposite type, i.e. genotypes selected for 
a good interaction in one type of environment would 
have a negative interaction with the other type of 
environment. 

Genotypes also differed in mean yield and PCAl 
score. In cycles of Pool 26 Sequia and Tuxpeno 
Sequia, the genotype PCAl score indicated a bias 
toward positive interactions with the drought 
environments, and negative interactions with 
irrigated ones (i.e. that these populations were 
moving toward better adaptation in droughted than 
in irrigated environments). Selection in La Posta 
Sequia increased mean yield and shifted the PCAl 
score toward zero - considered the ideal value to 
minimise interactions across environments (Crossa 
et al., 1990). All checks yielded less than the trial 
mean, and they differed for stability across environs. 

Divergent selection for drought tolerance traits. 
When evaluating traits such as ASI, leaf rolling and 
leaf senescence we were almost always able to 
separate divergent synthetics that had been formed 
on the basis of those individual traits (Table 4). This 
was also the case when measuring yield (data not 
presented) or using an index to select the 'best all' or 
'worst all'. A poorer success rate with traits such as 
canopy temperature, may indicate a lower 
heritability or greater difficulties in selection based 
on the trait (in the case of canopy temperature, 
probably related to the measurement itself). Yields 
of the 'best' single trait divergent synthetics did not 
always exceed those of the 'w9rst (data not 
presented). In some cases, there were yield penalties 
in irrigated environments for synthetics selected on 
facultative drought traits. For example, selection for 
short ASI alone under drought tends to result in an 
earlier flowering synthetic that cannot fully exploit a 
well-watered environment. 

CONCLUSIONS 

Selection in all of the drought tolerant populations 
used an index that included high yield in drought 
and irrigated environments, and shortened ASI (less 
barrenness) in droughted environments. During 
selection, we attempted to hold anthesis date 
constant with mild selection pressure for erect and 
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non-rolling leaves, and a decreased rate of leaf 
senescence. These criteria have succeeded in 
reducing the susceptibility of these populations to 
drought stress around flowering and during grain
filling and give excellent rates of progress in low and 
high yielding environments. 

The two methods of examining GxE interactions 
clearly separated response patterns of germplasm 
differing in drought tolerance. As the germplasm 
included cycles of selection, these analyses are 
interesting in that they provide evidence of 
improvement in drought tolerance with selection 
with little or no loss of stability in the environments 
used. Some of this germplasm is currently under 
test in a greater geographical range of sites, again to 
be exposed to drought. 

The grouping patterns found, and the interaction 
components identified, indicate that in 3 late tropical 
maize populations it is difficult to improve yields for 
conditions of mid-season drought by selection in 
irrigated environments. The extreme differences in 
the interaction components of drought and irrigated 
environments emphasise this result. 

Divergent selection for individual drought-related 
traits demonstrated potentially high heritabilities. 
At the same time, these results indicated that a 
selection index was required to maintain yields in 
irrigated as well as improve performance in 
droughted environments. 
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Table 3. Genotypes averaged across five droughted and five irrigated environments for anthesis silking interval (ASI), ear number per 
plant (EPP) an grain number per unit area. The ranges across all combinations were -0.7 to 20.6 for ASI; 0.3 to 1.25 for EPP;and 180 to 
3650 for grains m-2. 

Genotype ASI (d) EPP Grain no. m-2 

Droughted Irrigated Droughted Irrigated Droughted Irrigated 

La Posta Seq. Co 6.7 1.3 0.76 1.05 1345 2826 
La Posta Seq. C1 6.1 1.3 0.79 1.11 1298 2852 
La Posta Seq. C2 4.2 0.7 0.88 1.07 1540 2904 
La Posta Seq. C3 3.4 0.7 0.95 1.15 1740 2842 
Pop. 43C9 7.0 1.7 0.79 1.09 1159 2629 
Pool 26 Seq. Co 
Pool 26 Seq. C1 5.8 1.9 0.83 1.00 1500 2477 
Pool 26 Seq. C2 3.7 1.0 0.95 1.09 1581 2582 
Pool 26 Seq. C3 2.8 0.9 0.98 1.12 1881 2632 
Pool 26C23 5.9 1.7 0.81 1.07 1407 2740 
DTP1 C5 1.7 0.0 1.00 1.15 1941 2716 
DTP2C2 2.8 0.8 1.01 1.15 1829 2739 
Tuxpeno Seq. Co 6.4 1.4 0.73 1.02 1365 2743 
Tuxpeno Seq. C8 2.9 0.5 0.93 1.12 1718 2648 
TS6 C1 1.9 0.1 0.95 1.10 1893 2822 
TLWD-EL EV 6.8 0.7 0.83 1.09 1306 2401 

Mean 4.5 1.0 0.88 1.09 1565 2693 
LSD (5%) 1.7 0.4 0.08 0.05 160 134 

Table 4. Frequency with which significant differences were found when scoring or measuring traits of divergent 10 line synthetics of La 
Posta Sequia selected on the basis of those same traits. The synthetic contrast is the 'best vs worsf, and the frequencies are number of 
significant differencesltotal number of observations Abbreviations are as for Table 1. 

Trait Synthetic Contrast Cycle selected Test Environment (frequency) 
5S IS WW 

ASI short vs long Co 1/1 1/1 1/1 
C2 1/1 1/1 1/1 

canopy temperature . lowvs high Co 1/3 0/2 
leaf rolling least vs most C1 212 3/3 
leaf senescence least vs most Co 1/5 3/5 1/5 

C2 5/5 5/5 215 
leaf erectness erect vs lax Co 1/2 

C2 1/1 
tassel size small vs large C2 1/1 
all traits best vs worst C, 1/1 1/1 1/1 
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ABSTRACT 

Fifteen years of armed conflict and the drought, of the 1991/92 growing season significantly reduced 
family sector agricultural production in central Mozambique. The Agricultural Recovery Program has 
distributed over 5,000 tonnes of maize seed in this region as part of a program to rehabilitate family 
sector agriculture. Initially, the only variety available in commercial quantities was the soft white 
dent variety Kalahari Early Pearl (KEP), productive but not preferred due to its poor storage 
capability. Seventeen replicated field trials were conducted over two growing seasons in 
collaboration with the National Institute for Agronomic Investigation to identify maize varieties of 
choice. All trials were carried out under zero input conditions and grower participation was used in 
the evaluation process. Under drought stress conditions the earlier maturing varieties Matuba and 
CWI showed a marked yield advantage over the other varieties. Matuba outyielded the longer season 
varieties Manica and KEP by 201% and 309%, respectively in the most severe trial situations. In less 
stressed environments, Matuba was equal to, or better than, the other improved varieties under test
Umbeluzi, Manica, Obregon, MMV600 and EV8430. Over all seventeen trials the best of the local 
varieties was markedly lower yielding than the improved varieties (60% of Matuba). The flint grain 
type and early maturity, along with reliable performance have resulted in rapid farmer acceptance of 
Matuba. The short cycle results in avoidance of late season moisture stress as well as bridging the 
hunger gap between harvests. An extensive program of on-farm trials has confirmed strong farmer 
acceptance of this variety. 

INTRODUCTION� impacting on farmer production. Information on 
variety performance and consumer acceptability was 

The Agricultural Recovery Program (ARP) of World 
needed.Vision Mozambique is actively involved in the 

rehabilitation of family sector agriculture in central The National Institute for Agronomic Investigation 
and northern Mozambique through the re (INIA) had conducted variety trials throughout the 
establishment of self sufficiency. Fifteen years of region until the eighties, when the network of INIA 
armed conflict have destroyed rural infrastructure stations was drastically reduced as a result of the 
and drastically reduced agricultural production. The armed conflict. Consequently, little information on 
1991/92 drought further crippled agriculture. Many variety performance was available for crop varieties 
farmers, particularly the displaced, simply did not developed in the last 10 years. In collaboration with 
have the tools and seeds to prepare and plant family INIA, the ARP established a number of variety trials 
"machambasll at project sites in Tete and Zambezia provinces. This • 

paper reports the results of two seasons of multi
The ARP, initiated in 1990, has focused on the location maize variety testing in limiting and non
provision of seeds and hand tools (Ag-paks) to 

limiting environments. 
farming families in the provinces of Zambezia, Tete, 
Manica, Sofala and Nampula. However, very large MATERIALS AND METHODS 
quantities of seed of acceptable� and adapted Trial locations. The environments (agro-ecologies) 
varieties were of limited availability or were non and the number of trials conducted at each location 
existent for many crops. Maize has been the major in the project area are indicated in Table 1. Maize is
component of the seed distribution effort. In the a major crop in the midland and upland areas,
1993/94 growing season over 2,000 tonnes of maize considered to be regions of high yield potential. 
seed were purchased at a cost of� over USS 1.5 
million to benefit 250,000 farming families. Clearly, Varieties. The fourteen varieties tested in the trials 
decisions on the choice of varieties can have very are listed in Table 2, together with their growing 
significant economic consequences, as well as cycle, grain type, source and status. 

101� 
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Table 1, Summary of maize variety trial site locations and categorization of agro-climatic conditions. 

Environment 
Lowland (100.500 m) 
- Mean rainfall 1400 mm (Nov-July) 

Humid, 25-350C, Sandy soil 
- Mean rainfall 700 mm (Nov-March) 
Semi-arid, 25-400C, Sandy soil 

- Mean rainfall 800-1200 mm (Nov-April) 
25-350C, Medium soils 

Midland (500.1000 m) 
- Mean rainfall 1300-1700 mm (Nov-April) 
20-300C, Medium soils 

-Organic soil 
Upland (1000.1500 m) 
- Mean rainfall 1500-1900 mm (Nov-April) 
20 - 30 °c, medium soils 

Zambezia province Tete province 

Quelimane Field Station (3) 

Tete Field Station (2) 

Morrua (1)� 

Gurue (4)� 

Gurue (2)� 

Table 2. Summary of varieties tested in 1991/92 and 1992/93 season trials. 

Variety Cycle * Grain type 
EV8430 Very Short Flint, hard 
Matuba Short Flint 
CW1 Short Semi-flint 
Cnjerejere Short Flint 
Umbeluzi Medium Flint 
CW2 Medium Semi-dent 
Kalahari EarlyPpeari Medium Dent, soft 
Manica Long Semi-dent 
Mmv600 Long Dent 
UCA Long Dent, soft 
Obregon Long Dent, soft 
Reg. Chidzolomundo Long Flint-dent 
Reg. Furancungo Long Flint-dent 
Reg. Gurue Flint-dent 
* Short= < 100 days to maturiy, short= 100-110, medium= 111-120, long= >120 

Chiuta (2) 

Furancungo (2) 

Tsangano (1) 

Source 

INIA 
SemocJlNIA 
INIA 
Tete district, Mozambique 
INIA 
INIA 
National Tested Seeds, Zimbabwe 
SemocJlNIA 
Zamseeds, Zambia 
Malawi Seed Company, Malawi 

Status 
Experimental 
Commercial 
Experimental 
Regional 
Experimental 
Experimental 
Commercial 
Commercial 
Commercial 
Experimental 
Experimental 
Regional 
Regional 
Regional 

Trial methodology. Trials were laid out with four 
replicate randomized blocks. The number of 
varieties evaluated in individual trials varied from 8 
to 20. Four row plots were used. The plot length 
was 8 m and row width was 0.8 m. A density of 
36,000 plants/ha was achieved by planting four 
seeds every 70 em and thinning to 2 plants per 
station. Data were collected from the two central 
rows of each plot after a meter was discarded on 
both ends. Grain yields were adjusted to 12% 
moisture. An analysis of variance was performed on 
individual site data and appropriate across location 
analyses were also conducted. 

Mozambican family sector farmers do not use 
chemical fertilizers, insecticides, or herbicides as 
they are either not available or are too expensive to 
purchase. Trial inputs were therefore restricted to 
the application of Thiodan granules to control stalk 
borers as no genetic resistance was available in the 
varieties and previous experience indicated that 
infestation could be non-uniform and act as a 
confounding factor in the trials. 

RESULTS AND DISCUSSION� 

The results of the 1991/92 and the 1992/93 trials are 
summarized in Tables 3 and 4. Means separations 
are indicated for each trial series and for the 
combined data and the total number of trials is 
indicated in the table heading. The data is from a 
total of seventeen trials and the varieties differed 
between the provinces in 1991/92 and between trial 
series dUring the 1992/93 season. 

Central Mozambique experienced a severe drought 
during the 1991/92 season. Conditions in the trial 
sites ranged from a slight to severe level of moisture 
stress. The overall mean yield was low (1.65 t ha-1) 
and at only one site was the trial mean yield above 
2.30 t ha-1. Table 3 shows that, averaged over all 
1991/92 trials, Matuba.CW1, CW2, I<EP and Manica 
were the top-yielding varieties. 

The histogram in Figure 1 summarizes the data for 
two trials in the semi-arid region of lowland Tete 
that were under severe drought stress conditions 
and gave the lowest yields (mean 0.52 t ha-1). In 
these two trials the earlier maturing variety Matuba 
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Table 3. Summary of the yield (t ha-1) of maize varieties grown in the 1991/92 season trials. 

Variety Tete (mean 3) 
Matuba 1,36 A 
Cw1 1,24 AB 
Cw2 1.10 ABC 
Kalahari early pearl 0,99 BC 
Manica 0,95B C 
Mmv600 0.82 C 
Uca 0,53 D 
Reg. Chidzolomundo 0,44 D 
Umbeluzi 

Mean 0,93 
Lsd (.05) 0,29 
Cv (%) 38 

Zambezia (mean 5) 
2.25 A 
2,20 A 
2,00 AB 
2.17 A 
2.06 AB 

Combined (mean 8) 
1,92 A 
1,84 AB 
1.66 AB 
1.74 AB 
1.64 B 

1.47 
1,79B 

C 
C 

1.08 C 

1.99 
0,38 
30 

1.65 
0.26 
31 

Table 4. Summary of the yield (t ha-1) of maize varieties grown in the 1992/93 season trials. 

Variety Mean 4 screening trials 
(Tete 2, zambezia 2) 

Umbeluzi 2,43 A 
Matuba 2.40 A 
Manica 2.35 AB 
Cw1 2.26 ABC 
Mmv600 2.26 ABC 
Ev8430 2.16 ABCD 
Cnjerejere 2.03 BCD 
Kalahari early pearl 1.97 CD 
Obrigon 1.89 0 
Reg. Furancungo 1.30 E 
Reg. Gurue 1,24E 

MEAN 2.03 
LSD (,05) 0,35 
CV(%) 24 

and the genetically similar composite CWI gave the 
highest yields (1.05 t ha-1 and 0.95 t ha-1 

respectively). Matuba gave a 308% yield increase 
over I<EP. I<EP performed similarly to the regional, 
UCA and MMV 600; the varieties CW2 and Manica 
gave intermediate yields. Figure 1 also shows yields 
for a slightly different set of varieties at the two sites 
that gave the best yields, at Gurue in a low-lying 
organic soil and an upland site. In these situations 
rainfall was marginally acceptable and the major 
limiting factors were considered to be nitrogen 
deficiency, not yield potential. The performance of 
Matuba under these more favorable conditions was 
equal to the other dent varieties and was markedly 
superior to the other flint grain type varieties with a 
38% yield improvement over Umbeluzi and a 77% 
yield improvement over the local variety. 

Overall, from the set of trials conducted during the 
1991/92 drought season, the shorter season varieties 
Matuba and CWI produced yields that were higher 
than the varieties with a longer cycle. There was a 
significant negative correlation (r- -0.974, p- 0.001) 
between yield and days to mid silk, as shown in 
Figure 2. 

Mean 5commercial tri.1lls Combined mean 9 trials 
(tete 2, zambezia 3) 
1.75 D 2.05 BC 
2,33 A 2.37 A 
2.08 ABC 2,20 AB 

1.76 0 1.98 BC 
1.62 EF 1.86 CD 
1.82 CO 1.91 CD 

1.63 EF 1.74 0 

1.41 F 1.34 E 

1.86 1.93 
0.29 0,22 
25 24 

In the 1992/93 seasons' trials the pattern of rainfall 
was near normal. The overall mean yield was higher 
than in the previous season (1.93 t ha-1), with mean 
yields in excess of 2.30 t ha-1 at three of the nine trial 
sites. Despite a longer growing season with little or 
no moisture stress, the yield of Matuba was similar 
to that of Manica and superior to the other varieties 
tested. The performance of Umbeluzi was variable, 
due in part to susceptibility to Northern Leaf Blight, 
but was equal to the mid season, dent grain varieties 
KEP and MMV600. The yields of Obregon were low 
due to poor plant stands as a result of poor seed 
germination. The regional varieties were consistently 
low yielding. 

Figure 3 illustrates the mean performance of seven 
varieties across the four highest yielding situations 
(mean yield 2.95 t ha-1) and the other five trials from 
the 1992/93 season (mean yield 1.12 t ha-1). Again, 
Matuba- consistently gave the highest yield together 
with Manica. Umbeluzi yielded less than Matuba in 
the more stressed environments. The other short 
cycle variety EV8430, that matures 10 days earlier 
than Matuba, yielded less in both environments and 
was inferior to the mid-season improved varieties 
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Figure 1. YIeld of maize varieties in contrasting environments during the 1991/92 season 
in central Mozambique. 
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Figure 2. Overall yield performance of six maize varieties over eight sites 
during the 1991/92 season in central Mozambique. 
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Figure 3. YIeld of maize varieties in contrasting environments during the 1992/93 season 
in central Mozambique. 
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Manica and MMV600 in the low-yielding significantly higher yielding than Manica (11 % yield 
environments. increase). The best of the local varieties was 

Over the 
possible 

twelve 
between 

trials 
the 

where comparisons are 
commercially available 

markedly lower yielding 
varieties (56% of Matuba). 

than the improved 

varieties, Matuba was superior to KEP as shown in 
Table 5. Over all seventeen trials Matuba was 
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Table 5. Yield performance (I ha-1) of varieties of major commercial 
availability 

Variety 12lrials· 17 trials 
Matuba 2.08 A 2.15 A 
Cw1 1.98 AB 
Manica 1.88 • AB 1.94 B 
Kalahari early peart (kep) 1.82 B 
Regional 1.13 C 1.22 C 

Mean 1.78 1.77 
LSD (.05) 
CV 1!:l 

0.22 
30 

0.17 
29 

• 8Trials From 1991192; 4Trials From 1992193 
Stability of yield over locations was investigated by 
comparing the size of the mean squares for varieties 
with the size of the mean square for the location x 
variety interaction for the two summaries in Table 5. 
Both mean squares were statistically significant; 
however the size of the interaction mean square was 
very small relative to the variety mean square (7.0% 
for 12 trials, 3.4% for 17 trials). Therefore, selection 
of varieties on mean yield would result in selection 
of the appropriate variety over 90% of the time. The 
use of one or two varieties over extensive areas is 
warranted. 

CONCLUSION 

It is concluded that Matuba is the highest yielding 
variety of choice when grown under the zero input 
conditions that predominate over central 
Mozambique. The major constraints to higher yields 
are believed to be nutrient deficiency and moisture 
stress in the regions of lower elevation. The high 

degree of resistance to streak virus is a contributing 
factor to the stable performance of this variety over a 
wide range of agro-ecological conditions. The flint 
grain type and short cycle combine to make Mafuba 
the variety of choice in all circumstances except 
those where the harvest period of short cycle 
varieties coincides with a period of high rainfall. In 
longer season areas, a variety with the maturity of 
Umbeluzi offers considerable promise as the major 
grain variety. The Northern Leaf Blight 
susceptibility of Umbeluzi limits its use in higher 
elevation, higher rainfall areas. However, a variety 
with a similar maturity, flint grain type and 
adequate resistance to Northern Leaf Blight is 
desired since such a variety would mature at the end 
of the rams. In such areas, Matuba is an option to 
provide green ears to fill the hunger gap between 
harvests and for late planting. The flint grain type 
and very early maturity of EV8430 makes this 
variety of interest as a companion to other varieties 
for green ear production and catch cropping in 
lowland conditions. 
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PERFORMANCE OF SOME MAIZE HYBRIDS IN THE SEMI-ARID SOUTH EAST� 

LOWVELD OF ZIMBABWE� 

P. NYAMUDEZA 

Save Valley Experiment Station, P.Bag 2037, Chipinge, Zimbabwe. 

ABSTRACf 

The climate of the South East Lowveld is characterized by low and erratic rainfall, high temperatures 
and high evaporation rates. The major crops grown (and recommended by the extension service) are 
sorghum and pearl millet but for some reason the production of maize, a crop more susceptible to 
drought than sorghum and pearl millet, is on the increase. Maize hybrid trials were carried out from 
the 1984/85 to 1990/91 seasons under rainfed conditions. The objective was to find the most suitable 
hybrid among released ones and to compare these with new lines supplied by the Crop Breeding 
Institute, DR&SS. In four out of seven seasons, there were zero yields from all hybrids at Chiredzi and 
in two out of seven seasons at Chisumbanje. The commonly grown hybrid, R201. gave a seven year 
mean yield of 1498 kg ha-1 at Chisumbanje and 1070 kg ha-1 at Chiredzi. PNR473 was tested for five 
seasons and gave the highest mean yield of 1860 kg ha-1 at Chisumbanje and second highest, 1437 kg 
ha-1, at Chiredzi. In a good rainfall season, 1984185, the long season varieties gave the highest yields. I 
conclude that one of the reasons why farmers in this region continue to grow maize, contrary to the 
recommendations, is because in some years the yields are relatively higher than with the 
recommended crops of sorghum and pearl millet. 

INTRODUCfION� potential of the marketed maize hybrids and to 
compare them with new lines. The South East Lowveld receives low and erratic 

rainfall averaging about 500 mm per annum. In MATERIALS AND METHODS 
most years the rainy season is characterised by short The trials were carried out at Chiredzi and
rainy periods separated by up to six weeks of hot Chisumbanje. The crop was sown in furrows of 
dry weather. Under such conditions even drought ridges 1.5 m apart, that were tied. There was one 
tolerant traditional crops like sorghum and millets crop row per furrow giving a between row spacing 
fail to produce grain in some years.� .However, in of 1.5 m and withinrow spacing of 0.3 m. The target 
recent years the area under maize, a relatively plant population was about 22 000 plants ha-1. This
susceptible crop to drought, has� been on the population was used because the area has low
increase. rainfall and Shumba (1984) reported that a low 
In the Agricultural Survey of Zimbabwe (then pORulation of 24 691 did better than 37 037 plants 
Southern Rhodesia) Part I, Agro-Ecological Survey ha-l in drought years. 
by Vincent and Thomas (1960), the rainfall of this The released hybrids used in the trials were R201,
region was described as too low for the reliable R215, R215, PNR473, ZS229, ZS225 and SC501. In all 
production of even drought tolerant fodder and seasons the trials had 20 entries, except in 1985/86 
grain crops. In Part II of the survey, Agra-Economic when nine hybrids were tested, and the new lines 
Survey by Staples (1962), the area was said to be varied from season to season. The trials were sown 
suitable for the cultivation of extremely drought at the earliest sowing opportunity in each season 
resistant varieties of sorghum and pearl millet. and the sowing dates ranged from 11 November in 
Despite the recommendations from the survey, 1984/85 to 15 January (Chisumbanje) in 1990/91. 
communal farmers in this region have been growing No fertilisers were applied at Chisumbanje due to
cereal crops for decades, especially sorghum. This the high inherent fertility of the soils. At Chiredzi 42
shift to maize is evident in other countries, and kg ha-l P205, as single superphosphate, was
Muchow (1988) suggested that it could be due to applied before sowing and top dressings of nitrogen, 
socia-economic reasons and because maize grain is as ammonium nitrate, ranged from 30 to 60 kg ha-1,
better protected from birds. In Zimbabwe people's depending on the nature of the rains in each season. 
tastes are changing in favour of� maize partly Records taken included days to 50 percent
because drought relief in the semi-arid areas is flowering, days to physiological maturity and grain 
mainly in the form of maize and maize flour is the yield.
only type sold in both urban and rural shops. 

It was against this background that trials were 
started in the 1984/85 season to evaluate the yield 
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Table 1, Number of days to 50 percent flowering (OF) and 
physiological maturity (OPM) at Chiredzi and grain yield (kg ha-1) at 
Chiredzi and Chisumbanje in the 1984/85 season. 

Chiredzi Chisumbanje 
Hybrid OF OPM. Grain yield Grain yield 
ZS229 65 117 4736 5327 
84H406 61 111 4622 5120 
84H381 61 110 4550 5557 
84H422 65 112 4453 5201 
PNR473 65 110 4317 6435 
83H2086 62 105 4287 5970 
843WH11 62 114 4244 5701 
823WH26 64 116 4159 5355 
843WH61 62 114 4153 5101 
843WH99 60 106 4066 5771 
R201 60 110 4044 5041 
84H310 61 107 3977 5906 
84H341 61 108 3963 5584 
843WH34 61 106 3808 6169 
2S225 60 103 3770 5912 
84H317 59 106 3689 5004 
843WH36 61 104 3641 6198 
84H360 61 109 3585 5090 
84H298 60 102 3373 4938 
83H2093 61 101 3316 5683 
Trial Mean 61 108 4037 5553 
Sign P<0.01 P<0.01 P<0,05 P<0.05 

SE 1.0! 0 1.6 215.1 472. 
C.V. % 3 3 11 9 

RESULTS AND DISCUSSION 

The yields from 1984/85 are in Table 1.. High grain 
yields were obtained at both sites and the highest 
yielders were Z5229 at Chiredzi and PNR473 at 
Chisumbanje, both released hybrids. Rainfall in 
1984/85 was above average at both sites and well 
distributed. The long season hybrids outyielded the 
short season R200, R201 and R215. 25229 and 
PNR473 took 65 days to 50 percent flowering 
compared to 60 days for R201. The 1984/85 season 
was the best season of the 19805 in the lowveld and 
the yields obtained (4-6 t ha-1) were a good 
indication of what can be achieved when rainfall is 
above average and well distributed. In adjacent 
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trials at Chisumbanje, sorghum yielded 3758 kg ha-1 
(Nyamudeza, 1993),48 percent lower than the mean 
of the maize trial. Such yield differences between 
sorghum and maize can easily influence farmers to 
shift to maize in the follOWing season. However in 
later years maize yields were much lower than 
sorghum yields and in 1986/87 and 1987/88 maize 
at Chiredzi failed, but adjacent sorghum trials 
yielded 754 and 687 kg ha-1 respectively 
(Nyamudeza,1993). 

In 1985/86 fewer hybrids were tested and the results 
are shown in Table 2. There was no significant yield 
difference at Chiredzi but at Chisumbanje there was 
a significant (P<0.05) difference where ZS225 gave 
the highest yield. The high temperatures in the 
lowveld induce crops to dry prematurely and in 
seasons with low or poorly distributed rainfall the 
long season hybrids suffer more than the short 
season hybrids. This was the case in the 1985/86 
season which had a similar amount of rainfall to the 
1984/85 season but poorer distribution. 

In 1986/87 all the 20 hybrids tested gave zero yield 
at Chiredzi, and at Chisumbanje seven gave zero 
yield and 13 gave some yield. The mean yields of 
the 13 hybrids ranged from 45 to 350 kg ha-1. 
Among the released hybrids, R201 gave the highest 
yield of 233 kg ha-1. Both sites recorded the lowest 
rainfall of the seven seasons, 237 mm at Chiredzi 
and 278 mm at Chisumbanje. 

All hybrids failed in 1987/88 and 1988/89 at both 
sites. The rainfall was above average at 
Chisumbanje in 1987/88 but the crop was adversely 
affected by a dry January in which only 16 mm of 
rainfall were received, with a similar amount (17 
mm) at Chiredzi. The rainfall pattern in 1988/89 
was similar to that of 1987/88. 

In 1989/90, there was high variability in the trial at 
both sites, but especially at Chisumbanje where 27 
out of 80 plots produced no yield. The Chiredzi trial 
had a C.V. of 51 % (Table 3). The low yields and high 

Table 2. Days to flowering (OF), days to physiological maturity (OPM) and grain yield (kg ha-1) at Chiredzi and Chisumbanje in the 1985/86 season. 

ChiredZi Chlsumbanje 
Hybrid OF OPM Grain yield OF DPM Grain yield 
R201 59" 105 2918 63 109 3288 
ZS225 60 104 2452 64 110 3637 
PNR473 62 105 2868 65 107 2741 
ZS229 64 109 3110 65 117 2781 
843WH99 59 106 2721 62 109 3576 
843WH36 61 105 3337 64 107 3362 
853WH54 67 110 2568 65 112 3120 
843WH34 60 106 2875 64 106 2775 
843WH11 62 105 3314 65 108 3362 
Means 61 106 3115 64 109 3183 
Sign. P<0.001 P<0.05 NS P<0.01 P<0.5 P<0.05 
S.E.± 1.0 1.1 282.5 0.4 2.0 263.0 
C.v, i!l 3 2 13 1 2 8 
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variability can be attributed to the low rainfall at 
tasselling. The crop was sown in the first week of 
December at both sites and started tasselling at the 
end of January. During tasselling in February, very 
little rain was received; 10 and 34 mm for the whole 
of February at Chisumbanje and Chiredzi 
respectively. 

The 1990/91 trial was sown in the last week of 
November at Chiredzi and started tasselling in mid 
January. After tasselling there was a 31 day dry 
period from mid-January to mid-February and all 
the hybrids died. At Chisumbanje the trial was 
sown in mid-January and reasonable rains were 
received in February and March. Just one hybrid 
gave zero yield. The yields of 19 hybrids are in 
Table 4. A mid-January sowing is very late but a 
mean yield of 1070 kg ha-l was obtained. 

Table 3. Grain yield (kg ha·1) of maize hybrids at Chisumbanje and 
Chiredzi in the 1989190 season. 

Hybrid Chisumbanje Chiredzi 
R201 311 526 
R215 195 784 
ZS225 180 674 
Kalahari 126 350 
SC501 118 500 
863WH14 321 220 
863WH18 162 888 
863WH88 258 309 
87H1618 169 667 
873WH11 197 434 
873WH13 49 533 
873WH86 158 413 
873WH109 335 264 
873WH125 162 380 
88H1612 69 645 
883WH48 288 804 
88WH81 166 879 
883WH113 466 471 
883WH114 97 527 
883WH134 29 209 
Trial mean 193 524 
S.E.± 153.2 
Sign. P<0.05 
C.V.% 51 

Table 5 presents a summary of the yields of the 
released hybrids during the' seven seasons. Maize 
failed completely in two years at Chisumbanje and 
in four years at Chiredzi (Table 5). The high number 
of seasons in which the maize failed clearly shows 
the risk of growing maize in this region. Farmers 
know this and the question then is why do they 
continue to grow maize in such areas? Johnson 
(1991) attempted to answer this using sorghum and 
maize yield data from work done at Makoholi 
Experiment Station in Natural Region IV. The data 
showed that for four seasons maize outyielded 

sorghum and pearl millet and the four season mean 
was 115 percent more than for sorghum. A similar 
trend occurs in the south east lowveld (Natural 
Region V) during the good rainfall years, but such 
years are rare and during the period when these 
trials were running there was one good year in 
seven. 

Table 4. Days to flowering (OF) and the grain yield (kg ha·1) of maize 
hybrids grown at Chisumbanje in 1990/91 season. 

Hybrid OF Yield 
R200 61 1634 
88WH131 63 1589 
R215 65 1370 
883WH68 63 1333 
R201 62 1255 
88H1606 65 1247 
883WH66 61 1168 
87H662 61 1152 
893WH8 66 1128 
87H721 61 1109 
883WH20 62 1009 
89H134 66 965 
863WH13 67 904 
88WH128 69 868 
88H1599 69 778 
87H877 68 751 
SC501 68 623 
863WH14 66 547 
Means 65 1079 
S.E.±1.8 270.3 
Sign. P<O.OO1 P<O.05 
C.V.%3 42 

Because of the high failure rate for maize, maize 
production is very risky, and the area that farmers 
plant to maize should be small relative to the area 
planted with sorghum and other drought tolerant 
crops. The question, IIWhy do farmers grow maize 
in Natural Region V,II can partly be answered by the 
high yields they obtained in years with good rainfall 
such as 1984/85, and the long term mean yield of 
slightly over 1 t ha-l per year. Unfortunately the 
maize hybrids available at present cannot store well 
for over a season and the years similar to 1984/85 
are rare in Natural Region V, but farmers are 
tempted to keep trying to produce maize. 

The results given here have several implications for 
maize breeders. The ntlmber of days to flowering 
and maturity in the south east lowveld were much 
lower than what the breeders expect when the 
hybrids are grown in.the major maize producing 
areas of Zimbabwe. These hybrids do not give their 
full potential because they are forced to mature 
earlier than normal. There was some indication in 
all the low and poorly distributed rainfall seasons 
that the hybrids which flowered first gave the better 
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Table 5. Grain yield (kg ha·1) of the released hybrids dUring the seven seasons at (a) Chisumbanje and (b) Chiredzi. 

HYBRID SEASON 
84/85 85/86 86/87 87/88 88/89 89/90 90/91 Means' 

(a) 
R201 5401 3288 233 0 0 311 1255 1498 
R215 146 0 0 195 1370 342 
Z5225 5912 3637 45 0 0 180 1629 
SC501 118 624 
Z5229 5327 2781 88 0 0 1639 
PNR473 6435 2741 126 0 0 • 1860 
(b) 
R201 4044 2918 0 0 0 526 0 1070 
R215 0 0 0 784 0 157 
Z5225 3770 2452 0 0 0 674 1149 
5C501 500 0 
Z5229 4736 3110 0 0 0 • 1570 
PNR473 4317 2868 0 0 0 1437 
• Not tested in that season. 
1. Means of 5seasons and above. 

yields. There is need to breed varieties that can Nyamudeza, P. 1993. The effects of sowing in 
express their full yield potential in 100 to 110 days furrows and on flat, population and row width 
and of course be able to produce higher yields than on the growth and yield of sorghum (Sorghum 
the present materials. Better grain storage attributes bicolor) in a semi-arid region of Zimbabwe. 1. 
would also be useful. Yield and yield components. Zimbabwe'Joumal 

of Agricultural Research (In press).
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ON-FARM TESTING OF MAIZE VARIETIES UNDER MOISTURE STRESS AREAS� 

OF SIDAMA ETHIOPIA� 
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ABSTRACf 

Sidama is one of the major maize growing areas of southern Ethiopia. During a 1985/86 survey of 
Sidama, maize was identified as the most important food crop grown with more than 90% of the 
farmers growing maize. However, maize yield was reported to be less than 1 t ha-t which compares to 
a potential yield of improved maize varieties for moisture stress areas of greater than 4 t ha-t . The 
major problem of maize production, especially in the low altitude area, is reported to be uncertainty 
in the amount and distribution of rainfall. One early, Katumani, and two intermediate maize varieties, 
Awasa-8047 and Awasa-511, were compared to the long maturing farmer variety Asmara for 
performance and yield potential under farmer's management conditions. Katumani and Awasa-8047 
were the best performers in moisture stress areas while Awasa-511 did well under reliable rainfall 
condition. 

INTRODUCfION 

Sidamo is located in the southern part of Ethiopia. 
In this region, 65%of the total area is affected by low 
moisture stress (Haile and Mohamed, 1990). This 
region is characterized by mixed farming where 
crops and livestock both play an important role in 
the economic activities of the farming community. 
Farmers use these enterprises to satisfy their food 
and cash requirements and other social objectives. 

A diagnostic survey was conducted in 1985/86 in 
some parts of the region (Sidama/Awraja). Maize 
was identified as the most important food crop of 
the area with 92% of the farmers in the mid altitude 
and 98% in the low altitude growing maize 
(Abagodu, 1988). However the yield reported is 
very low averaging only 1 t ha-l . ' 

The major problem of maize production, especially 
in the low altitude areas, is reported to be the 
uncertainty in the rainfall which leads to a short 
growing season for the late maturing maize variety 
used by farmers. According to farmers, erratic 
rainfall is the major cause of low maize yield 
compared to other problems like pests and low soil 
fertility. Hence, a maize variety verification trial 
was initiated in order to compare maize varieties 
with different maturity periods. The objectives of 
the trial were to compare early maturing maize 
varieties that can fit into a short growing period in 
moisture stress areas and to determine the yield 
potential of different maize varieties grown using 
current farmer practices. 

MATERIALS AND METHODS 

The on-farm trials planned for the area were 
designed on the basis of screening technological 
alternatives available from previous on-station 
research which addressed the priority constraints 

identified during the survey. This experiment was 
initiated in 1986 on farmers' fields selected by the 
development agents of the Ministry of Agriculture. 

The experimental variables were different maize 
varieties: Katumani (90 - 120 days maturity), AW 
8047 (90 - 120 days maturity) and Awasa 511 (150 
160 days maturity). They were compared with the 
local (Asmara) farmers' variety which requires more 
than 160 days to maturity. 

Management practices varied for each individual 
farmer. Planting, weeding and harvesting were 
carried out as per farmers' traditional practice. Field 
staff took the necessary observations on agronomic, 
economic and farmers' assessments. Plots were 10m 
x 10m for each treatment. A randomized complete 
block design was used for the analysis. The trial was 
conducted for three years, 1986-88. Even though the 
trial was designed for areas where moisture is 
inadequate, other areas were also included for 
comparison purposes. Because of seasonal 
differenceS a separate analysis was carried out for 
each season. 

RESULTS AND DISCUSSION 

The results obtained are presented in Table 1. 
Average yield of the improved varieties was 110% 
higher than the local check in 1986. There were no 
Significant differences between the early maturing 
(Katumani and AW-8047) and intermediate 
maturing (A-511) varieties for grain yield. Katumani 
did well in areas where moisture was erratic, while 
A-511 performed best in the areas where the 
moisture was adequate. In general, the statistical 
analysis shows no significant yield differences 
between the improved varieties. There was a 
significant difference in yield between the improved 
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and local variety with all of the improved varieties 
giving better yield than the local. (Table 1). 

Table 1. Mean yields of maize variety verification on-farm trial. 

Treatment 1986 1987 1988 
A511 3231 2724 3109 
AW8047 2660 2316 2966 
Katumani 3360 2512 2479 
Local 1479 1694 1485 
SE ± (kg/ha) 15.70 298 
C.v. (%) 9.8 16.9 27 

FARMERS ASSESSMENT 

Farmers preferred Katumani and AW-8047 for 
earliness, better yield potential and for using as a 
cash crop in times of food shortage during June 
when the farmers run out of food. Farmers 
indicated that they used the early varieties for food 
at the green cob stage. They also kept seed to share 

,with the neighboring farmers. Farmers also 
considered the size of the stem (thickness) which 
was tolerant to lodging for the variety AW-8047. 
However, AW-8047 variety was susceptible to rust, 
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so the farmers had reservations about accepting it. 
The local variety was highly affected by stalk borer 
while the early varieties Katumani and AW-8047 
were damaged by birds and wild animals. Seed of 
Katumani should be available for wider production 
as it is liked by farmers and also has given good 
yield under unreliable rainfall conditions. 
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ABSTRACT 

Different tillage practices and weed control methods were evaluated at Makoholi and Matopos 
Research Stations during the 1991192 and 1992/93 seasons. The tillage practices involved pot-holing, 
tied-ridging and soil disturbance using a hand hoe. The weed control methods included pre
emergence herbicide, hand-hoeing, hand-push weeding, ox-eultivation, ox-ploughing and pre
emergence herbicide in combination with ox-eultivation. Results presented in this paper are from 
three different trials where tied-ridging was evaluated at both Makoholi and Matopos, whilst soil 
disturbance and weed control methods were in two different trials conducted at Makoholi only. Hand 
push weeding and ox-ploughing were associated with higher weed populations than the other weeding 
methods in 1992/93. Planting on the flat and in pot-holed areas produced similar maize grain yields in 
both the 1991192 and 1992/93 seasons at Makoholi. Soil disturbance at 50 percent maize silking 
produced higher maize grain yields compared to soil disturbance at planting in 1992/93. In 1991192 (a 
drought season), tied-ridges increased maize grain yield by 70 percent compared to planting on the 
flat at Matopos. In 1992/93 (an above average rainfall season), there was an interaction between tied
ridging and cultivar at both sites with PNR 473 responding more to tied-ridging. Compared to flat 
planting, planting on tied-ridges increased the grain yield of PNR 473 by 48 percent at Makoholi and 
by 19 percent at Matopos. 

INTRODUcnON 

In the marginal areas of Zimbabwe maize is 
cultivated on about 60 per cent of the total arable 
land available to smallholder farmers (Mackenzie, 
1987). Its production varies from year to year 
causing the maize industry in the country to go 
through cycles of surplus and shortfalls. Drought 
during the 1981/82, 1982/83, 1983/84, 1990/91 and 
1991/92 seasons resulted in low crop yields. The 
worst of these drought seasons, in 1991/92, 
compelled Zimbabwe to import about two million 
tonnes of maize grain to feed the nation. 

Irrespective of persistent droughts, farmers prefer to 
grow maize, compared to drought tolerant cereals 
such as sorghum and millets. The need to develop 
strategies that minimize the effects of drought has 
been well documented (Shumba, 1984; Jones et ai., 
1987; Agronomy Institute Annual Report, 1992 and 
Shumba et ai., 1993). The most sensitive phases of 
maize growth to water deficits are during crop 
establishment and flowering. It is essential that 
tillage practices that conserve soil moisture ate 
developed to ensure moisture availability especially 
during these critical phases of crop growth. Pot
holing, especially on heavy textured soils, has given 
large yield benefits in maize and cotton in 
Zimbabwe (Lowveld Research Stations Annual 
Report, 1983; Cotton Research Institute Annual 
Report, 1990). 

Chivinge (1984) reported that excessive weed 
growth is one of the most important single factors 

that limits crop production on small-scale farms 
within the communal areas of Zimbabwe. Weed 
research has focused mainly on crop-weed 
competition and the evaluation of herbicides under 
conventional (flat) planting (Mabasa and 
Rambakudzibga,1993). Weed control methods that 
involve tilla.ge and disturbance of surface soil to 
enhance catchment and retention of rain water in the 
soil have to be investigated. 

The objectives of this study were to: 

•� Evaluate weed control methods for maize 
planted on the flat and pot-holed land. 

•� Determine the optimum time for soil disturbance 
and pot-holing using hoes to enhance maize 
production through moisture conservation. 

•� Assess the effects of tied-ridging and crop 
density on yield performance of five maize 
cultivars. 

MATERIALS AND METHODS 

Experiment 1: Effect of weeding and tillage 
systems on maize grain yield. The experiment was 
carried out at Makoholi Experiment Station, 
Masvingo; in Natural Region IV of Zimbabwe (1204 
m above sea level, 300 47' East, 190 SO' South) at two 
sites: the Crop Production Unit (C.P.U.) and 
Drewton in the 1991/92 and 1992/93 seasons. 
c.P.U. is old land opened for cropping in 1969/70 
and Drewton is relatively new land, opened for 
cropping in 1982/83. Annual rainfall at both sites is 
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about 600 mm and Table 1 shows the actual rainfall 
received during the experimental period. The sites 
have infertile medium grained soils derived from 
granitic rock. 

Maize hybrid R201 was used. Basal fertilizer was 
150 kg ha-1 of Compound D (8N : 14P20S : 71<20 : 
6.5S) placed at planting. Top dressing was 150 kg 
ha-1 ammonium nitrate (34.5 % N) applied as a split 
dressing at four and eight weeks after planting. 
Maize stalk borer was controlled using Thiodan 
(endosulfan granules, 1 per cent active ingredient) at 
4 kg ha-1. A randomised complete block split-plot 
design was used, with weeding systems as main 
plots and tillage systems as sub-plots, replicated four 
times. The gross plot area was 6 rows, 10 m long (54 
m2). Yields were estimated from a nett plot of 4 
middle rows, 8 m long (28.8 m2). Treatments were 
combinations of six weed control methods (pre
emergence herbicide, hand-hoeing, hand-push 
weeding, ox-cultivation, ox-ploughing and pre
emergence herbicide followed by ox-cultivation at 
six weeks after crop emergence) and two tillage 
systems (flat and pot-holes constructed at planting 
between rows). The pre-emergence herbicide used 
was Atrazine applied at 1.8 kg a.i. ha-1 using a 
bicycle wheel sprayer calibrated to deliver 2271 ha-1 

of liquid. All weed control methods except the 
herbicide were carried out at two and six weeks after 
crop emergence. Before each weeding, weeds were 
identified and counted in five quadrats (0.6 m x 0.9 
m) per plot. Crop and weed data were subjected to 
an analysis of variance for each site and season. 
Treatment comparisons were done using the Least 
Significant Difference (LSD, at P<0.05). 

Experiment 2: Effect of time of soil disturbance 
and pot-hole construction on maize grain yield. 
Th~ experiment was carried out at the same ~ites 

and seasons as Experiment 1. A randomJSed 
complete block design with three replicates was 
used. Gross plots were 5 rows x 8 m long (36 m2) 
and nett plots were 3 rows x 6 m long (16 m2). 
Treatments included soil disturbance at planting, at 
two weeks after crop emergence, at six weeks after 
crop emergence, at 50 per cent silking, and no soil 
disturbance, no weeding (the control). Pot-hole 
construction was carried out at the same times as 
soil disturbance. Pot-hole construction in the no 
weeding treatment was done at planting. In all 
treatments except no-weeding, a pre-emergence 
herbicide (Atrazine 1.8 kg a.i.ha-1) was used to 
control weeds. All other cultural practices, 
measurements and statistical analyses were as for 
Experiment 1. 

Experiment 3: The effect of tied-ridging and plant 
population on different maize cultivars. This trial 
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was conducted at Matopos and Makoholi c.P.V. on 
medium grained light textured sandy soils during 
1991/92 and 1992/93. Four maize hybrids R201, 
SC501, 2S225 and PNR 473, and one open pollinated 
variety, Kalahari Early Pearl (KEP), were planted at 
37000 and 44000 plants per hectare on the flat 
(control plots) and on top of tied-ridges constructed 
before the start of the early rains. Plot sizes were 
similar to those of Experiment 2. All plots received a 
uniform application of 300 kg ha-1 of Compound M 
(10N : 10P205 : 10K20: 6.5S) and 8 t ha-1 of manure 
as basal dressing. Ammonium nitrate (34.5 % N) 
was applied at 87 kg ha-l as top dressing. The 
experimental design was a 2x2x4 factorial arranged 
in randomized complete blocks with four replicates. 
Statistical analysis of grain was similar to that of 
Experiments 1 and 2. 

RESULTS 

Experiment 1: There was no interaction between 
tillage system and weeding method, nor main effect 
of tillage system or weeding method at either site or 
season. Maize failed to produce grain at c.P.V. in 
1991/92 (Table 1). In 1992/93, maize grain yields 
ranged from 1827 to 2173 kg ha-1 at c.P.V. whilst at 
Drewton yield ranged from 73 to 210 kg ha-1 in 
1991/92 and from 3591 to 4602 kg ha-1 in 1992/93. 

Labour requirements for weeding were significantly 
different within sites and seasons (Table 2). In most 
cases hand-hoeing following ox-cultivation required 
the least labour. 

The dominant weeds at c.P.V. and Drewton were 
Richardia scabra (Moq) Gomez, Hibiscus meusei (L.) 
and Eleusine indica (L.) Gaertn. The number of 
weeds were significantly different only in 1992/93 
when hand-hoeing was assocoiated with the lowest 
number of weeds at both sites (Table 3). Hand-push 
weeding produced the highest number of weeds at 
c.P.V. while at Drewton ox-ploughing gave the 
highest weed count 

Experiment 2: The effect of soil disturbance was 
significant only in 1992/93 at both sites (Table 4). 
Compared to the no soil disturbance, no weeding 
treatment, disturbing the soil at 50 per cent maize 
silking increased grain yield by 27% at c.P.U. and 
44% at Drewton. Pot-hole construction did not 
influence maize grain yield within sites and seasons. 
Maize grain yields were 2330 to 3737 kg ha-1 at 
C.P.l1. in 1992/93, 35 to 181 kg ha-1 at Drewton in 
1991/92 and 1500 to 5035 kg ha-1 at Drewton in 
1992/93. 
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Table 1. Planting date, mean grain yield (kg ha·1) and total rainfall (mm) at Makoholi and Matopos 

Planting Grain Yield Rainfall 
Site Season Date (kg ha .1) (mm) 
Experiment 1 
Makoholi 1991/92 12112/91 0 68 
CPU 1992193 26/11/91 2064 524 
Drewton 1991/92 12112/91 107 136 

1992/93 27/11/92 3994 601 
Exoeriment 2 
CPU 1991192 12112/91 0 68 

1992193 27/11192 3165 524 
Drewton 1991/92 12112/91 79 136 

1992193 27/11/92 3989 601 
Exoeriment3 
Matopos 1991192 19/11/91 803 182 

1992193 26/11192 4239 399 
Makoholi 1991192 18/12191 0 68 
CPU 1992193 27/11/92 32n 524 

Table 2. Labour requirements (hours ha·1) for weeding at two or six weeks after crop emergence 

2weeks after crop emergence 6weeks after crop emergence 
CPU Drewton CPU Drewton 

Weeding method 1991/92 1992193 1991192 1992193 1991192 1992193 1991191 1992/93 
Hand hoeing 61.7 57.9 55.6 53.2 63.3 61.7 38.6 74.1 
Hand push weeding 61.7 43.2 67.9 24.7 85.6 46.3 108.0 38.6 
Ox-cultivation 19.3 8.0 9.3 7.4 21.6 3.9 9.3 5.7 
Ox-ploughing 37.0 20.1 16.9 22.3 45.5 18.7 18.5 16.9 
Pre-emergence 18.5 4.2 9.3 5.6 
herbicide plus 
ox-cultivation 
Mean 44.9 32.3 37.4 26.9 46.9 26.9 36.7 28.2 
SE± 3.90 4.65 2.86 2.63 3.10 2.79 4.79 1.25 
LSD (P<0.05) 11.55 13.68 8.43 7.75 10.06 9.06 15.39 4.07 

Table 3. Effect of weed control methods on weed population (number of weeds per m2) at six weeks after emergence at Makoholl 

CPU Drewton 
Weed control methods 1991/92 1992193 1991/92 1992193 
Hand hoeing 43.4 22.5 6.5 61.8 
Hand push weeding 52.9 56.9 6.5 76.6 
Ox-cultivation 56.4 32.1 7.3 83.4 
Ox-ploughing 61.1 40.9 3.0 93.5 
Mean 53.4 38.1 5.8 78.8 
SE± 10.04 1.28 1.40 2.82 
LSD (P<Q.05) 4.17 9.14 

Experiment 3: In the 1991/92 season, maize failed 0.0001) whilst at Matopos the interaction was 
to produce grain at Makoholi due to drought but Significant up to P < 0.05 only. At Makoholi, ZS225 
gave some yield at Matopos, possibly due to planted on the flat yielded the most, at 3458 kg ha-1, 
planting a month earlier than at Makoholi (fable 1). with PNR 473 the second lowest at 2925 kg ha-1. On 
At Matopos there was no interaction between the tied ridges PNR 473 yielded the highest. 4336 kg ha-1, 
treatments and neither plant density nor cultivar 48% higher than when it was planted on the flat. In 
affected maize grain yield. Tied ridges significantly contrast, ZS225 was the lowest yielder on tied
increased maize grain yield by 70% compared to ridges with 33% reduction in yield compared to 
planting on the flat (Table 5). when it was planted on the flat (Table 6). At 

Matopos tied-ridges did not affect the yields of all 
In 1992/93 there was a significant interaction cultivars except PNR 473, which again responded 
between cultivar and moisture conservation positively, with a 19% grain yield increase compared 
technique for maize grain yield. The interaction was to when it was planted on the flat. Overall at this 
more pronounced at Makoholi (significant at P< site ZS225 was still the highest yielder (fable 6). 
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Table 4. Effect of time of soil disturbance on maize grain yield (kg ha·1) 
at Makoholi 

CPU Drewton 
Time of soil disturbance 1992/93 1991/92 1992/93 
At Planting 2859 63 4936 
2weeks after crop emergence 3437 122 4679 
6weeks after crop emergence 3453 25 3921 
50 %maize silking 3629 126 5632 
No soil disturbance. no weeding 1757 o 1359 
Mean 3027 67 4105 
S.E.± 150.4 27.1 375.4 
LSD (P<0.05) 577.1 1439.9 

Table 5. The effect of moisture conservation techniques on maize grain 
yields (kg ha·1) at Matopos and Makoholl during 91/92 

Treatment Matopos Makoholl 
Flat 595 crop failure 
Tied.ridges 1011 crop failure 
Mean 803 
SE± 94 
C.V. % 64 

Table 6. The effect of maize cultivar and tie-ridges on grain yield (kg 
ha·1) at Makoholi and Matopos during 1992/93 

Makoholl I Matopos 
Cultivar Flat Tied·ridges Flat Tied-ridges 
ZS225 3458 2312 5027 5612 
SC501 3401 3693 3924 4198 
R201 3291 3870 4949 3916 
PNR473 2925 4336 4061 4837 
K.E.P. 2493 2994 2784 3080 
Mean 3114 3441 4149 43 

SE(m) LSD(5%) SE(m) LSD(5%) 
Interaction effect 209 422 312 630 

DISCUSSION 

The extreme differences in rainfall between the two 
seasons influenced maize grain yield production at 
Makoholi and Matopos. The drought in 1991/92 
resulted in no or very little yield. The high rainfall 
in 1992/93 generally gave grain yields above 
average for the locations. 

Rainfall did not influence the yield effects of tillage 
practices and weed control methods. Our lack of 
maize grain yield benefits from pot-holing and 
weeding practices used as micro-catchments for soil 
moisture conservation in sandy soils confirms 
findings from previous work done on granitic sands 
(Agronomy Institute Annual Report, 1992 and 1993; 
Institute of Agricultural Engineering, 1988; 
Mataruka, 1985; and Shumba et ai., 1993). In 
contrast large increases were seen with soil 
disturbance at 50 per cent silking. The implication of 
these results is that soil disturbance using hoes is 
better able to raise maize grain yields than pot-hole 
construction, through soil moisture conservation. 

In the wet season (1992/93) there was an interaction 
between cultivar and tie-ridging, with PNR 473 
responding more to tie-ridging at both sites 
compared to other cultivars. This is a new and 
interesting finding. In most of the reported tied
ridges studies, R201 was the main cultivar used and 
it may be worthwhile repeating more tied-ridging 
studies with PNR 473. A study looking at the 
rooting pattern of the two hybrids under different 
ridging and tillage systems would help. 

Seasonal differences in rainfall caused the number of 
weeds to be low in 1991/92 and high in 1992/93. 
Mabasa and Rambakudzibga (1993) showed that the 
emergence of weed seedlings, especially those of R. 
scabra and E. indica (dominant weeds at Makoholi) 
was more protracted in a wet season than in a dry 
one. This directly affects the weed population in a 
given season. 

CONCLUSION 

Tillage practices and weed control methods did not 
interact to influence maize grain yields in both 
seasons at Makoholi. Although weed control 
methods produced similar effects on maize grain 
yield, hand-push weeding. and ox-ploughing were 
associated with high numbers of weeds in the wet 
1992/93. Hand hoeing following ox-cultivation 
required the least amount of labour when compared 
to other mechanical methods of weed control. 
Planting on the flat and with pot-holed plots had 
similar effects on maize grain yield. Soil disturbance 
around silking raised maize grain yield on light
textured sandy soils when soil moisture was 
sufficient. In a drought season (1991/92), tied
ridges increased grain yield by 70 percent at 
Matopos only, whilst maize failed completely at 
Makoholi. In a wet season (1992/93), there was an 
interaction between tied-ridges and cultivar, with 
PNR 473 responding more to tied-ridges compared 
to other cultivars. The characteristics of PNR 473 
that make it yield better on tied-ridges need to be 
investigated. . 
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ABSTRACf� 

Drought stress accounts for approximately 17% of global average yield losses. The worst drought 
experienced in southern Africa was during 1991-92 and resulted in a 60% maize grain yield reduction 
in the whole region. Drought resistance is complex in both its physiology and genetics. Physiological 
components that are relevant for a given crop and its environment have to be addressed and 
incorporated into the selection index during development of drought tolerant genotypes. A short 
Anthesis~ilking Interval (ASI) under drought stress is a useful selection criterion in maize. Eight 
early to medium maturity maize genotypes were evaluated under two management levels in a split~ 

plot arrangement during the 1991-92 experimental season. The study was aimed at evaluating the 
yield potential of the maize genotypes relative to management levels and time of planting in Zambia. 
Four hybrid combinations and four open pollinated varieties (OPVs) were used. The hybrids were 
developed from early inbred lines that have some tolerance to drought. The OPVs were introductions 
from the CIMMYT Maize Programme. This study showed that genetic gains for drought tolerance and 
earliness during the breeding of the hybrids occurred simultaneously with reduction in ASI; resulting 
in good grain yield potential for these genotypes when grown under moisture deficit. " '. 

INTRODUCfION� adapted than late ones. The short Anthes~Silking 
Interval (ASI) under drought stress is a usefulDrought stress accounts for approximately 17% of selection trait in maize because it is� important for the global average yield losses (CIMMYT, 1988). successful pollination (Dow et ai., 1984). "SelectionThe worst drought experienced in Southern Africa 
against silk delay is the most effective means of was during the 1991~92 cropping season and it 
breeding for drought tolerance" (Troyer, 1983).resulted in 60% maize grain yield reduction in the 

whole region (Rosen and Scott, 1992). The climate Grain yield under stress is normally more highly 
and soil combination in Zambia shows potential for correlated with kernel number per plant than with 
high maize production. EXferimental maize yields individual grain weight (Edmeades et ai., 1993). The 
generally average 7-8 t ha- , while farmers achieve barrenness under drought conditions arise from 
an average of 4-5 t ha-1. This indicates the pollen shortage or desiccation caused by over 8 days 
availability of maize genotypes and technology to delay in silking (Tatum, 1954; Hall et ai., 1981). 
exploit the production potential in the country. Open pollinated maize varieties (OPVs) with greater 

flowering date variability could probably tolerate 
Improved genotypes or use of� hybrid seed, 10-12 days ASI before the pollen supply can limit the production technology, and management practices grain set (Moss and Downey, 1971). Pollen viability 
account for increased grain yield (Shaw and Durost, 

is reduced by temperatures above 38-400 C (Schaper 
1965). Thompson (1969) observed that 11% of the et al., 1986), but normally little affected by plant 
increase in maize grain yield could be attributed to water status. However, severe water stress before 
weather, and 83% to improved genotype and flowering can result in failure of the developing 
technology. ovule (Moss and Downey, 1971). Since labile 
Drought resistance is complex in both its physiology carbohydrate reserves in maize are relatively small 
and genetics (Blum, 1983). Physiological at silking (Westgate and Boyer, 1985), and the 
components that are relevant for a given crop and its capacity of the newly fertilized ovules to extract 
environment have to be addressed and incorporated these reserves is limited (Schussler and Westgate, 
into the selection index during tailoring varieties for 1991); the greatest reduction in grain numbers per 
drought tolerance (Byrne et al., 1990). Breeding for plant under drought stress occurs within two weeks 
drought tolerance requires knowledge of the target after pollination (Grant et al., 1989). Selection for 
environment. Mean rainfall may appear adequate short ASI both under stress and unstressed 
for production, but its distribution might be variable conditions has improved the ability of the newly 
within and between years. A short growth duration fertilized ovule to withstand sudden reduction in 
constitutes an important attribute of drought escape. labile carbohydrate assimilates during the two week 
Late season drought stress conditions have shown period following 50% anthesis (Edmeades et al., 
that earlier maturing maize genotypes are better 1993). 
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Table·1. Variety means for management levels obtained from the analysis of variance for Mochipapa Location. 

Yield (kg ha·1) 

Varieties High Low Mean 
MM501 3933a 1650c 2792b 
MM502 4951a 1745c 3700b 
MM504 4479a 3896a 4187a 
MM441 5043a 4369a 4706a 
MMv400 2534a 2172b 2353ab 
Acr7844 3784a 3683a 3734a 
P(2)7930 2446a 2120b 2283ab 
Pool 16 2550a 2530a 2540a 

Anthesis·Silking Management Levels 
interval (days) 

High Low 
6.7a 6.7a 
5.3ab 6.1a 
4.3a 4.3a 
4.0a 4.1c 
6.0b 6.9a 
6.5a 7.2a 
5.8a 6.7b 
6.7a 6.7a 

Mean 
6.7a 
5.7a 
4.5b 
4.0c 

6.4ab 
6.8a 
6.3ab 
6.7a 

• Row means followed by the same letter are not significantly different by Duncan's multiple range test at the 0.05 probability level. 

The Zambian maize breeding programme had 
concentrated on developing medium late and 
medium early maturing maize varieties during the 
1980s. This was to satisify the immediate need of the 
majority of the farming community who happen to 
be within the medium rainfall Agro-ecological 
region. However, our current approach is to 
diversify the maturity range to include very early 
genotypes for drought prpne areas, and late full 
season genotypes for Northern Zambia. 

This study was aimed at evaluating the yield 
potential of different medium early maturing maize 
genotypes, relative to management levels and time 
of planting in Zambia. 

EVALUATION OF THE EXPERIMENT 

Eight different medium maturing maize genotypes 
were evaluated under two management levels in a 
split-plot arrangement during the 1991-92 
experimental season. The four hybrid combinations 
used in the study; MMS01, MMS02, MMS04 and 
MM441 were developed from early inbred lines that 
have some drought tolerance background. The four 
open pollinated varieties; MMV400, Across7844, 
Pirsaback(2)7930 and Pool 16 were introductions 
from the CIMMYT maize programme. The high 
management level represented early timely planting, 
44,440 plants ha-1 recommended plant density, 
LIMA (Learn Improved Methods of Agriculture) 
recommended fertilizer level of 200 kg ha-1 "0" 
compound (10:20:10, N:P20S:K20) and ammonium 
nitrate (34% N), and adequate weeding. The low 
management level represented late planting, 22,220 
plantS ha-1, half of the LIMA recommended 
fertilizer rates, and inadequate weeding. 

Five combinations of locations were considered 
random samples of environments and treated as 
random variables in a combined analysis of variance 
(ANOVA). Two management levels and eight maize 
varieties were considered fixed effects. The 
ANOVA for each location and combined over five 
locations were done to obtain treatment means for 

performing Duncan's Multiple Range Tests for mean 
separation. 

RESULTS AND DISCUSSION 

Two traits, grain yield and ASI, were considered in 
the evaluation of the experiments. The ANOVA for 
management levels in individual locations showed 
Significant yield differences between the two 
management levels only at Mochipapa site where \ . ..~~ 

the environment was apparently drier than other 
locations. There were no significant yield 
differences between varieties at high management 
level, but MM441, MMS04 and Across7844 yielded 
significantly (P-O.OS) higher than all others at low 
management (Table 1). Early planting with 44,440 
plants ha-1 and good management seemed to have 
improved grain yield of those varieties which 
perform poorly under drought stress. 

The combined analysis of variance across locations 
showed highly significant differences (P=O.OS) in 
grain yield between management levels (Table 2). 
There were no Significant difference between single 
crosses and open pollinated variety, Across7844, at 
low management level. However, MM502 yielded 
significantly (P-O.OS) higher than Across7844 at high 
management level, indicating the hybrid response to 
improved management. MMS01 and MMS02 single 
cross hybrids yielded significantly lower at low 
management level than at the high management 
level while open pollinated varieties gave no 
significant yield differences at both high and low 
management levels. This was probably so because 
the pollen shed variability of open pollinated 
varieties would 'have given the open pollinated 
varieties higher possibility for effective pollination 
than was achieved by hybrid varieties at low 
management and under moisture stress. Late 
December planting under low management resulted 
in flowering about February, which was a drier 
month in Mochipapa. The ASI was not significantly 
different between management levels at any of the 
test locations. However, the combined analysis of 
variance over locations showed that ASI was 
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significantly (P = 0.05) shorter for hybrids at high lines for short ASI and drought tolerance. 
management than at low management level under 

The interaction between management levels andmoisture stress conditions (Table 2). 
maize varieties was significant (P=0.05) only at 

Varieties yielded highly significant (P=O.Ol) at all Mochipapa (Table 1). At Mochipapa the mean 
sites (Table 3). Mean separation for individual sites comparison between management levels and 
showed highly significant (P=0.05) varietal yield varieties showed no significant differences between 
differences (Table 3), with the double cross MM441 varieties for grain· yield at high management level, 
ranking top followed by the three-way cross but MM441, MM504 and Across7844 significantly 
MM504, and then the single crosses MM502 and 501. out yielded all others at low management level. The 
ASI were highly significantly different between February dry spells during pollination could have 
varieties at all sites except at Mansa (Table 4). affected ovule development of single cross hybrid 
Probably being in the Northern high rainfall region, MM501 more severely than that of the open 
Mansa might have received adequate and well pollinated variety Across 7844, resulting in their 
distributed rainfall during the 1991-92 drought similar yields under low management. Moss and 
compared to other parts of the country. It is of Downey (1971) observed that open pollinated 
special interest to note that varieties that yielded varieties tolerate ASI of 10-12 days before pollen 
highest within locations had the lowest number of supply can limit the grain set. Management levels 
days for ASI (Tables 3 and 4, respectively). This seemed to be of small magnitude as compared to the 
trend was same between varieties for the combined effect of varieties on grain yield at most sites, except 
analysis of variance across locations. Barrenness at Mochipapa where management levels were of 
under drought stress arises from pollen shortage or greater magnitude as compared to the effect of 
desiccation caused by the delay in silking (Tatum, varieties on grain yield. 
1954; Hall et al., 1981). The hybrid varieties used in Highly Significant (P=O.Ol) interactions between
this study were from early parental lines that have environments X varieties (Table 1), and
good drought tolerance background. Since selling environments X management levels (Tables 1 and 4)
relies on a short ASI for success, selection for in a combined analysis of variance mean separation 
earliness should have had an impact on parental indicate some magnitude of varietal response to 

Table 2. Variety means for management levels obtained from the combined analysis of variance over five locations. 

Yield (kg ha·i) Anthesis-silking Interval Management 
level (days) 

Varieties High Low Mean High Low Mean 
MM501 4623a' 4056b 4440ab 6,Ob 7.0a 6.5a 
MM502 4850a 4544ab 4697a 5.0b 6.7a 5,9ab 
MM504 5130a 4903a 5017a 4.3b 6.0a 4.9b 
MM441 5504a 5346a 5425a 4.0a 4.3a 3.8a 
MMv400 4031a 4095a 4063a 5.2a 5.6a 5.4a 
Acr7844 4383a 3845b 4114a 5.1a 5.7a 5.3a 
P(2)7930 4382a 3915a 4149a 5,Oa 5.0a 5.0a 
Pool 16 4094a 4093a 4093a 4.5a 5.0a 4.9a 
• Row means followed by the same letters are not significantly different by Duncan's mUltiple range test at the 0.05 probability level. 

Table 3. Variety grain yield (Kg ha") means obtained from the combined analysis of variance at each location. 

Locations 
Combined 

MM501 4339ccf 5309a 792c 4766ab 4939abc 4440c 
MM502 4696bc 5536a 370Gb 4946a 5572ab 4697bc 
MM504 5016ab 5723a 4187ab 4330ab 5573ab 5017b 
MM441 5425a 5566a 4706a 4182b 5936a 5425a 
MMv400 4063d 374Gb 2353c 2292c 4455c 4063d 
Acr7844 4114d 3688b 3734c • 2491c 4661bc 4114cd 
P(2)7930 
Pool 16 

4148cd 
4094d 

3690b 
3869b 

2283c 
2540c 

2345c 
2506c 

4526bc 
4697bc 

4149cd 
4093d 

LSD 530 655 873 212 950 309 
C.V.% 7,1 8.4 16.5 10.5 11.3 10.9 

• Column means followed by the same letters are not significantly different by Duncan's multiple range test at the 0.05 probability level. 
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Table 4. Variety anthesis-silking interval (days) means obtained from the combined analysis of variance at each location. 

Locations 
Varieties Msekera Golden Mochipapa Valley Mansa Magoye Combined 
MM501 7,5a' 5.8abc 6.7a 5.5a 6.5a 6.4a 
MM502 6,5a 6.5ab 5,7a 4,8a 6.0a 5,9ab 
MM504 6,5a 4,8bc 4,5b 3.8a 4.8ab 4.9c 
MM441 4.2b 4,3c 4,Ob 3.5a 3,8b 3.8d 
MMv400 3,7b 6.7a 6,5a 4.8a 5,2ab 5,4bc 
Acr7844 3.5b 7,Oa 6,8a 3.8a 5.3ab 5.3bc 
P(2)7930 3.0b 6.3ab 6.3a 4.0a 5,Oab 5,OC 
Pool 16 2.7b 6,Oabc 6.7a 4.3a 5.0ab 4.9c 
LSD 1,8 1.6 1.1 2.0 1.7 0.7 
C.V.% 20.1 16,2 12.2 20.1 19,1 18.3 
• Column means followed by the same letters are not significantly different by Duncan's multiple range test at the 0.05 probability level. 

different environmental conditions. The earlier 
maturing double-cross hybrid, MM441, performed 
better than single-cross hybrids, MM501 and 
MM502, at drier sites than at Mansa; and vice-versa. 
Thus, the importance of knowledge of target 
environments when developing a breeding 
programme for drought stress. The interactive effect 
of management levels and locations seemed to have 
had greater magnitude on grain yield than that of 
varieties and locations. The ASI differences between 
hybrids and open pollinated varieties were more 
marked under the high management level than 
under the low management level (Table 2). The 
performance of MM441, which is an earlier hybrid 
compared to the others, has indicated the need to 
emphasise on developing earlier maturing and 
drought tolerant maize hybrids for the drier areas. 
These could tolerate within growing season dry 
spells or escape the terminal drought. 

CONCLUSIONS 

This study has shown that selection for drought 
tolerance and earliness occurred at the same time as 
reduction in ASI; resulting in good yield potential 
for the developed hybrids when grown under 
drought stress. 

The grain yields were more associated with reduced 
ASI than with management levels, but differences in 
the management of stress environments exposed 
genetic variation for grain yield and the ASI. Early 
planting at optimum plant density and good 
management improved grain yield of varieties that 
would perform poorly when late planted under 
water stress. 

Considering the diversity of available maize 
genotypes within the National breeding programme, 
this study indicates that a lot of potential exists for 
developing earlier maturing maize varieties that 
could be drought tolerant. The exploitation of this 
genetic potential is one of our immediate objectives 
within the Zambian national breeding programme in 

view of the current erratic rainfall within the 
southern African region. 
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ABSTRACT 

Soil water measurements taken weekly at 6 depth levels over a period of 26 months (October 1991 to 
November 1993) in a sandveld soil in the subhumid north of Zimbabwe revealed tillage treatment to 
have a significant effect (P < 0.05) on soil water levels during the second half of the dry season (May
September) and for the first two months of the rainfall-growing season (October-April). During this 
period, soil water levels in the top 750 nun of the soil profile, the rooting depth for maize in this soil, 
was significantly higher for the mouldboard ploughing treatment. Thereafter (December-April), the 
effect of tillage treatment on water content within the same zone was not statistically significant, 
except for the severe drought in February and March 1992. During this mid-season drought period, 
soil water levels in the top 450 nun of the ridged treatment were 30-40% lower than those recorded in 
ploughed soil; and slightly higher than the ploughed soil in the top 150 nun on the mulched treatment. 
Parallel studies involving non-weighing lysimeters indicated that tied ridges experience more deep 
percolation of water than ploughed soil, in particular if heavy rainfall occurs early in the growing 
season when the maize plants are still small and the water-eollecting cross-ties are of adequate height. 
In 1992-93, more internal leaching of applied fertilizer nutrients occurred from ridged than from 
ploughed soil. In contrast, surface runoff from ploughed field plots was always significantly higher 
than from tied ridged and mulch ripped plots. Maize (Zea mays L.) yields at the site under 
investigation were significantly higher on the tied ridged treatment; except for the 1991-92 drought 
season when differences in treatment yields were statistically insignificant. The higher biomass 
production on tied ridged field plots was mainly due to increased root depth and root length density, 
and the prevention of waterlogging in above-average rainfall years. 

INTRODUCTION� and their particle size distribution generally features 
loamy sands, in the topsoil to sandy loams in the Results from three (1988-89� to 1990-91) 
subsoil (FAO, 1988). These soils have little inherent 

rainfall!growing seasons (October to April) of tillage 
fertility and are prone to waterlogging in times of research on granitic soils in Zimbabwe had shown 
high rainfall and to hard-setting in the absence of that the low topsoil water-holding capacity (9% by 
rain (Vogel, 1992).volume) of these coarse-grained soils minimises the 

benefits of rainwater harvesting (Vogel, 1993a). For this study, two conservation tillage systems, 
Average soil water data by treatment had revealed ripping into maize residues and no-till tied ridging 
little or no differences between tillage treatments for (Elwell and Norton, 1988), were compared to the 
a particular rainfall season except for (a) the pre conventional system of mouldboard ploughing. All 
planting period and (b) waterlogged conditions that three techniques were animal powered. With the 
occur in above-average rainfall years. It was conventional system, ploughing was done 
decided to continue soil water recording throughout immediately after harvesting (winter ploughing). 
the dry season (for the entire calendar year) to With mulch ripping, planting lines were ripped 
complement data collected earlier that applied to the open between the previous season's crop rows 
rainfall seasons only. during mid to late winter. Ploughing and ripping 

was to 200-250 mm depth. In the� case of tied 
A parallel lysimeter study carried out during the ridging, ridges were permanent and only re-ridging 
1991-92 and 1992-93 rainfall seasons was aimed at and re-tying (at 1 to 1.5-m intervals) was practiced: 
quantifying percolation water and nutrient leaching once after harvesting the previous season's crop and
in tied ridged versus ploughed fields. again four to six weeks after sowing the new 

METHODS AND MATERIALS season's crop. The crop was planted into the crest of 
the ridges using a digging hoe (badza). 

The study site is located in Natural Region na (750
1000 mm of seasonal rainfall) at Domboshawa Soil water content was estimated with a CPN 503DR 
Training Centre (17"35'5, 31°10'E), approximately 30 Hydroprobe on field plots measuring 20 x 35 m. 
km north of Harare. Soils are derived from granite Each plot had four access tubes installed to a depth 

122� 



Tied ridging, mulch ripping and water conservation 

of 1.5 m. In the case of tied ridging, however, the 
plots measured 9 m in width and 160 m in length 
and, because of the larger area, had six tubes each 
installed through the ridges. Weekly observations 
were made at six depth levels (0.15, 0.3, 0.45, 0.75, 
1.1, and 1.4 m). These depth readings were taken as 
count ratios and were converted into volumetric soil 
horizon water contents using field calibrations. Soil 
water content over the top 0-0.1 m was determined 
gravimetrically and converted to a volumetric basis 
by field-determined bulk densities. The experiment 
was laid out in a completely randomized block 
design with the blocks separated from each other by 
contour bunds. All treatments were applied in 
triplicate. 

Percolate volume and nutrient leaching (N03-N, K) 
from the root zone of tied ridged and ploughed field 
plots were evaluated with simple non-weighing 
lysimeters located on a reasonably well-drained 
Areni-Gleyic Luvisol (FAO, 1988). One lysimeter 
tank was installed for one ridged plot, one ploughed 
plot, and one bare plot. They measured 0.9 x 1.5 m 
in surface area and 0.5 m in height and were buried 
at 0.25 m depth below the ploughed soil surface 
(which corresponded to the maximum depth of 
cultivation) and furrow bottom respectively. A hose 
pipe connected to an outlet pipe at the bottom of 
each tank collected the leachates into buckets sited in 
pits, so that the flow out of the lysimeter tanks was 
by gravity. The leachate was collected on a daily 
basis, the volume assessed and a small sample of 300 
ml taken for nutrient analysis whenever the leachate 
volume exceeded one litre. Nutrient analyses were 
carried out using a HACH spectrophotometer after 
calibration with standard solutions. 

The ponding capacity for the micro-catchments 
created by the cross-ties in the ridge-furrow system 
was also determined weekly from four adjacent ties 
in each tied ridged field plot. A sheet of plastic was 
placed into each tie and a measured amount of 
water poured in until overflow occurred. 

Maize (Zea mays L.) was grown at a density of 44000 
plants ha-l (at a spacing of 0.9 m x 0.25 m). Planting 
was to approximately 50 mm depth for all 
treatments. Fertilizers applied were 300 kg ha-1 of 
Compound 0 (containing 8% N, 14% P20S, and 7% 
K20) as a basal application and 200 kg ha-l of 
ammonium nitrate (containing 34.5% N), top 
dressed in two split applications. 

Maize growth was recorded weekly on a total of 16 
crop research field plots. Twenty plants were 
selected randomly on each plot after complete 
emergence. Plant height was measured as the 
distance from the ground surface to the top 
emerging leaf. Yields were determined from sample 
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plots of 4 crop rows by 6 m long from all field plots 
in both experiments. For final analysis, grain yields 
were corrected to a uniform moisture content of 
12.5%. 

