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GLOSSARY OF TECHNICAL AND CHICHEWA TERMS� 

chimanga cha boma 

chimanga cha makolo 

combining ability 

composite 

conventional hybrid 

cultivar 

dent 

dimba 

double-cross 

flint 

ganyu 
hybrid 

inbred lines 

landrace 

local maize 

maintenance breeding 

Maize seed introduced by the extension system; lit. "maize of the 

government." 

Flinty white open-pollinated varieties (see below) retained by farmers; lit. 

"maize of the ancestors." 

Ability to produce desirable progeny. 

Improved open-pollinated variety (see below) developed from the genetic 

combination of a wider range of plants than is usually the case for 

synthetics (see below). 

Hybrid obtained by crossing inbred lines (see below). Single-cross 

hybrids, double-crosses, and three-way crosses are all conventional 

hybrids. 

Cultivated variety. In this report, the term encompasses both modem 

cultivars (hybrids and improved open-pollinated varieties) and traditional 

cultivars (unimproved open-pollinated varieties). 

A kind of grain texture, defined according to the proportion of hard starch 

in the maize kernel. Dent grain has a lower proportion of hard starch in 

the kernel. 

Depression that retains moisture from the rainy season, sometimes 

sufficient to permit crop production. 

Hybrid produced by crossing two single-cross hybrids. 

A kind of grain texture, defined according to the proportion of hard starch 

in the maize kernel. Flint grain has a higher proportion of hard starch in 

the kernel. 

Work on another farm in exchange for food or cash. 

Maize developed through carefully controlled pollination. Hybrids are 

produced by selectively crossing genetically diverse maize varieties or 

inbred lines (see below). Yields of hybrids deteriorate when the plants are 

allowed to pollinate randomly; for this reason it is recommended that 

farmers replace seed of maize hybrids each year. 

Genetically uniform plants developed through self-pollination 

(inbreeding). 

A cultivated form of a crop species, which has evolved over generations of 

selection by farmers. 

Farmers' varieties that are not direct products of the research system. Also 

referred to as "unimproved" maize, although local maize also includes 

improved materials introduced in the past and retained by farmers. 

Maintaining the genetic integrity of breeding materials and yield levels in 

new releases. 
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mgaiwa 

nkhokwe 

nonconventional hybrid 

nsima 

open-pollinated variety 

outcrossing 

population 

single-cross 

synthetic 

top-cross 

ufa woyera 

Whole-grain maize flour. 

A raised, cylindrical structure woven from grass, of varying height and 

circumference, with a removable thatched roof, used to store maize. The 

most common way of storing maize on the farm. 

A hybrid that has at least one parent that is not an inbred. The other 

parent (or parent~) may be non-inbreds or inbreds. Nonconventional 

hybrids typically exhibit less hybrid vigor than conventional hybrids. 

A stiff maize porridge consumed with sauces/relishes prepared from 

meat, legumes, or vegetables. 

Maize that produces seed through random pollinating of silking plants by 

pollen from the tassels of other plants. Open-pollinated varieties (OPVs) 

can be local materials (including landraces) whose seed is saved and 

traded by farmers, or they can be improved seed developed through 

synthetic or composite breeding strategies. Because of outcrossing, yields 

of improved OPVs can decline slowly over time, though not as rapidly as 

yields of hybrids. Farmers can save the grain of improved OPVs for 

several seasons before they need to purchase replacement seed. 

Outcrossing occurs when the male parent and female parent of any seed 

are different plants, not the same plant. 

A collection of individual plants that can potentially mate with each other. 

The genetic characteristics of a population can be described statistically. 

Hybrid derived from inbred lines crossed for the first time. 

Improved open-pollinated variety developed from allowing inbred lines 

to combine under open-pollinated conditions. Resulting varieties have a 

relatively narrow genetic base. 

Hybrid for which at least one parent, usually the male, is an inbred line, 

and the other is a variety. 

Fine, white maize flour obtained after several stages of processing by 

hand. The stages typically include shelling, pounding, winnowing, 

soaking for fermentation, washing, drying, pounding or milling, and 

sieving. 
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PREFACE� 

Widening food deficits in Aftica have 

been a growing concern and 

challenge since the early 1980s. 

Maize, which with cassava is the most important 

source of human calories in sub-Saharan Africa, 

will undoubtedly playa major part in solving 

Africa's food crisis, particularly in countries of 

Southern and Eastern Africa, where maize is the 

dominant staple. Yet evidence of changes in 

maize productivity remains inconclusive, even 

though research successes and the diffusion of 

new maize technology (seed, fertilizer, and/or 

cultural practices) have been demonstrated in 

numerous countries. 

The International Maize and Wheat 

Improvement Center (CIMMYT), in 

collaboration with national maize research 

programs in Eastern and Southern Africa, strives 

to contribute to the solution of Africa's food 

problems. The primary tool has been maize 

improvement research, but crop and natural 

resource management, as well as social science 

research, are also important parts of CIMMYT's 

research strategy. CIMMYT Economics Program 

activities in Africa have historically focused on 

training in methodology for understanding 

farmers' circumstances. Economics Program 

research in Eastern and Southern Africa has also 

concentrated on diagnosis for setting research 

priorities and analysis of technology adoption 

patterns among small-scale farmers. 

From 1987 through 1993, CIMMYT maintained a 

regional office for Southern Africa in Lilongwe, 

Malawi, staffed by an economist. The main 

activities of this regional program were 

provision of training in on-farm research 

techniques, evaluation of on-farm trials, and 

policy analysis; the study of technological 

change in maize production in the region, with 

emphasis on Malawi; and the economic analysis 

of both breeding strategies and crop 

management research in maize. From 1989 

through 1993, a research associate directed the 

two major surveys noted below and initiated a 

study of the historical context of maize research 

in Malawi. 

The research described in this report - financed 

by the Rockefeller Foundation, the U.S. Agency 

for International Development, and CIMMYT 

core funds from multiple donors - was 

designed to increase our understanding of the 

potential for technological change in Malawi's 

maize production. Several major factors were 

analyzed: the importance of maize in Malawi's 

agricultural economy; the historical and social 

context of maize production in Malawi; the past 

and present scope of maize research in the 

country; the potential yield gains from new 

technology; the patterns of adoption to the 

present; and important future issues in maize 

research and related agricultural policy. 

Four basic activities were implemented. Two 

involved detailed field work with Malawian 

farmers. The first was a multiple-visit, two

season Maize Variety and Technology Adoption 

Survey, conducted in 1989-90 and 1990-91 in 

collaboration with the Malawi Ministry of 

Agriculture in their Annual Survey of 

Agriculture. The second was a survey, in the 

1991-92 season, of farmers' opinions regarding 

earlier and recent maize cultivar releases. 

The third research activity was an analysis of 

historical data on farmers' use of various maize 

production practices in Malawi, focusing 

particularly on improved seed and fertilizer but 
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also reviewing other practices. Information was 

gathered primarily from National Sample 
Surveys of Agriculture, various Annual Surveys 
of Agriculture, and the Maize Variety and 

Technology Adoption Survey, but other sources 
also provided valuable information. The 
additional secondary information analyzed in 

preparing this report was primarily related to 
the historical context of maize research, current 

research emphases, and trial results, but data on 

aggregate production, price, and policy trends 
were also consulted. 

The results are sobering. Farmers' agricultural 
practices have intensified over the years, and 

more recently seed-fertilizer technology that is 
appropriate for smallholders as well as 

commercial growers has been adopted more 
widely. Improved maize cultivars, in this case 
both conventional and non-conventional 
hybrids, now account for about half of Malawi's 

maize production. Yet aggregate yields remain 

low in what is obviously a land-scarce economy. 

Maize research must clearly remain a top 
priority within a research system severely 
constrained for funds. Increasing attention m1,lst 

be paid to providing the necessary plant 
nutrients from both external and internal 
sources. Policy and institutional reform must 

concentrate on smallholder agricultural 

development. 

This report will be particularly useful to 
designers of Malawi's agricultural research 

strategy, but it should also be important for 
students of Malawi's agricultural economy in 
general. Furthermore, the lessons learned and 

the questions generated go beyond Malawi's 
boundaries, and they can be reviewed with 
benefit by all those interested in accelerating 

staple food crop production in Africa. 

P.R. Rowe 

Deputy Director General of Research 
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EXECU"nVE SUMMARY.....� ILlill 

Tere is great potential for technological 

change in Malawi's maize production. 

Malawi's agroclimate, its high labor to 

land ratio, the economic and cultural significance 

of maize, and the potential yield advantages of 

improved maize over landraces are some of the 

major factors that favor yield-increasing 

technical change in maize. A history of 

intensification through new management 

practices, the relatively long experience of 

fertilizer use by smallholders, and farmers' 

response to the recent release of high-yielding 

maize hybrids that are suitable for both 

commercial and subsistence production are signs 

that technological change is occurring. Yet these 

actions have not led to the aggregate yield 

increases necessary to sustain Malawi's growing 

population. By some indicators of input use in 

maize and of maize yields, Malawi lags behind 

other Southern and Eastern African countries. 

This report attempts to untangle some of the 

historical, technical, and economic reasons for 

this disparity, while demonstrating the need for 

technological change in Malawi's maize 

production. The question that motivated the 

research summarized in this report is whether, in 

Malawi, the diffusion of improved germplasm 

and fertilizer will create the sharp aggregate 

yield gains commonly associated with "green 

revolutions." 

Maize in Malawi's 
Agricultural Economy 
Malawi's predominantly rural population relies 

directly on agriculture for income. Maize 

dominates smallholder agriculture, and the 

national maize crop is produced by 

smallholders. Maize constitutes a higher 

percentage of calories in the human diet in 

Malawi than in any other nation in the world. 

Despite the characterization of Malawi as "land 

scarce," most of the increase in maize output 

over the past 30 years has in fact resulted from 

an expansion in cultivated area. Although the 

expansion of cropped area, combined with 

intensification, was sufficient to keep pace with 

the demands of a growing human population up 

through the 1960s, this is no longer the case. 

From 1968, per capita production of maize 

declined in Malawi. There is now little doubt 

that the increased maize production required to 

feed Malawi's people in the future must be 

obtained almost entirely through yield increases 

rather than expansion in cultivated area. Per 

capita income also declined over much of the 

1980s. Since maize productivity has not kept 

pace with population growth, the staple food has 

become costlier and welfare has declined. Higher 

maize yields may therefore be necessary not only 

to stabilize per capita consumption but to 

stabilize income. 

The Historical and Social Context 
of Maize Production in Malawi 
A major objective of farm households in Malawi 

is to produce enough maize to satisfy annual 

subsistence needs. Yields of "local"* varieties in 

farmers' fields, fertilized and unfertilized, 

average about 1 t/ha. The typical family of five 

must plant more than one hectare of these 

varieties to meet annual subsistence 

requirements, yet more than two-thirds of 

Malawi's farmers cultivate less than one hectare. 

Farmers who are chronically short of maize also 

consume their seed supplies. Local maize 

*� Increasingly, in Malawi the term "local" means only that 
the seed source is controlled by local farmers. Often what 
Malawian farmers refer to as "maize of the ancestors" has 
been purchased on the market as food grain or acquired 
through labor exchange with other farmers. 
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traditionally has a flint grain texture, highly 

valued by Malawian smallholders because flinty 

grain has a higher flour-to-grain extraction rate 

than dent maize in the production of refined 

white flour on the farm. The principal 

disadvantages of local maize are its tall plants, 

long growing season, low grain-to-stover ratio, 

and relatively low yield, even when fertilizer is 

used. 

Maize Research in Malawi, 
Past and Present 
Until recently, the effective demand for research 

directed at developing improved maize seed has 

been limited in Malawi. Malawi never 

developed a community of settler farmers with 

the political clout to ensure that a public research 

system was established to develop high-yielding 

maize varieties. The real client group for maize 

research, Malawi's smallholder farmers, was not 

unified or powerful enough to influence research 

directions. Maize research has also been 

circumscribed by the development models the 

colonial and independent governments of 

Malawi pursued. 

Problematic characteristics of maize research 

from the late 1940s through the late 1980s 

include: 

•� Agricultural policy in general and 

agricultural research policy in particular were 

often reactive. 

•� Changes in research organization affected the 

way in which different components of maize 

research were conceived and conducted. 

•� Researchers' perceptions of the 

representativeness of research on experiment 

stations and the need for conducting trials on 

farmers' fields have also fluctuated over time. 

•� The relative importance of labor and land 

constraints, and how this varied over time 

and space, was not always well understood. 

Recently, to address the needs of Malawi's 

smallholders who consume the maize they 

produce, the national maize breeding program 

released high-yielding maize hybrids with a 

semi-flint grain texture. In fact, most of the elite 

inbred lines developed in the past seven years 

have been flint or semi-flint types. Maize 

breeding continues to emphasize maintenance, 

improvement, and manipulation of genetic 

material to produce higher yielding white maize 

with good disease resistance, particularly to leaf 

blights, rusts, and maize streak virus. Yield 

potential, yield stability, good agronomic 

characteristics (such as standability and lower 

plant height), and shorter maturity also remain 

important breeding objectives. 

Crop management research has also focused on 

yield-increasing technology. Soil fertility 

management, maintenance, and improvement 

have become the main elements of crop 

management research. Fertilizer use efficiency, 

regional differences in the importance of 

phosphate and trace elements, and studies of 

organic matter status and nutrient recycling are 

key components. Maize researchers increasingly 

recognize the importance of interactions between 

other crop management practices, such as 

weeding and plant population, with soil fertility 

management. Increasingly, researchers also 

recognize the need for more sophisticated 

extension recommendations and broader 

understanding of research findings by policy 

makers. 

Yield Gains from 
Changes in Technology 
The finding that represents the most radical 

departure from the general preconceptions 

found in the literature about the use of high

yielding varieties is that even with low to zero 

levels of nitrogen and under modest 
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management levels, and often in a year of 

moisture stress, the maize hybrids currently 

grown in Malawi yield more than the local 

maize. There is also no perceptible .yield 

difference between Malawi's leading dent and 

semi-flint hybrids, so that yield objectives have 

not been sacrificed in achieving a grain texture 

more attractive to smallholders. 

Partial budget analysis of demonstration data 

also indicates that under most assumptions (e.g., 

for most types of farmers), the yield advantages 

of using hybrid seed and fertilizer translate into 

economic advantages. Input-output price ratios 

and the type of growing season appear to be 

more decisive factors than farmer aversion to risk 

in determining which technology choices (which 

type of seed and level of fertilizer) are 

economically optimal for which type of farmer. 

Adoption of Seed-Fertilizer Technology 
Farmers are widely adopting seed-fertilizer 

technology across zones, farm types, and farm 

size classes, although the sharp curtailment in its 

use following credit system problems in 1993/94 

underscores the importance of institutional 

factors in sustaining adoption patterns. 

Seed - The diffusion of improved maize seed 

was sluggish during the mid-1980s, but this 

decline was a small downward movement in a 

generally upward trend that increased sharply in 

the late 1980s. The rise in adoption rates for dent 

hybrids in the late 1980s demonstrates that grain 

texture is not the only factor influencing adoption 

and underscores the importance of seed supply 

in diffusion patterns. The importance of grain 

texture, however, is demonstrated by the fact that 

two years after their release, the area under the 

new semi-flint hybrids was already greater than 

total hybrid maize area during the mid-1980s. 

Despite recent fluctuations in use of hybrid seed 

and fertilizer, hybrid maize has nonetheless 

accounted for about half of the total maize 

output retained and marketed. 

Fertilizer - Fertilizer adoption has generally 

preceded the adoption of hybrid maize. Fertilizer 

sales to smallholders began to rise in the mid

1970s, and smallholders' use of fertilizer on 

maize grew rapidly before the sharp reduction in 

1993/94, following credit system problems. 

Although seasonal production credit had been a 

major source of funds for farmers to purchase 

fertilizer before 1993/94, a significant amount of 

fertilizer had also been purchased with cash. 

Evidence suggests that from 1985/86 to 1990/91 

more than half of the increase in aggregate 

nitrogen consumption by smallholders was 

caused by expansion in the area of local maize 

receiving fertilizer. Favorable price ratios, 

farmers' greater experience using fertilizer, and 

declining levels of natural soil fertility are likely 

to have driven the increase in fertilizer use in the 

1980s. In the 1990s, continued expansion of the 

area planted to hybrid maize probably played a 

larger role in increased fertilizer use than in the 

late 1980s. 

Other practices - Differences in cultural 

practices for maize in Malawi seem to be 

associated clearly with farmers' choice of maize 

variety, fertilizer use, or both. These differences 

generally imply that when farmers intensify 

maize production by using high-yielding hybrids 

or inorganic fertilizer, they also increase 

management levels by planting and weeding in a 

more timely fashion, achieving higher plant 

densities, or planting after a rotation crop. 

Potential Increases in Maize Yields 
from the Spread of New Technology 
Over 12 years, excluding the 1991/92 drought 

year, aggregate national yields of local maize 

grown by smallholders ranged from 0.7 to 1.1 
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t/ha and averaged about 1.0 t/ha; yields of 

hybrid maize grown by smallholders had a mean 

of about 2.8 t/ha and ranged between 2.2 and 3.1 

t/ha. Sample surveys indicate that average 

aggregate yields for unfertilized local maize are 

probably about 0.9 t/ha, and average aggregate 

yields for fertilized local maize (at roughly 30-40 

kg/ha N) are about 1.3-1.4 t/ha. 

Projections calculated here indicate that, even if a 

large proportion of farmers in Malawi adopted 

high-yielding maize seed, maize production 

gains would continue to lag behind population 

growth and per capita maize availability would 

decline further. Thus a change in variety alone 

cannot accomplish the longer term objective of 

increasing (or even maintaining) per capita 

maize availability. If some local maize and a 

substantial proportion of hybrid maize is 

fertilized, and a large proportion of farmers 

adopt hybrid maize, the projection suggests that 

yield gains could significantly alter the 

immediate prospects of national food deficits. 

Even so, given current population growth rates, 

imports would soon be required to maintain 

desired caloric consumption levels, and further 

technological advances in maize production 

would become necessary as well. Further, as the 

new seed spreads to less favored areas or less 

experienced farmers, or as fertilizer application 

rates for hybrid maize fall to more economically 

optimal levels, aggregate hybrid maize yields 

may decline from current levels. 

On the other hand, the hybrids released by the 

research system will continue to improve over 

time, raising yield potential and improving yield 

stability. Important management changes, such 

as greater precision in fertilizer use, could 

substantially improve the performance of seed

fertilizer technology on farmers' fields. 

Complementary organic sources of nutrients 

(green manuring, intercropping with legumes) 

may also improve efficiency and maintain yields 

under lower levels of nutrients from inorganic 

sources than currently recommended. 

Future Directions for Maize Research 
Although maize research by the private sector 

will become increasingly important in the region, 

the principal source of research funds in Malawi 

continues to be public and the clients for maize 

research are smallholders who lack the means to 

fund maize research. Moreover, public sector 

research at both the national and international 

levels is likely to remain crucial to solving 

problems for which the expected payoffs are 

especially risky, either because these problems 

affect marginal farmers or marginal areas, or 

because they involve a substantial component of 

basic research. Rather than view public and 

private sector research as competitive, it is more 

fruitful to search for well-defined ways in which 

collaboration can occur, and ask which form of 

institution (public, private; national, 

international) would best deliver which type of 

product (maize hybrids, open-pollinated 

varieties; seed, fertilizer, management practices) 

at which point in the maize research and 

extension system. 

Maize breeding - Continued research on semi

flint hybrids is important to scientists and 

farmers. There continues to be a strong need to 

achieve further yield gains through breeding. 

Population improvement also remains important 

as a source of material for the hybrid maize 

breeding program, even though the current 

organization of seed production and distribution 

is not conducive for the diffusion of open

pollinated varieties (OPVs). As part of the effort 

to relieve soil fertility and management 

constraints to productivity, certain acute 

agronomic constraints may be addressed through 

breeding as well as crop management research. 

xvi 



Crop management-Soil fertility is likely to 

remain the most crucial area for crop 

management research. Avenues that should be 

pursued include: (1) improving the efficiency of 

nutrient use, and particularly of nitrogen; 

(2) determining optimal nutrient balances; 

(3) assessing the contributions of organic 

methods to nutrient-use efficiency; and (4) long

term soil fertility issues. A number of other crop 

management research topics, such as weed 

management and planting density, analysis of 

the agroecological and socioeconomic context of 

intercropping, the control of the parasitic weed 

Striga, and management of maize grown on 

dimba land, merit attention. Periodic monitoring 

and diagnostic work, with contributions from 

social scientists, remain important. 

Social science-Social scientists must continue 

to monitor the diffusion of, and farmers' 

experiences with, new seed types as well as 

fertilizer recommendations and other crop 

management techniques. Social science research 

is also necessary for understanding the 

implications of changing institutional balances 

among public sector agricultural research, the 

commercial private sector, and NGOs, as well as 

potential long-term changes in relevant price 

ratios. How the evolving farm size structure, and 

particularly the structure of the estate sector, 

affects the diffusion of new techniques is an 

important research question. The relative 

performance of improved OPVs and maize 

hybrids in farmers' fields, and the potential for 

distributing improved OPVs through seed 

cooperatives or farmers' groups, have not been 

adequately addressed. 

Future policy concerns 
Maize research and price policy - Agricultural 

research needs to be conducted in the context of 

likely medium- and long-term trends in price 

ratios, but policy discussion in Malawi, as it 

relates to agricultural research, often focuses 

instead on the price shocks of the immediate 

past, prices of outputs or inputs separately, or on 

the question of subsidies. Important issues for 

maize pricing are (1) export parity standards, 

(2) broad-based agricultural development rather 

than taxation of the smallholder sector; 

(3) relaxation of pan-seasonal, pan-territorial 

pricing; (4) the producer-consumer price spread; 

(5) means for reducing the nitrogen-maize price 

ratio; and (6) whether subsidies for improved 

seed and fertilizer should continue. 

Institutional support for maize research and 

maize scientists - Perhaps the most urgent and 

recurrent underlying problem in Malawi's maize 

research system is the inadequate national 

commitment to maize research over the long 

term. Long-term commitments by donors can 

alleviate but cannot solve the problem. The 

promotion and incentive system for scientists 

has not been sufficient to prevent the flow of 

human capital out of the research system. 

Seed and fertilizer delivery systems - While 

the parastatal Agricultural Development and 

Marketing Corporation (ADMARC) and the 

credit club system have enabled Malawi to 

distribute inputs effectively to a minority of 

farmers in most years, the system does not 

service the latent demand for improved maize 

technology among small-scale farmers for a 

number of reasons, including inflexibility in 

amounts and composition of technical packages 

distributed to farmers and incomplete market 

coverage. Privatization and market liberalization 

also need more than official endorsement: the 

design of institutions and mechanisms should 

take into account the type of product to be 

delivered. 
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Conclusions 
The majority of people in Malawi still live 
directly from agriculture, and their diets depend 

on maize. National maize production depends 
on smallholders, over two-thirds of whom 
cultivate less than one hectare. Viewed from this 
perspective, the evidence of increasing maize 
monoculture and continuous maize cropping, 
combined with declining per capita maize 

availability and decreasing farm sizes, is 
disturbing. 

We have argued that maize research in Malawi 

has long been focused on yield increases, 
perhaps even before yield became a major 

concern for many farmers. Although some have 
criticized maize research in Malawi for its slow 
response to smallholders' preferences for flint 

grain texture, we contend that the time to release 

of semi-flint hybrids was moderate, and resulted 
less from a failure to recognize smallholders' 
needs than from the prevailing political and 

social climate. Commercial farmers who had 

political influence had relatively little interest in 

maize as a crop and no interest in grain texture, 
while smallholders' interests carried little weight 
in the development policies the government 
pursued until recently. This climate probably 

contributed much to the apparent inconsistencies 
and shifts in maize breeding strategies over the 

years. 

Intensification has occurred in maize production, 
as demonstrated by changing management 
practices, rising use of fertilizer, and, more 
recently, increasing adoption of high-yielding 
varieties at the national level. If the overriding 

issues of the institutional setting for maize 

research and the diffusion of new technologies, 
as well as the pressing concern for declining soil 

fertility, can be adequately addressed, recent 

encouraging changes in farmers' fields may 

translate into the sort of aggregate yield impacts 
generally associated with green revolutions. 
Further, because the technology is particularly 
attractive to some of the smallest farmers in the 

world, those impacts may have novel 

distributional implications. But the 
preconditions are difficult to meet. Even if they 
hold, the fact that the majority of Malawi's farm 

households are maize deficit may mean that the 

most that can be accomplished in the medium 

term through improving maize yields is to 
reduce household food deficits, reduce the threat 
of food imports, and slow the expansion of 

maize area. On the other hand, failing to 
improve maize yields would be disastrous. 
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RESUMEN� 

EXiste un gran potencial para el cambio 

tecnologico en la produccion del maiz 

en Malawi. El agroclima de Malawi, su 

alta mana de obra-tierra, la importancia 

economica y cultural del maiz y las posibles 

ventajas en el rendimiento del maiz mejorado 

sobre las variedades criollas son algunos de los 

factores principales que favorecen los cambios 

tecnicos que aumentan el rendimiento del maiz. 

Las sefiales que demuestran que un cambio 

tecnologico ya esta ocurriendo son los 

antecedentes de intensificacion por medio de 

nuevas practicas de manejo, la relativamente 

larga experiencia en el uso de fertilizantes de los 

pequefios productores y la respuesta de los 

agricultores al reciente lanzamiento de hibridos 

de maiz de alto rendimiento que son adecuados 

tanto para la produccion de subsistencia como 

para la comercial. Sin embargo, estas acciones 

todavia no han logrado los aumentos en el 

rendimiento total que se necesitan para 

alimentar a la creciente poblacion de Malawi. 

Segun varios indicadores de la utilizacion de 

insumos y de los rendimientos del maiz, Malawi 

esta mas atrasado que otros paises del sur y el 

este de Africa. Este informe intenta dilucidar 

algunas de las razones historicas, tecnicas y 

economicas por las que existe esa diferencia, al 

mismo tiempo que demuestra la necesidad de 

que haya cambios tecnologicos en la produccion 

del maiz en Malawi. La cuestion que motivo la 

investigacion que aqui se resume es si la difusion 

de germoplasma mejorado y fertilizantes en 

Malawi creara los rapidos aumentos en 

rendimiento que se asocian generalmente con las 

"revoluciones verdes". 

EI mafz en la economfa 
agricola de Malawi 
La poblacion principalmente rural de Malawi 

depende directamente de la agricultura para 

obtener ingresos, el maiz domina la agricultura 

de los pequefios propietarios y son ellos los que 

producen las cosechas nacionales de maiz. El 

maiz constituye un porcentaje mas alto de las 

calorias de la dieta humana en Malawi que en 

cualquier otra nacion del mundo. 

A pesar de que se considera que Malawi es 

"escasa en tierras", la mayor parte del aumento 

en la produccion de maiz en los ultimos 30 afios 

se debe a la expansion de la superficie cultivada. 

Aunque esta expansion, junto con la 

intensificacion, fue suficiente para satisfacer las 

demandas de una poblacion creciente hasta la 

decada de los anos 1960, ahora ya no es as!. A 

partir de 1968, la produccion de maiz per capita 

en Malawi ha ido en descenso. Ahora es casi un 

hecho que el aumento de produccion que se 

necesita para alimentar a la poblacion de Malawi 

en el futuro debera obtenerse casi en su totalidad 

por medio de aumentos en el rendimiento mas 

que de la expansion de la superficie cultivada. El 

ingreso per capita tambien disminuyo durante la 

mayor parte de la decada de los afios 1980. Como 

la productividad del maiz no ha podido seguir el 

ritmo del crecimiento de la poblacion, este 

alimento basico se ha vuelto cada vez mas caro y 

el bienestar de la poblacion ha disminuido. Por 

10 tanto, pueden ser necesarios mayores 

rendimientos de maiz, no solo para estabilizar el 

consumo per capita, sino tambien para 

estabilizar los ingresos. 

xix 



El contexto hist6rico y social de la 
producci6n de maiz en Malawi 
Uno de los objetivos principales de las familias 

agrfcolas en Malawi es producir suficiente maiz 

para satisfacer sus necesidades anuales. Los 

rendimientos de las variedades "locales"! en los 

campos de los agricultores, fertilizados y sin 

fertilizar, son de aproximadamente 1 t/ha en 

promedio. La tipica familia de cinco miembros 

tiene que sembrar mas de una hectarea de esas 

variedades para satisfacer sus requerimientos 

anuales. Sin embargo, mas de las dos terceras 

partes de los agricultores de Malawi cultivan 

menos de una hectarea. Los agricultores que 

sufren escasez cr6nica de maiz, ademas del 

grano, consumen sus reservas de semillas. 

Generalmente, el maiz local tiene una textura de 

grano mas dura, muy apreciada por los 

pequenos productores de Malawi porque tiene 

una relaci6n de extracci6n de harina-grano 

mayor que el del maiz dentado en la producci6n 

de harina blanca refinada en la finca. Las mas 

grandes desventajas del maiz local son sus 

plantas altas, su largo cicIo de cultivo, su baja 

relaci6n grano-paja y su rendimiento 

relativamente bajo, incIuso cuando se utiliza 

fertilizante. 

La investigaci6n del maiz 
en Malawi, presente y pasado 
Hasta hace poco, en Malawi era limitada la 

demanda efectiva de investigaci6n dirigida a 

generar semilla de maiz mejorada. En este pais 

jamas se desarro1l6 una comunidad de colonos 

agricolas con la influencia politica necesaria para 

asegurar que se estableciera un sistema de 

investigaci6n del sector publico orientado a 

desarrollar variedades de maiz de alto 

rendimiento. Los verdaderos beneficiarios de la 

investigaci6n del maiz, los pequenos agricultores 

de Malawi, no estaban 10 suficientemente unidos 

ni eran 10 suficientemente poderosos como para 

influenciar el giro que tomaban las 

investigaciones. La investigaci6n de maiz 

tambien ha sido circunscrita por los modelos, de 

desarrollo que los gobiernos colonial e 

independiente de Malawi han seguido. 

Entre las caracteristicas problemciticas de la 

investigaci6n del maiz de finales de la decada de 

los afios 1940 hasta finales de los afios 1980, se 

destacan: 

•� Las politicas agrfcolas en general y las 

politicas de la investigaci6n agrfcola 

particular, fueron reactivas en muchos casos. 

•� Los cambios en la organizaci6n de la 

investigaci6n afectaron la manera en que se 

concebian y se ejecutaban los diferentes 

componentes de la investigaci6n de maiz. 

•� Las percepciones de los investigadores sobre 

la representatividad de las investigaciones en 

las estaciones experimentales y la necesidad 

de realizar ensayos en los campos de los 

agricultores tambien han fluctuado a traves 

del tiempo. 

•� No siempre se entendi6 del todo la 

importancia relativa de las restricciones 

laborales y de tierras ni la manera en que esta 

ha variado a traves del tiempo y del espacio. 

Recientemente, para satisfacer las necesidades de 

los pequenos propietarios de Malawi que 

consumen el maiz que producen, el programa 

nacional de maiz lanz6 hibridos de alto 

rendimiento con una textura de grano semi-dura. 

De hecho, la mayoria de las mejores lineas 

endogamicas desarrolladas en los ultimos siete 

anos, ha sido del tipo duro 0 semi-duro. En el 

fitomejoramiento de maiz se continua 

1� Cada vez con mayor frecuencia, el lermino "local" en Malawi quiere decir simplemenle que la fuenle de la semilla es 
conlrolada por agricultores dellugar. Amenudo 10 que los agricullores denominan el "malz de los anceslros" lue comprado 
en el mercado camo grana para comer 0 adquirido por medio del intercambio de trabaja con alros agricultores. 
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enfatizando el mantenimiento, el mejoramiento y 

la manipulacion de material genetico a fin de 

producir maiz blanco de mayor rendimiento con 

buena resistencia a las enfermedades, 

particularmente a los tizones foliares, las royas y 

el virus del rayado del maiz. Obtener buen 

potencial y estabilidad de rendimiento, buenas 

caracteristicas agronomicas (como la fortaleza 

del tallo y la baja altura de la planta) y madurez 

mas temprana es tambien un objetivo importante 

del fitomejoramiento. 

La investigacion del manejo de cultivos tambien 

se ha centrado en las tecnologias que aumentan 

el rendimiento. El manejo, el mantenimiento y el 

mejoramiento de la fertilidad del suelo se han 

convertido en los principales elementos de la 

investigacion del manejo de cultivos. Los 

componentes basicos son la eficiencia en el uso 

de fertilizantes, las diferencias regionales en la 

importancia del fosfato y de los micro-elementos 

y, por ultimo, los estudios de la condicion de la 

materia organica y el reciclaje de nutrimentos. 

Los investigadores de maiz reconocen cada vez 

mas la importancia de la interaccion entre otras 

practicas del manejo de cultivos, como el 

deshierbe y la poblacion de plantas, con el 

manejo de la fertilidad del suelo. Asimismo, los 

investigadores reconocen la necesidad de 

formular recomendaciones de extension y de que 

haya un mayor entendimiento de los resultados 

de las investigaciones por parte de los 

encargados de establecer las politicas. 

Aumentos en el rendimiento derivados 
de los cambios en la tecnologfa 
El resultado que se aparta mas de las ideas 

preconcebidas que se encuentran en la literatura 

sobre el uso de variedades de alto rendimiento 

es que incluso con niveles de nitrogeno entre 

bajos y nulos, con niveles de manejo modestos, y 

a menudo durante un ano seco, los hibridos que 

ahora se cultivan en Malawi producen mas que 

el maiz local. Tampoco hay diferencias de 

rendimiento perceptibles entre los principales 

hibridos dentados y los semi-duros, por 10 que 

los objetivos de rendimiento no han sido 

sacrificados para obtener una textura de grano 

mas atractiva para los pequenos productores. 

Los analisis de presupuesto parcial de los datos 

de prueba indican tambien que con la mayoria 

de los supuestos (por ejemplo, para casi todo 

tipo de agricultores), las ventajas en rendimiento 

de utilizar semma hibrida y fertilizante se 

traducen en ventajas economicas. Al parecer, los 

relaciones precio de insumos-precio del producto 

y el tipo de temporada de cultivo son factores 

mas decisivos que la aversion de los agricultores 

al riesgo en determinar que clase de tecnologia 

(que tipo de semma y que nivel de fertilizante) 

es economicamente optima para cada tipo de 

agricultor. 

Adopcion de tecnologfas de 
fertilizacion y semilla 
Los agricultores estan adoptando ampliamente 

tecnologias de fertilizacion y semma en todo tipo 

de zonas y en fincas de todo tipo y tamano, 

aunque las fuertes restricciones en su uso debido 

a los problemas del sistema crediticio en 1993/ 

1994 subraya la importancia de los factores 

institucionales para conservar los patrones de 

adopcion. 

Semilla. La difusion de semilla de maiz mejorada 

fue lenta a mediados de los anos 1980. Sin 

embargo, este fue solamente un pequeno 

movimiento descendente en una tendencia 

generalmente ascendente que aumento 

muchisimo a finales de ese mismo decenio. EI 

alza en las tasas de adopcion de hibridos 

dentados a finales de dicha decada demuestra 

que la textura del grano no es el unico factor que 

influye en la adopcion y subraya la importancia 

del abastecimiento de semma en los patrones de 
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difusi6n. No obstante, la importancia d,e la 

textura del grano qued6 demostrada con el 

hecho de que ados afios de su lanzamiento, la 

superficie cultivada con los nuevos hfbridos 

semi-duros era ya mucho mayor que la 

superficie total de malz hfbrido a mediados de la 

decada de 1980. A pesar de las recientes 

fluctuaciones en el uso de semilla hfbrida y 

fertilizantes, el malz hfbrido representa 

aproximadamente la mitad de la producci6n 

total del malz que se consume en el hogar y se 

comercializa. 

Fertilizantes. Generalmente, la adopci6n de 

fertilizantes antecede la adopci6n de malz 

hfbrido. Las ventas de fertilizantes a pequefios 

productores empezaron a aumentar a mediados 

de los afios 1970 y su uso de fertilizantes en el 

malz creci6 rapidamente antes de la fuerte 

reducci6n de 1993/94, provocada por los 

problemas del sistema crediticio. Aunque antes 

de 1993/94 el credito era una fuente de fondos 

importante que permitla a los agricultores 

comprar fertilizantes, estos tambien compraban 

una cantidad significativa de fertilizantes al 

contado. 

Las pruebas indican que de 1985/86 a 1990/91 

mas de la mitad del incremento en el consumo 

total de nitr6geno de los pequefios productores 

se debi6 al aumento de la superficie cultivada 

con malz local que recibla fertilizante. Es 

probable que las relaciones de precios 

favorables, la creciente experiencia de los 

agricultores y la disminuci6n de los niveles de 

fertilidad natural del suelo hayan provocado el 

aumento en el uso de los fertilizantes en la 

decada de los afios 1980. La expansi6n de la 

superficie cultivada con malz hfbrido 

probablemente fue mas importante para el 

aumento del uso de fertilizantes en los afios 1990 

que a finales de los 80. 

Otras practicas. Parece ser que las diferencias en 

las practicas culturales del maiz en Malawi 

tienen mucho que ver con la variedad de malz 

que escogen los agricultores y con el uso de 

fertilizantes, 0 ambos. Generalmente, esas 

diferencias quieren decir que cuando los 

agricultores intensifican la producci6n mediante 

el uso de hfbridos de alto rendimiento 0 

fertilizantes inorganicos, tambil~n aumentan los 

niveles de manejo sembrando y deshierbando de 

manera mas oportuna, obteniendo mayores 

densidades de planta, 0 plantando despues de 

un cultivo de rotaci6n. 

Posibles incrementos en los 
rendimientos de mafz debido a la 
difusi6n de nuevas tecnologfas 
En un periodo de 12 afios, sin contar el afio de 

sequla de 1991/92, el rendimiento nacional total 

del malz local cultivado por pequefios 

productores fue de 0.7 a 1.1 t/ ha, con un 

promedio de aproximadamente 1.0 t/ ha; los 

rendimientos de malz hfbrido cultivado por 

pequefios productores se situaron entre 2.2 y 3.1 

t/ ha, con un promedio de aproximadamente 2.8 

t/ha. Las encuestas de muestras representativas 

de la poblaci6n de agricultores sefialan que el 

rendimiento promedio del malz local sin 

fertilizar es de aproximadamente 0.9 t/ ha y el 

rendimiento promedio acumulado del malz local 

fertilizado (con 30-40 kg/ ha N) es de 

aproximadamente 1.3-1.4 t/ ha. 