RESULTS AND DISCUSSION 

Results reported here are for the severe drought 
season of 1991-92 (Figure 1a) and the average 
rainfall season of 1992-93 (Figure 2a). Soil water 
analyses are for the same periods but include the 
two dry seasons follOWing the 1991-92 and 1992-93 
rainfall seasons. 

Maize production. During the 1991-92 drought 
season, grain yields were poor for all three tillage 
treatments (Table 1). Conventional tillage had the 
highest yields, although the difference was 
statistically insignificant. The poorer performance of 
tied ridging during this severe drought season 
suggested that this treatment has climatic limits on 
sandveld soils because of increased soil temperature 
and dryness on the ridges (Vogel, 1993a, 1994a). The 
poor performance of mulch ripping was attributed 
to an unknown pathogen which reduced grain 
yields to nil on two research field plots (Vogel, 
1993b). 

In contrast to the previous 1991-92 season, grain 
yields for 1992-93 were high with tied ridging 
yielding significantly highest (Table 1). Similarly, 
the tied ridging technique had resulted in 
significantly highest grain yields at the 
Domboshawa site in earlier trial years (Vogel, 
1993a). Parallel root excavations at the beginning of 
tasseling in January 1993 revealed that maize plants 
grown on ridges featured not only deepest root 
proliferation (to approximately 750 mm depth) but 
also twice the root length density of maize plants 
grown in ploughed plots (Vogel, 1994b). 

Table 1. Effect of tillage treatment on maize grain yields (t ha-1) during 
the 1991-92 and 1992·93 seasons at Domboshawa, Zimbabwe. Means 
within acolumn followed by the same superscript do not differ 
significantly at P<0.05. 

Tillage systems Grain yield (t ha"i) 
1991-92 1992-93 

Cony. tillage 1.2 5.1 b 

Mulch ripping 0.3 4.3b 

Tied ridging 0.8 6.6a 

Surface runoff. Tied ridging proved a highly 
effective rainwater-harvesting technique due to its 
treatment-specific retention of rainwater. Measured 
ponding capacities for individual pairs of cross-ties 
ranged from 55 I at the beginning of the growing 
season to 5.5 I at the season's end. As a result, 
surface runoff from tied ridged field plots was 
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always significantly lower than from the ploughed 
field plots (Table 2). While ploughed field plots lost 
between 2% (1991-92) to 13% (1992-93) of the total 
seasonal rainfall due to surface runoff, only 0.02% 
(1991-92) to 1.6% (1992-93) of the total seasonal 
rainfall ran off the tied ridged field plots. Surface 
water retention in mulch ripped plots was nearly as 
good as in tied ridged plots. 

Table 2. Effect of tillage treatment on seasonal surface runoff during 
the 1991-92 and 1992-93 rainfall/growing seasons at Domboshawa, 
Zimbabwe. Means within acolumn followed by the same superscript do 
not differ significantly at P<0.05. 

Tillage systems Surface runoff (mm) 
1991-92 1992-93 

Conv. tillage 9.4b 105.0b 
Mulch ripping 1.0a 15.2a 
Tied ridging 0.1 a 13.0a 

Soil water. The analysis of variance of the soil water 
data recorded over the 26-months between October 
1991 and November 1993 revealed that, the effect of 
tillage treatment was statistically insignificant 
during the rainfall! growing season (October-April) 
once the planting rains had fallen in mid to late 
November. The treatment effect on soil water 
content became significant (P < 0.05) during the dry 
seasons (May-September), and as a result entered 
the following rainfall season at significantly different 
soil water levels (Figures. Ib, c). After the severe 
drought season of 1991-92, the effect of treatment on 
soil water content became significant as early as 
early July 1992, but a month later in August 1993 
after the average rainfall season of 1992-93. The 
significant treatment effect for both periods 
extended down to 750 mm soil depth, which 
coincides with the observed maximum root 
penetration depth (Vogel 1993a, 1994b). In the 1991
92 drought, the treatment effect remained significant 
at the 750 mm depth for the whole drought plus dry
season period between February 1992 to late 
November 1992. Soil water content at this depth 
level remained at approximately 14% by vohlme 
(0.14 m3 m-3) under conventional tillage while the 
soil water content at 750 mm depth below the ridge 
tops dropped to a significantly (P < 0.05) lower level 
of only 8.5% by volume (0.085 m3 m-3). However, 
soil water contents monitored in the two lower 
depth levels, that is 1.1 and 1.4 m respectively, 
showed no Significant treatment effect at any time 
over the entire 26-month period. 

In spite of the significantly better rainwater 
harvesting by tied ridging, topsoil water levels in the 
ridges generally were between 5 to 25% lower than 
those recorded in ploughed soil throughout the 
rainfall! growing seasons. On the other hand, 

surface mulching with maize residues raised topsoil 
water levels 5 to 10% above those measured in 
ploughed field plots. During the severe drought 
period in February and March 1992, water levels in 
the top 0-150 mm of the soil under maize residues 
were 20% higher than in ploughed soil (Figure 1b) 
while, in the ridged treatment, they dropped to less 
than 60% of the ploughed soil at 300 mm depth 
(major root concentration) (Figure 1c). 

Deep percolation and associated nutrient leaching. 
Due to the severe drought conditions (Figure la) no 
leaching occurred during the 1991-92 season. 
During the following 1992-93 season (Figure 2a), the 
lysimeter tanks yielded drainage only after receiving 
a total weekly rainfall of 60 mm (Figure 2b), of 
which 43 mm fell in one heavy rainstorm on 16 
December 1992. In the two weeks thereafter, more 
heavy rainfall was received resulting in continued 
drainage from the lysimeter tanks, in particular from 
the tied ridged field plots. The higher percolation on 
the tied ridged plots during this time period was 
confirmed by weekly water budgets. The soil water 
balance for the week (23-30 December 1992) with the 
highest weekly rainfall total (109.9 mm) in 1992-93 
(Figure 2a), and with a weekly pan evaporation of 
16.3 mm (assumed to be the same for all treatments 
because of prevailing wet soil surfaces during this 
period), showed conventional tillage to produce 39.4 
mm of surface runoff, to store an additional 34.4 mm 
in the soil profile, and to lose 19.8 mm through deep 
percolation. During the same period of time, tied 
ridging produced only 7.3 mm of runoff, stored an 
extra 46.6 mm in the profile, but lost 39.7 mm 
through deep percolation. This supports earlier 
findings (Vogel, 1992, 1993a) which indicated that, in 
the presence of crops demanding little water, the 
pondin~capacity of tied ridging (which was approx. 
171 m- between 23-30 December 1992) encourages 
deep percolation and thus groundwater recharge. 
As a result, virtually all seasonal N03-N deep
percolation losses of 50.5 kg ha-t from tied ridged 
plots had occurred by 30 December 1992. Even from 
conventionally tilled plots, however, virtually all of 
the total seasonal N03-N losses were recorded by 30 
December 1993, albeit at a much lower absolute level 
of only 30.7 kg ha-1. In both cases it is assumed that 
the loss mainly affected the ammonium nitrate 
fertilizer top dressed on 26 December 1992 when 
maize stands were still low (Figures 2b, c), yet 
rainfall frequent and heavy (72 mm on 29 December 
1992, followed by 15 mm the day after). Unlike at 
Makoholi (Hagmann, 1994), nitrate losses from the 
unfertilized bare plot were lower than for the 
fertilized cropped plots by 30 December 1993. 
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FIGURE 1. (a) Total weekly rainfall and open pan evaporation; (b) weekly relative topsoil water 
content under mulch ripping and (c) under tied ridging compared to conventional tillage (= 100%) 
during the 1991-92 drought at Domboshawa. Zimbabwe. 
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After the second top dressing (11 January 1993) 
virtually no deep percolation of water, and hence no 
leaching of N03-N, was recorded for both tied 
ridging and conventional tillage (Figure 2b) while 
continuous leaching occurred from the bare plot. 
Due to less frequent and less intense rainfall, maize 
growth was very vigorous between mid January and 
late February thus utilizing most of the ammonium 
nitrate fertilizer applied on 11 January 1993. Only 
towards the end of February 1993, when rainfall was 
plentiful again (Figure 2a), with single events 
delivering 38 mm (23 February) and 45 mm (26 
February), did percolation of water and some 
leaching of nutrients occur again. This coincided 
with the start of crop senescence (Figure 2c), which 
is a time when uptake of water and nutrients 
through maize plants is close to nil (Geus, 1973). At 
the end of the season, tied ridged field plots had lost 
54% (50.5 kg ha-1) of the ap~lied N03-N (93 kg ha-1) 
while only 33% (30.7 kg ha- ) was leached down the 
soil profile from ploughed plots. Similar 
proportions of the applied K (17 kg ha-1) were 
leached, i.e., 36% (6.2 kg ha-1) from mouldboard 
ploughing and 58% (10 kg ha-1) from tied ridged 
plots. It should. be noted, however, that lysimeters 
have limitations in accurately mimicking field 
conditions (Webster et al., 1993). Thus, the accuracy 
of the absolute values should be treated with care. 

Results conflicting with these findings from 
Domboshawa were obtained at Makoholi 
Experiment Station where similar studies have been 
conducted since 1991-92 in a low-rainfall area. The 
results for 1992-93 indicate substantially lower 
nutrient losses from tied ridged field plots than from 
conventionally tilled plots at Makoholi. Recorded 
losses of N03-N and K were 40% and 56% 
respectively lower from tied ridged than from 
ploughed plots (Hagmann, 1994), yet the percolate 
volume for the two treatments was similar as had 
been the case at Domboshawa. This difference may 
be attributable to less frequent rainstorms and, 
possibly, more upward movement of nutrient salts 
due to the higher atmospheric demand for water at 
Makoholi. From this discrepancy between the two 
sites, one in the semi-arid south and the other in the 
subhumid north, it is apparent that the results must 
not be extrapolated prematurely. 

CONCLUSIONS 

Tied ridging and mulch ripping proved very 
efficient rainwater-harvesting techniques. Yet, in 
spite of losing significantly less rainwater due to 
surface runoff than conventional mouldboard 
ploughing, the effect of tillage treatment on soil 
water levels was statistically insignificant during the 
rainfall/ growing seasons. Only during the second 
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half of the dry seasons (and the mid-season drought 
in 1992) did tillage have a significant effect on soil 
water content. From this we conclude that the 
minimal soil disturbance caused by the two 
conservation tillage techniques allowed continued 
evaporation of water from the soil during the dry 
season. Thus, the conservation tillage techniques 
entered the growing season significantly dryer than 
the ploughed treatment. In contrast, conventional 
tillage, through winter ploughing, is likely to have 
created an effective topsoil buffer against further soil 
water evaporation. 

Since the tied ridged treatment has consistently 
produced higher biomass yields over the 5 years of 
the tillage experiment at Domboshawa (except for 
the 1991-92 drought season), it appears that the 
equally consistently lower soil water contents are, 
apart from higher soil evaporation, a reflection of 
higher transpiration rates from the better crop. 

The lysimeter results highlighted that nitrogen losses 
due to downward leaching can be excessively high,. 
in particular from tied ridging. Although total 
seasonal deep percolation losses from tied ridging 
and conventional tillage were similar, a major 
difference occurred early in the 1992-93 season when 
intense rains fell shortly after first top dressing. 
Because of its surface ponding capacity, tied ridging 
experienced substantially more internal leaching of 
applied plant nutrients than conventional tillage 
during that time. It must be borne in mind, 
however, that conventional tillage is likely to have 
lost possibly even higher proportions of applied 
fertilizer nutrients in the observed significantly 
higher surface runoff. In any case, the lysimeter 
results emphasise that nitrogen applications have to 
be timed carefully, and split as much as is practically 
possible, to minimise loss of this crucial plant 
nutrient. 
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ABSTRACT 

Severe drought occurs each year in at least one country of southern and eastern Africa. We review the 
average annual maize grain yield losses to drought (about 13% per year), and partition potential 
reductions in those losses between genetic and management factors. The target environment is 
considered, and advances in Geographical Information Systems, crop modelling and weather and soil 
databases are discussed. These tools will help identify appropriate source germplasm and test sites, 
and will permit extrapolation to other similar environments. To reduce the impact of drought, the 
agronomist and farmer must manage the crop so that little rainfall is lost through runoff, evaporation 
and transpiration by weeds, and so the maximum amount of incident rainfall is transpired by the 
maize crop. The plant breeder needs to focus on improved ability of the crop to establish on drying 
seedbeds, and on increasing the harvest index of plants growing under drought stress. Gains from 
recurrent selection studies on research stations average about 100 kg grainlhalyear, and have the 
potential to add at least 180 000 t to the regional grain harvest, worth about US$ 20 million per year. 
Much greater percent improvement in production can be expected from using such materials in the 
more drought prone areas. Although potential yield gains from changed dryland management, 
practices may be worth twice this amount, adoption of these changes is likely to be slower than for 
improved germplasm. Nevertheless, the adoption of suitable management and inputs should be more 
rapid once the risks attached to growing maize are reduced through adoption of germplasm tolerant 
to drought. Maximum returns to the limiting resource, water, occur under disease-free conditions 
with adequate soil fertility and weed control, and the volume of water available to the crop is 
maximized by ridging and occasional deep ploughing. Agronomy research should focus on 
maintaining soil fertility through mixtures of organic sources combined with small amounts of 
inorganic fertilizer, using long-term on-farm trials and on increasing draught animal capacities 
through management of nutritious mulch crops in maize systems. Trials should be simple and run at 
representative on-farm sites where researchers and extension staff work together. The use of crop 
models will help keep on-farm research costs down by narrowing the range of treatments and by 
providing a cheap mechanism for hypothesis testing. 

INTRODUCTION� AN ANALYI1CAL FRAMEWORK 
We begin with the water resource, which in almost 

Severe drought occurs each year in at least one all cases in this region is rainfall. Seasonal rainfall 
country within eastern and southern Africa. In this (RF) is accounted for in the crop rooting zone in the 
region maize is pushed to the limits of its adaptation following ways: 
by the specific food demands of farmers. Crop� 
failures may occur as often as one year in three, and RF· E + Tcrop + Tweeds + WS + Runoff + Leaching [1]� 

the need to stabilize maize grain yield provides one� where E is seasonal evaporation from the land area 
of the most significant research challenges faced by on which the crop grows, T is transpiration from 
national programs anywhere in the maize-growing crop and weed surfaces, and WS is the change in 
world. water stored within the soil profile. The E and T 

terms can be increased by reducing runoff,In this presentation we will focus on eastern and 
increasing infiltration and by water harvestingsouthern Africa, and establish an analytical 
techniques.framework to examine the extent of losses of maize 

yield caused by drought, and then establish the The energy balance of crop land surfaces drives 
nature and types of water stresses encountered, as evaporation from soil and crop surfaces: 
affected by climate and as modulated by soils. We Rn • Le '* A + Storage + Conduction� [2]will then consider the prospects for genetic 
improvement of maize as a means of reducing the where Rn is the net radiation input during the 
impact of drought, and examine means by which season; L is the latent energy lost in E and T, ande 
agronomic practices can conserve moisture and normally accounts for 90% of Rni A is sensible heat 
increase water use efficiency. We conclude with an loss, which can become a positive energy input to a 
overview of priorities for future research to improve crop under high advection, when hot winds from a 
water use by maize crops grown in dry areas. surrounding arid area blow onto an irrigated crop. 

129� 
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Table 1. Estimated annual losses of maize grain yield due to drought in 
the less developed world (excludes central and northern China), by 
region and ecology (CIMMYT, 1988; 1992). 

Area Yield loss due to drought 
ha (millions) % tons (millions) 

By Region 
South America 175 20 9.1 
Central America 9.1 15 3.0 
WAsiaJN Africa 2.1 17 1.7 
W&Central Africa 4.4 12 0.7 
E&SAfrica 10.9 13 1.8 
Asian subcont 7.8 16 2.2 
E&SEAsia 8.8 14 5.2 
By Ecology 
Highland tropical 3.4 28 2.2 
Transition 2.3 7 0.4 
Sub·tropical 16.7 15 7.7 
Lowland tropical . 32.9 15 8.5 
Temperate 5.3 23 4,9 
Total 60,6 17 23.7 

Thus, where levels of Rn are high, or advection 
occurs, water usage will be high. As the crop runs 
out of water the Le term declines, A increases, and 
so do temperatures. The loss of energy through 
evaporation keeps crop surfaces cool, and slows the 
rate of senescence. Storage and conduction terms 
are very minor. 

Water will always be lost from a green crop surface 
because plants expose a moist membrane to the 
atmosphere so that C02 can enter solution during 
photosynthesis. The degree of exposure of that 
surface determines both the loss of water through T, 
and the production of biomass (B). There is no free 
lunch: plants with low T also have low production, 
and only rocks use no water at all. Thus the ratio, 
B/T, is relatively constant for a species (Tanner and 
Sinclair, 1983) and is termed water use efficiency 
(WUE) in a physiological sense, since only T is 
considered. From an agronomic viewpoint, E must 
also be considered in WUE estimates, and it is this 
measure of WUE that will be considered in the rest 
of this paper. 

What are the factors affecting WUE from a given 
land area? Tanner and Sinclair (1983) developed a 
description of WUE of crops in the period when the 
green crop canopy is closed (for maize LAI > 3): 

WUE" [kd/(e* • e)] [1- E/ET) [3] 

where kd == a complex coefficient that is relatively 
constant and is related to biochemical conversion 
efficiencies, C02 partial pressures and proportion of 
LAI that is brightly lit, and is similar to radiation use 
efficiency; and (e - e) represents the water vapour 
pressure deficit. Equation 3 predicts that as vapour 
pressure deficit rises, as with dry air or when air 
warms up, radiation use efficiency will fall (Stockle 
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and Kiniry, 1990) and so will WUE. This suggests 
that lower WUEs will occur when crops are grown 
in the lowlands rather than in the cooler highlands, 
and points to problems if global temperatures rise 
the 24 °C currently predicted (Muchow and 
Sinclair, 1991). Water use efficiency is maximized 
when E/ET is made small by ensuring that the crop 
(not weeds!) intercepts incoming radiation, when 
water is not lost from the soil surface, and when 
radiation use efficiency is high. Typical WUE values 
for maize from temperate areas when LAI > 3 are 
0.0040, indicating that it takes about 250 kg of water 
to produce 1 kg of biomass (Tanner and Sinclair, 
1983). 

We are interested primarily in grain yield per unit 
area (GY): 

GY"W*WUE*HI [4] 

where W is the total water available to the crop (i.e., 
E + T), and HI is the harvest index (the proportion of 
the total above-ground biomass which is grain; 
typically 0.40 for tropical maize). It requires 
therefore about 620 g water to produce 1 g of grain, 
where LAI > 3. One mm of rainfall, equal to 1 kg 
water m-2, should produce 1.6 g grain m-Z. 
Consequently, an annual rainfall of 500 mm, if it 
were all available to the crop, has the potential to 
produce 20 t ha-1 of biomass and a grain yield of 8 t 
ha-1. Note that the relationship between total 
biomass and grain yield does not pass through the 
origin. Bolanos and Edmeades (1993a) observed that 
maize grain yield tended to zero when above
ground biomass declined below 4 t ha-1. The 
presence of: a large evaporative component caused 
by low radiation interception by th~\ crop; weeds; 
low radiation use efficiency caused by nutrient 
deficiencies and diseases; or stresses which reduce 
HI, all further reduce grain yield below its water
limited potential described by equation [4] (Boyer, 
1992). 

In summary, in water-limited crops it seems sensible 
to consider yields per unit water available, rather 

1than per unit land area. Thus units of t mm- , 
modified by its distribution in relation to cro~ 

development, may be more sensible than t ha
when comparing grain yields in semi-arid 
environments. 

THE MAGNITUDE OF YIELD LOSSES DUE TO 
DROUGHT • 
In the southern and eastern Africa region (excluding 
South Africa) a total of 14 million t of maize are 
produced on 10.9 million ha, for an average yield of 
about 1.3 t ha-1. About 19% of that area is lowland 
tropical « 1000 masl) (Gebrekidan and Gelaw, 
1989). Average national maize yields vary from 1.9 
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to less than 0.5 t ha-1 within the region (CIMMYf, 
1992). There are no rigorously-established estimates 
of losses due to drought in southern and eastern 
Africa. CIMMYf surveyed national program 
cooperators and its own outreach staff to estimate 
the annual frequency of water stress by major maize 
production environment (megaenvironment), and 
rate it on a scale of 1-4 (CIMMYf, 1988). We 
estimated percentage grain yield losses for each class 
(in parentheses), where 1 was rarely stressed (5% 
loss), 2 was sometimes stressed (10% loss), 3 was 
frequently stressed (25% loss), and 4 was usually 
stressed (40% loss). When these losses were applied 
to average grain yields in each megaenvironment, 
we concluded that drought causes losses of 13% per 
year (compared with an average of 17% for all of the 
tropics) (Table 1). This represents a total loss of 1.8 
million t, worth about US$ 180-200 million annually. 
In the absence of drought, average annual maize 
yields would be expected to increase from 1.3 to 1.5 t 
ha-1. We acknowledge that these estimates of loss 
are crude, but we now have the tools from crop 
modelling and Geographical Information Systems 
(GIS) available to refine our knowledge of the 
severity and nature of drought stress in the region, 
and to predict more accurately which technical 
interventions will yield the greatest benefit (see 
following section). The pragmatic application of 
these new tools will assist us considerably in 
assessing breeding goals and agronomic research 
priorities. 

THE TARGET ENVIRONMENT 
Current knowledge. In southern Africa, semi-arid 
areas (defined here as areas with 350-700 mm annual 
rainfall) are found at elevations ranging from 100 to 
1500 masl. Rainfall is unimodal, with a 90-130 day 
season. Rainfall totals are highly variable. In most 
years, heavy storms, with losses of water by runoff, 
are coupled with dry spells that may occur during 
any part of the season. As a consequence, inter
annual variation in grain yields is large. For 
example, semi-arid smallholder areas of Zimbabwe 
gave maize yields in 1991/2 (a severe drought 
season) of 445 kg ha-1 in Chiwundura, 53 kg ha-T in 
Gutu, while farmers in Chivi could not plant. In 
1992/93,' an above-average rainfall year, the same 
areas yielded 3.56, 1.68 and 1.38 t ha-1, respectively 
(DR & SS/CIMMYT unpublished data). Further 
characteristics of this environment and means of 
modelling it for crop growth are given by Monteith 
and Virmani (1991). 

Maize is grown under semi-arid conditions in most 
smallholder areas of Zimbabwe, parts of central and 
most of the interior of southern Mozambique, the 
lowveld of Swaziland, parts of eastern and 
northeastern Botswana, parts of southern Zambia 

(especially the Zambezi and Luangwa valleys), parts 
of southern Malawi and parts of Tanzania. Farmers 
in these areas are often short of draught power 
resources and plant some of their crop well after the. 
start of the rains, thus shortening the growing season 
further. Soils are usually sandy, with low water 
holding capacity (70 mm or less) and a relatively 
shallow rooting depth of around 50 cm (Vogel, 
1993), which increases the risk of yield loss due to 
drought. 

The Future: Developments in defining drought 
target environments. In recent years, improved 
technologies have led to an explosion in the amount 
of weather information, both for weather monitoring 
and as studies of global climate change. Satellite 
and ground monitoring are used by agencies such as 
USAID's Famine Early Warning System to monitor 
drought conditions as they develop. These 
databases can complement the extensive research on 
simulation of crop and soil processes to help make 
better research decisions in current agricultural 
research. A familiarity with the data and methods 
availfible for analyzing data is required to appreciate 
the types of questions that might be posed as they 
relate to drought research. 

Data and databases. Several types of climatic data, 
differing in resolution and coverage can be found. 
National programs can obtain daily and long-term 
data from their own climate monitoring stations. 
Sources of long-term average station data with 
global coverage include Jones (1988), CROPWAT 
(Smith, 1992) and the WorldWeather Disc (1990). 
Recently released CD-ROMs include climate data by 
year, rather than long-term averages (Vose et al., 
1992; NASA, 1992). Most of these data sources 
contain monthly means for rainfall and temperature 
from which weekly values can be derived. The FAa 
andCIAT data also include many stations with 
global radiation, relative humidity or potential 
evaporation. At CIMMYr, we have placed data 
from these sources (except Vose et al., 1992 and 
NASA, 1992) into databases where they can be 
searched for and extracted by station position, name 
or country. 

Daily data is desirable for the operation of many 
simulation models of crop and soil processes. These 
data can be obtained from weather generators using 
monthly means, but this requires that generation 
parameters be known or estimated for a site. A 
database"Of long-term daily data from 8000 weather 
stations is currently being assembled by the Texas 
Agricultural Experiment Stations (P. Dyke, pers. 
comm.). This, combined with soils data, provide 
suitable inputs for cropping system simulation 
models. 
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Another class of climate data, only recently 
available, is climate surfaces, created by 
interpolation of data from many climate stations 
using complex procedures, such as the fitting of 
Laplacian (or thin-plate) smoothing splines 
(Hutchinson, 1991). Given an accurate map of 
elevation, splines can then bt: used to generate 
accurate maps of monthly climate variables for use 
in a GIS (Hutchinson and Dowling, 1991). Climate 
surfaces developed by these techniques are now 
available for Africa (CRES, 1993) and several other 
regions or continents. The distribution of average 
annual rainfall for southern Africa from such a 
surface is shown in Fig. 1. 

Water budget models and simulation models require 
soil information to estimate changes in seasonal 
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water availability. On a global scale, the FAa soil 
maps are available in digital form (EPA, 1990), while 
extensive surveys are underway in many countries 
to update their soil maps. 

Tools to analyze climatic risk. A better regional 
definition of the crop production environment is 
needed. An examination of the target environment 
begins with an analysis of rainfall distribution, using 
more than 10 years of data where available, to zone 
rainfall and moisture availability and define the 
length of the growing season. A good early example 
of this approach has been the development of 
Zimbabwe's Natural Region concept, which seeks to 
zone the country principally on the basis of rainfall 
(e.g., see Hussein, 1988). 

.0-350mm 
• 350 - 700 mm (SAT) 
• 700 - 1000 mm 
mmm > 1000mm 

Fig. 1. Distribution of average annual rainfall in Southern Africa 
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Algorithms describing the lengths of growing 
seasons, onset of rains and drought severity indices 
are common in the literature (for examples, see 
Sivakumar et al., 1992; Stewart, 1991). Simple 
manual and modelling techniques (e.g. Stern et al., 
1982a; 1982b; Coe and Stern, 1987) have long been 
available for agronomists to analyze and interpret 
rainfall data from localized research zones, but are 
still not routinely used. A simple examination of 5
day rainfall totals from 10-20 years of records gives 
an idea of the probability of seasons with adequate 
length and the probability and severity of dry spells 
at specific growth stages of the maize crop. 

Crop simulation models have been used to assess 
the potential value of genotype traits (e.g., Meinke et 
al., 1993) and of seasonal rainfall predictors 
(McCown et al., 1991) in dealing with climatic risk 
associated with drought.. These can help in 
environmental definition, by assessing the impacts 
of dry spells at specific growth stages on biomass 
and grain production. Models have improved the 
link between rainfall and crop yield and response to 
inputs such as fertilizer (e.g., Keating et al., 1991; 
Thornton et al., 1994), and helped greatly to 
understand the level of risk faced by smallholder 
farmers because they can be useo with historical 
weather sequences. Other models can provide good 
estimates of erosion risks associated with specific 
slopes, soil types and rainfall events (e.g., EPIC; 
Williams et al., 1984). Cumulative probabilities of 
outcomes (e.g., of grain yields of a given level) are 
an extremely useful derivative from crop models 
applied to a time sequence of rainfall data (Monteith 
and Virmani, 1991), and allow the researcher to 
quickly estimate an answer to "what if...?" type 
questions (e.g., Keating et al., 1991). 

At a regional level, statistical tools such as 
clustering, can be used to identify environments 
suitable for particular germplasm, depending on 
patterns of temperature and rainfall (e.g. Pollak and 
Corbett 1993). In the past, many of these larger scale 
studies were generalized for all crops (e.g. FAa 
Agroecological Zones - AEZ) and their definitions 
of seasonal limits for specific crops were not always 
suitable. Today, this situation has greatly improved 
because of increasing access to databases and cheap 
computing power, and researchers can link regional
scale climate databases, crop-specific simulation 
models and GIS (Chapman, 1992). 

Simple models addressing limiting factors, such as 
water, should not be ignored. In drought research 
simple water budget models and stochastic 
descriptions of rainfall patterns can accurately 
identify the historical extent and severity of 
droughts (e.g., Hutchinson, 1991; Zucchini et al., 

1991), and may be an appropriate method to 
compare technological alternatives such as ridging 
versus flat planting. 

Using these tools and databases in drought 
research. Identification and quantification of 
megaenvironments to determine the characteristics 
of these large-scale environments has been used by 
CIMMYT (and other centres) as a means of 
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prioritizing plant breeding or agronomic research. 
The Kenyan Maize Database Project (KARl and 
CIMMYT) is an excellent example of how 
environmental information can be combined with 
survey and production data to aid country-level 
decision making (Hassan et al., 1994). At a lower 
level of aggregation, accurate identification of 
production environments can help to: 

•� select representative sites for agronomic and 
plant breeding research. 

•� interpret results from different sites in terms of 
their site characteristics, and to extrapolate these 

. results� to other areas with a similar 
environment. 

•� select appropriate source germplasm for 
drought tolerance, based on climatic 
characteristics of their place of origin. 

We have developed some simple examples using the 
climate surfaces for southern Africa (CRES, 1993). 
These surfaces include average maximum and 
minimum temperatures and rainfall for each month. 
Assuming a constant planting date of November 1, 
we simulated the anthesis date of a genotype with 18 
leaves (this defines its relative maturity) for each 3' x 
3' cell in the surface, as used by Chapman (1993). 
The anthesis date was obtained by calculating 
thermal time (or heat units) for each day of the year 
(from monthly data) and accumulating this number 
until 18 leaves were produced (Muchow et al., 1990). 
We then calculated the average rainfall that occurs 
between the dates of 3 weeks before and 1 week 
after anthesis for each cell (Fig. 2a). Given the 
particular susceptibility of maize to drought at 
flowering (Westgate and Bassetti, 1990), we have a 
map of a simple drought index. We can see that 
regions where the accumulated rainfall is below 
about 150 mm (or < 5.5 mm day-1 on average) are at 
relatively high risk of drought at flowering and 
indicate where the use of drought-tolerant 
germplasm could be most appropriate. This simple 
model weuld be improved by including actual data 
from soil water holding capacity and fotential 
evaporation (ranges between 4-6 mm day- for this 
period for stations in Zimbabwe). The same 
simulation for a planting on January 1 (Fig. 2b) 
indicates a greater risk of drought at flowering for 
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much of the region. However, in northern 
Mozambique, for example, there is actually more 
rainfall around flowering for the later planting. 

Several extensions of this example might be 
considered. For example, we could use moving 
means to estimate rainfall for each 3 or 4 week 

Waddington et ai. 

period during the year. Selecting the interval with 
the highest rainfall total, we could then "back" 
calculate the sowing date required to flower on this 
date and thus determine the appropriate genotype 
maturity. This could be done by district, country or 
by region, weighted by area planted to maize, and 
thus be used to help set breeding objectives related 

(a) 

••••lB(b) 

0- 50mm 
50 -100mm 
100 -150mm 
150 - 200 mm 
>200mm 

Fig. 2. Average amount of rainfall es'tlmated between (anthesls . 3 
weeks) and (anthesls + 1 week) for an 18 leaf genotype (subtropical 

intermediate maturity) sown on (a) November 1 or (b) January 1. 
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to maturity and to drought tolerance. Similar 
applications, especially as they relate to quantifying 
the economic risk from given practices, are 
described elsewhere in this paper. Model outputs 
can be interpolated to develop surfaces (Chapman, 
1994), or extrapolated to similar environments, and 
could serve as one basis for grower 
recommendations on a large scale. 

TECHNICAL INTERVENTIONS 
In the follOWing sections we consider present 
technologies and prospects for future technological 
solutions that will allow smallholder farmers in 
semi-arid areas to improve the stability and 
productivity of their maize enterprise at cost levels 
compatible with their resource base. We first 
consider genetic solutions, and then examine 
production technologies for maize aimed at 
improving WUE in southern Africa. Included 
among these are technologies addressing soil 
infertility and shortages of labour and draught 
power, since these affect yield levels and this in turn 
affects WUE. 

Genetic solutions. The first and most obvious 
genetic solution is to promote the use of crops that 
are more drought-tolerant than maize. Throughout 
much of the region there is gradual replacement of 
maize by sorghum ,and pearl millet (crops with a 
longer history of use in the region) as the mean 
annual rainfall diminishes, with pearl millet taking 
over from maize at about 400-600 mm, depending 
on elevation and soil type. Both sorghum and pearl 
millet are known to be well-adapted physiologically 
to drier environments, but both have serious 
production and adoption shorocomings. Johnson 
(1991) pointed out that maize is easier to process for 
food, farmers prefer the taste of maize, maize 
production has a lower labour requirement and 
suffers less from pests (sorghum seedlings often 
suffer die-back, sorghum and pearl millet grain are 
attacked by birds), and surpluses are more 
marketable. In Zimbabwe maize tends to outyield 
other cereals in better semi-arid (Natural Region III 
and IV) communal areas except when severe 
moisture deficits occur around flowering (Mataruka 
and Whingwiri, 1988; Mudhara and Low, 1990). In 
severe drought years sorghum and pearl millet are 
also badly affected. In the drought year 1991/92 for 
example, in trials comparing the species, maize 
failed to give grain at three of five sites, but sorghum 
and pearl millet also failed to yield at two of those 
sites (DR&SS/CIMMYr unpublished data). The 
crops could not be planted at two other sites because 
of early drought. 

As maize researchers, our responsibility is not to 
promote the use of maize indiscriminately, but 

rather to stabilize and increase its production in 
areas where it is already grown, and where demand 
for its use as human food among smallholders is 
high. That is the case in much of this region. 

Present status of genetic improvement. Historically 
there has been relatively little direct effort in 
southern Africa (excluding the Republic of South 
Africa) to breed maize for drier environments, 
though undoubtedly there was considerable farmer 
selection within local cultivars in the past (Arnon, 
1992). Breeders have concentrated on developing 
materials for the wetter, input-intensive zones. Most 
of the extra breeding effort for semi-arid areas has 
been on sorghum and pearl millet. Nevertheless, 
some maizes are available for drier areas with 
shorter rainfall seasons. 

In Zimbabwe, the maize hybrids R201 and PNR473 
are appropriate for the semi-arid environments (e.g. 
Whingwiri and Harahwa, 1985; Nyamudeza, 1994). 
These hybrids take around 120 days to reach 
physiological maturity at an elevation of 800 masl, 
i.e., they are some 20-25 days earlier to maturity 
than the full season hybrid, SR52. They are also 
more drought tolerant, in part because of their 
earliness. In on-farm trials in semi-arid areas of 
Zimbabwe in 1980/81-1982/83 they outyielded SR52 
by 32% (Whingwiri and Harahwa, 1985). 

The Zambian maize programme released three 
shorter season hybrids (MM501, MM502 and 
MM504) in 1984 (Ristanovic et al., 1986). These 
materials are similar to R201 and R200 in maturity 
and drought tolerance. An earlier maturity white 
seeded double cross hybrid, MM441, was released in 
1992 (Research Branch, 1992). The very early 
maturing (90-100 day) open pollinated variety, 
MMV4oo, was released to Zambian farmers in 1985 
and is recommended for growing in the semi-arid 
Zambezi and Luangwa valleys. In Mozambique, 
Matuba, a short season OPV with flint grain, 
outyields other genotypes in dry years, e.g., in on
farm trials in the severe drought year, 1991/92, and 
yields well with zero inputs in wetter seasons 
(Sperling et al., 1994). 

In Kenya, considerable emphasis has been placed on 
Katumani Composite and, to a lesser degree, 
Makueni Composite, as sources of drought tolerance 
fol' areas with a seasonal rainfall as low as 350 mm. 
CIMMYr's experience suggests that the drought 
tolerance enjoyed by these cultivars derives from 
their earliness rather than their tolerance to drought 
which occurs at flowering (CIMMYr, unpublished 
data, 1993). In Tanzania, the early-maturing variety 
Kito shows considerable promise under drought. 
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Recent initiatives in germplasm improvement 
under drought. National programs and the 
CIMMYT breeding program in southern Africa are 
now placing greater emphasis on developing shorter 
season maizes that escape terminal drought, and on 
breeding for characters that confer greater resistance 
to water deficits experienced during the growing 
season. In Mozambique, Zambia, Tanzania, Malawi 
and perhaps even Zimbabwe such materials should 
include OPVs so that resource poor farmers do not 
have to purchase new seed each year. 

Genetic variability for performance under drought is 
well-known in the temperate maize growing zones 
of the world (e.g., Jensen and Cavalieri, 1983; Jensen, 
1994), and there are a number of drought-adaptive 
traits that have been identified (e.g., Ludlow and 
Muchow, 1990). For tropical maize there are two 
important periods when maize grain yi~ld can. be 
badly affected by drought - just after sowmg durmg 
establishment, and later, during flowering. A failure 
of the rains immediately after sowing can result in 
severe loss of stand. Farmers have some 
management alternatives in this circumstance: they 
can often replant, but costs will rise and the 
shortened season usually results in lower yields. 
Alternatively they may choose to sow a shorter 
duration species such as sunflower,. but each course 
of action usually results in income loss. 

Several attempts are being made to improve the 
ability of maize to germinate and establish under 
drought. In southern Africa, variability for this trait 
is being sought among genotypes thought to vary in 
drought tolerance. They have been established in the 
dry season under a line source ~gation syste~ 

installed on uniform sandy soils at Makoholi 
Research Station. Another project, using St families 
from the Drought Tolerant Population..1 (DTP-I), is 
in its second cycle of screening dlU'ing the dry 
season at Tlaltizapan, Mexico. In this prQject, two 
replicates of S1 families are sown into very dry soil 
in rows along a gradient of water availability, and 
observations of emergence, leaf rollin~ survival, and 
recovery after rewatering are used to identify 
superior and (inferior) St families (M. Binziger, 
pers. comm., 1994). The emphasis dUrin~ seedling 
selection is on traits associated with surv.val under 
drought (such as leaf rolling, osmotic adjustment, 
retention of green leaf area and recovery wh~n 
rewatered), and traits associated with production 
(such as rapid leaf area expansion, non-rolling under 
stress) are considered to be less valuable. The 
fractions identified are immediately recombined 
from remnant seed, and a new set of St families 
created. One complete cycle requires one calendar 
year to complete using this scheme. Observations of 
the most and least tolerant fractions from Co 
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indicate that differences for these traits are heritable, 
and that progress is possible. 

The second period of susceptibility (for grain yield) 
to drought is flowering. In evaluations of more than 
2000 progenies, grown under drought timed to occur 
at flowering or during grain-filling, the correlation 
between grain yield under drought and kernel 
number per plant was 0.90, versus 0.46 for weight 
per ker.nel (Edmeades et al., 1992). Our major focus 
at CIMMYT has therefore been on events which 
'occur during the flowering period, when ears per 
plant and kernels per ear are determined. We also 
recognize the importance of maintaining functional 
leaf area during grain-filling (Aparicio-Tejo and 
Boyer, 1983). 

Among cereals, maize is unusual in that its male and 
female flowers are separated physically, and this 
makes it unusually susceptible to drought stress at 
flowering (NeSmith and Ritchie, 1992). A 
characteristic of maize under environmental stress is 
an increase in the anthesis-silking interval (ASI) 
(Dow et al., 1984). Barrenness arising from drought 
is not usually associated with pollen shortage or 
pollen desiccation, since it is only when. pollen 
production is reduced by 80%, or when silks are 
delayed by more than 8 days, that direct effects of 
pollen supply on grain number per plant can be 
expected (Westgate and Bassetti, 1990). Pollen 
viability can be significantly reduced by 
temperatures greater than 38-400 C (Schoper et al., 
1986). Tassel blasting (failure to extrude anthers; 
Troyer, 1983) is also observed in the field at these 
temperatures when the atmosphere is dry. 

When stressed at silking the fertilized ovule may 
abort (Westgate and Boyer, 1985), resulting in 
patchy grain formation on the ear or in complete 
barrenness. Silk growth is very sensitive to turgor 
and follows leaf water status quite closely (Herrero 
and Johnson, 1981). Nonetheless, when late
emerging silks on drought stressed plants are 
pollinated, fertilization can be shown to have taken 
place, but grain development is arrested shortly 
afterwards (Grant et al., 1989). The greatest 
reduction in grain numbers per plant under d~ou~ht 
occurs within the first 2 weeks after pollination 
(Grant et al., 1989). We conclude that the continuing 
development of fertilized ovules is related to the flux 
of assimilates from current photosynthesis 
(Schussler and Westga.te, 1991~ rather than t~ the 
concentration of carbohydrates m the stem or m the 
developing kernel (Westgate and Boyer, 1985). Silk 
delay may be more a symptom of inadequate 
assimilate flux than the direct cause of barrenness. 

Reference has already been made in this conference 
(Edmeades et al., 1994) to u:"provements in grain 
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Table 2. Gains per year in grain yield under droughted, low Nand well
watered conditions, arising from recurrent selection for improved grain 
yield under drought (sources: Bolal'ios and Edmeades, 1993a; 
Edmeades et aI., 1994; Lafitte and Banziger, 1994). 

Population Number of Gains p!r year
Trials ~w~.~w'"'Jla~;;;;LO;';';w;.cN~~D-rO-U-9h-t-

kg ha-' year' . 
Tuxpel'io Sequia 6 108 108 

2 88 
10 38 80 

La Posta Sequfa 10 27 115 
2 58 

Pool 26 Sequia 10 89 144 
2 142 

Pool 18 Sequfa 2 83 97 
2 25 

aWell-watered .sites 

yield under a flowering drought stress, using 
recurrent full-sib or St selection within lowland 
tropical maize populations. The key points learned 
from these studies (see also Bolanos and Edmeades, 
1993a, 1993b; Bolanos et al., 1993; Edmeades et ai., 
1992; 1993; 1994) are: 

a) Yield gains of around 100 kg ha-1 (about 5%) 
year-l are possible by either breeding method, 
under drought that coincides with the flowering 
and grain-filling periods (Table 2). This is 
associated with smaller gains under well-watered 
conditions, but no less than in normal breeding 
programs. There was no evidence that loss of 
yield potential was associated with increased 
drought tolerance. 

b) It is essential to conduct selection under 
managed drought, preferably by establishing a 
dry season yield test location with irrigation 
facilities. If this is not possible, then planting 
dates should be adjusted such that drought stress 
will occur over the flowering period. If cold 
weather eliminates this possibility, then planting 
under high densities (>100,000 plants ha-1) will 
provide a level of competitive stress that reveals 
part of the genetic variation for anthesis-silking 
interval, but the risk of lodging is high. 

c) Gains in grain yield under drought are 
associated with an increase in biomass 
partitioning to the developing ear. This is 
manifested by a short anthesis-silking interval 
and reduced barrenness under drought, and 
increased ear growth rates and harvest indices 
under both drought and well-watered conditions 
(Bolanos and Edmeades, 1993b). 

d) Although increased grain yield under drought 
is associated with increased kernels m-2, selection 
has reduced the number of florets per ear but 
increased their mean size; at the same time tassel 

size has been reduced, and biomass of roots near 
the soil surface has also declined (Bolanos et al., 
1993). 

e) Although selection has been carried out in the 
dry winter season at a mid-altitude location, 
evidence suggests that 75% of the yield gains at 
that location are transferable to sites experiencing 
more normal lowland tropical conditions. 

£) Selection methodology now focuses on high 
shelled grain yield, high number of ears plant-l 
(low barrenness), a short anthesis-silking interval, 
green unrolled leaves with long duration, and 
low lodging, all evaluated under drought. Under 
well-watered conditions we select for increased 
grain yield, small tassel size and erect leaves. All 
traits, observed under three water regimes, are 
combined in a selection index, in which grain 
yield, barrenness and anthesis-silking interval 
receive the largest weighting. 

As a consequence of recurrent St selection in elite 
germplasm, we now have available a number of elite 
narrow based synthetics and S:3 lines from recent 
cycles of La Posta Sequta and TS6, both late lowland 
tropical white dents. The CIMMYT stations at 
Harare and Mexico have collaborated in the 
improvement of the population ZM601 for drought 
tolerance by testing of St progenies for the past two 
cycles in both locations. With improved ability to 
control drought stress at Muzarabani and Makoholi, 
the need for testing of S1 families of this population 
in Mexico has diminished. 

Broadly-based drought tolerant source germplasm is 
now available to national program breeders. Two 
versions of Drought Tolerant Populations are now 
available (DTP-1 and DTP-2). Both were formed by 
recombining proven sources of drought tolerance 
and are approximately 20% temperate, 20% 
subtropical and 60% lowland tropical in 
composition, though DTP-2 is considered to be more 
tolerant of P. sorghi and E. turcicum than is DTP-1. 
Some 60% of DTP-2 is made up of an elite fraction of 
DTP-1, introgressed with known sources of drought 
tolerance. Both populations are structured as S1 
families, and DTP-1 is being improved through an 
international Drought Network comprising 
interested cooperators (including from this region). 
It· is at present being split into white and yellow 
fractions. Both DTP-1 and DTP-2 have performed 
well. in CIMMYT's Preliminary Evaluation Trials 
(fable 3). In general we consider that these sources 
of tolerance, and the lines that are derived from 
them, will not be used directly. Rather they will 
form 1 or 2 lines in a 3-way hybrid, or one 
component of a varietal cross, in combination with 
locally adapted germplasm. 
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Future germplasm improvement for improved 
drought tolerance in S & E Africa: Given the high 
cost and uncertain returns of most agronomic 
interventions, improved seed remains one of the 
cheapest and most easily adoptable ways of raising 
the productivity of maize in semi-arid parts of 
southern and eastern Africa. If drought tolerance 
can be combined with efficiency of use of limiting 
nutrients such as N, as reported by Short and 
Edmeades (1991) and at this meeting by Lafitte and 
Banziger (1994), and Pixley et al. (1994), this will 
further reduce the risk associated with cropping in 
marginal areas and will open new opportunities for 
agronomic research. 

We believe that future germplasm improvement in 
the region will be characterized by: 

(i)� A better characterization of the types and 
frequencies of drought, since this will determine 
the emphasis breeders will give to specific traits. 
A combination of GIS and modelling 
techniques, using regional climate and soils 
databases, can provide this general information, 
validated by field observations. 

(ii)� Development of testing locations in the region 
where the timing and severity of drought stress 
can be carefully managed. Sites will be 
characterized by uniform sandy soils and access 
to reliable irrigation facilities providing a 
uniform water distribution. Winter sites are 
acceptable, providing testing is also carried out 
in the normal rainy seas.on. 

Table 3. Performance of DTP-2 in Preliminary Evaluation Trial 6, 1992
3. Data are means across five intemationallocations. (Source: 
CIMMYT, unpublished data, 1993) 

Yield 
t ha-1 

Silking 
days 

DTP2C2 8.05 84 
TL8947 7.51 82 
C321TEWF DR Syn 6.87 79 
TL9045 6.35 81 
C321TEW TSR Syn 6.11 80 
SPMAT/EV89MDREY 6.04 79 
89SEYFlLin MBR 5.17 n 
C28ITEWD Synch 4.95 75 
89SEYFlLin MBR 4.94 n 
C33ITEY TSR Pool 4.91 78 
C33ITEESynY 4.86 75 
C27/Un MBR 4.71 79 
C27ITEW TSR Pool 4.70 n 
89SEYFITEESynY 4.65 74 
Best check mean 9.32 90 

(iii)� Screening of adapted sources of drought 
tolerance, to establish which classes of local 
germplasm carry the greatest degree of 
tolerance. Such evaluations must take place 
within maturity groups and be at the same level 
of heterosis; we should not confuse escape (by 
virtue of earliness) or heterosis with drought 
tolerance, since selection pressure for earliness 
among cultivars and progenies is strong when 
drought stress at flowering increases in intensity 
with time. 

(iv) Integration of St and/or 52 topcross testing at 
well-watered arid droughted sites. These may 
form part of a recurrent selection scheme, or 
they may be a part of the normal system of elite 
line development. Materials developed by 
NARS should be included along with CIMMYf, 
Harare, germplasm. Selection will focus on 
ability to emerge from depth and to establish in 
dry and perhaps weedy seedbeds; synchrony of 
flowering and resistance to barrenness; high 
shelled grain yield; long functional leaf life; and 
an improved ability to become prolific in wet 
years or at low plant population densities. 
Where possible these traits will be combined 
with a tolerance of low soil N and acid soil 
conditions. 

(v)� Development of a regional network of 
interested maize breeders in 5 & E Africa who 
are committed to developing sources of drought 
tolerance and who are willing to contribute to 
the development of sources of resistance 
through testing and contribution of germplasm. 

(vi) Testing of promising varieties in farmers' fields 
under farmer management and inputs under 
semi-arid conditions, accompanied by farmer 
assessments of their worth, before release. 

Such an initiative would be supported by CIMMYf, 
Mexico, which would assist with selection 
methodologies, estimates of likely gains from 
recurrent selection, sources of tolerance to drought 
occuring at seedling establishment and during 
flowering in semi-elite backgrounds, improved 
inbred lines, and information on the inheritance of 
drought tolerance traits. One important issue 
currently being addressed in Mexico, and of vital 
importance to this region, is the role of heterosis in 
stress tolerance. Is hfiterosis a source of drought 
tolerance per se? How can we purposefully select 
drought-tolerant hybrids? These are important 
questions, and ones which CIMMYf can assist in 
providing answers. 

What return on investment might we expect from 
research aimed at increasing drought tolerance? 
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CIMMYT's research (Table 2) indicates that gains 
from 3-8 cycles of recurrent selection in elite 
germplasm have resulted in a yield increase of about 
30% over a yield reduced to 2-3 t ha-1 by mid-season 
drought (down from a ~otential under well-watered 
conditions of 6-10 t ha- ). In the same studies, these 
gains were also accompanied by yield increases 
under well-watered conditions of 180-800 kg ha-l . If 
we assume 50% of the yield losses due to drought 
are due to stress during flowering and grain-filling, 
and the rest to pre-flowering stress; that yield gains 
from selection are halved in farmers' fields by poor 
crop management practices; then the expected 
increase in yields from the use of drought tolerant 
germplasm would be about 180,000 t of grain per 
year (1.3% of 14 million t) in southern and eastern 
Africa combined, with a market value of 
approximately $20 million. This is without 
considering the added yield under well-watered 
conditions (perhaps another 900,000 t grain 
annually) that results from selection for improved 
biomass partitioning under drought. 

Management practices. Crop management 
requirements needed to produce stable and 
relatively high grain yields (2.5 t ha-l or more) of 
rainfed maize under semi-arid conditions in 
southern Africa are relatively well known. As yield 
rises, so too does WUE (Eqn. [4]). An optimum 
production package would include practices like 
post-harvest ploughing, occasional deep ploughing, 
chiseling, use of animal manure and inorganic 
fertilizers, the construction of tied ridges, planting 
with the onset of the first good rains or perhaps even 
dry planting, and the control of weeds early in plant 
development. Earlier maturing cultivars should also 
help increase yield stability with time, though there 
is an accompanying loss of yield potential in well
watered seasons. The production benefits from most 
of these maize technologies are well known 
(Metelerkamp, 1988), but adoption is low and grain 
yields remain in the 400-1000 kg ha-l range in most 
communal areas of Zimbabwe (550-650mm rainfall 
per year, elevation 800-1200 masl; e.g. Shumba, 1984; 
Rohrbach, 1987). The following parts of this section 
draw heavily on Waddington and Kunjeku (1989). 

Plant population density. Crop monitoring data 
from three typical semi-arid communal areas of 
Zimbabwe during 1992/93 showed maize plant 
population densities at 21 days after planting from 
30,700 to 34,340 plants ha-l , with a variation of 
13,490 to 62,200 plants ha-1 at Chivi, the driest of the 
three areas (Agronomy Institute and FSRU of 
DR&SS, and ClMMYT, unpublished data). 

Perhaps the most comprehensive attempt at 
developing recommended planting densities for 

cereals in the semi-arid parts of southern Africa was 
by the Dryland Farming Research Scheme in 
Botswana (for maize, DLFRS, 1985; Jones, 1986; for 
sorghum, Jones, 1987a; 1987b). The DLFRS applied 
a model of the relationship between grain yields and 
site rainfall from multilocation trials to long-term 
rainfall records for the maize hybrid, NPPxK64R, 
and derived target populations ranging from 10,000 
plants ha-l in the dry southwest and extreme east of 
Botswana where yields of below 500 kg ha-l are 
normal to 30,000 plants ha-1 in the wetter northeast 
where yields over 4 t ha-1 are possible. 

Researchers at Chiredzi Research Station in 
Zimbabwe Natural Region V (300-500mm annual 
rainfall) . recommend a relatively low plant 
population of 20,000 plants ha-l to ensure that some 
grain yield is produced in the drier seasons in that 
area Oanes et al., 1988). In the wetter semi-arid areas 
of Zimbabwe (Natural Regions III and IV (450-700 
mm annual rainfall), plant densities of up to 48,000 
plants ha-l have been reported to give the highest 
yield (Mataruka and Whingwiri, 1988), but at these 
densities yields vary greatly from year to year. 
Nevertheless, with the popular hybrid, R201, there 
seemed to be little evidence to support adoption of 
plant population densities under 33000 plants ha-l 
(Metelerkamp, 1988). However, typical farmer 
levels of fertilizer and weed control are lower than 
those employed in most of the trials on which these 
conclusions were based, suggesting that a lower 
density may be appropriate for many farmers. 

Crop establishment. Establishment problems 
resulting in poor stands can decrease maize yield by 
40-100% in Zimbabwe (Olver, 1987). Establishment 
of maize can be difficult on either the widely 
distributed sandy soils of southern Africa or the less 
common heavy clay soils. Poor emergence of cereals 
on sandy soils often occurs because adequate 
moisture is not available in the seedbed for a long 
enough period to complete germination and 
coleoptile emergence, or because of crusting. The 
simplest approach to overcoming a shortage of 
moisture in the seedbed, and perhaps crusting, is to 
plant only with the reliable onset of good rains, but 
this often leads to delays in planting, which in tum 
may give lower yields. Speeding up the planting 
operation and emergence helps alleviate both of 
these constraints. In some semi-arid areas of 
Botswana, mechanical planters or combined plough
planters have been introduced to speed up planting. 
The careless use of plough-planters has led to large 
reductions in seedling emergence in some cases 
(EFSAIP, no date). Soaking maize seed for 12-24 
hours before planting has resulted in earlier 
emergence in some cases, but there is a higher risk of 
failure if the soil dries out rapidly after planting, 
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since non-imbibed seed remains viable and will 
germinate on the next good rains, while pre-soaked 
seed will die (DLFRS, 1985). Pressing down soil 
above each planted hill by foot during sowing, and 
planting deep often improves soil-seed contact, 
slows moisture loss, and discourages bird damage to 
seedlings (Akposoe and Edmeades, 1981), but takes 
additional time when planting. Placement of 
hygroscopic fertilizer near the maize seed at 
planting removes moisture from surrounding soil 
and reduces germination, and has been cited by 
many farmers as a reason for the normal practice of 
waiting until after seedling emergence before they 
apply basal fertilizer. 

Soil crusts can be broken just before emergence with 
an implement such as a spike tooth harrow or 
cultivator, or even a hoe. Hill planting (3-5 seeds 
per hill) also facilitates the emergence of maize 
coleoptiles through a crusted soil (DLFRS, 1985), 
though the cost is in increased seed used, labour for 
thinning, and competition for moisture in the early 
stages of plant development. Farmers often prefer to 
plant more land with the extra seed, where land is 
not limiting, rather than thin. 

Tillage. In semi-arid areas tillage functions to 
improve the entry of water into soil, to facilitate the 
deep growth of plant roots to where moisture may 
reside, and to control weeds. The sands of southern 
Africa have little or no crumb structure, are often 
compact when dry and some are prone to crusting. 
Compaction of undisturbed subsoils tends to impede 
root penetration. For the sandy loam soils of eastern 
Botswana bulk densities of 1.8 Mg m-3 are common 
before tillage, well above the threshold value for the 
normal growth of maize roots (Willcocks, 1981). 
Some form of tillage is therefore considered essential 
for crop production, but constraints on draught 
power and the need to avoid losses of moisture 
while cultivating dictate that minimum tillage, 
sufficient to maintain good rooting and water 
infiltration, is appropriate. 

Deep ploughing. The ox-drawn mouldboard 
plough is the most common implement for land 
preparation in those semi-arid areas that have 
draught animals, but ploughs to a depth of only 10
15 cm. Deeper ploughing to 20-25 cm on hard sandy 
soils in semi-arid areas has improved yields of maize 
by up to 25% in Zimbabwe and Botswana, by 
promoting deeper rooting and thus increasing access 
to water (Grant et al., 1979; Willcocks, 1981; Ivy, 
1987). Since reduced bulk densities persist for two 
to three years with deep ploughing, farmers may 
have to deep plough only once in three years, 
interspersed with minimum tillage. Such rotational 
tillage systems give only slightly reduced yields 
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compared to conventional tillage, but provide 
savings in labour and energy input (Norton, 1987). 

Reduced tillage. To prepare one hectare of land 
with a mouldboard plough takes about seven times 
the time and about double the draught required to 
prepare the land with a shallow ripper tine. Chisel 
ploughs also require a lower power input than 
conventional ploughing but also need a toolbar 
mounting and cannot be used for the combined 
plough-plant operation practiced by many resource
poor farmers in dry areas. To reduce tillage power 
requirements even further, strip tillage over the crop 
row has been used with the chisel plough in 
Botswana (Willcocks, 1981; DLFRS, 1985). The chisel 
plough produces a narrow but deep (25 cm or more) 
disturbance of soil along the line of the intended 
crop row. The untilled inter-row space can act as a 
micro-catchment to channel additional water to the 
tilled strip. Yields are no different than with 
mouldboard ploughing, but draught requirements of 
this system are only 14% that of mouldboard 
ploughing. Similar work has been done with a 
shallower ripper-tine on post-harvest ploughed land 
planted with maize in the Chivi communal area (550 
mm annual rainfall) of Zimbabwe (FSRU, no date). 
With tine tillage, crop residues are left on the 
surface, and those not eaten by cattle act as a mulch 
aiding infiltration and reducing evaporation. Inter
row ripping in the first half of the rainy season is 
advocated as a means of controlling crusting, 
reducing runoff-induced erosion, improving 
infiltration and controlling weeds (Norton, 1987). 
Reduced draught requirements may mean that non
owners of oxen will get earlier access to oxen, thus 
permitting earlier planting dates and higher yields 
(Shumba,1989). 

Post-harvest ploughing. A major reason for delays 
in planting is the need to wait until the soil is moist 
before ploughing can begin. Post-harvest ploughing 
(otherwise known as winter ploughing) in the early 
part of the dry season is an established technology 
that reduces the time and energy needed to prepare 
the land at the start of the rains (e.g., Norton, 1987), 
and results in a firmer seedbed. Winter ploughing 
may eliminate weeds during the dry non-cropping 
season (May-November) and thus conserve soil 
moisture, though differences in moisture between 
winter ploughed and control unweeded plots were 
not observed in Botswana (EFSAIP, no year). Most 
farmers winter-plough·only a small proportion of 
their land each year, because standing maize crop 
residues are a vital food for livestock, and collecting 
and storing residues is labour intensive. As well, 
many soils are hard to plough when dry, even just 
after harvest. Farmers have insufficient draught 
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power and cannot jUstify the excessive wear on 
implements. 

Mulches. In semi-arid areas, between 20% and 50% 
of the total of E + T from a crop can be lost as E from 
the soil surface (e.g. Unger and Stewart, 1983). 
Losses are greatest during early crop growth when T 
per unit land area is low, when the soil surface is 
wet and when the soil is exposed to sun and wind. 
Erosion control is an obvious but important aspect of 
mulching (Amon, 1992). The beneficial effects and 
practicality of crop residue mulches have been well 
researched in Africa, and they are widely used by 
farmers in wetter more productive areas, especially 
where animals form only a minor component of the 

. system. 

Crop residue mulches are less useful for extensive, 
low output cereal production in the semi-arid areas. 
The amounts of plant residue produced are small, 
and almost all of it is used for livestock feed. Similar 
problems have been observed in Latin America, and 
the threshold level of mulch for effective control of 
moisture loss and improved infiltration is about 3 t 
ha-l (E. Scopel, pers. comm., 1993). In semi-arid 
southern and eastern Africa, termite activity and 
burning ensure that most residues not used as feed 
disappear before the start of the next rains. 

Ridging systems. These are designed to reduce 
runoff from soil and to increase infiltration in 
specific areas of the field (Vogel, 1994). Nu.merous 
changes in soil micro-topography have been tried in 
southern Africa. These include the construction of 
ridges and furrows (of various widths), and tied 
ridges and potholes, all combined with variations in 
plant placement. Runoff is concentrated in the 
furrows or potholes where it infiltrates slowly into 
the soil. 

In four years of trials conducted in the Chiredzi area 
of. southern Zimbabwe, using 1-2 m wide ridges 
wIth plants placed in the furrow to conserve and 
~oncentrate water, average maize yield 
Improvement was 15% over a flat planting, which 
yielded about 1.5 t ha-1 Gones et al., 1988). Planting 
on top of the ridge can lead to poor emergence and 
poor establishment of the crop because of high soil 
temperatures and dry soil (DLFRS, 1985), and best 
results have been obtained when plants are 
established on the ridge slope. Compared with 
planting in the furrow, this leads to improved 
germination and growth, since waterlogging after 
heavy rains was reduced and plants were not 
growing on exposed hard pans and infertile subsoils 
at the bottom of the furrow. Furthermore, planting 
on the ridge slope facilitates weeding, and creates 
ample space for relay cropping. 

Although ridging often increases yields on vertisols 
sandy c~a~ soils and paragneiss, it rarely improve~ 
productiVIty on the sandy soils of southern Africa 
(e.g. Jones et ai., 1988; Mataruka and Whingwiri, 
1988), supposedly because during intense rain 
storms excess water collects in the furrow and floods 
the plants (FSRU, no date) while the low water 
holding capacity of these soils means little extra 
moisture can be held in the root zone in dry years 
Gones et al., 1988). Similar inconsistencies were 
reported for southern Zimbabwe by Shumba et al. 
(1993), where tied ridging reduced yield in low and 
high rainfall years but improved yields in average 
rainfall years. Ridges on sandy soils may be 
destroyed by rainfall and by livestock during the dry 
season. Variability in response with pot-holing on 
sandy soils in semi-arid zones is also reported 
(Dhliwayo et al. 1994). 

In addition to uncertain benefits, ridging systems 
have obvious fixed costs from high draught and 
human labour needs to construct ridges and ties, 
made worse by the lack of appropriate implements 
for use by small-scale farmers. On vertisols, tractors 
are needed to make the ridges, and this effectively 
prevents adoption by small-scale farmers. 

Intercropping. The intercropping of maize is not 
common in the semi-arid areas of southern Africa. 
Some cowpeas are associated with maize. Reasons 
commonly cited for intercropping - risk insurance, 
maintenance of soil fertility, fodder production, and 
increased income - are less convincing in semi-arid 
areas than in well-watered zones. The intercropping 
of cowpeas with sorghum in Botswana can reduce 
the land eqUivalent ratio to less than one, and yield 
stability can decrease (Rees, 1986). In dry years, 
intercropping of cowpeas with maize in semi-arid 
parts of Zimbabwe will reduce maize yields more 
than yields of cowpeas, while in wet years maize 
severely shades cowpeas (Shumba et al., 1990a). 
Nevertheless, low densities of bush-type cowpeas 
and reduced plant populations of maize may assure 
a cowpea yield that more than compensates for the 
loss of maize yield. 

In relatively dry environments in Central America 
intercropping or relay cropping of maize with forage 
legumes such as Canavalia ensiformis shows promise. 
Here the legume is sown 15-30 days after the maize, 
between every second maize row, and provides high 
~ualitr. cattle forage and about 50 kg N ha-1 

mcremental fertility without significantly reducing 
maize yields (Gordon et al., 1993). Similar results 
appear likely from studies reported here by Zewdie 
et ai. (1994) with Cajanus cajan in Ethiopia. 
Promising results from cropping maize beneath 
Acacia aibida trees, which obligingly shed their leaves 
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in the rainy season, have been reported by Itimu et 
aL. in Malawi (1993). 

Weed control. Since weeds transpire water that 
could otherwise be used by the maize plant, their 
control is essential in semi-arid areas (Amon, 1992). 
In semi-arid areas of southern Africa, farmers use 
animal traction for early weed control, and often fail 
to remove the within-row weeds until later by hoe. 
It is these within-row weeds that cause the largest 
losses of maize yield (Metelerkamp, 1988). 
Although it is commonly supposed that in semi-arid 
areas competition for water by weeds is more severe 
than in wetter areas, on-farm studies of this problem 
are hard to find. The use of uprooted weeds as 
mulch should help in controlling both T and E. 

Soil fertility and fertilizer use. Low and declining 
soil fertility (Wendt, 1993) is considered the most 
significant threat to sustained production in much of 
southern Africa (Blackie, 1994). Crops grown on 
most soils in the southern and eastern Africa region 
respond to Nand P, and the application of fertilizers 
can improve yields (see Ivy, 1987; Metelerkamp, 
1988), which increases WUE. Because of the 
relatively high cash cost of inorganic fertilizers and 
the risk of a poor response in dry years, application 
rates of inorganic fertilizers are low. In Zimbabwe, a 
country with relatively high fertilizer use, average 
amounts of fertilizer applied to smallholder maize 
crops monitored in 1992/93 were 30 kg N ha-1 and 
10 kg P20S ha-1 in Gutu (Natural Region IV), and 12 
kg N ha-I and 3 kg P205 ha-1 in Chivi (Natural 
Region IV and V) (DR&SS/CIMMYT, unpublished 
data). While yield responses to high doses of N 
fertilizer (over 100 kg N ha-1) can be demonstrated 
with maize in the semi-arid areas of Zimbabwe in 
wet years, economic analyses of trials over a wider 
range of years suggest that only an application of < 
30 kg N ha-1 is economic and basal dressings of 
NPK compound fertilizer are uneconomic 
(Whingwiri et ai., 1988; Mataruka et ai., 1990). From 
experiments in Natural Region IV, Shumba et ai., 
(1990b) demonstrated that 34 kg N ha-1 and 14 kg 
P205 ha-1 was economic in only 50% of years. 

Local sources of mineral nutrients and organic 
matter, such as cattle manure, compost, wood ash, 
tree leaf litter, soil from termite mounds are all 
valued and used by smallholder farmers in semi
arid areas (e.g. FSRU, 1993), but all are in short 
supply. Cattle manure gives sign!ficant yield 
responses if applied at 5-10 t ha-1, but such 
application rates are clearly not possible for all 
cropped land, given the area of arable land per 
family in dry areas (1.5-4 hal and relatively low 
cattle numbers. Manure and compost help increase 
water retention by soils, but very large amounts are 
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needed. For example, 45 t ha-1 of organic material 
are needed to raise the organic matter of the top 30 
cm of the soil by 1%. 

Future research opportunities for production 
technology components. In addition to breeding 
work to introduce plasticity in the production of ears 
per plant, long term studies (done over 6-10 years) 
are still required to determine the best maize 
densities for the follOWing: a) maximum stability of 
yield for subsistence farmers, and b) long-term 
maximum output for farmers who are cash
orientated. Such studies are necessary when new 
varieties differing in stress tolerance and height are 
released. 

Simple modelling approaches, such as those 
employed by Jones (1986, 1987b) in Botswana, 
provide valuable empirical estimates of appropriate 
plant population densities from rainfall data. More 
complex simulation models (see Jones and O'Toole, 
1987; Keating et al., 1991; Thornton et ai., 1994), are 
finding important uses as they are validated for 
southern and eastern Africa. For example, Keating 
et ai. (1991) were able to demonstrate with model 
predictions the need for a lower plant density under 
water- or N-limiting conditions in the Katumani area 
of Kenya. 

An examination is required of interactions between 
seed placement, method of covering, mulch, and the 
timing and amount of rainfall, in relation to planting 
date for different soil types. Decision-making 
guidelines for farmers planting into drying seedbeds 
are necessary, and should be based on research 
under farmer conditions. Some has been done by 
EFSAIP in Botswana for sorghum, but more is 
required for maize. 

Monitoring the rate of fertility decline of sandy soils 
under continuous maize production in semi-arid 
areas merits attention. There has been recent 
interest in sustainable cropping systems 
characterized by high internal cycling of mineral 
nutrients and conservation of organic matter in the 
soil (e.g. Ingram and Swift, 1989, and see Jones and 
Wendt, 1994). While long-term benefits from such 
effects in semi-arid areas may be considerable, it is 
not clear how they might be achieved. For example, 
is intercropping .of cereals with legumes, or 
agroforestry, practicable in semi-arid areas where 
short term benefits from such systems are slight? 
Agronomic and socioeconomic research are needed 
to examine options for cycling mineral nutrients and 
preserving soil organic matter in semi-arid areas in 
ways that benefit the long-term and short-term 
incomes of small-scale farmers. 
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Long-term studies (of 6-10 years duration) are 
needed on the benefits from retuming raw crop 
residues, manure, leaf litter and composts to the soil 
in semi-arid areas, and how these can be 
supplemented through agroforestry. Work should 
concentrate on the amounts required, efficiency of 
utilization, and distribution strategies. For example, 
do repeated inputs of manure, concentrated on a 
small part of a farmer's arable land to build up water 
holding capacity and fertility, represent the best 
strategy, or should small amounts be spread over 
much of the land area each year? 

Models again can help. Keating et al. (1991)/ using a 
modified version of the CERES-maize simulation 
model, was able to quantify the economic risks 
associated with N application under a range of 
rainfalls and initial soil water levels. The risk of 
economic loss from fertilizer application clearly rose 
as crop available moisture declined, and indicates 
how simulation models and long-term weather and 
soils databases can be used to derive 
recommendations. Better-designed fertilizer 
response trials are needed to look at low levels of N 
and P fertilizer and crop residue and manure use 
under farmer management. Although 'Response 
Farming' techniques (Stewart and Kashasha, 1984; 
Stewart, 1991)/ which use early rainfall eventS to 
decide on the amount of inputs (especially fertilizer) 
to apply, have been tried in southem Africa (e.g. 
around Chiredzi in southem Zimbabwe), more 
widespread evaluations are needed. Careful 
adjustment of fertilizer application, according to an 
estimate of maize yield potential based on future 
expected rainfall and crop production functions, has 
resulted in increases in maize profitability of 21-41 % 
on smallholder farms within Zimbabwe's Natural 
Regions III and IV (Piha, 1993). 

The sandy soils of southern Africa are acidic (a pH 
range of 4.2-6.0 with CaCl2 extraction). In Chivi, 
typical of large parts of Zimbabwe that are marginal 
for maize growing, most of the granitic sands have a 
naturally-occurring pH below 5 (Shumba, 1985). 
Experiments are needed to quantify yield losses 
(hence loss in WUE) that occur now because of this 
acidity, and likely losses from continued use of 
acidifying nitrogenous fertilizer. 

Given the resource constraints of farmers in semi
arid areas, the risks involved in cropping there, and 
the small areas planted to maize (often 1-3 ha), many 
farmers will continue to plant maize crops late. 
Thus, there is a need to develop agronomic 
technologies specifically for late plantings, and for 
improving the timeliness of late plantings. This will 
mean emphasis on shorter season cultivars and on 
materials that can establish in wet soils and on 

weedy seedbeds and that can tolerate lower levels of 
irradiance. Technologies so developed may have 
uses also in the sub-humid areas of southem Zambia 
and in Zimbabwe's Natural Region II, where late 
plantings (6-10 weeks after the rains start) of part of 
the maize crop are normal. 

Emphasis is needed on the development of ox
drawn and hand-operated equipment for making 
ridges and ties. Power requirements - draught, 
tractor and human - should be considered before 
and during an experimental programme, not after. 
How can the adverse effects of excess rainfall with 
tied ridges be reduced on shallow sandy soils? 

Better quantification of losses to be expected from 
weeds is required in semi-arid areas. It is important 
to look at low cost/ low labour requiring methods of 
controlling weeds within the crop row, e.g., banding 
of granular herbicides. 

Termites can devastate maize by attacking roots and 
stem bases of maize from silking onwards, in 
preference to sorghum or millet, especially in the 
lowlands of southem Africa. Work to determine the 
frequency and extent of losses under smallholder 
agriculture is needed to justify efforts to develop 
resistant germplasm or control measures. 

More systematic economic analyses of technologies 
for semi-arid areas and assessments of risk are 
required urgently, particularly for technologies 
involving costly inputs. Analyses should be 
updated periodically to ensure that recommended 
practices continue to benefit farmers. 

These require a catchment basin, a storage facility, a 
means of conveying the water and a cultivated field. 
Considerable expertise in developing these schemes 
is available (Perrier, 1990). Catchment systems can 
also be used to control erosion in areas with > 300 
mm of rainfall. Storage dams constructed of earth 
could be used to store water temporarily as a buffer 
against prolonged dry spells a few weeks later in the 
season. 

Finally, draught power is a major limitation to 
timely cultivation, ridging and weeding of 
smallholders fields in semiarid zones. Ways of 
providing more dry season feed for draught oxen 
need examination, e.g. forage legumes such as Vigna 
and Canavalia undersown in maize and alley crops. 
Ways of establishing fodder crops in the dry years 
when t1)ey are most needed merit further research. 

What increase in yields and yield stability might be 
expected from these interventions? Research 
elsewhere indicates that gains in yield from 
investments in crop management research are 
roughly similar to those obtained from plant 
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breeding in high yielding environments, but may be 
two times greater in low-yielding environments 
(Edmeades and Tollenaar, 1990). This suggests that 
yield increases of perhaps 50% are likely from 
improvements in crop management methods, when 
widely employed in semi-arid zones. 

THE FUTURE: NEW AND IMPROVED TOOLS� 
FOR OLD JOBS� 

Appropriate research methods and measures of 
progress. Until the mid 1980s most agronomic 
research for the semi-arid environments of southern 
Africa concentrated on technical options but 
neglected socioeconomic aspects crucial to adoption 
by the resource-poor and risk-averse farmers typical 
of semi-arid areas. Technologies have usually been 
evaluated in terms of production per unit land area, 
occasionally per unit water used, but rarely per unit 
labour or draught power, which often are the most 
limiting factors. Farmers are also concerned with 
ways of ensuring that crop production does not fall 
below a minimal level required for subsistence. As a 
consequence, many technologies have had technical 
shortcomings when tested on-farm. Small-scale 
farmers in semi-arid areas are not all alike, and 
researchers need to target technologies to specific 
groups, e.g., specific models of mechanical planters 
offer advantages to farmers with a certain level of 
cash, oxen and land (EFSAIP, no date). The 
technologies developed have to be compatible with 
longer term issues related to the sustainability of 
production, which although often perceived by 
farmers as of marginal importance, nevertheless has 
the future welfare of those farmers at heart. 

Appropriate research sites. On-farm research (OFR) 
or farming systems adaptive research (FSAR) has 
improved the research focus for semi-arid areas 
towards real needs and circumstances of 
smallholder farmers. There is a continued role for 
OFR in merging technical options with farmers' 
preferences and economics, but it must successfully 
sample the variability of both sites and farmers to 
retain relevance. Without this, OFR has been unable 
to provide a way that promising technologies could 
be extrapolated across large recommendation 
domains (Waddington, 1993a; 1993b). This is 
exacerbated by logistical difficulties when sites are 
remote (Chiduza and Nyamudeza, 1990). In some 
semi-arid areas large numbers of on-farm 
experiments conducted over almost a decade have 
led to little that can be recommended to farmers (see 
Jeranyama, 1992, for Chivi, Zimbabwe). Emphasis 
should be on reducing costs of OFR by focusing on a 
few pre-tested technological alternatives at key sites, 
preferably under farmer management, rather than 
on complex factorials aimed at developing response 

Waddington et ai. 

surfaces. Pre-testing and key site identification will 
be aided by GIS and crop modelling technologies. 