Segun las proyecciones que se hecho, aun 

cuando una gran proporci6n de agricultores en 

Malawi adopten la semilla de alto rendimiento, 

los aumentos en la producci6n continuaran 

siendo inferiores al crecimiento de la poblaci6n y 

la disponibilidad de malz per capita seguira 

descendiendo. Por esa raz6n, un mere cambio de 

variedad no cumplira el objetivo a largo plazo de 
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aumentar (0 por 10 menos, de conservar) la 

disponibilidad de mafz per capita. Las 

proyecciones senalan que si se fertiliza una parte 

del mafz local y la mayorfa del mafz hfbrido y se 

logra tambiE~n que un gran numero de 

agricultores adopten el mafz hfbrido, los 

aumentos en el rendimiento podrfan cambiar 

significativamente las perspectivas inmediatas 

del deficit nacional de alimentos. Aun en este 

caso, debido a las tasas actuales del crecimiento 

demografico, pronto se necesitarfa importar para 

mantener los niveles de consumo cal6rico 

deseados, ademas de que tambien se 

necesitarfan mayores avances tecno16gicos en la 

producci6n del mafz. Asimismo, cuando la 

nueva semilla comience a extenderse a zonas 

menos favorecidas 0 llegue a agricultores con 

menos experiencia, 0 cuando las tasas de 

aplicacion de fertilizante para mafz hfbrido se 

reduzcan a niveles mas economicamente 

adecuados, los rendimientos de mafz hfbrido 

podrfan descender de su nivel actual. 

Por otro lado, los hfbridos lanzados por el 

sistema de investigacion continuaran 

progresando y con el tiempo mejoraran su 

potencial y estabilidad de rendimiento. Los 

cambios significativos en el manejo, como la 

mayor precision en el uso de fertilizantes, 

podrfan mejorar muchfsimo el comportamiento 

de la tecnologfa de fertilizantes y semillas en los 

campos de los agricultores. Las fuentes 

complementarias de nutrimentos organicos 

(abonos verdes, cultivo intercalado de 

leguminosas) tambien podrfan mejorar la 

eficiencia y mantener los rendimientos con 

niveles de nutrimentos inorganicos inferiores a 

los que se recomiendan actualmente. 

Nuevas areas de investigacion de malz 
Aunque la investigacion al mafz por parte del 

sector privado sera cada vez mas importante en 

la region, la principal fuente de fondos para la 

investigacion en Malawi continuara siendo el 

sector publico. Ademas, los beneficiarios de la 

investigacion de mafz son pequenos productores 

que no tienen los medios para financiar 

investigaciones de este tipo. Por otra parte, es 

muy posible que las investigaciones del sector 

publico a nivel nacional e internacional sigan 

siendo indispensables para resolver problemas en 

los que los beneficios esperados son 

especialmente dudosos, ya sea porque esos 

problemas afectan a agricultores 0 areas 

marginales, 0 porque requieren una gran cantidad 

de investigacion basica. En lugar de ver las 

investigaciones de los sectores privado y publico 

como actividades que compiten entre sf, es mas 

beneficioso buscar areas bien definidas donde se 

podrfa dar la colaboracion y preguntar que tipo 

de institucion (publica 0 privada; nacional 0 

internacional) podrfa crear mejor un producto 

determinado (hfbridos de maiz, variedades de 

polinizacion libre (VPL), semillas, fertilizantes, 

practicas de manejo) en un punta dado del 

sistema de investigacion y extension de maiz. 

Mejoramiento de maiz. Para los cientfficos y los 

agricultores es importante que continue la 

investigacion de los hfbridos semi-duros. Sigue 

existiendo una enorme necesidad de alcanzar 

mayores aumentos en el rendimiento por medio 

del fitomejoramiento. El mejoramiento 

poblacional tambien sigue siendo muy importante 

como fuente de materiales para el programa de 

mejoramiento de mafz hfbrido, pese a que la 

organizacion actual de produccion y distribucion 

de semilla no es favorable para la difusion de las 

VPL. Ciertas restricciones agronomicas graves 

podrfan intentar resolverse por medio del 

fitomejoramiento y la investigacion del manejo de 

cultivos como parte del esfuerzo por mejorar la 

calidad del suelo y los factores agron6micos que 

limitan la productividad. 
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Manejo de cultivos. Es muy probable que la 

fertilidad del suelo siga siendo el area mas crltica 

en la investigaci6n del manejo de cultivos. Entre 

los campos que deben investigarse ~e encuentran: 

(1) mejorar la eficiencia en el uso de nutrimentos, 

particularmente el del nitr6geno; (2) determinar 

el equilibrio 6ptimo de nutrimentos; (3) evaluar 

las contribuciones de los metodos organicos a la 

eficiencia del uso de nutrimentos y (4) estudiar la 

fertilidad del suelo a largo plazo. Otros temas de 

la investigaci6n agron6mica que merecen 

atenci6n son: el manejo de malezas y la densidad 

de siembra, el analisis del contexte agroecol6gico 

y socioecon6mico de los cultivos intercalados, el 

control de la maleza parasita Striga y el manejo 

del maiz que se cultiva en tierras dimba. De igual 

importancia son la vigilancia peri6dica y el 

trabajo de diagn6stico con la participaci6n de 

cientificos sociales. 

Cieneias soeiales. Los cientificos sociales deben 

continuar vigilando la difusi6n de los nuevos 

tipos de semilla y la experiencia de los 

agricultores con elIas, asi como las 

recomendaciones de fertilizantes y otras tecnicas 

de manejo de cultivos. Las investigaciones de 

ciencias sociales son necesarias tambien para 

entender las implicaciones que entrana el cambiar 

el equilibrio institucional entre la investigaci6n 

agricola del sector publico, el sector comercial 

privado y las organizaciones no 

gubemamentales, asi como los posibles cambios a 

largo plazo en las relaciones de precios 

importantes. Una cuesti6n muy importante en la 

investigaci6n es c6mo la evoluci6n de la 

estructura de tamano de las fincas y, 

particularmente, la estructura de los latifundios 

afectan la difusi6n de nuevas tecnicas. No se ha 

estudiado adecuadamente el comportamiento 

relativo de las VPL mejoradas y los hlbridos en 

los campos de los agricultores ni las posibilidades 

de distribuir VPL mejoradas por medio de 

cooperativas de semillas 0 grupos campesinos. 

Asuntos que deberan 
abordar las poHticas futuras 
La investigaei6n y las politicas de preeios del 

maiz. La investigaci6n agricola debe realizarse en 

el contexte de las tendencias probables a mediano 

y largo plazo de las relaciones de precios, pero el 

dialogo sobre las pollticas en Malawi, en 10 que se 

refiere a la investigaci6n agricola, a menudo se 

centra mas bien en los cambios bruscos de los 

precios en el pasado inmediato, los precios de los 

productos y de distintos insumos, 0 en la cuesti6n 

de los subsidios. Entre los puntos importantes 

para determinar el precio del maiz se encuentran: 

(1) normas de la paridad de exportaci6n, (2) un 

desarrollo agricola de base amplia en lugar de 

gravar a los pequenos productores, (3) el 

relajamiento de la fijaci6n de precios en todas las 

temporadas y todos los territorios, (4) la diferencia 

entre los precios al productor y al consumidor; (5) 

los medios para reducir la relaci6n entre el precio 

del nitr6geno y el del maiz y (6) si se debe 

continuar con los subsidios a la semilla mejorada 

y los fertilizantes. 

Apoyo institueional para la investigaei6n del 

maiz y los eientificos del maiz. Tal vez el 

problema mas urgente y recurrente que tiene el 

sistema de investigaci6n del maiz en Malawi es la 

falta de un compromiso nacional firme para con la 

investigaci6n en ellargo plazo. Los compromisos 

a largo plazo contraidos por los donadores 

pueden aliviar el problema pero no resolverlo. EI 

sistema de promociones e incentivos para los 

cientificos no ha logrado evitar la fuga de capital 

humane del sistema de investigaci6n. 

Sistemas de distribuci6n de semillas y 

fertilizantes. Aunque la organizaci6n paraestatal 

Empresa de Mercadeo y Desarrollo Agricola 

(ADMARC) yel sistema de clubes de credito han 

permitido que Malawi distribuya insumos 

adecuadamente a una minoria de agricultores en 

casi todos los anos, el sistema no satis£ace la 
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demanda latente de mejores tecnologias que 

existe entre los agricultores a pequefia escala por 

diversas razones. Entre elIas se encuentra la 

inflexibilidad en las cantidades y la composici6n 

de los paquetes tecnicos que se distribuyen a los 

agricultores y la incompleta cobertura de 

mercados. 

Conc1usiones 
La mayor parte de la poblaci6n de Malawi 

depende directamente de la agricultura y su 

alimentaci6n se basa en el maiz. La producci6n 

nacional de maiz depende de los pequefios 

productores, de los que mas de las dos terceras 

partes cultivan menos de una hectarea. Desde 

este punto de vista, son alarmantes las pruebas 

de que estan aumentando el monocultivo y el 

cultivo continuo de maiz, al mismo tiempo que 

se reducen la disponibilidad per capita de maiz y 

el tamafio de las fincas. 

Hemos hablado de que la investigaci6n del maiz 

en Malawi desde hace mucho tiempo se ha 

enfocado en incrementar el rendimiento, incluso 

quizas desde antes de que el rendimiento se 

volviera un punto de preocupaci6n para muchos 

agricultores. Aunque algunas personas han 

criticado la investigaci6n de maiz en Malawi por 

su lenta respuesta a la preferencia de los 

pequefios productores por el grano de textura 

dura, nosotros mantenemos que el tiempo que 

tom6 lanzar los hfbridos semi-duros fue 

moderado y que el retraso tuvo que ver mas con 

el clima politico y social existente que con el 

hecho de que no se reconocieran las necesidades 

de los pequefios productores. Los agricultores 

comerciales con influencia polftica tenian 

relativamente poco interes en el maiz como 

cultivo y ninguno en la textura de grano, 

mientras que los intereses de los pequefios 

productores casi no tenian peso en las polfticas 

de desarrollo que el gobiemo sigui6 hasta hace 

poco. Este c1ima probablemente contribuy6 en 

gran medida a la aparente falta de congruencia y 

los cambios en las estrategias del mejoramiento 

del maiz en el transcurso de los afios. 

Ya hay una intensificaci6n en la producci6n, 

como 10 han demostrado los cambios en las 

practicas de manejo, el aumento en el uso de 

fertilizantes y, mas recientemente, la creciente 

adopci6n de variedades de alto rendimiento a 

nivel nacional. Si se atienden adecuadamente los 

problemas mas importantes (el entomo 

institucional de la investigaci6n de maiz y la 

difusi6n de nuevas tecnologias, asi como la 

preocupaci6n cada vez mayor por la decreciente 

fertilidad del suelo), los recientes y alentadores 

cambios en los campos de los agricultores 

podrfan traducirse en los aumentos de los 

rendimientos nacionales que generalmente se 

asocian con las revoluciones verdes. Ademas, 

como esta tecnologia es particularmente 

atractiva para los agricultores mas pobres del 

mundo, es posible que esos efectos tengan 

implicaciones novedosas para la distribuci6n de 

la misma. Sin embargo, es muy diffcil que se den 

las condiciones necesarias para que esto suceda. 

Incluso si se dieran, el hecho de que la mayoria 

de las familias agrfcolas de Malawi tenga un 

deficit de maiz podrfa significar que 10 mas que 

se podrfa lograr a mediano plazo por medio del 

mejoramiento del rendimiento serfa reducir su 

deficit de alimentos, atenuar la amenaza de la 

importaci6n de alimentos y retrasar la expansi6n 

de la superficie cultivada con maiz. Por otro 

lado, serfa desastroso no mejorar los 

rendimientos de maiz. 
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CHAPTER 1-
Introduction� 

A�per capita food production continues� 

to deteriorate in Africa, fundamental� c< 

questions about the sources of this decline 

continue to be debated. For example, Matlon and 

Spencer (1984) argue that in many instances the 

unavailability of appropriate technology, not 

policy constraints, is the major factor limiting 

agricultural production in Africa. On the other 

hand, Dowswell and Borlaug (1991) contend that 

appropriate policies, combined with active 

technology transfer, are the major elements of a 

strategy to increase agricultural production. 

Byerlee et al. (1994) note the relatively favorable 

conditions under which maize - unlike other 

crops - is produced in sub-Saharan Africa; the 

increasingly important role maize plays in African 

cereal production; and the record of technical 

change in maize, which is "less gloomy than the 

widespread image of stagnating Africa food 

production would suggest" (p. 3). Since 

neighboring countries have often experienced 

quite different results in their attempts to increase 

production of maize and other food crops, 

individual case studies are likely to suggest that 

both policy factors and availability of technology 

may play important roles, that their interaction is 

complex, and that their relative importance may 

change over time. 

This particular case study adds information to the 

debate about the future of agricultural production 

in sub-Saharan Africa by focusing on 

technological change in maize production in 

Malawi. Malawi's economy depends on 

agriculture and its people depend on maize; in 

fact, no other country surpasses Malawi's caloric 

dependence on maize (FAa Agrostat data).! 

Over the past 30 years, only a few rice economies 

of Southeast Asia have relied more on a single 

cereal staple as a source of calories. 

Our study has two objectives. The first is to 

demonstrate the need for technical change in 

Malawi's maize production. The second is to ask 

whether, given technical change, the diffusion of 

improved germplasm and fertilizer will create 

the sharp aggregate yield gains that are 

associated with "green revolutions." We begin 

with an overview of smallholder maize 

production in Malawi and briefly sketch a 

comparison with other major maize-producing 

countries in Southern and Eastern Africa. In 

Chapter 2 we focus on trends in land utilization 

and in maize yield, consumption, trade, and 

prices to illustrate Malawi's reliance on maize 

and assess whether the resource base is sufficient 

to support that reliance. Chapter 3 moves to a 

discussion of how the demand for maize 

research in Malawi has been shaped by the 

structure of Malawi's agricultural economy and 

the cultural significance of traditional flint maize 

varieties. The supply of maize technology, 

defined as the rate and type of varietal releases 

and the direction of agronomic 

recommendations, is described in Chapter 4. 

Chapter 5 summarizes changes in smallholder 

maize production practices over time, as well as 

the actual and potential yield gains from changes 

in technology. Future directions for maize 

research are discussed in Chapter 6, followed by 

conclusions in the final chapter. 

1 Maize probably replaced sorghum and millet as the dominant staple sometime some time after 1900 (Williamson 1956). 
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The data and analysis presented throughout this 

report demonstrate several points: first, diffusion 

of maize seed-fertilizer technology has been 

strong and significant - hybrid majze now 

accounts for half of national maize production;2 

second, though the potential exists for significant 

aggregate yield increases as the result of the 

diffusion of existing technology, these increases 

are not yvt visible in national data; third, a 

combination of macroeconomic weakness, input 

supply constraints, and the extreme poverty of 

many farmers may hamper further diffusion of 

seed-fertilizer technology; fourth, sustained 

commitment to maize improvement research is a 

necessary component of continued technical 

change; and finally, that more focused crop 

management research, particularly research on 

soil fertility management, has the potential to 

improve maize yields and production 

substantially. 

Malawi's Smallholder 
Maize Production 

Most of the maize consumed in Malawi is still 

produced by smallholders. Since the Second 

World War, Malawi has exported small amounts 

of maize (never more than 10% of production) in 

more years than it has imported. Throughout the 

same period, maize producer price policy 

appears to be related to but not guided by the 

export parity price standard3 (Sahn and 

Arulpragasam 1991). For a number of reasons, 

however, including the thin world market for 

white maize, local consumer preferences for flint 

maize, and high regional transportation costs, 

the export parity standard is difficult to estimate 

and there is a wide wedge between export and 

import parity. Malawi is better regarded as a 

country that has been self-sufficient in maize 

than as a net exporter. 

Until recently the structure of Malawi's 

agriculture was widely regarded as dualistic. 

Estates of several hundred hectares, operated by 

hired managers, produced tobacco, tea, and 

sugar for export on leasehold or freehold land. 

Smallholders cultivating land under customary 

tenure arrangements produced food crops as 

well as some export crops on farms of several 

hectares at most. The European-managed estates 

depended entirely on African smallholders to 

meet their maize requirements until the Great 

Famine of 1948-49, when the vulnerability of 

smallholder food production to adverse weather 

conditions was revealed to colonial 

administrators. Even thereafter, African maize 

sales (excluding home consumption) were still 

10 times larger than the estate crop (Thompson 

and Woodruff 1954). Since Independence in 1964, 

aside from smallholders, only estates growing 

burley tobacco have produced significant 

amounts of maize. Much of the maize produced 

on estates is grown either by tenants for their 

own consumption or to feed an estate's labor 

force, and it is unlikely that this maize ever 

2� Throughout this report, "local" or "unimproved" maize refers to farmers' varieties that are not direct products of the research 
system. Most references to "improved maize" (maize flowing from the research system) are to hybrid maize. These terms are 
used because data, whether trial data from the research system or aggregate maize production data, are reported in this form 
in Malawi. Although the emphasis of Malawi's maize breeding program on developing hybrids and improved open-pollinated 
varieties (OPVs) has fluctuated over the years, to date the best performance by improved materials, as well as the greatest 
impact on smallholder maize production, has come from hybrids. Subsequent chapters in this report will discuss local maize, 
changes in breeding strategy, evidence of diffusion of improved materials, and the future roles of hybrids and improved OPVs. 

3� The export parity price is the price at which Malawi could export white maize competitively within the region, taking into 
account transport costs and exchange rates. South Africa and Zimbabwe can be used, alternatively, as reference markets for 
import and export parity prices. 
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constitutes more than 5% of total maize area or maize. Each year 75-85% of the area cropped by 

10% of production.4 Over the last decade or so, Malawian smallholders is planted to maize or a 

major changes have occurred in the size maize-based intercrop (Smale 1993). 

distribution, ownership and management, and 

capital investment features of the estate sector Malawi in the Regional Context 
(Mkandawire, Jaffee, and Bertoli 1990). The 

implications of these changes for maize Despite some similarities (e.g., the usual 

production and the adoption of improved maize dominance of white versus yellow maize, and 

technology have not yet been fully assessed. the fact that maize often is grown in similar 

environments), there is wide variation among 

As noted above, maize dominates smallholder the major maize-producing countries in Eastern 

agricultural production. More than 70% of and Southern Africa.s The major maize 

Malawi's population depends directly on production environment in most of these 

agriculture for income, and more than 90% of countries is defined by CIMMYT as 

Malawi's small farm households grow maize "midaltitude" (900-1,800 masl)6 (Figure 1.1), but 

(FAa Agrostat data; GOM/NSO 1984). In the there are wide differences in population density 

major maize-growing areas, all households plant per unit of potential agricultural production (in 

kilocalories) in each country (Binswanger and 
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Figure 1.1 Population density and maize growing environment, Malawi and other countries.� 
Sources: Higgins et al. (1982); Binswanger and Pingali (1988); CIMMYT Maize Program data files.� 

4� Data on maize production by estates are sparse. These estimates are based on area estimates and descriptions of cropping� 
patterns provided by Mkandawire, Jaffee, and Bertoli (1990).� 

5� There are also important differences within countries, both ecological and structural (e.g., maize production by large-scale� 
commercial farmers in Zimbabwe - accounting in recent years for one-sixth of the maize area and one-third of maize� 
production - and to a certain extent in Zambia).� 

6� Significant amounts of maize are grown in other ecologies in Eastern and Southern Africa: in the lowland tropics of� 
Mozambique, Tanzania, and Malawi and the highland tropics of Kenya, Tanzania, and Ethiopia.� 
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Pingali 1988).7 Input use, however, appears to be 

governed more by historical and policy factors 

than by the exigencies of population pressure 

(Figure 1.2). Countries in Eastern Africa with 

high population densities appear most likely to 

combine relatively high maize yields with low 

yield variation, regardless of levels of input use. 

Countries in Southern Africa with both relatively 

high maize yields and high yield variation 

appear to be characterized by relatively high 

input use and either rainfall variability 

(Zimbabwe) or policy instability (Zambia) 

(Figure 1.3). 

Given the potential of its maize production 

environments, Malawi appears to lag behind 

other relatively high potential Eastern and 

Southern African countries in either input use or 

maize yields (Figures 1.2. and 1.3) and its 

dependence on maize for human consumption 

(Table 1.1). This report attempts to untangle 

some of the historical, technical, and economic 

reasons for this disparity. The next chapter sets 

the stage for this analysis by taking a closer look 

at the role of maize in Malawi's agricultural 

economy and examining whether Malawi can 

continue to rely so heavily on maize to meet its 

food needs. 

Table 1.1. Maize as a percentage of calories in the 
human diet, Eastern and Southern Africa 

Maize as a percentage of 
Country total calories, 1988-92 

Malawi 67 
Zambia 65 
Zimbabwe 41 
Kenya 41 
Tanzania 33 
Mozambique 22 
Ethiopia 20 
Angola 15 
Uganda 7 

Source: FAO Agrostat data files. 
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Figure 1.2 Aggregate use of hybrid maize and� 
fertilizer used on all maize, Eastern and� 
Southern Africa.� 
Sources: CIMMYT (1994); Heisey and Mwangi (1995).� 
* May be an underestimate of fertilizer use. 
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Figure 1.3. Maize yields and yield variation, Eastern� 
and Southern Africa.� 
Source: Calculated from FAO Agrostat data files.� 

In essence, "population density per unit of potential agricultural production" corrects for possible area expansion as well as 
land quality, and standardizes the level of technology (Higgins et al. 1982). 
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CHAPTER 2 
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Maize in Malawi's Agricultural Economy 

The Resource Base for 
Maize Production 

MUch of Malawi's environment is well 

suited for growing maize. Yield 

potential in the more favorable 

growing environments may be about 10 metric 

tons (t) per hectare (ha) (Edmeades 1990; 

Coffman 1992).1 Length of growing season is 

determined primarily by the interaction between 

rainfall, which falls in a single season, and 

temperature, with temperature being largely a 

function of elevation above sea level. The one 

rainy season essentially translates into a single 

maize growing season, although some maize is 

produced during the dry season on dimba land.2 

Malawi's Maize Commodity Research Team 

currently stratifies maize environments into five 

zones (Map 2.1):3 

Zone 1: Transitional areas4 higher than 1,300 

meters above sea level (masl), 

characterized by a growing season 

ranging from 150 to 195 days and cool 

temperatures (annual mean 

temperatures from 15° to 19° C). Rainfall 

varies from approximately 850 to 1,500 

mm per annum. Because of greater 

slopes, soil erosion is a common 

See also the beginning of Chapter 5 for yield trial data. 

problem. These areas constitute about 

15% of Malawi's maize area. 

Zone 2: Midaltitude areas between 900 and 

1,300 masl, characterized by a growing 

season greater than 150 days and 

moderate temperatures (annual average 

temperatures range between 18° and 21° 

C). Rainfall is approximately 850-1,000 

mm per annum. This ecology comprises 

about 40% of the maize area. 

Zone 3: Midaltitude areas between 900 and 

1,300 masl, characterized by a growing 

season less than 150 days and moderate 

temperatures (mean annual 

temperatures resemble those in Zone 2). 

These areas often lie in rain shadows, 

with annual precipitation ranging from 

600 to 850 mm. This ecology comprises 

approximately 15% of the maize area. 

Zone 4: Lowland tropical areas between 475 and 

900 masl, having warm temperatures 

(average annual temperatures vary from 

21° to 25° C). These areas have a wide 

range of growing periods and annual 

rainfall. This zone encompasses 25% of 

the maize area, perhaps half of it in 

locations where the growing seasons is 

less than 150 days. 

2� Conditions for producing maize on dimba land during the dry season are particularly good at lower elevations in warmer areas 
(Zones 4 and 5, described in this chapter). 

3� Sources of information on these zones include the revised Maize Action Plan (MOA 1993); Jones (1993a); Young and Brown 
(1962); Brown and Young (1965); and CIMMYT (1988). Altitude and FAO data on length of growing period courtesy of Philip 
Thornton, International Fertilizer Development Center (IFDC). 

4� These areas are transitional between midaltitude and highland environments. 
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Zone 5: Lowland tropical areas under 475 masl, 

characterized by hot temperatures 

(annual average temperatures may 

exceed 23° C). The growing. season is 

always under 135 days and very often 

less than 120 days. Annual precipitation 

is below 850 mm and relatively erratic. 

This area, approximately 5% of the total, 

is relatively marginal for rainfed maize 

production. A considerable amount of 

the maize produced here is grown on 

dimba land. 

Zone 

D 
~ 2 

[illD]1 3 

4•
.......�EIJ 5 

Map 2.1 Agroecological zones for maize 
production, Malawi. 
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Data on variability in precipitation and climatic 

risk are not as well developed as data on 

precipitation means, and recent weather patterns 

and apparent shifts in maize planting date have 

caused some concern. Using a modeling 

approach, Thornton et a1. (1993, 1995) simulated 

25-50 years of weather data for various locations 

and related this to maize yield. Their results 

suggest that for heavier, more fertile soils at 

Chitedze, in Lilongwe Agricultural Development 

Division (ADD) (Zone 2), unfertilized local 

maize yields might fall to half the mean perhaps 

one season in twelve. On sandier soils at 

MWimba, Kasungu ADD (Zone 3), the same 

event might occur one season in four.s Longer 

term historical probabilities are harder to assess, 

although historical accounts of Blantyre District, 

Southern Region, suggest that in two seasons 

earlier in this century (1921-22 and 1948-49) crop 

losses resulting from rainfall deficiency were 

especially severe (Vaughan 1987). 

Most agricultural soils in Malawi are latosols, 

reddish or yellowish-red freely drained soils 

primarily derived from granitic parent material, 

although some volcanic soils exist (Brown and 

Young 1965). The natural fertility of these soils 

tends to decline from South to North. Changes in 

cultivation intensity over time have contributed 

to depleting much of this natural fertility 

(discussed later in this chapter). Sandier soils 

also have considerably lower natural fertility. 

The other major abiotic stress affecting maize 

production is moisture deficiency at flowering, 

which affects Zone 5 with the greatest frequency, 

followed by Zones 4 and 3. 

5 Recall as well the data on aggregate yield variability in the 
region (Figure 1.3; see also Figure 2.5), which include the 
relatively extreme 1991/92 and 1992/93 seasons. 
Aggregate maize yields in 1991/92 were more than 3 
standard deviations below the trend mean; in 1992/93 they 
were more than 2 standard deviations above. 



The major biotic stresses on maize include the 

blights Exserohilum turcicum (Helminthosporium 
turcicum) (Zones 1-3) and Bipolaris maydis 
(Helminthosporium maydis) (Zones 4 and 5); the 

rusts Puccinia sorghi (Zones 1-3) and P. polysora 
(Zones 4 and 5); ear rots Fusarium moniliforme 
and Stenocarpella maydis (Diplodia maydis) (Zones 

1-3); and maize streak virus (Zones 4 and 5 and 

some maize that is planted late in Zones 2 and 

3). Termites can cause considerable damage in 

Zones 2-5, as can maize stem borers (Busseola 
fusca) in Zone 1. Armyworms cause periodic 

losses, particularly in Zones 4 and 5. These biotic 

stresses have relatively minor effects on yield 

compared to abiotic stresses such as limited soil 

fertility and drought. The parasitic weed Striga 
asiatica does cause severe losses, especially in the 

major maize-growing areas of Zones 2 and 3. As 

in much African maize production, other weeds 

cause large yield losses as well, primarily 

because of labor constraints on the farm (Ngwira 

1992; Kabarnbe 1991; de Leon 1984; Ortega 1987; 

and CIMMYT 1988). 

Technological alternatives such as the use of 

improved germplasm and earlier planting dates 

can alter the severity and economic importance 

of these biotic stresses, just as they can also 

sometimes ameliorate effects of abiotic stresses 

such as poor soil fertility. One of the advantages 

of improved maize cultivars over local 

unimproved varieties is that they have been bred 

for resistance to diseases, including blights and 

rusts (R. Wedderburn, pers. comm.). Breeding 

for resistance can be expected to counter both 

streak virus and stalk borer and shows promise 

for improving tolerance to drought and low soil 

fertility, as well as resistance to Striga. Striga is a 

particularly vexing problem because it is related 

to the continuous cropping of maize and low 

levels of soil fertility. 

Land Scarcity and the Need for 
Technological Change in Agriculture 

Growing population densities and farm sizes that 

are increasingly concentrated in smaller ranges 

have led many to characterize Malawi as an 

agricultural economy that has arrived at its 

national land constraint. Yet time-series (FAa 

Agrostat data) estimates of cultivated land and 

land in short fallow show a long-term trend 

increase of 0.4% per annum, with a major revision 

upwards in the series between 1968 and 1973.6 

Land availability, however, cannot be measured as 

a simple, absolute number. Physical land area is 

not the same as land availability because of 

intrinsic differences in quality. Investment, 

changes in the kinds of agricultural technology 

that are available, and shifts in relative prices can 

alter both physical land area and land quality? 

The estimation of absolute agricultural land 

availability is strongly influenced by the 

definitions and measurement methods used. 

Relevant market prices may not be observable or 

may not reflect resource scarcity, especially in a 

rural economy long dominated by communal 

tenure systems (Heisey 1993). Although various 

indicators may suggest that cultivated area is 

expanding, the suitability of this area for 

cultivation may also be questionable. 

Over time, the increasing human population has 

undoubtedly led to major changes in the system of 

cultivation in Malawi. At the end of the last 

century, writers noted the dominance of shifting 

cultivation, even in the southern, most densely 

populated regions of Malawi (Terry 1961). By the 

19305 it had become evident that the expansion of 

6 More recent figures for area cultivated by smallholders 
from 1981 to 1993 display some fluctuation but also seem 
to follow an underlying upward trend. 

7 These complications are often recognized by 
agriculturalists who attempt to measure "carrying capacity" 
(Allan 1965; Ruthenberg 1976). 
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European cash-crop estates and the influx of 

African populations from surrounding regions, 

both dating from around the tum of the century, 

had made shifting cultivation untenable. Chiefs 

in the South complained of severe land 

shortages, and in the late 1940s and early 1950s 

the colonial government acquired substantial 

amounts of European-held freehold land for 

redistribution to Africans (Pachai 1973; 

Mkandawire and Ferguson 1990). The practice of 

providing laborers with land to grow food on the 

estates resulted in denser settlements where 

"maize monoculture inevitably arose" (Pike 

1968). By that time, nearly 100% of an individual 

cultivator's land was sown to maize in the 

Southern Region, compared with about 55% in 

the Central Region (Fed. of Rhodesia and 

Nyasaland 1960). Colonial policy and research 

began to focus on improving maize yields 

through plant breeding and crop management 

(Kettlewell 1965). 

In recent decades, population has expanded at 

an annual rate of 3.1%. Though this has been 

countered by an increase in the proportion of the 

nonagricultural population from 7% to 27%, the 

ratio of the agricultural population to cultivated 

land area has continued to grow and the size of 

holdings has continued to decrease (FAO 

Agrostat data files; Figure 2.1). Mean holding 

size declined from 1.52 ha in 1969 to 1.09 ha in 

1990, and is projected to fall to 0.84 ha by 2000 

(GOM/NSO 1970; GOM/NSO 1984; House and 

Zimalirana 1992). Population densities tend to 

increase and holding sizes to decrease from the 

Northern through the Central to the Southern 

Region. 

During the 1970s and 1980s, there was a large 

increase in the number of estates, which had 

been primarily established for burley tobacco 

production and were located principally in the 

Central Region. Part of this expansion in 

numbers resulted from the decreasing average 

size of estates rather than an increase in total 

area. The increase in total area alienated to 

leasehold estates is generally believed to have 

contributed to reducing the farm sizes of 

smallholders, who cultivate land that is held 

under customary tenure. More recently, much of 

the expansion in numbers of estates has occurred 

through smallholders' attempts to secure land 

use rights through leasehold registration (for 

estimates, see Mkandawire, Jaffee, and Bertoli 

1990). 

National crop estimates and sample survey data 

demonstrate that cultivation is now dominated 

by maize and is nearly continuous over time. 

Smallholder area planted to maize and maize 

mixtures appears to have risen from 65-75% of 

cultivated area in the early 1960s (Kettlewell 

1965) to 75-85% of cultivated area in the early 

1990s (Smale 1993). The proportion of land left 

fallow in any given year cannot be estimated 

from the National Sample Surveys of Agriculture 

(NSSA) in 1968/69 and 1980/81 because the data 

equate cultivated area to holding size. The 
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Figure 2.1. Cumulative distributions of land holding 
size for Malawian smallholders (1969, 1981, 1990). 
Source: GOM/NSO (1970,1984); House and Zimalirana (1992). 

8 Chapler2 



CIMMYT/MOA sample survey (1989-91)8 found 

that in two successive seasons 4-9% of the maize 

area planted by the surveyed farmers was 

planted after fallow. In both years the percentage 

area planted after fallow was lowest in the South 

and highest in the North, although even in 

Mzuzu ADD (Northern Region) the median 

length of fallow was only three years. About 

0.5% of maize area was planted on long-term 

fallow of 20 or more years (Smale et a1. 1991j 

unpublished data from the CIMMYT/MOA 

survey). 

The same study found that 70% of the maize area 

had been planted to maize in the preceding year 

(Smale et a1. 1991). As expected, maize following 

maize was most common (86% of planted area) 

in Blantyre ADD (Southern Region) but least 

common (53% of planted area) in Kasungu ADD 

(Central Region). Blantyre ADD is in the more 

densely populated part of Malawi, whereas 

smallholder cash crop production opportunities 

are more developed in Kasungu ADD than in the 

less densely populated North (Smale et a1. 1991). 

The combination of increasing population 

pressure and continuous maize cropping has 

quite possibly contributed to declining land 

quality (as measured by lower levels of base soil 

fertility) and probably continues to do so. 

However, quantitative evidence of changes in 

soil fertility over time is fragmented and 

inconclusive. Standardized long-term fertility 

trials, let alone such trials conducted under 

farmers' conditions, are quite rare in Africa 

(Steiner and Herdt 1993; S. Carr, pers. comm.). 

Trends in the yield of unfertilized local maize 

can provide some indication of underlying 

trends in soil fertility, but with the exception of 

the National Sample Surveys (GOM/NSO 1970j 

GOM/NSO 1984), annual National Crop 

Estimates report combined yields for fertilized 

and unfertilized maize. The Annual Survey of 

Agriculture (ASA) data from the 1980s and early 

1990s include yields for both unfertilized and 

fertilized local maize. Although these data 

indicate that fertilized local maize yields more 

than unfertilized local maize, it is not always 

possible to aggregate these data to obtain 

estimates consistent with the aggregate estimate 

of local maize yield from the National Crop 

Estimates for the same seasons. 

Rough estimates of national yields of 

u!1fertilized local maize in recent years can be 

derived from information on total fertilizer sales 

to smallholders and several additional 

assumptions on fertilizer allocation between 

local and hybrid maize, and application rates. 

Yields for all local maize, extrapolated yields for 

unfertilized local maize, and assumptions are 

shown in Figure 2.2. Both series seem to show a 

recent decline in local maize yields, even when 

the drought year 1991/92 is excluded. When the 

abnormally low yields from that season are 

included, neither of the series means -differs 

significantly from 0.9 t/ha, the yield level 

recorded in the late 1950s, when farmers' use of 

fertilizer and improved seed was insignificant. 

Several explanations for these results are 

plausible. First, the yield potential of local maize 

may have improved slightly over the past 30-40 

years as a result of outcrossing with the 

improved material (open-pollinated varieties 

and hybrids) planted by farmers in limited 

B� Also referred to in this report as the Maize Variety and Technology Adoption Survey, this survey was implemented jointly by the 
International Maize and Wheat Improvement Center (CIMMYT) and the Malawi Ministry of Agriculture (MOA) in three of the 
five major maize-producing ADDs of Malawi during the 1989/90 and 1990/91 cropping seasons. The sample of 420 farm 
households was drawn from a stratified cluster frame designed by the National Statistical Office for the Annual Sample Survey 
of Agriculture (ASA). Adoption data were collected as an extension to the agronomic, crop production, and household income 
data that were routinely collected in the ASA. 
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amounts. Second, improved management 

practices, such as ridging for soil conservation, 

planting earlier (Kettlewell 1965), and weeding in 

a more timely fashion may have helped 

counteract declining base fertility. With rising 

population pressure, some intensification of 

production practices may have taken place even 

before the recent upturn in the use of fertilizer 

and maize hybrids (for evidence of other forms of 

intensification and data on seed-fertilizer use, see 

the first four sections of Chapter 5.) In any case, 

the positive effects of any intensification that has 

occurred over time can no longer counteract the 

negative effects on yields and soil fertility of 

continuous maize planting (Blackie 1995). More 

information is critically needed to determine the 

rate and importance of this decline. 

1.2 

1.0 
.~.~ 

0.8 ~ o� All local maize ;~ 

• Unfertilized local maize'" 0.6.s:: (see assumptions):;::, 
;; 0.4 • Unfertilized local maize
Q) (fertilizer use estimated;;::� 0.2 

from micro-level data) 
0.0 

1965 70 75 80 85 90 95 

Figure 2.2. Aggregate yields of local maize, Malawi. 
Source: GOM/NSO (1970); GOM/NSO (1984); unpublished 

National Crop Estimate data from the Ministry of 
Agriculture, Malawi. 

Note: Assumptions used to calculate yields of unfertilized local 
maize from time series of yields for all local maize and 
data on sale of fertilizer to smallholders: 

•� Yield of fertilized local maize =1.4 xyield of unfertilized 
local maize. 

•� 20% of smallholder fertilizer sales are leaked to estates. 
•� 85% of all nitrogen (N) applied by smallholders is� 

applied to maize.� 
•� 85 % of all hybrid maize area was fertilized in 1980/81. 

This rose linearly to 95% in 1990/91 and has remained 
constant thereafter. 

•� Hybrid maize that received fertilizer was fertilized at 40 
kg/ha Nin 1980/81. This rose linearly to 80 kg/ha Nby 
1990/91 and has remained constant thereafter. 