Pre-testing technological choices and extrapolating 
results. Crop models coupled to GIS databases can 
help reduce the need for empirical on-farm trials by 
predicting approximate outcomes from input 
conditions that vary from year to year. GIS data and 
model outputs can be used to delineate target 
agroecological areas or groups of farmers for which 
a particular technology is appropriate (e.g. Dent and 
Thornton, 1988; Keating et ai., 1992). All is not 
sweetness and light: such models have, at present, 
several major limitations. First, there is a lack of 
confidence in outputs from crop models in semi-arid 
areas of southern Africa because of lack of 
validation, and because complex input requirements 
for the models can often not be met (Chiduza and 
Nyamudeza, 1990). Second, most current models 
are insensitive to crop-livestock interactions, 
rotations, weed competition and intercropping (Dent 
and Thornton, 1988; Thornton et ai., 1990), though 
this is rapidly changing. Third, adequate GIS 
databases of soils and cropping systems are either 
not complete or are at too large a scale to be useful at 
a village or sub-district level. As constraints are 
resolved, models will become an even more 
unportant tool for agronomists. When thoughtfully 
applied to smallholder farming in Africa, crop 
models may lead to beneficial modifications to 
farmer practices. The modified CERES-Maize 
model, applied to semi-arid Kenyan conditions at 
Katumani has already provided agronomists with 
empirical evidence of responses to N and plant 
density as functions of water availability that would 
have taken many years to assemble using OFR 
techniques, but at a fraction of the cost (see Keating 
et al., 1991; Keating et ai., 1992; Wafula et aI., 1992). 
Such benefits however, remain difficult for farmers 
to appreciate, and few farmers have adopted the 
predicted optimal practices in the area (Wafula et al., 
1992; Muhammad and Parton, 1992). This suggests 
that now is the time to integrate models and GIS 
technology into the mainstream of agricultural 
research for smallholders in this region (e.g., 
Thornton et al., 1994). There is a continuing need for 
simple robust models that consider specifically the 
interactions between rainfall, soil water and N, 
without the complex input requirements 
characteristic of the more sophisticated crop models. 

An integrated approacJ1 to research and extension. 
Extensionists and on-farm researchers will 
increasingly have a role in focusing breeding, 
pathology, entomology, soils and agronomy research 
towards important real problems faced by farmers in 
semi-arid zones. Their role will also be to test and 
adapt station research results to farmers' needs. 
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Such an integrated approach is essential if 
smallholders' production problems in semi-arid 
zones are to be addressed by practical, economically 
attractive, sustainable and adoptable technical 
solutions. 

CONCLUSIONS 

The close link between crop production and water 
use confirms that we will never completely close the 
gap between well-watered production levels and 
those obtained under water-limiting conditions. It 
seems possible, however, that regional yields could 
be improved by at least 10% by improving the 
drought tolerance of existing germplasm using 
known techniques. Selection methodology will 
focus on increased partitioning of biomass to the 
developing ear at flowering, a change which has also 
resulted in increased yields under well-watered 
conditions. Yields under drought will be increased 
further if selection for improved establishment 
under dry soils continues to show significant gains. 

Improvement of management practices under semi
arid conditions increases WUE by increasing maize 
yields and reducing water losses by evaporation 
from soil surfaces and transpiration through weeds. 
Maintenance of soil fertility is fundamental to 
increasing WUE. Expected gains from crop 
management research are at least twice those 
obtained from improved germplasm performance 
under drought, but to some extent will not be 
achievable until farmers adopt germplasm that is 
more tolerant of drought. The combined effects of 
improvements in germplasm and agronomy suggest 
that 30% of the yield gap between well-watered and 
semi-arid areas could be eliminated by well-targeted 
research over the next decade. Using figures 
presented in Section 3 above, this would amount to 
an annual increase in grain yields of over 500,000 
tons in the eastern and southern Africa region, 
without accounting for spillover effects of this 
research such as improved production under well
watered conditions. 

Past adoption trends suggest, that improved 
cultivars are more readily adopted than changed 
production practices, and imply that investments in 
breeding for drought tolerance may bring a better 
return at the farm level than will investments in 
agronomic practices aimed at increasing WUE under 
semi-arid conditions. There is an increasing need to 
integrate agronomic research with extension 
activities and with socioeconomic studies, and the 
need remains to sample representative farmers' 
circumstances through an efficiently run and well
targeted on-farm research program. 

Research on increasing the stability and level of 
production in semi-arid areas is being helped by 
newly emerging tools. One of these is the use of GIS 
databases and crop modelling, which can now 
provide estimates of temporal risk faced by farmers 
at a fraction of the cost of an on-farm trial program 
conducted over many years. There is a need to 
develop robust models that are less demanding in 
input requirements, and which focus 6n limiting 
factors, such as the crop water balance. While such 
models will never replace field-based agronomy, 
they will surely help focus its research orientation 
and help extrapolate its results to similar 
environments within this complex region. 
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Question to Phibeon Nyamudeza 

P.H.S. Johnson: 
Do you consider that in systems of cropping you 
describe with a high risk of complete failure in 
certain years, improvement of variety grain storage 
would be desirable? 

Response:� 
I agree. At Chiredzi Research Station the evaluation of� 
storage structures from different parts of the country has� 
already started. At Save Valley Experiment Station,� 
Agritex-Chipinge intends to build some structures to� 
show farmers.� 

Questions to David Sperling 

S.K. Kim:� 
How did the resistance of Matuba to maize streak� 
virus and downy mildew affect the high yield that� 
you reported?� 

Response:� 
The disease resistance ofMatuba has added to yield� 
stability and therefore has contributed to its overall� 
performance.� 

S.D. Baguma: 
Please clarify what you mean by a zero-input 
farming system. To me such a system will result in 
zero output. Seed and labour are inputs. Perhaps 
call it a "low external input farming system" instead? 

Response:� 
In our paper, zero input indicates no use offertilizer and� 
pesticides, except as noted.� 
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Question to Herbert Masole 

S.c. Chapman:� 
What is the maturity of P(2) 7930 in days?� 

Response:� 
Pirsabak(2) 7930 reaches physiological maturity 90·100� 
days after planting.� 

Question to Scott Chapman 

C. Mungoma:� 
Can you comment on rolling of leaves as a means of� 
moisture conservation?� 

Response: 
Leafrolling conserves moisture, but also reduces radiation 
interception. It is a valuable survival trait in seedlings, 
but may not contribute to improved grain yield in the face 
ofmoisture stress which concides with flowering. At 
CIMMYT we select against leaf rolling during mid
season stress in the belief that non-rolling genotypes are 
enjoying a higher water status and hence a higher growth 
rate. 
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BREEDING, SCREENING AND EVALUATION STRATEGIES FOR MAIZE EAR 

ROT RESISTANCE 

D.C.NOWELL 

PANNAR (Pty.) Ltd., P.O. Box 19, Greytown 3500, South Africa. 

ABSTRACT 

The maize ear rot epidemics of 1986 to 1988 in South Africa resulted in large economic losses to the 
maize industry. This resulted in the urgent reassessment by maize breeders and pathologists of 
breeding, screening and evaluation strategies for ear rot resistance for the short, medium and long 
term. It was established that natural inoculum was not sufficiently reliable to produce uniform 
infections of sufficient severity necessary to effectively screen and evaluate germplasm. It was 
necessary to find new ways of inducing epidemics and develop effective evaluation methods. 
Commercial hybrids had to be reliably tested for resistance over a wide range of conditions and 
environments. Existing and new sources of resistant germplasm had to be identified and incorporated 
in hybrids. The different options for inducing ear rot epidemics and subsequent screening and 
evaluation methodology are discussed. Improvements in inbred and hybrid resistance and selection 
of germplasm are also discussed. The successes, problems, and failures of ear rot resistance 
evaluation and breeding are highlighted. 

INTRODUCTION� (Koehler, 1959; Hooker, 1956; Sivasankar, et al., 1976; 
Jain et al., 1979; King and Scott, 1981; Odiemah andThe start of the recent maize ear rot problem in 
Manninger, 1982; Gendloff et al., 1986).

South Africa was during the 1985/86 growing 
season in the Natal province when there was a Gevers et al. (1990) stated that the relative 
significant increase in the incidence of ear rot differences in ear rot resistance between some of the 
(primarily Stenocarpella maydis). However, it was heterotic groups used in South African breeding 
during the 1986/87 growing season that the South programmes are significant. It is impo~tant that ear 
African maize producing area as a whole suffered rot susceptible heterotic groups either be improved 
severe losses as a result of an ear rot epidemics. It for ear rot resistance or possibly be eliminated from 
was this relatively sudden and significant problem breeding programmes. However, some of the more 
that made maize breeders in South Africa re-assess susceptible heterotic groups are those with above 
the importance of resistance to the ear rotting fungi . average heterosis when test crossed. Gevers et al. 
in their breeding programmes. There are a number (1990) showed that the traditional U.S.A. inbreds are 
of important factors contributing to ear rot usually significantly more susceptible to ear rots 
epidemics, such as climatic variation, maize than many of the locally developed public lines. 
monoculture, conservation tillage, and ear rot Heritability of ear rot resistance is complex, with 
susceptibility of hybrids. Improving cultural and many types of inheritance mechanisms having been 
sanitation practices are essentially short to medium reported (Hooker, 1956; Wiser et al., 1960; Ooka and 
term solutions to an ear rot problem, whereas Kommendahl, 1977; Sivasankar et al., 1976; Warren, 
breeding for ear rot resistance is a medium to long 1978; Boling and Grogan, 1965). Most resistance 
term solution. A good breeding programme for ear mechanisms are additive in nature and relatively
rot resistance has to be backed-up by effective, large genetic gains in resistance can be made in a 
practical screening and evaluation procedures. relatively short period. Progress in developing 

RESISTANCE resistance to the ear rot complex and the heritability 
of the resistance is significantly influenced by the 

When breeding for ear rot resistance, it is important base level of resistance of the germplasm and the
to realise that resistance to the three main causal severity of the selection pressure (both inoculum 
fungi in South Africa, namely Stenocarpella maydis, S. pressure and quantitative or qualitative selection). 
macrospora and Fusarium graminearum, is in general Useful resistance can be overlooked if the inoculum 
inherited independently to each other (Koehler, pressure is too great ~d/ or the breeder practices 
1959). However, Mesterhazy (1982) and Mesterhazy qualitative selection instead of quantitative selection 
and Kovacs (1986) suggested that there are specific practices.instances when there is a correlation between 
resistance to more than one fungus. Most maize NATURAL AND ARTIFICIAL EPIDEMICS 
breeders believe there are large _and consistent The South African climate is very variable and it is
differences in ear rot resistance between genotypes unlikely that natural epidemics are consistent 
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Table 1: Summary of ear rot incidence in old and new commercial hybrids expressed as apercentage relative to the mean percent diseased grain 
for the trial (1986-1991). 

Hybrids 1988/89 1989/90 
PAN 6528 137 156 
PAN 6552 120 135 
PAN 6480 84 
PAN 6549 90 78 
PAN 6479 76 
Mean ReI. %Disease 100 100 
Mean %Disease 18.0 6.8 
No Trials 21 6 

enough to give sufficiently high infection levels to 
ensure good selection pressure, which is necessary 
to make accurate assessments of ear rot resistance of 
lines and hybrids among or within seasons. 
Therefore, it is important that artificial epidemics be 
created to ensure adequate and uniform selection 
pressure. The introduction of inoculum into the 
plants by injection, or similar methods, circumvents 
mechanical "resistance" barriers which can be 
significant (Koehler, 1959), and may cause useful 
resistance and/or avoidance mechanisms to be 
overlooked. In addition, these inoculation methods 
do not always give results that correlate well with 
resistance under natural epidemics (Nowell, 
unpublished). 

After extensive experimentation, the most natural, 
practical, and effective way to induce epidemics was 
found to be the introduction of infected plant 
material onto the plant to ensure infection. This can 
be done by introducing the fungi through old 
naturally infected material (such as ground-up 
rotten ears) or through pure cultures either grown 
on maize kernels specifically for this purpose or for 
use as pure spore suspensions. This material can be 
placed in the whorl, shortly before flowering, or at 
the base of the ear, although the latter has given rise 
to infections that are too severe for meaningful 
differentiation between hybrids. Using this method, 
in association with irrigation in dry seasons, we have 
found it is possible to control the rate of application 
(inoculum pressure), time of application, fungal 
species/biotype inoculated and free moisture once 
the inoculum has been applied. By applying 
inoculum to the soil surface and/or to the whorl of 
the plant at an early stage of plant growth, it is also 
possible to increase the amount of stalk rot. By 
using this method it is easy to apply inoculum to a 
large number of plants in a relatively short space of 
time. 

DISEASE ASSESSMENT 

Nowell (1988) and Nowell and Kaiser (1989) 
suggested that ear rot data for hybrids be collected 

' 

Season 
1990/91 1991/92 1992/93 

125 121 131 
151 129 117 
42 38 104 
103 60 105 
63 51 81 
100 100 100 
18.8 10.5 15.9 
2 4 6 

as the percentage visibly rotted kernels (by mass), 
and reported as a percent rot relative to the mean of 
the trial. There are other methods of ear rot 
evaluation, such as differential. apparent infection 
rates (Enerson and Hunter, 1980), but these methods 
are usually used for genetic studies and are very 
time consuming. It is also important to get data 
from as many seasons and planting dates as possible 
before conclusions are drawn as to the relative 
susceptibility / resistance of a hybrid. 

In a breeding programme a simple 0 to 5 rating scale 
can be used effectively. to eliminate very susceptible 
germplasm in the preliminary testing phase. During 
the intermediate testing phase (more accurate data 
needed), the amount of ear rot can be determined as 
the percent ears that have more than 10 percent 
rotten grain. The final testing phase must be as 
accurate as possible and should be based on the 
percent diseased grain to give maximum, accurate 
differentiation between hybrids or inbreds. The use 
of the different systems will be influenced by the 
need for accurate data, work load and the 
practicality of the exercise (Nowell and Kaiser, 
1989). 

DATA PRESENTATION 

Data in Table 1 show that currently marketed 
hybrids generally are improved for ear rot resistance 
relative to previously marketed hybrids e.g. PAN 
6528. This information was taken from trials in a 
national trial series run by PANNAR (Pty.) Ltd. The 
percent diseased grain was calculated by visually 
separating the diseased grain from the healthy grain, 
then calculating the percent diseased grain based on 
mass. To compare hybrids amongst themselves, 
data are presented as a percent of the mean infection 
for each trial. It is important to realise that no effort 
was made to separate the different ear rotting fungi, 
but the predominant fungus was always S. maydis. 
It is now more important than ever that 
"problematic," ear rot susceptible hybrids be 
identified as soon as possible to avoid excessive loss 
in grain quality on the farms. 
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It can be meaningful to present ear rot data in the 
form of frequency distributions. This can be done 
for hybrids over locations, areas and/or seasons. It 
is very important that only trials with meaningful 
infection levels be used. Accuracy of the 
information on hybrid response to ear rot pathogens 
will increase as more locations and seasons of data 
are used (Nowell, 1988; Nowell and Kaiser, 1989). 

Nowell and Kaiser (1989)/ Nowell (1988) and Flett 
and McLaren (1994) noted that a hybrid/s response 
to ear rot infection was not linear with increasing 
inoculum potential. It was postulated by Nowell 
and Kaiser (1989) and Nowell (1990) that there was 
an inoculum threshold level above which a hybrid 
increased unexpectedly in susceptibility. This 
phenomenon was shown statistically, using non
linear regression of the number of Stenocarpella sp. 
infected ears, to be a non-linear response in hybrid 
resistance to increased inoculum pressure (Flett and 
McLaren 1994). Using this non-linear model, it is 
relatively easy to predict a particular hybrid's 
response to ear rot infection at a given ear rot 
potential, and it is easy to explain the rank variation 
normally encountered with standard analysis 
procedures. It is very important to use this model 
on multi-location and multi-seasonal data as the 
accuracy of the model will largely depend on the 
number of trials used and the range of the levels of 
infection in these trials. This ear rot regression 
model can also be used to predict a particular 
hybrid's response to a given inoculum potential. 
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ABSTRACT 

CIMMYT data from the megaenvironment study, and reported maize yield losses due to Exserohilum 
turcicum and Puccinia Borghi, are presented and discussed. Through the use of models and 
geographical information systems, locations possessing favorable conditions for disease development 
will be combined with international testing results for mapping the distribution of high disease 
incidence environments for these pathogens. Information is presented on the host plant resistance 
levels in CIMMYT germplasm for use in environments where. E. turcicum and P. Borghi, are prevalent. 

INTRODUCTION 

This paper presents information on maize yield 
losses due to turcicum leaf blight and common rust 
caused by the fungi Exserohilum turcicum, Leonard & 
Suggs, and Puccinia sorghi L. respectively, and will 
present the status of resistance to these diseases in 
CIMMYT maize germplasm. 

CIMMYT divides maize germplasm into major 
agroecological zones, based on its adaptation. To 
assist in prioritizing activities for maize 
improvement, CIMMYT carried out a study in 1988 
to determine the constraints to maize production in 
developing countries in the different ecological 
zones. This study helped quantify the importance of 
diseases for each ecological zone, and to group into 
mega-environments maize production areas with 
similar germplasm needs including grain type and 
maturity. Within the midaltitude, transition zone, 
and highland maize ecologies of east and southern 
Africa, turcicum leaf blight (TLB) and common rust 
(CR) were reported to be the most important foliar 
diseases affecting maize production. These 
ecological zones encompass maize production at 
elevations from 900 to over 2000 masl. The 
estimated area of maize affected by these diseases in 
the different maize ecologies are presented in Table 
1. For TLB this represents approximately 56, 96, and 
100% of the area devoted to maize production in 
midaltitude, transition zone, and highland ecologies, 
respectively. For common rust this is 50, 55, and 
100% of the area for maize in the same ecologies. 

Table 1. Hectares of maize affected by Exserohilum turcicum and 
Puccinia sorghi in Eastem and Southem Africa 

E. turcicum P. sorghi 
Mid-altitude 3,473,000 3,093,000 
Transition zone 1,392.000 794,000 
Highland Tropical 20,000 20,000 
Source: CIMMYT Maize Program 1988. Maize production regions in 
developing countries. Areas reported to have some economic losses 
due to these pathogens. 

Most of the studies on environmental conditions 
favoring TLB and CR, and the calculation of yield 
losses associated with infection, were performed on 
hybrids and inbred lines in temperate environments. 
Environmental conditions favoring disease 
development would be similar in non temperate 
environments, though specialization of fungal 
isolates for different maize growing environments 
could occur. 

Optimum conditions favoring TLB are temperatures 
between 18-27 °C and dew periods greater than 6 
hours (Berger, 1970) with disease development 
occurring between 9 and 30 °C (Leach et aI., 1976). 
Berger (1970) developed a disease forecasting 
system for predicting epidemics in sweet com. At 
temperatures of > 15 °C and close to 100 % relative 
humidity, 7-8 hours gave light to moderate 
epidemics and > 11 hours lead to severe epidemics. 
Fitness factors related to aggressiveness of fungal 
isolates were also found to be important in TLB 
epidemics (Levy 1989, 1991). 

Yield losses reported for TLB range between 0-70% 
for hybrids (Ullstrup and Miles, 1957) and 5-44% for 
susceptible inbred lines (Bowen and Pedersen, 1988). 
Yield reduction caused by TLB is related to the 
susceptibility of the germplasm, and to the stage of 
plant development when initial infection occurs. 
With highly susceptible germplasm, disease onset 
shortly after flowering led to losses up to 70% while 
resistant hybrids had no more than 18% reduction in 
yield (Ullstrup and Miles, 1957). In a moderately 
resistant maize sweet com hybrid less than 8% 
infection in the upper 75% of the canopy at 
senesce:r\ce led to little yield loss (Pataky, 1992). 
Increases in yields of up to 40% were reported with 
the improvement of resistance to TLB in subtropical 
maize pools at CIMMYT. Using recurrent selection 
for the improvement of 8 early and intermediate 
CIMMYT pools for TLB resistance, Ceballos et aI. 
(1991) reported yield increases of 20-40%, though 
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yield increases can not only be attributed to 
improved TLB resistance. 

Common rust can also cause epidemics in 
midaltitude, transition zone, and highland maize 
areas of Africa. The optimum conditions favoring 
the development of CR are temperatures between 
16-25 °C, with> 98% relative humidity for more 
than 4 hours. Disease development is reported to 
occur betwe~n 4-32 °C (Weber, 1922), and due to this 
ability to develop at lower temperatures, CR can 
occur when temperatures are too cool for TLB. Yield 
losses due to CR are reported up to 35% (Kim and 
Brewbaker, 1976), and under severe infection of 
temperate germplasm at ClMMYT headquarters in 
Mexico, 100% yield losses have been observed 
(personal observation). 

Using maximum and mm1Illum temperature 
requirements for these two maize pathogens, and by 
estimating dew formation, geographical information 
systems (GIS) can be used to determine locations 
with environmental conditions favorable for disease 
development on susceptible maize germplasm. 
Verification studies in representative locations 
would need to be made to determine the actual area 
with TLB and CR conducive environments. 
Unfortunately, not enough international testing data 
is available for this region at present to determine 
the extent of disease conducive environments using 
GIS techniques. 

Resistance to TLB and CR. Both monogenic and 
polygenic resistance to E. turdcum are available. 
Four dominant to incompletely dominant genes 
have been described for conferring resistance to TLB 
and include Ht1, Ht2, Ht3, and HtN. These genes 
also improve the level of disease resistance when 
used in combination with polygenic resistance. The 
Htl gene has been widely used in temperate 
environments. The Ht1 gene reduces lesion size and 
the amount of sporulation in lesion tissue, and has 
chlorosis associated with the lesions (Hooker, 1961). 
Both Ht2 and Ht3 (Hooker 1977, 1981) also reduce 
lesion size and sporulation, but have been used less 
than the Htl gene. The chlorosis associated with the 
Ht1, Ht2 and Ht3 genes can be extensive under 
severe infection. The HtN gene (Gevers, 1975) 
reduces lesion number, but not the size, and 
increases the period between infection and lesion 
development (latent period) prior to flowering. 
Races of E. turdcum have been found which 
overcome these four sources of monogenic 
resistance. Polygenic resistance is reported to 
reduce lesion number, increase the latent period, 
and to reduce lesion size (Sigulas et ai., 1988) with 
resistance factors being mapped to at least 3 
different chromosomes (Brewster et ai., 1992). A 
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source of polygenic resistance in temperate 
environments, Mo17, was not found to be useful as 
source of resistance in Uganda (Adipala et al., 1993). 

Monogenic and polygenic resistance are also known 
for P. sorghi. Monogenic resistance can be found at a 
large number of loci for wich many alleles are 
present in maize. The genes controling monogenic 
resistance to CR are known as Rp genes, some acting 
in a dominant manner while others are recessive. 
Resistance is expressed, both in seedlings and adult 
plants, as chlorotic or hypersensitive flecks which 
support little or no sporulation (Hooker and Saxena, 
1971). Polygenic resistance has many genes 
involved and is observed in adult plants and not 
seedlings. With this form of resistance there is a 
reduction in the number of pustules or uredia 
numbers prodl.1ced (Hooker, 1969; Kim and 
Brewbaker, 1977). 

Maize being developed at CIMMYf for 
subtropicalj midaltitude, transition zone and 
highland environments is screened for resistance to 
E. turdcum and P. sorghi. In Mexico both summer 
and winter nurseries are used for TLB screening 
activities with evaluations performed at the El Batan 
and Poza Rica research stations, respectively, using 
artificial inoculation with E. turcicum that has been 
colonized on sorghum grains that are then placed in 
the whorl at the V5-V6 growth stage. Depending on 
environmental conditions severe epidemics can 
often be generated for evaluating the resistance to 
TLB. Only the summer nursery at El Batan is 
utilized for CR screening under natural infection. 
The Oxalis plants present at CIMMYf's El Batan 
station are the alternate host for P. sorghi and severe 
epidemics are possible on a yearly basis. In the 
Harare program, germplasm is also evaluated for 
resistance to these two diseases. Artificial 
inoculations are also used for generating TLB 
epidemics. The attributes described above for 
polygenic resistance to TLB and CR are used in the 
selection process for improving disease resistance, 
while those attributes associated with monogenic 
resistance which do not possess adverse effects such 
as extensive chlorosis are also utilized. 

At present there is sufficient resistance to both TLB 
and CR available in CIMMYT germplasm at both 
Harare and in Mexico however most of the 
germplasm coming from Mexico lacks resistance to 
the maize streak vinis. In collaborative research 
activities with KARl, Kenya, the University of 
Hohenheim, Germany, Bar-l1an University, Israel, 
and CIMMYT, E. turcicum resistant lines are being 
evaluated at several locations in Kenya. Of these 
materials, several CIMMYf lines have proven to 
have high levels of resistance under high disease 
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pressure produced by artificial inoculations and 
conducive environmental conditions for disease 
development. 

All germplasm in development does not carry the 
same level of resistance to both pathogens at this 
time, and work with the CIMMYT breeders in the 
region will help in obtaining the best materials for 
your location. 
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ABSTRACT 

Various genotypes were screened for resistance/tolerance to maize streak virus disease in Muguga. 
Kenya (1950 MASL) using the greenhouse method. The materials screened were either susceptible or 
have resistant genes from IB32 or La Revolution~ Results show that resistant sources from CIMMYT. 
Harare mid-altitude background were more stable and agronomically acceptable. The UTA sources 
were less stable than the CIMMYT. Harare genotypes probably because of modifier genes coming from 
its lowland background. The La Revolution source had the best resistance but was agronomically 
inferior to the other two sources. One Kenyan accession was found to show light infection by the 
maize streak virus. 

INTRODUCTION 

The maize streak virus (MSV) disease is endemic in 
the coastal and mid-altitude areas of Kenya causing 
infections of from 15 to 87% since the early 1970's 
(Bock, 1980; Theuri and Njuguna, 1988). The most 
common vectors (MSV) in the country are Cicadulina 
storeyii, C. mbila and C. latens (Okoth et aI., 1989). 
Studies on the inheritance of resistance to the disease 
started in Kenya during the early 60's and continued 
on to the 80's with results varying from partial 
dominance of susceptibility due to a major gene 
(Storey and Howland, 1967), polygenic (Bock, 1984) 
and dominance for resistance (Rasaiah, 1984). In 
1979, IITA developed a resistant inbred line, IB32. 
Resistance in this source is governed by two or three 
major genes and some modifiers (Kim et aI., 1989). 

In late 1989 the Kenya Agricultural Research 
Institute (KARl) started a breeding program to 
develop streak resistant (SR) cultivars for the mid
altitude and lowland areas of Kenya. Resistant 
sources were obtained from IITA and screened using 
the greenhouse method (Storey and Howland, 1928) 
and field methods using artificial and natural 
infestations. The objectives of the program were as 
follows:

1.� To identify a "stable" source of resistance for the 
conversion of Kenyan inbred lines to SR forms. 

2.� To identify open-pollinated (OP) genotypes that 
can be used as parent materials of variety crosses; 
and/or components of a breeding population. 

The greenhouse evaluation aspects of the project are 
reported in this paper. 

MATERIALS AND METHODS 

Various accessions were screened for resistance 
tolerance (R/T) to MSV, using the greenhouse 
method (Storey and Howland, 1928). The steps 
involved are the following. Test materials were 

arranged in trays holding 50 pots. The trays are then 
placed in glasshouses large enough for four trays. C. 
mbila vectors were fed for 48 hours on infected 
plants and used to infest the test materials by 
confining them on 6" xI" glasstubes clipped on the 
first or second leaf of the seedlings. Two hoppers 
were placed on each glass tube. Infestation was 
done for two days on seedlings 10 days after sowing. 
Hoppers from the test materials were then 
transferred to the susceptible check to verify that 
they had acquired the virus. If no symptom was 
observed, the process was repeated after six to seven 
days. 

Three to four weeks after infestation, the test 
materials and the check were rated for their reaction 
to MSV using the following scale. 

Class rating Description 
1 No symptoms 
2 Ught infection 
3 Mild infection (no stunting) 
4 Moderate infection (with or without stunting) 
5 Severe infection and stunting 

A weighted mean rating (WMR) was calculated for 
each genotype based on the frequency of the plants 
in each class, as follows:

WMR -fiXi 

where - Xi - class rating (CR) 

fi -� frequency of CR. 

Test materials with ratings of 1 or 2 were 
transplanted in the field for agronomic and R/T 
observations. In the fi~ld, agronomically desirable 
plants were selfed for further testing and/or used in 
development of synthetics. 

EXPERIMENTAL RESULTS 

The first concern was the "stability" of H511 as the 
susceptible check even though it was used for this 
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purpose since the 70's. Table 1 shows the population 
parameters of the WMR's from 29 samples. The 
mean WMR of H511 is 4.15 and the standard error of 
the mean was 0.115. The CV of the mean was 2.76%. 
The 29 sample WMR's did not significantly differ 
from a normal population based on skewness and 
kurtosis parameters. The above data shows that 
H511 is a stable check although it will be desirable to 
look for an inbred line as a check when inbreds are 
screened. 

Table 1. Population parameters of MSV scores from 29 samples taken 
from the susceptible check (H511). 

IJ= 4.15� 
ad n= 0.115� 

C.V.(x) = 2.76 
Skewness = 3219; P= 0.2320� 

Kurtosis = 1.1171; P=0.0985� 

Table 2 shows the results of the first screening made 
in 1990. The best rating came from the open
pollinated genotypes M5R x Pool9a (1.76), followed 
by the inbred lines Tzi 3 and Tzi 9, with ratings of 
2.38 and 3.19, respectively. The results of another 
batch, made in 1990, are shown in Table 3. The best 
ratings were obtained from the inbred line Reunion 
56 (1.05) and MSR x Pool 9 (1.21). The inbred line 
100 M5R had a rating of 1.31. The OP HA5R from 
Burundi, had a rating of 3.57 (moderate), while the 
Tzi 8 and the single cross (SC)" 5 x Tzi 15 had a 
rating of 2.55 and 2.34, respectively. The ratings of 
the single cross and the first backcross using Tzi 3 
and Tzi 9; and Reunion 56 as recurrent parents are 
shown in Table 4. The data shows improvement in 
R/T among SC and the backcrosses. Finally, the 
results of the screening done in 1993 are shown in 
Table 5. Reunion 56, the Opts MU AP13 and La 
Revolution had the best ratings of 1.27, 1.93 and 
2.05, respectively. A local accession, 013099, gave a 
rating of 2.30, the best among the local materials 
screened. . 

Table 3. Reaction to MSV of various genotypes in 1990 trials. 

Genotype Symptomless Light Mild 

1. Reunion S6 (IL) 94.7 5.3 0 
2. 100MSR (IL) 89.0 4.2 0 
3. Tzi 8 (IL) 38.8 11.4 13.8 
4. HASR(OP) 44.1 20.5 0 
5. SxTzi 15 (Sc) 47.4 11.8 13.6 
6. MSR x Pool9a (VC) 86.0 7.0 7.0 

IL = Inbred lines; Op-Open pollinated; Sc. Single cross; VC =Varietal Cross 
, 
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Table 2. Weighted ratings of four genotypes in two tests conducted in 
1990. 

Genotypes Rating 
1. Tzi 3(IL) 2.38 
2. Tzi 8 (IL) 3.19 
3. MSR x Pool 9 1.76 
4. H511 (check) 4.37 

LSD (0.05) 0.69 

C.v.(x) 19.3% 

DISCUSSION 

When the project was started in 1989, the first source 
of resistance were brought in from lITA but were 
grown in the greenhouse for one season under 
quarantine. The lines had abnormal growth and few 
seeds were obtained. The high temperatures in the 
greenhouse affected nicking. The second problem 
encountered with lITA materials and their 
derivatives was that when transplanted to the field 
for observations they succumbed to Exserohilum 
turcicum and Puccinia sorghi. This led us to conclude 
that using Tzi lines would slow down progress 
because we have also to select for tolerance to the 
above two diseases. 

Our results using Reunion 56 showed that even at 
BC1, the plants were agronomically poor. The 
synthetic, MU Syn 1, developed from HASR, did not 
perform well in yield tests with the local variety 
Kikuyu, although it has an acceptable field 
resistance. On the other hand, the materials 
obtained from CIMMYT-Harare had good field 
resistance and fair agronomic performance except, 
for E. turcicum disease. 

Therefore, we focused on these materials by 
selecting for earliness, resistance to E. turcicum and 
against bare tips. Today we have two mid-altitude 
intermediate maturity (MAIM) varieties undergoing 
tests in the National Performance Trials (NPT) and 
two more are in the advanced yield tests. All have 
the Harare source for resistance. 

Moderate Severe Total Weighted 
Mean 

0 0 38 1.05 
0 6.8 73 1.31 

27.7. 8.3 72 2.55 
0 35.4 34 3.57 

13.6 13.6 59 2.34 
0 0 43 1.21 
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Table 4. MSV Scores of susceptible x resistant-crosses among inbreds conducted in 1991. 

Genotypes Mean Ratings 
(F xTzi 3) F1 3.94 
(0 x Reunion S6) 8C1 2.65 
(N x Tzi9) BC1 2,28 
N(IL) 4,85 
S(IL) 4.70 

Table 5, Reactions of various genotypes to MSV Screening in 1993. 

Genotypes Source of n 2 3 4 5 Mean rating 
resistance 

1.Reunion IL LR 22 81.9 13.6 0 4.5 0 1.27 
2. MUVC 9014SR VC CH 36 11.2 5,5 0 8.3 75.0 4.30 
3. MUVC 9184SR VC CH 39 12,8 0 0 7,8 79.4 4.41 
4, H511 (CK) VC S 33 15,3 30 30 12.1 66.6 4.08 
5, MUSYN1 SYN B 19 26.5 10.5 0 5.2 57,8 3.57 
6. Tzi SYN SYN I 33 27,2 18.1 12.1 15,4 27,2 2.97 
7. MUAP1 OP S 31 6,4 0 0 3.2 90,4 4.71 
8. MUAP AP13 OP CH 31 61.4 19.3 0 3.2 16.1 1.93 
9. O. Cobber OP S 37 0 2.7 10.8 0 86.5 4.70 
10. MUAP3 OP CH 32 9.3 . 6.2 0 0 84.5 4,44 
11. MUAP40P CH 30 16.6 6.6 6.6 3.3 66.9 3,97 
12. KAAP30P CH 33 27.2 6.0 0 12,3 54,5 3.60 
13. ACC.0130 99 LR K 37 64.8 0 0 10.8 24.4 2.30 
14, La Revolution OP LR 33 54,7 15.1 0 15,1 15,1 2.05 

1/IL-lnbred line; VC-variety cross; SYN-synthetlc; OP-open pollinated 
2l LR-La Revolution; CH-CIMMYT Harare; S·susceptible; B·Burundi; I· liTA; K·Kenya 

Table 6. Summary ratings of genotypes with IITA Sources. 

Genotypes 1990(T2) 1990(T3) Group 
Mean 

Tzi 3 2.38 
Tzi8 3.19 2.55 2.77 
Tzi SYN 2.97 
(S x Tzi 15)F1 2.34 
(F xTzi3)F1 3,94 2.85 
(N x Tzi9)8C1 2.28 

Table 7, Summary ratings of genotypes with CIMMYT-Harare Sources. 

Genotypes' BackgrOundZ T2 T.3 T5 Mean 
1. MSR x Pool9a OP MAlHA 1.76 1.21 
2.100MSR IL MAlLO 1.31 
3. MUAP 13 OP MAlHA 1.93 

Group mean 1.55 
4. MUAP30P LO 4.44 
5. MUAP40P LO 3.97 
6. KAAP30P LO 3.60 
7. MUVC 9014 SR VC LO 4,30 
8. MUVC 9084 SR VC LO 4.41 

Group mean 4.14 

1/ OP - open pollinated; [L-inbred line; VC-variety cross 
2l MA - mid-altitude; HA-high altitude; LO- Lowland. 
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Table 8. Field and greenhouse ratings of selected varieties in Kenya. 

Varieties Greenhouse(G) Field(F) Yield(! ha' i) 

1MUAP4 3.97 2.3 9.39 
2. MSR x POOL 9a 148 13 7.77 
3. MU VC 9014 430 1.8 7.30 
4. MU AP 3 3.60 2.2 6.11 
5. H511 4.08 4.7 3.81 

F,G =0.499: P=0.375 
Y,G =0.244; P =0.711 
Y,F =0.768; P=0.106 

We have no reason to believe that the IITA and 
CIMMYT sources are different because they were all 
derived from IB32. If R/T is governed by two major 
genes, which we think is true based on our own 
experience, why do the two sources behave 
differently in Muguga (Table 6 and 7) which is about 
1950 MASL? This is probably because of the 
background of the recurrent parent used. As shown 
in Table 7, the group mean rating of sources from 
Harare with mid-altitude backgrounds is 1.93 while 
those with lowland backgrounds have a mean of 
4.14. It is possible that the modifiers of the major 
genes differ depending on the background used. It 
would be desirable if variability in R/T due to the 
major genes are known in both the mid-altitude and 
lowland backgrounds. We have no problems with 
the lITA sources in the coastal areas of Kenya, and in 
the semi-arid areas when u~ed as a male parent of a 
variety cross. Therefore, we recommend that when 
developing R/T varieties for an area, one should use 
a source adapted to the target environments. 

We have two reservations in our screening 
procedures, namely that by discarding plants with a 
rating of more than 2, we may be too strict and thus 
eliminate good materials that will have desirable 
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field resistance. The second problem is that we have 
a very poor correlation between our greenhouse 
and field infestation data on materials with ratings 
of less than 4 (Table 8). On the other hand, field 
rating and yield are well correlated when 
infestations are moderate to severe (Kim et al., 1989). 
However, with basic studies on the disease now 
being done by three PhD students in Kenya we hope 
to improve our techniques. 
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ABSTRACT 

Downy mildew (DM) threatens maize production in Nigeria, Zaire, Mozambique, and Uganda, and has 
been reported in other African countries. Until recently, resistance breeding at the International 
Institute of Tropical Agriculture (UTA) relied on artificial inoculation during the night, when conidia 
are normally released. This technique was labour intensive, inconvenient, and levels of infection 
varied with weather conditions. In 1992 and 1993, two new inoculation methods were adopted which 
have greatly improved screening efficiency. For the seedling inoculation method, seeds are 
germinated and inoculated in the laboratory when the radicle and coleoptile have just emerged. 
Seedlings are transplanted to the field and test rows are planted 10 days later. Average disease 
incidences of 85% (1992) and 90% (1993) were obtained in susceptible test rows with this method. 
Requirements for labour and inoculum have been greatly reduced. A laboratory screening method is 
also described which reduces escape to less than 5% and can be utilized during the dry season. Among 
the varieties adapted to lowland ecologies of west and central Africa, Suwan I-SR has the highest level 
of DM resistance (95%). This variety was developed in Thailand and converted for resistance to maize 
streak virus at UTA. KU1414, derived from Suwan ·1, has been an outstanding parental line in the 
hybrid breeding programme at UTA. Current breeding efforts are aimed at upgrading resistance in 14 
open-pollinated populations and converting elite inbred lines for DM resistance. Using these 
improved screening methods, satisfactory levels of resistance will be attained in these materials 
within the next few years. 

INTRODUCTION In Nigeria there appear to be two distinct strains of 
P. sorghi which infect maize: a "sorghum" strain in 

Downy mildew (DM) on maize, caused by the 
the northern savanna regions and a "maize" strain in fungal pathogen Peronosclerospora sorghi ((Weston some of the more humid southern states. The latter 

and Uppal) e.G. Shaw), has been widely reported in is so aggressive that infected plants produce no
Africa (Frederiksen and Renfro, 1977) and has grain. Incidence of DM in susceptible maizebecome a serious threat to maize production in parts varieties may be as high as 90% under naturalof Nigeria, Zaire, Mozambique, and Uganda. Host 

conditions, resulting in up to 90% yield loss inplant resistance has been shown to be an extremely 
farmers' fields. In contrast, symptom remission of 

effective and cost-efficient means for controlling OM the sorghum strain has been observed on maize
throughout the world. (Olanya and Fajemisin, 1992). The sorghum strain 
This paper describes and compares several produces two types of spores; conidia and oospores. 
inoculation methods for screening for OM resistance Oospores can withstand dessication and can be seed 
which have been used in the maize breeding transmitted. In the south where the maize strain 
programme at lITA. Progress in developing occurs, only the more ephemeral conidia have been 
resistant varieties adapted to the lowland tropics in observed, which germinate and lose viability within 
Africa is also reported. hours after sporulation. Maize seed that is dried 

below 12% moisture content most likely can not
A great deal of research has been conducted on the transmit this strain of DM. It is thought to survive 
biology and epidemiology of the DM diseases in the dry season in hydromorphic areas, where maize 
cereals. Some aspects relevant to resistance breeding 

is produced throughout the year. Since 1990 the 
and control of P. sorghi in Africa are presented here southern strain has spread over 200 km west of the 
as background information. For a comprehensive original endemic zone and is now threatening maize 
reference to the literature on DM, the reader is in the neighbouring Republic of Benin (Cardwell, 
referred to a review by R.J. Williams (1984). unpublished data).� 
EPIDEMIOLOGY AND SCREENING METHODS� Conidia production and infection. DM is an 
Epidemiology. Symptoms of OM include white, obligate parasite and therefore cannot be cultured. 
powdery conidia on the underside of maize leaves; For screening purposes, inoculum must be collected 
half leaf chlorosis; narrow, stiff, erect leaves; and and applied directly to test material. P. sorghi 
malformations of both female and male requires high relative humidity (>85%) and cool 
inflorescences referred to as "crazy top". temperatures (20-210 q to sporulate. Conidia are 
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Table 1. Summary of downy mildew screening in the populations improvement programme, 1989-1993. 

Year Season Material 

1989 A EV8443-DMRSR BC2 S1 
EV8443-DMRSR BC3 S3 

1989 B DMR-LSRW S1 
DMR-LSRY S1 
DMR·ESRW S1 
DMR-ESRY S1 
Pop. 28·DMRSR S1 

1990 A TZL Compo 3CO S2 
Pop. 28-DMRSR S1 
Pop. 22·DMRSR BC4 S1 

1991 A TZE Compo 4-DMRSR BC1 S1 
TZE Compo 3C1 S1 
DMRlevels 

1991 B DMRlevels 
1992 A TZL Compo 4 CO S2 

TZE Compo 3C1 S1 
DMRlevels 

1993 A Pop. 31-DMRSR S1 
Pop. 22-DMRSR S1 
Acr. 90 DMR·LSRW 51 
Aer. 9028-DMRSR S1 

§ Data not collected due to low incidence of DM 

released at night when the necessary combination of 
relative humidity and temperature normally occur. 
Although spores can only be produced in the dark, a 
period of at least one hour of light is a prerequisite 
for sporulation, which begins 7-8 hrs after the light is 
removed. The level of spore production is affected 
by the quantity and quality of light received. 

To cause systemic infection, OM spores must 
germinate and penetrate meristematic tissue. Since 
the maize strain produces no oospores, the earliest 
possible infection under natural conditions occurs 
when the seedling emerges from the ground ana is 
exposed to airborne conidia. Penetration of leaves 
by conidia occurs through open stomata. Probability 
of infection is greatest when the temperature is 
dropping and there is condensation on leaf surfaces. 
Typical half-leaf symptoms result from infection of 
expanding leaf blades in the whorl of the plant. By 
about 30 days after planting (DAP), depending on 
the developmental stage of the plant, systemic 
infection with OM is no longer possible. 

Field inoculation and use of spreader rows. To 
achieve a high level of infection in breeding 
nurseries, plants are inoculated 10-14 DAP. When 
spreader rows are utilized, test materials are planted 
about 10 days after inoculating the spreader rows. A 
mix of susceptible varieties should be used for the 
spreader rows to attain a consistent, high level of 
spore production during the period when test 
materials are susceptible to systemic infection. Pool 
16-SR and TZESRW are recommended as varieties 

Entries Reps. Mean Suse.eheek 
%DM %DM 

127 2 19.0 53.1 
148 2 32.8 57.4 
227 2 0.4 6.0 
188 2 0.4 6.0 
262 2 1.0 16.3 
146 2 0.1 26.0 
238 2 0.3 9.0 

1023§ 1 
79 1 1.9 20 

182 1 6.5 30 
300 2 41.4 66 

1125 2 11.2 52 
15 6 28.9 67 
15 6 8.7 26 

450 2 63.3 85 
900 2 22.2 86 

20 8 39.8 84 
225 2 35.1 94 
265 2 33.8 90 
200 2 12.4 89 
200 2 15.4 85 

which produce large quantities of spores beginning 
about 2 weeks after inoculation and continuing for 3 
weeks or more (Cardwell et ai., 1994). Test material 
can be evaluated for percent OM by 4 weeks after 
planting, when spreader rows are utilized. For the 
maize strain of OM, it is sufficient to record 
incidence of OM, since infected plants produce no 
grain. In other regions it may be desirable to obtain 
yield data to assess the severity of the disease. 

Spray inoculation methods. Until recently, 
resistance breeding at lITA depended entirely on a 
night-time inoculation method which utilizes the 
natural cycle of spore production (Siradhana et ai., 
1976; Fajemisin, 1988), which was adopted from 
procedures developed in Thailand in 1968. To use 
this technique, large quantities of infected leaves are 
collected at 1700 hrs. The leaves are washed to 
remove old spores and debris and incubated in large 
trash barrels with water in the bottom. At about 
0300 hrs, the leaves are washed in water to collect 
new conidia. The spore suspension is transferred to 
backpack sprayers, carried to the field, and sprayed 
into the whorls of the plants. This technique is 
labour intensive and costly in terms of overtime 
manhours. If there is rainfall shortly after 
inoculatiOll, the procedure must be repeated. Ory 
conditions also reduce infection. Spreader rows 
need to be inoculated up to three times to attain 
acceptable levels of infection (Fajemisin, 1988). 
Consistent, high levels of infection in breeding trials 
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are essential if progress is to be made in breeding for 
DM resistance. 

In 1991, an incubator was purchased and laboratory 
space was made available at the Federal College of 
Agriculture in Akure, in the endemic DM zone in 
southern Nigeria. A day-time inoculation method 
was adopted (Schmitt and Freytag, 1974) which has 
been shown to provide levels of infection at least as 
high as the night-time procedure (Cardwell et al., 
1994). Infected leaves are collected in late afternoon, 
washed, placed in bell jars with water at the bottom, 
and kept under flourescent light throughout the 
night. At 0900 hrs the following morning, leaves are 
placed in a dark incubator at 21 0c. Spores are 
collected and field inoculation is carried out at 1530 
hrs using backpack sprayers. 

Studies undertaken at lITA indicated additional 
means for improving spray inoculation methods. 
Natural biota in water supplies rapidly reduce the 
viability of conidia in the spore suspensions. Boiled 
or distilled water should be used to make initial, 
concentrated suspensions, which can be diluted to a 
concentration of 1 x 105 conidia ml-1 immediately 
before inoculation. Keeping the suspension at 4-6 
°C also greatly reduces the germination rate of 
conidia and consequent losses in viability in solution 
(Cardwell et al., 1994). 

Seedling inoculation method. To overcome some 
of the limitations of the spray inoculation methods, a 
method for inoculating germinating seeds has been 
developed. Craig (1980) compared incidence of OM 
obtained by inoculating maize at different 
developmental stages. Highest incidence of OM was 
observed when sporulating leaf disks were pinned 
to each seed. This approach was modified and 
simplified at lITA so that it can be utilized for large
scale breeding programmes. 

Maize seed for spreader rows are germinated in an 
incubator in the laboratory. After 72 hrs, when the 
radical and coleoptile have just emerged, infected 
leaves are placed on a wire mesh above the 
seedlings and allowed to sporulate overnight. 
Seedlings are transplanted to the field the following 
day and test rows are planted 10 days later. 
Average disease incidences of 85% (1992) and 90% 
(1993) were obtained in susceptible test rows with 
this method. Requirements for labour and inoculum 
have been greatly reduced. The method may be 
applied without an incubator, making it readily 
transferable to national agricultural research 
programmes. 

Incubator screening method. A modified version of 
a system developed by Craig (1987) for collecting 
spores and inoculating 7-day-old seedlings in an 
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incubator was installed at IITA in 1992 (Cardwell et 
al., 1994). .Some relatively expensive equipment is 
required, which may limit the utility of the method 
for national programmes. The benefits of the system 
are that year-round screening is now possible, and 
that less than 5% of susceptible plants escape 
infection. Plants are scored 1-2 weeks after 
inoculation. At this stage symptomless plants can be 
transplanted to a crossing block or isolation for 
selfing or recombination. 

PROGRESS IN BREEDING FOR RESISTANCE� 
ATIITA� 

Development of OM resistant varieties for the 
lowland ecologies of west and central Africa has 
been a major priority in the breeding programme at 
IITA since the early 1980's (Fajemisin et al., 1985; 
Anon., 1986; Kim et al., 1990). OM resistance 
breeding was initiated in Nigeria by the National 
Maize Programme in the late 1970s. Collaborative 
activities with IITA were soon initiated and continue 
presently with the Institute of Agricultural Research 
and Training (IAR&T) and the Federal College of 
Agriculture in Akure. The sources of resistance used 
in the breeding programme were introduced from 
the national programmes in Thailand and the 
Philippines in the late 1970's. Resistance sources 
developed in southeast Asia have been successfully 
deployed and utilized to control OM throughout the 
world, and generally appear to be effective against 
different Peronosclerospora species and are stable 
under a wide range of environmental conditions 
(Frederickson and Renfro, 1977; Renfro, 1985). 
Nonetheless, there are also reports of species and 
strain specificity and genotype by location 
interactions for resistance (Williams, 1984), which 
implies that we should continue to incorporate 
additional genes for resistance into our materials as 
they become available. We have recently obtained 
some new introductions from Thailand and the 
Philippines which will be introgressed into existing 
OM resistant populations to widen their genetic base 
and ensure that a high level of resistance is 
maintained. 

Although results of studies on the mode of 
inheritance of resistance to P. sorghi in maize have 
varied depending on the material used, experience 
has shown that the trait is relatively easy to 
manipulate through selection, prOVided reliable 
screening methods are available. Singburaudom 
and Renfro (1982) determined that a polygenic 
system was responsible for resistance in a study of 
10 inbred lines under heavy disease challenge in 
Thailand. Susceptibility was dominant for seven of 
the resistant lines and incompletely dominant in one 
resistant line, indicating additive' gene action for P. 
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sorghi. The authors agreed with the conclusions of 
Kaneko and Aday (1980) in studies with P. 
philippinensis that DM infection is mediated by 
threshold conditioIis. Expression of the disease 
depends on the inoculum load, genetic background, 
condition of the maize plant, and environmental 
factors. Experience in Nigeria has shown that under 
mild disease pressure, resistance appears to be 
dominant, whereas under heavy infection, resistance 
is recessive. Resistance is additive at intermediate 
levels of infection (Fajemisin, unpublished data). 

Table 2. Summary of downy mildew resistance level trials in Akure in 
1991 and 1992. 

Down1 Mildew % 
Varietl 1991 1992 
Suwan 1-SR BC5 9.2 5.2 
Suwan 2-SR BC4 9.4 11.2 
Acr 89 DMR-ESRW 11.3 13.7 
DMR-LSRW 17.5 20.5 
DMR-LSRY 22.0 21.8 
8644-27 (KU1414 x TZi18) 10.1 22.3 
DMR-ESRY 14.6 29.8 
TZE Comp3 C1 28.3 30.1 
Acr 9028-DMRSR 32.0 
Pop 22-DMRSR 20.7 32.1 
Pop 31-DMRSR 21.5 33.4 
TZ 9043-DMRSR 40.7 39.8 
TZ 8843-DMRSR 35.6 40.0 
TZLComp3CO 29.5 41.2 
8644-31 (KU1414 x TZi25) 30.8 43.0 
TZLComp4CO 51.8 65.7 
Funtua 88 TZSR-W-1 70.6 73.9 
8321-18 (TZi3 x TZi15) 74.0 
EV8443-SR 82.0 
Acr 88 Pool 16-SR 67.0 84.3 
Mean 28.9 39.8 
LSD (.05) 13.1 12.4 
Prob. of F 0.000 0.000 
CVO/O 35.8 31.4 

Once a relatively high level of resistance is attained, 
it is essential to have high, uniform levels of 
infection in screening nurseries to make further 
progress from selection. Using a combination of the 
inoculation methods now available, levels of 
infection achieved in susceptible checks in the 
population improvement programme' have been 
consistently high since 1992 (Table 1). The major 
emphasis in the population improvement 
programme since 1989 has been to convert four 
heterotic breeding populations which are being 
improved for general adaptation through reciprocal 
recurrent selection. These are TZE Comp 3 (early, 
flint), TZE Comp 4 (early, dent), TZL Comp 3 (late, 
flint) and TZL Compo 4 (late, dent). All open
pollinated varieties and hybrids derived from these 
composites should then have acceptable levels of 
DM resistance. 

To assess the current status of DM resistance in elite 
maize varieties available from lITA, twenty varieties 
including susceptible checks were tested under 
artificial inoculation of DM at Akure, Nigeria in 1991 
and 1992 (Table 2). Three DM resistant varieties, 
Suwan 1-SR (late, yellow, flint), Suwan 2-SR 
(intermediate, yellow, flint) and Across 89 DMR
ESRW (early, white, flint/dent) showed the highest 
levels of resistance. The first two varieties were 
developed in Thailand and had been converted for 
resistance to maize streak virus at lITA by 1990 
(Eberhart et ai., 1991). Two late maturing varieties, 
DMR-LSRW (white) and DMR-LSRY (yellow) 
which were developed at IITA are still about 20% 
susceptible. With the new inoculation techniques 
available, it is anticipated that we can bring the 
level of resistance in existing DM resistant varieties 
up to the 90-95% level within the next several years. 

In the hybrid breeding programme, inbred parents 
of elite hybrids are' being converted for DM 
resistance. A major achievement has been the 
development of a DM resistant single-cross hybrid, 
8644-27, which is marketed commercially by 
Pioneer Seeds in Nigeria as "Oba Super 2". One of 
the parent lines is KU1414, a DM resistant inbred 
from Thailand. The hybrid has about 22% 
susceptibility under heavy disease pressure (Table 
2). By 1992, the other inbred parent, TZi18, had 
been converted for DM resistance and KU1414 had 
been converted for resistance to maize streak virus 
(MSV). Now both parents confer resistance to DM 
and MSV. Crosses between KU1414 from Thailand 
a'nd MIT2, a resistant inbred line from the 
Philippines, showed very high levels of resistance. 
Incorporation of new sources of resistance into the 
breeding programme can thus enhance the levels of 
DM resistance and increase the durability of 
resistance. 
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ABSTRACT 

Burundi is a very hilly country, where three altitudes zones can be distinguished, i.e., low altitude 
zone, middle altitude and high altitude zone. By 1992, maize streak disease had been present in 
Burundi for thirty years, mainly on the warm lowland in the western part of the country (lmbo). 
Since then, a severe incidence of streak was observed mostly in valley bottoms of the high altitude 
zone. This was because maize grows there during the dry season. The disease has been spreading in 
all regions where it is now endemic. It is now not advisable to release a maize cultivar in Burundi 
that does not have streak resistance. Six cultivars from CIMMYT-Harare: S2SYNF4 [GPLA], ZM 601 
CIF3, ZM 609 C2F2, SNSYNF3 [Elite], SNSYNF3 [GCA-AlB-90), ZM 607 C2F2, all with streak resistance 
were evaluated for yield and streak resistance on farmers fields located in valleys showing heavy 
attacks every year. For the test, the disease was rated 1 through 5, 5 being the most susceptible. The 
check in the trial was HASR (high altitude streak resistant) a result of a local selection. Results 
showed that the local variety of the farmer yielded as low as 23% of HASR with 82% of germinated 
plants rating 5. Yield of the new varieties differed significantly from that of the local variety due to 
streak pressure. Further evaluation of maize streak resistant varieties at a larger scale on farm is 
recommended. 

INTRODUCTION� under heavy inoculation with Cicadulina sp.) and 
finally recombined. Although HASR wasBurundi is located in central Africa and is 
developed, a streak resistant cultivar with higher surrounded by Rwanda in the north, Tanzania in the 
yield potential was a research priority. east and Zaire to the west. The country is very hilly 

and three altitude zones can be distinguished. These To solve these maize problems, six cultivars from 
are: low altitude (800 m to 1,200 m), middle altitude CIMMYT-Harare were compared to the check 
(1,200 m to 1,800 m) and high altitude (1,800 m to HASR (released variety) and to the local variety of 
2,600 m). In the high and middle altitude zones, the farmer in valley farmers' fields. 
hills are far apart and valleys separating them are MATERIALS AND METHODS 
cultivated in the inter-season where maize is 
intercropped mainly with beans. The marsh where six farmers' fields were chosen 

was located near the research station of Kisozi at anMaize streak disease has been known in Burundi for 
elevation of 2,000 mas!. Streak had been seen there at least 30 years, but mainly in the warm lowland 
for the last five years causing big yield losses. 

areas of Imbo (Malithano et al., 1987). Since 1992, a 
high prevailence of streak was observed in valleys of Six high yielding, streak resistant, cultivars from 
the high altitude zone and is now observed in all CIMMYT Harare were compared to HASR and to 
regions of the country. Maize planted in the valleys the local variety provided by the farmer. The 
suffers from streak because it grows in the dry CIMMYT Harare materials were: S2SYNF4 [GPLA], 
season. Moreover, the disease may spread more 2M 601 C1F3, 2M 609 C2F2, SNSYNF3 [89 Elite], 
rapidly in those valleys than in the lowlands because SNSYF3 [GCA-A/B-90] and 2M 607 C2F2. 
in warm environments, the flight period of The different varieties were planted in a
Cicadulina sp. is much shorter; but at high altitude randomized complete block design and each farmer 
zone where cold nights prevails it may also be was considered as a replicate. The planting date 
extended (Rose, 1987). was July 1992. July is the common planting period 
Selection for streak resistance has been a big concern for maize in these valleys, because the soil is dry 
in the ISABU maize program for almost ten years. enough at that time to plant. 
Backcrossing was applied to three cultivars released The farmer had to decide about the density of
in the three altitude zones using an exotic material planting. but each variety had to cover an area of 
from lITA to introduce streak resistance. two rows of five meters long. The farmer had to
Additionally, a local-selection material called HASR bring his own seed (the local) and� all the eight 
(high altitude streak resistant) was developed. entries were planted the same way. The farmers 
Resistant plants were found in farmers' fields and managed the trial and no farmers applied chemical 
afterwards they were combined under 52 selection. fertilizers or insecticides. 
This means that resistant families were selected and 
selfed twice (while planting was done ear to row 
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Table 1. Summary of on farm trials with varieties resistant to ~treak disease. 

Varieties Number of Number of Plants per Ears per Weight per Weight per . %rot1en % Yield per Yield %of 
plots plots plot plot plant ear ears uncovered plot check 

planted harvested ears 
1,S2SYNF4 (GPLA) 6 4 33 33 0.14 0.14 0 4 4.55 91 
2.lM 601 CIF3 6 4 45 47 0.15 0.14 2 6 6.73 135 
3.2M 609 C2F2 6 4 38 41 0.13 0.12 1 5 4.75 95 
4.SNSYNF3 [89 Elite] 6 4 48 55 0.17 0.14 2 7 7,95 159 
5.SNSYF3 [GCA·AJBl9Oj 6 4 27 29 0.16 0.15 2 2 4.23 85 
6.2M 607 C2F2 6 4 40 41 0.14 0.13 0 2 5.0 109 
7,HASR 6 4 38 38 0.13 0.13 0 2 5.0 100 
8,LOCAL 6 4 7 9 0.16 0.13 0 0 1.15 23 

Just before flowering all plants were counted and yield than the check. In the field it looked strong 
evaluated using the following UTA scale (Bosque with a potential to bear more than one ear per plant. 
Perez and Alam, 1992): 0 =plant without symptoms, The cultivar ZM 601 CIF3 came in the second 
1 = plant with few streaks, 2 .. plant with chlorotic position with 35% more yield than the check. The 
streaks on old leaves, 3 ,. plant with moderate streak' variety ZM 607 held the third position with 9% more 
on young and old leaves, 4 ,. plant with severe yield. The local variety produced only 23% of the 
streaks covering 65% of the leaf area and plant yield of HASR. This was mostly due to streak 
shortened, 5 ,. plant with severe streaks on 75% of disease since very few plants were harvested. 
the leaf area, with the plant shortened, sterile and 

Table 2 shows that all plants of the local variety are almost dead. 
in the class 5. No other variety had a plant in class 

During that season, streak disease was widely 5. Percentage of susceptible plants (rating 3, 4 and 
spread in these valleys. Harvest was done. in 5) is the highest in the local variety (100%) and in the 
January 1993. The total number of plants and ears, SNSYNF3 [89 Elite] (45.3%). The percentage of 
number of rotten and uncovered ears, field weight plants with symptoms is also the highest in the local 
and percentage of moisture were recorded for each vareity (82%). Significant differences exist between 
entry. means of those percentages. 

RESULTS� In general, other constraints such as borers were not 
observed in those farmers' fields located in valleys. 

Results of the trial are presented in Tables 1 and 2.� 
All data shown are mean values of the data collected DISCUSSION AND CONCLUSIONS� 
in four locations in Table 1 and five locations in� In general, we consider the introductions from
Table 2. OMMYT Harare as very interesting, with higher 
Only four fields were harvested because stealing of yield than HASR, and a fairly good level of streak 
ears was observed in the other two. The mean for resistance as well. Considering the poor 
the four plots was 5.0 kgs for the check HASR which performance of the local variety, the valley bottoms 
was about 4 tonnes per hectare (yield given in kgs of in Burundi highland areas where the trial was 
grain at 14% of moisture and an 80% shelling conducted are stress environments mostly because 
assumed). The cultivar SNSYNF3 [89 Elite] of high streak disease pressure. Maize production in 
appeared to be the highest yielding with 59% more Burundi has declined from 286,000 tonnes in 1985 to 

Table 2. Summary of streak resistance for the 8entries tested. 

Distribution into severity classes (%) %Plants infected with %susceptible 
streak plants 

0 1 2 3 4 5 
1.S2SYNF4 [GPLAj 39.0 "'17.0 15.7 12.6 15.7 0 19 b 61 b 37.1 b 
2.2M 601 CIF3 52.0 10.3 13.3 7.3 17.0 0 16 b 48bc 36.7 b 
3.2M 609 C2F2 52.0 16.9 14:9 4.3 11.5 0 14 b 48bc 27.1 b 
,4.SNSYNF3 [89 Elite] 36.0 5.6 21.3 19.9 17.2 0 ~7a 64ab 45.3b 
5.SNSYF3 [GCA·AlB·90j 34.0� 11.2 31.0 11.2 12.5 0 20b 66ab 34.4 b 
6.2M 607 C2F2 53.0� 11.1 15.5 4.0 16.3 0 24b 47bc 34.6b 
7.HASR 65.0� 10.8 6.7 1.0 16.5 0 14 b 35c 26.7b 

82a 100;0 a8.LOCAL 18.0 0 0 0 0 82.0 20b� 
Mean 20 56 43� 

F 3.38 6.58 9.12� 
Prob 0.001 0.001 0.0000� 

C.V 44% 22.6% 41.4% 
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167,000 tonnes in 1990 (Anon, 1990). This decrease 
is due to streak disease in part. Those valleys are 
surrounded by overpopulated hills. With time the 
size of each farmer's field will be reduced because 
parents share their land among their children. 
Farmers have then to switch to root crops (potatoes, 
sweet potatoes, cassava or colocasias) which give 
higher yield but are less nutritious than maize. 
These alternative crops also produce under less 
fertilizers and tend to exhibit less diseases 
(especially for sweet potatoes and colocasias). 

The reality is that after a poor harvest due to streak 
disease, the farmer will plant less maize and more 
root crops in the following season. If in another year 
the harvest is better, he will try again with maize but 
with a slower speed due also to limited availability 
of seed. Several seasons will be then necessary to re
establish the original production. 

In conclusion further research is needed to evaluate 
at a larger scale cultivars such as SNSYNF3 [89 Elite] 
and ZM 601 CIF3 which are productive and streak 
resistant. 
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ABSTRACf 

The effect of time of planting on incidence of stem borers of maize was investigated. Four stem borer 
species Chilo partellus Swinhoe, BU8seola [usca Fuller, Eldana saccharina Walker and Sesamia 
calamistis Hampson, were found on maize although their occurrence varied with crop phenology. B. 
[usca and C. partellus infested maize during the early growth stages (3-4 weeks after emergence, 
WAE). E. saccharina was found from the second sampling period (7-8 WAE) while S. calamistis 
occurred late (1l-13WAE). Stem borer infestation in the short rains varied significantly (P~ 0.05) with 
time of maize planting, with the early planted maize suffering higher infestation levels. Similar 
infestation trends were observed in the long rains with significant variations occuring in the second 
sampling period (7-8WAE). This phenological and time related variation has a strong bearing on future 
control strategies of stem borers. 

INTRODUCfION MATERIALS AND METHODS 

Lepidopteran stem borers are among the most Field experiments were conducted at Namulonge 
important pests of maize in Africa. The four species Agricultural Research Institute, located 00 32'N, 320 

that infest maize are Busseola fusca Fuller 35'E and at an altitude of 1150 m above sea level. 
(Noctuidae), Sesamia calamistis Hamp. (Noctuidae), Maize variety Longe 1 was planted on 23rd August 
Eldana saccharina Walker (Pyralidae), and Chilo (Tl), 6th (T2) and 20th (T3) September, and 2nd (T4) 
partellus Swinhoe commonly referred to as the maize and 18th (T5) October, in the short rains of 1991, and 
stalk borer, pink stalk borer, sugar cane borer and on 20th March, 3rd, 17th April, 1st and 15th May, in 
spotted stalkborer respectively (Girling, 1978). the long rains of 1992. Treatment plots measured 
Feeding by borer larvae on maize plants usually 3.75 x 5.50 m, and maize was planted at a spacing of 
leads to windowing of leaves, dead hearts, early leaf 75 cm between rows and 50 cm within rows. The 
senescence, stem boring with reduced translocation experiment was of a randomized complete block 
of nutrients and assimilates, and direct damage to design replicated four times. All plots received two 
ears (Appert, 1970). fertilizer applications at the rates of 60 kg P20S and 

90 kg N per hectare, at planting and knee high Time of planting is a major factor that influences the 
stages respectively, and were kept clean by regular degree of damage caused by pests. In Pakistan, for 

example, maize planted in early May suffers lower hand weeding. 
infestation by C. partellus than that planted in late To assess the incidence of stalk borers on maize, ten 
Mayor June, which may sustain over 70% plants were sampled from each plot on each 
infestation (Khan et al., 1969). Similar damage occasion. The number of young first and second 
patterns have been reported from Kenya (Warui et al. instar larvae was obtained by examination of maize 
1983). Conversely, early sown maize in parts of funnel leaves. Borer populations in stem tunnels 
India suffered heavy infestation by C. partellus were assessed by uprooting and splitting of ten 
(Panwar et al., 1979). sample plants at 3 - 4, 7 - 8, and 11 - 13 weeks after 

crop emergence (WAE). The incidence of stemAlthough it is recommended that maize in Uganda 
borers on cobs was also assessed by examining the be planted early in the season (Dunbar, 1969), wide 
cobs at 7-8 and 11-13 WAE, the last two sampling variation in actual time of planting occurs mainly 
periods. Larvae were counted, their numbersdue to variability in rainfall patterns and farmer 
recorded, and collected in vials for indentification in objectives. This practice of staggered plantings 
the laboratory. Data obtained were subjected to provides a continuous source of food for the borers 
analyses bf variance (ANOVA), and means(Hargreaves, 1939). The study reported aimed to 
compared using Tukey's Test. understand the significance of this variation in time 

of planting as relates to maize infestation by the RESULTS 
stalk borers. This information is necessary for 

All four major lepidopteran stem borers of maize formulating appropriate control strategies. 
were recorded on the different maize crops, but their 
occurrence varied with maize growth stage (Table 
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Table 1. Mean number (S.E.) of Lepidopteran stem borers on maize sampled at 3-4, 7-8 and 11·13 WAE for each planting date (T1.T5) in the short 
rains 1991. 

Sampling date Time of planting C. partel/us B. fusca E. sacchrina S. cafam/st/s 
3-4 WAE T1 09:0.2 a 0.9:0.2 a 

T2 0.4:0.2 be 0.3;!0.0 b 
T3 0.8:0.1 ab 0.6;!0.1 ab 
T4 0.4:0.1 c 0.3:0.0 b 
T5 0.3:0.1 c 0.4;!0.2 b 

7·9 WAE T1 0.5:0.2 a 0.4;!0.1 a 0.5;!0.2 a 
T2 0.4:0.1 a 0.3;!0.0 a 0.4;!0.1 a 
T3 0.4:0.1 a 0.3;!0.0 a 0.3:0.0 a 
T4 0.3:0.1 a 0.3;!0.0 a 0.3;!0.0 a 
T5 0.3:0.0 a 0.3;!0.0 a 0.4;!0.1 a 

11·13 WAE T1 0.4;!0.1 a 0.9;!0.1 a 0.4:0.1 a 
T2 0.3;!0.1 a 0.4;!0.1 b 0.5:0.2 a 
T3 0.3;!0.1 a 0.3;!0.01 b 0.5;!0.1 a 
T4 0.3;!0.0 a 0.5;!0.1 b 0.6;!0.2 a 
T5 0.4+0.1 a 0.4;0.1 b 0.6+0.2 a 

T1·T5: Planting dates 23rd August, 6th, 20th September, 2nd, 18th October 1991 
.: The missing values indicate Larvae not found 
a,b means in each column followed by the same letter(s) are not significantly different (Tukey's test) 
WAE: Weeks after plant emergence. 

Table 2. Mean number (S.E) of Lepidopterm stem borers on maize sampled at 3-4,7-8 and 11-13 WAE for each planting date (T1-T5) in the short 
rains 1992. 

Sampling date Time of planting C. partel/us B. fusca E.sacchrina S. cafamistis 
3-4 WAE� T1 0.9;!0.2 a 0.9;!0.1 a 

T2 0.6;!0.3 a 0.6;!0.1 a 
T3 0.6;!0.3 a 0.6;!0.2 a 
T4 0.6;!0.2 a 0.7;!0.2 a 
T5 0.7;!0.1 a 0.7:0.1 a 

7-9WAE� T1 0.8;!0.1 a 0.7;!0.2 a 0.6;!0.1 a 
T2 0.5;!0.2 a 0.5;!0.1 ab 0.6;!0.1 a 
T3 0.7;!0.2 b 0.3;!0.1 b 0.4;!0.1 a 
T4 0.5:0.3 ab 0.4;!0.1 ab 0.5;!0.1 a 
T5 0.6;!0.1 b 0.5;!0.1 ab 0.7;!0.2 a 

11-13 WAE� T1 0.6;!0.1 ab 0.5;!0.1 a 0.3;!0.1 a 
T2 0.4;!0.1 a 0.5;!O.0 a 0.5;!0.2 a 
T3 0.4;!0.1 a 0.5;!0.0 a 0.6;!O.2 a 
T4 0.5;!0.2 a 0.6;!0.1 a 0.5;!0.1 a 
T5 0.5+0.1 a 0.6+0.1 a 0.6+0.1 a 

T1·T5: Planting dates 20th March, 3rd, 17th April, 1st, 15th May 1992� 
-: The missing values indicate Larvae not found� 
a,b means in each column followed by the same letter(s) are not significantly different (Tukey's test)� 
WAE: Weeks after plant emergence.� 

1). B. fusca infested the crop at early and mid growth On the latter two sampling occasions, there was no 
stages while, C. partellus infested maize throughout Significant difference in the level of borer infestation 
the study period although the numbers decreased on the crops, although early planted maize tended to 
with stage of growth. E. saccharina larvae were be more infested. A similar infestation pattern was 
found from the second sampling date (7-8 WAE), recorded for the maize stalk borer (B.fusca), but no 
while S. calamistis infested the crop at late stages larvae were found during the last sampling period 
only. (13-14 WAE). 

In the first sampling period, there was a Significant In contrast to the above two pests, infestations of E. 
(P=O.OS) effect of time of planting on the number of saccharina and S. calamistis on maize were not 
larvae found on maize, with the first and third recorded until the second and third sampling 
plantings having significantly higher numbers of periods, in both seasons respectively (Table 1 and 
larvae per plant than the other maize crops (Table 1). 2). There was no significant effect of time of 
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planting on the level of maize infestation by S. 
calamistis. Similar infestation trends were observed 
in the long rains although higher infestations were 
observed during the second sampling period as 
compared to the short rains (Table 2). 

DISCUSSION 

The present study demonstrated substantial 
variability in the incidence of the four lepidopteran 
stem borers of maize in central Uganda. A major 
factor in the pattern of occurrence of these is their 
preferences on the crop. While C. partellus attacks 
both vegetative parts and cobs, and B. fusca seems to 
prefer the vegetative parts only, among the late 
occurring borers E.saccharina attacked vegetative parts 
and cobs and S.calamistis mostly attacked cobs 
(Girling, 1978). 

The results also showed that time of maize planting 
influences the relative incidence of these pests as 
reported by earlier workers (Khan et al., 1969, Panwar 
et al., 1979). This time related variation in stem borer 
incidence greatly influences the control strategy to be 
used against these pests. The study also demonstrated 
the qualitative and quantitative differences in the 
borer population throught the season.This means that 
to breed maize resistant to stem borers, selection 
should be carried out at two levels. The first selection 
should be against the early stem borers, C. partellus 
and B. fusca, at an early stage of crop growth when 
they are abundant and most destructive, and the 
second one during flowering, since E. saccharina and 
S. calamistis tend to occur post- anthesis pests (Okoth 
et al., 1990). 

The results further suggest that screening of maize 
for stem borer resistance under natural infestations 
in Uganda should be based on early planting of 
maize as suggested previously by Taneja and 
Nwanze (Taneja et al., 1990) since the susceptible 
stage of the crop coincides with peak activity of stem 
borers. 
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ABSTRACT 

Integrated pest management (IPM) was conceived, first implemented, and refined as a holistic, more 
efficient and effective approach to managing pest populations and reducing damage/losses in 
developed countries. This was primarily as a means of reducing the environmental impact of 
traditional control measures. This approach has been successful for many crops and pests in 
developed countries, where the impetus to develop and refine such programs has been backed with 
the information and resources needed to make IPM functional. In contrast most developing countries 
agriculture and economies are different in scale, quality and complexity. The scientific knowledge 
and infrastructure, as well as the will or desire to change systems often lags far behind the developed 
countries. IPM has had little or no adoption or success in developing countries. By tailoring 
programs to the needs and realities of many developing countries and fully exploiting the potential of 
host plant resistance (HPR) and other appropriate and affordable components, IPM has a chance of 
being successful if properly planned and implemented. The major component of such programs, the 
key to success, would be availability of crop varieties and hybrids with adequate levels of HPR and 
good agronomic qualities and performance. HPR is fully compatible with other IPM components and 
technologies and can be complemented in certain environments in developing countries by 
appropriate use of these related technologies. Emphasis in the CIMMYT maize HPR program was 
switched in the late 1980's from single to multiple insect species and generations. The application of 
appropriate breeding and selection procedures in a disciplinary team approach has resulted in the 
development of materials that are now available for further testing, verification and eventual 
utilization in developing countries. Maize with resistance to the following combinations of pests is 
now available: Multiple borer and armyworm, multiple insects and leaf blights, multiple insects and 
streak, multiple insects and stunt, multiple insects and downy mildew. Selection and improvement for 
HPR to single species/generations is being continued for the following pests: second generation borers 
and armyworms, corn earworms, spider mites, maize weevil, larger grain borer, corn rootworms, ear 
rots and stalk rots. Once resistance levels are adequate in these materials, they can serve as sources 
for developing multiple trait resistant materials in whatever combinations are needed to combat the 
major biotic stresses that limit maize production on a global basis. 

INTRODUCfION Region of Turkey, where Ostrinia nubiIalis and 
Sesamia sp. populations increase spectacularly in late 

Maize (Zea mays L.) is commonly known as the summer and early autumn (Zeren, et aI., 1988), yield 
worlds' third most important cereal crop, when losses due to borer damage occurring in late 
considered as a food grain. When its uses as fodder, plantings was measured at 46 % in high yield (12.6 t 
fuel and construction materials are taken into ha-1) environments (Konak, 1988a) and at 58% in 
account, maize assumes even greater importance. It lower yield (5.7 t ha-1) environments (Simsek, et aI., 
is widely grown in all regions of the world and, 1988). These reductions in yield were despite the 
depending on environment, it is attacked and use chemical insecticides to reduce borer incidence 
affected by a complex of insect and disease and damage. These losses are indicative of the 
organisms that significantly reduce both the quality importance of insect pests as biotic stresses that limit 
and quantity of production. . maize production in developing countries. Based on 

information and data provided to CIMMYT by 
In many growing regions, where the environment is national programs for use in characterizing maize 
favorable for maize, pests are not present at mega-environments (CIMMYT, 1988), it is estimated 
economically damaging population levels, or only that approximately 60~ of the 55 million hectares 
reach these levels sporadically. In other regions, planted to maize in non temperate countries are 
pest attack and resultant damage are so common seriously affected by insect attack. The magnitude 
and severe that farmers do not plant maize in certain of this problem was one of the reasons CIMMYT 
periods of the year as their past experience has initiated research to identify and isolate useful 
shown the crop is likely to be a complete loss sources of host plant resistance. 
(Bosque-Perez, et aI., 1989). In the Mediterranean 
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HOST PLANT RESISTANCE AND INTEGRATED 
PEST MANAGEMENT 

Integrated pest management (IPM) was defined 
about a quarter century ago and since then has been 
studied, tried, and implemented with varying 
degrees of success in different crops and parts of the 
world. It has been defined many times, by many 
authorities, but in simple terms means utilizing all 
possible means and measures to reduce pest 
populations and damage to a minimum, or below 
the 'economic injury level' in a crop or cropping 
system. It is most widely practiced and successful in 
developed countries, where all the necessary 
components and infrastructure to implement an IPM 
program exist. Based on its success in various crops 
in developed countries, IPM has been highly 
promoted in developing countries as a solution to 
the over-reliance and misuse of chemical control 
measures. Much has been written on how to 
'transfer the technology' (Brader, 1979; 1980). One 
of the earliest and comprehensive attempts to 
develop an IPM program for maize for small 
farmers' in developing countries was that of van 
Huis (1981). It is an impressive work, containing a 
wealth of information on which an IMP program 
could be based, and lead to its success; yet in a 
country where political and social turmoil still exists 
(author's personal observation, 1994), it is little more 
than a theoretical indication of potential which is not 
presently contemplated or widely practiced. An 
important clarification of the definition of IPM was 
made by van Huis (1981): "Integrated pest 
management should as much as possible use other than 
chemical methods taking into account the small farmer's 
conditions. " 

The author's participation in an IPM workshop 
recently (Isles, 1994) led me to conclude that IPM 
programs are being implemented, and deemed 
successful in two categories of programs, those 
based on high value crops where sprays provide 
economic returns, but residues are a great concern, 
or those where chemicals are still being used 
excessively. This is true for fruits and vegetables for 
export/winter markets to developed countries and 
in potatoes in Costa Rica, where the IMP program 
reduced number of spray applications from 47 to 23 
per crop cycle. At this meeting, it was stated that 
from 1970's to present, an amount in excess of US$ 
25,000,000 has been invested in IPM research, 
promotion and implementation; however, little of 
that has been devoted to maize. The only ongoing 
IPM research programs for maize in the Central 
American region were at CATIE, Turrialba, Costa 
Rica, on control of soil insect pests (white grubs); 
and in Honduras, a project at El Zamorano, the Pan
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American Agricultural School, on field pests, mainly 
Fall Armyworm, (Spodoptera frugiperda). In Africa, 
the only rPM research programs I am aware of on 
maize deal with attempts to control the Larger Grain 
Borer, Prostephanus truncatus, the recently 
introduced and rapidly spreading stored grain 
(mainly maize) pest (Henkes et al., 1991; Markham, 
1993) and some research at international centers on 
the use of biological control. 

Andrews and Bentley (1990) list and discuss the 
many reasons why rPM is favored and accepted 
'philosophy', but not 'practice' in the Central 
American region by small scale, mostly subsistence 
farmers. Among the many reasons for its lack of 
adoption, perhaps the foremost is that for low value, 
basic grains, there is little margin for small scale 
farmers to risk any capital expenditure for crop 
protection. For most maize farmers in developing 
countries, the lack of capital, or credit, and the high 
risk of loosing their crop to drought and pests 
prevents the use of control measures beyond 
minimal cultural practices. The minimal investment 
is the cost of seed and planting and little, if any, 
pesticides or fertilizers are used in maize 
production, even if they are subsidized by 
government or other organizations. Though it may 
not be well publicized or well known, if the farmers 
have such inputs available to them, they more 
commonly apply them to a planting of a higher 
value (usually a cash crop) where there are 
prospects for a greater financial return. It is 
basically for this reason, that CIMMYr philosophy 
has been, and will continue to be, to work to develop 
host plant resistant germplasm to aid the resource
poor, small scale, developing country farmers. 

Twenty-five years ago, when CIMMYr and other 
organizations were just beginning to look for and 
improve maize host plant resistance to pests, 
resistant varieties and hybrids were goals to work 
towards. In the years since, a great deal of progress 
has been made (CIMMYr, 1989). Materials that 
serve as sources of multiple resistance to insect pests 
have been developed, tested and verified on a 
reasonably wide scale (Davis, et al., 1988; Mihm, et 
al., 1988; 1995, Amason, et ai., 1993). In a very few 
cases, national programs have been able to use these 
'exotic' sources and develop varieties which show 
economic levels of HPR «10% yield reduction in the 
case ot attack by com borers) on an experimental 
basis (Konak, 1988b). After achieving adequate 
levels of resistance to maize insect pests, of multiple 
species, in the last 5 years, we have had closer 
collaboration within an integrated team of 
entomologist, pathologist and breeders, and have 
placed considerable effort on developing multiple 
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pest (insect and disease) resistance in acceptable 
agronomic backgrounds. Varieties with resistance to 
a single pest species are of little utility as nearly 
every farm, or field, has a complex of both insect and 
disease pests that affect the crop. In order for a 
variety or hybrid to be useful (and accepted or 
adopted for planting by a farmer), it must be better 
than what the farmer already has. A new release 
should be better for at least one pest and must NOT 
be worse (more susceptible) to other pests of equal 
or similar importance. With this knowledge, efforts 
in recent years in the CIMMYT HPR maize stress 
program have focused on improving maize to 
develop materials with the following multiple 
resistance combinations: 

•� Stem borer and downy mildew, both major pests 
in the Asian region. 

•� Stem borer and maize streak virus resistance, 
major pests in Africa. 

•� Stem borers, armyworms and stunt disease 
resistance for Mexico, Central and South 
America. 

•� Com earworm and ear rot resistance, for 
highland tropical maize. 

To the extent possible, all materials are selected for 
resistance improvement to the common foliar 
diseases. However, because progress has been 
slower, or efforts begun later, selection for resistance 
to single pest species is being continued at CIMMYT 
for the following: 

•� Spider mites. 
•� Com rootworms (Diabrotica complex). 
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•� Maize weevil. 
•� Larger Grain Borer (Prostephanus truncatus). 

Once adequate levels of resistance are achieved, 
these materials serve as sources and provide an 
opportunity to combine these resistances. Some 
examples, where the prevailing combination of 
stresses indicate a need to develop multiple 
resistance are: 

•� Spider mite resistance and drought tolerance. 
•� Com earworm and fine stripe virus resistance. 
•� Stem borer and fall armyworm resistance and 

acid soil tolerance. 
•� Stem borer, fall armyworm, com earworm and 

resistance to Aspergillus flavus ( the fungus that 
produces aflotoxin). 

•� Com rootworm, stem borer, and fall armyworm 
resistance. 

•� Stem borers and stalk rot complex resistance. 

Varieties that have sufficient levels of resistance to 
the major pest(s) can serve as the major and in some 
cases the. sole factor in successfully managing pest 
populations and resultant damage. This protection 
is at little or no cost to the farmer. If HPR levels are 
not ideal, even low levels are helpful and are 
completely compatible with other IPM practices and 
strategies, including minimal use of pesticides. 

Based on preliminary results presented in Table 1 
(extracted from Pixley, 1994, see Jewell et al., 1994) 
and Tables 2a and 2b (extracted from Mihm, et al., 
1995) some selected experimental varieties and 
hybrids from CIMMYT populations 390 and 590, 

Table 1. Yield and perfonnance of selected maize experimental varieties and hybrids with multiple insect resistance in Asia and the Americas. The 
data presented are the means of 8 locations for yield and 12 locations for leaf damage ratings. 

Variety 

Across90390-W (Resistant) 
Across90390·Y (Resistant) 
Ki3/CML139 (Resistant Check) 
CM500 (Local Resistant Check) 
CM300 (Local Susceptible Check) 

Across86590 (Resistant) 
CML135/CML139 (Resistant Check) 
Ki3/CML131 (Susceptible Check) 
CM500 (Local Resistant Check) 
CM300 (Local Susceptible Check) 

Across86590 (Resistant) 

B731M017 (Susceptible Check) 

Ki3/Tx601 (Susceptible Check) 
CML135/139 (Resistant Check) 

Yield (t her!) %Yield Mean Insect Trial Location 
at 15% Moisture Reduction Leaf Species 
Infested Protected Damage 

4.28 4.87 12.2 3.6 Chilo AST/4 India 
3.81 4.97 23.3 3.2 MIRT 1992 
4.82 4.79 0 3.1 
3.81 4.79 20.4 2.9 
2.97 3.85 22.7 4.1 

3.21 3.83 16.0 3.5 Chilo AST/4 India 
4.72 4.73 0.3 3.4 MBR 1992 
3.68 5.64 34.7 5.4 
3.14 4.22 25.4 4.6 
1.57 3.88 59.5 6.1 

9 

4.25 5.00 15.0 4.6 SCB, MEX, USA. 
SWCB, CAN 

2.94 5.19 43.3 7.2 FAW, 
ECB 

3.62 4.91 26.3 6.7 
6.07 7.19 15.5 4.5 



Multiple resisitance - the key to success 

and top-cross hybrids utilizing lines from these 
populations with varying levels of multiple 
resistance to stem borers, foliar leaf diseases and 
maize streak virus complex, have shown better yield 
performance than local commercial varieties and 
hybrid checks. The yield reduction and leaf damage 
ratings are significantly lower in resistant materials 
(Table 1) and the best yields of partially inbred lines 
(extracted from the germplasm with multiple borer 
resistance) testcrossed to two lines from southern 
Africa has been highly competitive (Table 2a and 
2b). These data help dispel the popular notion that 
there is a yield cost associated with resistance to 
pests, and validate the hypothesis that HPR can 
serve as the sole means of IPM, whether used in 
developed or developing country farming systems. 

In developed countries, where IPM, induding all its 
components, are feasible and workable, it is the 
strategy to be followed, and it has the potential to be 
fine tuned to complex pests and problems. Galinat 
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(1994) has designed a wheel diagram which 
illustrates the relationships between breeding (for 
HPR), rPM and other segments of society. Wiseman 
(1992) has similarly stated that HPR should/can 
serve as the "hub" of IPM. It is this author's 
contention that a few materials currently exist, and 
more are likely to be developed in the near future, 
which increase the size of the "hub" to a wheel 
diagram much more appropriate to IPM for 
developing countries. In reality, the connections 
"spokes" between the resource poor, small scale 
farmer in developing countries and institutions and 
societal sectors is better depicted by the diagram 
presented in Fig. 1. The resistant variety (the "hub") 
is sufficient to provide adequate pest management 
and sustained crop production, at least until such 
time as the farmer, country or region, develops, or is 
able to apply, manage and successfully adopt a full 
IPM program in all its complexities. 

Figure 1. A wheel diagram showing the author's perception of the role of functional maize IPM components 
for developing country, resource poor small-scale farmers; a wooden, ox-cart type wheel, with a rubber rim 
to represent developed country technology. 
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Table 2a Performance of check hybrids and selected testcrosses of stem borer resistant lines to 'SC" at two sites in Zimbabwe. 

Ent Pedigree t ha't D.Silk E.HT Lod Husk ERot 
14 MIRTSCB95-4-x-1-1/SC 10.16 74 106 16 14 14 
12 [CML135/13]27-2s5-1-1-1/SC 9.33 74 113 5 38 4 
13 520·2·x-1-1/SC 9.02 76 106 22 20 12 
15 MIRTSCB95-4-x-1-21SC 8.74 74 113 19 20 14 
21 ZR206 (local check) 8.63 78 121 43 17 13 
20 ZS225 (local check) 8.20 75 114 20 26 15 
19 R201 (local check) 8.13 73 103 13 29 9 
4 MBRSA129-1-x-2-21SC 8.11 72 95 19 18 5 

16 MIRTSCB95-4-x-2-1/SC 8.06 75 105 9 28 9 
6 MBRSA129-4-1-2-1/SC 8.01 70 95 7 12 5 

17 MIRTSCB631·3-x-1·1/SC 7.72 74 103 12 14 16 
18 MIRTFAW361·1-x·1·1/SC 7.67 75 105 13 32 16 
9 MBRSA169-3-1-2-21SC 7.64 72 96 12 27 18 

10 MBRSA172-2-X·1·1/SC 7.60 73 98 17 25 21 
5 MBRSA129-4·1·1·1/SC 7.37 68 85 7 22 6 

LSD(0.05) 1.67 2 12 15 

Table 2b Performance of check hybrids and selected testcrosses of stem borer resistant lines to "N3" at two sites in Zimbabwe. 

Ent Pedigree I ha'l D.Silk E.HT Lcd Husk ERot 
24 MIRTFAW361-1-x-2-21N3 10.79 81 136 25 18 4 
25 MIRTFAW361·1-x-2-3/N3 10.55 79 123 30 27 9 
26 MIRTFAW361·1-x-2-4/N3 10.18 80 119 47 24 6 
2 ZS206 (local check) 10.10 78 129 17 43 15 
16 MIRTSCB40-4·x-2-21N3 9.72 77 125 23 54 3 
23 MIRTFAW361·1-x-1·21N3 9.66 79 123 13 21 11 
32 ZR206 (local check) 9.48 81 126 22 41 25 
28 M8RSTIT408-1-x·1·1/N3 9.31 79 126 52 27 12 
27 MIRTFAW361-1-x-2-5/N3 9.10 81 116 26 15 1 
13 M8RSA-143-3·1-2-21N3 8.72 77 114 22 42 12 
22 MIRTSCB631-3·x·1·1/N3 8.70 76 113 36 25 22 
5 ZS206 (local check) 8.47 79 1~6 37 28 36 
17 ZS225 (local check) 8.43 76 106 22 23 12 
30 R201 (local check) 8.31 74 105 40 23 22 
20 MIRTSCB95-4·x·2·11 N3 8.24 78 123 25 21 23 
7 MBRST1T15-1-4·x·1-21N3 8.14 76 118 26 34 7 
31 ZS225(local check) 8.10 76 108 32 27 20 
10 M8RSA129-4·1-2·21 N3 7.95 79 114 32 16 11 
18 MIRTSCB95-4-x·1·11 N3 7.82 77 105 9 31 18 
19 R201 (local check) 7.78 75 100 27 27 25 
14 R201 (local check) 7.60 74 101 26 15 14 

LSD(0.05) 2.06 2 16 39 20 14 

Current results indicate that it is possible for HPR Amason, J.T., Lambert, J.D.H., Gale, J., Mihm, J.,� 
varieties to serve as the primary, if not sole, IPM Bjamason, M., Jewell, D.C., Serratos, J.A.,� 
management component necessary to control pest(s). Fregeau-Reid, J. and Pietrzak, L. 1993. Is "quality� 
For the resource poor, small scale developing protein" maize more susceptible than normal� 
country farmer resistant varieties offer the best cultivars attack by the maize weevil, Sitophilus� 
solution to their pest management problems, and zeamais? Postharvest BioI. and Technol. 2:349�
offer d~reased risk, sustainable or increased crop 358.� 
production, and a cleaner, more healthy� Bosque-Perez, N.A., Mareck, J.H., Dabrowski, Z.T., 
environment. Everett, L., Kim, S.K and Efron, Y. 1989.� 
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PROGRESS IN SCREENING AND BREEDING FOR RESISTANCE TO THE MAIZE� 

STEM BORERS ELDANA SACCHARINA AND SESAMIA CALAMISTIS� 

J.G. KLINGl and N.A. BOSQUE-PEREZ2,� 
Crop Improvement Division1 and Plant Health Management Division2, International� 

Institute of Tropical Agriculture (IITA), PMB 5320, Ibadan, Nigeria.� 

ABSTRACf 

Lepidopterous stem borers are among the most important insect pests of maize in Africa. In west 
Africa, Eldana saccharina (Walker) (Pyralidae) and Sesamia calamistis Hampson (Noctuidae) are of 
particular importance. Scientists at UTA have been conducting research on and developing control 
practices for stem borers for several years. Efforts to breed for resistance to these two stem borer 
species are an integral part of these activities. 
resistance is discussed. 

INTRODUCfION 

Lepidopterous stem borers are among the most 
important insect pests of maize in Africa. In west 
Africa, Eldana saccharina Walker (Pyralidae) and 
Sesamia calamistis Hampson (Noctuidae) are the most 
damaging and widespread stem borer species 
(Bosque-Perez and Mareck, 1990a; Shanower et al., 
1991; Gounou et al., 1994). Control of stem borers 
can only be achieved through integration of various 
control practices such as biological and cultural 
control, as well as host plant resistance. Resistance 
breeding has been an effective approach for control 
of insect pests in other parts of the world (Gracen, 
1989; Smith et al., 1989). Scientists at IITA have been 
conducting research on and developing control 
practices for stem borers for several years. 
Screening and breeding for resistance to the above 
two stem borer species are an integral part of these 
efforts. 

Sesamia calamistis adults lay their eggs between the 
leaf sheaths of young maize plants and upon 
hatching most larvae penetrate the stem below the 
growing point. Larvae may also penetrate the 
whorl, resulting in leaf, tassel and upper stem 
damage. Serious yield reduction from S. calamistis 
occurs as a result of dead hearts, stem tunneling, 
lodging and direct damage to the ears. Tunneling of 
the stem commonly results in early leaf senescence, 
reduced translocation and lodging (Bosque-Perez 
and Mareck, 1990a, 1991). In contrast to S. calamistis, 
E. saccharina begins to infest maize plants around 
flowering time. Direct damage to the ears is also 
common. 

Work conducted by IITA scientists in the early 80's 
demonstrated that controlled, uniform, artificial 
infestations are needed to develop borer resistant 
germplasm (Bosque-Perez et al., 1989). Mass rearing 
of stem borers is required to provide insects for 
artificial infestation. Methods to mass rear S. 
calamistis and E. saccharina were developed at lITA 

Progress made in screening and breeding for 

and improved over the years. At present, our 
laboratory produces 150,000 eggs of S. calamistis or 
500,000 of E. saccharina per week at the peak of the 
production cycle. 

FORMATION OF STEM BORER RESISTANT� 
POPULATIONS� 

Since 1985 a wide diversity of germplasm has been 
screened for reaction to infestation by either S. 
calamistis or E. saccharina. This includes the BR 
(borer resistant) population of lITA (developed by 
screening for S. calamistis under natural infestations), 
CIMMYT's MBR (multiple borer resistant) and MIRT 
(multiple borer resistant tropical) populations, a 
portion of the MIR (maize inbred resistant) lines 
from Hawaii, and a wide range of germplasm from 
North and South America which has shown 
resistance to other species of maize stem borers. 
Sources of resistance to S. calamistis or E. saccharina 
were found among some of these germplasm 
groups. 

Three populations with moderate resistance to S. 
calamistis were formed between 1987 and 1988 
(Table 1). The population TZBR Sesamia 2 was 
eventually discontinued as it did not show adequate 
levels of resistance to this pest. The remaining two 
populations, TZBR-Sesamia 1 aild 3, are undergoing 
selection for resistance to S. calamistis . 

Screening for resistance to E. saccharina has received 
major emphasis. After intensive screening from 
1985 to 1987, three populations with moderate 
resistance to E. saccharina were formed between 1988 
and 1989 (Table 1). In 1985, 102 accessions 
introduced mostly from CIMMYT were screened for 
resistance as test crosses with the hybrid 8338-1; 
superior materials were selected and backcrossed to 
their original introduction. TZBR (Tropical Zea 
Borer Resistant) Eldana 1 was formed from the best 
14 of these backcrosses. Additionally, inbred lines 
with tropical adaptation were screened for resistance 
and the' best five recombined to form the population 
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TZBR Eldana 2. Tropically-adapted, early, 
intermediate and late-maturing open-pollinated 
populations were also screened for resistance in 
1988-89 (Fig. 1, Table 2). SI lines from the three 
most resistant late populations (La Posta, DMR
LSRW and TZSR-W-l) were screened and superior 
lines were selected and recombined to form the 
TZBR Eldana 3 population. 

Table 1. Genetic background of stem borer resistant populationsa. 

Population Genetic background 
TZBR Eldana 1b 14 testcrosses with hybrid 8338·1 
TZBR Eldana 2 TZi 2, 10, 12, 15 and ICAl 27 
TZBR Eldana 3 S1 lines from DMR·lSRW, la Posta and TZSR·W·1 
TZBR Sesamia 1 CM 116, INV 575, Cateto Grande Mil, Cateto Assis 

BraZil RGS x IV, Costeno Mag. 350 and Cubano Cateto 
Ecuador 339 crossed to TZi 4 

TZBR Sesamia 3 29 lines, mostly from the CIMMYT MBR population, 
crossed to TZi 4. 

aJ TZBR Eldana 3has white grain; all others are of mix~ grain color; 
all populations are late maturing (115·120 days).� 
bl Fourteen entries used for testcrosses: MP496 x VG·ECB·24X,� 
MP702 x ECB P13, PRM02 x PRMOSQB 87-4-1, PRM02 (51) C6 88·� 
3,� 
PRM02 (51) C6 88·12, Pool 24 x (MP496 XMP706), PRM02 (51) C6� 
752X·2, PRM02 (51) C6 x (MP496 XMP701), PRM02 (51) C6 752-1,� 
100-5 x 44-6 (2), PRM02 (51) C6 752X-4, MP701, MP68, and MP704.� 

Eldana resistance levels in tropically adapted 
populations. Among the early, tropically-adapted 
populations screened in 1988, two early composites 
undergoing improvement at lITA (TZE Compo 3 and 
4) and an experimental variety from CIMMYT's 
population 30 (EV 8730-SR) showed the least ear 
damage under E. saccharina infestation (Fig. 1). An 
experimental variety derived from CIMMYT 
population 49 (IK (1) 8149-SR) had very low stalk 
breakage. The resistance of TZE Compo 4 is 
Table 2. Performance of elite, late and intermediate germplasm under 
E. saccharina infestation, Ibadan, Nigeria, 1989a. 

Entry Days to Frass Ear Penetro
mid silk ratingb damageb meterc 

La Posta C8 53.0 1.67 2.39 11.87 
IK 83 TZ5R-W·1 58.7 1.33 2.89 11.30 
DMR-LSRW 54.2 2.17 2.61 9.27 
LB 8227 55.8 2.17 2.67 8.87 
EV 8725-SR 54.0 1.50 3.33 8.48 
ACR8224 55.3 2.00 3.86 8.38 
PR8536 54.7 2.33 3.34 8.22 
LB 8232 55.5 2.67 3.39 7.49 
PR8326 51.2 2.33 3.17 6.42 
Ferke8223 53.8 2.00 3.06 6.31 
8338-1 52.8 1.33 3.28 11.72 
8329·15 54.8 2.33 2.28 9.54 
Mean 54.5 1.99 3.02 8.99 
LSD 50/0 1.56 0.66 2.36 
Prob. of F .000 .001 .139 .000 
CV 0/0 2.5 28.9 30.3 22.7 
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probably derived from the parental sources used in 
forming the composite, Populations 30 and 49. The 
parents of TZE Compo 3 are TZESR-W and DMR
ESRW, which are more susceptible to ear damage 
than the composite. In this case there appears to 
have been some indirect improvement in E. 
saccharina resistance while selecting for yield, ear 
aspect, and reduced lodging in our normal breeding 
trials. The level of ear damage and percent stalk 
breakage were significantly correlated in this 
experiment (r - 0.52, p<O.05). 

To evaluate levels of E. saccharinaresistance in 
tropically adapted intermediate and late populations 
(Table 2), ratings of the amount of frass in the leaf 
axils and extent of ear damage were recorded (1 = 
resistant to 5 = susceptible). Penetrometer readings 
were taken at the base of the stem at flowering; 
larger values indicate that greater force was required 
to penetrate the stem. There was a significant 
correlation between the penetrometer reading and 
frass rating (r • -0.66, p<O.05). There was some 
indication of a possible relationship between ear 
damage and penetrometer reading (r =-0.40, ns), but 
the estimate of the correlation between frass and ear 
damage rating was dose to zero. This suggests that 
different mechanisms may be involved in 
determining E. saccharina resistance in the stalks and 
ears. 

Improvement of the populations and of screening 
methods. Borer resistant populations are being 
improved for adaptation and resistance levels 
primarily through Sl family testing. Mass selection 
for resistance to maize streak virus is carried out 
when individual plants are selfed to make new Sl 
families. 

Eldana saccharina. In order to increase the number 
of breeding materials that can be screened for 
resistance to E. saccharina, a new infestation method 
was developed (Bosque-Perez and Mareck, 1990b). 
Strips of a susceptible maize variety are planted one 
month prior to planting test materials. The test 
materials are planted perpendicular to the strips 
using 3m rows and 1m alley. Plants of the spreader 
rows are infested at silking with E. saccharina egg 
masses (65-75 eggs per plant) obtained from the 
laboratory colony. Adults which emerge from the 
spreader rows move to the test plants resulting in a 
natural infestation. Test materials are checked 
regularly to ensure a uniform level of infestation has 
been achieved. The method has proven to be 
efficient. 

aJ RCBD with 6 replications 
bl Rating scale:1 =resistant to 5 =susceptible. 
cI Penetrometer readings were taken at the base of the stem at 
flowering; larger values indicate that greater force was required to 
penetrate the stem. 
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Figure 1. Levels of Eldana resistance In early germplasm, 1988. 
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Figure 2. Cycles of selection for resistance to Eldana, 1991 •. 
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Table 3. Index selection of S1 families from TZBR Eldana 3C2, Ibadan, Nigeria, 1992. 

Trait p>Fa P>F Index Grand Mean Change 
Set 1 Sel2 weight mean sel. 47b % 

Days 10 midsilk <.001 <.001 0 61.8 61.4 -D.71 
Plant height (em) <,001 <.001 0 171 176 2.91 
Ear height (em) <.001 <,001 -1 88 88 -D.59 
Husk eover <.001 .003 -1 2.8 2.5 -9.56 
Plant aspect rating .011 .504 -1 3.1 2.9 -6.92 
Ear aspect rating .004 .012 -1 3.0 2.4 -18.4 
Ear rot rating .052 .035 -1 2.7 2.2 -17.2 

Ear damage rating .083 .020 -5 1.8 1.2 -35.3 
Root lodging % .121 .025 0 13 11 -18.3 
Slaik lodging % .201 .426 0 21 16 -21.9 
Yield kg ha-1 <.001 .011 +1 912 1254 37.5 
Index 0 12.0 
aJ 630 51 families divided into two 18x18 lattice experiments (sets) with 2 replications each 
bl Mean of selected families (best 47 based on the index) 

At maturity, the following assessments are made: 
percent of plants with broken stalks, ear aspect (size, 
uniformity, freedom from diseases, etc.) and plant 
aspect (plant and ear height, uniformity, freedom 
from diseases, etc.) using 1-5 scales, ear damage, an 
estimate of the percentage of grain consumed or 
damaged by the borer using a 1-5 scale (1= 0-5; 2 = 
6-25; 3 = 26-50; 4" 51-75 and 5" 76-100%) and grain 
yield. Measurements on agronomic characters (days 
to silk, plant and ear height) are also taken. The 
relative weights assigned to agronomic 
characteristics and E. saccharina resistance traits vary 
depending on the population and severity of 
infestation in a particular year. 

TZBR Eldana 3 was developed from elite, adapted 
populations and therefore may be more immediately 
transferred to NARS. Cycle 2 of this population 
performed well in multilocational yield trials in 
Nigeria and COte d'Ivoire in 1993. It will be 
included in our International Variety Trials for the 
first time this year. The selection index applied to 
this population is shown in Table 3. Family means 
for each trait are standardized by subtracting the 
overall mean and dividing the difference by the 
standard deviation. The index value for each family 
is obtained by multiplying the adjusted means by 
the assigned weights and summing across traits. 
Adjustments to the weights are made if selection 
appears to be having undesirable effects on other 
agronomic characteristics. TZBR Eldana 1 is derived 
from exotic germplasm and is less adapted to the 
region, thus agronomic characteristics are given less 
weight in the index since the population is intended 
for use as a source of E. saccharina resistance by 
national breeding programs. 

To evaluate the progress achieved in selecting for 
resistance to E. saccharina, cycles of selection trials 
are periodically conducted. In 1991, Cycles 0 to 4 of 

TZBR-Eldana 1 and CO to C2 of TZBR Eldana 3 were 
evaluated under infestation along with a susceptible 
check and two hybrids. Ratings for ear damage 
were significantly lower (P<0.05) for later cycles 
compared to early ones, shOWing that increased 
levels of resistance to this pest have been obtained in 
these populations (Fig. 2). Time to maturity has also 
increased in TZBR Eldana 1. The use of a selection 
index should prevent further inadvertent increases 
in maturity in the future. 

Sesamia calamistis. The development of screening 
methods and the selection of Sesamia resistant 
materials was enhanced by the identification of 
resistant (TZi 4) and susceptible (TZi 19 or TZi 25) 
inbred line checks (Mareck et aI., 1989). To screen 
for resistance to S. calamistis, 21-day-old plants are 
infested with 25-30 eggs (black head stage) obtained 
from a laboratory colony. Eggs are placed between 
the leaf sheaths at the base of the plant. Damage 
ratings are taken 2 and 6 weeks after infestation 
using a 1-9 rating scale (Bosque-Perez et al., 1989). 

We had observed that plant vigor influences the 
plants' reaction to S. calamistis attack. We were 
therefore concerned that differences in inbreeding 
depression among 51 families could make it difficult 
to detect resistance that would be expressed in' a 
noninbred background. A split-plot experiment was 
conducted in the screenhouse to simultaneously 
compare the resistance performance of 51 families 
from TZBR Sesamia 1 C1 with test crosses derived 
from the same families (TC). There was no average 
difference in damage ratings between 176 51 families 
and theil TCs. This could be explained by the fact 
that a highly susceptible inbred was used as the 
tester, in order to maximize expression of resistance 
among the test crosses. Highly significant 
differences were observed among families for 
resistance, but the family x type (51 or TC) 
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interaction was not significant (Table 4). Analysis 
within types showed that genetic differences were 
significant among the 51 families, but not among the 
TCs. More replication would therefore be required 
to make comparable progress from selection based 
on TC evaluation. Vigor ratings (1 = very vigorous 
to 9 = not vigorous) were obtained on a subset of 112 
families. Correlations between damage ratings and 
vigor were obtained both for 51 families (r = 0.39, 
p<O.Ol) and TCs (r = 0.51, p<O.Ol). Although the 
correlation was greater for the TCs, the difference 
between the correlations was not significant. These 
results suggest that 51 family selection for S. 
calamistis resistance will be more effective than TC 
selection. However, since the correspondence 
between 51 families and their TCs was very poor, 
one cycle of selection will be carried out separately 
for both types of families to determine actual 
progress that can be obtained from the two selection 
methods. 

Due to the relationship between S. calamistis 
resistance and plant vigor, hybrids tend to be more 
resistant than open-pollinated varieties. Among the 
Sesamia populations, TZBR Sesamia 3 CO appears to 
have the greatest resistance, which was comparable 
to hybrid 8321-18 in one experiment (data not 
shown). Figure 3 shows the distribution of 51 

Table 4. Analysis of variance8 for 51 families and the related 51 
testcrossesb(TC) in TZBR Sesamia 1C1. 

Source of Variation Damage Vigor 
rating rating 
MS P>F MS P>F 

Type (51 vs. TCl 11.34 .339 177.51 .026 
Error a 5.81 12.28 
Family 1.88 .007 2.65 .063 
Family x Type 1.46 .281 2.05 .495 
Error b 1.36 2.06 
Mean 51 4.35 4.38 
Mean TC 4.60 3.12 
No. of families 176 112 
aI Based on 2 replications, split-plot design 
bl S1 families were crossed to the susceptible inbred tester TZi 25 

families from this population averaged over two 
replications. Genotypes to the left of the distribution 
are most resistant. Twenty families had better 
ratings than the resistant check, TZi 4. One 
limitation of TZBR Sesamia 3 is that it is relatively 
susceptible to Puccinia polysora. Some attention will 
be given to agronomic characteristics and disease 
resistance in the future, while continuing to place 
greatest emphasis on developing Sesamia resistant 
source populations for national breeding programs. 

Kling & Perez 
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SOURCES OF RESISTANCE IN MAIZE TO STEM BORER IN MID-ALTITUDE� 

INTERMEDIATE AREAS OF KENYA� 

M. GETHI 

RCC-EMBU, P.O. Box 27 Embu, Kenya. 

ABSTRACf 

In the present investigations, field experiments were conducted at Embu Regional Research Centre 
during the 1990/91 cropping seasons. Evaluation of possible sources of resistance to Chilo partellus 
(Swinhoe) and Busseola fusca (Fuller), were carried out on local germplasm, CIMMYT populations and 
breeder lines under natural infestation. Parameters used for evaluation were foliar damage, stalk 
tunnelling, borer exit and entry holes, and. the number of stem borer larvae and pupae present. 
Results indicated that there were significant differences between cultivars in the components 
(parameters) of resistance that were measured. These differences were evident, not only on the 
relative indices for resistant components, but also in their overall resistance and susceptibility values. 
CIMMYT germplasm was found to be moderately resistant to stem borers. Single cross hybrids of SR 
52 lines (line 7 and 11) and open pollinated cultivars (Embu 11 and 12) showed high overall 
resistance/susceptibility index (ORSI) reflecting high susceptibility for almost all the parameters used. 
From the data presented, I conclude that some of the parameters, especially foliar damage, will allow 
the identification of sources of resistance and may subsequently be used during selection. 

INTRODUCfION� successful breeding for multiple borer resistance 
depends mainly on the development of suitable The maize improvement program� in Kenya is 
procedures to be used in screening and identifyingdivided into four sub programs based on rainfall, 
physical traits that are responsible. altitude and maturity periods where the maize is 

grown. These are; high altitude late, mid-altitude The objectives of this screening program were to: 
intermediate maturity, mid-altitude early and 

(i) Identify sources of resistance to stem borers. coastal lowland breeding programs (Anon. 1990).� 
All these programs have, in the past, paid attention (ii) Develop procedures to be used in resistance� 
to yield improvement with most of the cultivars screening in breeding nurseries.� 
developed being susceptible to stem borers. This� 

MATERIALS AND METHODS problem is a manifestation of the breeding 
techniques that rely heavily on insecticides in Field studies were conducted at Embu Regional 
selection nurseries. This is more so in the mid Research Centre during the 1990/1991 cropping 
altitude program where most of the high yielding seasons. 
lines developed are very susceptible to stem borers, During the 1990 cropping season, a total of 9 maize particularly Busseola fusca (Fuller) and Chilo materials from different sources were used. Thesepartellus (Swinhoe). were inbred A, and the following CIMMYr 
The central, eastern and some parts of the western materials were included: PR86MBR, PR8523SCB and 
provinces of Kenya are heavily dependent on maize PR86CHILO (obtained from CIMMYr Mexico). The 
which features very prominently in the cropping second group was made up of three open pollinated 
systems. Strategies to reduce losses due to stem cultivars Embu 11, DLC1 and KCB (Katumani 
borers have in the past relied heavily on the use of Composite B), obtained locally, while the third 
insecticides (Warui and Kuria, 1983). This method group consisted of mid altitude hybrids H511 and 
of control is expensive and not very practical, H512. During the 1991 growing season, a 
particularly with the subsistence farmers, due to the completely new set of cultivars were used. The new 
timing of application and the cost of the insecticides. lines were inbreds derived from a single cross 
The innate quality of a plant that renders it hybrid SR52, together with inbred A. All these lines 
unsuitable as food or shelter for insect pest or were obtained from the stations' breeding nursery. 
otherwise referred to as host plant resistance (HPR) The second group of cultivars were similar to the 
(Herzog and Funderbark, 1985) still remains the previous years' materials with the inclusion of 
most practical, environmentally safe, and cultivar Embu 12. Similarly, as in the previous 
economically feasible method in borer control. It season, one H511 was used. During the two years of 
was therefore found necessary to look for ways of field screening, inbred A was used as a susceptible 
incorporating HPR in the currently recommended check. 
hybrids and open pollinated cultivars. However, 
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Each material was planted in the field in double-row infestation levels). Then relative indices of the 
plots at a spacing of 70 cm by 30 cm between and resistance components for each materials were 
within rows respectively, in a randomized complete calculated for each parameter as a ratio of its 
block design and replicated four times. damage and infestation level to that of the reference 

cultivars (inbred A). The average of all the relative The parameters tested as indicators of resistance 
indices of the components gave a level of thewere: 
materials overall resistance susceptibility index 

i.� Foliar damage rating - This was done weekly (ORSI). The lower the ORIS the greater the 
from 10 plants selected at random using a scale of estimated resistance (Ampofo et al., 1986). 
1 to 9 where 1 was no damage and 9 meant RESULTSsevere foliar damage (Guthrie et ai., 1960). 

From Table 1 it was evident that there wereii.� Stalk tunnelling - Five plants per treatment were 
significant (P"'0.05) differences between cultivars in selected at harvest and split open to asses the 
their responses to damage and infestation levels. length of the tunnels made by the feeding larvae. 
Materials obtained from CIMMYf, together with the This parameter was later expressed as a 
local open pollinated cultivars had lower levels of percentage of the total length. 
infestation and damage. Embu 11 and H511, which 

iii. Stem borer number and species - This was done are genetically related, had significantly (P"'0.05) 
three times in the course of the season from higher infestation and damage levels than inbred A 
another set of 5 plants selected at random. for all the parameters that were used. 

iv. Exit/entry holes - This was assessed from the Figure 1 and Table 2 show the ORSI comparisons 
plants that were used in iii. the holes were between cultivars and their relative indices of the 
distinguished by the presence or absence of frass components of resistance and ORSI respectively. 
deposits. Embu 11 and H511 showed the highest ORSI 

indicating their susceptibility with the CIMMYf v.� Internodes bored - These were taken as the 
entries and the open pollinated cultivars (KCB andnumber of internodes tunneled from the plants 
OLC 1) showed a moderate level of resistancethat were dissected for borer counts. 
compared to the susceptible check inbred A. 

An analysis of variance was done for the various However, the index values for the parameters .used 
parameters measured (damage ratings and differed in different cultivars with some of them 

Table 1. Levels of damage and infestation by the stem borer in different maize cultivarsllines 

Variety Foliar damage Tunnel length Exit holes Larvae 
Inbred A 2.15ab 2.20a 1.33 O.90a 
H512 1.ooa 1.34b 1.03 1.80ab 
EM.11 0.95ab 2.73ab 1.87 1.61ab 
PR86MBR 0.23a 1.67b 1.07 1.09a 
Makueni 0.68a 1.95a 1.29 1.37a 
Katumani 0.50a 2.ooa 1.14 1.05ab 
PR8523SCB 0.73a 1.39b 0.82 1.02ab 
H511 O.77a 1.83ab 1.05 1.13b 
PR86CHILO 0.71a 1.33b 0.99 1.21b 
LSD 1.41 1.29 0.63 0.61 
Means in the same column followed by the same letter (s) are not significantly different at P=O.05 

Table 2. Component of resistance to stem borer attack and over all resistance suceptability index (ORSI). 

Variety Tunnel Exit holes Damaged plants L8IVH harvest ORSI 

Inbred A 1.00 1.00 1.00 1.00 1.00 
H512 0.47 0.61 0.77 1·65 0.86 
EM.11 0.44 1.24 1.41 1.48 1.14 
PR86MBR 0.11 0.75 0.80 1.00 0.67 
Makueni 0.32 0.89 0.97 1.26 0.86 
Katumani 0.23 0.91 0.86 0.96 0.74 
PR8523SCB 0.34 0.63 0.62 0.94 0.63 
H511 0.36 0.83 0.79 1.04 0.76 
PR86CHILO 0.33 0.60 0.74 1.11 0.69 
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Table 3. Levels of damage caused by the stem borers and their mean number in different maize cultivars/lines. 

Cultivar/line Foliar damage Tunnel length Exist holes Chilo larvae pupae Busseola larvae Internodes bored 
pupae 

SR 52 Line1 ' 1.63f 9.75ab 1.63b 0.71b 0.96ab 1.00bc� 
SR 52 line 3 1.33eg 8.68ab 0.96bd 0.75b 1.12ab 1.19c� 
SR 52 Line7 1.96e 11.33a 2.48a 0.78b 0.88ab 1.46b� 
SR 52Line10 1.5ge 6.72ab 1.33bd 0.87ab 1.03ab 1.16bc� 
SR 52Line11 2.04c 9.80ab 2.55bc 1.04a 0.86b 1.56bc� 
SR 52Line12 1.61e 9.18ab 2.08a 0.74b 0.86b 1.21bc� 
SR 52Line14 1.95e 6.28b 1.79b 0.80ab 1.17a O.Obc� 
Katumani (C) 1.71 ef 7.65ab 0.69bd 0.75b 0.82b 0.59bc� 
Makueni(C) 1.43f 8.61ab 0.97bd 0.74b O.79b 0.85bc� 
H511 1.26e 4.64ab 1.58b 0.71b 0.83b 0.86c� 
Embu 11 2.95a 13.89a 3.69a 0.71b 1.03ab 2.65a� 
Embu 12 1.93e 6.50b 2.47a 0.71b O.84ab 1.38ab� 
Inbred A 2.27bc 12.10ab 2.oob 0.78b 1.09ab 1.44bc� 
LSD 0.33 6.28 1.37 0.21 0.31 0.98� 

Means in the same column followed by the same letter (s) are not significantly different at P=0.05 

Table 4. Component of resistance to stem borer attack and overall resistance susceptibility index (ORSI) in 12 maize lines at Embu. 

Ratios of values for each parameter to that of Inbred A 
Cullivar/line Foliar damage Tunnel length Exist holes Chilo Busseola Intemode bored ORSI 

larvae/pupae larvae/pupae 
SR 52 Line1 0.71 0.81 0.82 0.91 0.88 0.69 0.81 
SR 52 line 3 0.58 0.72 0.48 0.96 1.03 0.83 0.77 
SR 52 Line7 0.86 0.94 1.24 1.00 0.81 1.01 0.98 
SR 52Line10 0.70 0.56 0.67 1.12 0.94 0.81 0.80 
SR 52Line11 0.89 0.81 1.28 1.33 0.79 1.08 0.03 
SR 52Line12 0.71 0.76 1.04 0.95 0.79 0.84 1.85 
SR 52Line14 0.86 0.52 0.89 1.03 1.07 0.42 0.79 
Katumani 0.75 0.63 0.35 0.96 0.75 0.41 0.64 
Makueni 0.62 0.71 0.49 0.95 0.72 0.59 0.68 
H511 0.56 0.38 0.79 0.91 0.76 0.54 0.67 
Embu 11 1.29 1.15 1.84 0.91 0.94 1.84 1.33 
Embu 12 0.85 0.51 1.24 0.91 0.77 0.96 0.87 
Inbred A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
< 0.4 highly resistant (HR) 
> 0.4 <0.8 moderately resistant (MR) 
> 0.8 susceptible (s). 

having a low value for one parameter but higher pollinated cultivars KCB and DLCI showed 
values for other parameters. moderate resistance when all were compared to 

inbred A. Table 4 shows differences in relative 
This trend was the same on the other entries used indices of individual components and ORIS values. 
during the following cropping season. Table 3 
indicated that, as in the previous year, there were The overall data for the two years of screening 
significant (P=0.05) differences between cultivars on indicates that sources of resistance are different in 
all the infestation and damage parameters used for different cultivars. 
evaluation. Foliar damage rating ranged from 1.26 DISCUSSION
in H511 to 2.75 in Embu 11. Tunnel length and the 
number of exit/entry holes on the stems were also The results presented show that locally grown open 
significantly (P = 0.05) more in the same cultivars pollinated maize cultivars (composites) for example 
(Embu 11) and least in KCB. SR52 lines, when all KCB and DLCI have a better level of stem borer 
parameters were considered, performed poorly resistance that is comparable to multiple borer 
when compared to the open pollinated cultivars. resistance· from CIMMYT. Omolo (1983) attributed 

this to their early maturing nature, escaping the 
Figure 2 and Table 4 shows the ORSI and damage second borer generation. It is also evident from the 
and infestation levels indices for all the entries. data that the most susceptible cultivars in mid
Figure 2 indicates that Embu 11 and line 14 of the altitude regions were Embu 11 and 12 and also 
SR52 were highly susceptible while the open 
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Figure 1. Components of resistance 1990. 

200r----------------------------------, 

150 

)( 

~ 100 
.5 

0,50 

0,00 
INBA H512 

• Foliar 

~ Tunnel length 

[:1 Exitholes 

§ Damaged 

• Larvae/Pupae 

DOrsi 

EM11 PR86MBR OLC1 KCB PR8623S H511 PR86CHI 
Cultivars 

<0,4 =high resistance, >0,4 <0.8 =mr, >0,8 =susceptible 

Figure 2. Components of resistance 1991. 

2,oor----------------------------------------, 

J 
~I ~ _ LUI~ 

SR52 L3 SR52L7 SR52 L10 SR52L11 SR52L12 SR52 L14 KCO 
Cultivars 

• Foliar damage ~ Tunnel length [il Exit holes 

• Larvae/P(B) D In!. Bored 

H511. These cultivars, together with the lines from 
single cross hybrid SR52, showed higher values for 
almost all the parameters used thus resulting in a 
higher ORSI (>1). 

As regards sources of resistance, in those cultivars 
that showed moderate levels of resistance, 
parameters used to measure resistance or 
susceptibility were varied. Some cultivars had a 
lower value for one parameter but a higher value for 
another parameter. For KCB showed higher values 
for foliar damage but a very low value for stem 
borers that were recovered. Ampofo (1986), using 
lowland maize cultivars, found that other than foliar 
damage, other parameters combined together may 
result in yield reduction though their individual 
effect, were not large. 

- '-

OLC1 H511 EM11 EM12 INBA 

§ Larvae/P(C) 

~ORSI 

The overall conclusion that can be drawn here is that 
the cultivars showing low values for foliar rating 
and low number of internodes bored could be used 
as sources of resistance in breeding for higher yields. 
Characters that contribute to susceptibility should be 
removed from the already existing commercial 
hybrids to produce more tolerant heterotic materials 
for the mid-altitude regions. 
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ABSTRACT 

The young larvae of the spotted stem borer (Chilo partellus) feed on young maize leaves within the 
whorl causing lesions and when the feeding activities extend to the meristematic region. deadheart. 
When the larvae develop to the late third or early fourth instar. they bore into the stems where they 
continue to feed and cause extensive stem tunnelling. All these types of damage. if caused at the 
respective vulnerable stages of the crop growth lead to grain yield loss. The magnitude of such yield 
losses varies according to the resistance of the genotype and the growth stage at the time of 
infestation. Quantification of relative levels of resistance and tolerance depends on development of 
appropriate rating scales and measurement systems. For C. partellus resistance. parameters of 
interest include both the abundance. namely number of eggs laid and larva/pupa density. and the 
damage parameters such as foliar lesions. deadheart. stem tunnelling and number of entry/exit holes. 
However. for breeding purposes. the latter are of greater interest because they directly affect yield. It 
is known that genotype-by-parameter interaction exists such that a genotype may for example. be 
highly resistant to foliar damage but less resistant to stem tunnelling and vice versa for another 
genotype. Furthermore. the time of infestation and borer population levels determine to a large 
extent. the degree of either deadheart or foliar lesions. In effect. to achieve an overall increase in 
resistance levels. commensurate improvement in resistance or tolerance to each of the damage 
parameters is desired. We describe in this paper the methods and strategies used at the ICIPE to 
develop maize genotypes with improved levels of resistance to three types of damage by the spotted 
stem borer. 

INTRODUCTION� commensurate improvement in resistance or 
tolerance to each of the damage parameters, is

The use of resistant maize genotypes is a basic 
desired.

approach to insect pest management particularly for 
small scale subsistent farmers in Africa. The methods and strategies being used at ICIPE to 

develop maize genotypes with improved levels of Chilo partellus (Swinhoe), an important stem borer in 
resistance to the three types of damage by C.

the lowland region of eastern Africa, has been partellus is hereby highlighted. The critical feature of 
extensively studied in the host-plant resistance 

the approach at ICIPE has been the hand-in-hand 
programme of the ICIPE. Damage symptoms due to 

working together of the plant breeder and the
the insect attack include foliar lesions, deadheart 

entomologist at every stage of evaluation and
and stem tunnelling. All these types of damage, if 

development of genotypes. 
caused at the respective vulnerable stages of crop 
growth lead to grain yield loss. The magnitude of Evaluation methods. Screening of maize genotypes 
such yield loss varies (Walker 1967; Warui and is done either naturally or artificially. Since uniform 
Kuria, 1983; Seshu Reddy and Sum, 1992) according infestation level is desired, an artificial method of 
to the resistance, susceptibility or tolerance levels of infestation is generally employed. Insects from the 
the genotypes and their growth stages at the time of mass rearing procedure described later in the paper 
infestation. are used to infest genotypes at three weeks after 

crop emergence (WAE). Infesting earlier, results in
It is opined (Mihm, 1985) that the vulnerability to deadheart formation while later results mainly in 
stem borers from early seedling stages to near foliar damage (Figure 1). However, any of the three 
maturity of maize plants is due to overlapping damage characteristics of foliar lesions, deadbeart 
generations of the pests in a year. However, in one and stem tunnelling result in yield loss (Mohyuddin 
generation of C. partellus, different larval instars and Attique, (1978); Ampofo 1986; Kumar 1988; 
cause distinct types of damage; the early instars Ajala and Saxena, 1994). While the use of "bazooka" 
causing mostly foliar lesions while the later ones is being standardized, artificial infestation is
feed within plants to cause deadheart and/or stem currently being done with either first instar larvae or
tunnelling. In addition, the time of infestation and egg masses at the black-head stage. Either way, a 
borer population levels determine the type of certain level of experience and expertise is required 
primary damage caused to the plant. In effect, to to uniformly infest contending genotypes. 
achieve an overall increase in resistance levels, 

192� 
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Figure 1 Age of plant at infestation by Chilo partellus 

larvea and resultant damage. 
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Scoring and counting for foliar damage and 
deadheart respectively are at four weeks after 
infestation. Foliar lesion is on a 1=resistant to 
9=susceptible scale while deadheart is estimated as 
the percent of plants in a plot showing the symptom. 
Extent of stem tunnelling is estimated at harvest by 
measuring the actual length tunnelled and 
expressing this as a percentage of the plant height. 

Table 1. Damage by Chilo partellus larvae on selected maize 
genotypes 

Genotype Foliar lesion Deadheart Stem Tunnelling 
Mp701 4,2 6.1 14,0 
Mp702 4,0 3.6 12.2 
Mp704 3,2 6.1 20.1 
Inbred A 7,2 39.5 34,7 
Inbred G 7,1 30.7 33.0 
Oh 43 4,9 6.4 24.8 
V-37 5.0 9.3 14.7 
ICZ1-CM 4.7 28,0 18,3 
ICZ2·CM 4.4 8.2 14.7 
Isd (0.05) 0.2 7.8 4.7 

Results obtained from artificial infestation at 3WAE 
has been encouraging and effective in discriminating 
resistant from susceptible genotypes. It has also 
shown that relative ranking of the genotypes were 
not consistent for the damage parameters that is; 
genotype-by-parameter interaction exists. For 
example, Inbred A was consistently the most 
susceptible while the damage levels of the other 
entries were variable (Table 1). Due to the 
significance of genotype-by-parameter interaction, 
an overall resistance susceptibility index (ORSI) was 

Foliar lesions 

.. 
Plant age (weeks) 

proposed (Ampofo et al., 1986a). A basic limitation 
to the use of ORSI is that parameters were assumed 
to have equal weighting. Nevertheless ORSI as 
proposed, and indeed the use of any other index, 
implies that commensurate improvement in each of 
the resistance parameters would be needed to effect 
an overall improvement in resistance level. This 
approach was also echoed by Mihm (1985) for stem 
borer resistance in subtropical and tropical areas. 

Mass rearing of Chilo partellus. One very 
important step in evaluation of crop genotypes for 
insect resistance involves challenging the plants 
artificially with an adequate number of insects at 
appropriate developmental stages and then 
observe/ measure parameters of susceptibility 
resistance. For this it is important to have a mass 
culture of the insects. Many insects species can be 
reared on artificial diets specific to them. But a 
major qualification for such a rearing is the quality 
of insects produced and they must have their 
biophysical processes as well as activity as close to 
wild insect as possible. 

The rearing of C. partellus on artificial diet has been 
possible for a long time (Pant et al., 1960) and with 
various modifications (Chatterji et al., 1968; Siddiqui 
and Chatterji, 1972; Siddiqui et al., 1977; Sharma and 
Sarup, 1978; Seshu Reddy and Davies, 1978; Ochieng 
et al., 1985; Singh and Sarup, 1985). Seasonal 
infusion "from the wild is important to prevent 
inbreeding and maintain vigour and to eliminate the 
pOSSibility of ending with insects adapted to the 
laboratory conditions. A summary of the 
ingredients needed for mass rearing as being carried 
out at the ICIPE is given in Table 2. Although 
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Table 2. Summary of ingredients needed to produce about 4.0 Its of resistance levels is achievable through appropriate 
artificial diet for mass rearing of Chilo partellus selection procedures. 
Ingredient Quantity Mass selection. Selection was imposed on five 
Distilled water� 3600,Oml maize populations namely; ICZ1-CM, ICZ2-CM,
Bean Powder� 432.9g MMV 400, Poza Rica 7832 and V-37. The fiveBrewers yeast 32.0g 
Sorbic acid 4,Og populations are considered moderately resistant and 
Ascorbic acid 6,4g have been used extensively in our host-plant 
Vit ECapsule (250-300 mg) 0.9g resistance programme (Ampofo et al. 1986b; Ampofo 
Benlate (benomyl) 4.0g and Saxena, 1988; Kumar, 1990; Ajala, 1993). The 
Susceptible maize/sorghum leaf powder 160.0g selection method includes planting and artificially 
Methyl p-hydoxybenzoate� 6.4g infesting a large number of plants from each of the 
Ethanol (Absolute)� 20.0ml populations followed by selection of desirableAgar powder� 48.0g 

plants. Bases of selection are visual rating of foliar Formaldehyde 40%� 8.0ml 
damage at 3WAI and tagging plants with rating of 

different modifications to the preparation method <3 for selting, while extent of stem tunnelling is 
have been used, the method detailed by Ochieng et estimated for the selted plants at harvest. Equal 
al. (1985) is adequate. number of seeds from selted plants with <10% 

tunnelling is then composited for recombination in 
It is also possible to rear Chilo on a modest scale the following season. In effect, one year (or two 
using natural diet of four week old sorghum or seasons) is required to complete a cycle of selection. 
maize leaves, changing the leaves every other day Two cycles of selection have been completed in the 
until the larvae are at the third instar stage.� five populations. Experience from the selting and 
Thereafter, six to eight week old stem chops should selection has shown that three of the five genotypes 
be used. The rearing facility at the ICIPE can now have very narrow genetic bases and a third cycle 
supply over 40 million insects annually and cheaply was performed with only MMV 400 and Poza Rica 
at ambient room temperature. 7832. Results from evaluation of the cycles (CO to C2) 
The critical element in the mass rearing of Chilo for for progress are as shown in Table 3. 
our screening purposes is the maintenance of quality Although the very high proportion of linear 
through the monitoring of life-cycle parameters and component from the table suggests that changes in 
the use of pupa and adult indices of quality gene frequency is occurring, the non significance of 
(Ochieng'-Odero et al., 1991; Ochieng'-Odero, 1991). mean squares due to cycles is an indication that such 
Selection and breeding for resistance. Resistance in� changes are indeed very slow thus suggesting that, 

to a large extent, some form of progeny testing may maize to the spotted stem borer is quantitative and 
preponderantly additive (Pathak and Othieno, 1990; be necessary before recombination. The procedure 
Ajala 1992, 1993). Susceptibility is also partially has therefore been modified to include 51 testing 

but, three rather than two seasons will now bedominant over resistance (Ajala, 1992) In effect, 
required to complete a cycle. 51 selection has been identification of resistant genotypes shoul~ be 
reported useful in shifting gene frequencies forrelatively easy and gradual improvement in 

Table 3. Mean of CO' C1 and C2 for foliar lesions and stem tunnelling of five maize populations subjected to selection for resistance to Chilo 
partellus. 

Type ICZ1-CM ICZ2·CM V·37 MMV 400 PR7832 
Foll.r Iulon, 

Co 3.60 3.31 3.75 3.43 3.48 
C1 3.61 3,46 3.79 3.15 2.87 
C2 2.98 3.57 3.20 3.38 2.65 
Gain/cycle .().31 0.13 .().28 ..().03 .().42 
%Gain/cycle 

Co 

8.36+ 

29.09 

3,92 

26.82 

7.25 
Stem tunnelling 

25.37 • 

0.10 

31,59 

12.28 

24.58 
C1 26.30 21.14 23.78 29.58 21.34 
C2 24.11 20.30 22.47 25.79 18.28 
Gain/cycle ·2.49 ·3.26 -1.45 -2.90 -3.15 
%Gain/cycle 8.59 12.53 5.73 9.09 12.83 

+Expressed as a proportion of predicted Co PR =Poza Rica 
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resistance to the European com borer (ECB) in maize 
(Guthrie 1989) 

Line extraction. A pedigree nursery is usually 
maintained every season at Mbita Point Field Station 
(MPFS) in western Kenya. There are two natural 
seasons per year at MPFS based on rainfall 
distribution. The first season (long rains) is from 
April to early July while the second season (short 
rains) is from August to October. Oftentimes, the 
second season needs supplementary irrigation. 
Sources of entries for the nursery are from planned 
crosses especially using Mp701, Mp702 or Mp704 as 
the resistant donor parent (ICIPE, 1991) and lines 
from other desirable open pollinated genotypes. Sl 
progenies from recurrent (mass) selection procedure 
described above are also included. In the pedigree 
nursery, plants with foliar damage rating of <3 are 
selfed and further selection is carried out at harvest 
by estimating stem length tunnelled and eliminating 
selfed plants having stem tunnel length >10%. 
Deadheart as a selection parameter is naturally 
included. 

Table 4. Grain yield (t/ha) and resistance levels of 10 S4lines 
evaluated in topeross trials at Mbita in 1992. 

Entry Foliar lesion Stem tunnelling Grain yield 
5 1.9 4.3 8.1 
8 2.0 5.7 7.6 

32 1.5 9.0 7.6� 
189 1.0 0.0 7.4� 
159 2.4 6.0 7.1� 

11 1.7 7.6 7.0� 
274 2.0 9.8 7.0� 
166 2.4 5.1 6.9� 
125 1.9 8.2 6.6� 
154 1.7 5.3 6.5� 
Isd� 

(0.05) 0.7 1.3 0.4 

A total of 84 desirable 54 lines have been identified 
and tested in topcross trials for general combining 
ability (GCA). Out of these, ten lines have been 
selected and are currently at the 56 generation of 
inbreeding. Resistance data and grain yield, in top 
cross trial of the ten lines, are presented in Table 4. 

Full and half-sib selection. At the initiation of our 
breeding programme in 1990, two maize 
populations (ICZ3 and ICZ4) were composited from 
some maize genotypes with varying levels of 
resistance to C. partellus attack (Ajala and Saxena 
1994b). To improve on levels of resistance and 
noting that gene action conditioning resistance was 
predominantly additive, both full- and half-sib 
family selection were initiated in ICZ3. Evaluation 
of the progenies for both resistance parameters and 
agronomic traits were recently concluded and a 
summary of the results obtained is presented in 

Table 5. The very wide range in values for each of 
the resistance parameters and grain yield is an 
indication of the feasibility for selection for reduced 
levels of resistance parameters and high grain yield. 

Breeding for tolerance. Tolerance, which is the 
ability of genotypes to produce and yield adequately 
despite infestation and damage, is a much better 
option than breeding for resistance per se in 
sustainable production systems. Nevertheless, 
breeding efforts for its utilization have been 
seriously hampered by lack of criteria to adequately 
quantify it as a parameter. Although Ampofo (1986) 
using the approaches of Ortega et aI. (1980) and 
Panda and Heinrichs (1983) separated some maize 
genotypes into four groups (quadrants) of (a) both 
antibiosis and tolerance operating; (b) antibiosis and 
no tolerance; (c) tolerance and no antibiosis and (d) 
both antibiosis and tolerance absent. The approach 
is rather flawed because it assumes yield loss to be 
linearly related to extent of foliar feeding/ damage 
by the insect without adequately considering other 
damage parameters such as stem tunnelling. 
Therefore, further studies have been conducted and 
concluded that stem tunnelling is actually the most 
important damage parameter causing yield loss 
(Ajala and Saxena, 1994a). Consequently, we 
defined tolerance as 

Tolerance = 100[(YC-YI)/YC]/ST 

where YC = Yield of control, YI = Yield of infested 
and ST =stem tunnelling (Ajala, 1992;1993). 

It is however known that other damage parameters 
affect yield although to a lesser extent than stem 
tunnelling. In effect, the equation as described above 
may also be inadequate to quantify tolerance. 
Perhaps, genotypes showing no significant yield loss 
despite infestation and damage may be considered 
as tolerant until a better measures of tolerance is 
determined. 

Table 5. Summary of results obtained from evaluation of full- (FS) and 
half-sib (HS) progenies from ICZ3 at Mbita 1992. 

Range 
Trait Mean Min Max SE 
Foliar lesion FS 4.8 1.3 9.0 0.1 

HS 4.7 0 9,0 0.1 

Deadheart� FS 2.3 0 45.5 0,5 
HS 1.5 0 27.3 0,2 

Stem tunnelling� FS 8.4 31.2 0,3� 
HS 8.0 °0 25.1 0,2� 

Grain yield� FS 4.7 0,2 11.0 0,2� 
HS 6.0 14,34 0.1�° 
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DISCUSSION AND CONCLUSION 

Among the several factors highlighted by Ampofo 
and Saxena (1986) that are needed for the 
development of breeding procedure for durable 
resistance to stalk borer, two are particularly 
important and can readily be modified by breeding. 
The first is the suitability of the host plant for 
feeding, growth and development of the insect, and 
the insect ability to exploit it, while the second is the 
reaction of the host plant to insect infestation and!or 
damage. The first is a measure of antibiosis while 
the later measures tolerance. Guthrie (1989) 
concluded that successful host plant resistance 
projects depend on efficient (a) insect rearing 
technique, (b) artificial infestation of maize plants, 
(c) evaluation of the plants, (d) genetic and breeding 
techniques. As of now, breeding for reduced levels 
of damage (antibiosis) is feasible. Perhaps, no 
significant difference between yield of uninfested 
and their infested counterparts can serve to screen 
for tolerance in materials developed for higher levels 
of antibiosis until a better weighting factor is 
determined. 

Although it is now recognized that extent of stem 
tunnelling is the most important damage parameter 
causing yield loss in maize, breeding for leaf feeding 
is also important to appreciate resistance in a 
genotype. Breeding for stem tunnelling resistance 
involves the splitting of stems and measuring the 
extent of tunnelling in a number of plants, a very 
laborious process. There is therefore, an urgent need 
to develop an efficient and rapid screening 
technique. Mechanisms of resistance to C. partellus 
in maize are mainly non-preference and antibiosis 
(Ampofo, 1985; Kumar and Saxena, 1985; Kumar, 
1988), however, the effect of factors such as 
DIMBOA, a chemical known to confer resistance to 
first generation ECB in temperate maize, is yet to be 
determined. Thus, approaches at using indirect 
selection for rapid screening using the relative levels 
of a resistance factor is still needed. Such an 
approach may include identification of factors(s) 
which confer or indicate resistance early in the life of 
the plant to enable rapid elimination of susceptible 
genotypes and screening of several sets of materials 
in a growing season. 

The use of genetic engineering approaches, 
especially the development of transgenic plants 
using Bt endotoxin genes for resistance to insect 
pests has been extensively discussed by Guthrie 
(1989). Such high-tech approaches may be desirable 
when conventional or alternative approaches using 
indirect selection have been exhausted. Other 
approaches such as restriction fragment length 
polymorphism (RFLP) assay, random amplified 
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polymorphic DNA (RAPD), quantitative trait loci 
(QTL) and marker assisted selection need to be 
investigated for their role as selection tools for 
resistance. 
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ABSTRACT 

Twenty five maize genotypes obtained from different local sources were evaluated for resistance to 
. the maize weevil under uncontrolled laboratory conditions. Ninety grams of cleaned and disinfested 

grains of each genotype were put in a 350 ml glass jar and arranged in a randomized complete block 
design with four replications. Uninfested controls were also set up in the same manner. Twenty-six 3
to 15-day-old weevils were placed in each of the glass jars. After seven days, the weevils were removed 
and the grains were kept for progeny emergence. Progenies emerged, development time, indices of 
susceptibility, grain damage and percent weight losses were recorded. Results showed that the 
genotypes differed significantly in their susceptibility to the maize weevil. Four genotypes were 
consistently resistant, 6 wer~ moderately resistant, 5 were highly susceptible and 10 were inconsistent 
in their category based on the different parameters used. Significant variations for resistance to 
weevil damage indicated that maize cultivars should be screened for susceptibility to weevils during 
their development in order to ensure that their storage characteristics are acceptable. 

INTRODUCTION� block design. Twenty-six 3- to IS-day-old weevils 
were allowed to infest each replicate of the different The use of resistant varieties is the single most 
genotypes for seven days. At the end of the sevenimportant component of an integrated pest 
day oviposition period all adult� insects weremanagement system which utilizes a combination of removed. The grains were retained� at the same

cultural, chemical, and biological control methods. 
condition for the emergence of Fl weevils. TheThe most attractive feature of using pest resistant grains were inspected daily until all the Fl

varieties is that virtually no skill in pest control or generation adults were emerged. Duplicate controls cash investment is required of the grower (Adkisson were set up in exactly the same manner except for 
and Dyck, 1980). the introduction of weevils in order to correct for 
Maize varieties differ greatly in their intrinsic grain weight changes due to changes in moisture 
susceptibility to stored cereal grain pests (McCain et content. Grain weight losses were calculated as a 
al., 1964; Vanderschaaf et al., 1969; Dobie, 1974; percentage of the difference between the uninfested 
Ivbijaro, 1981) allowing the possibility of selecting control of a given genotype and the infested grains 
resistant lines against these pests. In Ethiopia, no of the same genotype. 
attempt has been made to assess the available maize Progenies emerged, median development period, 
genotypes for their resistance to� storage pests indices of susceptibility, grain damage and weight
particularly to the maize weevil. The objective of losses were recorded. An index of susceptibility was 
this experiment was therefore, to evaluate some of derived which is given as log e F/0 x 100, where F is
the available maize genotypes for their resistance to the total number of Fl adults and D is the median 
the maize weevil in the laboratory. development period, estimated as the time from the 

MATERIALS AND METHODS middle of the oviposition period to the emergence of 
50% of the F1 generation (Dobie, 1974; 1977). Twenty five maize genotypes (Table 1) received 
Weight loss assessment was made by finding the from different local sources were� cleaned and difference in dry weight between the uninfested 

disinfested by freezing at 0 to -3°C for about two grain of a test variety and the infested grain of the 
months as suggested by Dobie (1977) and Wright et same variety at the end of the test period. Data
al. (1989). The moisture contents were adjusted by obtained were analyzed after transformation where 
adding water or by slow drying as recommended by necessary and Duncan's New Multiple Range Test 
Horber (1989) and Wright et al. (1989). Each of four was used to test differences at 0.5% significance
90 g replicates of the different genotypes were put in level. a 3S0 ml glass jar (with screw� lid allowing 
ventilation) and arranged in a randomized complete 

198� 
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Table 1. Kemel characteristics and moisture contents of different maize genotypes evaluated for resistance to the maize weevil damage. 

Genotype Moisture (%) 
Abo-Bako White semi-dent small seeded 13.30 

2 Bako Composite White semi-dent 13.23 
3 BH-140 White dent medium seeded 13.13 

4a 88B-1236 X 101E White semi-flint with caps medium 13.13 
4b 88B-84C X 114A Cream flint with caps medium seeded 13.13 
5 27/2 Cream semi-dent small seeded 12.26 
6 Guto White semi-dent small seeded 13.80 
7 Jima-Bako White dent medium seeded 14.23 
8 KCB White semi-dent bold seeded 14.06 
9 KCC White dent bold seeded 13.16 

10 Local variety White with few yellow semi-dent med. 14.26 
11 SC22 X White dent small seeded 12.56 
12 H625 White semi-flint bold seeded 12.30 
13 NSCM-41 White semi-dent bold seeded 12.50 
14 Alemaya Compo White semi-flint with caps medium 13.26 
15 Bukuri Yellow flint with caps small seed 13.40 
16 Alemaya 28 Cream pop with beak small seeded 13.30 
17 EAH-75 White semi-dent medium seeded 14.30 
18 EV-1 White semi-dent medium seeded 14.10 
19 Katumani White semi-flint small seeded 13.86 
20 Alamora Yellow Yellow flint with caps small seed 13.00 
21 A-511 White semi-flint with caps 13.56 
22 Birkata White semi-dent small seeded 14.06 
23 UCA White semi-dent bold seeded 13.30 
24 UCB White semi-flint medium seeded 13.53 
25 Synthetic I White semi-dent bold seeded 13.23 

Genotype number 4a and 4b seeds were too few to be treated separately and because of their similarity in kemel characteristics these were mixed 
and treated as genotype No.4 

RESULTS AND DISCUSSION� progeny emergence in the different maize genotypes 
was negative and significant (r = 0.52).The mean number of Fl weevils emerged from each 

maize genotype is presented in Table 2. The The difference in mean development time was not 
genotypes may be grouped as high, intermediate significant. However, highly significant differences 
and low in terms of progeny emergence. The in the median development periods were detected 
variation between genotypes within the high and (Table 2). Moreover, highly significant variations 
intermediate categories was not significant. among the genotypes in their indices of 
Similarly, variations between genotypes in the high susceptibility were observed (Table 2). Based on 
and intermediate categories and between genotypes these indices the different maize genotypes may be 
in the intermediate and low categories were not classified into three general groups, susceptible 
significant. However, differences between moderately susceptible and resistant. In order of the 
genotypes in the high and low categories were decreasing value of the indices, genotypes 11, 7, 14, 
significant. There was highly significant and 6, 8, 16, 9, 18, 1, 10, 3, 13, 12, 15, 21 and 2 were 
positive correlation (r - 0.76) between the categorized as susceptible; genotypes 17, 20, 4, 19 
susceptibility indices and the number of progenies and 25 as moderately susceptible and genotypes 22, 
emerged from the various maize genotypes 5, 23 and 24 as resistant. However, although the 
evaluated. As the extent of damage during storage genotypes were categorized in three reaction groups, 
depends upon the number of emerging adult during there were similarities among genotypes in the 
each generation and the duration of each life cycle, different groups. 
grains permitting more rapid and higher levels of Highly significant variation in the percentage of 
adult emergence will be more seriously damaged. damaged-kernels was observed among genotypes 
Vanderschaaf et al. (1969) and Dobie (1977) indicated (Table 2). Based on this parameter, the genotypes 
that in general a material is classified as resistant if may again be classified generally as susceptible,
the percentage of emergence of adults is reduced moderately susceptible and resistant. Genotypes 6,
and/or the emerging adult number is low. The 7, 8, 9, 10, 11, 12, 13, 14, 17, 18 and 21 were highly 
correlation between parent weevil mortality and damaged, genotypes 1, 2, 3, 4, 15,19,20 and 25 were 

moderately damaged, and genotypes 5, 16, 22, 23 
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Table 2. Mean number at progenies emerged, development period, susceptibility indices, grain damage and weight losses at the various maize 
genotypes tested 

Genotype Progenies Development Suscept. Damaged Weight� 
emerged (No.) period Index grain (%) losses (%)� 

(Median)� 
1. 96.50 a-d 43.25 a-c 10.47 a-c 27.31 b-t 2.75 a-d 
2. 57.50 b-g 41.00 be 9.84 a-d 21.24 c-t 2.87 a-d 
3. 73.00 a-t 40.75 be 10.28 a-c 27.78 b-g 3.16 a-d 
4. 48.00 c-g 41.75 a-c 9.21 c-e 18.20 e-j 2.40 a-d 
5. 36.50 t-g 44.50 ab 7.81 e.g 10.74 h-j 1.84 b-d 
6. 109.25 ab 43.25 a-c 10.75 a-c 31.01 a-e 3.40 a-c 
7. 98.75 a-d 40.75 be 11.24 ab 39.45 a-c 3.79 ab 
8. 120.50 ab 43.75 a-c 10.70 a-c 45.14 ab 3.75 ab 
9. 85.00 a-e 42.00 a-c 10.55 a-c 32.96 a-c 2.47 a-d 

10. 81.50 a-t 41.00 be 10.39 a-c 31.98 a-e 2.67 a-d 
11. 142.75 a 42.00 a-c 11.73 a 45.99 ab 4.14 a 
12. 73.25 a-t 41.75 a-c 10.21 a-c 42.78 ab 2.50 a-d 
13. 93.50 a-e 43.00 a-c 10.26 a-c 49.15 a 3.26 a-c 
14. 102.75 a-c 42.75 a-c 10.78 a-c 37.21 a-d 2.96 a-d 
15. 71.25 a-t 42.00 a-c 10.08 a-c 20.27 a-i 2.41 a-d 
16. 69.50 a-t 39.75 c 10.57 a-c 10.93 g-j 2.64 a-d 
17. 67.00 b-g 42.50 a-c 9.45 b-e 29.77 a-t 1.99 b-d 
18. 83.25 a-e 42.00 a-c 10.50 a-c 34.04 a-e 2.37 a-d 
19. 47.75 d-g 42.50 a-c 8.92 c-e 26.28 b-h 3.77 ab 
20. 55.50 b-g 42.00 a-c 9.41 b-e 18.19 d-j 1.56 cd 
21. 68.50 a·t 41.75 a-c 10.07 a-c 30.24 a-e 1.82 b-c 
22. 30.75 gh 42.25 a-c 7.90 e.g 12.79 t-j 1.48 cd 
23. 18.25 h 42.75 a-c 6.36 tg 9.90 i-j 1.55 cd 
24. 3.00 i 40.50 be 6.23 g 9.64 j 1.05 d 
25. 42.50 e-g 45.75 a 8.11 d·t 21.01 c·i 2.28 a-d 

S.E. (0.10) 0.90 0.45 (3.69) 0.62 
C.V. (11.76) 4.27 9.32 (24.17) 47.49 

Means tollowed by the same letter (s) within acolumn are not significantly different from each other at 0.05 level at probability (DNMRT). 

and 24 were less damaged or resistant. Differences 
between genotypes within a group were not 
significant. The categorization of genotypes based 
on the percentage of kernels damaged coincided 
with the grouping based on the susceptibility 
indices. However, genotypes 1, 3, 15, 16 and 17 
were found to be in different categories when 
different criteria of classification were used. All the 
dent kernels were susceptible, almost all flints were 
moderately resistant, semi-dent and semi-flint 
kernels were either resistant or moderately resistant 
or susceptible. 

In general, it appeared that neither the kernels size 
nor the endosperm character being runt or dent were 
the main factors influencing infestation and damage 
by the weevil since no consistent relationships of 
these factors to susceptibility were detected. 
However, although not consistent, it was observed 
that genotypes with bold and relatively soft and 
floury kernels were found to be more liable to 
multiple infestations and damage than genotypes 
with relatively "hard" kernels. 

The percentage losses in weight were significantly 
different among genotypes. The difference between 

the control and infested grains was also Significant 
within a given genotype (P < 0.001, LSD • 0.96, S.E. 
• 0.34). The losses observed during this assessment 
were very close to losses reported by Dobie (1974) in 
thirty different maize materials tested for their 
relative susceptibility to the maize weevil. He also 
indicated that it should be noted that even after 
sieving, the pupal chamber in the grain will contain 
frass, and so the weight loss measured will be 
minimal, and the error will vary according to the 
number of insects developing in the grain. He 
further pointed out that comparative results 
between varieties, however, should be valid. 

According to the overall performance, genotypes 5, 
22, 23 and 24 consistently showed resistance to 
weevil damage; genotypes 2, 4, 17, 19, 20 and 25 
were moderately resistant and genotypes 6, 7, 8, 11, 
14 were highly susceptible to weevil damage. 
Genotypes 1, 3, 9, 10, lZ, 13, 15, 16, 18 and 21 did not 
show consistency in their category based on the 
different parameters. But based on their indices of 
susceptibility all of them were in the susceptible 
group. However, further investigations are 
necessary in order to make valid conclusions. 
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Significant differences among maize genotypes 
indicated substantial genetic variations for resistance 
to weevil feeding. Therefore, cultivars should be 
screened for susceptibility to weevils during their 
development in order to ensure that their storage 
characteristics are acceptable. It remains necessary 
for entomologists and plant breeders to collaborate 
increasingly in the identification and subsequent 
incorporation of insect resistance as a desirable 
varietal trait together with other desirable 
agronomic characteristics in the breeding of maize. 
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ABSTRAcr� 

A previously unknown disorder of maize is described from farmers' fields in Uganda. In severe 
examples, plants were stunted, leaves were short and stubby with a ragged rather than straight 
margin; leaves were also curved upwards both laterally and longitudinally to form an ear-like shape, 
and had prominent, galled leaf veins. Sometimes symptoms were restricted to only lower leaves or 
parts of lower leaves. In one field near Namulonge about 25% of plants were affected to some degree; 
affected plants have also been found elsewhere in Uganda. Leathoppers identified as Cicadulina niger 
(Ghauri) were present on affected plants, associated with ants which appeared to attend them. In 
laboratory tests, feeding by one or a few C. niger induced a similar disease symptom in young maize 
seedlings of the variety Kawanda Composite A and, when removed, new foliage was sympyomless. 
Thus, like maize wallaby ear caused by C. bimaculata (Evans) and C. bipunctata (Melichar), these 
symptoms result from feeding by C. niger. Field-collected adults allowed 2 days access to maize streak 
virus (MSV), on infected maize leaves, also transmitted MSV to maize seedlings of Kawanda Composite 
A, a first record of transmission by this species. 