•� Local maize was fertilized at 20 kg/ha N, if at all, 
through 1980/81. This rose linearly to 40 kg/ha Nby 
1990/991 and has remained constant thereafter. 
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In summary, despite the characterization of 

Malawi as "land scarce," most of the 55% increase 

in maize output over the past 30 years has in fact 

resulted from an expansion in cultivated area. Yet 

it is likely that in the Southern Region and some 

parts of the Central Region, much of the 

additional land planted to maize was not long

term fallow brought into cultivation but rather 

land diverted from other crops. Some land held 

under leasehold or freehold tenure might be 

released for smallholders' use by land reforms, 

but that amount is difficult to predict. Even if the 

structure of land use were to change, population 

growth would soon surpass growth in land area 

(House and Zimalirana 1992). There is little doubt 

that the increased maize production required to 

feed Malawi's population in the future must be 

obtained almost entirely through yield increases. 

Aggregate Trends in 
'the Maize Subsector 

Maize area, production, and yield data for the 

colonial period are sketchy. The FAG figures for 

1951 through 1960 imply an unlikely growth rate 

in maize production of more than 10% per annum, 

all of it fueled by area expansion (FAG 1987). The 

FAG yield estimate of approximately 900 kg/ha 

for the years following the Second World War 

agrees with an independent assessment by 

Kettlewell (1965) for the same period. 

Estimates from 1961 through 1991 (FAG Agrostat 

data) indicate that maize output increased by 

about 1.8% per annum, or a total of 55%, over this 

time span.9 Three-quarters of this estimated 

9� Data for 1991/92 (a cropping season that experienced 
severe drought), 1992/93 (a record production season), 
and 1993/94 (a season in which relatively poor weather 
was combined with marked reductions in use of hybrid 
seed and fertilizer) (see Chapter 5) were omitted from the 
exponential trend estimates reported in the text. Over the 
past decade or more, the FAO figures used in these 
regressions are consistent with National Crop Estimates. 



increase in total production came from area 

expansion, but yields appear to have increased at 

a small but statistically significant rate of 0.4% 

per annum (Figures 2.3-2.5). Production 

increases could not keep pace, however, with an 

annual population growth rate of over 3.0%. Per 

capita production fell over these three decades, 

mainly from 1968 onward (Figure 2.6). 

Consumption and distribution are affected not 

only by production but also by internal and 

external trade. Although comprehensive data on 

internal trade are not available, some features of 

maize distribution are well documented and 

observable. When maize leaves the farm in 

Malawi, it passes through three channels: 
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Figure 2.3. Maize production in Malawi, 1961·95. 
Source: FAa Agrostat data files; unpublished National Crop 

Estimate data from the Ministry of Agriculture, Malawi. 
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Figure 2.5. Maize yields in Malawi, 1961·95. 
Source: FAa Agrostat data files; unpublished National Crop 

Estimate data from the Ministry of Agriculture, Malawi. 

(1) direct sales, gifts, or exchanges by the farmer; 

(2) sales to private traders; or (3) sales to the 

official marketing board. Sample point estimates 

for the first two types of transfers are available 

(Kandoole 1991), but aggregate time-series data 

are recorded only for the third. The Produce 

Marketing Board (PMB) began purchasing maize 

in 1952 (Kettlewell 1965). The PMB was renamed 

the Farmers' Marketing Board (FMB) at 

Independence in 1964, and was officially 

reconstituted as the Agricultural Development 

and Marketing Corporation (ADMARC) in 1971. 

Though it has never been illegal for private 

individuals to trade maize (see "Marketing and 

Input Supply Institutions," this chapter), 

ADMARC accounted for the bulk of maize 
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Figure 2.4.Maize area in Malawi, 1961·95. 
Source: FAa Agrostat data files; unpublished National Crop 

Estimate data from the Ministry of Agriculture, Malawi. 
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Figure 2.6. Per capita maize production and 
utilization, Malawi, 19605 to 19905. 
Source:Calculated from FAa Agrostat data files. 
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purchases from farmers by the latter half of the 

1970s (Christiansen and Stackhouse 1989),10 

From 1960 through 1980, officially marketed 

surplus fluctuated from minimal levels to about 

10% of total maize production. During the first 

half of the 1980s, a modest increase in the use of 

high-yielding dent hybrids by some 

smallholders led to a surge in sales to ADMARC. 

Marketed surpluses rose to over 20% of total 

estimated production, and maize import 

requirements in neighboring countries gave 

Malawi the opportunity to export maize for four 

successive years, for the first time in several 

decades. 

Meanwhile, financial pressures within 

ADMARC, some of them related to worsening 

macroeconomic problems, led donors and the 

government to agree on policies designed to 

encourage private trading. Some upward 

adjustments were made in official price ratios 

between competing crops and maize.ll An influx 

of Mozambican refugees created stronger 

internal demand for maize and more incentives 

for private traders to enter or expand maize 

purchasing (Christiansen and Stackhouse 1989; 

Christiansen and Southworth 1988). In 1986/87 

and 1987/88, sales to ADMARC dropped, 

partially due to a downward price adjustment 

for maize. Over the next three years sales 

recovered, but Malawi's international trade 

position had altered again. Even before the 

1991/92 drought in Southern Africa, Malawi was 

a net importer for five successive years.12 

Production, marketing, and trade figures 

therefore suggest that from around 1970, 

Malawi's growing population and unfavorable 

transport situation, both aggravated by the war 

in Mozambique, contributed to declining per 

capita availability of maize. FAa data also show 

that from 1970 to 1990 per capita caloric 

consumption from maize decreased at an annual 

rate of 0.7%. If increasing incomes had led to 

more diversified diets, decreasing consumption 

of maize might not be considered unfavorable, 

but the evidence does not support this 

interpretation. Over much of the 1980s, per capita 

income in Malawi actually declined (World Bank, 

various years). Although the official rural 

minimum wage is affected by pricing policies 

and is an inaccurate measure of the actual rural 

wage, the long run official wage should remain 

proportional to the actual wage. In Figure 2.7, 

official wages are used as a proxy in calculating 

the real wage with both the consumer and 
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Figure 2.7.Real wage, Malawi, 1954-89. 
Source: Pryor (1988); Sijm (1990); Kettlewell (1965); Gulhati 

(1989); Sahn and Arulpragasam (1991); and unpublished 
data from the Ministry of Agriculture, Malawi. 

10� Kandoole's (1991) estimates suggest that the proportion of farmers delivering maize to ADMARC rather than to private traders 
or other consumers is much larger in maize-surplus than in maize-deficit areas. Asubstantial number of households suffering 
food shortages (the majority of the farming population) rely on obtaining food through work on other farms (ganyu) 
(Mkandawire and Ferguson 1990; Kandoole 1991). Furthermore, over the years numerous observers have noted that many 
small-scale farmers sell maize at harvest and buy maize later in the season. As a result, even the most exact estimates of 
aggregate "marketed surplus" would not provide complete information on consumption in individual households. 

11� Structural adjustment loans were conditional on changes in ADMARC's operations, notably divestiture of certain enterprises. 
12� The bulk of these imports may have been food aid directed at the growing Mozambican refugee population. 
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producer prices for maize. Real wages rose from 

the 1950s to the late 1960s and have declined 

since then. Our hypothesis is that since maize 

productivity has not kept pace with population 

growth, the staple food has become costlier and 

welfare has declined.13 As maize becomes ever 

more dominant in the cropping pattern, 

alternative crops that could boost smallholder 

incomes are relatively less likely to be planted.14 

Higher maize yields may therefore be necessary 

not only to stabilize per capita consumption but 

to stabilize income. Furthermore, as cropping 

patterns have become even less diverse, 

nutritional risk in a population already 

experiencing serious child malnutrition problems 

has likely increased (Ferguson, Millard, and 

Khaila 1990; Centre for Social Research 1988). 

Agricultural Prices 

Relevant agricultural prices, relative to the price 

of maize, are depicted in Figures 2.8-2.10. To the 

extent that recent price trends are discernible 

they have, until recently, generally favored the 

adoption of seed-fertilizer technology. 
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Figure 2.8. Groundnutlmaize price ratio, Malawi, 
1971·94. 
Source:Gulhati (1989); Sahn and Arulpragasam (1991); and 

unpublished data from the Ministry of Agriculture, 
Malawi. 

The groundnut-maize price ratio has been lower 

in the late 1980s and early 1990s than in the first 

half of the 1980s (Figure 2.8). This price ratio 

might have affected hybrid maize adoption in 

the years when dent hybrids were viewed 

primarily as a cash crop by many farmers. The 

rapid uptake of hybrid seed from the late 1980s 

through 1993 was too large, too sustained, and 

distributed over too many farmers to be 

primarily the result of shifts in cash cropping 

patterns. Increasing home consumption of semi

flint hybrid maize should further weaken the 

relationship of output prices to hybrid maize 

adoption. 

An initial fall in the seed-maize price ratio was 

more likely a response to large inventories held 

by the National Seed Company of Malawi 

(NSCM) after years of low hybrid use than a 

major cause of the subsequent upturn in the 

adoption of hybrids, which took place during a 

period of increasing seed prices (Figure 2.9). 

Seed costs are in any case a relatively small 
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Figure 2.9. Hybrid maize seed/grain price ratio,� 
Malawi,1981·95.� 
Source:Cromwell and Zambezi (1993) and unpublished data� 

from the Ministry of Agriculture, Malawi. 
Note:The 1995 maize prices were calculated on the basis of 

the producer price initially announced. Producer prices 
were revised upwards substantially in the course of the 
season. 

13� Prospects would be even worse if not for recent increases in the use of high-yielding maize hybrids and inorganic fertilizer 
(Chapter 5). 

14� Other aspects of Malawi's agricultural development strategy, such as expanding cash crop production by estates and changes 
in pricing policy directed at smallholders, may have partially counteracted this apparent decline in income. Some analysts 
(Kydd and Christiansen 1982; Sahn and Arulpragasam 1991) contend that they have not. 
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proportion of the production costs of fertilized 

hybrid maize, although the cost of seed remains 

an important issue for cash-constrained farmers 

in isolated rural areas. The seed prices depicted 

in Figure 2.9 reflect subsidies on the bulk of sales 

to smallholders ranging from 10% to 30% over 

the period in question. 

The key price ratio affecting the adoption of 

seed-fertilizer technology is undoubtedly the 

ratio of the price of nitrogen to the price of 

maize. Figure 2.10 shows the weighted average 

of the nitrogen-maize price ratios for sulfate of 

ammonia, calcium ammonium nitrate, and urea, 

with the relative proportions of smallholder 

nitrogen obtained from each source in a given 

year used as weights. Over much of the period 

in question, nitrogen was subsidized at about 

25%, despite an understanding, not 
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Figure 2.10. Nitrogen/maize price ratio (weighted), 
Malawi,1970-95. 

Source:Wiliiams and Allgood (1990); HIID/EPD (1994); 
Chirwa and Hayes (1993); and unpublished data from 
the Ministry of Agriculture, Malawi. 

Note: Price ratios based on "replacement cosf' and 
"consultants/urea only" assume maize prices rose in 
response to an increase in the price of fertilizer (see 
HIID/EPD 1994). 

implemented, between the Government of 

Malawi and donors to phase out the subsidy in 

the late 1980s.15 The decrease in the weighted 

nitrogen-maize price ratio in the late 1980s 

resulted more from a partial shift to urea, a 

higher analysis source of cheaper nitrogen, than 

from changes in policy. This favorable trend 

outweighed the unfavorable increases in 

transportation costs associated with the 

disruption of supply routes through 

Mozambique. The decrease in nitrogen prices 

provided incentives for increasing the use of 

fertilizer as well as hybrids, which respond more 

to fertilizer than unimproved local maize. 

Beginning in 1992, Malawi's macroeconomic 

situation began to deteriorate markedly, 

spurring a series of devaluations. Combined 

with adverse weather, political uncertainty, and 

the collapse of the smallholder credit system in 

1993/94, this deterioration led to considerable 

uncertainty about future demand for both 

improved maize seed and fertilizer (HIID/EPD 

1994). Nonetheless, in 1993/94 the nitrogen

maize price ratio (at the prices first announced 

and also at the revised prices) did not differ 

substantially from the ratio in previous years, 

suggesting that lack of credit rather than 

increased prices was the principal factor in 

reduced fertilizer use in that year. Had fertilizer 

been priced either at replacement cost, at the 

recommendation of consultants from the 

Harvard Institute of International Development 

(HIID/EPD 1994), or .at replacement cost 

assuming only urea was used, the nitrogen

maize price ratio would have been considerably 

higher in 1993/94, returning to levels of the late 

1970s and early 1980s (Figure 2.10).16 Initially in 

15� The effects of hidden subsidies, both positive and negative, and of currency overvaluation are somewhat difficult to decipher 
(Westlake 1994). The overvaluation of Malawi's currency may have averaged about 20% between 1972 and 1987 (Ghura and 
Grennes 1991). 

16� In all three scenarios it was assumed that in a general equilibrium framework, a significant increase in fertilizer prices would be 
accompanied by an increase in the maize price of approximately 60% of the fertilizer price change (Goldman 1994). 
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1994/95, this key price ratio was considerably 

higher than at any time earlier in the decade, but 

substantial maize price increases over the course 

of the season may imply that the ratio will 

actually be lower over the next few years. It is too 

soon to tell how the conflicts between 

macroeconomic pressures and short-term 

government policy objectives will be resolved. 

The effects of changing input prices on 

technology adoption will be considered further 

in Chapter 5. 

Marketing and Input 
Supply Institutions 

One of the government's major policy 

instruments during the 1970s was the official 

marketing agency, whose role expanded over 

time. After Independence, the FMB was 

responsible for marketing, processing, and 

disposing of agricultural products, distributing 

agricultural inputs, and providing adequate 

price stability to protect farmers from world 

price fluctuations. In 1971, when ADMARC 

replaced the FMB, it became responsible for 

buying, storing, processing and adapting for 

sale, distributing, insuring, advertising, and 

transporting all products grown for sale on land 

held under customary tenure arrangements. The 

organization played a stabilization role by 

providing storage facilities for food reserves and 

a food security role by transporting maize into 

deficit areas during the hungry season. 

In addition, ADMARC was viewed as 

contributing to the country's broader 

development strategy, because the difference 

between the price received in the international 

markets for export crops and the price paid to 

producers was invested in estate expansion 

(Christiansen and Stackhouse 1989). Smallholder 

agriculture was implicitly taxed by a growing 

differential between adjusted producer prices 

and prices paid to the marketing board for 

exports (Kydd and Christiansen 1982; Lele 1989). 

Estate producers, on the other hand, sold their 

products by auction on the world market and 

remained largely untaxed (Lele 1989). 

With the restrictions imposed on Asian traders 

during the 1970s and the limitations on cross

border trade opportunities caused by the weak 

economies of neighboring countries, ADMARC 

increasingly dominated agricultural marketing 

and, in most years, effectively enjoyed 

monopsonist/monopolist status (Christiansen 

and Southworth 1988). Although African traders 

have been exempted from restrictions against 

trading produce such as maize since 1957, 

producer-consumer price margins have often 

been narrow enough that it has not been 

worthwhile for large traders to participate 

(Kandoole, Kaluwa, and Buccola 1988). High 

transport and storage costs may have 

restricted trade. 

Another crucial role of ADMARC has been to 

distribute inputs to smallholders. Prior to the 

creation of the Smallholder Fertilizer Revolving 

Fund (SFRF) in 1983, government subventions to 

ADMARC covered its total losses, including 

those caused by subsidies on seed and fertilizer. 

After the establishment of the SFRF, this 

institution received the subvention from the 

Treasury for fertilizer subsidies, although 

ADMARC continued to serve as the distribution 

agent (HIID/EPD 1994). The general 

government subvention covered ADMARC's 

continuing losses on seed sales. 

Agricultural credit in Malawi dates from 1955, 

when the Farmers' Loan and Subsidies Board 

(FLSB) was established (Murotho 1993). 

Smallholder credit (seasonal, medium-term, and 

livestock loans) is now provided in kind through 

farmer clubs which assume responsibility for 
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repayment and farmers' adherence to certain 

restrictions on the use of loans. The percentage 

of smallholders utilizing credit does not appear 

to have increased rapidly until the late 1980s, 

when it rose from an estimated 10-15% in 

1984/85 (Sofranko and Fliegel 1989) to 28% in 

1990/91 (Ministry of Agriculture 1990, 1991). In 

1988, the government amalgamated the Ministry 

of Agriculture's credit funds into a single pool 

under the Smallholder Agricultural Credit 

Administration (SACA). High recovery rates had 

slipped somewhat by the early 1990s; very low 

credit repayment in 1993 led to SACks collapse 

in 1993/94, which dramatically reduced 

smallholders' use of fertilizer and hybrid seed 

(HIID/EPD 1994). In 1994/95, the government 

provided direct support to farmers by donating 

approximately 4,000 t of improved seed and 

more than 10,000 t of nitrogen equivalent. Non

governmental organizations (NGOs) also 

provided significant amounts of improved seed 

to farmers. 
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CHAPTER 3 
aT; t@illillWMilltfffi%WifffA$@W@§ 

The Historical and Social Context of� 
Maize Production in Malawi� 

Historical Factors1 

Malawi's political and economic 

history has shaped the country's 

demand for improved maize 

technology. Until recently, the effective demand 

for research directed at developing improved 

maize seed has been limited. Although maize in 

Malawi is of vital significance as a wage good 

and relative factor endowments may have 

favored changes in maize seed technology, seed 

technology remained largely unchanged for a 

long period, partly because smallholders could 

not express their economic interests in the 

political arena. The structure of the estate sector 

has evolved over the past decade and the 

political administration has recently changed in 

Malawi, but how these changes may affect 

support for maize research and the diffusion of 

improved maize technology is not yet clear. 

Malawi's history before Independence in 1964 

had several implications for maize research. As 

in most other African nations, most incentives 

for smallholder production were directed to the 

promotion of export crops, the most successful of 

which was tobacco (Baker 1962; Dean 1966; 

Kettlewell 1965; Rangeley 1957). Partly because 

Malawi was administered as a protectorate 

rather than a colony or Crown Colony, the legal 

institutions to enhance the collective capacity of 

the European settlers and the seed research, 

production, and marketing institutions needed to 

support maize production were never created 

(Rusike 1995). "Malawi never became a settler's 

country in the true meaning of those words" 

(Gann 1971, p. 71). Settler influence on the 

administration was necessarily muted (M. Blackie, 

pers. comm.). Malawi never developed a 

community of settler farmers with the political 

clout to ensure that a public research system was 

established to develop high-yielding maize 

varieties. 

Nor was it perceived as in their interests to do so. 

Africans not only generated the Protectorate's 

exports, but produced most of its maize 

(Thompson and Woodruff 1954), which was not 

the case in Northern and Southern Rhodesia. The 

tenurial systems that evolved on Malawi's 

plantations, the small urban demand for maize, 

and the absence of a class dependent on wages for 

its livelihood are factors that are likely to have 

contributed to the colonial administration's lack of 

concern for maize self-sufficiency. After a flurry of 

interest over the potential of maize as an export 

crop before the First World War (Rusike 1995), 

maize remained a subsistence crop produced or 

exchanged by Africans to feed themselves. 