INTRODUcrlON� regions and on upper leaves. Symptoms were, 
however, quite variable in severity. Some plants Maize is planted during both first and second rains 
were only a few centimetres tall with all the leaves in Uganda, often mixed with other crops and 
severely affected, whilst other plants had only the generally in smallholdings. During October 1993, a 
lower leaves or only parts of lower leaves affected. farmer growing second rains maize near Namulonge 
These plants were apparently growing away from (Mpigi District) drew our attention to deformed 
the "disease" . plants in his crop. The symptoms were unfamiliar to 

the author and Dr. N. Bosque-Perez (personal Presence of leafhoppers. The presence of Cicadulina 
communication), senior maize entomologist at the niger (Ghauri) was consistently associated with 
International Institute for Tropical Agriculture. "diseased" maize plants in the field. Populations of 

leafhoppers were of the order of 1-10 adults plus 
This paper describes the disorder,� identifies the associated nymphs per affected plant. Cicadulinacausal agent and gives a limited assessment of its niger were not observed on unaffected plants. The
occurrence in Uganda. adults and nymphs were found aggregated within 

OBSERVATIONS the curled up leaves and restricted to affected parts. 
Ants, were associated with C. niger, and appeared to Symptoms. Plants were stunted� with reduced 
palpate them. internodes and relatively thick stems. A sample of 

ten plants with symptoms had a mean height of 50 Occurrence of affected plants. In the field 
+/ - 32 em and unaffected plants in the same crop originally identified near Namulonge, Mpigi 
were 170 +/ - 44 em tall. Leaves were short and District, counts of 50 plants along each of four rows 
stubby; a sample of 20 affected leaves had a mean had on average 25% of plants affected. Affected 
length of only 14 +/ - 6 em compared with 91 +/ - 26 plants appeared to be more frequent around crop 
cm for unaffected leaves whereas mean width of edges, perhaps influenced by the distribution of ant 
affected leaves was 6.1 +/- 1.7 cm compared with colonies. Maize seedlings subsequently planted 
8.6 +/ - 2.8 cm for unaffected leaves. Leaves were along the edge of a neighboUring smallholding were 
rolled upwards laterally and to some extent all affected. However, severely affected plants and 
longitudinally to form an ear-like shape and held normal plants were observed growing side by side. 
upright at an acute angle to the stem. Affected plants were subsequently also found about 

3km away from the original affected site and in two 
Affected leaves often had a ragged rather than the other districts (Masindi in the West and Luwero in 
normal evenly and slightly curved edge, with very 

Central Uganda). prominent galled, and often twisted, veins. Affected 
leaves were also chlorotic, especially in interveinal 
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Other host plants. Inspection of the weeds found 
growing in affected fields revealed that some grasses 
showed similar symptoms. These included 
Pennisetum purpureum, Panicum maximum, Sorghum 
helepanse, Digltaria abyssinica and some Setaria 
species. Maize plants showed more pronounced 
symptoms than these weeds. 

Experimental production of symptoms in maize 
seedlings. About six adults were caged on seedling 
maize of the variety Kawanda Composite A. In this 
initial experiment, C. niger died within a day or so 
but despite this, symptoms of leaf curling, 
prominent veins, and galling developed within 4 
days on young leaves. Subsequent foliage 
developed in the absence of C. niger was 
symptomless. 

When C. niger adults were caged in pairs on fully 
expanded leaves of seedlings for just two days, no 
symptoms appeared on these fully expanded leaves 
but the new leaves were severely affected on 15 of 20 
plants. 

Transmission of maize streak virus (MSV). It was 
observed that some field plants showed symptoms 
of MSV in addition to the C. niger induced disorder. 
Therefore, field-collected adults of C. niger were 
allowed 2 days access to MSV-infected maize leaves 
and then caged in pairs on 15 maize seedlings of 
Kawanda Composite A for a further 2 days. Plants 
were retained in an insect-proof screenhouse 
throughout. Three seedlings developed symptoms 
of MSV whereas 20 control seedlings remained 
uninfected. In a second experiment, C. niger 
previously allowed 2 days access to MSV-infected 
maize seedlings, were caged in pairs on 25 seedlings 
for 2 days. Five seedlings developed symptoms of 
MSV. 

DISCUSSION 

From the above observations, it is evident that 
feeding by C. niger can induce the symptoms of 
stunting, leaf rolling and galling observed in the 
field plants. The observation that affected plants can 
produce normal foliage again following the removal 
of the leafhoppers indicates that the disorder is 
unlikely to result from a virus transimitted during 
feeding and electronmicroscopical examination of 
plant tissues revealed no particles (P. Jones; personal 
communication). Similar symptoms, named maize 
wallaby ear, have been observed in Australasia; 
these were originally considered to be caused by a 
leafhopper-transmitted virus (Grylls, 1975; Bocardo, 
Hatta, Francki & Grivell, 1980), but have now been 
shown to result from feeding damage by C. 
bimaculata (Ofori & Francki, 1983) in Australia and 
by C. bipunctata (cited as C. bipunctella) in the 
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Philippines (Maramorosch, Calica, Agati & Pableo, 
1961). However severely affected plants in Uganda 
were chlorotic whereas plants with wallaby ear are 
reported to be dark green (GryUs, 1975). 
Furthermore, large populations of C. bimaculata are 
required to cause wallaby ear (Greber, 1983) 
whereas a few individuals are required to cause the 
disorder we have observed. We tentatively suggest 
the disorder we have observed in Uganda should be 
termed "Maize Rhino Ear" both to distinguish it from 
the related maize wallaby ear and to indicate its 
African occurrence. However, it is appreciated that 
the different symptomatology could result from the 
use of different maize varieties, as well as the 
different leafhopper species involved. 

CicaduIina niger is distributed throughout east Africa 
(Webb, 1987) although this is the first report for 
Uganda. This is also its first report as a serious pest 
in its own right and as being a vector of MSV (Van 
Rensburg, 1983). This also appears to be the first 
report of Cicadulina spp being associated with ants. 
The pygophores of male C. niger are short compared 
with other Cicadulina spp, and specimens of C. niger 
sent as part of this present study to the British 
Museum (Natural History) had shorter pygophores 
and a narrower aedeagus than Sudanese specimens 
(M.D. Webb, personal communication). 
Significantly, the first description of C. niger was 
entitled "A remarkable new species of Cicadulina 
chinai (Hom., Cicadelloidea)" (Ghauri, 1971) even 
without a knowledge of the characteristics reported 
here. 

In view of the importance of maize within Africa, 
the consequent attention this crop receives, and the 
dramatic symptoms of this disorder, it seems 
surprising that it has not been described previously. 
C. niger is indigenous to east Africa and there have 
been no recent changes in cultural practices or plant 
variety that seem able to explain its upsurge. It is 
possible that a new biotype able to colonise maize 
more aggressively has developed, but this is difficult 
to test in the absence of "old" cultures or extensive 
previous observations on this species. . Our 
observations at Namulonge suggest that the species 
is thriving and spreading locally, and that it also is 
widespread in Uganda. 

Whether this is the start of an epidemic of a new 
biotype or just a temporary upsurge of an 
indigenous minor pest is impossible to distinguish 
from current evidence, but the situation is being 
monitored. 
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ABSTRACT 

Post-harvest losses of food grains due to insect pests are a significant nutritional and economic 
burden to developing countries' subsistence farmers. An integrated stored grain pest management 
approach based on understanding and knowledge of biology, behavior and ecology of pests should be 
developed. This approach should utilize all known and available methods and should continue the 
development of new approaches. An integrated approach utilizing varieties with insect resistant 
grain seed, low-cost solar or biogas grain drying and disinfestation techniques, suitable low cost 
storage facilities coupled with seed treatment using readily available botanicals, vegetable oils or 
inert admixtures could be implemented by resource scarce farmers of developing countries. Other 
techniques such as double bagging, use of carbon dioxide, regular mechanical tumbling of grains, and 
use of less toxic chemical pesticides could also be integrated into this system. This kind of low-input, 
better knowledge based integrated approach could provide a substantial degree of protection to food 
grains in storage, enhancing food security and in turn sustainability of agroecosystems in developing 
countries. 

INTRODUCTION� sustainability of developing countries' agro
ecosystems.Agriculture has been developed around the world to 

provide mankind with food and raw materials for his During the past three decades, a series of 
livelihood. After subsistence the majority of grain developments have caused post-harvest pests to 
harvested is retained and stored as a food or feed become more important and wide spread. These are: 
source until, the next harvest season. Storage 

1. Development of local agricultural markets: The
commodities are subjected to the ravages of insects, 

development of high yielding varieties has
rodents and fungi. The net summary from over two 

increased production of food grains leaving some 
hundred scientific projects carried out world-wide 

farmers with excess food grains to be sold in the 
indicate that a conservative loss estimate throughout 

market. With the development of local
the post-harvest system is in the region of 25 to 40% 

agricultural markets, farmers are able to sell even 
(De Lima, 1987). Many insect pests (grain borers, 

small quantities of excess grain. In these markets, 
weevils and moths) damage grain directly by feeding 

grains from different producers come together
and indirectly by increasing susceptibility to 

and form one bulk. If the grain from even one 
secondary insect pests and fungi, significantly 

producer is infested with insect pests and not
reducing both the quantity and quality of the grain. treated, it serves as a source of infestation to the 
In severe cases, the market value of the grain is 

clean grain in the bulk. 
reduced. If damaged grains are used as a seed source 
for planting a new crop the following season without 2. Development of transport facilities: The 
adjusting seeding rate, it can result in poor plant development of new and improved roads, and 
stands, hence reduced crop yields that season. availability of quick long distance transport 

(trucks, railways, ships etc.) has increased transfer 
Post-harvest food grain losses are a significant 

of food grains from the surplus regions to the 
nutritional and economic burden� to developing regions of shortages. With the increased and
countries' small scale subsistence farmers (Boume, more rapid transfer of food grains, insect pests 
1987). The harvested crop is the net result of all the have ~pread widely and more often into new
prior efforts of production. Any losses incurred post regions.
harvest are absolute losses with no possibility of 
compensation. A plant can tolerate some damage 3. Food imports and food aid: Despite increased 
from pests but a seed, once damaged has no tolerance food production, many countries with increased 
mechanism to pest damage. Post-harvest food losses population pressures have not been able to 
seriously threaten the food security and in tum the remain or become self sufficient, requiring large 

imports or food aids from other countries. Pests 
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spread from one country to another with these 
imports. 

4.� Exchange of germplasm and development of high 
yielding varieties: With the advances in plant 
breeding, the exchange of improved germplasm 
has increased tremendously worldwide. Pests get 
accidently introduced with the germplasm 
exchange. Also, advances in plant breeding have 
changed the nature of food commodities stored 
such that through the efforts in producing crop 
varieties for higher production, their 
susceptibility to storage insect pests has 
sometimes been increased. 

5. Changes in cropping system: With the 
development of short duration varieties, multiple 
cropping has become common in many parts of 
the developing countries. In many cases farmers 
are required to harvest the crop earlier with 
higher moisture content in order to have sufficient 
time for land preparation for new planting. Once 
the new crop is planted, less attention is given in 
drying and proper storage of the harvested 
commodity. 

Post-harvest food losses occur at farm level, market 
level and government level with many different social 
and economic circumstances. Food grains should be 
protected at all three levels. Thus different packages 
of integrated pest management should be developed 
to protect grains at each of the three levels. Farm level 
would include management practices to protect grain 
stored by the farmer as a food source. Market level 
management would include protection of grain in the 
markets before it is sold to consumers. Government 
level would include protection of grain in 
governmental food reserves, buffer stocks and 
imported grain before it is distributed to consumers. 
This paper mainly deals with the integrated stored 
grain insect pest management strategies which could 
be utilized at the farm level. 

INTEGRATED MANAGEMENT OF STORED 
GRAIN INSECT PESTS 

There are two major sources of post-harvest insect 
problems. These sources should be considered while 
designing integrated stored grain pest management 
strategies. 

1.� Field source: Some insects infest grain in the field 
when the crop has gained physiological maturity 
and is drying in the field before it is harvested. 

2.� In-house source: Some insects hide or rest 
(diapause, aestivate) in cracks and crevices in 
storage facilities when the food is not available 
and infest the fresh grain after it arrives from the 
field. Also, the leftover grains from the previous 
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season, if infested with insects, can serve as a 
source of infestation to the freshly stored grain. 

Integrated management of storage grain pests would 
include both preventive and curative measures. 
Using the philosophy of 'Prevention is better than 
Cure', preventative measures form the foundation of 
stored grain pest management. 

Preventive measures. These would include control 
of field (production) pests to minimize ear, head 
damage prior to storage, growing of resistant 
varieties, cleaning and proper drying of grain before 
storage, sanitation of storage facilities, repair and 
proper sealing of storage facilities to prevent pest 
entry, treatment with botanicals, vegetable oils, or low 
mammalian toxic insecticide, if available and 
affordable. Precautions should be taken while mixing 
the fresh harvest with the previous season's harvest. 

Curative measures: If the preventive measures are 
not followed adequately the grains may get infested 
with pests. In these circumstances, curative measures 
become necessary to prevent further losses. The first 
step in making such grains free from insects is to sieve 
and clean them to remove different stages of pests. 
Followed by solar disinfestation and treatment of 
grain with suitable botanicals, vegetable oil or 
insecticides. If the storage facility is or can be made 
air tight, fumigation of grain with suitable fumigants 
can be done. The storage facility should be 
thoroughly cleaned and disinfested before grain is 
restored in the same facility. 

DIFFERENT STRATEGIES IN THE� 
MANAGEMENT OF STORED GRAIN INSECT� 

PESTS� 

Breeding for resistance to stored grain insect pests. 
Breeding for resistance to stored grain pests offers a 
long term solution to post-harvest losses from insect 
pests. Varietal resistance represents the most simple 
and readily diffused response to post-harvest insects. 
If adequate levels of resistance can be found, the 
resistance can serve as the sale, or principle strategy 
or management component Unfortunately, breeding 
for resistance in the past has largely focused on 
increased yield and on resistance of vegetative growth 
to insect pests. Resistance to storage pests has 
received little attention, resulting in an increased 
severity of storage problems as traditionally used 
varieties are replaced by improved and more 
susceptible ones (Dobie, 1974; Serratos et al., 1987). 
There is a concern, and some evidence, that without a 
specific focus on storage pests/ the adoption of 
improved varieties will result in increased post
harvest losses. 

With this realization many international and national 
research programs have initiated screening 



Management options for stored grain pests 

germplasm for resistance to stored grain pests. For 
example, beginning in 1987, the International Maize 
and Wheat Improvement Center (CIMMYr), Mexico, 
began a collaborative program with scientists from 
Mexico, Zimbabwe and Canada in screening some of 
its germplasm and improved varieties for resistance 
to the maize weevil, Sitophilus zeamais, the most 
significant post-harvest pest of maize world-wide, 
and the larger grain borer, Prostephanus truncatus, a 
destructive pest of Central American origin, that is 
spreading very rapidly in the African continent after 
being accidently introduced. 

Three main factors responsible for seed resistant to 
stored grain insect pests are: 

a)� Grain hardness 

b)� Sugar content and 

c)� Phenolic compounds in the aleurone layer of the 
grain. 

The results of maize germplasm screening at 
CIMMYT indicate a range of susceptibility in both 
normal and Quality protein maize (QPM). QPM 
materials in general are more susceptible than 
normals. Breeding efforts in improving endosperm 
hardness in QPM (while maintaining protein quality) 
have reduced their susceptibility to stored grain insect 
pests. Fortunately, some of the less susceptible 
materials include varieties formed from CIMMYf's 
improved high yielding germplasm. Mathur (1983) 
screened several maize varieties for resistance to three 
stored grain insect pests in India and found significant 
differences among varieties in terms of their 
susceptibility to insect pests. 

In the case of maize, the husk cover on the ears is 
considered to be the first line of defense against the 
pest attack in the field and during storage (Dobie, 
1977). Both length and tightness of husk are very 
important. If maize ears are variable for extent of 
good husk cover (closed to open) even the simple 
process of sorting ears for storage and using the ones 
with open tips was found to reduce overall losses 
(Santos and Fontes, 1990). Improvement of this 
aspects through breeding would increase resistance to 
storage pests. In field trials at CIMMYT, Mexico, 
maize stored with husks intact suffered 22% less 
damage compared to maize stored in the form of 
shelled grain. In case of rice, barley and oats, the 
seeds with gaping or damaged husks are more 
susceptible. 

In sorghum, it has been found that the hardness of the 
grain, which is correlated with the proportion of 
vitreous endosperm, is the principal factor responsible 
for resistance to rice weevil, Sitophilus oryzea, attack 
(Egwuatu, 1987). In cowpea, it has been shown that 
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seeds with smooth testa are more susceptible to attack 
by cowpea weevil, Callosobruchus maculatus, because 
of the larger number of eggs deposited on the testa 
(Egwuatu, 1987). Murdock and Baboule (1990) 
screened several cowpea varieties for pod and seed 
resistance to cowpea weevil, and reported that several 
cowpea varieties developed by International Institute 
of Tropical Agriculture (!ITA), Nigeria, possess seed 
resistance to C. maculatus. Numerous seed resistant 
lines also gave evidence of having pod resistance. 

Most crops that have been investigated have shown a 
certain amount of variation in resistance to major 
storage pests and breeding programs could and 
should be designed to exploit such variation and to 
produce more resistant varieties. In some developing 
countries, resistance to damage in storage is of equal 
or greater importance to farmers for food security 
reasons than high yield potential. 

Grain drying. Drying food grain is not a new 
concept. In fact it may be our oldest form of food 
preservation. Grain must be adequately dried ~fo.re 

storage. The moisture content of grain is an important 
factor for survival of stored-product insects. In most 
grains moisture contents between 10-14% are 
generally considered safe moisture contents for 
storage to prevent insects, fungus or other micro 
organism buildup. For example, in case of maize, the 
moisture content of grain at maturity is greatly in 
excess of 12%. It is commonly necessary to harvest 
the grain at moisture contents of between 20% and 
30%, and it is therefore necessary to find some means 
of drying the grain down to a safe moisture content. 

Grain can be dried after harvest by spreading it on a 
piece of cloth or plastic, or on a platform in the field or 
near the house or on the concrete house roof under 
the sun during dry warm period of the day. This type 
of drying is practiced by people all over the world. 
This method has its advantages. A small capital 
investment is required for equipment and large 
quantities of food grain can be dried at one time. 
Additionally, the sun's ultraviolet rays have a 
sterilizing effect which slows the growth of 
microorganisms. The main disadvantages of this 
method is the time and the labor required to move the 
grain in and out of the shelter. Moreover, if the grain 
is left unattended, birds would consume some of the 
grains leading to direct total food losses. 

An alternative to sun drying that is time and labor 
saving, is the use of mechanical drying. However 
these techniques are normally not available to small 
scale farmers. There is a need to develop low-cost, 
energy saving techniques for drying grains at farm 
level. There is a great potential for using unlimited 
and free solar energy to power low cost simple farm 
dryers. Another alternative heat source for drying is 
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bioconversion of agricultural residues to produce 
methane gas. 

Storage facilities. At a farm level, storage is 
necessary to retain a supply of food and feed for the 
family and its livestock, to service a trading system 
when prices go up and to retain seed for planting in 
the follOWing cropping season. Storage of food grains 
by the indigenous people of the developing countries 
is mostly traditional. These traditional storage 
methods include pits dug in the ground, jute sacks, 
mud granaries, tins, drums, and baskets. In a few 
cases, modem storage methods for grains such as 
cribs and silos have been adopted. In any case, 
adequate low-cost storage facilities should be 
developed to hold grain at the requisite moisture 
content for good storage. A good storage structure 
prevents insects, rodents and birds from gaining entry 
into the stored products and helps maintain the 
moisture content of the grain. Climate, available local 
natural resources and customs of the people must be 
considered while designing a storage facility. It is 
essential to practice store sanitation before 
introducing fresh grain into the store. 

Botanicals and vegetable oils. Plant derivatives 
possessing insect repellent and antifeedant properties 
offer a novel approach in the management of stored 
grain pests. Several indigenous plant materials have 
traditionally been used as stored grain protectants 
against insect pests in various parts of the world 
(Burroughs et al., 1988). Many researchers have 
investigated the potential of plant materials to control 
stored product insects and have characterized 
effective compounds. Plants such as neem, 
Azadirachta indica A. russ, turmeric, Curcuma longa L., 
sweet flag Acarus calamus, woodapple Feronia limonia, 
and lagundi Vitex negundo have been found to possess 
insect repellent, antifeedant, insecticidal and growth 
inhibition properties. 

Neem is one of the most promising known botanical 
insect control agents (Saxena, 1987; Schmutter, 1990). 
It is widely distributed in Asia and Africa and has 
been successfully introduced in many Latin American 
countries. Many farmers in India and Pakistan mix 
neem leaves with grain kept in storage to repel 
insects. 'A study conducted at CIMMYf, Mexico 
(Maredia et al., 1991) using neem oil (5 to 10 ml kg-I of 
seed) demonstrated that neem oil was very effective 
in controlling maize weevil. Neem oil was relatively 
more effective than the vegetable oils. The effects of 
various botanicals on bean weevil C. maculatus adult 
emergence and oviposition have been studied in 
Cameroon. Neem oil and shea nut oil have been 
found effective against this pest 
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A number of edible oils ego groundnut oil, palm and 
coconut oil have been used against bruchid pests of 
beans, cowpeas and pigeon peas. Results of a study 
conducted at CIMMYf, Mexico (Bahena et al., 1987) 
using vegetable oils has shown that seed treatment 
with vegetable oils such as maize oil, groundnut oil 
and sunflower oil (10 ml kg-1 of seed) protect maize 
seed from maize weevil, Sitophilus zeamais, the most 
Significant pest of maize world-wide. 

Physical shocks and disturbance (eg. tumbling). 
Insects can be killed by physical stress and damage 
experienced during the handling and processing of 
grain and cereal products. Quentin et al, (1991) and 
Spencer et al. (1991) reported 97% reduction in bean 
weevil Acanthoscelides obtectus population from brief 
daily tumbling of beans held in jars, buckets and 
gunny sacks. The bean weevil larvae bore entry holes 
in individual bean surfaces and eat the insides, 
leaVing empty shells. It takes at least 19 hours for 
weevil larvae to bore an entry hole. Occasional 
tumbling of stored beans dislodges the larvae before 
they finish strapping their entry holes. These kind of 
techniques can be very useful to resource poor 
subsistence farmers of developing countries since the 
only external inputs are knowledge, and little bit of 
time and labor. 

Admixture of inert materials. Developing 
countries's farmers traditionally use clay powders, 
sands, woodashes, silicates, lime and dianamite to 
protect stored grain from insect pests (Ebling, 1971; 
De Lima, 1987; Snelson, 1987). Inert materials 
desiccate the insect body by sorptive or abrasive 
mechanisms. Sorptive powders remove (absorb) the 
epicuticular wax while abrasive powder disrupt the 
continuity of the epicuticular wax. In both instances, 
they bring about a lethal rate of moisture loss from the 
insect body. If the grain is comparatively dry, the 
insects will not get enough moisture to replace the 
moisture loss. 

In preliminary trials at CIMMYf, Mexico, dUring 
1988, maize seed treatment with a new formulation of 
lime called 'Micronized lime' (particles that pass 
through a 600 mesh) at the rate of 1 to 3 g kg-I of 
seeds) provided significant control of Maize Weevil, 
S. zeamais. Toxicity of inert materials to humans and 
animals should be evaluated before using any inert 
materials. 

Biological control. Biological control has limited 
applications in stored grain pest management. 
Farmers in developing countries do not have facilities 
to mass culture and release biological control agents. 
However, efforts should be made to conserve and 
utilize existing natural biological control agents where 
they occur. Also, the search for indigenous and exotic 
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natural enemies should be continued and, if found, 
they should be introduced. Efforts should be put in 
searches for biocontrol agents in the place of pest 
origin. 

Less toxic chemical insecticides and fumigants. If 
available, affordable, and sufficiently safe to use; 
insecticides and fumigants are used either to 
minimize or cure the stored grain insects problem. 
Searches for effective and less toxic chemicals should 
be continued. They can be incorporated as one of the 
components of an integrated stored grain pest 
management scheme. Maredia et al. (1989) screened 
several chemicals and their combinations against 
Maize weevil, Sitophilus zeamais, and found that a new 
formulation name Reldan (Chlorpyrifos-methyl) was 
more effective than traditionally used Malathion and 
Actellic insecticides. 

Fumigation is the treatment of commodity or space 
with a gaseous materials to kill the insect pest present. 
Fumigation with toxic gases should only be done if 
the storage facilities are airtight and should be done 
with great caution. 

Air-tight storage structures, use of anoxeous 
atmospheres. The simplest form of this type of 
storage is the air-tight container. Pests die out as 
oxygen supply is depleted. This can also be done 
through the introduction of carbon dioxide (C02) or 
other atmospheric gases to displace normal air. Since 
C02 is heavier than air, it can be used to displace 
normal oxygen bearing atmosphere in even semi-tight 
containers, asphyxiating storage insect pests. With 
this simple knowledge, where fermentation of local 
"brews" is done, the C02 byproduct produced can be 
piped into storage containers and silos as a non-toxic 
preventive or curative measure. 

Containers theoretically need only be cylindrical and 
can range from one liter to more than 1000 liters in 
size, and probably only need to be semi-air-tight. This 
is a little understood, less well-known but 
theoretically secure, fail proof technique. Purposeful 
fermentation of vegetables and fruit wastes to 
produce CO2 could and should be investigated. 

DISCUSSION 

During last few decades, increased production, 
genetic uniformity and increased distribution of food 
commodities have Significantly contributed towards 
increased stored grain pest problems. In addition 
warm and humid climates of tropics, where most of 
the world's subsistence farmers live, are conducive to 
proliferation of pests both in storage and in the field. 
The need to develop sustainable integrated post
harvest pest management programs is urgent. The 
safe and lasting protection of food grains after harvest 
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is a cost effective way of increasing food supply in 
developing countries and thus securing local and 
global food supply. 

The reduction of these losses will require the adoption 
of a variety of pest and commodity management 
approaches and techniques. These strategies must be 
based on a thorough understanding and basic 
knowledge of biology, behavior and ecology of pests 
and ecosystems in which they exist. If this does not 
exist, research efforts must be invested in studying in
depth basic biology, behavior and ecology of the pests 
and to better understand the ecosystems. Basic 
research may reveal completely new approaches to 
pest management and will certainly bring significant 
improvements in techniques which are already 
known. These strategies must also be ecologically 
sound, economically feasible and socially acceptable 
and should largely involve locally available resources. 
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Question to Twaha M. Kalule 

A. Tadesse:� 
You are recommending late planting to escape stem� 
borer attack. In Ethiopia we recommend early� 
planting because borer population levels are low� 
because they are in their 1st generation. Later, the� 
population builds up (2nd generation) and causes� 
severe damage. What is your comment on this� 
difference in recommendation?� 

Response: 
I am not recommending late planting, but do point out that 
late plantings are less vulnerable to stem borers. In Uganda 
early planted maize coincides with the 1st generation of 
stem borers, hence the high infestation. We therefore 
recommend appropriate control strategies at this stage, one 
ofwhich could be crop residue management. 

Questions to Abraham Tadesse 

T. Farwell:� 
Within an individual genotype did you look at the� 
effect of seed size on weevil infection (i.e. small vs� 
large seeds; and round vs flat seeds within single� 
genotypes)?� 

Response: 
I did not make comparisons within an individual genotype 
but from the observations I made between genotypes seed 
size has no effect on weevil attack. It is the hardness of the 
seed that appears to be important. In many cases more 
progenies emerged from larger sized kernels but this is not 
related to susceptibility. It appears that in smaller seeds the 
weevil lays fewer eggs than in larger seeds to avoid 
competition between individuals or to avoid running out of 
food. 

G. Bigirwa:� 
Did kernel colour affect the level of infestation?� 

Response: 
No. 

M.Ngure: 
. Were there any differences in response to weevil 

between hybrids, open-pollinated genotypes or 
breeding lines? 

Response:� 
Generally, yes there were differences. Hybrids, particularlY� 
those with soft kernels, were more susceptible than open�
pollinated genotypes. As to breeding lines, some were� 

211 

resistant and others susceptible. 

C. Mungoma:� 
Was there a correlation between grain type and� 
resistance?� 

Response: 
Yes. Most flint types were moderately resistant, dent types 
were susceptible and semi-flint or semi-dent ones were 
either resistant, moderately resistant or susceptible. But 
generally it seems that neither the endosperm being flint or 
dent was the main factor influencing infestation and 
damage by the maize weevil since no consistent 
relationships between this and susceptibility was detected. 

M. Nijimbere:� 
Your results show that most flint type maize is less� 
susceptible to the maize weevil than the dent types.� 
Why is this?� 

Response:� 
I do not know exactly why the flint types are resistant. I� 
have not studied the factors contributing to resistance.� 

D. Hess:� 
Can you determine the susceptibility to weevils by just� 
determining kernel texture?� 

Response:� 
No, it appears that there are many factors contributing to� 
resistance.� 

J.G. Kling: 
A comment. In some areas of west Africa the 
preferred local types are floury, with very soft grain. 
Although these are more susceptible to weevils as 
shelled grain, they are more resistant to weevils than 
most improved varieties due to their better husk 
cover. Farmers generally store maize on the cob with 
the husks on. 

Questions to David Hoisington 

D. Giga:� 
What potential has the trypsin inhibitor gene?� 

Response: 
The trypsin inhibitor is another non-Bt gene for insect 
resistant maize. It demonstrates a more non-specific 
toxicity. The gene by itselfhas not proven to be that 
effective; however, it may be useful in combination with 
other genes. 



D. Giga:� 
Given that there are already several reports of� 
resistance to Bt. Can you comment on resistance gene� 
management?� 

Response:� 
As with any "single gene" mechanism of resistance, there is� 
agreater possibility of insects developing tolerance.� 
Various methods have been proposed but not enough actual� 
field data collected to determine which, ifany, will be� 
appropriate. It is clear that the use ofgenetically engineered� 
insect resistance will require an effective integrated pest� 
management system which should also include host plant� 
resistance.� 

B.T. Zambezi:� 
In the insect resistance backcrosses, how many plants� 
are needed to cross in order to recover resistant� 
plants?� 

Response: 
The number ofplants depends upon the number ofgenes 
and their linkage in the genome. Theoretically, the number 
can be calculated as (O.5)n, where n equals the number of 
genes. If the genes are linked then a much larger number 
must be used. In addition, the rest of the genome needs to 
be considered. In the experiment described in my 
presentation we analysed 289 BCl Fl plants. Of this 
number, three plants contained all five regions desired. 
These will be backcrossed further to decrease the size of the 
introgressed segment. As new methods are developed for 
molecular analysis, larger numbers could be handled and, 
therefore, the efficiency ofintrogression increased. 

Question to Jennifer G. Kling 

M. Denic:� 
Are the materials showing resistance/ tolerance to� 
Eldana also resistant to Chilo?� 

Response: 
I don't know, but my guess is that it would depend a great 
deal on the life cycle of the stem borer species. It doesn 't 
seem that there is much relationship between resistance to 
Eldana saccharina and 5esamia calamistis. However, since 
Chilo and 5. calamistis cause similar types ofdamage to 
maize, perhaps there would be a tendency for varieties 
resistant to one species to be resistant to the other. 
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Questions to John Mihm 

S.K. Kim:� 
What would be the best stage to work for yield� 
potential of maize with multiple resistant genotypes?� 

Response:� 
At all stages of the breeding program. A line or family with� 
poor yield is of no use if it does not produce ears under� 
infestation pressure. In the CIMMYT HPR Program,� 
resistance is the primary selection trait, but agronomic� 
traits and yield are considered at all steps of the breeding� 
scheme. All lines which reach the 53 - 54 stage are top�
crossed to determine heterotic patterns and yield potential.� 

R. Jones:� 
Many speakers have mentioned the problem of� 
termites. Do you think that there is a possibility of� 
incorporating termite resistance to maize?� 

Response: 
In the literature I have seen, there have not been reports of 
termite resistant maize. It could be because no one has 
worked on it, or those who have did not find any. It seems 
like it might be difficult to find, but that doesn't mean it 
does not exist. I have no experience with termites, because 
they are not a problem in Mexico where the majority ofour 
HPR work is locarted. 

Interdisciplinary Discussion on Pests and Diseases 

J.A. Mihm: 
Comment on the role of and relationship of disciplines 
- whether entomology, pathology, physiology (and 
others) should be a service function to breeders or 
should work independently within a team. 

Having experienced both situations at the same 
institution, disciplinary researchers working as a 
service to breeders does not usually acieve much. The 
gains that have been achieved in the HPR program 
recently are the result of a truly interdisciplinary team 
approach, where breeder, entomologist, pathologist 
and biotechnologists have worked as equal partners, 
side by side in the field and laboratory with common 
interests and objectives. 

S.K. Kim: 
Some comments. To improve interdisciplinary 
teamwork each member of the team should have 
background in several disciplines. For example, the 
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breeder should have breeding/genetics as a major and 
pathology or entomology as a minor. The 
entomologist needs a minor in breeding. 

•CIMMYT in eastern and sQuthern Africa, and NARS 
in the region, should use more germplasm from lITA. 
Mozambique multiplied 3000tof IITA's downy 
mildew and streak resistant early variety DMR-ESR-W 
as Matuba after local improvement. Maize germplasm 
and research at lITA in resistance and tolerance to 
diseases, insects, Striga, and abiotic stresses (drought 
and NUE) are very relevant to this region. 
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THE ROLE OF BIOTECHNOLOGY TECHNIQUES IN STRESS TOLERANCE 

D. A. HOISINGTON 

Head, Applied Biotechnology Laboratories, CIMMYT, Apdo. Postal 6-641, 06600 Mexico. 

ABSTRAcr 

The tools available from biotechnology offer great promise in providing maize germplasm improved 
for tolerance and resistance to abiotic and biotic stresses. The ability, through transformation. to 
insert novel genes will lead to new options for accessing genetic diversity previously not available to 
plant breeders. This, combined with the possibility to locate host-plant factors involved in these traits 
and to follow them in breeding programs, will lead to new and more efficient methods for creating the 
maize varieties of the future. CIMMYT's own efforts in applied biotechnology are utilizing the 
technologies of both molecular genetics and genetic engineering. Our efforts in genetic engineering 
are relatively new and we are currently establishing procedures for successfully transforming 
CIMMYT germplasm. Additional projects are aimed at identifying genes which will confer resistance 
to the major lepidopteran pests of importance to the CIMMYT maize program. The majority of our 
efforts have focused on the molecular tagging of the factors involved in two traits of importance in 
maize: insect resistance and drought tolerance. Our approach, and progress to date, in locating the 
genomic segments responsible for resistance to two lepidopteran insects, Diatraea grandiosella 
(southwestern corn borer, SWCB) and Diatraea saccharalis (sugarcane borer, SCB) are discussed. As 
part of these mapping projecb, the Applied Molecular Genetics Laboratory has established techniques 
for large-scale molecular mapping of plant genomes which involve non-radioactive protocols. In 
addition, efficient computer programs for data input and analysis have been developed and are used 
on a routine basis. Resistance to SWCB and SCB has been mapped using two different F2 populations. 
Both were genotyped at over 100 molecular loci, analyzed in the field for several cycles and the data 
correlated using various statistical procedures. Several genomic regions have been identified as 
important for resistance to these two insects. Currently, a backcross project is in progress using the 
mapping results to select individuals based on their molecular genotype. This project will provide 
further proof of the genomic locations of insect resistance as well as transferring insect resistance to 
additional germplasm. 

INTRODUcrION� resistance to the major Lepidopteran pests of 
importance to the CIMMYT maize program. The tools available from biotechnology offer great 

promise in providing maize germplasm improved The Applied Molecular Genetics Laboratory under 
for tolerances and resistances to abiotic and biotic the direction of Dr. Diego Gonzalez de Le6n is 
stresses. The ability through genetic engineering to investigating the use of molecular markers in 
insert novel genes will lead to new options for mapping and manipulating the genomes of maize 
accessing and even creating genetic diversity and wheat. Both laboratories rely heavily on 
previously not available to plant breeders. The interactions with the breeders in order to identify the 
techniques of molecular biology for identifying problems to be addressed and to obtain the 
differences between individuals at the DNA level necessary germplasm for research. It should be 
now provide for the possibility to locate host-plant stressed that efforts in biotechnology will not 
factors involved in traits of agronomic importance. provide the new varieties directly and, thus, must be 
Once these genes have been located, the same tools integrated into an effective and efficient breeding 
will allow one to follow the genes in breeding program. 
programs and, hopefully, one day isolate the gene, APPLIED GENETIC ENGINEERING 
all leading ultimately to new and more efficient 
methods for creating improved maize varieties. Only recently has it been possible to routinely 

transform maize (Fromm et aI., 1990; Gordon-Kamm
CIMMYT's Applied Biotechnology Laboratories are et aI., 1990). The number of field trials involving 
utilizing the technologies of both molecular genetics transgenic maize is already increasing rapidly, from 
and genetic engineering in collabo~ative projects only 2 in 1990 to 40 in 1992. Herbicide tolerant 
with the maize and wheat breeders aimed at germplasm leads the list in number of trials to date,
improving the efficacy of their programs. The followed by insect and virus resistant germplasm 
Applied Genetic Engineering Laboratory under the (Beck and Ulrich, 1993). Genes for characteristics 
direction of Dr. Natasha Bohorova,� is developing such as fungal resistance, male� sterility and
procedures for successfully transforming CIMMYT improved or modified grain quality have also been 
maize and wheat germplasm. Additional projects incorporated into maize and are in preliminary field 
are aimed at identifying genes which will confer trials. Genetic engineering of maize is still not 
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routine due to the low efficiency. of stable 
transformation events, the lack of suitable genes for 
insertion, and the many biosafety and regulatory 
issues involved. Still, genetic transformation will be 
important for incorporating new genetic material 
into maize, especially for traits for which sufficient 
variation does not already exist within the species. 

CIMMYT's activities in genetic engineering center 
around a project whose main objectives are to: 

1.� Use advanced biotechnology to generate tropical 
maize germplasm that possess enhanced and 
effective resistance to major insect pests of the 
crop. 

2.� Provide the improved germplasm to breeders 
and farmers in developing countries. 

The principal activities are to: 

1.� Develop protocols for screening toxins from 
Bacillus thuringiensis (Bt) strains against tropical 
borers species. 

2.� Define the culture conditions necessary for 
regenerating a range of maize inbreds relevant 
to the CIMMYT Maize Program. 

3.� Transform selected genotypes with Bt and other 
gene constructs. 

4.� Evaluate the resistance of the transformed plants 
to insects. 

Bacillus thuringiensis (Bt) is a commonly occurring 
soil bacterium which produces a variety of 
endotoxins that are toxic to a wide range of insect 
species, including Lepidopteran pests of maize 
(Hofte and Whiteley, 1989). These toxins show a 
very narrow range of toxicity, affecting usually only 
one species of insect, have no effect on humans or 
many beneficial insect species and, therefore, are 
considered more environmentally safe than most 
insecticides in use today. The toxins (termed Cry 
proteins) are encoded by a gene present in the 
bacterium and many Cry genes have been isolated 
and sequenced. The gene can be inserted into a 
plant genome along with the necessary sequence 
modifications, promoters, etc. and is then expressed 
by the normal plant protein synthesis machinery 
(Fischoff et al. 1987; Umbeck et al. 1987; Perlak et al., 
1990). Koziel et al., (1993) recently demonstrated that 
transgenic maize containing the CryIA(b) gene 
(active against European com borer) was protected 
against insect attack. Many more trials will be 
needed before "Bt maize" will be available 
commercially; however, one might expect such 
varieties to be available within the next 3-5 years. 

CIMMYT is interested in using Cry genes as well as 
other insect targeting genes in its efforts to increase 
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the resistance of tropical maize germplasm to a wide 
array of insect pests. Since the majority of these 
pests have not been bioassayed with Bt toxins, our 
first step has been to screen known Cry gene toxins 
as well as partially purified spore/crystal complexes 
from Bt strains isolated by researchers at 
CINVESTAV, Irapuato, Mexico for toxicity against 
two com borer species: Diatraea grandiosella, D. 
saccharalis, Fall armyworm (Spodoptera jrugiperda), 
and Com earworm (Heliothis zea). To date, no 
previously isolated Cry gene toxin has shown 
activity against the two Diatraea species although 
activity against both Heliothis and Spodoptera has 
been found as previously described in published 
reports (Hofte and Whiteley, 1989). 

In addition to the attempts to identify active gene 
products, the group is evaluating a range of maize 
germplasm for its regeneration response in tissue 
culture. This is a first requirement for the successful 

. transformation of the germplasm. Approximately 80 
inbred lines representing tropical, sub-tropical, 
highland and African germplasm have been 
screened in the lab. Several lines with high 
regeneration potential have been identified and are 
now being used in experiments to establish the 
proper transformation protocols. Once these 
conditions have been defined, Cry and other genes 
will be transformed into these varieties using the 
biolistics device, transgenic plants selected and 
regenerated, and stable transgenic lines evaluated 
for their lev~l of resistance to the targeted insect(s). 

These newly inserted genes will also be incorporated 
into varieties containing host-plant resistance factors 
in order to provide a "multigenic" source of insect 
resistance. While many hurdles must be overcome 
before transgenic maize varieties will be available 
through CIMMYT's maize program, we are 
optimistic that the ability to insert novel 
characteristics, or to modify existing genes via 
transformation, will be extremely important in 
solving future problems in maize improvement. 

APPLIED MOLECULAR GENETICS 

Breeders and geneticists have long proposed the use 
of genetic markers as indirect selection tools for 
tracing desired traits. Unfortunately, the types of 
markers available for such efforts have proven 
difficult to manipulate in breeding programs. Over 
the past several years, molecular markers such as 
restriction fragment l~gth polymorphisms (RFLPs) 
have been utilized by several workers to identify 
segments of plant genomes responsible for traits of 
agronomic importance (McMullen and Louie, 1989; 
Paterson et al., 1989). 



Biotechnology and stress tolerance 

The majority of CIMMYT's efforts for the past few 
years has focused on the molecular tagging of the 
factors involved in two traits of importance in 
maize, insect resistance and drought tolerance. As 
part of these mapping projects, the Applied 
Molecular Genetics Laboratory has established 
techniques for large-scale molecular mapping of 
plant genomes which involve non-radioactive 
protocols. In addition, efficient computer programs 
for data input and analysis have been developed 
and are used on a routine basis. 

CIMMYT breeders have developed tropical maize 
lines resistant to south western com borer (D. 
grandiosella, SWCB) and sugarcane borer (D. 
saccharalis, SeB); however, progress has been slower 
than desired due to the complexity of these traits. 
Resistance to both insects appears to be 
polygenically controlled and involves primarily 
additive gene action (Smith et aI., 1989). Some of the 
components of resistance seem to also confer 
resistance to other important Lepidopteran maize 
pests. In addition, screening for resistance is both 
costly and labor intensive. Marker-assisted selection 
(MAS) is therefore a promising tool for transferring 
insect resistance. 

One prerequisite for applying this technology is to 
identify genetic markers flanking the genomic 
segments responsible for the expression of the 
trait(s) of interest. Over 100 genomic and cDNA 
maize probes were used to genotype each 
population and F3:4 families were evaluated over 
two years for several yield components, 
morphological traits and insect resistance at both a 
tropical and a subtropical site in Mexico. Traits 
analyzed included grain weight, cob weight, plant 
height, ear height, kernel row number, and female 
and male flowering date. The genotypic data were 
used to construct an RFLP linkage map for the two 
populations and quantitative trait loci (QTL) 
analyses conducted using single-factor ANOVAs 
and a maximum likelihood approach 
(MAPMAKERjQTL; Lander and Botstein, 1989). 

QTLs for each trait have been identified in both 
crosses and over all chromosomes. Although for 
some traits more than half of all the regions detected 
were not shared by the two populations, common 
QTLs were detected for every trait. All the QTLs 
detected showed both additive and dominance 
effects. All chromosome arms identified by 
MAPMAKER as carriers of QTLs were also detected 
with single factor ANOVAs. Finally, more than 50% 
of the genetic variance of anyone trait could be 
explained in terms of the set of regions detected for 
that trait. 
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We have now embarked in a pilot experiment in 
which we shall be comparing the relative efficiencies 
of MAS and more conventional strategies to 
transferring insect resistance from a resistant inbred 
into susceptible African germplasm. We believe that 
some of the intricacies of the expression of regions 
detected in the mapping study may well be clarified 
as we backcross them in specific combinations into 
susceptible backgrounds. Thus, in a very pragmatic 
fashion, we shall determine the feasibility and value 
of MAS for such complex traits as insect resistance. 
These traits have required many years of intensive, 
laborious and costly breeding to advance to the 
current levels of resistance and MAS may increase 
the speed and effectiveness of transfers to a wider 
germplasm pool. 

CONCLUSION 

While it is difficult to cover all of the possible 
applications of biotechnology to improving the 
resistance of maize to stresses, it should be apparent 
that the tools of biotechnology will have a rolli!. to 
play in improving maize germplasm in the future. It 
must be stressed that due to the time and resources 
that must be invested for the tools of biotechnology 
to be applied, it is extremely important that 
priorities be set before embarking in the use of 
biotechnology. Equally important is to make sure 
that an effective breeding program is already 
available to provide the necessary starting 
germplasm and to perform the field evaluations of 
the products derived through biotechnology. 
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/ MAIZE COMPETITION WITH NATURAL WEED INFESTATION IN COMMUNAL 

AREAS IN THREE AGROECOLOGICAL ZONES OF ZIMBABWE 
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Weed Resarch Team, AgTonomy Institute, Henderson Research Station, P.B. 2004, Mazowe, Zimbabwe. 

ABSTRACT 

In the 1988/89 and 1989/90 seasons, field studies were done to establish the optimum time to control 
weeds in maize by hand hoeing in communal areas covering three agroecological zones of Zimbabwe. 
Rottboellia cochinchinensis (Lour) W.O. Clayton, Panicum maximum Jacq, Acanthospermum hispidum 
D.C., Leucas maritinicensis R.Br., Richardia scabra (Moq) Gomez and Cynodon dactylon (L) Pers, 
appeared to be the most important weeds within sites and seasons. The optimum time when weeds 
should be removed from a maize crop varied with sites and seasons. At Rushinga the ideal time to 
weed a maize crop was two weeks after crop emergence. In a high rainfall season (764 mm) maize 
tolerated weed competition up to six weeks, whereas in a lower rainfall season (669 mm) at Zvimba, 
only up to two weeks. At Chiwundura, maize could compete with weeds up to four weeks without 
significant reduction in yield. Weed competition did not influence grain yield at Mutoko. No weeding 
reduced grain yield by between 34.4% and 96.3%. 

INTRODUCTION� thinned to one plant per station two weeks after crop 
emergence. At all sites, all of the K and P and oneIn Zimbabwe, farmers in communal areas farm 
third of N were applied at planting. The balance of about 2.5 ha of land per household. Most communal 
N was applied as a top dressing at� six and eight areas are characterised by low rainfall and soils of 
weeks after crop emergence. The treatments used low fertility. Small-scale farmers� often remove 
were as follows; weeding at two, four, six and eightweeds late due to labour pressure. At the beginning 
weeks after crop emergence and as required, and noof the wet season land preparation, planting and 
weeding. A randomised complete� block designfirst weeding all compete for available labour 
consisting of five treatments replicated three times (Hammerton, 1974). The mechanical methods 
was used. The gross plot measured 6.0 m x 4.5 mcommonly used to control weeds in communal areas 
and the net plot 5.1 m x 2.7 m. The weed species are time consuming. This results in delayed 
found at each site were recorded and maize grain weeding in some fields or parts of fields. Non
yield per hectare was measured at the end of the owners of cattle experience the largest delays 
season. Weeds were sampled in 30 cm x 30 cmbecause they rely entirely on hand weeding 
quadrats placed three times at random in the net (Shumba,1986). 
plot. Analysis of variance was done on the maize 

Information concerning crop losses due to weeds is grain yield and treatment comparisons were 
especially short in marginal environments (Chiduza performed using the Least Significant Difference 
and Nyamudeza, 1991). The objective of this study (LSD, P<0.05). 
was to determine the major problem weeds, losses 

RESULTS
due to weeds and the optimum time to weed a 
maize crop in communal areas situated in three Weed spectrum. At Rushinga, 17 weed species were 
agroecological zones of Zimbabwe. recorded in 1988/89 and six in 1989/90 (Table 3). In 

1988/89 the major weeds were grasses; Rottboellia
MATERIALS AND METHODS cochinchinensis (Lour) W.O. Clayton and Panicum 

In 1988/89 the experiment was conducted at four maximum Jacq., but in 1989/90 the major weeds were 
communal area sites: Rushinga, Zvimba, Mutoko broadleaves; Acanthospermum hispidum D.C. and 
and Chiwundura (Table 1). In the 1989/90 season, Leucas martinicensis R.Br. At Zvimba nine weed 
the experiment was repeated at Rushinga and species were observed in 1988/89 and 12 in 1989/90 
Zvimba. Rushinga had heavy soils while the other (Table 3). Richardia scabra (Moq) Gomez and 
sites had light sandy soils. Details of planting dates, Cynodon dactylon (L) Pers were the dorminant weeds 
fertilizers applied and rainfall received at the sites in both seasons. Six weed species were recorded at 
are in Table 2. Land preparation involved both Chiwundura and Mutoko (Table 3). At these 
ploughing with the first rains in November. The sites A. hispidum and R. scabra were the major weeds. 
maize cultivar R201 was planted at a spacing of 90 A. hispidum and R. scabra were recorded at all the 
cm x 30 cm. Two seeds were planted per station and sites. 
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Table 1. Experimental sites in communal areas. 

Site Natural Region Mean Annual Season 
Rainfall (mm) 

Rushinga IV 450 to 650 1988/89 to 1989/90 
Mutoko IV 450 to 650 1988/89 
Chiwundura III 650 to 800 1988/89 
Zvimba II 750 to 1000 1988/89 to 1989190 

Table 2. Planting dates, fertilizers used and rainfall received at the experimental sites. 

Season Site Planting date Nitrogen (kg ha 1) Phosphorus (kg ha 1) Potassium (kg ha 1) Rainfall (mm) 
1988/89 Chiwundura 2 Dec. 1988 179.3 42 21 460 
1988/89 Rushinga 7 Dec. 1988 179.3 42 21 881 
1988/89 Mutoko 1Dec. 1988 179.3 42 21 528 
1988/89 Zvimba 8 Dec. 1988 179.3 42 21 764 
1989/90 Rushinga 24 Dec. 1989 106.6 42 24 507 
1989/90 Zvimba 8 Dec. 1989 131.5 49 25 669 

Table 3. Weed species ranked within sites and seasons. 

Rushinga Zvimba Chiwundura Mutoko 
Weed Species 88/89 89190 88/89 89/90 88/89 88/89 
a) Grasses 
Rottboellia cochinchinensis 1 5 
Panicum maximum 2 
Panicum novemnerve 3 
Setaria verticillata 4 
Rhynchelytrum repens 5 3 11 
Digitaria sanguinalis 7 4 8 
Setaria pumilia 10 
Dactyloctenium aegyptium 11 
Urochloa panicoides 15 
Cynodon dactylon 2 2 3 3 
Eleusine indica 17 5 4 3 4 4 

b) Sedges 
Cyperus esculentus 6 6 6 
Bulbostylis hispidula 3 5 

c) Broadleaves 
Acanthosperrnum hispidum 6 1 9 7 2 
Leucas martinicensis 8 2 
Commelina benghalensis 9 8 
Bidens pilosa 13 
Richardia scabra 12 6 2 
Datura stramonium 15 
Hibiscus meusei 5 4 6 
Vemonia poskeana 7 9 
Gisekia africana 10 
Schkuria pinnata 12 
Striga asiatica 16 5 

- means not recorded. 

~aize gJain yield. At Rushinga, weeding at two latter reduced gJain yield by 96.3% in 1988/89 and 
weeks produced the highest gJain yield compared to 95.5% in 1989/90. 
other treatments in both seasons (Table 4). Delaying At Zvimba weeding from two weeks up to six weeks 
weeding from two weeks up to 21 weeks (no did not affect gJain yield in 1988/89 (Table 4), but
weeding) was followed by a decrease in gJain yield. from eight weeks onwards there was a decrease in 
There were no significant changes from weeding at gJain yield. In 1989/90 weeding at two weeks 
six weeks up to the no weeding treatment. The produced the highest gJain yield compared to the 
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other treatments. Weeding as late as four weeks had 
a similar effect on grain yield as did no weeding. No 
weeding reduced grain yield by 38.9% in 1988/89 
and 52.7% in 1989/90. 

At Chiwundura there were no significant grain yield 
changes when weeding time was varied from two to 
four weeks (Table 4), but there was a decrease in 
grain yield from weeding at six weeks up to the no 
weeding treatment. At Mutoko treatment effects 
were not significant (Table 4). No weeding reduced 
grain yield by 57.9% at Chiwundura and 34.4% at 
Mutoko. 

DISCUSSION 

R. cochinchinensis, P. maximum, A. hispidum, L. 
martinicensis, R. scabra and C. dactylon appeared to be 
the most important weeds across sites and seasons. 
Thomas (1970), Budd (1975) and Chivinge (1983) 
reported A. hispidum to be among the top most 
aggressive and difficult weeds to control in the large 
scale farming sector. A. hispidum was the most 
aggressive in six out of eight provinces in communal 
areas in Zimbabwe (Chivinge, 1988). In 
Mangwende, R. scabra, A. hispidum, Striga species 
and C. dactylon were among the most important 
weeds (Shumba, 1986). In Zimbabwe R. 
cochinchinensis seemed to be restricted to 
Mashonaland Central (Chivinge, 1988). This weed 
was recorded in Rushinga Communal Area, 
Mashonaland Central. P. maximum and L. 
martinicensis were not very imporatant weeds in 
communal areas. 

Rainfall affected maize grain yield. At Rushinga, 
higher grain yields obtained in 1988/89 were 

Table 4. Treatment effects on maize grain yield (t ha-1). 

Weeding time Rushinga 
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associated with high rainfall (Table 1). A similar 
trend occured at Zvimba. Chiwundura, which 
received the least rainfall, had the lowest grain yield. 

Site and season seemed to influence the period when 
the maize crop tolerated weed competition. At 
Rushinga treatment effects were more or less similar 
in both seasons. Maize could not tolerate weed 
competition beyond two weeks. Although the total 
amounts of rainfall received at Rushinga were 
different the amounts which were received in 
December were more or less the same (Table 5). 
Probably this is why treatment effects had no 
seasonal differences. These results are in agreement 
with those of Meggit (1970) and Marais (1985). In 
1988/89, maize mainly competed with R. 
cochinchinensis. Whereas in this study maize could 
tolerate competition from weeds for little more than 
two weeks, Thomas and Allinson (1975) found that 
maize could stand competition for eight weeks. 
Seasonal changes in weed spectrum did not 
influence competition. Maize yield losses were 
nearly the same in 1988/89 and 1989/90. 

Seasonal effects on time of weeding were very 
marked at Zvimba. In a high rainfall season (764 
mm) maize tolerated weed competition for six weeks 
but under lower rainfall (669 mm) for only two 
weeks. Similar results were obtained in a cotton 
crop (Schwerzel and Thomas, 1971). In 1989/90, 
December rainfall of 111.8 mm was received at 
Zvimba. This was close to what was experienced 
during the same month of each of the two seasons at 
Rushinga (Table 5). This may explain why the 
1988/89 results at Zvimba were similar to those 
obtained at Rushinga. Rainfall could have 

Zvimba Chiwundura Mutoko 
after crop 1988/89� 
emergence(weeks)� 
2 5.4 
4 2.5 
6 1.1 
8 0.4� 
No weeding 0.2� 

. Significance *** 
LSD (P<O.05) 1.7 

*** =P<0.OO1 ... =P<0.01 • =P<0.05 

1989190 1988/89 1989190 1988/89 1988/89 

2.2 7.2 3.6 1.9 3.2 
1.7 7.4 2.2 1.7 2.3 
0.3 6.4 1.2 1.2 2.5 
0.2 5.5 1.6 1.3 2.2 
0.1 4.4 1.7 0.8 2.1 .... ... NS 
0.3 1.6 1.2 0.5 

NS =nonsignificant 

Table 5. Rainfall (mm) distribution from November to February. 

Rushinga Zvimba Chiwundura Mutoko 
Month 1988/89 1989190 1988/89 1989/90 1988/89 1988/89 
November 32.5 17.5 25.6 7.0 35.0 31.0 
December 102.0 103.5 136.2 111.8 84.5 81.5 
January 223.5 202.0 174.3 190.8 168.6 71.5 
February 522.5 192.5 341.4 207.5 239.9 257.2 
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influenced yield losses at Zvimba. Lower maize 
yield loss in the no weeding treatment in 1988/89 
compared to 1989/90 was related to high rainfall. 

At Mutoko there were no significant treatment 
effects, possibly due to low weed pressure observed 
at the site. Vernon and Parker (1983) reported 
similar results in Zambia. At Chiwundura maize 
tolerated weed competition for up to four weeks. 
Since this site experienced the lowest rainfall we 
expected a Significant decrease in grain yield at four 
weeks. On 15 February, 1989 serious wilting 
induced by Striga asiatica (L.) Ktze was noted at the 
site. This could have influenced the grain yield of 
maize. Weeds left to compete with maize for the 
entire season reduced yields by 40 to 85% (Meggitt, 
1970). In this study yield losses due to no weeding 
ranged between 34.4 and 96.3%. 
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ABSTRACT 

Weeds are a constant and important problem for farmers producing maize in western Ethiopia (Kefa 
and Illubabor Region) and can be tackled by different forms of crop management. Trials were 
conducted from 1986-1988, and 1989-1990 at Jima and Metu sub center on two composite (UCB & UCA) 
late varieties to determine the optimum frequency of hand weeding, the critical period of weed 
competition, the extent of yield loss, and to compare different cultural weeding methods on maize. In 
general the major weed species observed at both locations were Gizotia scabra, Galinsoga parviflora, 
Datura stramonium, Amaranthus spp., Nicandra physaloides, Ageratum conyzoides, Plantago 
lanceolata, Convolvulus spp., Cynodon dactylon, Digitaria scalarum, Eleusine indica and Cyperus spp, 
and other broadleaf and grass spp. Between Melko and Metu the weed population and severity of 
weed infestation were different. There were significant differences in mean yield with the treatments 
(P<O.OI) and the highest crop damage and consequently the lowest mean grain yield, 1.91 t ha-1 was 
obtained from zero weeding. Other combinations of ox cultivation, hand pulling and hoe weeding, 
ranged from 3.77 t ha-1 to 4.23 t ha-1. The yield loss due to weed competition in maize was 30.4% in 
Jima and 57.2% in Metu. However, depending on the severity of weed infestation and the weed 
population, hand weeding twice (hoeing followed by pulling) at 2 and 4 weeks, and three times hand 
weeding at 2, 4, and 6 weeks after emergence was found to be economical for Melko and Metu areas 
respectively. Hand pulling at 3-4, 5-7, and 8-10 leaf stages, or hoeing by hand and oxen cultivation 
between rows, "shilshallo," is an alternative method of weed management. 

INTRODUCTION� major weed species and their population in the field 
was uniform. Average monthly rainfall during the 

The current status of maize production in western 
growing season (late March to October) was 137Ethiopia is comparable to other major producing 
mm. The design of the experiment was a RCBD in 4

regions in southern Ethiopia. However, the present 
replicates. Plot size was 4.5m (0.75m x 6 rows) x 8m 

production level is very low, 1.6-1.8 t ha-1 (IAR, 
= 36m2 and net plot size was 1.5m (0.75 x 2 rows) = 

1984). Weeds have a great effect on maize 
12m2. As indicated in Table I, 13 treatments were 

production in the region and compete directly for 
carried out. 

light, moisture space and soil nutrients. There are 
also indirect effects such as increases in cost of In Table I, C =cultivation with oxen, H =hoeing by 
cultivation by machinery and labour, reduction in local tool called "Checki", P = pulling by hand. 0,1/2 
value of land and also they may act as hosts of and 3 denotes the frequency of operations arranged 
pathogens and insects, thus reducing crop yields in growth stages. 
(Shetto et al., 1990; Starkey, 1981). Data shows that All cultivation was done by oxen between rows, 
the yield losses from weeds alone in Africa is almost except treatment 7. That was cultivated across rows 
equal to that caused by pests and diseases combined at 3-4,5-7 and 8-10 leaf stages. Stand and agronomic
(Fesshaie, 1985). data were recorded, such as, weed counting 1.25m2 

Yield losses due to weeds in maize range between before maize was harvested. Weed biomass was 
20-100% in the Philippines, Brazil, America, Gambia, also taken on air and oven-dry samples basis. NQ. of 
Sierra Leon and Nigeria (Starkey 1981). In Ethiopia plants damaged during each weeding operation; NQ. 
Tadious and Bogale, (1989) reported a loss of 30-56% of plants lodged, plant population, plant height, and 
in Illubabor region. In western Ethiopia weeds are grain yield were recorded. Yield data for each 
controlled by frequent oxen cultivation. This paper experimental year and the 3 - 4 year average were 
looks at several weeding methods, in particular the analyzed using analysis of variance. Mandays ha-1 

use of inter-row oxen cultivation, as partial or a for hand weeding and increase benefit over 
complete alternative to hand weeding maize in unweeded check in grain and ETB ha-1 from each of 
western Ethiopia. the treatments were used to calculate the net benefit 

assuming 1.95 ETB man-day-l to labour cost 46.32
MATERIALS AND METHODS ETB 100 kg-l selling price of maize. In addition 

The experiment was carried out from 1990 - 1993 on correlation coefficients between grain yield and 
a nitosol. Land was prepared by tractor ploughing. weed biomass and Total Cost that Vary (TCV) were 
Mixed broad and grass-leaved annuals were the compared (Levitt, 1990). Partial budget analysis 
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(CIMMYT, 1988) was also carried out for each 
treatment. 

RESULTS AND DISCUSSIONS 

The major weed species observed in the trial were 
Guizotia scabra, Galinsoga parviflora, Datura 
stramonium, Amarathus spp. Nicandra physoloides, 
Ageratum conyzoldes, Plantago lanceolata, Convolvulus 
arvensis, Cynodon dactylon, Digitaria scalarum, Elusine 
indica and Cyperus spp., and other broad and grass 
leaf weeds (Table 2). Quadrat counts are usually 
carried out when weeds are small and readily 
distinguished from each other. There was poor 
control on Ageratum conyzoides, which germinated 
late and was sometimes higher in the hand pulled 
plots than unweeded (PoHoCo). Four-year average 
weed population was higher at PoHoCo than 
POHOC3, PoH1C3 and PoH2CO. The weed 
population /.25m2 was 282, 123, 125 and 146 
respectively (Table 3). These differences were 
statistically significant. 

Weighing weeds may be even better than quadrat 
counts because it provides a measure of the total 
mass of the weeds rather than numbers. For zero 

Table 1, Crop growth stages at which the weeding operations were done. 

Tadious & Bogale 

weeding (POHOCO) and three times oxen cultivation 
followed by two times hand pulling (P2HOC3), the 
dry matter yield of weeds was 7.1 and 2.8 t ha-1, 
respectively (Table 3). A statistically highly 
significant weed biomass difference was achieved 
among weeding operations and an interaction 
between season and weeding operation at 0.05 and 
0.01 levels (Table 3) was observed. The trend with 
pseudo-volume was similar to the trend of weed 
population and weed biomass, i.e., the highest 
pseudo-volume (PS.V) was at zero weeding 
(POHOCO)' 142 cm, compared to three times oxen 
cultivation followed by 2 times hand pulling 
(P2HOC3), which was 13 cm (Table 4). Coefficient of 
correlation was calculate for yield against weed dry 
matter and against total rainfall. The results were 
negatively correlated (r .. -0.83 and -0.28, 
respectively). Rainfall against weed population and 
biomass showed positively correlation (r .. 0.81 and 
0.17, respectively). 

The programme from 1990/1993 involving oxen 
cultivation "5hilshallo" and followed by hoeing & 
hand pulling showed higher plant damage, i.e., 39%, 
25% and 39% were obtained from POHOC31 P2HOC3 

Trial No, Weeding of operation Growth stages of maize at which the operation were done 
34 leaf stages 5-7 leaf stages 8-10 leaf stages 

1 POH1 C1 H1 C1 
2 PoHoC1 C1 
3 P,HoC1 C1 P, 
4 PoH2C, H1 H1 
5 P1 H1C1 P1 H1 
6 PoHoC2 C1 C1 
7 
8 

PoHoC3(check) 
P1 HOC2 

C1 
P1 

C2 
C1 

C1 
C1 

9 PoH,C3 C1 C1 C1 
10 P1 HOC3 C1 C1 P1 C1 
11 PoH1 C2 H1 C1 C1 
12 P2HOC3 C1 P1 C1 P1 C1 
13 PpHgCg(check) 

Table 2. Important weed species in the maize cultural weed control method experiment (1990 -1993) at Melko. 

Broad leaved weed species Importance 
Guizotia scabra XXX 
Galinsoga parvif/ora XXX 
Datura stramonium XXX 
Amaranthus spp. X 
Nicandra physaloides XXX 
Ageratum conyzoides XXX 
Solanum nigrum X 
Rumesspp. X 
Commelina spp. XX 
Oxalis spp. XX 
Plantago lanceolata XX 
Bidens spp. X 
Trifolium rueppellianum XXX 

Grasses and sedges Importance 
Digitaria spp. XX 
Cynodon spp. XX 
Eluesine indica XX 
Snowdenia poIystachya X 
Cyperus spp. X 

Where, XXX =very important, XX =important, and X=less important 
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and P1HOC3' respectively (Table 4). In the high 
rainfall areas of western Ethiopia farmers have 
developed a complex system for controlling weeds 
including hoeing, oxen cultivation, hand pulling and 
slashing. The 1992 cropping season had an 
exceptional problem; lack of weed infestation. The 
checks (POHOCO) yielded 3.6 t ha-l to 4.4 t ha-l from 
POHC2 (Table 5). But in 1991 the management 
showed high response. The check (POHOCO) gave 
the lowest yield 16 t ha-l whereas 3.4, 3.2, 3.2 and 
3.1, t ha-l were obtained from POH2CO, 
P1HOC3,P2HOC3 and P1HOC1 respectively (Table 5). 

In 1993, zero weeding (POHOCO) was damaged by 
weed infestation and gave the lowest yield 2 t ha-l 

whereas from P1HOC1, POH2CO, P1H1C1 and 
P1HOC3; 4.1 , 4.2 , 4.1 and 41. t ha-l was obtained 
(Table 5). A statistically highly significant yield 
difference was observed at both P < 0.05 and P < 
0.01. 

Generally from 1990-1993 the average yield was 
between 1.6 - 4.4 t ha-1 (Table 5). Across seasons, 
season, weeding operation and season x weeding 
operation gave statistically significant yield 
differences. Treatment numbers 3, 4, 5, 8 and 10 
yielded higher than treatment 2 and 7 (Table 6). 
Based on partial budget analysis of treatments 
(Table 7) the marginal benefits obtained from 
POHlC1, P1HOC1, POH2CO, and P1HOC2 weeding 
were found to be much higher than the other 
treatments with the average local price of Ethiopia 
Birr 46.32/100 kg maize. This is because the choice 
of time and number of weeding is largely dependent 
on what farmers gained from their investment. 
Marginal analysis of selected treatments that gave 
higher net benefit than the one weeding treatments 
was calculated. All except POHOC2' POHOC3' 
POH1C2, P2HOC3 and POH1C2 weeding were 
dominated. Any treatment was assumed to be 
dominated if the net benefit obtained was less than, 
or equal to close treatments with lower cost. 
POHOC1' P1HOC1, POH2CO and P1HOC2 weeding 
were acceptable (Table 8). Correlation coefficient 
was calculated between yield and cost of weeding 
and the result was positively correlated but 
nonSignificant (ra 0.54). Oxen cultivation alone 
cannot contol weed population efficently (Table 3). 
The same trend was observed on maize (Fesshaie, 
1985; Shetto, et al., 1990). Treatments involving oxen 
cultivation that were not supplemented by either 
hand hoeing or hand pulling gave a higher yield 
weed biomass (Table 3). However, oxen cultivation 
decreased the weeding labour requirement in the 
hand hoeing and pulling systems by 84 and 72% 
(Table 9) respectively. Oxen cultivation saved 160 
hours labour ha-1 over the hand hoes and 100 hours 
labour ha-1 on hand pulling (Table 9). The same 
trends were achieved by Starkey (1981) and Shetto 
(1990). 
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Based on the economical advantage of the farmers 
from 960 - 488% MRR, Le. (PIOOCl, PoOZCo and 
PlOOCZ) for every 1 Eth. Birr invested 9.6,8.16,7.10 
and 4.88 Eth. Birr marginal return could be obtained 
(Table 8). Similar trends were obtained at Asosa. A 
MRR of 639% and 433% were recorded for weeding 
once at 20 to 25 days and weeding twice at 20 to 25 
and 40 to 45 days after planting relative to no 
weeding. Two weedings gave a MRR of 543% 
relative to one weeding. In case of shortages of oxen 
then the farmer could use hoeing 2-3 times, 2, 3, and 
4 weeks after emergence. 

Table 3. Some parameters in the weed control trial in maize (1990-93) 
at Melko. 

Weed operation Weed Weed biomass Weed control 
(WP) population 

125m2 
(t hal efficiency (%) 

1. POH1C1 150.31 43.68 38.5 
2. POHOC1 161.81 72.12 26.58 
3. P1HOC1 164.87 35.09 50.64 
4. POH2CO 146.06 35.03 50.72 
5. P1H1C, 151.31 28.74 59.57 
6. POHOC2 137.75 69.40 51.24 
7. POHOC3 132.31 47.10 33.74 
8. P,HOC2 138.81 27.76 60.95 
9. P,HOC3 140.87 37.94 47.82 
10. P,HOC3 140.87 26.27 63.04 
11. POH,C2 141.02 32.62 54.11 
12. P2HOC3 148.18 27.85 60.82 
13. PoHoCo 282.58 71.09 

LSD at S W SxW S W SxW 
0.05 41.44 45.85 NS 6.30 7,25 12.86 
0.01 64.37 86.42 NS 13.78 9.64 19.24 
S.E=. 14.30 14.69 3.94 2.57 
C,V% 20.00 17.50 27.03 5,13 

Where, S=Season and WP =Weed, operation 

Table 4. Some agronomic parameters in the weed control in maize trial 
(1990-93). 

Weeding operation Mean pseudo Mean plant 
volume (cm) damaged due to 

oxen cultivation (%) 
1. PoH,C, 62.19 13.75 
2. PoHOC1 123.90 11.00 
3. P,HoC, 28.89 13.25 
4. PoH2CO 33.61 0,00 
5. P,H1C, 23.16 10.75 
6. PoHoC2 115.Q1 20.50 
7. PoHoC3 49,23 39,25 
8. P,HoC2 16.74 17.50 
9. PoH,C3 39.53 21.75 
10. PoH1C2 23.75 15.80 
11. P,HoC3 20.64 24,00 
12. P2HOC3 13.19 25.50 
13. PoHrtCo 141.88 0.00 
LSD at 0.05 31,90 4,97 
0.01 42.80 6.71 
SE =. 3.08 1.71 
CV% 19.12 16.36 

Pseudo volume =Average weed height xweed coverage %, 
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Table 5. Comparison of cultural weeding methods on grain yield of maize at Melko (1990 -93). 

Weeding operation Grain yield t ha-' Across seasons 
mean t ha-l 

1990 1991 1992 1993 
1. POHoCO 18.00 19.83 36.49 2.00 19.08 
'2. PoH1C1 43.60 29.02 54.89 25.56 38.26 
3. PoHoC1 35.05 29.12 61.49 16.11 34.19 
4.P1 HOC1 44.35 31.17 54.72 33.79 41.00 
5. POH2CO 44.75 34.44 50.38 39.85 42.35 
6,P1 H1C1 44.28' 29.58 49.64 39.88 40.83 
7.PoHoC2 30.05 30.54 53.15 11.66 31.46 
8.PoHOC3 44.40 23.34 34.14 20.20 30.52 
9. P1HOC2 43.73 27.77 58.32 14.64 43.61 
10.PoH1 C3 44.28 26.14 46.04 30.83 36.82 
11. P1HOC3 44.78 32.40 57.82 29.11 41.02 
12.PoH1C2 45.00 27.59 44.02 34.08 37.67 
13. P2HoC3 44.38 32.81 35.58 41.53 38.57 
Mean 40.51 28.75 48.98 28.40 AlS 

S W 
LSD 0.05 10.95 6.65 NS 10.10 8.71 13.19 
at 0.01 NS 8.93 NS 13.50 15.94 17.50 
SE :. 5.63 2.32 4.76 3.51 6.98 4.69
CV% 23.00 16.00 18.14 24.00 16.38 24.00 

AlS - Across Seasons. 

Table 6. Yield increased and decreased over the checks and relative to the best treatment (1990· 93). 

Weeding operation Yield t ha-, %yield increased over the check %yield decreased relative to the best 
treatment 

1. POH1C1 38.25 50.13 12.26 

2.PoHoC1 34.19 44.19 21.60 

3.P1 HOC1 41.00 53.46 5;98 

4. PoH2CO 42.35 54.94 2.88 

5,P1 H1C1 40.03 53.26 6.37 

6.PoHoC2 31.46 39.35 27.86 

7.PoHoC3 33.02 42.21 24.28 

8. P1HOC2 43.61 56.24 

9. PoH1C3 36.82 48.18 15.51 

10. P1HOC3 41.02 53.48 5.93 

11. POH1C2 37.67 49.34 13.62 

12.P2HOC3 43.57 56.20 0.09 

13.PoHoCO 19.08 56.24 

In the 1986/88 cropping seasons, three times hand labour requirement (Table 9) and has added benefits 
weeding 3 weeks after emergence gave a 41.5% yield of thinning, ridging to improve lodging and 
advantage in the region, whereas zero weeding drainage to improve aeration etc. In western region, 
resulted in a reduction in grain yield of 30 - 50 % the standard maize herbicide in the large-scale 
(Fes~aie, 1985). mechanized farms is atrazine and its mixtures. 1-2 

times oxen cultivation followed by one time hand
Many researchers who conducted research on maize pulling tended to give better yield than 3 times oxen 
weed control showed that removal of weeds 2 - 3 cultivation followed by 2 times hand pulling (Table 
weeks after emergence or 40 days after crop 5), but other investigations show hoeing is better 
emergence is essential (IAR, 1985). The same trend than hand pulling. The tendency was more
was observed in OUI: investigation 15-20, 30-35 and pronounced when one considered the difference in 
40-45 days after emergence or 3-4, 5-7 and 8-10 leaf costs, resulting in a better profit per ha. For maize
stages. Oxen cultivation followed by hand pulling, row-planting, the introduction of animal drawn
hand pulling followed by hoeing and oxen implements are worth considering to further
cultivation, 1 time hand pulling followed by 2 times simplify weed control. 
oxen cultivation and 2 times hoeing are 
economically desirable. Oxen cultivation, has a low 
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Table 7. Partial budget for the different frequency combination cultural weed control methods of maize at Melka (1990 -1993). 

Weeding operation NQ. of weeding Eth. Birr ha-i 
Cost of weeding Gross benefit Net benefit Marginal benefit 

1. PoHOCO 0 0 1350.1 1350.1 
2. POHoC1 1 29.2 1603.6 1631.6 316.3 
3. POHOC2 2 36.1 1457.2 1421.10 71.0 
4. P1HOC1 2 49.0 1849.1 1800.1 510.1 
5. POH1C1 2 49.0 1713.2 1664.60 314.0 
6. POH2CO 2 57.6 1911.6 1855.0 564.9 
7.POHOC3 3 65.7 1529.4 1463.70 113.5 
8.P1 HOC2 3 66.5 1970.0 1903.4 613.3 
9. POH1C2 3 67.4 1744.8 1677.40 327.3 
10,P1 HOC3 4 79.5 1699.5 1620.50 270.4 
11. P2HOC3 5 80.6 1690.2 1609.50 259.4 
12.POH1C3 4 90.9 1700.0 1609.00 258.9 
13. P1H1C1 3 164.4 1726.8 1606.80 256.7 

Gross benefit =Yield of each treatments x price of quintal maize which is Eth. Birr. 46.32 (source MoA).� 
Net benefit = Gross benefit minus cost &weeding� 
Marginal benefit = Net benefit in excess of the weedy check.� 

Table 8. Marginal analysis of undominated weeding treatments relative to the one weeding 15·20 days after emergence, 

Weeding operation Cost of weeding Net benefit Change from the one weeding treatments 
Marginal increase in Marginal increase in net Marginal rate of retum 

cost of weeding benefit in % 
1. PoHOCo a 1350,0 

2. POHoC1 29.2 1631,6 29.2 281.6 960 

4. P1HOC1 49.8 1800,1 20.6 168.4 816 

6. POH2CO 57.6 1855.0 7.7 54,9 710 

8. P1HOC2 66.5 1903.4 9,9 48.4 488 

" Marginal rate of retum is equal to change in net benefit divide by change invariable cost. 

Table 9. Labour data for weeding, Man-<lays ha-1weeding operation. 

Seasons 1. Hoeing 2. Oxen cultivation 3. Hand pulling Locations 
'Shelshallo' 

1. 1990 15.15 3.6 14,14 
2, 1991 7.00 3.94 9.00 
3. 1992 31,64 4.34 20.65 

Mean 17.93 3,96 14.60 Melka" 
30,00 2.00 14.00 Bako' 

" Source: Bako Agricultural Research Center, 1987. 
", Source: Jimma Agricultural Research Center, 1990-1993. 

Table 10. Linear regression and coefficient of determination for different agronomic parameters. 

Regression 
a. Relationship between yield and weed biomass 
b. Relationship between total rainfall and weed biomass 
c, Relationship between total rainfall and weed population 
d. Relationship between total raidnfall and maize yield 
e, Relationship between yield and total cost 

Equation 
Y=50,93-0.32X 
Y=53.71 +0.05X 
Y=66.77+0.03X 
Y= 58.68.Q,01X 
Y= 31 ,64+0.09X 

Coefficent of determination (p2j 
-0,83" 
0,81++ 
0,17NS 

0.028NS 
O,55NS 

Where XXP<0.05, P<0.01 and NS = No signficance 
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Table 11. Monthly No. of Raining days ( RD) and mean of maximum ( max.) and minimum (min.) temperuture during 1990-1993 growing cycles 

MONTHS 
J F M A M J J A S 0 N D years 

1RD 15 11 16 21 17 22 25 24 22 12 4 14 1990 
2 Max 27.7 27.6 27.3 25.8 26.5 25 23.8 24.4 24.5 25.9 26.7 26.0 
3Min 7.7 9,8 11.3 12.5 11.6 12.2 12.2 12.6 12.6 9.6 8.2 11.5 

1RD 6 13 21 13 14 24 24 28 23 4 9 2 1991 
2 Max 26.9 27.4 29.2 28.5 27,4 25.3 22,3 22.8 25 25,4 25.6 26.6 
3Min 10,1 12.7 12,3 12.7 12.1 12.3 12,4 13.7 12.2 12.3 8.5 9.8 
1RD 7 16 15 14 19 23 22 26 20 14 9 3 1992 
2 Max 27,4 26 27 27 26,6 25 23.3 23.3 24.7 26,3 27 27,6 
3 Min 8.7 12.1 11.9 12,8 12,4 13 12.1 11.9 11.9 9,5 8.7 7,1 
1RD 7 15 11 21 21 22 21 22 20 18 1 0 1993 
2Max 26.4 25.9 27.9 26 26.7 24.1 23,3 23,6 24.6 25.7 26.7 27,8 
3Min 10.1 11.5 10 13,3 12,8 13 12,6 12,8 12,2 11.8 8,4 6.9 

Weeding operation • Growth stages of maize at which the operation must be done 
3-4 leaf stages 5-7 leaf stages 8-1 0 leaf stages 

1. C2 P, C, C1 P1 
2, P1 C2 P1 C1 C1 
3. Ha� Hl Hl Hl 

Where, ·C =Cultivation between rows with oxen, P=Pulling by hand, 
H- Hoeing by local tool called 'checki' 1, 2and 3- denotes the frequency of operation arranged in growth stages. 

REFERENCES Shetto, R.M. et al. 1990. Weed control system in 
maize based on Animal Drawn cultivator!!, Kano, CIMMYT. 1988. From agronomic data to farmer 
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IAR, Department of Field Crops, Maize Progress 
forestry. Sierra Leone. Report for 1984/1985. Influence of cultural 
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IAR, October 1987 Addis Abeba, Ethiopia.� Metu. A Bulletin of the Crop Science Society of 

Ethiopia Vol.2 Dec. AA Ethiopia, 1989.
Levitt, Y. 1990. Response of plants to environmental 

stress, 2nd edition, Vol. I and II Academic Press 
Inc, New York and London. 

Fesshaie, R. 1985. A review of weeds science 
research activities on maize and sorghum in 
Ethiopia, in Tsedeke Abate (ed). A review of crop 
protection research in Ethiopia 4 -7 Feb. 1985, 
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ABSTRACT 

In an attempt to alleviate a labour problem for weeding in maize - bean intercropping, several pre
emergence herbicides were evaluated at different rates and in mixtures. Galex (Metalochlor + 
Metabromuron), Dual (Metalochlor), Stomp (Pendimethalin) and Panter (Linuron + Pendimethalin) 
have been identified as promising products to control weeds in maize - bean intercrops. Three 
seasons of testing these herbicides and mixtures showed that Galex mixed with Stomp, each at half the 
recommended rate, provided the best weed control and value for money. 

INTRODUCTION� requirement but more produce only where 
conditions for response to fertilizers are optimal. Maize (Zea mays L.) is the most important cereal crop 

produced and consumed in Tanzania. Over 80% of Evidence exists that suggests labour constraints 
the maize produced in Tanzania is intercropped during peak demand periods limit the hectarage for 
with a legume. The main intercropping system in small-scale farmers. Furthermore, the competition 
northern Tanzania is maize and beans (Phaseolus for labour often results in untimely weed control 
vulgaris L.) (Koinange et al., 1983). In this and thus low yields (Miller and Burril, 1984). 
intercropping system, maize is the major crop and Ransom (1989) documented that labour required for 
beans are considered as a bonus crop. Maize is a maize - bean intercrop is greater that for a maize 
therefore planted at the optimum plant density and monocrop and estimated that hand weeding may 
beans at half or two thirds the optimum density. utilize 35-70% of total agricultural labour. It is 

therefore, necessary to look for some form of labourIntercropping has persisted in the region because of 
saving technology like the use of� economicallymaximum land productivity, variety in food 
efficient herbicides for weed control in maize - bean production, minimum risks, uncertainties associated 
intercrops.with pests, unreliable rainfall, and because of weed 

suppression. In a maize-hean intercrop, it was found that there is 
a yield advantage when both crops are planted atDespite its persistence, intercropping has some 
the same time and an advantage in net benefits isconstraints associated with it. First, yields of each 
realized (Mongi et al., 1976), hence the necessity to

component are lower than monocrops, especially 
use pre-emergence herbicides. 

the secondary crop. Secondly, there is more 
competition for moisture in an intercrop than in a In a preliminary herbicide screening, Matowo and 
monocrop during dry years. Furthermore, extra Mmari, (1988) concluded that a combination of 
labour for weeding is required in an intercrop herbicides could be beneficial at half the 
compared to a monocrop. Weed control methods recommended rate. 
employed for intercrops include land preparation In Kilimanjaro region, 90% of total farmers are
(by hand hoe, tractors or animal traction) inter- and small-scale and they practice intercropping. Weed
intra- row cultivation, herbicides, and integrated control by most of these farmers is done by hand 
weed control. hoes and hand pulling, which requires a lot of 
Herbicides are not widely used in Tanzania, labour. Coffee, the main cash crop is labour 
especially under intercropping. This is because the intensive and competes with food crops for labour 
common herbicide.s used in each crop singly, will allocation; hence this experiment. 
almost always injure the other crop (Ransom, 1989). The objective of this experiment was to evaluate
Herbicides are powerful tools in weed management herbicides at different rates and combinations for 
and there seems to be great potential for increased economic weed control in a maize-bean association. 
use of herbicide by small-scale farmers, who because� 
of little capital and little knowledge of proper MATERIALS AND METHODS� 
technique, do not benefit from them. Haswell (1973)� Three herbicides were evaluated each at three rates 
argued that herbicides are more� valuable than in a randomized complete block design at Lambo
fertilizers in subsistence farming since the estate (1020 masl) for two seasons. The evaluation in 
elimination of weeds results in a low labour the third season was done in a� representative
requirement and more produce. The use of farmers' maize field (1200 masl) on a clay loamy soil. 
fertilizers, on the other hand, means more labour 

229� 
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Table 1. Maize and beans yields kg ha·1for 1990. 

Treatments Beans yield kg ha" Maize yield kg ha" Ws 1 Ws2 
1, Hand weeding 475� 
2, Noweeding 219� 
3. Galex 5I ha-1 533 
4. Galex 3.75 I ha-1 510 
5. Galex 2.5 I ha-1 538 
6. Dual 2.0 I ha·1 370 
7. Dual 1.51 ha-1 410 
8. Dual 1I ha-1 329 
9. Stomp 31 ha-1 247 
10. Stomp 2.251 ha-1 346 
11. Stomp 1.51 ha-1 349� 

LSD(%) 150� 
CV(%) 26.4� 

During the 1990 growing season, Galex, Dual and 
Stomp were evaluated each at three rates, with 
handweeding and noweeding as checks. In 1991 
and 1992, Galex, Panter and Stomp were used. Dual 
was dropped out because it showed poor control of 
Rottboelia exaltata and Sorghum halepense. The plot 
size was six rows of maize (cv. I<ilima) and five rows 
of beans (cv. Lyamungu 85) 5.4 m long. Spacing for 
maize was 0.75 m x 0.6 m, planted two plants per 
hill, and a spacing of 0.1 m x 0.75 m for beans 
planted at the same time with maize. Maize grain 
yield was estimated from the four center rows and 
beans from three center rows. 

Calcium ammonium nitrate (CAN) was the nitrogen 
source applied to maize at 100 kg ha-1 and 
phosphate was applied at 50 kg ha-1 as triple super 
phosphate (TSP). All TSP was applied at planting 
and CAN was sylit-applied, 30 kg ha-1 at planting, 
and 70 kg N ha- at 6th leaf stage. All the herbicides 
were applied pre-emergence. 

Weed assessment was done by scoring weed cover 
on a scale of 1-5 where 1 is completely clean and 5 
represents the ground completely covered by weeds. 
Two weed scores were done, one just before first 
weeding (two weeks after germination) and the 
second six weeks after germination just before the 
second weeding. The data was subjected to analysis 
of yariance and economic analysis. 

RESULTS AND DISCUSSION 

In three, years, the evaluation of herbicides at 
different rates indicated that maize yield is not 
greatly affected by weeds when intercropped with 
beans (Table 1 and 2). Maize yields for 1991 were 
not significantly different from each other except for 
Galex at 2.5 I ha-1. The 1992 data showed that 
Panter-treated plots yielded lower compared to 
other treatment combinations. Panter at the higher 

6245 1,0 2.0� 
5026 3.0 4.5� 
5292 1.2 3.0� 
6513 1.5 3.2� 
6513 1.5 3.5� 
7435 2.0 3.7� 
6156 1.5 3.5� 
5204 2.5 4.0� 
6156 2.1 4.3� 
6126 1.5 3.7� 
6989 1.7 3.8� 

NS 1.1 1.9� 
18.1 43.3 21.6 

rate of 5 I ha-1 lowered maize yields compared to 
the lower rates of 3.75 and 2.75 I ha-1 for both 
seasons. 

Intercropping maize with beans can have a positive 
effect on weed competition. It can be due to the fact 
that beans give a better ground coverage that 
smothers weeds. This explains the consistent similar 
maize yields for all treatments for three seasons. 
Similar trends have been shown by Mugabe et al. 
(1982) where the intercropping of maize and 
cowpeas results in less harvestable weed dry matter 
than monocropping. Evans and Streedharan (1962) 
also observed that intercropping had a greater 
competitive advantage over weeds caused by high 
population pressure provided by the component 
crops. 

Bean yields were more affected by weeds than those 
for maize, for all three seasons. This is shown in the 
bean yields and weed scores in Tables 1, 2 and 3. 

Hart (1974) reported on the effect of weeds on a 
bean monocrop. In his report, weeds accounted for 
83% of the total biomass. Similarly, beans in 
associated culture suffered more from weeds than 
did maize. It is likely that beans suppress weeds 
due to better ground cover at the expense of the 
maize crop. This was comfirmed in the unweeded 
plots, where maize yields did not differ significantly 
from hand weeded plots while for beans the 
difference was about five times. 

When the two outputs are aggregated in the form of 
income ha-1 .. (Table 4), several treatments were 
singled out to have a comparatively higher income. 
However, since income alone cannot be used to 
recommended a technology, the minimum cost 
analysis was employed (Tables 5 and 6). 
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Table 2. Maize and beans yields kg ha-1 for 1991 and 1992. 

Seasons� 
Treatments 1991� 
Hand weeding 5148� 
No weeding 4099� 
Galex 5 I ha-1 5209� 
Galex 3.751 ha-1 4240� 
Galex 2.5 I ha-1 3503� 
Panter 5I ha-1 4739� 
Panter 3.75 I ha-1 5112� 
Panter 2.5 e.ha-1 5135� 
Stomp 3I ha-1+ Galex 5I ha-1 5201� 
Stomp 2.25 I ha-1+ Galex 3.75 I ha-1 5333� 
Stomp 2.251 ha-1+ Galex 2.51 ha-1 5569� 
MEANS 4844� 
LSD (0.5%) 1250� 
CV 17� 

Table 3. Weed scores for 1991 and 1992. 

Treatment WS· 
1 

1. Hand weeding� 3.5 
2. Noweeding� 4.0 
3. Galex 5I ha-1� 2.3 
4. Galex 3.75 I ha-1� 3.8 
5. Galex 2.51 ha-1� 3.5 
6. Panter 5I ha-1� 2.5 
7. Panter 3.75 I ha-1� 3.0 
8. Panter 2.5 I ha-1� 3.0 
9. Stomp 31 ha-1+ Galex 51 ha·1 1.5 
10. Stomp 2.251 ha-1+ Galex 3.751 ha-1 2.0 
11. Slomp 1.51 ha-1+ Galex 2.51 ha-1 2.5 

MEANS 2.8 
LSD (5%) 0.9 
CV(%) 22 

'WS =WEED SCORES. 

Table 4. Tolal yield income (Tanzanian Shillings) ha-1. 

OOOT.Shs� 
Treatment 1991� 
1. 189.540 

. 2. 130.125 
3.� 177.285 
4.� 143.640 
5.� 118.710 
6.� 155.250 
7.� 161.550 
8.� 166.410 
9.� 182.370 
10.� 173.430 
11. 183.525� 
Means 161.985� 
LSD(5% NS� 
CV(%) 5� 

MAIZE 

1992 Means 
3720 4434 
3586 3842 
3962 4585 
5232 4736 
3755 3629 
3106 3922 
3219 4165 
4000 4567 
5983 5592 
5074 5203 
3950 4759 
4144 
2028 

23 

1991 
WS 
2 

2.0 
4.5 
2.3 
4.0 
4.3 
3.5 
4.0 
3.3 
2.5 
2.5 
2.8 
3.4 
1.4 

29 

000 TShs 
1992 

290.50 
155.00 
208.00 
235.50 
190.00 
166.00 
158.50 
187.50 
275.00 
241.50 
199.50 
209.454 
89 
20 

BEANS 
Seasons 

1991 1992 Means 
585 589 587 
119 115 117 
350 494 424 
274 264 269 
227 396 311 
218 416 317 
136 297 216 
207 273 240 
439 354 396 
224 384 304 
275 415 345 
277 363 295 
141.6� 247 
35 33 

1992� 
WS WS� 
1 2� 

3.0 3.0 
3.5 3.5 
2.0 3.0 
2.0 2.5 
2.3 4.5 
2.0 3.0 
2.5 4.0 
2.5 4,0 
1,3 1.5 
1.5� 2.5 
2.0� 3.5 
2.2� 3.2 
0.9 1.7 

19 25 

OOOT.Shs� 
MEANS� 
240.17 
142.56 
192.64 
189.57 
154.35 
160.62 
160.02 
176.95 
288.68 
207.46 
199.51 
192.048 
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Table 5: Partial budget least cost (Tanzanian Shillings) method 1991. 
1 2 3 4 

Cost of herbicide ha-1 0 0 19000 14250 
Cost of labour ha-1 0 0 1000 1000 
Cost of water ha-1 0 0 1500 1500 
Cost of weeding/ha-1 

Total cost that vary ha-1 
30000 
30000 

0 
0 

0 
21500 

0 
16750 

Table 6. Partial budget least cost (Tanzanian Shillings) method 1992. 

1 2 3 4 
Cost of labour to spray ha-1 0 0 1000 1000 
Cost for water hanla~e ha-1 0 0 1500 1500 
Cost of weeding ha- 30000 0 0 0 
Cost of herbicide ha -1 0 0 19000 14255 
Total cost ha-1 30000 0 21500 16750 

Minimum cost analysis indicated that Galex at 25 I 
ha-1 could be the best choice, followed by panter at 
25 I ha-1, Galex 3.75 I ha-1 and Stomp/ Galex 
mixture at 1.5 and 2.5 I ha-1 respectively. On the 
other hand, the 1991 and 1992 data on income per ha 
indicated that among the four choices above, the 
Stomp/Galex mixture at 1.5 and 2.5 1 ha-1 had a 
higher income. Thus by using income ha-1 and 
minimum cost analysis it is justifiable to 
recommended a mixture of Stomp and Galex at 1.5 
and 2.51 ha-1 respectively for weed control in maize
bean intercrops. This recommendation is about half 
the rates of the two herbicides recommended by the 
respective chemical companies. The 
recommendation can be extrapolated to other areas 
of a similar ecological zone and with similar 
dominating weed species. A list of dominating weed 
species in the representative maize growing area of 
Kilimanjaro Region is given in Appendix 1 

CONCLUSION 

With the above recommendation, the farmers can do 
away with the first or both weedings and later weed 
growth will be suppressed by beans or hand pulled 
if need arises. Without the first weeding, which is 
time consuming and tedious, the farmer will have 
time to tend other activities. 
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Dominating weed species at Lambo estate 

(TRIAL SITE) 

Commelina benghalensis 

Euphorbia heterophylla 

Bidens pilosa 

Sorghum halepense 

Oxygomum sinuatum 

Digitaria sp. 

Argemone mexicana 

Nicandra physaloides 

Boerhavia erecta 

Richardia scabra 

APPENDIXl 

Dominating weed species on farmers's field 

(JIWENI) 

Cyperus sp. 

Commelina benghalensis 

Richardia scabra 

Galinsoga parviflora 

Euphorbia hirta 

Nicandra physaloides 

Argemone mexicana 

Oxygomum sinuatum� 

Boerhavia arecta� 
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CRITICAL PERIOD OF WEED INTERFERENCE IN PURE MAIZE AND� 

MAIZF/PIGEON PEA AND MAIZE/SOYABEAN INTERCROPS IN MALAWI� 

I.D.T. KUMWENDA and V.H. KABAMBE 

Maize Commodity Research Team, Chitedze Agricultural Research Station, P.O. Box 158, Lilongwe, Malawi. 

ABSTRACT 

An experiment was conducted at Chitedze Research Station and on a farmers' field outside the 
research station in the 1987/88 and 1988/89 growing seasons to determine the critical weed-free 
requirement and the critical duration of weed interference in pure maize. A similar experiment was 
conducted at Mbawa and Chitala in 1991/92 to determine the critical duration of weed interference in 
maize/soyabean, and maize/pigeonpea intercrops. The major weeds present in the weedy control plots 
in 1987/88 and 1988/89, both on the station and the farmer's field were Eleusine indica, Oxalis sp., 
Nicandra physalodes, Bidens pilosa L., and Commelina benllhalensis. At Chitala, weeds present in the 
weedy control plots of the maizelpigeonpea intercrop were E. indica, Dillitaria ternata, C. 
benllhalensis, Tridax procumbens, Ocimum canum, Celosia trillyna, and Trichodersma zeylanicum. At 
Mbawa, the dominant weeds in the maize/soyabean intercrop were Hyparrhenia sp., B. pilosa and E. 
indica. Uncontrolled weed growth caused a 2-year average yield loss of 50% in the pure maize 
experiment. At Mbawa the yield loss due to uncontrolled weed growth in maize/soyabean was 27% for 
maize and 56% for soyabeans. At Chitala the uncontrolled weed growth resulted in a maize yield loss 
of 72%. The critical period for weed control in these experiments was found to be within the first 56 
days after planting. 

INTRODUCTION� Smallholders in Malawi intercrop maize with 
pigeonpea (Cajanus cajan), beans (Phaseolus vulgaris),Knowledge about the critical period of weed 
cowpea (Vigna sinensis, L.), cassava, soyabeancompetition is important for the development of 
(Glydne max) and other crops. Weed control in these appropriate weed management strategies since it is intercrops is based on that for solecrop maize.neither economic nor feasible to keep a crop weed
Because of different growth habits of component free all season. Such information is also important crops, intercropping systems could� be better atfor labour constrained smallholders so that they can 
suppressing weeds than are pure stands. schedule farm operations, such as fertilizer 

application and the planting of other crops, that The objectives of the present studies were to: 
often conflict with weeding. •� determine the magnitude of weed interference 

in pure maize, maize/pigeonpea andWeed-erop competition during the first 30 days after 
maize/ soyabean intercrops; crop emergence is reported to be critical for most 

crops (Zimdahl, 1980). Competition after that time • define the critical period of weed competition in 
should be less critical with crops that give good pure maize and maize-based intercropping 
ground cover within a short period from planting, systems. 
and also in warm areas where crops develop their MATERIALS AND METHODS 
canopies and cover the ground quickly. Yet the 

Weed interference in solecrop maize. Thiscritical period may extend beyond 30 days with slow 
experiment was conducted at Chitedze Research canopy forming crops and in cool areas. The 
Station which is at an elevation of 1097 masl, with an planting of such crops at a close spacing or 
annual mean rainfall of 892 mm and an annual mean intercropping them with other crops should allow 
temperature of 20.10 C, and on a farmers' fieldthe crop canopy to cover the ground more quic;kly. 
outside the research station, in the 1987/88 andLal (1980) showed that when cassava (Manihot 
1988/89 growing seasons. The experiment wasesculenta) was intercropped with maize (Zea mays L.), 
planted in December of each year. Fourteen weed 50% of maximum ground cover was reached in 50 
control treatments were laid out in a randomizeddays compared to 63 days for solecrop cassava. 
complete block design with four replicates. Two 

In Malawi, it is recommended to weed twice in sole types of treatment ~chemes were used in this 
maize, one weeding within 21 days and another experiment. One scheme maintained weeds below 
before 45 days after planting. This recomendation is interference level from planting time by keeping the 
well suited for cool mid-altitude areas where weeds crops weed-free for various periods of time from 
do not grow as fast as in the hot low-lying areas of planting and then allowing weeds to grow until 
the country. harvest. These treatments were weeding the crop 

from zero to 10 days after planting (DAP), 0-20 DAP, 
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0-30 DAP, 0-45 DAP, 0-60 DAP, 0-90 DAP and the 
control, O-harvest. The other scheme allowed weeds 
to emerge from planting time and interfere with the 
crop for different periods, after which the crops 
were maintained weed-free up to harvest. This 
comprised keeping the crop weed-infested from zero 
to 10 days after planting (DAP), 0-20 DAP, 0-30 
DAP, 0-45 DAP, 0-60 DAP, 0-90 DAP, and the 
control, O-harvest. Each plot had six ridges, each 6.3 
m long, with 0.9 m between ridges. 

Hybrid maize (MH15) was planted at a rate of 
37,000 plants ha-1. Maize received a basal-dressing 
of 40 kg ha-1 P205 and 16 kg ha-1 N, from DAP, and 
a top-dressing of 76 kg ha-1 N from urea. 

Weed interference studies in maize/pigeonpea, 
and in maize/soyabean intercrops. The 
maize/ soyabean experiment was conducted at 
Mbawa (1255 masl, 800 mm rainfall, mean 
temperature 21°C), and the maize/ pigeonpea 
experiment was planted at Chitala (604 masl, 760 
mm rainfall, mean temperature 300C). Both 
experiments had similar treatment schemes to those 
in the previous experiment, but with a 14 day 
interval, up to 84 DAP. Treatments of pure stand of 
maize, soyabean and pigeonpea were included. 
Intercrops were weeded at 21 and 42 DAP. The 17 
treatments in each experiment were laid out in a 
randomized complete block design with three 
replicates. Each plot had six rows, each 6.3 m long 
and 0.9 m apart. 

Maize was planted on the ridge, 90 cm between hills,� 
at 3 seeds per hill (37,000 plants ha-1). Hybrid� 
maize, MH-17, was planted at Mbawa, while MH-18� 
was planted at Chitala. Soyabean "Magoy" was� 
planted at the same time as maize, at three hills� 
between maize hills, three seeds per hill (111,000� 
plants per hill). Pigeonpea (ICP 9145) was planted� 
in one hill between maize hills, at two seeds per hill� 
(37,000 plants ha-1 ).� 

Maize received a basal-dressing of 40 kg ha-1 P205 
and 16 k~ ha-1 N, from DAP, and a top-dressing of 
76 kg ha- N from urea. Maize and soyabean grain 
yield was determined by harvesting the two middle 
ridges, 5.4 m x 0.9 m in each plot, and converted to 
12.5% moisture content. Pigeonpea data are not 
reported because the crop was damaged by insects. 

RESULTS AND DISCUSSION 

Weed interference in sale maize, 1987/88, 1988/89. 
Both at Chitedze Research Station and on the 
farmers' field nearby, the dominant weeds observed 
in the weedy control plots during the two seasons 
were Eleusine indica, Oxalis sp., Nicandra physalodes, 
Bidens pilosa, and Commelina benghalensis. 
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Table 1. Effects of duration of weed interterence and intercropping on 
maize and soyabean yields (kg ha-1), 1991192. 

Treatment Mbawa Chitala 
Maize Soya Maize� 

Weed Free� 
(DAP)� 
0-14 6955 704 894� 
0-28 6550 612 1709� 
0-42 6339 505 2328� 
0-56 6418 431 967� 
0-70 7540 563 1479� 
0-84 6281 574 1832� 
O-harvest 7042 863 1959� 
Weed Infested� 
(DAP)� 
0-14 7180 736 1855� 
0-28 6952 755 1588� 
0-42 6319 449 303� 
0-56 4612 545 72� 
0-70 4244 272 114� 
0-84 4888 429 102� 
O-harvest 5144 380 144� 
Weeded 21+42 DAP 7106 588 1454� 
Sole crop� 
Maize, 21 +42 DAP 8444 1228� 
Soya or Pigeonpea� 
weeded 21 +42 DAP 1867� 
LSD (P =0.05) 1054 350 935� 

Data in Figures 1 and 2 show the effects of duration 
of weed competition on maize yield. Compared to 
plots kept weed free for the first 90 days after 
emergence (DAE) uncontrolled weed growth up to 
90 DAE resulted in significant (P < 0.05) grain yield 
losses of 4.2 t ha-1 (66%) at Chitedze Station (Fig. 1), 
and 3.9 t ha-1 (57%) and 2.8 t ha-1 (66%) for two 
seasons on the farmers' field (Fig. 2a and 2b). Data 
in Figures 1 and 2 also show that maize yields 
declined as days before the first weeding increased, 
while yields increased as weed-free days increased. 

Results from Chitedze Station (Fig. 1) show that 
leaving plots unweeded up to 20 DAE reduced yield 
greatly, while weeds present after 56 DAE had little 
effect on maize yield. Thus, the critical period of 
weed competition at Chitedze Research Station 
occurred between 20 and 56 DAE. On-farm, the 
critical period was on average for the two seasons, 
between 20 to 45 DAE (Fig. 2). These results confirm 
those reported elsewhere (Zimdahl, 1980) that the 
critical period for weed competition is within the 
first six weeks of maize growth. 

Weed interference studies in maize/soyabean, 
maize/pigeonpea intercrops. At Mbawa, the most 
dominant weeds that we observed in the weedy 
control plots were Hyparrhenia sp, B. pilosa, and E. 
indica which germinated after the crop mixture was 
well developed. 
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Uncontrolled weed growth up to harvest, 
significantly (P < 0.05) reduced intercropped maize 
grain yield by 1898 kg ha-1 (27% reduction) and 
soyabean yield by 483 kg ha-1 (56% r.eduction), 
when compared to the treatment kept weed-free up 
to harvest (Table 1). Here the reduction in maize 

yield due. to 1;UlControlled weed growth was not as 
latge as ~xpected. This was because the emergence 
of p10st weeds was delayed since planting of maize 
followed directly after ridging, so that the canopy of 
the crop mixture suppressed weed gr~wth. 
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When the weedy crop mixture was kept weed-free 
from 56 DAP up to crop harvest, the grain yield of 
the maize/ soyabean intercrops was reduced 
markedly when compared with the weed-free up to 
harvest control treatment. This suggests that the 
critical period for weed control in the intercrop at 
this site is within 42 DAP. Weeding the 
maize/ soyabean intercrop at 21 and 42 DAP gave 
yields that were similar to the weed-free control. 
This also shows that the critical period for weed 
control in the intercrop is less than 42 DAP. 

When the solecrop maize was weeded at 21 and 42 
DAP, the yield was significantly (P < 0.05) higher 
(by 1338 kg ha-1) than the intercropped maize 
weeded at similar times. Similar trends were seen 
for sole and intercropped soyabeans. This suggests 
that intercrops competed for soil water and mineral 
nutrients, which often occurs under intercropping 
systems (Kurtz et al., 1952; Bray, 1954; Snaydon and 
Haris, 1979; Manson et al., 1986). Also the reduced 
yield of intercropped soyabean could be due to the 
lower soya plant population (111,000 plant ha-1) in 
the intercrop compared to the sole soyabean crop 
(444,000 plant ha-1), and shading by the 
intercropped maize (Kumwenda, 1993). 

At Chitala, the most common weeds were E. indica, 
Digitaria ternata, C. benghalensis, Tridax procumbens, 
Ocimum canum, Celosia trigyna, and Trchodersma 
zeylanicum. Keeping the maize/ pigeonpea intercrop 
weed-free for the first 28 DAP was sufficient to give 
maize yields similar to the weed-free control. On the 
other hand, when the crop mixture was weed-free 
from 42 DAP, yield of intercropped maize was 
significantly reduced. This suggests that at Chitala 
the critical weed control period in the 
maize/ soyabean intercrop is within 28 DAP. 

The intercropped maize yield was reduced 
markedly when weeded just twice, 21 and 42 DAP, 
compared to the weed-free control. Again, this 
suggests that at Chitala a much earlier weeding 
operation than 21 DAP is essential for optimum 
yields. At Chitala weeds grow very fast and become 
competitive at an early stage due to the high 
temperature (mean of 300 C). A similar observation 
was made at Baka, which has a similar mean annual 
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temperature, so that by 14 DAP, weeds had 
overgrown and completely smothered the 
maize/ pigeonpea intercrops in all plots. 

These results show that weeds whether in pure 
maize, maize/ soyabean or maize/ pigeonpea 
intercrops, should be controlled within 20 to 56 DAP 
and that earlier weeding is needed at warmer sites 
and with sole crop maize. Since this critical period 
coincides with other field operations such as 
fertilizer application, and planting of other crops, 
weed control methods that save labour, and time 
such as the use of animal draught to supplement the 
hand hoe, should be encouraged in Malawi. 
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ABSTRACT 

Uncontrolled weed growth is a major factor in reducing crop yields. A trial was conducted at Chitedze 
and Meru in the 1991/92 season and at Chitedze and Mbawa in 1992193 to determine maize yield 
response to four weed management regimes (no weeding, weeding once, twice, thrice) each at three N 
(0, 45 and 90 kg ha-1) application rates. At all sites and in both seasons there was no significant 
difference in maize yield between weeding two or three times. Weeding only once at 14 or 28 days 
after planting reduced maize yields when compared to weeding twice. Uncontrolled weeds drastically 
reduced yields in all cases. Weed competition was closely associated with reduced number of ears per 
plant and grain yield per plant. Positive yield response to N was recorded at Meru and Mbawa only. 
At both sites application of N beyond 45 kg ha-1 did not result in significant increase in maize yield. A 
significant weed management ][ N rate effect was observed only at Meru in 1991/92. This interaction 
showed that optimum N rate was 45 kg ha-1 with two or three weedings while with one weeding the 
yield response was linear up 90 kg ha-1 N. These results suggest that farmers should first ensure 
timely and ade~rate weed control before considering fertilizer rates beyond half the recommended 
rate of90 kg ha- N. 

INTRODUCTION 

In Malawi, the beginning of the rainy season is 
followed by a period of peak labour demand. 
Survey results at Chisasa in Mzimba (Ministry of 
Agriculture and Natural Resources, 1977) confirm 
this. Maize is planted first, followed by millet, then 
groundnuts. During this same period thinning, 
weeding and fertilizer application must also be 
done. This affects activities of farmers in all socio
economic categories. For the smaller farms, family 
labour competes with off-farm employment. For the 
larger farms there is need to hire extra labour. 
Unavailability of labour delays critical operations 
such as weeding and fertilizer application. Reports 
by Vengris et al., (1955) and Knake and McGlamery 
(1984) indicate that if weeds are not well controlled, 
the application of fertilizers can enhance weed-crop 
competition for nutrients. Because weeds are a 
major factor in reducing both fertilizer use efficiency 
by the crop and grain yield, information on crop· 
response to weeding management becomes very 
valuable in resource management decisions for all 
type~ of farmers. The trial we report here examined 
maize yield response to several weed management 
levels and N application rates in Malawi. 

MATERIALS AND METHODS 

The trial was conducted at Chitedze and Meru 
Research Stations in 1991/92 and at Chitedze and 
Mbawa Research Stations in 1992/93. All sites are in 
the mid-altitude ecology of Malawi, favourable for 
maize production. The experiment was a 
randomized complete block design, arranged in a 4 
x 3 factorial with 4 replicates in 1991/92, and in a 5 x 
3 with 4 replicates in 1992/93. 

The first factor was weed management (W) at the 
following levels: 

•� W1: Weeding 3 times, at 21 days after planting 
(DAP) in 1991/92 and 14 DAP in 1992/93, then 
at 45 DAP followed by banking (pulling soil 
over ridges with a hoe) at 54 DAP; 

•� W2: Weeding 2 times, at 21 DAP in 1991/92 and 
14 DAP in 1992/93, and at 45 DAP; 

•� W3: Weeding once at 14 DAP, applied in 
1992/93 only; 

•� W4: Weeding at 28 DAP; 

•� W5: No weeding control. 

Actual dates of the weeding operations are in Table 
1. The other factor was N (as urea) at 0,45 and 30 kg 
N ha-1. All tots received a blanket P application at 
17 kg P ha- in the form of triple superphosphate. 
All fertilizer was applied soon after emergence in 
holes 10 cm deep and away from planting stations 
and covered. 

Maize (MH17, a hybrid) was planted on ridges at 
stations spaced 90 cm apart, with three plants per 
station, for a density of 37,000 ha-1. The net plot size 
was 11.34 m2. 

Data reported are grain yield adjusted to 12.5% 
(storage) moisture, number of ears plant-1, and grain 
yield planr1. The nllmber of ears was those ears 
with at least one grain at harvest. Data were 
analysed according to analysis of variance 
procedures and mean separations were done 
according the Fisher's least Significant difference, 
LSD). 
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Table 1. Dates of weeding for the 5weeding treatments, 

Site and season 
Weed 1991/92 1992/93 
management Chitedze Meru Chitedze Mbawa 
Planting 19/12/91 19/12/91 31/12/93 21/12/93 
W1:1st: 20 DAP 21DAP 15DAP 20DAP 

2nd 43DAP 28DAP 46DAP 45DAP 
3rd 48 DAP 62DAP 53DAP 52DAP 

W2:1st 20DAP 21 DAP 15DAP 20DAP 
2nd 43DAP 28DAP 46DAP 45DAP 

W3: na na 15 DAP 20 DAP 
W4: 27DAP 28 DAP 33DAP 27DAP 
W5: unweeded unweeded unweeded unweeded 
na =not applied. 

Table 2. Effect of weed management and nitrogen rate on maize yield. 

Weed 1991/92 1992/93 
Management Chitedze Meru Chitedze Mbawa 

Grain yield, kg ha-h 

W1 =Weed 3x 2853b 3611c 6331b 1538c 
W2 =Weed 2x 2617b 3527c 5908b 1900c 
W3 =Weed once. 14 DAP 5588b 572a 
W4 =Weed once, 28 DAP 22nb 1900b 5527b 1143b 
W5 = No weeding 1192a 69a 1450a 246a 
LSD p=0.05 791 610 1067 515 
Nrate kglha 
o 2346 1223a 5213 580a 
45 2199 2681b 4993 1199b 
90 2159 2933b 4676 1461b 
LSD NS 410 NS 399 
CVO/O 43 26 2 49 
ns =not significant at P<0.05 
• figures in column denoted by same letter are not significantly different at P<0,05 

Table 3. Effect of weed management and nitrogen rate on grain yield plant and ears plant"1 

Weed 1991/1992 1992/1993 1991/1992 1992/1993 
Management Chitedze Chitedze Mbawa Chitedze Chitedze Mbawa 

yield plant"1 ears plant"1 
W1 91b 203b 83c 0.82b 1.13b 0.85 
W2 84b 209b 87c 0.76b 1.20b 0.85 
W3 190b 29ab 1,12b 0.64 
W4 70b 190b 52b 0.74b 1.08b 0.62 
W5 38a 78a 22a 0.47a 0,73a 0.56 
LSD 25 29 26 0.18 0.18 ns 
Nrate 
N1 75 174 37a 0.73 1.06 0.59 
N2 70 1n 59b 0.72 1.09 0.74 
N3 68 171 68b 0.64 1.01 0.78 
LSD ns ns 21 ns ns ns 
CV 42 17 24 16 18 50 

ns= not significant at P<0.05 
figures in column denoted by same letter not significantly different at P<0.05 

RESULTS AND DISCUSSION� important for optimum yields. Weeding once at 28 
DAP resulted in significant (P<0.05) yield loss of 

Grain yield. Data in Table 2 show that at all sites 1627 kg ha-1 at Meru and 757 kg ha-1 at Mbawa, 
and m· both seasons there was no signifi'cant when compared to weeding twice. At Chitedze 
difference (P-0.05) in grain yield between weeding yield loss with one weeding was 340 kg ha-1 in 
two times or three times. This suggests that only 1991/92 and 381 kg ha-1 in 1992/93, but these were 
two weeding operations at 14 and 45 DAP are not significant. Response of grain yield plant-1 
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Effect of weed management and N rate on maize. 

Figure 1a. LOS (=0.05) and two means = 0.84 
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W1 =Weeding at 21, 45 and 56 DAP 
W2 =Weeding at 21 and 45 DAP 
W3 = Not applicable in the figure 
W4 = Weeding at 28 DAP 
W5 = No weeding 
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(Figure 1b) followed a similar pattern. Higher yield 
plant-1 was closely associated. with higher yield ha-1. 

Yield response to N was observed at Meru and 
Mbawa only. At both sites significantteld increase 
was observed with the first 45 kg ha- . At all sites 
yield from the no fertilizer (with weeding) treatment 
was much better than yield from the no weeding 
treatment, showing that weeding should receive 
high priority in maize production. Significant WxN 
effect on yield ha-1 and yield plant-1 was detected at 
Meru in 1991/92 only (Figure la). The interaction 
showed that the optimum N rate was 45 kg N ha-1 

when weeding was done two or three times. There 
was a positive linear response to N rate up to 90 kg 
ha-1 when weeding was done once or not at all. 
This indicates that weeds decreased N availability to 
maize. At Mbawa weeding once at 14 DAP 
drastically reduced yields. This loss was due to 
successful re-establishment of weeds. The yield 
results are in agreement with those of Vengris et ai., 
(1955), who observed that with adequate Nand P 
application, the ability of weeds to compete with 
maize was increased. Knake and McGlamery (1984) 
indicated that with crops such as maize, N can only 
help the crop compete against weeds if it helps the 
crop grow vigorously compared to the weeds. In 
Malawi, weeds begin growth with the onset of rains, 
such that early weed control is necessary for the crop 
to obtain the greatest benefit from applied N. 

Number of ears per plant. In Table 3 data show 
that the number of ears per plant was lowest in the 
uncontrolled weeding treatment. Except for Meru in 
1991/92, the number of ears per plant was not 
affected by N rate. At Meru effects of W x N on ears 
plant-1 (Fig. 1) show that within each weeding 
regime (except for the unweeded control), there was 
a positive response to the first increment of N 
applied, suggesting that N per se has a role in ear 
development. The unweeded control gave the fewest 
ears plant-1 for each N rate. At the zero or 45 kg N 
rate, the number of ears plant-1 was significantly 
reduced by weeding once in comparison to three 
times, while there was no difference amongst 
weeded treatments at the 90 kg N rate. Claassen 
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and Shaw (1970) reported that water stress at 75% 
silking combined with fertility stress resulted in a 
yield reduction of 13% per day with a large 
reduction in the number of ears developed. Thus 
poor ear formation is likely the factor causing 
reduced yield since stress from weed competition 
results directly in water, N and light stress. Prine 
(1971) found that a poor light environment at very 
high plant populations could cause ear barrenness. 
In these trials there was tall weed growth in 
unweeded plots, (mainly Nicandra physaiodes, 
Ageratum conyzoides L. and Digitaria abyssinica) and 
in plots weeded at 14 DAP. 

CONCLUSION 

From these results, it is clear that maize yields could 
be optimized at 45 kg ha-1 N (half the recommended 
rate) if weeds are properly controlled in Malawi. 
Farmers should aim at a minimum of two weeding 
operations 14 and 45 DAP since this has greater 
returns to investment. Weed competition reduces 
the number of harvestable ears and the grain yield 
per plant. 
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ABSTRACT 

Agronomic research on maize was carried out by the Dryland Farming Research Program of IAR in 
Central Ethiopia. Our aim was to develop appropriate soil and crop management practices to 
conserve limited soil moisture, improve soil fertility, increase the biological efficiency of cropping 
systems and to develop farming systems for low rainfall areas of the country. Tied-ridges were found 
to conserve soil moisture and resulted in substantial maize yield increase. With the shifting of most 
fertilizer response trials to the farmers' field, significant response for both Nand P fertilizer 
application in maize was obtained, even in low rainfall areas. Application of 41 kg ha-1 Nand 20 kg ha
l P gave the highest grain yield and net benefit, averaged over three on-farm locations and two years. 
In addition to improving the total biological productivity by up to 50% over the sole crops, the 
maize/bean intercropping systems to reduced weeds and pests. On-farm studies carried out to examine 
the interaction effects of different production factors identified several promising production 
packages for improved maize production. A· combination of four factors in an improved package 
showed 100% yield improvement over the check. 

INTRODUCTION� STUDIES ON MOISTURE STRESS 

In the dry areas of Ethiopia, maize is one of the In low rainfall areas, moisture is more critical than 
major food crops grown by peasant farmers. plant nutrients for yield. To alleviate this problem 
Farming systems diagnostic survey reports from IAR several experiments were conducted at Melkassa 
indicated that 93% of the farmers in the lowlands of where the effect of tied ridges on soil moisture 
Ethiopia grow maize. conservation and yield of maize was evaluated. 

Despite the importance of the crop in the semi-arid Considerable yield increase was obtained by use of 
areas of the country, the yield levels are very low tied ridges compared to flat planting (farmer 
(800-900 kg ha-1). practice), particularly in drier years. 

This low yield is due to the following primary The major limitation to adoption of tied ridges by 
constraints: lack of suitable technology for maize small farmers was the amount of labour required to 
production under low and erratic rainfall and make them by hand. It was estimated by the 
moisture stress conditions; lack of drought farming system group at Melkassa that it would take 
tolerant/ resistant maize cultivars; poor soil fertility; between 26-30 man-days ha-1 to construct tied 
high weed incidence and lack of appropriate ridges by hand with the small hand hoe. However 
cropping systems to suit maize production. the Agricultural Implements Research and 

Improvement Center of IAR developed a prototype 
To alleviate these problems our agronomic research animal drawn "maresha" attached with a tie ridger. 
within the dryland farming research program A saving of about 400% in the time required to make 
focuses on the following objectives : tied ridges was obtained with this prototype 
1.� Identify appropriate moisture conservation compared to the manual ridge method. On-farm 

practices for maize production. testing of this implement as a means of moisture 
2.� Explore the possibility of inter<ropping, alley conservation was carried out at four on-farm 

cropping or relay cropping of maize with locations (Boffa, Wolenchity, Wonji and Melkassa) in 
different legumes. 1992. 

3.� Develop appropriate crop rotation systems for Combined analysis (Table 1) shows that yield was 
maize production. increased by 598 kg. ha-1 when the tie ridger was 4.� Identify weed management practices (cultural or 

used.chemical) that are economical for small scale 
farmers. 

5.� Study nutrient requirements of maize and derive 
economically acceptable recommendations for 
nutrient applications. 
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Figure 1. Net benefit curve, shov.;ng NP response of maize 
(average of 3 on-farm locations during 1992/93) 
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Table 1. Evaluation of agronomic efficiency of tie ridging implement 
(Average of four on-farm locations around Nazreth during 1992) fields at Wonji, Boffa and Wolenchti. Farmers were 

involved in executing the trial along withTreatment Maize Grain yield 
researchers. It was laid out in a ReBD with four (kg ha-1) 
replicates and 8 treatments (2 moisture conservation Flat planting 1487 
practices and four fertilizer levels, arrangedManually prepared tie ridges (6m) 1987 

Tied ridges prepared using tie ridging 2084 factorially). 
implement 

The combined analysis over locations and years
LSD (5%) 343 

demonstrate that the highest yielding treatment was CV(%) 8 
41/46 kg ha-1 NPzOs ha-1 respectively (Table 2). 

FERTILIZER RESPONSE STUDIES Tied ridges, as a means of moisture conservation, 
Poor soil fertility is one of the major constraints to facilitated nutrient uptake in the below normal 
maize production in Nazret area. The soils are rainfall year (1993) whereas, in 1992, an above 
particularly deficient in N and P. Experiments normal rainfall year, tied ridges did not produce a 
conducted during the 1983-86 cropping seasons to significant yield increase over flat planting. This 
determine the optimum N and P rates resulted in no might be due to the water-logging effect created by 
positive response to fertilizer application due to water collected in the tied ridges. Any rate above 
residual effects and the long history of fertilization 41/46 kg N-PzOs ha-1 did not increase yield 
of the experimental fields at the research center. significantly. Fertilizer interacted positively with 
Therefore, a fertilizer response trial was conducted moisture conservation practice. The increase in 
during the 1992-93 cropping seasons on farmers' yield ranged from 407-1197 kg ha-1. Moisture 

Table 2. Fertilizer response of maize with and without moisture conservation practices (Mean of three on-farm locations around Nazreth) 

Grain yield (kg ha-1) 
Treatments 1992 1993 mean 
1. No fertilizer, maize planted on tied ridge 1718 1414 1566 
2. No fertilizer, maize on flat 1551 976 1264 
3.18 N, 46 PzOs(kg ha-1) maize on tied ridge 2175 1401 1788 
4.18 N, 46 P20s(kg ha-1) maize on flat 1946 1396 1671 

5.41 N, 46 PzOs(kg ha-1) maize on tied ridge 2583 1449 2216 

6. 41 N, 46 PzOs (kg ha-1) maize on flat 2876 2046 2461 

7.64 N, 46 PzOs(kg ha-1) maize on tied ridge 367 2245 2306 

8. 64 N, 46 PzOs (kg ha-1) maize on flat 421 2257 2239 

LSD(5%) 251 206 186 
LSD(1%) 334 74 245 

CV(%) 16.2 17.5 16.8 
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Table 3. Effect of crop rotation on grain yield of maize at Melkassa (1992-1993) 

Grain yield (kg ha-1) 
Cropping sequence 1992 I 1993 

1992 1993 FO F1 FO F1 
Maize Maize 4387 5223 2163 4174 
Beans Maize 2769 2833 3215 4131 
Maize/bean Maize 3308 3804 2841 3375 
Maizelsesbania Maize/sesbania 4594 5044 3460 3714 
Tef Maize 1393 1196 2635 3902 

FO= No fertilizer, F1=1OOkg ha-1DAP as basal for all crops and additional 50kg ha-1urea was top dressed for maize and tef. 

Table 4. Critical period of weed competition between maize and weeds and yield loss due to weeds. 

Treatments� 
No weed control (check)� 
Traditional weed contrOl, 'shilshalo'+ one hand weeding (30 &45 days after� 
emergence)� 
Weeded for the whole season� 
Weeded during early season only ( 20-25 days after emergence)� 
Weeded during early and mid season� 
Weeded during mid growing season only (40-45 days after emergence)� 
Weeded during mid and late season� 
Weeded during late growing season only (60-65 days after emergence)� 
LSD(5%)� 
LSD(1%)� 
C.V.(%)� 

conservation alone, without any application of 
fertilizer, produced 302 kg ha-1 grain yield 
difference compared to the check. 

The net benefit curve (Fig. 1) clearly shows that a 
farmer willing to spend 214 Birr ha-1 on fertilizer 
application will get a benefit of 2246 Birr ha-1. A 
poor farmer (who can spend only 50 Bir ha-1), every 
one Birr spent will fetch him 28 Birr. 

CROP ROTATION STUDIES 
In semi-arid areas of Ethiopia where maize is among 
the major crops grown, farmers traditionally practice 
monocropping of maize. The inclusion of a legume 
crop, although highly recommended, is not widely 
practiced. In view of the lack of response of crops to 
fertilizer application in moisture stress areas, 
croppin~ sequence experiments were conducted at 
Melkassa during 1986-87. The different precursor 
crops included in the sequence were sorghum,· tef, 
maize, Dolichos lablab and sunflower, followed by a 
test crop of maize. The results indicated that maize 
growth was enhanced and produced a 60% higher 
grain yield when grown after haricot bean or tef. 
Unfortunately these trials did not include other 
improved cropping system treatments, such as 
intercropping or alley cropping, involving cereals 
and legumes during the same year. Hence, a 
systematic long-term crop rotation trial with the 
objective of developing promising crop rotation 
systems for maize production was initiated in 1992. 

Grain yield(kg ha-1) yield loss 
1992 1993 Mean % kg ha-1 
2306 1200 1753 48 1682 
3646 1290 2468 28 966 

3831 3039 3435 
3323 2578 2951 13 436 
3747 2743 3245 . 5 190 
3073 2014 2544 26 891 
3453 2015 2734 20 701 
2409 1437 1923 44 1512 
875 570 512 
1170 762 6n 
26.9 27.7 27.8 

The experiment was laid out in a split plot design 
with fertilizer rates as main plots and cropping 
sequence as sub-plots. A maize bean intercrop and 
maize/Sesbania alley cropping system were 
evaluated along with maize-maize, tef-maize, and 
bean-maize rotation systems. Results from 1992-93 
seasons are presented in Table 3. The lowest yield 
was obtained when maize was planted following 
cereals (maize or tef) where a yield reduction of 836 
kg ha-1 was observed. On the other hand, 446 kg 
ha-1 additional yield was recorded by rotating maize 
after beans. Even though the study is not complete, 
the two years of results have clearly illustrated the 
benefit of bean/maize and maize/sesbania
maize/sesbania rotations in terms of improved 
maize productivity. During the second season 
(1993) grain yield of maize which was depressed, 
was raised by 100% by addition of 100kg ha-1 DAP 
basal application + 50kg ha-1 urea top dressing. 

The sequence of cropping, if supplemented by 
fertilization, added to the effect of rotating crops. 
When this report was prepared, soil analysis data 
were not yet available. Hence the yield differences 
and soil nutrient changes after a second year crop 
cycle could not be evaluated together. By the end of 
this experiment (1995) this issue will be worth 
considering. 
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Table 5. Response of maize to different production factors (Means of 
three on farm locations around Nazreth) 

Grain yield(kg ha-1) 
Treatment 1992 1993 Mean 
1. P1 FOWOCO 2300 1286 1793 
2. P1 F1 WO CO 2511 1074 1793 
3. P1 FO WO C1 2658 928 1793 
4. P1 FO W1 C1 3204 1323 2263 
5. P1 F1 WO C1 2275 1554 1914 
6. P1 F1 W1 C1 3872 1815 2845 
7. PO FO WOCO 1612 1005 1309 
LSD(5%) 597 221 313 
(1%) 801 297 416 
CV(%) 23.7 18.0 24.1 

Key 
P1=Row planting C1= Tie ridging 
PO=Broadcasting CO= Flat planting 
FO=No fertilizer WO= Late weeding-6wks 
F1 =40 Nkg ha-1, 46kg P20S ha-1W1 =Early weeding-3wks 

WEED COMPETITION STUDIES 

Severe weed incidence is a major bottleneck to maize 
production. Critical time of competition and yield 
reduction are usually related to differences in 
competing weeds. An experiment with the objective 
of finding out the critical period of competition and 
indicating the proper time when maize should be 
weeded was carried out at two locations (Wolenchiti 
and Melkassa) for two years (1992-1993). The 
experiment was laid out in a RCBD with three 
replicates. Results are in Table 4. From the data a 
100% yield increment was observed if maize was 

weed-free compared to unweeded. Weeding once 
during the early season of maize (20-25 DAE) 
increased yield by 1200 kg ha-1 compared to the 
unweeded check. The yield loss was 13% (436 kg 
ha-1), which is minimal. Late weeding (60-65 DAE) 
incurred the highest yield loss (44%) next to the 
unweeded check (49%). The lowest yield loss was 
registered (5%=190kg ha-1) when maize was weeded 
twice, first at an early stage of development (20-25 
DAE) and the second at the mid growing season(40
45 DAE). 

PACKAGE TESTING 

Farmers' awareness about the relative importance of 
each package component to the overall yield give 
farmers flexibility in the step-wise adoption of 
technology based on their conditions and resources. 
Information on the contribution of each component 
of the package facilitates better communication 
between farmers and extension agents. An 
experiment was carried out at three on-farm 
locations (Wolenchiti, Melkassa and Wonji ) for two 
years during 1992 and 1993 to test the relative 
contribution of selected agronomic practices on the 
production of maize on-farm. In all the three 
locations, the trials were laid out in a RCBD with 3 
replicates. The results in (Table 5) show that across 
locations and years, yield response increased with 
the addition of each component. The highest yield 
increase of more than 100% was obtained by using 
all the four components of the package (row 
planting, recommended fertilizer, early weeding and 

Table 6. On farm testing of maize-based mixed and intercropping systems.(Mean of three on-farm locations around Nazreth, 1992 and 1993 crop 
seasons) 

Treatments 

Sole maize 
Sole bean 
Maizel Bean mixed broadcast both 
planted together in late June 
Maize in row Bean broadcast 
between maize rows both planted 
together in late June 
Maizel Bean mixed in the same row 
both planted together in late June 
2 rows of maize and 1 row of bean 
both planted together in late June 
Maizel bean mixed broadcast but 
bean relay planted after ·shilshalo·. 
Maize in row planted in late June 
Bean relay planted between maize 
rows after ·shilshalo·. 
LSD (5%) 
LSD (1 %) 
C.V. (%) 

Grain yield(kg ha-1) 

Maize Bean 
1800 

1367 
1258 884 

Maize 
1.00 

0.69 

LERt 

Bean 

1.00 
0.80 

Total 

LER 
1.00 
1.00 
1.50 

Net Benefit 

Birr ha-1 
1355 
1440 
1851 

Weed Dry 
matter 
(g m-2-) 

48 
51 
28 

1026 866 0.57 0.68 1.25 1607 33 

1227 715 0.64 0.55 1.19 1576 41 

1623 660 0.92 0.65 1.57 1887 39 

1821 174 1.03 0.15 1.18 1441 47 

1728 319 0.98 0.27 1.25 1454 43 

206 
273 
28 

91 
120 
26 

0.12 
0.16 

0.12 
0.15 
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tie ridging). Row planting alone did not give any 
yield advantage. With the addition of fertilizer, 
yields increased by 50%. A 930 kg ha-1 yield 
reduction of maize was observed when the weeding 
component was taken out from the full package 
treatment. By improving any two factors or 
components the increase in grain yield ranged from 
584-634 kg ha-1. 

ON-FARM TESTING OF MAIZE-BASED MIXED 
AND INTERCROPPING SYSTEMS 

With intercropping, differences in growth and 
resource utilization by component crops can lead to 
yield advantages. Thus compatible crops, in 
mixture, are able to complement each other by 
avoiding competition for the same resources. 
Therefore another experiment was conducted to 
examine the relative benefits of mixed and 
intercropping systems under farmers' field 
conditions. The experiment was carried out at four 
on-farm locations (Wonji, Boffa, Wolenchiti and 
Melkassa) laid out in a RCBD with four replicates 
during 1992 and 1993. Results presented in Table 6 
indicate that, averaged over four on-farm locations 
and over two years, intercropping beans in a row 
pattern of 2 maize : 1 bean gave the highest land 
equivalent ratio (LER-1.57). The intercropping 
advantage expressed in terms of total LER from 
different combinations ranged from 18-57%. As an 
average of all locations and years the intercropping 
benefits were promising, indicating that improved 
biolOgical productivity is possible from improved 
maize-based intercropping systems. 

Zewdie et at. 

The results illustrate that beans show good 
compatibility with maize, while maintaining almost 
80-100% of the sole maize yields. A reasonable 
legume yield was obtained by maintaining 100% of 
the maize population and 50% of the bean 
population in all intercropping systems. 

An economic analysis was carried out for all 
treatments. Results presented in Table 6 indicate that 
the highest net benefit of 1887 Birr ha-1 was obtained 
when one row of beans was intercropped with two 
rows of maize. Sole maize gave the lowest net 
benefit, followed by the sole bean treatment. 

Generally, the trend was that the higher the LER, the 
better the net benefit. Mixing maize and beans and 
broadcasting both at the same time was the second 
best treatment, both for biological productiVity and 
economic returns, giving 50 % advantage over sole 
crops and a net benefit of 1851 Birr ha-1. 

"Incidence of weeds was generally low in 
intercropped treatments as opposed to sole crops. 
We also observed that in intercropping treatments 
where both crops were planted simultaneously, the 
weed incidence was lower than"in the relay planted 
treatments. 
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Questions to Stanford Mabasa 

K.Y. Pixley: 
Has research been conducted to asses the effect of 
late-season weeding as a long term weed control 
strategy for communal areas? Would communal 
farmers or do communal farmers consider doing 
this? Would you recommend this practice from an 
agronomic perspective and from an economic 
perspective? 

Response: 
That research has not been carried out. From our 
observations, farmers are not doing late season weeding. I 
do not think that farmers will consider doing this because 
they are interested to improve the current, rather than the 
future, crop. I would recommend late season weeding to 
reduce the weed infestation in the following season. I 
think this has a potential to reduce the incidence of 
parasitic weeds such as Striga asiatica. There is also 
evidence that late weeding/soil disturbance improves 
maize yields through moisture conservation. Assuming 
that late weeding is done around flowering, there is likely 
to be plenty of labour available. Hence its feasible from a 
socio-economic perspective. 

Question to Tadious Tilahun 

A. Moshi:� 
Why did you use two varieties (UCA and UCB)� 
which have similar plant characteristics?� 

Response: 
Both varieties were taken into two different ecological 
zones, but UCA yielded better. However, UCA was less 
responsive to frequent (3-4 times) weeding compared with 
UCB. 

Question to Tuaeli Mmbaga 

B.T. Zambezi: 
How did you separate the effect of weeds on beans 
from that of maize on the beans? You indicated in 
the first table that only beans were suppressed by 
weeds. 

Response: 
Through the yields. Maize yields did not differ 
significantly between treatments while bean yields had 
highly significant differences. 

Question to John D. Kumwenda 

A. Mashiringwani:� 
From two of your graphs it is not clear why your� 
critical period is 20 to 56 days and not 30 to 56 days.� 

Response: 
In Fig. 1. the largest drop in yield started at 20 days after 
planting. There were no significant yield differences 
between where weeding started at 20 or where it began at 
30 days, meaning that weeds present after 20 days were 
more important. 

Questions to Vernon H. Kabambe 

B.Mpofu: 
Has an economic analysis been attempted on these 
data? This should be very interesting since you are 
comparing different nitrogen levels, different 
weeding regimes as well as considering the amount 
of money a farmer is likely to get if helshe works as 
a hired labourer. 

Response: 
An economic analysis was done and exists in the annual 
reports for the Maize Commodity Team. Partial budget 
and dominance analysis techniques were used on weed 
management and N rate means. Weeding at 14-21 days 
after planting plus at 42 days after planting was the best 
treatment. 

C. Fambisayi:� 
Can you justify the significant fluctuations in the� 
C.V. across your six sites and do you consider the� 
comparison of data from sites with such highly� 
variable C.V.s valid?� 

Response: 
There are four sites in the report. Probably the CVs of 
concern are those from Chitedze in 1991/92 and Mbawa 
in 1992/93. At Chitedze, the high CV was probably due 
to drought which was more severe than at Meru in same 
year. At Mbawa there was early season drought. 
Drought effects make plot to plot error differences high. 
Also these are weed control trials which have treatments 
with large effects on water uptake and yield. Within this 
background I am prepared to accept these CVs. 

A. Mashiringwani:� 
Why did you report your grain yield data in g plant�
1 instead of kg ha-1 or kg acre-1 since your experiment� 
was planted in the field not in pots? Reporting in kg� 
per unit area would make your results applicable or� 
relevant to farmers' circumstances.� 

Response: 
Data on yield JurI is presented. In addition, data on yield 
per plant is calculated based on yield per plot and number 
ofplants per plot. These data are important since they 
incorporate information related to plant stand. 

K.V. Pixley:� 
Are Meru and Mbawa research station sites or� 



248 

farmers' fields? If research stations, might previous 
fertility management practices be responsible for 
your result indicating no yield response for maize to 
45 and 90 kg N ha-1 versus 0 kg N ha-1? 

Response: 
Yes at Chitedze soil fertility is high and other 
management very good. Meru and Mbawa are also 
research stations, but are ploughed by ox-drawn 
implements, and there is strict rotation. These stations 
are used as approximations to farmer sites. The lack of 
significant main effects is probably because yield is 
averaged over weed management regimes. Interaction 
effects would clearly show responses to N, although this 
was only significant at Meru. 

I 
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Section 8: 

Weeds: Striga 
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ABSTRACT 

Results from a geo-referenced survey of maize farmers in Kenya indicated that the parasitic weed 
Striga is a serious constraint to maize production. This is particularly so in the moist parts of the 
mid-altitude zone around Lake Victoria where Striga caused the highest percent crop loss affecting 
more than 40% of the farmers. There are about 120 thousand hectares of maize in this zone, 60% of 
which is planted to maize twice every year. More important is the fact that Striga is found to be 
creeping into the most important zone for maize production in Kenya, the transitional zone between 
mid- and high-altitude zones where more than 40% of the area sown to maize is found. The analysis 
explored some of the potential options identified and analyzed the intluence of variations in 
agroclimatic and soil conditions, farmers practices and systems factors on the incidence and 
management of Striga on maize. Farmers indicated that there is some genetic tolerance to Striga in 
the lake region local maize varieties and several measures are also used to control the Striga weed. 
This implies that both maize breeding and crop management research have a potential to find a 
solution to the Striga problem. An integrated approach is accordingly required to combat Strilla in 
western Kenya. 

INTRODUCTION� in Ghana and Togo there was a positive correlation 
between population density and farming intensity Striga asiatica and S. hennonthica are root parasites with Striga intensity. They also reported that low which seriously constrain cereal production in sub
soil moisture, high gravel and low organic matter Saharan Africa. Striga attacks susceptible host crops content were correlated to the level of Striga.

like maize and sorghum shortly after germination. 
After attachment it draws all of its water and There is little detailed information on the 
nutrients and part of its carbohydrate requirements extensiveness of the Striga problem in Kenya, and 
from the host. Additionally, it exerts a potent environmental and management practices associated 
phytotoxic effect on the host which causes yield with its spread and build-up. The present study 
losses far in excess of those expected by a pure combined agro-climatic data and survey information 
competitive assocatiation (Ransom et ai., 1990). to examine the geographical distribution and 

significance of Striga infestation on maize in Kenya 
Striga related yield losses can be considerable. Based and analyze sources of variation and� determinants
on a wide range of experiments, Parker and Riches of its spread and intensity. Findings were used to (1993) estimate that about 5% yield loss occurs for assist maize researchers identify the best strategy for 
every Striga plant per m2• Yield losses of 30-50% are effective technological intervention to reduce losses 
common under typical field infestations and losses caused by Striga and to limit its spread. 
over a whole region may average 5-15% (Parker, 
1991). In western Kenya, 100% yield losses are� METHODS 
common in on-farm and on-station experimental Geographic Information Systems (GIS) techniques
plots. were employed to design a spatially referenced 
Striga spp. are estimated to infest 21 millon ha in survey of maize farmers in Kenya. Data ()n farmers' 
Africa, with a potential to spread to a further 23 practices and constraints to maize production were 
million ha (Sauerborn, 1991). The main collected from a sample of 1407 farmers in 30 
environmental constraint to the spread of Striga in districts using a structured questionnaire. Survey 
cereal crop farming systems is low soil temperature sites and respondents were referenced by 
(Patterson, 1987). The build-up� of Striga is agroclimate and sampled proportional to percent of 
associated with the continuous� cropping of total area under maize and density of population in 
susceptible cereals and the associated decline in soil each zone. Additional information on the survey 
fertility (Parker, 1991). Vogt et al., (1990) found that design can be found in Hassan et aI, 1993. Interview 
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Survey of farmer Striga spp. 

data were then incorporated into the GIS format 
together with the maize-specific agroclimatic 
classification. The statistical package SPSS was used 
to analyze the integrated data set. 

RESULTS AND DISCUSSION 

Distribution and economic significance of Striga. 
A number of different agroclimatic zones for maize 
production were developed by the Kenya Maize 
Data Base Project (MDBP) and were used to explore 
the geographic distribution of Striga on maize in 
Kenya (Corbett, 1992). Table 1 presents the criteria 
and boundary conditions for the MDBP zonation 
scheme. According to table 1, Striga was found to be 
an important weed pest on 39% of the maize land in 
the moist mid-altitude (MAT) zone where 118,000 ha 
are sown to maize Le. about 12% of the total maize 
area. More than 40% of the farmers in this zone 
stated that they loose half of their maize production 
due to Striga infestation. 

While Striga was not reported in the relatively cooler 
climate of the high tropics (HT), it was observed to 
be moving into the moist transitional (TNZ) zone. 
Although Striga infestation is not yet severe in this 
zone, the fact that it is creeping into the largest 
maize producing zone in Kenya where about 40% of 
the total maize area lie, is alarming. On the other 
hand, Striga was found confined only to the moist 
parts of the MAT and TNZ zones and not reported 
in the dryer segments of these zones. Based on 
observations that Striga is able to emerge and 
reproduce in dryer seasons within the moist MAT, 
we believe that moisture levels in the dry parts of 
MAT and TNZ zones are sufficient for Striga 
development (Table 1). The fact that Striga is not 
found in the dry MAT is probably due to the fact 
that it has not yet been introduced into these zones 
and not because of restriction in development due to 
climate. Fortunately, the moist and dry segments of 
these zones are widely separated by a large area of 
Hr. The moist MAT and TNZ zones concentrate 
around lake Victoria to the western border of Kenya, 
where~s the dry segments of the two zones fall 
towards the eastern side of the country with the Rift 
Valley in between. 

It is therefore believed that history and spatial 
separation rather than variations in agroclimatic 
conditions are the main reason for the confinement 
of Striga to the moist parts of the MAT zone where it 
was probably first introduced (Figure 1). However, 
the fact that Striga is creeping into adjacent 
environments indicate that, unless contained it is 
only a matter of time before Striga seed banks build
up and spread to other zones. 
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While the survey did not report Striga infestation at 
the coast of Kenya, we have observed Striga asiatica 
in isolated areas of several coastal districts. The fact 
that S. asiatica was not identified as an important 
constraint suggests that it is less aggressive and less 
likely to spread than S. hermonthica. Furthermore, 
by the nature of its country-wide coverage, this 
survey is expected to miss regional patterns that are 
highly localized with a very low chance of being 
observed. 

Farmers' practices and control measures. It is clear 
from Table 2 that Striga infestation is higher in the 
moist MAT zone especially in areas of higher 
population density and intensive cultivation i.e. 
continuous maize and no rotation. These results are 
consistent with the thesis that population pressure 
leads to more intensive farming and less fallow 
periods and consequently lower fertility of the soil, 
hence increasing Striga incidence (Vogt et al., 1990; 
Parker, 1991). 

Experimental data has shown that planting date 
does not appreciably affect Striga parasitism in 
maize and sorghum (Ransom and Osoro, 1991). 
Nevertheless, the fact that on average, maize was 
planted two weeks earlier in areas heavily infested 
with Striga compared to relatively Striga free areas 
(Table 2), indicates that early planting could be one 
strategy used by farmers to reduce Striga. 

The fact that more animal manure and .less inorganic 
fertilizer is used in areas of high infestation indicate 
that farmers rely on organic fertilizers to limit the 
build-up of Striga. On the other hand, it could also 
indicate that farmers with fewer resources and who 
are less likely to buy fertilizer, are the most 
susceptible to the build-up of Striga. 

Farmers' identified animal dung as the third most 
used measure of control against Striga on maize 
(Table 2). Results of experimental research 
conducted in the survey area on the direct effects of 
nitrogen on Striga population were also consistent 
with farmers' assessment (Ransom and Odhiambo, 
1994). Table 2 also shows that high infestation of 
Striga is associated more with mixed cropping 
especially between rows. This is contrary to the 
notion that mixed cropping can reduce Striga 
emergence (Parkinson et ai., 1987). Hand weeding 
(of weeds in general) and poor land preparation 
were also associated with high Striga levels. While 
57% of. the farmers did not indicate the use of a 
Striga-resistant material, many (32%) indicated that 
the lake region local yellow maize variety, Nyamula, 
possesses some tolerance to Striga. This was the 
main reason why Nyamula was preferred by most 
farmers in the moist MAT zone (Hassan et al., 1993). 
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Figure 1 

Figure 1: Spatial Distribution of Strlgllin Kenya: Percent Maize Area Infested 
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Table 1: Distribution and economic significance of Sirigs infestation on maize in Kenya 

Agro-climallc zone Altitude 
(mASL) 

Average(1) total 
seasonal 

precipitation 
(mm) 

Mean(l) 
seasonal 

temperature 
(oC) 

Area(2) sown to 
maize in 1990 

(000 hal 

%farmers (3) 

reporting Siriga 
infestation (%) 

Percent area 
infested (%) 

Average 
percent 4) 

damage 
caused (%) 

Percent 
farmers plant 

on dry (%) 

NO,(5)of 
months with 
more than 
100mm 

Low Tropics >1000 640 26 33(3%) 0 0 0 24 
precipitation

2(3) 
Mid-a\titude(MATl 1000-1800 236 (23%) 22 20 
Dry MAT 
Moist MAT 

331 
853 

23 
22 

118 
118 

0 
43 

0 
39 

0 
51 

48 
5 

1(2) 
5(6) 

Transitional(TNZ) 
Dry TNZ 
Moist TNZ(6) 

1400-2000 513 
886 

20 
19 

461 (44%) 
37 

424 

5 
0 
6 

1 
0 
1 

0 
42 

69 
20 

3(3) 
6(6) 

High Tropics >1800 711 17 307(30%) 0 0 0 42 4(6) 

Total 1037 (100) 7.5 2 48 

(1)� Total precipitation and average temperatures during the six months of the main growing season (long rains) which extends from March to 
August. 

(2)� Figures in brackets denote percent of total maize area (Hassan et. al. 1993). 
(3)� Percent farmers reporting Sirigs as one of the three most serious problems facing maize production. 
(4)� Represents farmers' estimation of the percent production lost due to Sirigs infestation (percent loss in infected fields). 
(5)� Figures in brackets denote number of months with more than 80 mm of rains (during the main growing season). 
(6)� Sirigs was reported only in the lower parts of Kakamega, Nyamira and South Nyanza districts in this zone. 

Table 2: Maize production practices and farmers' measures to reduce Sirigs damage in infested areas of Kenya. 

No serious Sirigs infestation Serious Sirigs infestation 
1. Number of farmers(1) 161 102 
% in moist MAT 65% 77% 
2. Population density (person!km2)� 250(medium) 600 (high) 
3. Percent harvesting two crops per year� 50 73 
4. Percent no rotation (continuous maize)� 40 53 
5. Sowing date (weeks from January 1)� 12 10 
6. Percent interplant maize 72 79 
Major intercrops Beans! sorghum Beans! sorghum 
Percent intercrop between maize rows 52 67 
7. Percent use basal fertilizer� 41 21 
8. Percent use animal manure� 52 67 
9. Percent use herbicide� 1 o 
10. Percent weed by hand hoe� 49 62 
11. Percent plow by tractor� 13 o 
12. Percent plow by hoe 43 57 
Most tolerant varieties None (57%)2 

Nyamula (32%)2 
Most common Sirigs management methods (% farmers) 
-None 51 
- Hand pullinglbuming 35 
• Animaldung� 11 

(1)� A total of 263 farmers induding all farmers interviewed in the moist MAT plus only farmers in districts where Sirigs was reported in the 
moist TNZ zone I.e. Kakamega, Nyamira and South Nyanza. 

(2)� Refers to percent of farmers. 

significance in reducing the severity of Striga 
damage.

The effect of agroclimate, population density, 
genotype selection (variety), planting criteria (date) CONCLUSIONS 
and cropping system in reducing losses due to Striga Striga hermonthica is wide-spread and seriously
were highly significant (Table 3). On the other hand constrains maize production in one of the most
crop rotation, intensity of cultivation, use of organic important maize growing regions in Kenya.
fertilizer and tillage methods did not show statistical Furthermore, Striga is moving into other more 

important zones, indicating the need for a concerted 
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Table 3: ANOVA results of the effect of genotype and management measures on the severity of S/rigs infestation on Maize in Kenya.(1) 

Factor/treatment Mean square 
1. Agro-climatic zone (moist MAT vs. MOi.st TNZ) 4.9 
2. Population density (high vs. medium) 3.7 
3. Maize variety (Nyamula vs. others) 8.6 
4. Use of animal manure (Yes. No) 7.1 
5. Planting criteria (dry/onset of rain) 5.2 
6. Cropping system (pure stand/intercrop) 6.6 
7. Crop rotation (continuous maize) 0.9 
8. One vs. Two crops in ayear 1.4 
9. Use of Basal fertilizer (Yes. No) 0.3 
10. Tillage methods 0.1 
Explained (Total effect) 3,9 

Degrees of freedom 

10 

F·value 
3.3*'* 
2.6*'* 
5.65*'* 
4.63*'* 
3.38*'* 
4,32*'* 

2.71" 

., *'* indicate statistical significance at 5% and 10% levels.� 
(11severity is measured as percent damage (yield loss) caused by S/rigs.� 

effort directed toward preventing its further spread. 
The role of soil fertility, intensity of cultivation and 

germplasm selection were identified as important in 
the development of Striga. More detailed work is 
needed to develop methodologies for increasing soil 
fertility and improved tolerance to Striga in maize. 
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ABSTRACT 

Two species of witchweed, Striga hermonthica (Del.) Benth and S. asiatica (L.) Kuntze infest millions 
of hectares of arable land in sub-Saharan Africa, and they threaten production of cereal crops. The 
International Institute of Tropical Agriculture (UTA) has worked on breeding maize (Zea mays L.) for 
tolerance (the ability of the host to withstand the effects of parasites that are already attached) and 
resistance (the ability of a host to prevent attachment of the parasite to its roots and/or subsequent 
reduction of emergence) against Striga. A simple and reliable field infestation technique was 
developed at UTA. With this new infestation technique, individual maize plants were screened. 
Tolerance and/or resistance sources were identified in both temperate and tropical maize germplasm. 
Inbreds developed at UTA (notation TZi) with tolerance to Striga are TZi 3, TZi 12, TZi 25, TZi 30 and 

those showing resistance are TZi 11, TZi 17, TZi 25, TZMi 302 and perennial maize (Z. diploperennis). 
With these inbreds, UTA developed Striga tolerant and resistant (STR) hybrids. Genetic studies on 
tolerance and resistance revealed that additive genes playa major role for tolerance and non-additive 
genes playa major role for resistance. Six genes are involved for tolerance. In a pot study at 5 weeks 
after planting (WAP), maize inbreds infested with Striga produced on average, three times more root 
dry matter than those of the uninfested controls. At 7 WAP, the tolerant inbreds had significantly 
higher root dry matter than the susceptible inbreds when infested. Three cereals were evaluated 
under 12 Striga collections. Results showed that different strains of S. hermonthica were present in 
west Africa. S. hermonthica tolerant and resistant genotypes showed similar levels of tolerance and 
resistance to S. asiatica. 

TERMINOLOGY: TOLERANCE AND durable. Hereafter, the use of the term tolerance 
RESISTANCE refers to polygenic resistance or durable resistance. 