Vulnerability to maize shortages and the need to 

invest in maize improvement did not assume 

policy importance until the Great Famine of 1949.2 

Details supporting statements in this section are found in Smale (1995). 
Although older generations of Malawians can remember earlier famines (1903,1920) and there have been years of large local 
and regional maize deficits, none is generally considered to have been as severe as the Great Famine of 1949. In her in-depth 
stUdy of the famine, Vaughan (1987) argues that the way in which administrators perceived the causes and nature of the 
problem to a large extent determined how they acted to remedy it, and this had "life-and-death" implications for individuals and 
communities. 
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The fact that the national maize crop was 

produced by numerous, politically unorganized 

smallholders rather than a comparatively small 

group of politically active settler farmers (as in 

the case of Rhodesia) meant that producers had 

no means to promote the development of higher 

yielding maize cultivars. 

After Independence, the policy emphasis on 

estate-based3 economic development led to a 

decline in the prominence of smallholder 

agriculture in commercial and export 

production.4 The percentage of estate production 

in the total value of agricultural export 

production rose from 30% at Independence in 

1964 to over 80% in the early 1980s (Pryor 1988, p. 

14). Estate-based development was accomplished 

through financial as well as institutional 

measures (Chembezi 1991; Gulhati 1989; 

Mkandawire, Jaffee, and Bertoli 1990) and by 

unforeseen marketing opportunities (such as 

trade sanctions imposed against Zimbabwe in 

1965 and the Lome Convention in 1973). 

Since Independence, although Malawi's estate 

owners have had the political influence to 

promote publicly funded maize research, their 

demand for improved maize seed has been 

limited because they grow maize as a secondary 

crop in rotation with tobacco.s They produce only 

an estimated 8-10% of the nation's maize 

(estimates based on Mkandawire, Jaffee, and 

Bertoli 1990). In particular, they have had no 

interest in breeding a maize variety that satisfies 

the grain texture preferences of smallholders, who 

consume the maize they produce. As noted 

earlier, maize produced on estates is used to feed 

laborers or sold, and commercial maize crops are 

not stored on the farm but sold after harvest to 

official markets, to be stored by the official 

marketing agency or industrially processed. 

Malawian smallholders produce maize grain for 

consumption as well as for sale, and one 

characteristic they have valued highly is flinty 

grain texture. 

The Cultural Significance of Local 
Maize Varieties 

Farmers' objectives 
In Malawi, "maize is life (chimanga ndi mayo)," 
and the ideal of producing sufficient maize for the 

maize porridge (nsima) needs of the household 

"informs everyone's actions and rationales for 

their actions before, during, and after the maize 

harvest."6 Each "hungry season," when their 

maize stocks have been depleted, many farm 

households face undernutrition as maize prices 

rise prohibitively and supplies in local markets 

fluctuate. Food preferences and the risks 

associated with relying on official markets imply 

that a major objective of farm households in 

Malawi is to produce enough maize to satisfy 

annual subsistence needs. Based on her 

interviews in Liwonde (now Machinga) ADD, 

Peters reports that to cultivate without cultivating 

3� Malawi's Land Bill of 1965 defines an estate as a legal conception rather than a farm size. Any freehold or leasehold land held 
under some form of documentary or registered title is an estate, although all such enterprises were large before the 1980s. By 
1981, estates occupied an estimated 13% of total cultivated land in Malawi, as opposed to only 2% in 1970 (Mkandawire and 
Ferguson 1992). This figure is nearly as high as the ceiling percentage alienated to Europeans in Southern Region alone (the 
smallest region in area, but where the European population was largely concentrated) during the colonial period. 

4 In a number of articles and papers, Kydd and Christiansen have detailed the development strategy's implementation and 
effects (for example, see Kydd and Christiansen, 1982). To benefit smallholders, the government did invest in several large 
Integrated Rural Development Projects in the late 1960s (the Lilongwe Land Development Program, Lower Shire Valley 
Project, Karonga Project, and Central Regional Lakeshore Project) and a number of smaller rural development programs 
during the late 1970s. Christiansen and Kydd (1987) describe the results of these interventions as disappointing. 

5 Tobacco research was funded through earnings from both smallholder and estate-produced exports. 
6 From villagers' statements reported in Peters and Herrera (1989, pp. 47-8). 
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maize is an "impossible thought" for most 

households. To have land is to grow maize, and 

growing maize is a way of life (Peters and Herrera 

1989). The CIMMYT/MOA data from Mzuzu, 

Kasungu, and Blantyre ADDs confirm that in the 

1989-90 and 1990-91 cropping seasons all survey 

households grew maize. 

Flint grain texture 
Traditionally, rural women in Malawi produce the 

refined white flour (ufa woyera) they prefer to use 

in preparing their staple dish (nsima) through a 

multistage process. Maize is shelled by hand, 

dehulled by pounding it with a mortar and pestle, 

winnowed, fermented by soaking (which gives it 

a unique flavor), washed, dried in the sun, and 

pounded again, once or twice. The introduction of 

low-cost hammer mills has been widespread, but 

hammer mills are used only in the second 

processing stage. Rural women continue to 

produce the flour by the taxing conventional 

method, most substituting the grinding mill for 

the mortar in the final stage of pounding (Smale et 

a1. 1991). The family's annual maize harvest is 

typically stored in the husk, untreated, in a raised 

cylindrical structure called the nkhokwe. 

Although evidence is inconclusive, most of the 

dominant maize varieties loosely categorized as 

chimanga cha makolo or "local maize" are probably 

descended from maize types brought by the 

Portuguese to the eastern coast of Africa in the 

sixteenth century to provision garrisons and 

caravans (Miracle 1966). (Literally, chimanga cha 
makolo means "maize of the ancestors.") Local 

maize traditionally has a flint grain texture. Flint 

maize types have a higher proportion of hard 

starch granules in the kernel than dents, and flints 

have a higher flour-to-grain extraction rate in the 

production of refined white flour on the farm in 

Malawi, because the germ separates more easily 

from the bran when the kernels are pounded in 

the mortar. Farmers state that the harder kernels 

and husk cover of the dominant local maize 

varieties also protects them longer from weevils 

(Blackie 1988; Ellis 1959; Kydd 1989; Sibale 1988; 

Smale et a1. 1991; Williamson 1956; Zambezi 1990). 

As an alternative to ufa woyera, either dent or flint 

maize can be processed into a coarser, less 

prestigious, whole-grain flour called mgaiwa. The 

relative nutritional strengths of mgaiwa and ufa 
woyera have stimulated debate since the colonial 

period (see Kydd 1989). For some dent maize 

types, simple modifications in pounding methods 

may reduce processing losses (some of these 

details are reported in Smale et a1. 1991). But in 

general, farm households' preference for 

consuming flint maize like chimanga cha makolo 

reflects their observation that on-farm processing 

and storage losses significantly reduce the harvest 

yield of dent maize types (Sibale 1988; Zambezi 

1990). 

What is J/local" maize today? 
The cultural significance of the name chimanga cha 
makolo is evidenced by the fact that, over 40 years 

after Malawi's first maize breeder R.T. Ellis 

classified the dominant maize varieties grown by 

Malawian smallholders, three of the five types 

were identified, independently, in the CIMMYT/ 

MOA survey. In 1954, Ellis identified five 

landraces according to a local folklore 

classification based mainly on ear characteristics 

(Ellis 1962). In the CIMMYT/MOA farmer survey, 

three of these - mkangala (a white flint), mtuwa (a 

white semi-flint), and kanjerenjere (a white 

popcorn) - were identified by farmers and 

enumerators who had no knowledge of Ellis' 

work. Ellis also identified six variants within the 

races, based on grain color. Examples of five of 

these - kaluluwede (purple), cisowa (spotted 

purple and red), chalakanyani (podcorn), mkwela 
(red), and mwadzangali (branched cobs) - were 

also found among survey farmers, although some 

had different names (Smale et a1. 1991). 
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The early maize cultivars are believed to have 

been early maturing, although farmer selection 

practices have clearly favored later maturing 

material (R.B. Jones, pers. comm.). Today, the 

principal disadvantages of "local" maize are its 

tall, spindly plants, long growing season, low 

grain-ta-stover ratio,? and relatively low yield, 

even when fertilizer is used. Yields of "local" 

varieties in farmers' fields, fertilized and 

unfertilized, average about 1 t/ha. The typical 

family of five must plant more than one hectare 

of these varieties to meet annual subsistence 

requirements. According to the last NSSA in 

1980/81, over half of Malawi's farmers cultivate 

less than one hectare. Since then, that proportion 

of farmers has probably increased to more than 

two-thirds (House and Zimalirana 1992). A 

significant proportion of smallholder households 

are therefore unlikely to meet subsistence requi

rements from their own land with "local" maize. 

Another disadvantage of these varieties is that it 

is increasingly difficult to identify seed that 

meets the ideal type. Ideally, maize seed is 

inherited and valued grain traits are protected 

through careful seed selection. In practice, seed 

selection practices are generally rudimentary 

(and may always have been, since Malawi is not 

a zone of origin for the crop and farmers may 

have only two to three generations of experience 

growing maize). Most farmers select their seed 

from the nkhakwe at the time of processing and 

therefore have no knowledge of the plant type 

being selected. Farmers who are chronically 

short of maize also consume their seed supplies. 

Often, what farmers describe as "maize of the 

ancestors" was purchased on the market as food 

grain or acquired through labor exchange with 

other farmers in recent years. Because much of 

the food grain found on the market at planting 

time is hybrid maize, these farmers are planting 

second-generation hybrid seed and calling it 

"maize of the ancestors." Furthermore, in areas 

where adoption rates for improved maize have 

been higher, extensive areas of contiguous maize 

plots contribute to cross-pollination and the 

uncontrolled mixing of varieties.8 

Increasingly, the term cha makala or "local" means 

only that the seed source is controlled by local 

farmers (A. Hansen, pers. comm.). Maize seed 

introduced by the extension system is often 

called chimanga cha bama ("maize of the 

government"). Even when a cultivar has been 

introduced by the government extension service, 

once the seed has been retained for several 

seasons, farmers refer to it as cha makala rather 

than cha bama. 

It is therefore important in reading the chapters 

that follow to recognize that in farmers' fields 

"local maize" represents a genetic mixture of 

traditional varieties, some of which farmers have 

sought to maintain for specific traits that they 

value, and scientifically bred or improved 

materials that have been introduced and retained 

by farmers over time. The system that has made 

those scientifically bred materials available to 

farmers is the focus of the next chapter. 

7� Despite the relatively high production of stover by "local" maize, stover traditionally has been burned and only incidentally has 
been used for animal grazing. 

8� An estimate of the proportion of farmers using each type of seed (F2 hybrid, old improved material, seed retained for more 
than 10 years, etc.) is found in Smale et al. (1991). The proportion of seed that has been retained for more than 10 years 
varies by region and is estimated at under 50% for survey farmers in the Blantyre area during the 1989/90 season. The 
percentage of farmers growing F2 hybrid seed is estimated at about 10%. These estimates would look very different if 
calculated now, after the 1991/92 and 1993/94 drought seasons. The proportion of farmers growing old improved material was 
estimated as fairly high (27%) in the Mzuzu survey area (see Chapter 5 for estimates of area under improved OPVs in various 
years). 
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CHAPTER 4 
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Maize Research in Malawi 

Maize Breeding: The Flint-Dent 
Dilemma and a Chronology of 
Maize Breeding 

Aseen in the previous chapter, the 

supply and demand for improved 

maize seed from Independence until the 

late 1980s can essentially be described as 

"market failure." The market for dent hybrids 

was dominated until recently by estate owners 

with no particular interest in grain texture and 

by a select group of progressive smallholders 

who participated in development projects that 

supplied imported seed from Zimbabwe and 

South Africa. 

Malawi's true maize research clients were over a 

million smallholders, who grew 90% of Malawi's 

maize with family labor and a hoe and valued 

flinty maize cultivars. They represented a 

potentially large but unassessed demand for 

improved maize seed. Their willingness to pay 

for improved maize seed was virtually 

unknown. Divided administratively by region 

and district, and developmentally by holding 

size, smallholders could not represent a unified 

interest group (Christiansen and Kydd 1985). 

The difference in the grain trait interests of these 

two groups and the kinds of germplasm 

available for maize breeders to work with in 

Malawi are the keys to understanding the 

characteristics of improved maize materials 

released there over the years. Malawi's flint 

maize germplasm was not high yielding. The 

highest yielding maize germplasm available in 

the region (Kenya, Zimbabwe, South Africa) was 

not flint, and the flint germplasm available in 

other regions (e.g., South America) was not 

adapted to Malawian conditions. The 

development of a high-yielding maize cultivar 

with suitable grain texture was further delayed by 

staffing and funding discontinuities in the public 

maize research system, as will become clear later 

in this chapter. 

The key junctures in Malawi's maize research 

history and varietal releases are marked on the 

time line in Figure 4.1. From 1909 to 1919, and 

1927 to 1933, Malawi's colonial agricultural 

department imported some white and yellow 

dent OPVs (of US and South African origin) from 

South Africa and Southern Rhodesia for 

evaluation. Because these introductions 

performed poorly in the field, the department 

concluded that improvement of local flint 

landraces was the most suitable breeding strategy 

(Rusike 1995). In the 1940s, S. Hoyle began 

collecting maize landraces and inbreeding local 

materials to produce pure lines (Kydd 1989). The 

Great Famine of 1949 led the government to 

initiate research into higher yielding food crops, 

especially hybrid maize. This research program 

was supported by the establishment of Chitedze 

Agricultural Research Station near Lilongwe and 

the appointment of the Chief Agricultural 

Research Officer to supervise and coordinate 

national agricultural research. 

Basic work did not begin until the early 1950s, 

when R.T. Ellis was assigned to begin research on 

maize synthetics and hybrids. The most 

promising of the new cultivars he bred were the 

synthetics SV17 and SV37 and the hybrid LHll. 
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Breeding 
program begins 

.. LH7,dH 
bred locally 

State of .. SVI7,s-tS 
emergency 

declared; 
bred locally 

breeding 
ceases 

Independence 

.. LHll,s-IH 
Malawian- Mexican-
Zimbabwean inbred 
lines, bred locally 

• SV28,s-IS 
East Alrican Agriculture 
and Forestry Research 
Organization inbred 
lines, bred locally 

Hybrid maize 
breeding program 

discontinued 

.. SV37,s-IS 
bred locally 

.. SR52, dH 
imported, 
Zimbabwe bred 

.. R200, dH 
imported, 
Zimbabwe bred 

Shift to composites 
for small-scale 

farmers; hybrids 
imported 

for estates .. UCA,s-IC .. CCA, s-IC local .. H632, .. R201, dH 
adapted, and exotic s-dH imported, 
Tanzania bred materials, imported, Zimbabwe 

bred locally Kenya bred bred 

Hybrid maize 
breeding program 

restored 

NSCM operational .. MHI2,dH 
Zambian SR52 

.. NSCM41, dH 
imported, 
Ciba-Geigy 4141, 
Rep. South 
Alrica bred 

.. MHI4, MHI5, .. CCC,s-IC .. CCD,s-IC .. R215, dH .. Tuxpeno, dC .. KEp, dC 
dH MHI6, s-dH 
Rep. South 

locai-CIMMYT-Rep. 
South Alrican

IITA-CIMMYT 
Rep. South 

imported, 
Zimbabwe 

imported, 
CIMMYT 

imported, 
Rep.Sou~ 

African, Zimbabwean Alrican bred Alrica bred 
Zimbabwean, materials, materials, 
and local 
materials, 

bred locally bred locally 

bredlocaliy 

Flint hybrid 
breeding 

program begins 

Cargill buys 
majority 

share in NSCM 

.. MHI7,s-tH .. 
MH12-CIMMYT 
material, 

MHI8,s-IH 
MHI6-CIMMYT 
material, 

brediocally bred locally 

Figure 4.1. Key junctures in maize research and improved maize materials (both locally bred and imported) released in 
Malawi, 1954-90. Dates are approximate. 
Key: s-f =semi-flint; sod =semi-dent; d =dent; S =synthetic; C =composite; and H=hybrid. NSCM =National Seed Company of 
Malawi; IITA = the International Institute of Tropical Agriculture. 
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Pre-Independence pressures within the colonial 

administration led Ellis to resign in 1959. No 

breeder replaced him for three years, although 

he visited the research station periodically and 

attempted to maintain breeding lines with the 

assistance of national technicians (R.T. Ellis, pers. 

comm., 1992). 

The hybrids and synthetics bred during the late 

1950s and early 1960s were generally flint 

materials, because individuals in the colonial 

administration and expatriate maize breeders 

recognized the importance of grain texture to 

smallholders (Ellis 1959; Rusike 1995). After 

Independence, the post of plant breeder was 

filled intermittently by a series of expatriates on 

short-term contracts (GOM/DOA 1964-74). Plant 

breeders had responsibility for both maize and 

tobacco, and except for some early work on 

maize composites during the late 1960s, research 

focused on testing existing lines rather than 

developing and releasing new materials. 

Through much of the period from 1959 to 1967, 

breeding lines deteriorated because of poor seed 

maintenance practices related to staff vacancies 

and shortages of supplies and funds (B.T. 

Zambezi, pers. comm.). In 1967 the hybrid maize 

research program was officially "discontinued" 

(Mloza-Banda, Mtambo, and Chavula 1988). 

In 1971, a British Overseas Development Team 

led by A. Bolton was posted to the Malawi 

research system. Bolton's research was devoted 

exclusively to maize. In a series of trials 

comparing the performance of the hybrids and 

synthetics bred before Independence to imported 

composite and hybrid materials, Bolton 

concluded that the dent hybrid SR52 (of 

Zimbabwean origin) and the semi-flint composite 

UCA (of Tanzanian origin) were the most 

promising.1 Bolton described SR52, the highest 

yielding cultivar in the trials, as appropriate for 

the few Malawian commercial farmers who could 

produce it under high levels of management. 

National breeding efforts could then concentrate 

on developing and adapting semi-flint 

composites for consumption or sale by small

scale farmers (Bolton 1974). Through the late 

1970s, the government pursued a two-pronged 

strategy of importing SR52 for commercial 

farmers and breeding flint composites for small 

farmers.2 Chitedze Composites A and B (CCA 

and CCB) were developed under this program. 

In 1977, after a lO-year hiatus, the hybrid research 

program was officially restored (Mloza-Banda, 

Mtambo, and Chavula 1988). One force 

motivating this decision was the high cost of 

importing SR52 seed after the UN imposed 

sanctions on Zimbabwe in 1965. The government 

established a seed certification scheme and 

methods to finance a seed program through 

NSCM (Rusike 1995). In 1978, the dent hybrid 

MH12 (a single-cross hybrid) was released. Based 

on SR52 germplasm obtained from Zambia, 

MH12 yielded less under comparable conditions 

than SR52 because the parent lines had lost their 

purity (B.T. Zambezi, pers. comm., 1992).3 

,	 The yield of a single-cross hybrid such as SR52 was also generally higher than that of a double-cross hybrid such as LH11. In 
the 1960s, the yield of LH11 at the national research station was approximately 8 Vha. In both experiment station and district 
trials during the early 1970s, yields of Rhodesian double-cross hybrids ranged from 90% to 125% of yields of LH11. 
Considering both the yield losses reSUlting from deterioration of the breeding lines and those associated with on-farm 
processing, LH11 should have been quite competitive with the double crosses. On the other hand, the single-cross hybrid 
SR52 consistently yielded 30% to 55% more than LH11 (Bolton 1974; GOM/DOA 1964-74). 