Correlation coefficients for individual observations High levels of host plant resistance against Striga 
between host plant damage score (tolerance) and have been the prime task of many researchers (Singh 
Striga emergence (resistance) was not significant. and Emechebe, 1990; Aggarwal, 1991; Lagoke et al., 
Striga emergence is influenced greatly by the

1991; Ramaiah, 1991; Ejeta and Butler, 1992). The 
environment, hence it cannot be a reliable index for 

number of emerged Striga plants has been the major 
polygenic resistance. Striga rating score was a stable 

selection criteria for resistance. Two additional 
and reliable parameter because of its high

selection criteria employed were host plant damage association with grain yield (Adetimirin et al., 1994;
symptoms using a 1 to 9 scale (1- no damage 

Kim, 1994).
symptoms regarded as highly tolerant, 9- plant 
severely damaged or dead, highly susceptible) (Kim, ARTIFICIAL INFESTATION 
1991; 1994) and grain yield (Kim, 1991). The term Lack of uniform infestation has been a major bottle 
tolerance has been used to describe the ability of the neck to progress in Striga resistance breeding (Kim et
host to withstand the effects of parasite that are al., 1985; Kim, 1991; Ramaiah, 1991; Vaidya et al.,
already attached. The tolerance ensures an increase 1991; Ejeta and Butler, 1993). Observation from 19 
in grain yield and stover weight under similar levels different research sites and farmers' fields in west 
of initial infection (number of underground Striga Africa revealed a decline of Striga infestation under 
attachments). One'possible disadvantge of tolerance continuous cropping of maize (Fig. 1). In 1988, a 
is the build up Striga seed if the tolerance is simple and reliable infestation method was
associated with high Striga emergence. However, developed at IITA by reducing N application (zero 
tolerant plants described in this paper had less Striga 

at planting and 30 to 60kg of N ha-1 after Strigaemergence and thus, would contribute less to Striga 
infection), increasing Striga seeding rates (10,000seed multiplication than susceptible host plants. The 
cleaned seeds with about 30% germination pergrowth of Striga was slower on tolerant maize plants 
maize plant or hill), and ridge sowing (Kim andthan on susceptible plants (Kim, 1994). Many "high 
Akintunde, 1990; Kim, 1991; Kim and Winslow,resistance" traits are controlled by single genes 
1991). The original plant spacing for rows and hills(monogenic resistance) and are often not durable 
was 0.75m x 0.25m (one plant per hill) and later(Kim, 1994; Kim et al. 1992). In contrast, "tolerance" 
modified as 0.75m x O.SOm (two maize plants per is controlled polygenically and is considered 

25S� 



256 Kim & Adetimirin 

Figure 1. Trends of Striga species infestation with maize 
cultivation in five years 
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hill). By this modification, we saved 50% of labour 
for Striga seed infestation and hand planting (Kim 
and Adetimirin, unpublished). With this infestation 
technique, segregating maize populations can be 
screened on an individual plant basis and on a 
family basis. Scientists at IITA run apprOXimately 10 
ha (approximately half million maize plants) of 
Striga testing nurseries in Nigeria (8 hal, Cameroon 
(1 hal and Cote d'Ivoire (1 hal. Using the hill 
infestation technique, STR hybrids and open
pollinated varieties (OPY) were developed (Table 1). 
A special effort was directed to reducing the of 
emergence Striga. Attempts have also been made to 
further improve the infestation method (Berner et 
al.,1994). 

SOURCES OF RESISTANCE TO 5TRIGA 

We found sourcesof tolerance and resistance in IITA 
streak resistant temperate line conversions such as 
TZi 11 (Mol7), TZi 12 (N28), and TZi 25 (B73) (Table 
1). Other sources were from tropical and sub
tropical inbred lines, TZi 3 (Tuxpeno) and TZi 30 
(Hi29). Six mid-altitude adapted lines (TZMi), TZMi 
101, TZMi 102, TZMi 301, TZMi 302, TZMi 407 and 
C15 (Cameroon) showed a moderate level of 
tolerance. Hybrids and OPVs developed with these 
lines are tolerant/ resistant to Striga and maize streak 
virus (MSY). Twenty temperate and subtropical 
lines showed tolerance and/or resistance. Among 
the 50 maize races tested, Costal Tropical Flint, 
Costeno Blanco and Harinoso de Ocho showed less 
susceptibility. Three wild relatives, Zea diploperennis, 
Tripsacum and Teosinte [Zea mexicana (Schrad) 
Kuntze] showed some level of resistance with less 
number of Striga emergence (Kim, 1990). Z. 
diploperennis conversion with maize which 
originated from Hawaii was crossed with IITA STR 

4 5 6 

V.ar 

. TZi lines to further reduce Striga emergence of those 
lines (Table 1). 

EFFEcrS OF 5. HERMONTHICA ON GRAIN� 
YIELDS AND AGRONOMIC TRAITS� 

Average grain yield of two STR hybrids under 
severe S. hermonthica infestation across seven trials 
from Benin, Cameroon, and Nigeria was 2.98 t ha-t 

and that of two susceptible varieties was 1.37 t ha-t 

(Table 2). STR hybrid varieties showed 2.2 times 
more yield than the susceptible check varieties. 
Average number for Striga emergence on STR 
hybrids from four trials was 43.1 m2 and that of 
susceptible varieties was 53.9 m2 (Kim, 1991). 
Average host plant damage ratings (1 .to 9) of 
tolerant and susceptible hybrids were 3.2 and 7.5, 
respectively. Striga damage rating is a much more 
reliable criteria for assessing host plant tolerance 
than Striga emergence counts (Kim, 1991; 
Adetimirin, 1994; Adetimirin et al. 1994). Among the 
yield components, number of ears per plant 
(resistant • 1.1, susceptible • 0.7), ear length 
(resistant • 12.1cm, susceptible • 8.2cm), and ear 
diameter (resistant· 4.2 em, susceptible· 2.8cm) are 
mostly affected (Kim, 1991). Other traits affected 
were stover weight and stalk lodging. 

GENETICS OF RESISTANCE 

Inheritance of maize tolerance and resistance to S. 
hermonthica were studied under Striga seed infested 
field conditions at Mokwa, Nigeria using both diallel 
crosses (five years) and the generation mean analysis 
(two years) (Kim, 1994). Host plant damage ratings 
(tolerance) of a 10 x 10 diallel crosses were taken 
based on 1 to 9 rating scale. Ratings for the 45 Fl 
crosses ranged from 3.6 (TZi 11 x TZi 12) to 8.3 (TZi 
9 x TZi 10) (I<im, 1994). General combining ability 
(GCA) mean square was twice the specific 
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Table 1. Sources of resistance of maize to S. hermonthiea. 

Origin Genotypes 
riTA's lines Lowland Iines:TZi 3STR, TZi 11, TZi 12 STR, TZi 25 STR,TZi 30 STR 

Mid-altitude lines: TZMi 101, TZMi 102, TZMi 301, TZMi 302, TZMi 407, C15 

Other lines� ARGF872. B37, B73, B77, Fla.2AT106, Fla.2AT116, 
Fla.2BT 54, Fla.2BT 73, H60, H98, Hi27, Hi 28, Hi33, 
Hi 39, Hi40, Hi4263, Hi4269, N28, N139, Oh43, 

Promising hybrids� 8322-13, 8322-3, 8329-15, 8341-3, 8341-6, 8341-12, 8425-8 
8644·27,8644·31, 9022·13STR, 9021-18STR, 

Promising OPVs� New STR Syn.·W, New STR Syn.·Y, Compo 1, STR Syn.w·1 

Maize races� Coastal tropical flint, Costeno Blanco. Harinoso de Ocho 

Perennial related Zea diploperennis, Tripsacum 
OPVs: open-pollinated maize varieties 

Table 2. Grain yields of Striga resistant and susceptible maize varieties under S. hermonthica infestation. 

Grain yield (t ha·1) 
Country (year) Res. Sus. LSD 0.05 Genotypes 
Farmers fields 
Nigeria(1984) 3.85 1.25 1.12 Res: 8322-13, 8321-18 

Sus: TZB, TZSR-W·1 
Benin(1993) 2.10 1.11 0.46 Res: Oba Super 1 

Sus: Local 
Research stations 
Nigeria(1984) 3.73 1.67 0.63 Res: 8322-13,8322-3 

Sus: TZB. PR7843 
Nigeria (1992) 2.20 1.08 0.47 Res: 9021·18,9022·13 

Sus: 8338·1, TZSR·W 
Cameroon (1984) 5.45 3.00 1.30 Res:8321·18, 8322-13 

Sus:PR7822-5R. Pwani 
Cameroon (1992) 1.59 0.60 0.44 Res: 9022·13, 9044·27 

Sus: Local, 8338·1 
Benin(1991) 1.95 0.85 0.60 Res:8322·13, 8321-18 

Sus: Local, TZSR·W·1 
Mean 2.98 1.37-( 

Data Cooperators: Benin: M. N. Versteeg, R. Dossou, Cameroon: C. The. 

combining ability (SCA) mean square (Table 3), Abuja in 1992 and 1993. Wide variation in estimates 
indicating a major role of additive gene action for was observed among the crosses and between two 
tolerance. The results of the generation mean test locations. Only two crosses, (TZi 12 x TZi 4) and 
analysis (4,002 plants) support the findings of the (TZi 3 x TZi 10) hact significant probability at = 0.05 
diallel crosses (Kim, 1994). level. Average gene pairs governed for Striga 

damage ratings (tolerance) were six (Table 4) (V. O.
Striga emergence counts in the 10 x 10 diallel crosses Adetimirin, unpublished). Broad (bH) and narrow
ranged from 7.5 (TZi 9 x TZi 12) to 41.0 (TZi 2 x TZi sense heritability (nH) estimates were also not
10) (Kim, 1994). The SCA mean square was 3.5 consistant. In TZi 12 x TZi 10 at Mokwa, the
times greater than the GCA mean square (Table 3), estimates were 27% (bH) and 12% (nH),
indicating a major role of non-additive gene action respectively. For the same cross at Abuja, the
for emergence. Tolerance and resistance of maize estimates were 55% (bH) and 43% (nH), respectively
genotypes is inherited quantitatively, though (V. o. Adetimirin, unpublished). Levels of genetic 
tolerance is largely additive and resistance is largely uniformity of parental inbreds of the test materials, 
non-additive (Kim, 1994). and environmental conditions, e.g. rainfall and 
Estimated number of minimum gene pairs, and temperature etc. might have contributed to the high 
broad and narrow sense heritabilities were studied variation of the estimates. 
with 13,867 segregating F2 plants at Mokwa and 
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Table 3. Analysis of variance based on plot means of 45 F1 crosses, their GCA and SCA effects, and cross x year inteaetions for S. hermon/hiea 
tolerance rating and emergence counts. 

Sin aratin 
Source of Mean Mean 
variance df s uares df s uares 
Year 4 13.39 1 248.10 
Reps in years 15 2.02 6 277.41 

Crosses (44) (44) 
GCA 9 43.52- 9 205.94
SCA 35 22.82- 35 713.67

GCA xYears 36 2.59- 9 70.94
SCA x Years 140 1.47- 35 158.47
Plot error 660 0.18 264 10.39 
Total 899 359 
C. V.(%) 20.6 27.4 

GCA: General combining ability, SCA: Specific combining ability; -: significant at p=0.001. 

Table 4. Minimum numbers of gene pairs goveming Slriga tolerance rating (1-9) for six F2 crosses of maize tested at Mokwa and Abuja, Nigeria. 

Chi-square 
Cross Location df Value Probability 
TZi 12 x TZi 10 Mokwa 1 0.02 0.75-0.90 
TZI12 xTZ/4 Mokwa 3 6.58 0.05-0.10 
TZi 12 xTZi 4 Abuja 1 2.58 0.10-0.25 
TZ/ 3x TZI 10 Abuj. 2 5.49 0.05-0.10 
TZi 3xTZi 4 Mokwa 1 1.08 0.25-0.50 
TZi 3xTZi 4 Abuja 1 1.20 0.25-0.50 
Two crosses TZi 12 x TZi 4(Mokwa) and TZi 3xTZi 10 (Abuja) showed significance at P=0.05. 

Table 5. Analysis of variance of 13 maize lines for Strlgs hermonthies underground attachment and emergence counts (data are logback 
transformed). 

Mean squares 
Source df Underground Emergence 
Experiment 1 32.66 71.66
Line: Resistanfv susceptible 1 2.65* 5.16* 

Within group 11 0.54 0.52* 
n~ 2 40.66- 154.74
Line x time 

Res. vsus. x time 2 3.55 1.38* 
Within groups x time 22 0.95** 0.41 

Residual 194 0.49 0.43 
Total 233 

/ */ **/ *** = significant at p • 0.05/ 0.01 and 0.001 respectively. 

STRIGA UNDERGROUND ATTACHMENT AND under Striga infested and uninfested conditions. 
EMERGENCE, AND HOST ROOT GROWTH Mean squares of the underground Striga counts 

were highly significant for WAPs and lines (Table 5).To understand the mechanism of host plant Significant interactions were present in experiments 
resistance and tolerance of maize to S. hennonthica, x time, time x line and experiment x time x line. 
it is important to know the level of initial infection of Mean squares of the Striga emergence counts were 
Striga, which is indicated by the number of significant for all sources except experiment x time x 
underground root attachments. Thirteen maize lines line interaction. At'3 WAP, differences were not 
(8 resistant and 5 susceptible) were studied in pots great though some significance was present (Table 
inside a screen house for underground attachment 6). At 5 WAP, resistant lines had an average of 10.9 
and emergence of Striga, plant height, stover dry underground Striga per pot and the susceptible lines 
matter, and root dry matter of maize. The had 19.2. Average emergence counts for resistant 
experiment was repeated twice. Data for the traits and susceptible lines were 5.7 and 11.2. At 7 WAP,
was taken at 3/ 5/ and 7 weeks after planting (WAP) 
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Table 6. Number of underground and emerged Slriga plants (per pot) on 13 maize lines as host at three, five and seven weeks after planting 
(WAP). 

3WAP SWAP 7WAP 
Line Under* Emer** Under Emer Under Emer 
Resistant 
873 1.6 0 6.5 5.2 5.9 5.4 
Perennial 1.1 0 6.5 3.9 8.2 11.8 
TZi 3 2.5 0 21.9 5.0 5.4 14.0 
TZi12 1.2 0.1 11.1 6.7 11.7 20.1 
TZi13 2.2 0 9.6 7.4 10.7 10.8 
TZi24 1.7 0 2.9 6.0 20.7 24.9 
TZi27 3.2 0.1 10.5 4.9 5.4 10.4 
TZi30 3.1 0 17.5 6.7 8.8 13.2 
Mean 1.8 0 10.9 5.7 9.6 13.8 
Lsd 0,05 1.6 0.1 3.9 2.6 5.2 3.7 
Susceptible 
TZi2 1.8 0.3 20.8 7.4 7.6 16.7 
TZi4 2.3 0 24.1 15.8 8.5 26.9 
TZi9 4,0 0.1 13.2 11.0 5.6 16.9 
TZi 10 2.3 0 18.0 10.3 5.0 23.7 
TZi 17 4.4 0 19.7 11.6 7.6 8.5 
Mean 3.0 0.1 19.2 11.2 6.8 18.5 
Lsd 0.05 2.0 0.2 7.8 4.2 10.1 4.9 
8.£.0.: Line = 0.22. Time - 0.10, Line x time = 0.38. 
• Under= underground attachment, •• emer= emergence 

Table 7. Root dry matter weights (g) of 13 maize lines under Slrigs infested and uninfested conditions. 

3WAP 5WAP 7WAP 
Lines Infest Uninfest Infest Uninfest Infest Uninfest 
Resistant 
873 0.6 0.3 4.7 0.9 14.3 4.7 
Perennial 0.7 0.4 5.0 1.3 8.7 3.1 
TZi 3 0.5 0.4 7.6 2.2 22.6 4.0 
TZi 12 0.4 0.2 5.2 1.7 19.4 5.6 
TZi 13 0.3 0.4 4.5 1.8 11.6 5.4 
TZi 24 0.2 0.5 2.5 1.6 12.8 4.5 
TZi27 0.9 0.6 4.0 1.4 18.3 8.2 
TZi 30 0.4 0.3 2.5 1.7 17.0 5.8 
Mean 0.5 0.4 4.5 1.6 15.6 5.2 
Lsd 0.05 0.2 0.5 2.9 1.0 10.1 1.8 
Susceptible 
TZi 2 0.3 0.3 2.3 1.6 10.5 8.8 
TZi4 0.4 0.4 7.6 2.0 12.5 6.5 
TZi9 0.5 0.3 3.1 1.7 7.8 3.5 
TZi 10 0.7 0.4 3.8 1.0 9.1 5.5 
TZi 17 1.4 0.8 6.0 1.1 11.6 7.0 
Mean 0.7 0.4 4.8 1.5 10.3 6.3 
Lsd 0.05 0.3 0.4 3.0 0.7 6.5 1.9 
S. E. D.: Une =0.08, time =0.04, infest =0.03, line x lime =0.14, line x infest =0.11, time xinfest =0.05 and line x time x infest =0.20. 

resistant lines had more underground attachment was observed. Two resistant lines, TZi 10 and TZi 24 
(9.6 per pot) than the susceptible lines (6.8 per pot) had high Striga emergence. 
and the counts ranged from 5.0 (TZi 10) to 20.7 (TZi Root dry mater weights (g) of 13 maize lines under 
24). Average Striga emergence counts of resistant Striga' infested and uninfested conditions were
and susceptible lines were 13.8 and 18.5, respectively measured. Root dry matter weights between
with the range from 5.4 (resistant, B73) to 26.7 resistant and susceptible lines were not significant 
(susceptible, TZi 4). 873 is an inbred developed at (data not shown). However, for the three different 
Iowa State University, USA. Great variation of times of observation (3, 5, 7 WAP), infested vs
Striga counts within resistant and susceptible lines uninfested, their interactions; time x infest, and line 
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Table 8. Analysis of variance of emergence of Striga hermonthica from different sources on maize, sorghum and millet. 

Source Millet Maize 
Maize 
Genotype 
Sample 
Gen x samp 

Ms 
532.96 
198.79 
196.75 

(df) 
(3)*** 
(3)** 
(7)*** 

Ms 
395.51 

MS 
49.82 

280.85 
99.22 

(df) 
(3) 
(2) 
(6)* 

Residual 45.25 (75) 68.29 (75) 20.05 (15) 

Sorghum 
Genotype 27.00 (1) 52.08 (1) 386.78 (1) 5.33 (1) 
Sample 54.81 (3)* 76.14 (3)* 10.33 (2) 
Gen xsamp 37.50 (3) 83.47 (3)* 127.44 (2)** 
Residual 17.32 (35) 22.03 (35) 23.31 (25) 9.33 (5) 

Millet 
Genotype 88.02 (1)* 172.52 (1)* 4.69 (1 ) 0.00 (1 ) 
Sample 596.08 (3) 223.41 (3) 610.86 (2)
Gen x samp 64.91 (3)* 14.24 (3) 4.19 (2) 
Residual 20.76 (35) 28.79 (35) 27.57 (25) 0.00 (5) 
Gen= genotype. samp= sample� 

., ••, ••• = significant atp = 0.05,0.01 and 0.001, respectively.� 

Table 9. Striga asiatica emergence, damage ratings (1-9), and grain yields of six maize genotypes under the artificial infestation in Maritime region,� 
Togo, 1991. 

Striga emgergence 
Genotype (m2) 

8322-13 27.6 a 
8329-15 24.0 a 
8425-8 36.0 a 
8321-21 38.8 a 
8338-1 121.6b 
NH-1 (local) 149.4 b 

Striga rating Grain yield 
(1-9) (t ha ") 

3.3 a 6.96 a 
5.3 a 4.63 b 
5.3 a 4.92 b 
6.0 b 4.92 b� 
7.3b 2.77c� 
8.0 c 1.53 c 

Values in the same column followed by the same letters are not significantly different (P =0.05) by the Duncan's Multiple Range Test. 
Rating (1-9); 1= Highly resistant. 9=highly susceptible. 

x time x infest were highly significant (p =0.001). At 
3 WAP, average root dry matter weights of eight 
resistant lines under infested and uninfested 
conditions were 0.5 and 0.4 g and those of five 
suscetible lines were 0.7 and 0.4 g respectively 
(Table 7). At 5 WAP, average root dry matter of the 
13 lines under Striga infested condition was three 
times greater than that under Striga free condition. 
At 7 WAP, resistant lines had significantly greater 
root dry matter than the susceptible genotype under 
Striga infection (Table 7). The increased root 
development of host plants under Striga infestation 
may be a survival response of the host to Striga 
attack. 

HOST-PARASITE INTERACI10NS 

Twelve samples of S. hermonthica seed were collected 
from four host crops; millet (4), sorghum (4), 
sorghum/millet intercrop (3) and maize (1) from all 
the main areas of S. hennonthica infestation in 
Nigeria and were tested on eight genotypes of three 
test crops; maize (4), sorghum (2) and millet (2). 
Plants of each test genotype were sown in pots 

infested with Striga from the 12 sources. Emergence 
of the parasite, test crop daMage score (1 to 9), and 
plant height were measured at 9 WAP. The results 
showed that the effects of genotypes, samples, and 
their interaction for all traits measured were highly 
significant (p=O.OOl) (Table 8) (I<im et al., 1994). Of 
the 12 samples of S. hermonthica, all had high 
emergence on both maize and sorghum. Seven 
samples had low emergence on millet genotypes and 
two none at all. Three of the four samples from 
millet sources gave higher Striga emergence on 
sorghum and maize than on millet. Millet had the 
lowest average damage rating, followed by maize. 
The responses of maize genotypes to samples from 
millet and sorghum sources were significantly 
different (Table 6). Millet genotypes also responded 
differently to the si1¥\Ples from millet sources. In 
plant height, maize genotypes interacted differently 
to Striga samples collected from sorghum fields, and 
sorghum genotypes to Striga samples collected from 
millet fields. The resuts of this study showed that 
both inter-erop and intra-erop strains of S. 
hennonthica were present in Nigeria. Thus, breeding 
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cereals for resistance to S. hermonthica should aim at 
polygenically controlled tolerance or resistance. 

In addition, the results indicate millet as a possible 
original host of S. hermonthica. However, since 
sorghum became the dominant host for Striga in the 
savanna zone, it is likely to be the key contributor to 
the increased Striga problems in Africa. Most of the 
strains attacking maize would have co-evolved with 
sorghum (Kim et al., 1994). 

STRIGA ASIATICA RESPONSE 

Six genotypes of maize were tested under artificial 
infestation of S. asiatica in Togo (Table 9) (Kim et al., 
1992). The method of artificial infestation was same 
as described for S. hermonthica. A leading S. 
hermonthica tolerant hybrid, 8322-13 showed the 
highest level of resistance with the lowest damage 
score, 3.3 on the scale 1 to 9 and with the highest 

grain yield (6.96 t ha-1). The yield of tolerant and 
resistant hybrids was 355% higher than the 
susceptible local variety. Four resistant hybrids had 
significantly less Striga emergence. A tolerant 
genotype, 8329-15 had TZi 30 as parent, which was 
reported as a source of Striga asiatica resistance in 
North Carolina (Ransom et al., 1990). A susceptible 
genotype to S. hermonthica, 8321-21 showed low S. 
asiatica emergence and relatively high grain yield. 

MAPPING OF STR GENES 

Mapping of Striga resistance genes is of prime 
interest to scientists working on Striga to understand 
linkage of STR genes to other traits. lITA is 
collaborating with the University of Hawaii G.L. 
Brewbaker and M.H.G. Moon) and University of 
Missouri (M. McMullen) to map STR genes. Several 
sets of random recombinant 56 inbreds were grown 
under Striga infestation at Mokwa in 1993. Data for 
Striga damage ratings (1 to 9) and Striga emergence 
counts were taken and sent to the University of 
Hawaii for statistical analysis. 
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ABSTRACT 

In 1990, a KARIICIMMYT collaborative Striga control research project was established in western 
Kenya with funds provided by CIDA. Much of the project's initial research was directed toward 
adapting previously reported Striga control technologies. Although many of these management 
practices gave some Striga control, they were rarely cost effective or failed to give sufficient 
immediate control to make them attractive to farmers. In 1991, experiments directed toward 
developing longer term Striga control strategies were established. Factors investigated included 
hand-pulling before seed-set, soil fertility, stover management and trap cropping. Four seasons of 
hand-pulling Striga were required in order to diminish Striga seed banks to the point that Striga 
related yield losses were minimal. Over seasons, soil fertility and incorporation of maize stover 
positively reduced the level of Striga, particularly when combined with hand-pulling. There was little 
effect from 3 or 4 seasons of trap cropping with cowpeas or cotton compared to continuous maize on 
Striga seed numbers in the soil. A large reduction in the Striga seed bank that was not associated 
with any treatment effect was observed after 3 seasons of continuous cropping at 2 of the 3 locations. 
This observation needs further investigation. The primary points of a long term strategy are to 
maintain inputs of organic material and fertilizer, combined with hand-pulling before seed 
maturation. 

INTRODUCTION� Based on these findings, we felt that a longer-term 
approach was needed in order to provide effective, 

Striga hennonthica is the most constraining pest to 
adoptable control strategies for Striga in maize based 

maize production in western Kenya, where it infests 
cropping systems. 

46,000 ha, causing yield losses in excess of 50%� 
(Hassan et al., 1994). Striga is difficult to control as it The objectives of this research were therefore to look� 
causes much of its damage before it emerges from at the longer-term effects of Striga hand-pulling,� 
the soil and emerges after most other weeding stover management, soil fertility and trap cropping� 
operation have been completed. In 1990, a on the control of Striga.� 
KARI/CIMMYT collaborative research project� MATERIALS AND METHODS
funded by the CIDA/CIMMYT East African Cereals 
Program, on Striga control was established. The General. Experiments were initiated during 1991. 
initial activities of this project were to adapt Once established all plots received the same 
technologies that had been identified as effective in treatment season after season. Each plot was 
controlling Striga elsewhere. approximately 60 m2• Land was prepared by hand 

to minimize mixing between plots. Striga counts and 
From the screening of locally available germplasm, grain yield were obtained from the center rows of 
the sorghum genotypes Serena and Seredo were each plot. Soil samples were taken at the end of each 
found to be relatively more resistant to Striga than season and consisted of composite of approximately 
the maize cultivars (Ransom and Odhiambo, 1992). 15 cores, 1.5 cm in diameter 15 cm deep. From this
Katumani and other earlier maturing maize cultivars bulk sample, Striga seed numbers were obtained
were also found to support less Striga than the full from a 500 g sub-sample after processing through an
season types (Ransom and Odhiambo, 1994). The elutriation system (Eplee and Norris, 1990). The
reduced parasitism of Katumani was associated with experimental design was a randomized complete 
reduced root growth in the top 10 cm of soil (Baltus block with 3 replications. Data were subject to an 
et ai., 1994). analysis of variance, with seasons considered as a 
Dicamba, applied at 0.75 kg a.i. ha-1 either over-the sub-plot of the other factors included in the 
top or post-directed to the inter-row at 45 days after experiments. Only the results from the first and last 
planting gave relatively good control. However, the seasons of experimentation were included in the 
control did not persist long enough to make dicamba analysis and presentation in this paper. 
economical (Odhiambo and Ransom, 1993a). Stover, fertility and Striga hand-pulling.
Intercropping with cowpeas between the rows of Experiments were conducted at the National Sugar 
maize significantly reduced Striga numbers, but did Research Center-Kibos, near Kisumu and at the 
not consistently result in increased maize yield Homa Bay sub-center near Homa Bay. Treatments 
(Odhiambo and Ransom, 1993b). 

263� 
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Table 1. Effects of stover incorporation, fertility level and hand pulling over 4seasons on Slrigs seed numbers in the soil, yield, and emerged Slrigs 
density at Homa Bay, 1991 long rains and 1992193 short rains. 

Emerged Slrigs density Yield Seeds 
(plants m2) (kg ha-1) (No. per kg of soil) 

1st 4th 1st 4th 1st 4th 
Stover removed, No Fertilizer, No Weeding 33.7 31.7 1325 459 74 374 
Stover removed, No Fertilizer, Weeded 26.7 10.9 1599 949 206 70 
Stover removed, Fertilizer, No weeding 16.7 10.9 1392 892 190 790 
Stover removed, Fertilizer, Weeded 17.5 6.0 2391 1635 128 62 
Stover Incorporated, No Fertilizer, No weeding 26.9 32.7 1235 1432 198 372 
Stover Incorporated, No Fertilizer, Weeded 23.5 12.5 1435 2682 130 68 
Stover Incorporated, Fertilizer, No Weeding 20.2 9.8 2164 3041 74 80 
Stover Incorporated, Fertilizer, Weeded 21.4 10.1 1545 2711 54 64 

Significant effects: Slrigs density - Weeding ..., Season ., Weeding x Season ..., Stover xFertilizer xSeason .; yield - stover*, fertility"', stover x 
fertility xweeding ., season ..., fertility x season ..., seeds - weeding ..., weeding xseason .... 

Table 2. Effects of stover incorporation, fertility level and hand weeding over 4seasons on Slrigs seed numbers in the soil, yield, and emerged 
Slrigs density at KiOOs, 1991 short rains and 1992/93 short rains. 

Emerged Slrigs density Yield Seeds 
(plant m-2) (kg ha-1) (No. per kg of soil) 

1st 3rd 1st 3rd 1st 3rd 
Stover removed, No Fertilizer, No weeding 
Stover removed, No Fertilizer, Weeded 
Stover removed, Fertilizer, No weeding 
Stover removed, Fertilizer, Weeded 
Stover Incorporated, No Fertilizer, No weeding 
Stover Incorporated, No Fertilizer, Weeded 
Stover Incorporated, Fertilizer, No weeding 
Stover Incorporated, Fertilizer, Weeded 

33 
53 
82 
26 
23 
63 
55 
60 

12 
14 
7 
4 
9 

14 
4 
2 

1,459 
1,787 
2,030 
2,633 
1,253 
1,420 
2,243 
2,550 

663 
732 
789 

1347 
571 
762 

1713 
1293 

582 
542 
664 
204 
184 
846 
232 
212 

47 
46 

113 
44 
75 

101 
161 
55 

Significant effects: Slrigs density - season ...; yield - nitogen ..., weeding ., season "';seeds - season .... 

Table 3. Effects of trap crop and crop management in Alupe (4 seasons) and Kibos,(3 seasons) on the density of Slrigs seed In the soil, Kenya. 

Alupe KiOOs 
After 1season After 4seasons After 1season After 3seasons 

Treatment seed numbers kg-l Soil� 
Cowpea, No fertilizer 202 92 190 64� 
Cowpea, 50 N&P 126 122 154 54� 
Cotton, No fertilizer 262 76 161 60� 
Cotton, 50 N&P 326 62 342 37� 
Natural fallow 164 84 152 50� 
Maize, HP 151 114 212 60� 
Maize 50 N&P HP. 276 122 232 159� 
Maize, No fertilizer, No HP 161 96 584 132� 
Mean 209 96 254 76� 
Significant effects: Alupe - season ••, seaf.n x treatment·, Kloos - season ....� 
N&P =Nitrogen and phosphorous (kg ha- ).� 
HP =Slrigs hand-pulling·� 

consisted of a factorial combination of 2 levels of were: no hand-pulling of Striga, and hand-pulling at 
stover management, 2 levels of soil fertility, and 2 the early flowering stage of Striga with further 
levels of Striga pulling. The stover levels were: handpulling when n~essary to ensure that no Striga 
complete removal after harvest or incorporation of seed production occurred. 
the stover into the soil at the time of land Trap cropping experiments. Experiments were
preparation. Fertility levels were: no added conducted at the Alupe Research Sub-Center, Busia 
fertilizer, and 80 and 40 kg ha-1 N and P, and at Kibos. The treatments were: cowpeas,
respectively, all applied at planting. Weeding levels 
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cowpeas plus fertilizer, cotton, cotton plus fertilizer, 
natural fallow, maize without fertilizer plus hand
pulling of Striga, maize plus fertilizer plus hand
pulling, and maize with no additional management. 
For the fertilized treatments the rate of fertilization 
was 50 kg ha-1 Nand 20 kg per ha-1 P. Only Striga 
seed numbers in the soil will be reported here. 

RESULTS AND DISCUSSIONS 

Fertility, stover and Striga hand-pulling trial. 
Locations differed significantly so the results will be 
discussed for each site separately. At Homa Bay, the 
level of Striga infestation was high (averaging 23.3 
plants m-2 ) and fairly uniform during the first 
season of the experiment (Table 1). Fertilizer 
reduced the level of Striga emergence during the 
first season and primarily in treatments where 
stover was removed. During the fourth season, 
however, hand-pulling, fertilizer and stover 
management significantly affected Striga emergence. 
Hand-weeding consistently reduced· Striga 
emergence, with the largest decline noted when 
combined with fertilizer. The incorporation of 
stover in fertilized plots with no hand-weeding was 
as effective as treatments that included hand
weeding. 

Maize yields generally increased with the 
application of fertilizer in the first season (Table 1). 
In the fourth season, hand-pulling resulted in higher 
yields in treatments receiving fertilizer or stover 
incorporation. The stover incorporated, fertilized, 
no weeding treatment yielded as well as the same 
treatment with hand-pulling. 

Striga seed numbers varied considerably during the 
first season, possibly due to the natural variation in 
the experimental area (Table 1). In all except the 
combined stover and fertilizer treatment, allowing 
Striga to seed (no hand-pulling) resulted in 
significant increases in the number of Striga seeds in 
the soil. Seed numbers in weeded treatments tended 
to decline in the fourth year. 

At Kibos, Striga counts were generally higher than 
those measured in Homa Bay during the first season 
(Table 2). Although there were large difference 
between treatment, they were not statistically 
significant. During the third season, the Striga 
density was considerably less than both the first 
season and the second season in Homa Bay. The 
reduced emergence could possibly be explained by 
the dry conditions that prevailed during this season 
at this site and the reduced Striga seed numbers in 
the soil. Fertilizer significantly affected Striga 
density, with all treatments receiving fertilizer 
supporting less Striga. 
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Yield was affected by fertilizer in both seasons. 
Unlike Homa Bay, hand-weeding did not 
consistently result in increased yields (Table 1). The 
effect of hand weeding may become more 
pronounced in subsequent seasons. Perhaps most 
interesting at this site is the rather large universal 
decline in Striga seed numbers between the first and 
third seasons (Table 2). This decline is unexpected 
since continuous cropping is generally considered a 
significant factor in the build-up of infestations 
(Parker, 1991). 

There was a significant fertilizer by weeding 
interaction, resulting from reduced seed numbers 
from hand weeding in treatments receiving 
fertilizer. This is consistent with the results of Homa 
Bay where hand-weeding is more effective in 
reducing seed numbers in the treatments receiving 
fertilizer or stover. 

Trap cropping experiments. Very high levels of 
Striga seeds were recovered from the Alupe soils 
after the 1st season of experimentation (Table 3). 
Seasons differed significantly with the fourth season 
having less Striga seed than the first. This large 
decline, even in the maize treatments that were not 
hand-weeded, indicates that the rate of natural 
Striga seed demise is fairly high in this soil. This 
decline is similar to that noted in the previous study 
at Kibos (Table 2). There was a significant cropping 
system by season interaction. This was probably a 
result of the higher rate of Striga seeds in the maize 
based treatments. 

The results at Kibos were similar to those of Alupe 
(Table 3). The only effect that was Significant was 
season, resulting from the large decline in seed 
numbers between the two seasons. Nevertheless, 
maize based treatments generally had more Striga 
seeds than other crop systems after the third season. 
The lack of treatment response in these two 
experiments could be related to the general low 
fertility status of these soils. Crop growth was 
relatively poor in all treatments, especially at Alupe. 
These data do suggest that under the conditions of 
these experiment, trap cropping seems to be only 
marginally more effective than maize in reducing 
Striga seeds in the soil even after 3 or 4 seasons. The 
large natural demise of Striga seeds in 2 of the 3 sites 
needs further attention to see if it can be exploited in 
other systems. This is particularly important in view 
of the fact that this effect was greater than the effect 
of any of the crop management treatments included 
in the research. 

The data from the two long term experiments 
reported here suggest that inputs of fertilizer and 
organic materials are essential in the control of 
Striga, even while hand-weeding to stop Striga 
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reproduction. Furthermore, the productivity of land 
infested with Striga may take a minimum of 4 
cropping seasons with the best management 
identified here, to become truly productive again. 
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ABSTRACT 

Recent research at UTA has shown that there is a critical period for infection by Striga hermonthica 
on both maize and sorghum, after which successful parasitism and host damage decreases. For both 
crops, this period ranges from 4-6 weeks after planting. By delaying exposure of roots to germinable 
S. hermonthica seeds we were able to demonstrate over 100% crop yield increases and> 90% reduction 
in S. hermonthica emergence compared to the controls. These results were from screenhouse and field 
experiments. Apparently, older roots may be more resistant to parasite penetration. The implication 
of this finding is that if the crop can be protected from parasitism through this critical period, 
significant yield increases can be expected accompanied by reductions in S. hermonthica 
reproduction.. Continued use of any such crop protection practice could be expected, in turn, to 
cumulatively reduce S. hermonthica infestations. Because sorghum and maize are frequently grown 
in the same fields in Africa, effective S. hermonthica control needs to be focussed on both crops. Two 
protective practices that UTA has been actively researching are the use of seed treatments with low 
amounts of acetolactate synthase inhibitors and transplanting. The potentials of both control 
methods and implications in breeding are discussed. 

INTRODUCTION� Institute of Tropical Agriculture, Ibadan, Nigeria 
(IITA). Three maize seeds of susceptible medium Striga hennonthica (Del.) Benth. is one of the most 
maturity cv. 8338-1 were planted in 20-cm-diameter serious constraints to cereal production in Africa 
pots containining ca. 2.1 kg unsterilized field soil. (Ogborn, 1987; Lagoke, et ai., 1991). Because of 
After emergence, plants were thinned to one per pot.increasing population pressure, African farmers are 
To approximate differential infection times, 14relying on continuous and mixed cropping of 
treatments were set up by infesting soil in pots with relatively high yielding cereals, like maize and 
ca. 1,500 germinable S. hennonthica seeds either atsorghum, to meet their food needs.� This cropping 
planting or weekly at 1-13 weeks after planting. Soil pattern favours build-up of S. hennonthica, which is 
in pots was infested by making 20 2-cm-deep holes now threatening cereal production in many areas 
around each plant and filling the� holes with a(Lagoke, et al., 1991). Practices that were developed 
mixture of S. hennonthica seeds and sand. The holes for S. asiatica (1.) Kuntze control in the U.S.A. have 
were arranged in 4 radii, at right angles, around not worked in Africa because they generally require 
each plant stem. Each radius contained 5 holes so substantial chemical inputs and application 
that there were 20 holes around each plant. Distance equipment (Sand and Manley, 1990) that are not 
between holes was 2 cm. Four pots were used atavailable or are prohibitively expensive for the 
each infestation time. Time of parasite emergence, African farmer. To put effective S. hennonthica 
maximum number of emerged parasites, and maize

control within the reach of farmers in Africa, simple 
dry stover yield were recorded. 

measures need to be developed that require 
relatively inexpensive inputs. Development of such Screenhouse trial - sorghum. A second trial was 
controls necessitates a clearer understanding of the conducted on two susceptible cultivars of sorghum. 
epidemiology of S. hennonthica to ascertain when, in The 90 day CV., CK60B, and the 180 day cv., Mokwa 
the build-up of S. hennonthica populations, minimal Local, were grown on the soil floor of a screenhouse 
amounts of intervention can be most effective. The at IITA during the dry season of 1993. Seeds of the 
studies herein were designed to: (a) determine cultivars were planted on 2-m-Iong ridges spaced 75 
whether there is a period of infection for S. cm apart. Within ridge spacing was 25 cm with 8 
hennonthica, on maize and sorghum, that could be hills per ridge. Five seeds were planted per hill and 
disrupted by relatively minor external manipulation, then t}\inned to 1 plant after emergence. The soil 
and (b) elucidate possible methods for delaying around individual plants was infested with 3,000 
infection beyond this period. germinable S. hennonthica seeds in the same manner 

as previously described. Infestations were at the
MATERIALS AND METHODS time of host planting, or 1, 2, 3, 4, 5, or 6 wk later. 

Screenhouse trial - maize. This experiment was Four ridges (replications) were used for each 
conducted in a screenhouse at the International infestation time for each cultivar. Maximum 
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number of emerged parasites per plant, individual 
sorghum plant height, per plant grain yield at 13% 
moisture, and per plant dry stover yield were 
recorded. 

Field trial - maize. Another trial using two cultivars 
of 120 day growth duration maize, cv. 8338-1, 
susceptible, and cv. 8322-13, resistant, was 
conducted in the field during the 1992 rainy season 
in Abuja, Nigeria (southern Guinea savannah). Field 
plots were 2 rows x 10 m long spaced 75 cm apart 
with an unplanted row between plots. Spacing of 
hills within rows was 25 cm giving 80 hills per plot. 
All hills in each plot were indiVidually infested with 
10,000 germinable S. hennonthica seeds. Infestation 
was done as previously described with 7 treatments 
of infestation either at planting or weekly at 1-6 
weeks. after planting. Each infestation time was 
replicated 4 times for each cultivar. Maximum 
number of emerged parasites and maize grain yield 
at 13% moisture were recorded for each plot. 

Root age trial. This trial was conducted in the 
laboratory at lITA to determine the effects of root 
age on induction of S. hennonthica seed germination. 
Sorghum cultivars (cv. CK60B, susceptible and cv. 
ICSV 1007, resistant) were grown in sterile sand in 
200 ml styrofoam coffee cups for 1-6 weeks. Three 
cups of each cultivar were used for testing each 
week. Each week seedlings were removed from the 
cups and washed free of sand. The roots of the 
seedlings were then cut into 1-cm-Iong pieces and 1 
g of these pieces was transferred to individual petri 
dishes containing conditioned S. hennonthica seeds. 
5. hennonthica seed conditioning and germination 
induction by the cut roots were conducted according 
to the method described by Van Mele et al. (1992). 
Percentage S. hennonthica seed germination induced 
by different aged roots of each cultivar were 
recorded. 

RESULTS 
Results of the maize pot study are in Table 1. 
Parasite emergence decreased beginning at 9 weeks 
after planting. Dry stover yields were highly 
variable and no increase was observed with delayed 
infestation. 

Results of the screenhouse study on sorghum 
showed significant decline in parasite emergence 
and significant increase in grain yield with delayed 
infestation (Figures 1, 2). Dry stover yield of only 
the tall cv., Mokwa Local, significantly increased 
(Figure 3). No significant increase in plant height 
was observed (Figure 4). Decreases in parasite 
emergence and increases in sorghum yields were 
most pronounced with delayed infestations of 4-6 
weeks after planting. 

Results of the field trial on maize also showed 
significant decline in parasite emergence and an 
overall increase in grain yield with delayed 
infestation (Figures 5, 6). Decreases in parasite 
emergence and increases in maize yields were most 
pronounced with delayed infestations of 4-6 weeks 
after planting. There were no significant differences 
between the resistant and susceptible cultivars, for 
parasite emergence and maize yield, at infestation 
delays of 5-6 weeks. 

Results of the root age trial are shown in Table 2. 
Induction of S. hennonthica seed germination 
generally increased with age of roots of the resistant 
sorghum, ICSV1oo7. Germination induction was 
variable with different aged roots of the susceptible 
cultivar, CK60B. Increased germination with 
increased root age was observed between l-week
old roots and older roots. At all root ages, CK60B 
induced more germination than the resistant 
cultivar. 

Table 1. Effects of time of infestation of Strlga hermonthica seeds on 
mean maize stover yield and average number of emerged parasites on 
maize (ev. 8338·1) grown in pots 

Time of infestation Maize stover Total emerged 
(weeks) yield (9 plant') parasites 

o 16.9 2.4 
1 15.4 8.2 
2 10.4 14,0 
3 13.9 4,0 
4 13.5 8.2 
5 15.7 6,0 
6 18.7 0.8 
7 19.0 3.8 
8 14,3 2.4 
9 13.4 0.4 

10 20.7 1.0 
11 14,7 0.0 
12 12.1 0,0 
13 17.5 0.0 

LSD 0,05 7,2 4,0 

Table 2. Percent germination of Strlga hermonthica seeds induced by 1 
gof cut roots of different ages of resistant (ev. ICSV1oo7) and 
susceptible (ev. CK60B) sorghum cultivars 

Root age (weeks) Percent S. hermonthica seed germination 
CK60B ICSV1oo7 

1 19.1 2.8 
2 43.0 8.1 
3 28.6 8.1 
4 42.0 26.1 
5 50.8 38.6 
6 43.7 17.8 
LSDo,o5 2.8 2.8 
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Figure 1. Effecta of delayed St. hermonthlalnfestatlon 
on parasite emergence per Individual plants of two 
susceptible 80fghum cultlvars grown on soli ridges In 8 
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Figure 3. Effects of delayed Strtgs IHII'monthlalnfestation 
on above ground dry stover yield of two susceptible 
sorghum culUvara grown on soil ridges In a screen house. 
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Figure 2. Effects of delayed Strfgs hermonthlcs Infestation 
on grain yield of Individual planta of two susceptible 
sorghum cultlvara grown on soil ridges In 8 screen house. 
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Figure 4. Effects of delayed Strfgs Iwmonthlalnfestatlon 
on plant height of two susceptible sorghum cultlvlU'S 
grown on soil ridges In a screen house. 

4lXl 

Ol+-----r__,..-_--,.__.......-_----,,-_....,� 
o 1 2 3 4 5 6 

Time of infes1ation (weeks after planting) 



270 Berner etaI. 

Flgu... 5. Effects·of delayed Strl,. Iwmontha Infestation on p..lte Il'MI'gtnCe 
of two hybrid lNIIa cultlvlI'I (8322-13, ....I.tant and 8338-1, .usceptlble) grown 
In 2 row x 10m long plots In the field. 
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Figure e. Effects of deillYed Str1gIIlwmontha Inf..tetlon on mala grllln yield of two 
hybrid milia cultlv.... (8322-13, resllWlt and 8338-1, IUlceptible) grown In 2 row x 10m 
long plots In "e field. GrIIIn yields of unlnfested checks were 1628.5 :t 332.8 g 8I'Id 
1217.5: 140.0 II for 8322-13I11d 8338-1 respectively. 

2500 

--8322·13 (R) 
2000 

~8338·1 (5) 

! 1500 
!. 
~ 

1. 1000 

~ 
500 

O+----+---~---__,_---,..._--_r'--__, 
o 2 ~ ~ A 8 

l1me of infestation (weeks after planting) 



Control of Striga hermonthica using critical infection period 271 

Figure 7. Effects of delayed Striga hermonthica infestation, as simulated� 
by age of transplanting material, on parasite emergence over time on� 
sorghum cultivar, 'Mokwa Local', grown in 2m long plots in the screen� 
house.� 
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DISCUSSION 

Weeks after direct seeding 

With the exception of an aberrant peak at 5-week 
delay for Mokwa Local (Figure 1), S. hermonthica 
emergence inexorably decreased with delayed 
infestation. Grain yield of the susceptible cultivars 
correspondingly increased. These data provide 
evidence of decreased parasitic ability with delayed 
infestation, and subsequent infection. There appears 
to be a critical window of infection prior to 4 weeks 
plant age, beyond which parasite emergence 
decreases and host yield increases. From the results 
of the root age study, older sorghum roots stimulate 
as much or more S. hermonthica seed germination 
than younger roots. This implies that the critical 
window of infection is not due to a decrease in 
germination stimulant. The phenomenon of the 
infection window may be attributable to two factors 
which appear to be independent of host phenology: 
either decreased germination of S. hennonthica seeds, 
through reentry into a dormancy period, or 
decreased ability of germinated parasite seeds to 
penetrate older roots.. Further studies are underway 
to determine the specific cause of the critical period 
of infection. In the absence of determination of a 
specific cause, this pheomenon can still be used to 
control S. hermonthica in both sorghum and maize. 

A critical window of infection implies that 
protection of the host from parasitism, through this 
critical period, should result in sustainable S. 
hermonthica control. Delays in infection generally 
result in both increased host yield and decreased 
parasite emergence. Since emergence is decreased, 
so too is flowering and seed production. If practices 
that significantly reduce S. hermonthica seed 
production are used over time, then a gradual, but 
inexorable, reduction in parasite inoculum (soil seed 
density) would be expected. Since the roots of older 
sorghum plants still retain the ability to stimulate S. 
hermonthica seed germination, a rapid reduction in 
inoculum might be expected with control practices 
that protect the host through the critical infection 
period while allowing induction of germination. 

Some practices that can be used to protect the host 
through the critical infection period are host-seed 
treatments and transplanting. Maize does not 
transplant well, but sorghum, which is frequently 
cropped with maize can be transplanted. Through 
trials on experimental and farmers' fields (Berner et 
aI., 1993) we have consistently demonstrated 
significant reduction in S. hennonthica reproduction 
through the use of transplanting (Figure 7). Cowpea 
seed treatments, using acetolactate synthase 
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inhibitors, have been developed at lITA for 
protection against S. gesnerioides (Willd.) Vatke and 
Alectra vogelii Benth. (Berner et al., 1994). Because 
these chemicals are inexpensive and safe to both 
man and environment, there is considerable 
potential in using these materials for control of S. 
hermonthica in maize, if host phytotoxicity can be 
overcome. Currently we are working on developing 
seed treatments on maize selected for resistance to 
these chemicals. This area of maize breeding in 
Africa has not been greatly explored, but seems to 
offer the opportunity for rapid progress in Striga 
control. If the overall level of inoculum can be 
decreased annually through either, or both, of these 
practices, then S. hermonthica control can be put 
within the reach of African farmers. 
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Questions to John Ojiem 

D. Berner: 
Did you look at Striga distribution on sorghum? The 
area of sorghum infested with Striga is larger than 
with maize. I suggest you expand your study to 
look at infestation due to movement on crop seeds. 

Response:� 
We focused on maize. I agree that movement on crop� 
seeds may be a major reason for the expanding area� 
infested with Striga.� 

J. Pali-Shikulu:� 
Did you include or seek information on crop� 
rotations - maize-cotton, maize-cowpea - effects on� 
the control of Striga in the next seasons' crops?� 

Response: 
Yes, our study examined the effect ofcrop rotation 
(number ofyears ofcontinous maize) on the incidence of 
Striga infestation and found out, contrary to our 
expectation, that crop rotation did not significantly 
influence Striga infestation. Hcnvever, we did not look at 
the effects of the specific rotations you have mentioned. 

Questions to S.K. Kim 

A.O. DialIo:� 
Is the level of resistance to Striga in your lines high� 
enough to be used for improving susceptible maize� 
germplasm?� 

Response: 
Some sources are adequate to develop Striga tolerant and 
resistant (STR) varieties. The lines are also resistant to 
MSV and other biotic stresses. At the same time we are 
looking for additional sources to further reduce Striga 
emergence e.g. perennial maize and teosinte. 

A. Runge-Metzger:� 
Is the Striga tolerance of the lines stable across� 
various locations and environments?� 

Response: 
Yes, we have checked for over five years across 
enviroments in west and central Africa. In east and 
southern Africa, scientists have tested only lcnvland STR 
genotypes which are not adapted to mid-altitude parts of 
east and southern Africa. 

K.V. Pixley: 
How many different sources of resistance to Striga 
have you identified? Do you have synthetics or 
populations which can serve as donors of resistance 
for breeding programmes in mid-altitude regions of 
east and southern Africa? 

Repsonse: 
We have over 30 different genotlJPes with different levels 
of tolerance and resistance. Some synthetics shcnv 
moderate or adequate tolerance. For east and southern 
Africa, you may try new STR synthetics and mid-altitude 
adapted STR lines such as TZMi 301. The line is also 
streak resistant. 

B.T. Zambezi:� 
Does resistance to S. hermonthica confer resistance to� 
S. asiatica? 

Response:� 
Yes our S. hermonthica resistant genotypes shcnv good� 
resistance to S. asiatica?� 

J. Pall: 
You depicted in one of the graphs that with high 
maize crop management, there is a decline in Striga 
infestation. Could you comment on how this occurs 
and whether these results were obtained on Striga 
tolerant or susceptible maize genotypes? 

Response:� 
I think high levels ofsoil Nitrogen, the result of large� 
applications to land continously cropped to maize, caused� 
the reduction. Some lITA scientists study these aspects.� 
Preliminary data shcnvs that STR hybrids have even fewer� 
Striga.� 

Questions to George Odhiambo 

S.D. Baguma: 
From your presentation and that of Ojiem, you 
clearly show that continuous monocropping leads to 
reduced Striga seed numbers and levels of 
infestation. Would you look at this as a potential 
technology to control the Striga problems? 

Response: 
Although significant reduction in Striga seed numbers 
occurs with continuous monocropping (high mortality 
rate), the few remaining in soil are a potential threat. 
Without other integrated management practices to reduce 
seed production from emerged Striga, the number can 
build up to sufficient levels again. 

A. Runge-Metzger:� 
Did you look into the economics of the different� 
management strategies you are recommending?� 

Response: 
Since these are long term experiments, we have not 
reached the stage where economic analysis can be done. 
Hcnvever data continues to be taken especially on labour 
costs for hand pulling ofStriga and these will be used 
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later to test the economics of the different management 
systems. 

J.D.T. Kumwenda:� 
Can you explain why more Striga was suppressed� 
when cowpea was planted between maize rows� 
rather than within rows?� 

Response: 
Cawpeas within maize rows are closer to maize roots than 
cowpeas between maize rows. Most Striga stimulated by 
cowpea therefore has a higher chance ofattachment to 
maize roots than between maize rows. 

J.D.T. Kumwenda: 

How did you separate effects of Striga and N
immobilization due to stover incorporation? 

Response: 
We did not look at the effect ofstover on N
immobilization. Our observation was that in seasons 
following good harvests (high stover biomass) stover 
incorporation helped reduce Striga density. Stover was 
experimented with as an alternative means ofimproving 
soil fertility as a component ofan integrated Striga 
control strategy. Although N would initially be tied up, 
several seasons ofstover incorporation would maintain 
soil fertility. 

N. Mathias:� 
What is the current range of elevations where Striga� 
is found in Kenya? At which latitudes is it found in� 
Africa?� 

Response: 
From zero to 1600 masl in Kenya. Striga is found in 
almost the whole ofSub-Saharan Africa. 

Questions to Dana Berner 

J. Pall: 
Could you comment on the soil temperture 
requirements for Striga germination. Could this be 
the basis for the recommendation in southern Africa 
to plant early? 

Response:� 
Striga germination response to spil temperature is highly� 
variable depending on species and strain. Individual tests� 
should be conducted on the Striga in your area. However,� 
I don I t hold much hope for early planting as a control� 
measure.� 

D. Hess:� 
Is our level of Striga resistance in maize as good as is� 
other crops?� 

Response: 
The level ofresistance in sorghum is better than in maize. 
But, sorghum resistance is oligogenic and vulnerable to 
shifts in highly variable populatitms ofStriga 
hermonthica. Also the resistance in sorghum is not 
generally available in acceptable, high yielding cultivars. 
The resistance in maize, although not as good as in 
sorghum, is polygenic and less sensitive to S. hermonthica 
population shifts. 

J.D.T. Kumwenda:� 
What are the mangement practices that can assist in� 
delaying Striga emergence?� 

Response: 
Crop rotations with legumes; sorghUm/millet 
transplanting; resistant cultivars. 
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Section 9:� 

Risk and socio-economic 
aspects of maize production 
in stress environments 
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ABSTRACf 

To increase understanding of maize (Zea mays L.) varietal preferences and production constraints 
among small scale farmers in Mozambique, 200 farmers from 17 villages were surveyed in the District 
of Manica. Fifty-eight percent of those interviewed were men and 42% were women. The average farm 
size of interviewees was 3.26 ha. Seventy percent of farmers interviewed intercrop maize, the most 
common secondary crops being cowpea (Vigna unguiculata) and common bean (Phaseolus vulgaris). 
Fifty-one percent of interviewees use animal traction on at least part of their farms, while 38% plow 
their fields with hoes alone. Only 14.5% of farmers use some chemical fertilizers, and only an 
additional 29.5% use animal manure to improve soil fertility. Ninety percent of the farmers said they 
preferred improved maize varieties to local varieties. Advantages most commonly cited for currently 
used improved varieties were increased yield (~0.8% of those responding) and better levels of 
resistance to diseases (21.5% of those responding). Disadvantages cited for varieties currently in use 
were lack of storability (72.2% of those who responded) and late maturity (22.3% of those who 
responded). The advantage most often cited for the local variety, 'Chimanhica' was storability and the 
disadvantage most often cited was late maturity. No farmer mentioned taste as a disadvantage of 
varieties currently in use. Nevertheless, Chimanhica was the preferred variety for use in preparing 
all three principle maize dishes (boiled ears, boiled grain, and four). Farmers showed a marked 
preference (70.7%) for flint-type grain and "large" seed size (67.5%). 

INTRODUCfION� Mozambique between the dates of January 2 and 
February 4,1994. Villages were selected on the basis 

Recent genetic improvements in adaptation of maize 
of geographical distribution, with an attempt to

to smallholder conditions (those that more 
sample farmers from both large and small villages 

accurately reflected farmer preferences both at the 
throughout. the district. Farmers were interviewed 

crop management and household consumption 
in their homes, in their fields, or at� the homes of 

level) raise questions as to the genuine adaptation of 
interviewers. Of the original 246� interviews, a

improved varieties of maize in other southern 
subset of 200 surveys were judged� to represent

African countries (Smale, et al., 1993). Studies have 
well-performed interviews and were used to create a 

shown that resource poor farmers, who both 
data base. The data base was analyzed using 

consume and market the maize they grow, often 
SPSS/PC+ data analysis program for the personal 

have special needs that may not be included in the 
computer.

genetic makeup of commercially available varieties 
(GGDP, 1991). Since private companies may not RESULTS AND DISCUSSION 
realize a benefit from producing materials with Characterization of the farming systems. Average
better characteristics for home consumption, public farm size in Manica District was 3.3 ha. Eighty
sector breeding facilities must fill this gap by: (1) seven percent of farmers interviewed farmed areas 
determining the needs of the clientele; (2) identifying of 5 ha or less. The average farm size among men 
those traits which can be well served by breeding; was 4.3 ha, while that among women was 1.9 ha. 
and, (3) developing appropriate materials. In Preferences and practices among this group
attempting to cover points (1) and (2) more appeared to be fairly uniform. Farmer opinions on
efficiently in the development of new varieties for crop maturity, grain type, variety use, and seed
low-input farmers in Mozambique,� a survey was quality did not appear to differ due to the farmer's 
conducted to determine the varietal preferences of gender or farm size. •
maize farmers and general constraints to production 
in Manica District in central Mozambique. Thirty-eight percent of farmers plowed their fields 

with hoes only. Fifty-seven percent used animal 
MATERIALS AND METHODS traction on at least some portion of their farm and 

Two hundred and forty six farmers were only 4% used tractors to prepare the land. 
interviewed in 17 villages of Manica District, 
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Ninety percent of farmers said that they sell a 
portion of their harvest and consume the rest at 
home. Nearly all farmers said that they mill their 
maize at a commercial milling facility. Maize for 
consumption at home is normally stored on the cob 
in traditional silos. 

Sixty-one percent of the maize grown in the region is 
intercropped with other food crops. The most 
popular companion crop is cowpea (58% of those 
who intercrop maize), followed by common bean 
(28% of those who intercrop). 

Varietal selection. Most farmers (75%) said that 
they use two or more varieties of maize each season. 
The most commonly used varieties are shown in 
Table 1. 

Table 1. Varieties most commonly found on farmers fields, Manica 
district. 

Variety Number Percent of Total 
1. Manica 90 44% 
2. Kalahari Early Pearl (KEP) 83 41% 
3. SC 501 61 30% 

Farmers appeared to have a strong interest in 
maintaining pure varieties, as only 10% of those 
questioned reported farming a variety which they 
considered to be a 'mixture' of different materials. 
More than that, however, (40%) indicated they had 
lost a variety within recent years, most often due to 
displacement of farmers from their homelands 
during the war. In nearly 2/3 of cases, the variety 
lost was the local variety, 'Chimanhica'. A fifth of 
interviewees also reported that they had lost 
Zimbabwean hybrids during that period. 

When asked to identify the advantages of the 
improved varieties they were using, most of farmers 
(61 %) cited yield, followed by improved resistance 
to plant diseases (22%). The most common 
disadvantages of these improved varieties were lack 
of storability (72%), followed by late maturity (22%). 
The major advantage of the local variety, 
Chimanhica, was said to be storability. The 
principal disadvantage of the local variety was cited 
as late maturity (66% of respondents). 

Two-thirds of farmers indicated that they prefer 
maize with large grain size. Although the local 
variety and all improved open pollinated varieties 
used in Mozambique are of medium grain size, 
some of the Zimbabwean hybrids have large seed 
size. Use of these hybrids may have created a 
preference for larger seeds. 

About half of farmers (52%) said that they select 
their seed for the following season on the basis of 
plant performance and appearance. Selection on the 

basis of vegetative characters was significantly 
correlated (Pearson's correlation coefficient = .33) 
with having received some form of advice or 
assistance from extension agents. 

Table 2. Preferred grain type for maize dishes in central Mozambique. 

Dish Preferred Grain Type Preferred Variety 
Boiled Ears Flint (65%) Chimanhica 
Boiled Grain Flint (62%) Chimanhica and KEP 
Maize Meal Flint (65%) 

Farmers had a strong preference for flint grain type 
for use in the preparation of the main maize dishes 
(Table 2). Preference for hard grain appeared to be 
related to the manner in which the family prepared 
the maize porridge. Although flint grain was the 
preferred type for all uses, this preference was 
greatest among those who remove the pericarp 
before milling. Those who performed this operation 
prior to milling preferred flint grain 4 to 1. Those 
who consumed the whole grain preferred flint to 
dent grain by a margin of only 2 to 1. 

Land use. Almost half of farmers(48.5%) said they 
had been farming their present fields for more than 
10 years and 60% said they had been on their farms 
for more than 5 years. Nevertheless, only 18% of 
farmers reported having interrupted maize culture 
on their farms since initial land clearing and only 
half reported noting a reduction in yields with time. 
Among those who did fallow their fields, the normal 
cropping period was approximately seven years. 
The average length of the fallow period was 4.5 
years. 

About 15% of farmers said they used some chemical 
fertilizers in Manica District. An additional 30% 
said they used animal manure on at least part of 
their fields. Farmers who had received some 
technical assistance were four times as likely to use 
chemical fertilizers and three times as likely to use 
animal manure than those who had never received 
assistance. The use of fertilizers was well correlated 
with having sensed a decrease in soil fertility. Those 
who had noted a reduction in maize yields were 
nearly twice as likely to apply fertilizers or manure 
as those who had not noted a decrease in 
productivity. 

Overall constraints to production. The most 
significant problems encountered in producing a 
maizE!' crop in Manica District (Table 3) were pests 
and low soil fertility (both 59%). Although the 
survey did not attempt to identify the most 
important pests, those mentioned included rats 
(56.1%), stem borers (43.9%), and termites. The 
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fourth most frequently cited problem was 
undependable rains (54.5%). 

Table 3. What are the major problems you face in making acrop of 
maize? 

Rank, Character 
Lack of Pesticides 

Percent 
59% 

1 Lack of Fertilizers 59% 
3 Rats 56% 
4 Drought 54% 
5 Stem Borers 44% 
6 Weeds 38% 
7 Lack of Land 29% 
8 Poor Seed Germination 26% 
9 Lack of Seed 25% 
10 Maize Streak Virus 15% 
11 Lodging 14% 
12 Grasshoppers 12% 

As an alternative method for obtaining similar 
information, but more directed at crop improvement 
activities, farmers were asked to select from a list of 
selection criteria which would be the most important 
characters to include in order to obtain better maize 
varieties. Nearly all respondents (76%) identified 
higher yields as being a major potential 
improvement, followed by tolerance to drought 
(70%), resistance to post-harvest losses (64%), 
improved taste (49%), milling quality (44%), and 
resistance to lodging (34%). Early maturity was 
omitted from the list of possible selection criteria, 
but was a criteria identified, without prompting, by 
7% of those interviewed. 

Table 4. What are the most important characters for improved maize 
varieties? 

Rank Character Percent 
1 Yield 76% 
2 Drought Tolerance 70% 
3 Storability 64% 
4 Taste 49% 
5 Milling Quality 44% 
6 Lodging Resistance 34% 

CONCLUSIONS 

This survey has verified in a more quantitative 
manner some of the suppositions maize breeders 
have been operating under for the past four to five 
years and shows that breeding objectives for central 
Mozambique need not vary significantly from 
programs for other, neighboring countries. Specific 
concerns with regard to Mozambique relate 
principally to the increased need for earliness and 
resistance to insects, especially to maize weevils and 
stem borers. Strong interest in issues of varietal 
performance among farmers indicate that the 

Fumo & DeVries 

returns to maize breeding activities may be high in 
Mozambique. 

The survey has reinforced previous observations 
that maize varieties developed for central 
Mozambique should be earlier maturing than 
present offerings and should be of flint or semi-flint 
grain texture. In addition, breeding objectives as 
well as agronomic extension work should aim to 
reduce post-harvest losses in home storage facilities. 

Although it is clear that soil fertility and nutrient use 
efficiency will be critical factors in maize 
productiVity in the future, additional information 
will need to be gathered regarding fallOWing 
practices in Mozambique to determine the probable 
impact of re-occupation of low fertility crop land on 
long term soil fertility levels. It is recommended that 
future surveys in Mozambique focus on this issue to 
create a data base useful in formulating fertilizer and 
soil fertility maintenance recommendations which 
are realistic and sustainable. 

More intensive studies of the economics of maize 
production in smallholder conditions in 
Mozambique would be useful in determining the 
cost-benefit ratios implicit in the use of OPVs and 
hybrids to determine when, or whether, hybrid 
varieties are likely to become popular and useful 
among Mozambican smallholder farmers. Finally, 
intensified maize breeding efforts should be 
considered at a regional or national level to target 
increased resistance to drought, low soil fertility, 
and maize stem borers. Breeding programs should 
continue to place substantial emphasis on selection 
for resistance to foliar diseases on maize. 
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ABSTRACT 

Maize accounts for over 85% of the smallholder cultivated area in Malawi. There was substantial 
growth in the use of fertilizer and hybrid seed by smallholder households between 1980 and 1993, and 
in 1993, hybrid maize accounted for 25 percent of the maize area and 50 percent of maize production. 
Despite these successes, there has been little growth in the productivity of smallholder maize 
production. The growth in the hybrid maize area has been offset by the decline in the productivity of 
unfertilized local maize. Since 1992/93 there has be a substantial decline in the use of hybrid seed and 
fertilizer. In 1994 the situation was extremely serious; fertilizer use decreased to less than 70,000 
tonnes compared with 180,000 tonnes in 1992/93. The reduction in input use was caused by the 
collapse of the smallholder credit system. Because of the severe land constraint and rapid human 
population growth in Malawi (averaging around 3% annually), achieving national and household level 
food security will be dependent on the increased adoption of hybrid seed and appropriate fertilizer 
recommendations. We have analyzed four years oftrial data on the respOl~se oflocal and hybrid maize 
to Nand P under demonstration and farmer conditions. There are several aspects of existing fertilizer 
recommendations and use which lead to reduced efficiency of fertilizer applications. Each of these 
aspects are discussed and recommendations for changes are made. Yield differences attributable to 
the maize genotype clearly show the advantage to be gained from using hybrid maize seed over 
unimproved local material, even in the absence of inorganic fertilizer. Local maize that was fertilized 
according to the national recommendation did not yield significantly more than unfertilized hybrid 
maize. There is an urgent need to modify fertilizer recommendations to increase the efficiency of 
fertilizer use by smallholders. Adoption of the recommendations for fertilizer use outlined in this 
paper would decrease the price of the maize/hybrid package and increase returns from fertilizer 
application. The lower cost and increased returns to the hybrid/fertilizer package would also reduce 
the risks associated with adoption and will increase the productivity of smallholder maize production. 

INTRODUCTION� smallholder credit system in 1992 and 1993. The 
reduced use of fertilizer and hybrid seed will lead to Smallholder agriculture in Malawi is dominated by 
a sharp decline in maize production and willmaize cultivation at very low levels of productivity. 
exacerbate problems of food security for the bulk of Maize accounts for over 85 percent of the 
the rural population. smallholder cultivated area. Between 1980 and 1993, 

there was substantial growth in the use of fertilizer Fertilized hybrid yields have averaged around 2,800 
and hybrid seed by smallholder households and in kg ha-1 during the past decade, and a yield gap of 
1993, hybrid maize accounted for 25 percent of the over 50% exists between average yields obtained by 
maize area and 50 percent of maize production. farmers and yields possible with improved practices. 
Despite these successes, there has been little growth The wide yield gap between average yields obtained 
in the productivity of smallholder maize production by smallholders and those from research stations is a 
during the past decade. The growth in the hybrid result of many factors. Some of these include: 1) the 
maize area compensated for the decline in the dominance of unimproved, late maturing and low 
productivity of unfertilized local maize. Because of yielding local maize varieties in the cropping pattern 
the severe land constraint and rapid human rather than improved hybrid maize. 2) Growing 
population growth, averaging around 3 percent per maize without fertilizer due to lack of money or 
annum, achieving national and household level food access to credit to finance fertilizer purchases. Less 
security in Malawi will be dependent on the than 35% percent of smallholders use fertilizer, and 
increased adoption of hybrid seed and fertilizer. these are typically those with above average 

incomes, above average holding sizes and access to
In 1994 the situation was extremely serious; the seasohal agricultural credit (Conroy 1993). 3) Poor
share of hybrids in the maize area declined for the soil fertility; most soils in Malawi are low in soil 
first time in eight years, and fertilizer use decreased nitrogen and organic matter, and yields of
to less than 70,000 metric tonnes compared with unfertilized maize average between 700 and 900 kg
180,000 metric tonnes in 1992/93. The reduction in ha-1 and the yields of unfertilized local maize have 
input use was caused by the collapse of the been declining for the past decade (Conroy 1993). 4) 
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Table 1, Results of FAO fertilizer experiments in Lilongwe and Kasungu ADDs, Malawi, in the 1990/91 agricultural season, 

Rep, No, Pha-\ Nha-' Average CV Cost Cost 
Yield P N 

1 24 0 0 1117 0.73 0 0 
2 24 20 30 2692 0,58 30 56 
3 24 40 30 2913 0,53 60 56 
4 24 20 60 3122 0.56 30 113 
5 24 40 ' 60 3366 0,33 60 113 
6 24 60 60 3494 0,42 90 113 
7 24 20 90 3650 0.41 30 169 
8 24 40 90 3507 0,43 60 169 
9 24 60 90 3592 0,45 90 169 
10 24 20 120 3524 0,39 30 226 
11 24 40 120 3663 0.43 60 226 
12 24 60 120 4216 0.39 90 226 
Source: Author's analysis of FAO Trial Data 1991. 

As a result of land pressure, smallholders have 
expanded cultivation onto steep hillsides which has 
contributed to serious soil erosion. Because of the 
small farm size, the bulk of farmland is allocated to 
the production of basic food staples. There is little 
opportunity to fallow land to restore soil fertility. 
The need to satisfy maize consumption requirements 
from small holdings precludes the use of rotation on 
much of the land. S) Poor crop management (late 
planting and fertilizer application, late weeding etc.) 
is common. 

There are several aspects of existing fertilizer 
recommendations and fertilizer use which reduce 
the efficiency of fertilizer use on maize. These 
include i) the optimum rate of nitrogen application 
to maize, ii) the optimum rate of phosphate 
application to maize, iii) the impact of micro nutrient 
deficiencies on maize response to nitrogen and 
phosphate, iv) fertilizer timing issues, and v) 
fertilizer placement issues. Each of these issues is 
discussed and recommendations are made. 

THE OPTIMUM RATE OF NITROGEN 
APPLICATION TO MAIZE 

The current blanket fertilizer recommendation for 
hybrid maize is to apply 40 kg ha-1 P20S, and 92 kg 
ha-1 N. As nitrogen is universally limiting, any 
nitrogen fertilizer applied to hybrid maize will be 
beneficial. The response to nitrogen will tend to be 
linear at the lower end of the nitrogen response 
curve, becoming curvilinear as other factors become 
limiting. 

We examined four years of trial data on the response 
of local and hybrid maize to N and P under 
demonstration and farmer conditions. These trials 
were implemented by agricultural extension staff in 
the ADDs with the support of FAO and the 
Department of Agricultural Research. The original 
design of the FAO fertilizer demonstrations was to 

Cost Total Cost Inc. Value RR VCR 
Seed Cost pius Yld inc. 
50 50 56 0 0 na na 
50 136 153 1575 425 53 2.7 
50 166 186 1796 485 60 2.6 
50 193 216 2005 541 33 2.5 
50 223 250 2249 607 37 2.4 
50 253 283 2377 642 40 2.2 
50 249 279 2533 684 28 2.4 
50 279 313 2390 645 27 2.0 
50 309 346 2475 668 28 1,9 
50 306 342 2407 650 20 1.8 
50 336 376 2546 687 21 1.8 
50 366 409 3099 837 26 2.0 

compare yields of unfertilized local maize under 
farmer management conditions, yields of local maize 
fertilized with 40 kg N and 10 kg P20S under 
improved management conditions, unfertilized 
hybrid maize and hybrid maize fertilized with 40 kg 
P20S and 92 kg N. 

Jones et al. (1993) prOVided an agronomic analysis of 
the results from the four seasons of MOA/FAO 
fertilizer demonstrations. Hybrid maize grown 
without inorganic fertilizer performed significantly 
better than unfertilized local maize in three out of 
four seasons. This conclusion was made by 
comparing the yields from treatments one and three. 
Yield differences between these two treatments are 
attributable to the maize genotype and clearly show 
the yield advantage to be gained from using hybrid 
maize seed over unimproved local material, in the 

.absence of inorganic fertilizer. Local maize that was 
fertilized according to the national recommendation 
did not yield significantly more than unfertilized 
hybrid maize. 

Trials were conducted to determine the response of 
maize to nitrogen and phosphate for the past four 
agricultural seasons. The trials involved applying 
different levels of nitrogen and phosphate to the 
new semi-flint hybrids MH17 and MH18 and 
measurement of the yields obtained. Fertilizer 
application rates were 0,30,60,90 and 120 kg N ha-1 

with different phosphate application levels (20,40,60 
kg ha-1) for each level of N. Each trial was replicated 
three times at each site. 

The average yield of hybrid maize without fertilizer 
was 1,117 kg ha-1• The maize response per kg of N 
varied at different levels of nitrogen application. As 
anticipated, the response rate to low levels of 
nitrogen application was substantially higher than 
the response rate at higher levels of N. Table 1 
demonstrates that incremental phosphate 
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Table 2. Treatments in the extended fertilizer demonstration, 1992/93. 

PLOT 1A PLOT 2A 
Farmers' seed Farmers'seed 
No fertilizer 10 kg P20Sha-1 

40 kg Nha-1 

PLOT 16 PLOT 26 
Farmers'seed Hybrid seed 
40 kg Nha-1 10 kg P20S ha-1 

40 kg Nha-1 

application at each level of N resulted in reduced 
Value Cost Ratios (VCRs), or the reduced 
profitability of fertilizer use. 

Evidence from Conroy (1993) suggests that on farm 
returns to fertilizer use with maize were modest and 
there was a substantial risk of achieving negative 
returns. On-farm fertilizer response to N averaged 
11 for local maize and 18 for hybrid maize. 
Response to N was limited by the late application of 
fertilizer. Farmers achieved average VCRs of 1.8 for 
fertilizer application to hybrid maize and 1.3 for 
application to local maize (Conroy 1993). 

Recommendations 
i) Hybrid seed and fertilizer should be made 
available to farmers separately. In this way farmers 
could benefit from the advantages of growing 
hybrid maize even if they cannot afford fertilizer. 

ti) Farmers wishing to use fertilizer should be 
allowed to determine the rate of nitrogen fertilizer 
up to a maximum based on existing 
recommendations for hybrid and local maize. 

THE OPTIMUM RATE OF PHOSPHATE� 
APPLICATION TO MAIZE� 

Brown (1966) found that many virgin soils in 
Malawi were not deficient in phosphorus. Because 
some soils in Malawi are not phosphate deficient, 
the existing fertilizer recommendation of 40kg P20S 
is probably too high for some soils in Malawi. The 
application of recommended rates of phosphate 
reduces yield and profitability on some soils. In 
addition, over application of phosphorus can inhibit 
zinc and copper uptake and so reduce maize yields. 
Matabwa and Wendt (1993) have investigated 
phosphate deficiencies in Malawi and produced 
tentative maps for Mzuzu, Kasungu, Lilongwe and 
Blantyre ADDs. These four ADDs account for over 
70% of national maize production. 
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PLOT 3A� PLOT 4A 
Hybrid seed� Hybrid seed 
No fertilizer� 40 kg P20S ha-1 

96 kg Nha-1 

PLOT 36� PLOT 46 
Hybrid seed� Hybrid seed 
96 kg Nha-1� 40 kg P20S ha-1 

96 kg Nha-1 
35 g 6 plor1 
20gZn EDTA 
64 g lnO 
1075 g gypsum 

Four years of FAO trials have suggested that there is 
not a maize response to phosphate at over 20 kg ha-1• 

These results are confirmed by Wendt and Jones 
(1993) who noted that the lowest rate of phosphate 
application in their trials (20 kg ha-1) resulted in 
higher yields than hybrid fertilized at 40 and 80 kg 
P20S. These data call into question current fertilizer 
recommendations for phosphate. 

In addition to the recommendation for P being too 
high, the current recommended high analysis 
fertilizer (DAP) is not appropriate. The majority of 
farmers have complained that they experience lower 
maize yields when using DAP as a basal dressing 
fertilizer than 23:21:0+45. The main reason for lower 
yields with DAP is because farmers top-dress 
nitrogen fertilizers after DAP basal dressing much 
later than 2 to 3 weeks after maize emergence. 
When applying the recommended 40 kg ha-1 P20S 
with DAP, only a small amount of N (16 kg ha-1 N) is 
applied, while 23:21:0+45 supplies 44 kg ha-t N, 28 
kg ha-t more N than with DAP. The 16 kg ha-1 N 

.from DAP is not sufficient to sustain maize growth 
for a long time, particularly on soils with very low 
initial soil N (Conroy 1993). 

With 23:21:0+45, the time of top-dressing is less 
crucial since more N is applied (44 kg ha-t N) as the 
basal dressing than with DAP. The other limitation 
of DAP as a basal dressing fertilizer is that it does 
not contain sulphur which is also deficient in some 
soils of Malawi. 

Recommendations 
i) Fertilizer recommendations for P should be 
reduced to 20 kg P20S ha-t . This would result in a 
saving to the farmer of MKSS.OO ha-1 (at current 
prices) and would raise the profitability of fertilizer 
use on maize. 

ti) The existing recommended basal fertilizer (DAP) 
is a high analysis fertilizer but with a very low N 
content. Lack of N limits maize yields more than 
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lack of P. Malawi should replace DAP with a basal 
fertilizer that has a higher N content, or farmers 
should be advised to mix DAP and urea as a basal 
dressing. 

THE IMPACT OF MICRO NUTRIENT� 
DEFICIENCIES ON MAIZE RESPONSE TO� 

NITROGEN AND PHOSPHATE� 

In most of Malawi, maize is grown on the same land 
year after year, with little or no fallow period, or 
rotation with other crops. This has resulted in 
depletion of soil nutrients particularly Nand P. 
Where Nand P are supplied by fertilizer, other 
nutrients are likely to become deficient because they 
are not replaced through inorganic fertilizers. 
Which nutrients become deficient depends on a 
number of factors, including cropping history, 
topsoil erosion, and the inherent composition of soil 
(Wendt 1991). The Maize and Soils Commodity 
Teams began work in 1990 to isolate the impact of 
micro nutrient deficiencies on maize yields. 

The trials were based on a "missing nutrient" design. 
Yield response to various nutrients varied from site 
to site. Substantial yield increases over the Malawi 
Standard (MS) treatment were noted at the majority 
of sites, with an average yield increase of 33% 
(Wendt 1991). 

The Maize Commodity Team modified their 
approach in the 1992/93 agricultural season. The 
Department of Agricultural Research co-operated 
with the FAO Fertilizer Programme to investigate 
the impact of micro nutrient deficiencies on maize 
yields under farmer management. In 1992/93 four 
additional treatments were added to the existing 
demonstration (Table 2). 

Results from the detailed agronomic analysis tue 
presented in Table 3. There was a significant 
difference in yield between plots 2A and lB. The 
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yield of local maize fertilized with 40 kg N ha-1 was 
increased by the addition of 10 kg P20S ha-1. There 
was a significant difference in yield between plots 
4A and 3B. The yield of hybrid maize fertilized with 
92 kg N ha-1 was increased by the addition of 40 kg 
P20S ha-1. There was a significant difference in 
yield between plots 2A and 2B. Hybrid maize 
outyielded local maize when fertilized with the 
recommended rate of fertilizer for local maize. 
There was also a significant difference in yield 
between plots 4A and 4B. The addition of a micro 
nutrient supplement to the recommended rates of N 
and P fertilizer for hybrid maize was effective in 
increasing hybrid maize yield (Jones et al., 1993). 

Recommendations 
i) Research should determine the extent of sulphur 
deficiencies in the major maize growing areas of 
Malawi. 

ti) Regional deficiencies of K, S, Zn and B have been 
identified which severely affect maize yields. 
Compound fertilizers containing these elements 
need to be made available on a regional basis and 
research should focus on the extent of these 
deficiencies. 

FERTnIZER TIMING ISSUES 

The Guide To Agricultural Production in Malawi 
recommends that farmers apply basal-dress 
fertilizers immediately after maize emergence and 
apply top-dress nitrogen fertilizers 2 to 3 weeks after 
maize emergence when DAP is used as a basal 
dressing fertilizer, or 4 weeks after maize emergence 
when 23:21:0+45 is used as a basal dressing. 
However, survey work by the Maize Team (Zambezi 
and Jones, 1991, 1992) found that the vast majority of 
farmers (even if they obtain fertilizer before planting 
maize) do not apply the basal dressing fertilizers 
containing P until well after maize has emerged. 

Table 3. Maize grain yields from the extended fertilizer demonstration in the 1992/93 season. 

Treatment. Plot 1A Plot2A Plot3A Plot4A Plot 1B Plot2B Plot3B Plot4B 
Local Local Hybrid Hybrid Local Hybrid Hybrid Hybrid 

kg P20S ha·1 0 10 0 40 0 10 0 40 
kg Nha-1 0 40 0 92 40 40 92 92 
Supplement 0 0 0 0 0 0 0 Zn+B+KorS 
Yield kg ha-1 1070 1852 1578 3788 1577 2484 2909 4351 
Cost 11.75 145.65 104.75 459.47 118.15 238.65 349.47 477.67 
Inc Prodn 782 508 2210 507 906 1331 2773 
Vinc prod 367.54 238.76 1038.7 238.29 425.82 625.57 1303.31 
VCR 2.52 2.28 2.26 2.02 1.78 1.79 2.73 

Local Maize's response to Nitrogen Alone is 12.6 kg grainlkg N 
Local Maize's response to Nitrogen (in the presence of adequate Phosphate) Is 19.5 kg 
Hybrid Maize's response to Nup to 40kg ha-1 (in the presence of 10kg P) is 22.6kg 
Hybrid Maize's response to Nup to 92kg ha-1 is 14kg (in the absence of Phosphate) 
Hybrid Maize yields were increased by over 500kg ha-1 by the addition of anutrient supplement 
Source Jones at a/., (1993). 



Risks with adopting hybrid seed and fertilizer 

Further delays are caused when there is drought 
(common after maize emergence), when members of 
the household become sick, and because farmers 
usually decide to weed their fields before applying 
fertilizer. Thus basal dressing fertilizers are often 
not applied until four or more weeks after planting. 
Top-dressing fertilizers are also applied late, even as 
late as tasseling. Late fertilizer application reduces 
the efficiency of fertilizer use and reduces maize 
yields because nutrient demand by the crop is not 
met by supply. 

Recommendations 
i) Fertilizer recommendations should be adjusted to 
ensure that the maize crop receives N in the first 
three weeks after seedling emergence. The basal 
application of fertilizer should contain a high 
proportion of N. This implies that Urea should be 
mixed with OAP if OAP continues to be the basal 
fertilizer of choice. An alternative recommendation 
is that Malawi should import basal fertilizer which 
contains a higher proportion of N than OAP. 

ii) Smallholders should be advised to band basal 
dressing fertilizer before old ridges are broken and 
remade. 

iii) To promote timeliness in fertilizer application by 
smallholders, demonstration plots to compare 
applying basal dressing fertilizers early or late 
should be conducted at each EPA or on club 
gardens. 

FERTILIZER PLACEMENT ISSUE 

The way in which fertilizers are applied to crops 
(placement), the time of fertilizer application and the 
types of fertilizer used are important factors in 
determining fertilizer use efficiency. The 
recommended method of placement, dolloping, is 
both inefficient and time-consuming, both for basal 
and top-dressing. This results in labour shortages 
and consequent delays in fertilizer application and 
weeding, which reduce yields. Two problems exist 
with the dollop method. It results in reduced 
nutrient uptake and it is labour intensive. 

Oolloping is not an effective application method for 
urea. The conversion of urea to plant usable forms is 
dependent on the enzyme urease. High rates of urea 
in a dollop create conditions that restrict urease 
activity. The supply of nitrogen to plants is delayed 
and consequently yields are reduced (Tisdale et ai., 
1985 and Zambezi et ai., 1993). 

Recommendations 
The Maize Commodity Research Team should 
implement trials to test the hypotheses suggested by 
Jones (1993). These are that: 
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a) the application of basal dressing fertilizer by 
banding in the furrow before planting can increase 
maize yields and reduce the labour requirement 
associated with basal dressing fertilizer application, 

b) at many sites, the application of basal and top 
dressing fertilizers at planting is as effective as split 
application, and 

c) the efficiency of urea can be increased by surface 
application instead of dolloping. 

CONCLUSION 

There is an urgent need to modify fertilizer 
recommendations to increase the efficiency of 
fertilizer use by smallholders. Malawi faces a major 
challenge to increase the productivity of maize 
production. This will be critically dependent on 
increased use of hybrid seed and fertilizer. Because 
of the collapse of the credit system in 1991/92 and 
1992/93, hybrid seed and fertiIizer use declined 
dramatically in the 1993/94 season. This is because 
most smallholders have extremely low cash incomes 
(averaging around MK250 per annum) which limits 
effective demand for fertilizer and hybrid seed. The 
current cost of a one hectare maize package is 
MK454 per hectare or MK181.6 per 0.4 hectare. This 
is too expensive for the majority of Malawi's 
smallholders. There has been a 50 percent 
devaluation of the Malawi Kwacha, which implies 
that fertilizer prices are likely to increase by 45 
percent next agricultural season. This implies that 
the maize producer price has to increase by 35 
percent simply to maintain VCRs at their current 
levels. However, an increase in the maize producer 
price would have an adverse impact on the urban 
poor and on maize deficit producers (the majority of 
smallholders). The only way forward is to increase 
the efficiency of fertilizer use by the 
recommendations outlined in the paper. This would 
decrease the price of the maize/hybrid package and 
increase returns to fertilizer use. In tum this would 
imply that the Government of Malawi would not 
have to increase maize producer prices to maintain 
the profitability of fertilizer use on maize. The lower 
cost and increased returns to the hybrid/fertilizer 
package would also reduce the risks associated with 
adoption and would lead more farmers to use 
hybrid seed and fertilizer (albeit at lower rates of N 
and P). This will increase the productivity of 
smallholder maize production. 
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MAIZE PRODUCTION IN THE FACE OF UNRELIABLE RAINFALL: A CASE STUDY 

IN CHIVY COMMUNAL AREA 

M.MUDHARA 

Farming Systems Research Unit, DR&SS, P. O. Box CY 594, Causeway, Harare, Zimbabwe. 

ABSTRACT 

Regardless of the risk involved in the production of maize in a low and unreliable rainfall area like 
Chivi Communal Area, farmers in such areas continue to grow maize. During the 1990/91 season, a 
sample of 144 farmers of varying resource endowments were selected. To get an insight into farmers' 
management of risk when producing maize, the farmers production activities were monitored. Data 
analysis showed that significant plantings occurred before the onset of the rains but ceased before the 
end of the rains. Planting was generally done over a period of about 60 days. Very little planting of 
maize occurred after the end of the first effective rains. Maize was generally planted on the heavy 
sand soils. Very few fields were fertilized with inorganic fertilizers. Manure was predominantly used. 
Maize was also continuously cultivated in the same fields with little rotation with other crops. Nearly 
all the maize fields were weeded at least once. Some fields were weeded twice. The effect of the 
differences in socio-economic status (resource endowments) on planting and weeding strategies was 
minimal. 

BACKGROUND� risk, and the type of farmer that is risk averse, in 
order to address some key agricultural policy areas. In Zimbabwe, substantial resources are devoted to 

research on drought tolerant crops. At a In 1990/91 the Farming Systems Research Unit 
consultative meeting in 1987 the Department of (FSRU) began a study to understand the crop 
Research and Specialist Services (DR&SS) and the husbandry practices adopted by farmers in Chivi 
Department of Technical Extension (AGRITEX) Communal Area where the FSRU has conducted 
priorities for cereal research in Natural region IV adaptive research for 10 years. Besides enabling a 
were 1st. white sorghum, 2nd. pearl millet and determination of the extent to which farmers were 
maize came third. To strengthen the research efforts deviating from recommendations by crop 
on short-season, drought tolerant crops, a regional production specialists, this study was designed to 
centre concentrating on breeding and agronomic highlight areas that require further research. 
aspects of tropical small grains was set up in Chivi communal area is located in southern
Zimbabwe soon after independence. The SADC Zimbabwe, in Natural Regions IV and V (Vincent 
ICRISAT centre is hosted by DR&SS and and Thomas, 1961). Rainfall is low and erratic, with 
collaborates with and strengthens the efforts of the an average of 650 mm which falls between early 
host department. Despite this, farmers still devote 

November and early May. A range of soil types are 
large portions of their area to maize production found: sandy soils (musheche), deep red soils
(AGRITEX, unpublished; OMMYr, 1992). (dzvuku) to black soils (chidhaka). These soils have 
Smallholder farmers in the low rainfall areas face low soil fertility and low levels of inorganic matter. 
multiple risks with cropping. Probably of greatest As in other parts of Zimbabwe, the human 
importance is the risk associated with climatic population continues to increase. This has resulted 
variability. This is made worse by the incidence of in farmers cultivating marginal lands, some of which 
crop pests and diseases. Food preferences and the had been reserved for communal cattle grazing. 
relative ease of processing the various grain crops METHODS
affect the farmers'. production decisions. Farmers 
have to deal with an array of soils that are found at Sampling procedures. The selection of the farmer 
varying spatial locations. Farmers also have sample aimed to get a good cross section of the 
different resource endowments with which to farmers in Chivi, using stratified sampling. Farmers' 
exploit the agro-potential of their environments. names and characteristics were provided by village 

leaders. Sample location was based on the FSRU
The need for farmers to cope with these risks has research clusters where on-farm trials are sited. 
sometimes meant that research and extension efforts Farmers were selected from both clay and sandy soil 
and messages have not been used by farmers. To areas in each cluster. The FSRU� clusters were 
help improve the relevance of� research and selected originally to capture the differences in soil 
technologies it is essential for� researchers to type and rainfall that exist in Chivi. Selecting
understand the nature of risk, farmer responses to farmers around the clusters ensured that farmers 
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Table 1. Percentage distribution of soil types in Chivi communal area, Zimbabwe. 

Soil Type Chivi Central 
Black 17.4 
Deep Red 2.8 
Sandy Soils 44.3 
Other Soils 35.5 

Table 2 . Percentage area covered by maize in different soil types, Chivi. 

Soil Type Chivi Central 
88/89 92/93 88/89 

n 45 47 46 
Black 20.7 44.8 17.3 
Deep Red 4.9 4.8 28.9 
Sandy 37.0 41.0 44.6 
Other 37.4 9.5 13.6 

with the complete range of circumstances within 
Chivi were selected. 

Individual farmers were selected on the basis of the 
following criteria: 

• with/without cattle 

• with/without access to remittance income 

• with large/small fields 

• old/young households 

• female/ male headed households. 

The receipt of remittances, cattle ownership and 
gender of the head of the household were 
determined objectively by the informants. The other 
criteria, basically subjective, were left to the key 
informants to decide on e.g. size of fields and age of 
the household. For example, age of the household in 
most cases was based on the age of the eldest child 
in the household. Key informants considered 
households with eldest children above 18 years of 
age as old. 

Another criteria for selecting the farmers was 
whether the farmers fields were predominantly 
located on light or heavy soils. Four classes of soils 
finally emerged. These were the red soils (dzvuku), 
the black clay soils (chidhaka), the sandy soils 
(musheche) and mixtures of any of the three. 
However since the red (dzvuku) and sandy soils 
(musheche) predominate, farmers were selected that 
had these soils. 

A sample of 144 households (48 per cluster) was 
eventually chosen. 

Data collection. Data were collected by three 
enumerators that had received training before data 
collection. 

The first survey collected details about farmer 
practice per field. Information included the crop 

Ngundu Takavarasha 
12.7 0.38 
26.3 40.3 
45.5 35.1 
15.5 24.2 

Ngundu Takavarasha 
92/93 88/89 92/93 

44 38 39 
19.7 0.8 2.2 
26.3 29.5 41.9 
53.4 34.2 50.5 
0.6 35.5 2.72 

and the seed variety grown, the soil type in the field, 
ownership of the field, crops planted in the field in 
the 1988/89 and 1989/90 seasons. Second plantings 
were also recorded. All crop husbandry practices 
that went into the field and their timing were 
detailed. These included weeding, thinning and 
fertilizer application. The area of each of the field 
was measured. This survey was to be repeated for 
two more seasons i.e. 1991/92 and 1992/93. 
However no data could be collected in 1991/92 due 
to drought. 

A questionnaire to collect basic household data was 
designed and administered. These data included 
the household demographic structure, household 
assets i.e. farming equipment, livestock holdings, 
dwelling types possessed by the household. A 
question to determine remittances (cash or 
otherwise) received by the household over the 
immediate past year was also included. 

For the analysis, the area is divided into three parts. 
These are Ngundu, which lies in the south and is in 
Natural Region IV, Chivi Central which lies in 
Natural Region V and Takavarasha, also in Natural 
Region V but with the harshest climatic conditions. 

RESULTS 

Soil types. Table 1 shows the relative avalilability of 
the various soil types in the three clusters. Sandy 
soils are most predominant in Chivi Central and 
Ngundu. Black soils also occupy Significant areas in 
those two clusters. In Takavarasha they are equally 
dominant with the deep red soils. 

The distribution of maize on these soils types clearly 
reflects the availability.of the soil types (Table 2). 

Maize planting strategies. On average, households 
in Takavarasha planted the smallest area to maize 
compared to those in the other areas (Table 3) and 
the highest proportion of their fields to pearl millet 
and sorghum. 
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Figure 1. Maize planting In Chlvl communal area 1090/91. 
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Figure 2. Maize planting In Chlvl communal area 1092/93. 
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The highest proportion of maize was found in 
Ngundu, where the lowest percentage of pearl millet 
was also found (Table 4). 

Planting of maize usually began by the first week of 
November and continued over 55 days (Figs. 1 and 
2). During 1990/91, "useful" rainfall fell during the 
first week of December only (Fig. 3). By that time 
farmers had already planted about 40% of their 
maize fields. This implies that many farmers are 
willing to take the risk of dry planting even when 
faced with unreliable rainfall. However, this 
unreliability makes farmers unwilling to plant all 

their maize at one time, hence the spreading of 
maize plantings over a long period. 

Weeding of maize fields. The extension service 
recommends that farmers weed their maize crop by 
the third week after planting (Mavedzenge, 
unpublished). During the study, weeding began 
during the fourth week of November and continued 
until the end of January (Figs. 4 and 5). In general, 
the first weeding occurred about four weeks after 
planting. Allowing one week after planting for 
germination to occur, the weeding seems to have 
occurred within an appropriate time. 
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Figure 3. Rainfall rec.lv.d In ••v.n day p.rlod. during th.1GOO/81 ••••on. 
Avenlge of Sh.nduk. &M.puvlre sit••• 
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Table 3. Average area (Ha) planted to maize area per household. 

Season. 
Cluster 88/89 89/90 90/91 92/93 
Chivi 2.05 2.72 1.64 2.26 
Ngundu 2.10 2.36 2.11 2.14 
Takavarasha 102 0.93 0.95 1.31 

Table 4. Percentage area planted to different crops. 

Chivi Ngundu Takavarasha 
Crop 88/89 92/93 88/89 92/93 88/89 92/93 
Maize 29.6 39.6 52.3 56.2 18.5 22.1 
Pearl Millet 22.8 14.9 3.9 3.1 27.4 36.0 
Finger Millet 9.6 11.1 9.8 10.5 11.9 6.9 
Sunflower 8.1 10.9 5.2 12.1 12.0 14.4 
Sorghum 3.0 8.7 4.7 110 15.6 14.7 
Groundnuts 6.2 4.4 8.3 1.5 7.9 3.0 
Other Crops 4.7 9.7 12.2 2.2 4.2 2.4 
Fallow 15.9 0.6 3.5 3.4 2.4 0.4 

Almost all the area under maize got at least one three seasons. A possible explanation for this is that 
weeding. In some cases farmers have to weed their farmers have certain pieces of land which they have 
maize for a second and even a third time. In ear-marked for the growing of maize. This may be 
1990/91, more than 40% of the fields in Takavarasha due to certain unique characteristics of these pieces 
were not weeded at all. This was due to the early of land which farmers have found to be favourable 
termination of the rains. Farmers realised that they for the growing of maize. During a Soil Fertility 
were not going to reap any crop from their fields. Management Participatory Rapid Appraisal by the 

FSRU in Chivi, farmers indicated that some soilsSoil fertility management. Generally the soils in were preferred for the growing of particular crops Chivi are of poor nutrient status. To get a good such as maize. 
maize harvest, some form of fertility management 
needs to be done. Extension recommends in Chivi Farmers rotated about 40% of the area planted to 
that, for basal fertiliser, 6-8 t ha-1 of animal manure maize in the 1989/90 season with other crops, 
or 200 kg ha-1 of Compound 0 (8:14:7) should be especially finger millet, pearl millet, groundnuts and 
applied. For top dressing, 100 kg ha-1 of sunflower. This is more so in Takavarasha were 
ammonium nitrate should be applied to good crops there is less emphasis on maize. 
(Mavedzenge, unpublished). CONCLUSION 
Table 5 shows the sources of soil fertility used on Due to the low and unreliable rainfall in Chivi and 
maize in Chivi. The amounts of both organic and the poor resource endowments of these farmers, 
inorganic sources of fertility is very low. Manure maize production strategies pursued by farmers
was mostly used. Across the seasons, in excess of sometimes vary from extension recommendations 
55% of the maize crop did not receive any direct for the area. While dry planting of maize is
input to raise soil fertility. common, 35-40% of the maize area was planted after 
In 1992/93 soil fertility inputs were even lower the first effective rains. Planting was completed 
because of the drought in the previous season. over about 55 days. There is a need for maize 
Farmers expected the crop to utilise the fertility that varieties with a shorter growing length and more 
had been applied during the drought season and not drought tolerance than the materials currently 
used. available to the farmers. Weeding was generally 

done on time. Nearly all the maize fields were
A cultural practice that can contribute to the fertility weeded at least once, except in years when the rainy 
of the soil is the rotation of cereal and leguminous season ended very early. 
crops. Extensionists recommend the planting of 
cereals on the same land for no more than two Animal manure and basal inorganic fertiliser were 
consecutive years (Mavedzenge, unpublished). the common sources of soil fertility even though 
Table 6 shows the area under different crops before they were only applied to small percentages of the 
and after the 1989/90 maize crop. There were area. The low application of manure was coupled 
examples of the same land planted to maize over the with bad rotational practices on some fields. Maize 
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Table 5. Percentage allocation of sources of soil fertility to maize. 

Chivi Ngundu Takavarasha 
Fertility 88/89 92/93 88/89 92/93 88/89 92/93 
Management 
Nothing applied 76.2 99.4 65.3 80.5 71.0 74.3 
Basal and Top 2.3 0 0.1 8.3 0 12.8 
Dressing 
Top Dressing 1.0 0 0 0 2.3 0 
Ant Heap Soil 0 0 0 0 0 0 
Ash 0 0 1.7 3.0 0 0 
Cattle Manure 20.5 0.6 22.9 8.3 26.7 12.8 

Table 6. Percentage area allocation of crops planted before and after the 1989190 season maize crop. 

Chivi Ngundu Takavarasha 
Crop 88/89 90/91 88/89 90/91 88/89 90/91 
Maize 51.4 37.4 66.4 70.3 40.8 39.5 
Peart Millet 14.2 2.5 0.6 0.1 6.8 9.6 
Finger Millet 11.8 12.8 6.2 4.6 31.9 2.0 
Sunflower 6.0 13.3 5.3 10.7 8.1 0 
Sorghum 0 0 2.8 1.1 6.6 2.1 
Groundnuts 4.4 9.1 9.3 4.4 3.6 21.2 
Other Crops 5.6 6.6 9.0 7.8 2.2 5.4 
Fallow 6.6 17.7 0.3 0.3 0 1.8 
n 45 47 46 44 38 39 

was planted continuously for at least three years in CIMMYT, 1992. 1991-92 CIMMYT World Maize 
most of the fields planted to maize in 1989/90. Facts and Trends: Maize Research Investment 

and Impacts in Developing Countries. Mexico, Reasons for this behaviour include the shortage of D.F.: CIMMYT.
land and that farmers have identified areas where 
they prefer to plant maize. Research is needed to Mavedzenge, B.Z. (Unpublished). A review of 
identify the soil characteristics in fields where maize extension recommendations for Chivi communal 
grows well (being continuously planted) and then area. 
strengthen these characteristics more widely on Vincent, V. an9- Thomas, R.G. 1961. An Agricultural
farmers' fields. Survey of Southern Rhodesia. Part 1 - Agro

REFERENCES ecological Survey. Federation of Rhodesia and 
Nyasaland, Salisbury. AGRITEX (Unpublished). Communal Area Crop 

Production Worksheets. 
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ABSTRACT 

Agricultural activity involves the management of risk, but it is often difficult to quantify production 
risk in the search for management options that can ameliorate some of its effects. One option is to use 
appropriate, validated crop simulation models. A maize modelling initiative was undertaken in 
Malawi from 1989 to 1992. A simulation model of the growth, development and yield of maize was 
validated for a number of sites in Malawi, involving field trials carried out on experiment stations and 
in farmers' fields over three seasons. We illustrate some of the weather-related variability in maize 
production in central Malawi and present a simple way of characterizing season type, based on an 
analysis of rainfall records. The use of crop models in providing season-specific management 
recommendations is discussed. When used with care, crop models can help to minimise the effects of 
down-side risk on smallholders' farm income. 

INTRODUCTION 

All agricultural activity involves the management of 
risk. The difficulties of quantifying production risk 
are often considerable, as are the problems of 
identifying biophysically viable and 
socioeconomically acceptable methods of 
ameliorating its effects. Some headway towards 
treating these problems can be made through the use 
of appropriate, validated crop simulation models. A 
maize modelling initiative was undertaken in 
Malawi from 1989 to 1992. The objectives were to 
assess the suitability of modelling techniques for 
helping to prioritise research activities, and to use 
the modelling to produce useful information for 
research and extension activities. 

CERES-Maize, a model that simulates the growth, 
development, and yield of maize (Ritchie et al., 
1989), was validated for a number of sites in central 
Malawi. Field trials, designed to collect the 
minimum data set defined by lBSNAT (1990), were 
carried out on experiment stations and in farmers' 
fields over three seasons. Some of the results from 
the project have been reported elsewhere (Singh et 
al.,1993). Yields obtained in the field varied widely, 
depending on treatment and season. In general, 
simula.tions with the crop model successfully 
reproduced the yields obtained in each season from 
the planting of both local and hybrid maize varieties 
with nitrogen applications ranging from 0 to 240 kg 
N ha-1 as urea. Once we had confidence that the 
model was working satisfactorily in Malawian 
conditions, we carried out some model 
experimentation, including the following: 

•� Investigation of planting windows: optimum 
planting windows were identified for the sites 
where field experiments were run. 

•� Identification of optimal planting densities: 
simulation results confirmed that the nationall~ 

recommended planting density of 3.7 plants m
for local varieties and 4.4 plants m-2 for short
statured hybrids such as MH-16 in Malawi is wen 
suited for current management systems. 

•� Nitrogen fertiliser management on maize: 
simulated optimum nitrogen application rates 
based on grain yield for both local and hybrid 
varieties varied from 80 kg N ha-1 at 3.7 plants 
m-2 to 150 kg N ha-1 at 6.4 plants m-2. Split 
nitrogen applications were found to be beneficial 
on the sandier soils of the Kasungu Plain. 

•� The economics of fertiliser use: simulations for 
conditions at Chitedze Research Station, using 
prices and costs for late 1992, indicated that 
economically optimal applications of fertiliser 
ranged from 60 to 100 kg N ha-1. Gross margins 
of fertilised hybrid maize were approximately 
twice those obtained from fertilised local maize. 

In this paper, we investigate some of the weather 
risks associated with maize production in the central 
region of Malawi. We classify season types 
according to a simple criterion; then we derive yield 
distributions for these season types. Prospects for 
the use of simulation models in risk assessment are 
discussed, particularly with respect to the provision 
of season-specific management recommendations. 

METHODOLOGY 

For the simulation study, we chose the site of 
M'Ximba, located in Kasungu Agricultural 
Development Division (KADD) at an elevation of 
1050 m above sea level. Its agroecology is described 
as medium-altitude plain (Pike and Remington, 
1965). Soils are typically weathered ferralitic 
latosols of the Kamphuru series and are very coarse
textured in places (sandy loams). Annual rainfall is 
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generally between 700 and 1050 mm, ·with a for central Malawi. We used the historical data to 
coefficient of variation of 29%. We had access to generate coefficients for the statistical daily weather 
eight years of daily historical weather records for model WGEN (Richardson, 1985), and then 
Kasungu township, the nearest meteorological generated 50 years of synthetic daily weather. 
station to Mwimba that collects the required weather WGEN produces time series of weather variables 
variables for CERES-Maize (daily rainfall, maximum that are statistically similar to the historical series; 
and minimum air temperatures, and sunshine hours the means of the variables match well although 
or solar radiation). Weather records for Kasungu monthly and annual variances, especially of rainfall, 
were complemented by data collected at Mwimba are often seriously underestimated in the tropics 
from 1990 onwards using an automatic weather data (Jones and Thornton, 1993). 
logger. Solar radiation data, not collected at The next step was to classify these simulated
Kasungu, were calculated from sunshine hours weather years according to a simple criterion of 
using Angstrom's formula (Linacre, 1992) calibrated 
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season type. We proceeded as follows, after the 
method of Jones (1987). From the daily rainfall data, 
we simulated a daily water balance and the ratio 
EalEs (actual to potential evapotranspiration) for 
the 5 years of weather data. We then calculated a 
set of variables that we took to be proxies for 
growing season characteristics: 

•� The "start" of the growing season; this was 
defined as the day of year of the fifth 
consecutive day with Ea/Ep greater than 0.8. 

•� The "end" of the growing season; this was 
defined as the day of year of the eighth 

Figures 3 and 4 
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successive day with Ea/Ep less than 0.5. 

•� The number of "stress" days during the growing 
season, defined as days with Ea/Ep less than 
0.5. 

The number of "growing" days was then calculated 
as the length of the growing season minus the 
number of stress days. From the original 50-year 
sequence, we defined 49 growing seasons (as the 
rains start towards the end of one year and continue 
into the next calendar year). The distribution of the 
start of growing season (as defined above) for these 
49 seasons is shown in Figure 1. The sample mean 
was day 339.6 (6 December), with a standard 
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deviation of 11.96 and a range of 316 (12 November) 
to 359 (25 December). We divided thiS distribution 
into three equi-probable ranges to give three season 
types (Figure 1): 

•� "Early rains" (E), if the growing season started 
before day 335 (1 December). 

•� "Normal rains" (N), if the season started 
between days 336 (2 December) and 345 (11 
December). 

•� "Late rains" (L), if the season started after day 
345 (11 December). 

Each season type has a probability of 1/3 of 
occurring in any year. The relationship between the 
start of the rains and the number of growing days as 
defined above is shown in Figure 2. These variables 
are highly correlated (r= 0.75). Two outliers (the 
circled points in Figure 2) represent years in which 
the rains started early but there were comparatively 
few growing days; during these two seasons, there 
were 19 and 24 stress days, respectively. Thus in 
some seasons, the rains begin early but are 
particularly erratic. 

MODEL SIMULATIONS 

We used CERES-Maize to simulate maize growth 
and yield for each of the 49 seasons, using the same 
treatment for each season with the exception of 
planting date, which was set to the start of each 
growing season (as defined above). The variety 
grown was MH-16, at 37,000 plants ha-1, and 30 kg 
N ha-1 as urea was applied. 

We divided up simulated maize yields according to 
the three categories of season type, E, N, and L. 
These yields are plotted in Figure 3 as box plots, 
showing the Oth, 25th, 50th, 75th and 100th 
percentile of the yield distribution for each season 
type. The figure also shows the overall yield 
distribution for all years in the sample (n-49). The 
mean yield was 1,832 kg ha-1 for the early season 
type, 1,377 kg ha-1 for the normal season type, and 
947 kg ha-1 for the late season type. The overall 
mean yield for all years was 1,394 kg ha-1. 

Figure 3 highlights the marked change in median 
yield as the season type changes. It is also 
noteworthy that the maxima and minima of these 
distributions did not change greatly. In other words, 
it was still possible to obtain a high yield even with 
late planting, but it was much less probable than if 
the crop were sown earlier. For example, the 
probability of a yield in excess of 2.5 t ha-l with 
early planting was 0.31; with late planting, it was 
0.06. One of the reasons for this is shown in Figure 
4, where a water stress factor calculated in CERES
Maize is plotted against planting date. This stress 
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factor varies from 0 to 1. A value of 0 signifies that 
there was no water stress during the grain filling 
period; a value of 1 indicates extreme stress during 
the same period. Again, note the two circled outliers 
identified above, where rainfall started early but 
drought periods occurred sporadically during the 
season, including dUring grain filling. 

IMPLICATIONS 

The distribution of maize yields, all other things 
being equal, changes markedly depending on the 
start of the rains; the distribution that pertains in any 
particular season can be derived once the start of the 
season is known. Although we have not done this 
for the data derived above, the economically and 
agronomically optimal fertiliser schedules will also 
vary markedly depending on the season type (see 
Thornton and MacRobert, 1994). There are thus 
potential benefits to be gained from tailoring maize 
crop management to season type; in late-starting 
growing seasons, for example, it may not be 
economical to apply much, if any, fertiliser. A 
similar approach could also be taken to investigate 
optimal planting densities and row spacings that 
offer the best-bet management practice for the 
season that has just begun. 

This type of analysis could also be used to help 
select maize cultivars for a region based on the 
length of the growing season. Since season length 
appears to be influenced by the date of the start of 
the rains, farmers could be advised, in a late-starting 
season, to grow short-duration maize cultivars or, 
alternatively, to grow other more drought-tolerant 
crops such as cassava. 

The approach could also be used fot decisions that 
must be made repeatedly during the growing 
season. Irrigation schedules that optimise economic 
returns, for example, could be identified on a regular 
basis, using historical weather records for the season 
to date and simulated records thereafter. If reliable 
10-day weather forecasts were available, these could 
be incorporated in the analysis also, to improve the 
accuracy of the predictions. 

Some caution is needed when interpreting the data 
derived above. First, this type of analysis would 
benefit from using historical rather than statistically 
generated weather records. As noted above, WGEN 
does not simulate the extremes of weather 
distributions very well. Other statistical weather 
models can be used that partially bypass this 
problem (Jones and Thornton, 1993), but if sufficient 
historical data exist, they should be used. Second, it 
may be necessary to refine the criteria that define the 
start and end of the growing season. The proxies 
used may not be the most appropriate for Malawian 
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conditions. Third, there may be other factors that 
impinge on maize production with late planting. An 
example in Malawian conditions is the increased 
incidence of streak virus when the crop is planted 
late. This could be taken into account with even a 
simple model of the virus and its effect on crop 
growth and development, but this submodel still has 
to be built. The reduced soil-water content of the 
root zOI\e may often be the major contributing factor 
to the reduced yields observed in late-planted 
maize, however (Lungu, 1971). 

Clearly, maize production in central Malawi is 
greatly affected by rainfall patterns. Simulation 
modelling is a tool that can be used to help quantify 
the risk involved; simple analyses of rainfall records 
can be used to classify season types, allowing 
season-specific management recommendations to be 
derived. The models can also perform regional 
analyses that take account of local differences in 
environmental conditions. A start has been made on 
this, linking CERES-Maize to a Geographic 
Information System (GIS) with digitised maps of 
soils, climatic zones and land use (Nanthambwe and 
Eschweiler, 1992) for two agroclimatic zones in 
Kasungu ADD. Work is in progress to extend the 
coverage of this GIS to the entire country and thus 
provide timely information that will not only help 
researchers and extension services in advising 
farmers on the best-bet management practices for 
the current season, but will also help policymakers 
in estimating likely regional production and 
agricultural input use. 
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ABSTRACT 

More than one-third of the arable area in eastern and southern Africa can be classified as semi-arid 
with low average levels of rainfall and a high probability of drought. These encompass between one
quarter and one-third of the small-scale farmers growing cereal grains. These farmers are among the 
poorest and most food insecure in the region. Cash investments in the crop enterprise are limited and 
the levels of adoption of improved technologies are low. Most farmers more commonly participate in 
the market as net buyers of grain. than as net sellers. In general. these regions are grain deficit. 
Improved technologies must fit within the bounds of a series of constraints characterizing this 
environment before they are likely to be widely adopted. They must be low cost. They must not 
require significant amounts of additional labour. particularly during peak periods of the cropping 
season. They must not increase the risk of harvesting a minimum food supply. They must offer higher 
returns to capital than alternative farm and non-farm enterprises. They must offer higher returns to 
labour than off-farm wage employment. They must fit within the bounds of a diversified farming 
system. Finally. the semi-arid system can simply be characterized as a difficult research environment. 
Many years of well managed trials are required to obtain consistent research results. Agricultural 
scientists justifiably ask whether the probable returns to the allocation of their scarce time and 
resources on problems of semi-arid areas justifies the investment. Research priorities must be judged 
in relation to the alternative research opportunities available (e.g. in high rainfall regions) and the 
alternative scenarios for improving the well-being of smallholders in drought prone regions. Yet the 
population of farmers operating in semi-arid farming areas is growing. Increasing population 
densities of both people and cattle. more intense land use patterns. and growing signs of 
environmental degradation are stimulating questions about the long term viability of these farming 
systems. Some people argue that these households should simply be absorbed in the larger industrial 
economy. Farmers themselves seek to educate their children to get them off the farm. But in most 
countries in this region. formal sector employment opportunities are growing more slowly than 
populations. The semi-arid cropping system will need to support many generations of households 
before the region's economies grow enough to absorb this labour. The relative probabilities of 
research success in semi-arid environments are lower than in high rainfall zones. but the costs of 
failing to improve the productivity of these farmers are high.' Past difficulties suggest the need to 
identify measures to improve the levels and probabilities of impact. These include better targeting of 
genetic and crop management research in alignment with the constraints guiding household decision 
making. Further. closer monitoring of research impact can be used to revise research targets and 
diagnose adoption constraints. 

THE SEMI-ARID ENVIRONMENT AGRO FOOD DEFICITS� 
ECOLOGY� The common perception of farmers as surplus 

The semi-arid environment in eastern and southern producers most concerned to expand production for 
Africa can be characterized as areas receiving the national market does not apply. The majority of 
between 300 and 600 mm of average annual rainfall smallholder households only occasionally produce 
mostly in a unimodal season. The rainy season is enough grain to meet their annual family food 
erratic. In any given location, rains may start late or requirements. Many never produce a surplus. 
end early. Many areas are subject to prolonged mid Instead, they must commonly rely on grain 
season dry spells. Temperatures commonly range purchases and on drought relief. The costs of grain 
during the growing season between 250 C and 350 C purchases must be paid through income earned 
during the day and down to 150 C to 200 C at night. from other farm and non-farm enterprises. 
Heat stress tends to be less of a problem than in Livestock, particularly small-stock, provide a 
semi-arid regions elsewhere in the world. Even so, critically important source of cash for emergency 
rainfall only exceeds evapotranspiration during 2 to food purchases. Most households engage in small
4.5 months of the year. Soils tend to be sandy with scale, non-farm activities such as brewing beer, 
limited organic matter and low nutrient content, making handicrafts, petty trade and construction. 
though pockets of heavier clay vertisols are evident. But the largest source of cash income often comes 
The principle physical constraints are poor soils and from remittances of household members who have 
limited water. left the farm for wage labour elsewhere in the 

economy. 
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These households retain an ambition to produce 
surplus grain for the market. They maintain an 
interest in cash crops and commercial livestock 
operations, and are concerned about product price 
levels and market access. If one asks a farmer why 
he plants a given amount of land to maize he or she 
will commonly tell you to meet his family food 
requirements and sell a surplus. But in practice, few 
achieve this objective. 

Recent data from Zimbabwe indicates more than 
50% of farmers virtually always purchase grain, 
even following relatively favourable rainfall years. 
In drought years upwards to 95% of farmers are net 
buyers of grain. In Namibia, similar surveys have 
found that 75 percent of farmers operating in the 
main smallholder farming areas of the north never 
sell grain. Virtually all farmers almost always 
purchase a portion of their grain supplies. In 
Tanzania, similarly, more than 50% of the 
smallholders in semi-arid areas are net grain 
purchasers, even in favourable rainfall years. In 
Zambia, some of the largest beneficiaries of the 
historical maize subsidies were farmers operating in 
outlying semi-arid zones. 

Limited market infracstructure. In part as a result of 
their low productivity, and in part due to the fact of 
low population densities, most semi-arid farming 
areas in eastern and southern Africa tend to be 
deficient in basic market infrastructure. These 
regions also tend to lie distant from major urban 
markets. The costs of assembling surplus crops are 
high because fewer farmers have a surplus to sell 
and sales tend to be in small quantities. Incentives 
to invest in the provision of grain transport are 
limited by the variability of market deliveries. Until 
recently, many of these households benefited from 
pan-territorial prices. In effect, they did not have to 
pay the full costs of grain marketing. But as grain 
markets are liberalized, transport subsidies are being 
eliminated with the result that many semi-arid 
farming systems are being cut off from the national 
market. 

Many of these farmers have also depended upon the 
subsidies contained in low, pan-territorial retail 
prices for maize meal. As these subsidies are being 
lifted, the largest increases in prices per kilogram 
occur in outlying semi-arid regions. This raises the 
costs of production deficits. 

As grain movement restrictions are lifted, surplus 
maize from high potential zones has started to move 
through private channels into the semi-arid regions. 
But these flows have not significantly reduced the 
cost of food to farm households experiencing grain 
deficits. 
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The combination of high transport and distribution 
costs and limited cash for investment also limits 
access to agricultural inputs. Seed companies 
commonly remark on the lack of demand for 
improved varieties, though there is ample evidence 
that farmers will readily purchase seed of 
recognized quality. It is generally difficult to find 
fertilizer on the retail market in semi-arid areas 
except for limited quantities sold nearby irrigation 
schemes. Insecticide use is rare except, in some 
areas, for grain storage. 

Limited demand for transport of grain or 
agricultural inputs translates into high transport 
costs and limited transport access. Even the 
availability of bus servicei are more limited than in 
higher potential areas. 

Most market infrastructure is built around a retail 
trade in maize meal, oil, sugar, clothing and soft 
drinks. Advancement beyond the sale of consumer 
goods will require significant gains in agricultural 
productivity. ' 

Low levels of technology adoption. Improved 
varieties of maize have been broadly adopted in the 
region and the adoption of improved varieties of 
sorghum and pearl millet appears to be increasing. 
But less than 1% of the farmers in southern Africa's 
semi-arid areas consistently use fertilizer. While 
many have tried this input as a result of distribution 
under drought relief schemes, most either cannot 
afford chemical fertilizer or believe it will lower 
rather than increase average yields. Manure use is 
more common, particularly in areas with larger 
concentrations of cattle and lower labour costs. But 
this tends to be applied at such low levels of 
concentration that the nutrient benefits are limited. 

Most semi-arid regions also obtain limited support 
from national extension agents. The number of 
visits tends to be small and the majority of farmers 
never see an agent. Further, the value of these visits 
is limited by the lack of messages suited to semi-arid 
conditions. The lack of appropriate technology and 
low adoption rates tend to demoralize extension 
agents posted to these zones. 

Correspondingly, average grain yields are low and 
highly variable. Maize yields commonly average 
less than one t ha-1. Sorghum and pearl millet 
yields average 600 to 800 kg ha-1. 

Enterprise diversification. Farmers respond to 
these circumstances (limited technology, high 
production costs, low production returns and high 
production risk) by diversifying their farming 
enterprise. In the driest regions, sorghum or pearl 
millet make up the principal cereal grain enterprise, 
though a small plot of maize may be attempted as a 
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vegetable crop. More commonly, sorghum or pearl 
millet are grown in addition to maize.---Groundnut is 
grown in addition to small concentrations of 
cowpea. In some areas cassava is important. Most 
households own livestock (goats, donkeys, cattle and 
chickens), though the distribution of such holdings is 
highly skewed. In most semi-arid areas, the majority 
of small-scale farmers do not have enough cattle to 
plough on a timely basis. Though priority is placed 
on the allocation of labour to crop production, the 
highest returns commonly come from the livestock 
enterprise. Most households have at least one 
member working away from home and maintain an 
ambition to get their children through school and 
into wage earning jobs off the farm. 

Characterization of technological options. Yet 
most farmers operating in semi-arid regions are 
clearly interested in new technologies. The rapid 
adoption of maize hybrids in Zimbabwe, 
particularly as these became widely available in the 
immediate post-independence period, testifies to the 
value these farmers attach to cultivars offering 
productivity gains. These hybrids offered a cheap, 
and relatively risk free means to improve grain 
yields. Farmers perceived the hybrids did not 
perform appreciably worse than their open
pollinated varieties in the event of drought or under 
low soil fertility conditions. But when these hybrids 
had adequate water and nutrients, they offered 
substantially higher average yields than the varieties 
previously available. 

Farmers have similarly shown a strong proclivity to 
test new sorghum and millet varieties. In 
circumstances where these varieties have been 
acceptable, adoption has been rapid - e.g. 30-40% of 
the pearl millet area in northern Namibia is planted 
to a pearl millet variety released in 1990. While 
farmers have commonly tested and rejected cultivars 
with inferior grain or plant traits, seed access and 
availability often appear more significant constraints 
to adoption than seed cost or quality. 

In contrast, farmers operating in semi-arid areas 
have shown less interest in chemical fertilizer. 
Manure use is rising as population densities rise and 
opportunities for crop-fallow rotations have 
declined. But nutrient deficiencies seem likely to 
expand. 

While many scientists claim that low rates of 
technology adoption are the result of poor 
dissemination or inadequate market and pricing 
policies, questions remain about the appropriateness 
of many recommended technologies. The constraint 
function needs to be better defined. If the adoption 
of chemical fertilizer is restricted by the lack of 
supplies or the high price of the input, must the 
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technology be modified or must the infrastructure 
and policy be modified. Many scientists would 
argue that they have produced the 'best possible 
technology' and it is now up to policy makers to 
'create the appropriate conditions for adoption'. Yet 
the options for policy and infrastructural change are 
often severely limited. Over the last decade, policy 
makers have widely learned the costs of pan
territorial pricing, price controls at levels above 
those allowing market clearance, infrastructural 
investments with negative returns and market 
subsidies. Many interventions designed to favour 
the small-scale farmer have proven unsustainable. 

While there is scope for policy change favouring 
technology adoption, the strength of these 
commitments must first be built upon a strong 
verification of the value and adoptability of 
proposed technologies. Within this context, it is 
possible to characterize some of the parameters most 
influencing the appropriateness of technology for 
these regions. 

Low cost. Small-scale farmers in semi-arid areas 
have shown ample proclivity to test low cost 
technolOgies such as new seed varieties. While 
many policy makers, and even some breeders, raise 
concerns about the willingness of farmers to pay for 
new seed, such costs are rarely a major constraint in 
areas where seed is of proven value. 

It is difficult to identify technologies offering the 
prospect of such significant changes in crop 
productivity at such a limited cost. Some 
management technologies require limited cash 
investments but substantial investments of 
household labour. Changes in the timing of 
management may not add costs to the system but 
may conflict with farmers' perceptions of the relative 
returns to the allocation of resources to competing 
farm enterprises. The most common example of this 
is the seemingly costless recommendation to plant 
early. Yet draft resources are commonly limited and 
difficult to obtain on a timely basis. Also, early 
planting of one crop competes with time which 
might be allocated to another crop. Further, farmers 
often aim ,to spread the period of planting to offset 
early and mid-season rainfall risks and to distribute 
the labour profile. 

Limited labour demands. Labour bottlenecks often 
represent the greatest constraint to the adoption of 
changes in crop management practices. The returns 
to timely and effective weeding are particularly high 
in environments where water is severely limited. 
Yet weeding is often delayed because of the lack of 
labour. Recognition of this constraint has stimulated 
strong interest in the introduction of herbicides. Yet 
these are commonly too expensive for·· farmers to 
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purchase (they do not meet the low cost criteria) and 
problematic to manage. 

Labour constraints have increased in recent decades 
as more children are sent to school. Children who 
previously were involved in planting and weeding 
are commonly allocating only a small portion of the 
day to these activities. The allocation of time to such 
operations peaks during school holiday periods. 

Limited access to labour for bird scaring is 
commonly cited as a justification for the shift of land 
out of pearl millet and sorghum toward maize. 
Once this shift occurs, it is difficult to build up the 
sorghum and millet hectarages back to levels at 
which the bird damage in any given field are 
negligible. 

Production stability. In semi-arid cropping systems 
subject to food insecurity, higher priority may 
justifiably be attached to efforts to increase levels of 
minimum yields in comparison with efforts to 
maximize average or potential yield. This implies 
the need to test technologies under the low input 
conditions characterizing the operations of small
scale farmers. These analyses need to be matched 
with an understanding of how farmers make 
adoption and resource allocation decisions in risky 
environments. 

In crop breeding programs, special efforts may be 
merited in evaluating cultivar performance under 
the combination of drought and low nutrients. 
While controversy seems to persist regarding the 
probability of cross-over of production functions 
under low input conditions, recommendations must 
allow for the fact that most seed is adopted, at least 
initially, without other changes in crop management. 

Technology testing under circumstances of severe 
water and nutrient constraints cannot be left to the 
verification stage of technology performance. 
Breeding strategies, in particular, need to allow for 
early selection of germplasm under resource limiting 
conditions. Otherwise, germplasm with exceptional 
tolerance to such constraints may be lost. 

Higher probabilities of investment returns. The 
level of returns to technology adoption are based on 
the costs and benefits associated with adoption and 
the 'likelihood of adoption. Technologies are 
commonly recommended for adoption because they 
maximize the possible level of net returns. Yet 
adoption levels remain limited because, for a wide 
range of reasons, these technologies do not fit the 
resource constraints of the semi-arid farm system. In 
order to increase the probability of adoption 
technologies may need to be chosen which maximize 
the likelihood of positive net benefits under the most 
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likely circumstances of adoption. Oftentimes this 
requires the exploitation of second-best options. 

Among cultivars, for example, farmers in semi-arid 
regions have shown a tendency to adopt early 
maturing varieties, though higher average yields 
may be achieved with medium or later maturing 
varieties. Recommendations to plant early are 
commonly ignored because of ploughing constraints 
or concerns about risks. 

Few farmers operating in the semi-arid regions of 
eastern and southern Africa use chemical fertilizer. 
Yet the consistent lack of adoption has had no 
impact on the rates and types of fertilizer suggested 
in extension recommendations. Farmers are advised 
to apply large quantities of farm yard manure on 
their fields - levels rarely available to any individual 
household. Farmers are advised to use insecticide 
when insect problemS are limited and no insecticide 
is available. 

Inappropriate recommendations lead farmers to 
distrust extension workers and lead extension agents 
to become disheartened. In some cases, higher 
returns may be achieved from withdrawing 
extension support altogether and concentrating 
these resources in areas where recommendations are 
useful, than in the standoff inherent in the contrast 
between recommendations and adoption patterns 
now evident. 

Prospects for technological change. Impoverished 
and food insecure small-scale farmers operating in 
semi-arid regions need input efficient technologies. 
They need to maximize the returns to limited labour 
and scarce cash investments. But only limited gains 
are achievable withrlimited inputs. Further, the facts 
of poverty and food insecurity create a need for 
technologies offering the large productivity gains. 
Better targeting of technological improvements may 
improve the prospects for meeting both 
requirements. Relatively smaller productivity gains 
obtainable from cultivar improvements must be 
matched with larger productivity gains made 
possible through improvements in crop 
management. 

Limits of genetic gains. There is ample evidence 
that changes in cultivars will provide only limited 
gains in productivity without corresponding 
changes in crop management. Yet changes in 
cultivars are much simpler to achieve than changes 
in management. Farmers are more likely to change 
their seed than change a management practice. 
Though average incremental returns to seed 
adoption tend to be low, the higher probability of 
adoption justifies investment in crop improvement 
research. 
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The second common advantage of improved 
varieties is that they raise the response to 
management inputs. New maize varieties 
commonly offer higher returns to given levels of 
fertilizer application than landrace materials. 
Hybrids offer higher responsiveness than open
pollinated varieties. Additional gains can be 
obtained through the development of cultivars with 
greater insect and disease resistance. 

As new varieties become available, however, the 
investment equation shifts. Large gains may 
accompany a shift from the production of landrace 
cultivars to the production of improved varieties. 
Smaller gains generally accompany the shift from 
one improved variety to another. Research 
managers must then reassess the relative return to 
continuing investments in crop improvement. In so 
doing, they must compare the costs and returns of 
crop improvement programs offering incremental 
yield gains of 3-5 percent with resource management 
programs offering the possibility of 50 to 100 percent 
yield improvements. 

The largest justification for continuing crop 
improvement investments may be the effort to cope 
with second generation pest and disease problems 
often reinforced by the widespread adoption of 
cultivars with narrow genetic backgrounds. But pest 
and disease problems tend to be more limited in 
semi-arid systems, and changes in crop management 
practices may offer better prospects for limiting pest 
incidence than efforts to identify sources of genetic 
resistance. 

Emphasis on investments in crop breeding may also 
be justified because of a shift in breeding targets as 
new varieties enter the cropping system. Instead of 
seeking incrementally higher yields under 
favourable environmental conditions, breeders, in 
conjunction with plant protection scientists, can 
pursue new targets embodied in a wider range of 
grain and plant traits. 

Farmers have often shown a willingness to trade 
average or maximum potential yield for other grain 
and plant traits. Farmers in semi-arid areas may 
prefer cultivars with greater 'drought tolerance, and 
a higher probability of achieving a given minimum 
yield to supplement or replace a variety offering 
higher average returns. Farmers operating under 
low input conditions may be more interested in 
varieties making more efficient use of limited 
nutrients than varieties offering the prospect of large 
gains with large quantities of chemical fertilizer. 
Farmers have proven their willingness to sacrifice 
yield gains for earlier maturity and improved 
palatability. Tradeoffs may also need ,to be 
considered between grain yield and stover yield, 
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grain hardness and storability, processing ease and 
such traits as late senescence. 

Yet few national breeding programs attach much 
value to traits other than grain yield. Narrowly 
based selection criteria create circumstances in 
which cultivars passing through advanced testing 
are all similar to cultivars already released. There 
appears to be substantial scope for refined targeting 
of varieties toward better defined production niches. 
Geographic Information Systems (GIS) can help 
characterize these production niches. Adoption 
surveys targeted toward the collection of a broader 
range of information on the evolving structure of 
demand for alternative grain and plant traits can 
also assist. 

Resource management improvements. There is 
little question that in most farming systems in 
eastern and southern Africa, particularly semi-arid 
systems, changes ,in crop management offer the 
prospect of substantially higher productivity gains 
than changes in cultivars. This is particularly the 
case as new cultivars offering higher levels of 
response to improved inputs are adopted. 

Renewed efforts are reqUired to improve the 
probability of adoption of changes in crop 
management practices. These should start by 
diagnosing the failures of current extension 
recommendations. Research and extension services 
then need to work together to target the 
development of technologies which are likely to be 
adopted. 

Here again, the concept of second best solutions may 
be useful. This does not mean aiming to give 
farmers limited options. Rather it implies th~ 

provision of options falling within a stricter set of 
well defined operational constraints. If a farmer has 
limited cash to invest in his or her cropping 
enterprises, how is this best allocated. If a farmer 
has $50 to invest in a limited quantity of fertilizer, 
where is he or she best off placing this - in a basal 
application likely to be applied 2-4 weeks after 
emergence or in a nitrogen based top dressing likely 
to be applied later in the season? How should 
extension workers respond to the widespread 
perception of farmers that fertilizer will bum their 
crop when early rains stop? How should they 
respond to the probability that farmers will plant a 
portion of their maize in November, a portion in 
December and a portion in January? Should blanket 
recommendations still apply or should cultivar and 
management practices change for these distinct 
crops? 

Much of the gain inherent in the green revolution 
varieties of wheat and rice resulted from their 
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capacity to make better use of .larger and more 
consistent applications of water and nutrients. The 
green revolution of the future is more likely to be 
built on the provision of improved options for crop 
management under a wider range of resource 
limited conditions. This. will require substantially 
greater sophistication in the diagnosis of resource 
constraints and management options. It will require 
special attention to the problems of longer term 
sustainability of evolving crop systems. 

A critically important tool in this enterprise will be 
crop and crop systems models. These models help 
remind us of important plant-environment 
relationships. But they can also speed the 
experimental process by testing research hypotheses 
before large investments are made in field 
verification. Models improve our capacity to 
develop technologies for environments 
characterized by low and variable rainfall. Larger 
systems models can facilitate testing of hypotheses 
underlying increasingly complex relationships 
between sets of crops, livestock and resource 
parameters. 

Concerns are often raised about the potential costs of 
calibrating crop models. Yet if one measures the 
relative costs and returns of much agronomic 
research in low rainfall zones and the costs of 
continuing recommendations of technologies which 
will never be adopted, the costs of calibration appear 
more reasonable. A more serious constraint, in the 
context of semi-aid farming systems may be the 
inability of most models to cope with complex 
relationships between multiple crops, livestock and 
non-farm enterprises. Each of these enterprises 
competes for limited household and farm resources. 
The efficient allocation of these resources must 
account for the relative costs and returns associated 
with investments in each of these enterprises, both 
as independent units and as components of the 
larger farm system. Further, crop and farm system 
models need greater sophistication in their capacity 
to account for the constraint functions underlying 
household decision making. 

Finally, the advisability of searching for genetic 
solutions to problems more easily solved through 
improvements in crop managemeI\t----' merits 
assessment. Should investments of scarce research 
resources be directed toward improving the nutrient 
use efficiency of new cultivars or toward improving 
the efficiency with which available levels of 
nutrients are applied? Should we be investing in the 
development of more drought tolerant maize 
varieties or in moisture management systems 
assuring more efficient use of available water by 
existing cultivars? The ease with which cultivars are 
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adopted may justify better exploitation of cultivar 
traits. But larger and more immediate gains may be 
achieved by allocating these same resources toward 
improving the probability of management changes. 

Recognize virtues of the system. Assessments of 
options for maize research targeted toward the 
development of technologies suitable for the semi
arid environment must ineVitably account for the 
range of opportunities for achieving a given set of 
research goals. In the long run, income growth and 
food security may best be achieved by expanding job 
opportunities off the farm and moving farm 
households to urban areas. In the short and medium 
term, the largest income gains may be achieved 
through improving the efficiency of livestock 
production. The objective of income and food 
security under conditions of rainfall variability and 
drought may best be achieved through promoting 
sorghum and pearl millet production, possibly for 
sale to the stockfeed industry. Instead of seeking 
greater drought tolerance for maize, we should 
possibly be aiming to improve the efficiency of 
nutrient use in higher or more stable rainfall zones 
which could allow greater productivity and a 
decline in food prices. In the mixed crop-livestock 
system, greater value may be derived from maize 
offering a 10% gain in the quantity or nutritional 
value of stover than maize cultivars offering another 
5% gain in grain yield. Food security may be more 
firmly enhanced by improvements in the storability 
of maize, possibly through cultivars with harder 
grains, than through marginal gains in yield. 

The Consultative Group for International 
Agricultural Research (CGIAR) has encouraged 
consideration of eco-regional perspectives in the 
developme~t of technology to solve eco-regional 
problems. These perspectives encourage the pursuit 
of technology options lying beyond the mandates of 
individual research institutes. They also encourage 
consideration of more systemic solutions. 

Agricultural policy. The structure of policy options 
affecting technology adoption has shifted 
remarkably in eastern and southern Africa during 
the past five years. Most countries have embarked 
on programs of economic structural adjustment. 
Markets have been liberalized. Grain movements 
and grain prices have been decontrolled. Private 
sector grain trade is expanding. Greater competition 
has been allowed in the seed industry. International 
companies have expanded investment in seed trade 
in the region and new private seed companies have 
been established. Fertilizer markets have also been 
.decontrolled and competition in fertilizer trade is 
slowly evolving. 
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Most liberalization strategies have been· aimed 
toward reducing the costs of government 
intervention in the market. In the process, input and 
product price subsidies favoring many small-scale 
farmers have been removed. Liberalization 
strategies are backed by the assumption that private 
sector markets will quickly replace the public sector 
and will provide low cost and more efficient market 
services. In practice, however, private sector 
investment has been heaviest in higher rainfall areas 
and in the trade of cash crops. Market infrastructure 
withdrawn from outlying semi-arid areas has not 
been replaced. Both producers and consumers in 
these zones often benefitted from the highest levels 
of price and infrastructural subsidies per kilogram of 
grain produced or consumed. Many of these farm 
households now face lower prices for their surplus 
grain and higher prices for food when local grain 
supplies run out. Low and variable trade flows 
constrain private investment in strengthening these 
market links and reinforce high market transaction 
costs. As a consequence, many semi-arid areas may 
be worse off under market liberalization. 

Efforts simply to deregulate the agricultural sector 
under structural adjustment programs need to be 
supplemented by policies targeting support for 
investments required to raise farm productivity. 
Narrow targeting around particular hypothesized 
productivity gains still offers the prospects of high 
payoffs to public investment. 

Public involvement in the distribution of improved 
seed varieties, often in the context of drought relief 
programs, has had a particularly significant impact 
on technology change. These are often one-time 
investments derived from the assumption that 
farmers eat their seed during years of drought. 
While the assumption is open to question, the value 
of the investment is clear. Public involvement in the 
distribution of improved seed, speeds adoption. 
Insofar as the new varieties offer yield gains, the 
returns on this investment can be extremely high. 

One of the major constraints to the impact of 
breeding programs producing open pollinated 
varieties is the limited incentive of' private sector 
firms to invest in seed multiplication. One of the 
greatest fears of the private sector is to be left with 
unsalable seed stocks after the first year" of 
distribution. Periodic government support for such 
seed sales, possibly in the form of investment 
guarantees, may offset this constraint. In addition, 
governments can encourage . collabora~ve 

partnerships between research agencIes producmg 
breeders seed, seed companies and non
governmental organizations interested. in 
multiplying and distributing these seed m the 
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context of location-specific development projects. 
Farmers also may benefit from specialized assistance 
with seed selection and storage advice. . 

Government subsidies historically encouraged the 
broader adoption and use of chemical fertilizer. 
While the size and distribution of the benefits of 
these subsidies merit question, strong justifications 
remain for encouraging more efficient fertilizer use. 
Fertilizer imports could be taxed to support surveys 
of nutrient constraints and the better targeting of 
future imports. Policies faVOUring the sale of smaller 
units of fertilizer have proven successful in some 
countries. Funds allocated to fertilizer distribution 
under drought relief programs could be better used 
to develop minimum recommendations for 
households with severe cash constraints and 
improve distribution channels for these nutrients. 

Accountability for technological change. As 
research funding levels decline, the need for 
accountability for past and future research 
investments increases. Initially, there is a need for 
analyses of the returns to past investments. Known 
successes need documentation to justify continuing 
investments of funding. Though the relationship of 
particular successes (e.g. hybrid maize) and the rates 
of return for research overall are not always clear, 
there are many examples of high returns to well 
targeted research. These serve to highlight the past 
and potential contributions of agricultural research. 

A second form of impact assessment is the diagnosis 
of why some research projects are less successful. 
This most often involves assessment of constraints to 
the adoption of released technologies, because these 
technologies are assumed to be appropriate. Yet this 
is a narrow viewpoint from which to diagnose 
constraints. Greater gains can be achieved by 
incorporating a monitoring mechanism into the 
research process itself. In semi-arid environments, 
in particular, care must be taken to assure the proper 
research questions are being asked. While low levels 
of adoption can be readily blamed on poor prices or 
marketing problems, greater efforts are also needed 
to assure technology options fit within some of the 
constraints characterizing this system. The 
consideration of a wider range of options must start 
with a clarification of research targets, hypotheses 
and probabilities of success. These can then be built 
into the planning and implementation process. 

Finally, scientists n~d to be held more firmly 
accountable for technology adoption. Efforts to 
develop and release new cultivars must be linked 
with efforts to multiply breeders seed and encourage 
commercial distribution. Scientists must be held at 
least partly accountable for the lack of adoption of 
crop management recommendations and for the 
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failure to update these recommendations in the 
context of large changes in input-product price 
ratios. Periodically, scientists should be challenged 
to verify the performance of their best available 
technologies on the fields of small-scale farmers 
under their limited resource conditions. Scientists 
should correspondingly be encouraged to work with 
input suppliers, extension agents and non
governmental organizations to promote technology 
adoption and reassess the evolving need for new 
technology. 

Concluding comment. Productivity gains are 
particularly difficult to achieve in semi-arid regions. 
Returns to research investments tend, 
correspondingly, to be higher in the higher rainfall 
zones. But the costs of failing to develop improved 
technologies suited to these farming areas remain 
high. Following the 1991/92 drought in southern 
Africa, over US$1 billion was spent importing grain. 
Yet this was only a part of the costs of dislocation 
caused by inadequate food supplies. Many eastern 
and southern African countries maintain drought 
relief programs in one or another part of their 
country virtually every year. Population levels in 
semi-arid areas continue to rise threatening the 
balance of the semi-arid agro-ecolo'gy with 
overgrazing and soil degradation. Yet employment 
opportunities necessary to absorb this labour force 
elsewhere in the economy are decIining. 

Further investments in technology development 
targeted toward semi-arid regions are essential, 
including investments in maize research. Yet given 
the difficulties of this environment and limitations in 
research resources we must continually reassess our 
progress toward a set of well defined technology 
outputs and periodically reevaluate our targets. 
Genetic gains must be reinforced by improvements 
in resource management. Measures of average yield 
gains need to be complemented by measures of yield 
stability and the value of a wider range of grain and 
plant traits. Greater sophistication is required in 
modeling farm management options and the 
constraints underlying resource allocation decisions. 
We need to be better prepared to pursue an evolving 
set of targets influenced by past patterns of 
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technological change, shifting price ratios and 
increasingly demands placed on shrinking farm 
resources. 
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ABSTRACf� 

The establishment of the Crop Management Research Training (CMRT) Project (by KARl, Egerton 
University and CIMMYT) is described, together with the facilities for training avail~ble with the 
project. Both on-farm and on-station experiments have been conducted by CM~T participants as part 
of the in-service, hands-on training in CMR in Kenya. There is som~ emphasIs on wee~ control an.d 
soil fertility experiments. The manner in which these tield trials tit Into the overall training cycle IS 
discussed. 

The Crop Management Research Training (CMRT) 
Project is a collaborative venture among The Kenya 
Agricultural Research Institute (KARl), Egerton 
University (EU) and The International Maize and 
Wheat Improvement Center (CIMMYT). From the 
viewpoint of the three partners, the Consultative 
Group on International Agricultural Research 
(CGIAR) and the donors, it is a devolution (or 
decentralization) of the CMR training as conducted 
at CIMMYf headquarters for more than two 
decades (Bell, et ai., 1993). The CMRT project at 
Egerton was the first effort in devolution of 
CIMMYf's training courses to a regional centre, 
involving as it does an International Agricultural 
Research Centre (IARC), a national agricultural 
research institute and an institution of higher 
learning. Initially, the three partners each provided 
two trainers for the project. One of the CIMMYf 
trainers serves as the Project Coordinator and one of 
the KARl or EU staff is the Course Coordinator. The 
original two KARl and two EU staff spent eight 
months at CIMMYf Mexico in 1990, first 
participating in the entry level CMRT course and 
then attended and assisted in instruction of an 
advanced CMRT course. The first CMRT course in 
Kenya was conducted from March to August 1991 
and the fourth course has been in session for about 6 
weeks at the time of this regional conference. The 64 
graduates of the three CMRT courses (1991/2/3) 
originated from a total of 11 countries of sub
Saharan Africa and included 11 women (CMRT, 
1993). 

The core tr~ining team of six trainers (presently 
five), is supplemented with 15-20 short-term visiting 
trainers from KARl and other NARS, from Egerton 
University and other universities and from 
CIMMYf, CIAT, other IARCs and other 
international institutions in the region. This 
augments the disciplines, skills and experience of the 
core training team, prOVides variety in the classroom 
and allows a broader range of topics to be covered 
than would otherwise be the case. It also permits the 

project to tap information available from researchers 
at the cutting edge in many research topics. 

Funding for the first two courses was largely 
through CIMMYf from the Canadian International 
Development Agency (CIDA) under the Eastern 
Africa Cereals Program (EACP) and from the United 
States Agency for International Development 
(USAID-REDSO/ESA) under the Farming Systems 
Research Project for Eastern and Southern Africa. 
USAID then provided one-year of support directly 
to the CMRT Project. CIDA's support is continuing 
at least through 1995. Additionally support for 
CMRT participants is received from various donors 
through other projects in the region including funds 
through the CIAT Regional Bean Programme for 
Eastern and Southern Africa, and various donor
assisted projects with National Agricultural 
Research Systems (NARS). A building has recently 
been completed on the Egerton University campus 
for the CMRT Project with USAID (Ke~ya) and 
Government of Kenya funding. Tendering is in 
process for furnishing the building with USAID 
funds. The building includes 60 self-contained 
study-bedrooms, classrooms, library, PC laboratory, 
offices, stores, recreational facilities etc., for the 
project. Catering is provided by the Agricultural 
Resources Centre (ARC) within the Division of 
Research and Extension of EU. The university also 
provides access to a field laboratory, store and 
experiment station land. 

A major reason for devolution of the CMR training 
from CIMMYf headquarters to a location in Africa 
was to make the training more directly applicable to 
African conditions and to better sensitize the 
participants to farmer circumstances in Africa, 
including the impo~ce of gender issues. 

The CIMMYf training philosophy has always been 
"hands-on· learning-by-doingll so the CMRT 
curriculum devotes 50% 6f the training to crop 
management research activities in the field. This 
fieldwork is carried out on maize and beans because 
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of their importance in maize-based cropping systems 
in sub-Saharan Africa both as monocrops and 
intercropped. Emphasis is placed on research for 
smallholder (resource poor) farmers (Shiluli and 
Palmer, 1994). • 

The classwork portion of the curriculum has the 
following components: 

•� Research Methods, including Diagnostic 
Methods 

•� Field Plot Technique 

•� Crop Production, including Crop Eco-
Physiology 

•� Multiple Cropping/Minimum Tillage 

•� Soils, Fertilizers and Crop Nutrition 

•� Crop Protection 

•� Seed Production, Processing, Marketing, Quality 
Control, etc. 

•� Economic Analysis 

•� Use of Microcomputers. 

A farmer-focus is maintained in the classroom and 
in the field. In such a short course of 6 months 
duration, important topics are highlighted in the 
agronomic subject matter. Because the participants' 
backgrounds are often weak in areas such as 
statistics and experimental design, data 
interpretation, diagnostic techniques and economic 
analysis, extra emphasis is put on those areas of the 
course. Most of the experimental work is carried out 
on-farm with smallholder farmers in a mid-altitude 
location. The Egerton University campus is located 
just south of the equator but at 2,240masl elevation, 
so the growing season for maize is too long to be 
accommodated in a six-month course. 

In the on-farm research activities, the participants 
carry out a set of experiments clustered with farmers 
representative of a target group of farmers 
(recommendation domain). The factors in the 
experiments are designed to cover as many variables 
as possible such as' variety, tillage, nitrogen, 
phosphorus, weed control, pest control, plant 
population, date of planting, intercropping, etc. 
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Because there is a high level of concern about 
declining soil fertility in much of sub-Saharan 
Africa, we carry out many experiments on soil 
fertility and fertilizers and look for innovative ways 
of maintaining soil fertility under continuous 
cropping. Weeds are also a serious constraint to 
crop production in Africa and weed control features 
as a variable in some of our experiments. 

Because the project is just three years old, because 
our major emphasis is on training the participants, 
and because we have shifted our on farm research to 
a new location in western Kenya in 1994 from the 
previous location in Embu District due to three years 
of drought in Embu, we do not have as much 
research data as we anticipated. However, I wish to 
share a few of our conclusions from the information 
generated by the CMRT participants over the past 
three years. 

In general with maize, we have foq,nd many more 
responses to nitrogen than phosphorus both in the 
highlands and the mid-altitude areas in which we 
have worked. Phaseolus beans are apparently 
inefficient nitrogen fixers and show good responses 
to nitrogen. Most of our trials with Rhizobium 
inoculation have not shown significant 
improvements in yield. However, one experiinent in 
the highlands in 1993 did show a significant effect 
from inoculation. There may be a problem of 
choosing the correct strain of Rhizobium but we 
sought the best advice and strains available. 
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Question to Maxwell Mudhara 

H.Ssa1i: 
What reasons were given by farmers for the 
extended planting window? What are the reasons 
for low manure use? Is it availabilty, labour 
constraints, or other factors? 

Response: 
Fanners plant over a long time to avoid risk. They do not 
want to put all their eggs in one basket. Therefore part of 
the pattern is intentional and planned in advance. The 
rest depends on the distribution ofrainfall in agiven 
season. Manure is in short supply, but also fanners are 
unwilling to use it on some soil types. Farmers said that 
they only apply manure to sandy soils. 

A. Runge-Metzger:� 
In order to assess the degree of monocropping the� 
following scheme would be easier to understand and� 
provide more information:� 
Rotation: Maize - Maize - Other; Other-Maize-Other;� 
Other-Maize-Maize; Maize-Maize-Maize� 

Response: 
This is correct. It has been done for the project report. At 
this conference a more restricted approach was taken just 
to highlight the existence ofcontinuous maize cropping 
over three seasons. 

Question to Phillip Thornton 

D. Sperling: 
Your classification of season types may need 
adjustment for different types of climate. For 
example, maritime weather systems may need 
something slightly different from criteria based on 
actual and potential evapotranspiration. 

Response: 
I agree. The criteria we used seemed to workfairly well 
for the mid-altitude site in Malawi. Total season length 
as calculated agreed fairly well with the FAOagroclimatic 
clasification of that area of the Kasungu Plain. The 
criteria may well require changing as we try to apply 
them to other regions ofMalawi. 

Questions to David Rohrbach 

L. Empig: 
You hint that plant breeders are probably a 
hindrance to development of stable varieties in the 
semi-arid areas. I agree, breeders have to find out 
whether the use of 80 -120 kg N ha-1, irrigation, 
ideal planting dates etc., contributes to yield 
stability. Also, research administrators in NARS 
have the idea that their breeders have to compete 
against hybrid breeders from private companies. 

Response: 
I believe breeders may need to pay more attention to traits 
such as yield stability, maturity period, stover yield and 
palatabilty. Data analysis and selection criteria should 
not simply emphaSize mean yields. 

J. DeVries: 
You have done an admirable job of covering a wide 
range of constraints. You and others mentioned the 
likelihood of current fertilizer recommendations 
being too high, yet you also stated that most farmers 
are not follOWing recommendations anyway, 
introducing the pOSSibility that many farmers are 
already applying low rates of fertilizer. Could you 
consider for us here the possibility that fertilizer at 
any rate may be too expensive for smallholders and 
what can we as researchers do about this. 

Response: 
Most fanners already apply small quantities of manure. 
Thus, they know the importance ofinproving soil fertility. 
Most are less knowledgeable about chemical fertilizer. The 
only advice they receive is to apply rates they cannot 
afford. Perhaps we can work with fanners to develop 
recommendations for chemical.fertilizer use which they 
can afford and are willing to risk. These may be I second 
best' solutions, sub-optimal from an economic point of 
view, but optimal in the context of the fanners' budget 
constraints and risk preferences. 

P. Setimela:� 
Many technology recommendations have been� 
made, but there is still a technology gap between� 
farmers and researchers. Who is to blame,� 
researchers, farmers or extension workers?� 

Response: 
I consider researchers and extension workers most to 
blame. Research scientists should hold themselves more 
accountable for the adoptability and adoption of the 
technologies they ~lop. Extension workers should 
diagnose the failures ofadoption and work with research 
scientists to revise technology recommendations. 

Question to Fred Palmer 

J. DeVries: 
Often, development agencies employ agronomists 
both as technicians and managers. Programme 
supervisors are reluctant to lose their managers for 
six-month long stretches. Would it be possible to 
offer a shorter, say 3-omonth course which focused on 
the most applied aspects of your 6 month course? 

Response:� 
Most certainly we will not restrict ourselves to the 6�
month course. I would welcome suggestions for other� 
shorter courses with a restricted curriculum. We welcome� 
suggestions for the type ofcourses needed by NGOs, etc.� 
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