2	 Elements of this strategy were initiated in the 1950s (Rusike 1995). 
3	 The Zambian SR52 on which MH12 was based was contaminated in 1976 because of inadequate seed maintenance resulting 

from a shortage of maize breeders (Rusike 1995). In 1984, after considerable work to reconstitute the parent lines, Zambia re
released SR52 germplasm as MM752 (Howard 1994). 
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However, releasing MH12 was only an "import 

replacement" strategy. The two-pronged 

breeding strategy focusing on dent hybrids and 

semi-flint composites continued through the 

1980s. From 1978 to 1981, national breeders and 

technicians developed the lines for the adapted, 

single-cross dent hybrids MH14, 15, and 16 and 

the semi flint composites CCC and CCD.4 When 

all of the national breeders left for advanced 

training in 1981, the technicians maintained the 

newly developed hybrid and composite lines. In 

the mid-1980s, the NSCM obtained foreign 

exchange clearance to import NSCM41 (Ciba

Geigy 4141, related to Zimbabwe hybrid R201), a 

short-season dent hybrid. MH14, 15, and 16 and 

CCC and CCD were officially released by the 

national program. 

Shortly thereafter, the World Bank exerted 

pressure on the maize research system to 

produce flint hybrids. In 1987, when B.T. 

Zambezi returned from overseas training to 

assume the post of Maize Breeder, the national 

maize research team initiated their flint hybrid 

program. For the first time since the 1960s, grain 

texture became a breeding objective applied to 

both hybrids and OPVs. In 1990, B.T. Zambezi, 

E.M. Sibale, and w.G. Nhlane released the 

national maize program's first adapted, semi

flint hybrids, MH17 and MH18. 

To obtain MH17 and MH18, the breeders top

crossed a Malawi single-cross hybrid (MH12, 

and MH16, respectively) with Population 32, a 

flint variety from CIMMYT in Mexico.5 

Population 32 was selected because it was a flint 

material and combined better with the Malawian 

hybrids than other CIMMYT flint populations. 

The team's previous work on OPVs had enabled 

them to recognize the potential usefulness of 

Population 32. By using a top-crossing strategy to 

develop these "nonconventional hybrids" and 

building on earlier work on the combining ability 

of dent parent lines, the team was able to release 

the new semi-flint hybrids within the relatively 

short period of three years. The establishment of 

CIMMYT's midaltitude station in Zimbabwe in 

1985 facilitated the close collaboration between 

Malawian and CIMMYT scientists that reduced 

both the time to release new hybrids with 

acceptable grain texture and yields and the cost to 

the national research program of developing 

them. The sustained financial support and 

flexibility of the Rockefeller Foundation has also 

assisted a talented, well-trained team of maize 

researchers to further their agenda. 

Soil Fertility and Other Crop 
Management Research 

In general, crop management research is more 

location specific than breeding research, and the 

objectives of crop management research are 

linked less easily to factors that influence the 

demand for new agricultural technology. 

Nonetheless early efforts in crop management 

research grew out of the same research policy 

perspective that led to varietal improvement. 

Colonial agricultural administrators stated that 

soil conservation, more and better food, and the 

development of the agricultural cash economy 

were the basis of agricultural policy as well as 

research policy. Because these administrators 

presumed that not enough land of adequate 

fertility was available to make land expansion the 

chief engine of agricultural growth, they argued 

the need for yield-increasing technical change. 

Agronomic research as well as varietal 

MH16 may be more accurately termed a "semi-dent," based on its kernel texture score. 
S	 Initial reciprocal crosses were made using various lines from CIMMYT Populations 30 and 32 as parents. The line Poza Rica 

8432 was eventually used as the male parent in the crosses that produced MH17 and MH18. 
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development would be devoted to that goal 

(Kettlewell 1965). 

Soil fertility research 
Soil fertility research began on experiment 

stations in 1949. Research on district plots began 

in 1951 to determine crop response under more 

representative conditions. These efforts were 

insufficient to serve as a basis for widespread 

agronomic recommendations, so a large-scale 

agroecological survey was initiated in 1959, and 

more extensive district trials were planted in the 

early 1960s (Brown 1966).6 Though Ngwira and 

Sibale (1986) have argued that much of the early 

work on soil fertility was directed at maize 

production on estates, Brown (1966) clearly 

states that a major goal was to transfer 

recommendations from government farms (that 

is, from extension demonstration units) to village 

gardens. Certainly maize production on estates 

was not very important at that time. 

Early fertilizer trials appear to have been 

conducted with selections from better local flint 

material and some of the synthetics that came 

from the breeding program. This work led to the 

conclusion that the main chronic nutrient 

deficiency was nitrogen, which could be 

corrected at economically optimal rates of 

application of 25-45 kg of nutrient per hectare. 

Maximum yields might occur at somewhat 

higher rates. Responses to phosphorous were 

less predictable, and usually no responses 

occurred for potassium. Minor elements were 

not widely tested. Potential sulfur deficiencies 

were expected to be corrected automatically by 

the use of ammonium sulfate (the principal 

nitrogen source even as late as 1983) and single 

superphosphate (Brown 1966). 

Little information can be found on soil fertility 

research in the late 1960s, but the team led by 

Bolton included an agronomist whose work was 

devoted fully to maize. By then, fertility research 

was completely tied to the use of improved 

cultivars, micronutrient studies were included, 

and some work was begun on alternative sources 

of nitrogen. Present fertilizer recommendations 

appear to date in large part from the mid-1970s, 

although it is not clear whether these were 

intended to be as universal as they are now 

assumed to be in extension recommendations 

(Ngwira and Sibale 1986; Mughogho n.d.). 

The renewal of the hybrid maize research 

program in 1977 meant that agronomic research 

in the early 1980s, including soil fertility research, 

was directed primarily towards hybrids rather 

than to local maize or improved OPVs. In the 

mid-1980s, higher per-unit transport costs, 

combined with expanded fertilizer sales to 

smallholders, raised subsidy costs and 

heightened the financial burden on ADMARC 

and the Government of Malawi. The government 

planned a phased withdrawal of the subsidy 

along with a shift to high analysis fertilizers (Sahn 

and Arulpragasam 1991). Calcium ammonium 

nitrate (CAN - 28% nitrogen, or N), which 

replaced ammonium sulfate (20.5% N) as the 

principal nitrogen source in 1984, was gradually 

replaced by urea from 1988 onwards. Similarly, 

20-20-0 - a compound fertilizer with 20% N, 20% 

phosphate (PPs)' and 0 potassium (K) - was 

replaced with diammonium phosphate (DAP, 18

46-0) and 23-21-0 + 45 (sulfur) from 1990. 

From the mid-1980s to the end of the decade, soil 

fertility research related to maize concentrated on 

the efficiency of different sources of nitrogen and 

The results of this survey were reported in Young and Brown (1962) for the Northern Region and Brown and Young (1965) for 
Central Malawi. Detailed maps of Southern Region were produced, but no summary report was ever completed. This work has 
recently been updated (MOA/UNDP/FAO 1991,1992). 
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phosphorus as well as the appropriate timing for 

applying a nitrogen top-dressing, especially 

when urea is the source of much of the nitrogen 

and DAP is used as the basal dressing. When 

these nutrient sources are used, maize receives 

less nitrogen at planting than if the other 

compound fertilizers are used, unless additional 

urea is added to the basal DAP application 

(Kumwenda et a1. 1993). 

By the late 1980s, the recognition that farmers 

were growing both local maize and hybrids led 

to a more consistent differentiation of research on 

fertilizer response in these different types of 

maize. Work on fertilization rates for local maize, 

including intercropped maize, began with the 

Adaptive Research Teams in the mid-1980s 

(Adaptive Research Coordinating Unit 1987) and 

was taken up by the Maize Commodity Research 

Team by the 1987/88 season (Kabambe 1990).7 

Researchers also began to emphasize the 

differences between fertilizer response on 

experiment stations and farmers' fields, and over 

more broadly defined agroecological zones as 

well as over soil types. However, extension 

recommendations for fertilizer remained uniform 

for all farmers, all fields, and all agroecological 

zones; they were distinguished only by maize 

type. For hybrid maize, 90-95 kg/ha N and 35-40 

kg/ha P20 S were recommended; for local maize, 

40 kg/ha Nand 10 kg/ha rps' 

Although research on animal manure, rotations, 

and more general soil conservation can be traced 

to colonial times (Kettlewell 1965; Brown 1966; 

Mughogho n.d. - see the next section), there is 

little evidence of soil fertility research on green 

manuring or alley cropping before the mid-1980s. 

Other crop management research 
Soil fertility research was not the only focus of 

crop management research in Malawi. Certain 

early crop management work (1950s) seems 

related to prescriptions decided apriori by policy 

concerns rather than by field testing - such as 

the emphasis on contour ridging for soil 

conservation and on timely land preparation and 

planting, which followed the Great Famine of 

1949 (Kettlewell 1965).8 Trials showed no yield 

response to planting on ridged rather than flat 

land, but ridging was still considered beneficial 

for soil conservation and, when done over 

several seasons, valued as an aid to proper plant 

spacing and density. Spacing was determined by 

distance between ridges, distance between 

planting stations on the ridges, and number of 

plants per station. Farmers were advised to plant 

seed again to stations where germination did not 

occur. Density recommendations settled at 30,000 

to 35,000 plants/ha (Brown 1963). In more recent 

years, somewhat higher densities (37,000 

plants/ha for local maize and 37,000-44,000 

plants/ha for hybrids) have been advocated. 

Time-of-planting experiments looked at the yield 

losses that resulted from delaying planting until 

after the first planting rain (Brown 1963). These 

and subsequent efforts (Hay 1981) focused on 

defining the first planting rains and the factors 

responsible for the yield advantage conferred by 

planting early. MacColl (1989) found that for 

hybrids a delay in planting of up to three weeks 

had no consistent effect on yield, and hybrids 

planted early could suffer from cob rot at the 

close of the season. Though he also explored the 

effects of drought occurring late in the growing 

season (MacCoIl1990), he did not recommend a 

particular planting date strategy. 

See Chapter 5 for information on area planted to improved seed and extent of fertilizer use by maize type. 
B	 Resistance to compulsory ridging (enacted in 1946 and relaxed in 1957) was one of the major factors in the pre-Independence 

struggle (Kydd 1989). 
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It has long been recognized that in much African 

agriculture labor constraints frequently result in 

untimely or inadequate weeding. Past work by 

Brown (1963) and more recent work reported by 

Zambezi, Kumwenda, and Jones (1993) confirm 

that performing the first weeding within a 

month of germination is recommended to avoid 

yield losses. Some research on herbicides has 

been sponsored in recent years by chemical 

companies working through the Maize 

Commodity Team, but per unit-costs and 

distributional considerations are likely to 

preclude the widespread use of herbicides by 

smallholders in the near future. 

Though a significant proportion of Malawi's 

maize is planted with other crops,9 until recently 

trials have not been designed to incorporate the 

effects of intercropping. Studies of intercropping 

both local and hybrid maize conducted by an 

Adaptive Research Team in the 1980s often 

confirmed the soundness of spacing practices 

farmers used in local maize (Adaptive Research 

Coordinating Unit 1987). By the late 1980s, the 

Maize Commodity Team as well as Adaptive 

Research had started experimenting with 

intercropping maize hybrids, as more emphasis 

was placed on adapting hybrid maize 

technology to small farmers. In some cases 

intercropping did not reduce maize yield, 

although the yield of the interplanted crop was 

substantially lower than if it had been planted in 

pure stand. 

A related research area that also developed in 

the late 1980s was agroforestry. Of particular 

relevance to maize was research into alley 

cropping as a potential lower cost method of 

maintaining or improving soil fertility. Much of 

this work was done by a new commodity 

research team for agroforestry, although it 

became more closely coordinated with maize 

agronomy over time. 

Summary of Past Research Efforts 

Most maize research in Malawi from the late 

1940s through the late 1980s has been directed at 

developing yield-increasing technology in the 

form of high-yielding maize varieties and 

hybrids and associated cultural practices. Several 

important themes span the period. 

First, the direction of maize research in Malawi 

has been to a large extent circumscribed by the 

development model the colonial and 

independent governments of Malawi pursued. 

The real client group for maize research, 

Malawi's smallholder farmers, did not compose 

an interest group either unified or powerful 

enough to influence the direction of research. 

Any reflection of smallholders' interests in 

research policy was most likely a result of 

individual researchers' and administrators' 

intuition, the development strategies favored by 

donors supporting agricultural research, or 

coincidence - not organized support. This 

theme is most evident in the dilemma 

concerning flint and dent maize breeding, but it 

also characterizes crop management research. 

Crop management research results have 

translated relatively slowly into extension 

recommendations, and policies needed to 

support recommendations (for example, to 

assure supplies of the specific fertilizers 

required) have tended to be fragmentary, the 

product of only superficial dialogue between 

policy makers and research workers. 

In rough order of importance, these species are Phaseo/us beans and other pulses, sorghum or finger millet, and groundnuts. 
The relative importance of intercropped species varies by agroecological zone. See also Chapter 5. 
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Second, agricultural policy in general and 

agricultural research policy in particular were 

often reactive. Events such as the Great Famine 

of 1949 and sudden increases in marketed 

maize surpluses during the mid-1950s and early 

1980s led to abrupt shifts in pricing policy. With 

hindsight, it seems likely that the urgency with 

which maize research was conducted was also 

affected by these historical circumstances. 

Third, in one sense the emphasis on yields in 

maize research was forward looking, because it 

was based on concern about growing 

population densities, shorter fallows, and the 

tendency towards maize monoculture. The 

focus on yields, however, conflicted with the 

emerging social science consensus that in much 

of African agriculture seasonal labor shortages 

were more important production constraints 

than land shortages (Cleave 1974; Collinson 

1987). Even social scientists working in Malawi 

(e.g., Quinten and Sterkenburg 1975) at times 

expressed doubt about any technology that 

might increase labor requirements.10 Confusion 

over the relative importance of land and labor 

constraints in Malawi's farming systems is 

reflected in the writing of scientists such as 

Brown (1963), who stated, "It is still widely 

considered preferable to grow the maximum 

acreage available and accept miserable yields of 

2 or 3 bags per acre [450-675 kg/hal rather than 

cultivate a limited acreage properly and reap 

the full yield potential" (p. 81). Brown 

attributed this to the influence of tradition 

rather than to possible labor constraints. In fact, 

farmers themselves, at least in some regions of 

Malawi, may not have perceived a land 

constraint in the past. 

It appears that limited intensification based on 

farmers' adoption of timely planting, better 

weeding, and ridging in the 1950s and 1960s 

(Kettlewell 1965), in conjunction with area 

expansion, was able to maintain or even increase 

per capita maize production during those years. 

The fact that downward aggregate trends in per 

capita maize production and the real wage only 

appear from 1970 implies that many farmers 

may not have been particularly concerned about 

yield until recently. In retrospect, the conflict 

over focusing research on yield instead of 

quality, stress resistance, or returns to labor 

(Binswanger and Pingali 1988) might have 

developed because research administrators' 

views were conditioned by the situation in the 

Southern Region, where land constraints were 

most evident, while the principal maize research 

station was located in the Central Region, where 

labor constraints were more important. 

Fourth, changes in research organization have 

affected the way in which different components 

of maize research have been conceived and 

conducted. Until the early 1970s, maize research 

was the province of scientists who also had 

responsibility for other crops. From that point 

onward, a subunit of several scientists within the 

Department of Agricultural Research was 

dedicated solely to maize. In the late 1970s and 

early 1980s, pathology and entomology were 

increasingly emphasized as support disciplines 

to maize breeding (Ngwira and Sibale 1986). In 

the early to mid-1980s, other research teams, 

notably first adaptive research and then 

agroforestry, devoted considerable attention to 

crop management aspects of maize research. 

10	 See Bruce, Byerlee, and Edmeades (1980) for a numerical example from Ghana, in which a recommended maize technology 
nearly doubled yields and returns to land while leaving returns to labor unchanged. In many cases, varietal change alone may 
improve both returns to land and labor, but the promotion of technological packages (consisting of seed·fertilizer-other 
management practices) often obscures this point. 
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Fifth, how researchers perceived the 

representativeness of research on experiment 

stations and the need for conducting trials on 

farmers' fields ll has also fluctuated over time. It 

is generally conceded that for some important 

areas of research, such as inquiries into soil 

fertility management or weed control, research 

station experimentation is of little use. Varietal 

trials have also been conducted more often on 

farmers' fields. In both cases the Maize 

Commodity Team itself (rather than adaptive 

research or extension) has carried increasing 

responsibility for some of these trials, but 

collaboration has also grown. 

Sixth, another concern that has long been 

recognized is the need to vary approaches by 

ecologies. Though the bulk of maize research has 

been centered on higher potential zones 

Zones 2 and 3 (the midaltitude ecologies) and to 

some extent Zone 1 (the midaltitude transitional 

ecology) - some research has concentrated on 

Zone 4 (the warm lowland tropical ecology), 

which is less well defined. Although these 

distinctions in ecology are well known, 

discussion of the proper degree of research 

emphasis to place on each zone and the 

possibilities for research that would be relevant 

in more than one has been limited. Important 

recent steps in this direction have included 

attempts to define the ecologies more precisely 

and to decide that some areas (particularly Zone 

5, the hot lowland tropical ecology with a short 

growing season) deserve relatively little research 

attention. 

Finally, as the previous discussion indicates, 

most of the major themes in Malawi's maize 

research can be traced back to the colonial 

research service in the late 1940s and 1950s. In 

some sense, the individual memories of long

serving scientists are longer than the collective 

research memory. Research continuity in terms 

of published output is especially hard to trace for 

the late 1970s and early 1980s, when research 

reporting became particularly fragmentary. It is 

clear, however, that many current and potential 

maize research directions have their antecedents 

in past scientific endeavors, and that a careful 

evaluation of the assumptions and experience of 

that research and related research efforts from 

similar ecologies in neighboring countries can 

help to keep present efforts well focused. 

Current Research Emphases 

The outlines of Malawi's current maize research 

strategy were first set out in detail in the Malawi 

Maize Improvement and Production Research Action 
Plan 1989-1999 (Ngwira et a1. 1991), which is 

viewed as the basis for discussing evolving 

research strategies rather than a fixed blueprint. 

Though the Action Plan initially appears to give 

most weight to maize breeding, in the early 

1990s the Maize Commodity Team increasingly 

stressed the importance of addressing soil 

fertility problems. This can be seen by a steady 

progression from more complex trial designs 

aimed at discovering key factors and their 

interactions; through increasing emphasis on 

developing fertility management 

recommendations conditional on region, 

seasonal factors, and other management 

practices; and through farmer verification of 

research findings. 

Maize breeding continues to emphasize 

maintenance, improvement, and manipulation of 

genetic material to produce higher yielding 

white maize with good disease resistance, 

11	 Or the need for understanding how widely research results may be applicable, such as through agroecological surveys (MOAI 
UNDP/FAO 1991,1992) or crop modeling (Thornton et al. 1993) 
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particularly to leaf blights, rusts, and maize 

streak virus. Though the breeding program 

continues to handle both flint and dent 

materials, most of the elite inbred lines 

developed in the past seven years have been flint 

or semi-flint types. Yield potential, yield stability, 

good agronomic characteristics such as 

standabilityand lower plant height, and shorter 

maturity will also remain important. Population 

improvement is seen as both the source of parent 

material to the hybrid program and the basis for 

the release of improved OPVs if an appropriate 

outlet for their multiplication and diffusion can 

be identified. Some relatively new avenues of 

research have concerned tolerance to moisture 

stress (particularly Zones 3 and 4), greater 

nitrogen use efficiency (Zones 2 and 3), and 

investigation of the performance of F2 hybrids 

compared to Fl seed (Ngwira et aL 1991; 

Zambezi, Kumwenda, and Jones 1993; Smale, 

Zambezi, and Heisey 1993). 

Soil fertility management, maintenance, and 

improvement have become the main elements of 

crop management research. Fertilizer use 

efficiency, regional differences in the importance 

of phosphate and trace elements, and studies of 

organic matter status and nutrient recycling are 

key components (Matabwa and Wendt 1993; 

Wendt 1993a; Jones 1993b; Jones and Wendt 

1995). Particularly in the latter area, 

investigations of alley cropping continue 

(Wendt, Jones, and Bunderson 1993; Wendt 

1993b). Maize researchers have increasingly 

recognized the importance of interaction 

between other crop management practices, for 

example weeding (Kabambe and Kumwenda 

1995), plant population (Carr 1989), and soil 

fertility management.12 Malawi's maize soil 

fertility researchers are now linked with others 

working on soil fertility in other countries in the 

region through a network financed by the 

Rockefeller Foundation (Waddington and 

Ransom 1995). 

Other notable features of the present crop 

management research agenda are intercropping 

and control of Striga asiatica (Kabambe 1991). 

There have been some calls to extend the work 

on time of planting from Zones 2 and 3 into 

Zones 4 and 1 (Ngwira et aL 1991). This research 

may best be handled through crop modeling, as 

in the work reported by Thornton et aL (1993; 

1995). Definitions of target agroecologies and 

client groups have been made somewhat more 

precise than in the past (Ministry of Agriculture 

1993; Jones 1993a), but further work may be 

necessary, particularly in defining Zone 4. 

Finally, maize researchers have begun to 

emphasize the importance of closer links to the 

policy process. First, researchers increasingly 

recognize the need to refine the sophistication 

with which extension recommendations are 

formulated and promulgated. Second, they now 

stress that research findings must be more 

adequately understood and acted upon by 

policy makers. 

12 As will be seen in Chapter 5, in the aggregate, farmers too seem to be increasingly aware of some of these interactions. 
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CHAPTER 5 
wrwrrr .. ···w~Umm ..3m~mfKWk:m 

Changes in Maize Production
 
Practices over Time
 

What have been the impacts of some 

of the maize research described in 

the previous chapter? What potential 

impacts may arise as a result of that research? 

This chapter examines both of these issues, 

moving from an analysis of the advantages of the 

new seed-fertilizer technology to an account of 

which farmers have adopted the technology, and 

under what conditions. Changes in cultural 

practices associated with farmers' choice of maize 

variety or use of fertilizer are also discussed. 

We begin by reviewing conclusive evidence that 

Malawi's maize hybrids do indeed yield more 

than farmers' local maize in trials and on-farm 

demonstrations, at either recommended or lower 

levels of nitrogen and management, and that 

these yield differences are significant. We then 

make use of a detailed, extensive set of data from 

the farm level to assess the yield changes and 

economic benefits that are likely to occur in 

farmers' fields if hybrid seed and fertilizer are 

adopted. 

Yield and Economic Potential of 
Improved Maize Technology 

Yield trial data 
Table 5.1 summarizes yield data for maize 

hybrids included in the National Maize Variety 

Trial in 1990/91, a "normal" production season, 

and 1991/92, a severe drought year. In both of 

these cropping seasons, which were 

distinguished by markedly different growing 

conditions, all five of the hybrids currently on the 

market were planted in the national maize trials: 

the full-season MH12 (a dent) and MH17 (a semi

flint), the early to mid-season NSCM41 (a dent), 

MH16 (a semi-dent), and MH18 (a semi-flint). 

In researcher-managed trials on the station and in 

farmers' fields during both seasons, no 

significant yield differences appeared among 

dent, semi-dent, and semi-flint hybrids. In trials 

on experiment stations, yields of hybrids reached 

about 8 t/ha in the normal year and 4 t/ha in the 

drought year. Researcher-managed trials in 

Table 5.1. National Maize Variety Trial yields (tlha) for current commercial hybrids 

Hybrid 
Number of 

Site and year sites MH12 MH17 NSCM41 MH16 MH18 

Combined research station sites 
1990/91 4 7.8 8.2 7,9 8.0 7.6 
1991/92 6 4.0 4.3 4,5 4.0 4.2 

Combined on·farm sites (researcher managed) 
1990/91 6 6.3 6.4 6.3 5.5 5.9 
1991/92 6 2,7 2.7 2.7 2.9 2.9 

Note: Fertilizer rates were 120 kg/ha Nand 60 kg/ha P20S' 
Source: National Maize Variety Trials. 

31 



farmers' fields resulted in yields of about 6 t/ha 

in 1990/91 and less than 3 t/ha in 1991/92. 

Mean yields on the farm were thus one-quarter 

to one-third lower than yields on the experiment 

station, despite supposedly identical 

management in the same season. This difference 

may result from differences in field conditions 

(for example, higher land quality and more 

residual nutrients on research stations) and the 

difficulties involved in managing trial sites off of 

the research station'! 

In recent years, unimproved maize has not 

always been included in the National Maize 

Variety Trials. Data from variety and other kinds 

of trials for previous years suggest that under 

equivalent management conditions, unimproved 

maize might be expected to yield 3-4 t/ha in 

normal years.2 

Aggregate yields by type of technology 
Data from the 1980/81 NSSA and more recent 

National Crop Estimates, summarized in 

Chapter 2, indicate that over a 12-year period, 

excluding the 1991/92 drought year, aggregate 

national yields of local maize grown by 

smallholders ranged from 0.7 to 1.1 t/ha and 

averaged about 1.0 t/ha. Over the same period, 

yields of hybrid maize grown by smallholders 

had a mean of about 2.8 t/ha and ranged 

between 2.2 and 3.1 t/ha.3 Most hybrid maize is 

fertilized (see the discussion later in this 

chapter), but the local maize yields reported in 

the national estimates include both fertilized and 

unfertilized maize. Sample surveys (e.g., Smale 

et a1. 1991) lead us to conclude that average 

aggregate yields for unfertilized local maize are 

probably about 0.9 t/ha, and average aggregate 

yields for fertilized local maize (at roughly 30-40 

kg/ha N) are about 1.3-1.4 t/ha. The effects of 

changing from one type of maize to another are 

dissociated from the effects of fertilization level 

in the next section, using data from farmer 

demonstrations. 

Demonstration trial data 
From 1989/90 through 1992/93, the Ministry of 

Agriculture, UNDP, and FAa jointly 

implemented a series of fertilizer demonstration 

trials in Central Malawi.4 The data from these 

demonstrations allow observation of the spatial 

distribution of yield, under farmers' conditions, 

for treatments representing four technology 

alternatives: (1) local maize seed planted without 

fertilizer; (2) local maize seed planted at the 

recommended fertilizer rate for local maize; 

(3) hybrid maize seed planted without fertilizer; 

and (4) hybrid maize planted at the 

recommended fertilizer rate for hybrid maize.s 

Qualitative relationships about the temporal 

distributions of yield for each treatment can also 

be inferred by analyzing the pattern of the 

spatial distributions for comparable treatments 

over several years. The comparison of yield 

distributions for local maize and hybrid maize 

when both were grown without fertilizer is of 

1	 Difficulties in managing trials off of the research station include: fertility of soils may be degraded; plows are not used in land 
preparation; timing problems can occur when research staff plant trials off of the station, which may in turn result in poor 
emergence; and control of weeds and other pests (e.g., termites) may be poor under farmers' management. 

2	 See also the modeling results of Thornton et al. (1993), which confirm this yield plateau for "local" maize. For most of the 
results reported here and later in this chapter, "local maize" is seed supplied by the farmer at each site. 
If the drought year is included, aggregate mean yields drop 4-5%. 
The analysis that follows uses the combined results from these demonstration trials and from the yield trials described at the 
beginning of the chapter, for all hybrids included in the demonstrations. Data were used from 21 sites in 1989/90, 89 in 
1990/91,101 in 1991/92, and 136 in 1992/93. 

5	 In 1992/93 four additional plots were added, including one on which hybrid maize was planted at the recommended fertilizer 
rate for local maize. 
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particular interest. The yield advantages 

associated with high yielding varieties are often 

thought, incorrectly, to "require" fertilizer.6 

During the drought year as well as in other years, 

unfertilized hybrid maize yielded more than 

unfertilized local maize (Table 5.2). Coupled with 

the greater fertilizer responsiveness of hybrid 

maize, this finding suggests that at any level of 

fertilizer application, the expected yield of hybrid 

maize is greater than the expected yield of local 

maize (Jones and Heisey 1994). The results of 

other trials, whether conducted on farmers' fields 

or on experiment stations, appear to confirm this 

finding (Kydd 1989; CIMMYT 1990; Thornton et 

a1. 1993; Zambezi, Kumwenda, and Jones 1993). 

The yield advantage of unfertilized hybrid maize 

over unfertilized local maize is likely to hold for 

much of Zones 1-3, which cover 70% of Malawi's 

maize area. Similar trials have not yet been 

conducted in Zones 4 or 5. 

The MOA/UNDP/FAO data also show that for 

any year and for any treatment for which spatial 

yield distributions could be compared, hybrid 

maize yield distributions dominated local maize 

yield distributions in the first order stochastic 

sense? (Results for unfertilized maize in a 

drought year are shown in Figure 5.1.) The 

stability of results over the years leads us to 

conjecture (with caution) that for many farmers 

in Malawi's main maize-growing areas, temporal 

yield distributions for hybrid maize may 

stochastically dominate those for local maize in 

the first order sense at any fertilizer level, 

including zero. 
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Figure 5.1. Cumulative yield distributions for 
unfertilized hybrid and unfertilized local maize, 
Malawi,1991/92. 
Source: MOA/UNDP/FAO fertilizer demonstration program. 

Table 5.2. Unadjusted mean yields (tlha) of local and hybrid maize in "normal" years and a drought year, 
MOAIUNDP/FAO Fertilizer Demonstration Program, Malawi 

Unimproved local maize	 Hybrid maize 

"Normal" Drought "Normal" Drought 
years year years year 

Fertilizer 
rates (N-P205) 1989/90 1990/91 1992/93 1991/92 1989/90 1990/91 1992/93 1991/92 

0-0 1.0 1.1 1.1 0.4 1.6 1.6 1.6 0.8 
40-10 1.8 1.8 1.8 0.9 .. .. 2.5 
95-37 .. .. .. .. 3.8 4.0 3.8 1.9 

Source: MOA/UNDP/FAO Fertilizer Demonstration Program. 
.. = Data not available. 

6	 This conventional wisdom of the non-scientific literature is not borne out by research. Scientific experiments show that improved 
maize with high yield potential yields more than maize with low yield potential across normal maize environments, with or 
without fertilizer (G. Edmeades and D. Jewell, pers. comm,; see also Pham, Waddington, and Crossa 1989). 

7	 This implies that whenever hybrid maize and local maize yields are compared for equal levels of fertilizer, the cumulative 
probability of obtaining ayield lower than agiven level is less for hybrids than for local maize. 
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Jones and Heisey (1994) constructed partial Results of the analysis suggest that with 

budgets with the data from the demonstrations subsidized prices, in all normal years, hybrid 

using the methods outlined by CIMMYT (1988).8 maize at the recommended fertilizer levels is the 

Four sets of pricing assumptions were used to economically optimal choice for all types of 

represent (1) maize-deficit households facing farmers. With unsubsidized prices, hybrid maize 

subsidized prices; (2) maize-deficit households is always more profitable than local maize for 

facing unsubsidized prices; (3) maize-surplus maize-deficit households, although 

households facing subsidized prices; and recommended fertilizer levels are not always 

(4) maize-surplus households facing economically optimal. For maize-surplus 

unsubsidized prices. Budgets were constructed households facing unsubsidized prices, no 

for each of the four technology alternatives particular technology alternative appears 

described above, for each type of household, in economically optimal in all seasons (Table 5.3). 

each year. In all cases, it was assumed that the 

farmer planted semi-flint hybrid maize, which Several conclusions follow from these results. 

implies that hybrid and local maize are First, maize-deficit households, which may be 

substitutes in consumption. less likely to have experience with seed-fertilizer 

Table 5.3. Partial bUdget analysis, MOAIUNDP/FAO Fertilizer Demonstration Program, Malawi 

-Preferred treatment (maize type; H.P20 level)s

Type of household/pricing assumption 

Deficit! Surplus/ Deficit! Surplus/ 
Year subsidies subsidies no subsidies no subsidies 

1989/90 Hybrid; 95-37 Hybrid; 95-37 Hybrid; 95-37 Hybrid; 0-0 
1990/91 Hybrid; 95-37 Hybrid; 95-37 Hybrid; 95-37 Hybrid; 95-37 
1991/92 Hybrid; 0-0, Local; 0-0 Hybrid; 0-0 Local; 0-0 
1992/93 Hybrid; 95-37 Hybrid; 95-37 Hybrid; 0-0 Local; 0-0 

Local versus hybrid maize (without Inorganic fertilizer) 
Type of household/pricing assumption 

Deficit! Surplus/ Deficitl Surplus/ 
Year subsidies subsidies no subsidies no subsidies 

1989/90 Hybrid Hybrid Hybrid Hybrid 
1990/91 Hybrid Hybrid Hybrid Hybrid 
1991/92 Hybrid Local Hybrid Local 
1992/93 Hybrid Hybrid Hybrid Local 

Local versus hybrid maize (40 kglha H, 10 kg/ha Pps) 
Type of household/pricing assumption 

Deficit! Surplus! Deficitl Surplus/ 
Year subsidies subsidies no subsidies no subsidies 

1992/93 Hybrid Hybrid Hybrid Hybrid 

B	 A20% reduction in yields was imposed to account for small plot effects and management practices that were slightly better 
than average. Areduction of 20% is not so large that it implies the demonstrations are unrepresentative (CIMMYT 1988). 
"Maize-deficit" implies that the household is a net purchaser of maize; "maize-surplus" implies that it is anet seller, Both seed 
and fertilizer prices are currently subsidized in Malawi. Methods for calculating the effect of the SUbsidy are found in Goldman 
(1994), Other assumptions and results are presented in detail by Jones and Heisey (1994), 
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technology, have greater price incentives to 

adopt it than maize-surplus households, which 

may already use the technology. Second, in cases 

where hybrid and local maize can be compared 

at the same level of fertilization (no fertilizer or 

40-10 in 1992/93), under nearly all 

circumstances, hybrid maize is more profitable. 

Even in cases where it is not, using hybrid maize 

covers the cost of the seed. When local maize 

and hybrid maize are consumption substitutes 

(Smale et al. 1993), it no longer makes economic 

sense to fertilize local maize. The large aggregate 

increases in fertilizer use on local maize in the 

late 1980s accompanied the use of dent rather 

than semi-flint hybrids. Third, the principal 

effect of subsidies is on the use of fertilizer rather 

than seed. Subsidies also appear to have the 

effect of encouraging maize-surplus households 

to use fertilizer at the recommended levels, 

rather than encouraging adoption by maize

deficit households, which may not use fertilizer 

for the reasons summarized above. 

Heisey (1994) has extended the partial budget 

analysis to investigate the effects of farmer 

aversion to risk using the concept of stochastic 

dominance with respect to a function (Meyer 

1977). Even when the assumption of a high 

degree of risk aversion was imposed, in nearly 

all cases the economically superior treatments 

did not change from the risk-neutral case 

outlined above. 

Under most assumptions, therefore, the yield 

advantages from using hybrid seed and fertilizer 

translate into economic advantages. Input

output price ratios and the type of growing 

season appear to be more decisive factors than 

farmer aversion to risk in determining which 

technology choices are economically optimal. It 

is important to remember, however, that the 

framework of "partial" budget analysis, as 

opposed to "whole-farm" analysis, uses the 

assumption that one technique is substituted for 

another on all of the farmer's maize area. In fact, 

in Malawi, farmers generally prefer to use a 

combination of seed types and fertilizer levels 

and have multiple reasons for doing so (Smale, 

Just, and Leathers 1994). 

The finding that represents the most radical 

departure from the general preconceptions 

found in the literature about the use of high 

yielding varieties is that even with low to zero 

levels of nitrogen and under modest 

management levels, and often in a year of 

moisture stress, the maize hybrids currently 

grown in Malawi yield more than the local maize 

materials currently grown. This result constitutes 

a major point of comparison with other regions 

in Africa. For example, it implies that, assuming 

long-term rainfall patterns remain fairly 

constant, the welfare-increasing potential of 

varietal introductions does not depend on the 

complementary introduction of costly moisture

conserving technologies, as in the Sahelian case 

documented by Sanders, Nagy, and Ramaswamy 

(1990). 

Introduction and Adoption of 
Improved Seed 

Improved seed as a percentage of 
maize area and production 
The NSSA and ASA provide estimates of maize 

area planted to hybrids and improved OPVs for 

the 1980s, but for earlier years only information 

from case studies is available. Based on seed 

sales data reported by Quinten and Sterkenburg 

(1975) and FAO area figures, 0.3% of aggregate 

maize area in Malawi is calculated to have been 

planted to hybrids in 1970/71. About two-thirds 

of the area was located in Lilongwe District, and 

most of the seed was imported. Based on similar 

calculations for the same year, it is estimated that 

2.3% of the aggregate maize area was planted to 
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first-, second-, or third-year synthetics and that 

two-thirds of that area was located in Lilongwe 

District. One source cited by Kydd (Schulten and 

Westwood 1972) estimated that as much as 8% of 

cropped area was planted to improved varieties 

(mostly synthetics) in the early 1970s. By 1980, 

which may have been when the diffusion of 

composite seed peaked, NSSA estimates indicate 

that no more than 7% of the maize area was 

planted to composites (probably first-year seed) 

in any of the major maize-producing ADDs. The 

limited anecdotal and survey evidence 

concerning semi-flint synthetics and composites 

suggests that farmers did not perceive large 

yield advantages in many of the improved OPVs 

that had been released; that the small amount of 

improved OPV seed that was produced limited 

its diffusion; and that other problems, such as 

lodging, were associated with some of the taller 

improved OPVS.9 

The diffusion of improved maize seed was 

sluggish during the mid-1980s. The lowest 

adoption rates occurred during 1986/87, the year 

following a financial crisis that led to 

ADMARC's inability to purchase the hybrid 

maize that farmers offered for sale. More recent 

data from National Crop Estimates, seed sales, 

and smaller surveyslO demonstrate consistently 

that the decline of the mid-1980s was a small 

downward movement in a generally upward 

trend that increased sharply in the late 1980s 

(Tables 5.4 and 5.5, Figure 5.2).11 Diffusion 

patterns again became more unpredictable with 

the collapse of the credit system in 1993/94 and 

subsequent fluctuations in government policy in 

response to that problem in that year and the 

next. Notably, in 1993/94 the area planted to 

hybrid maize seed fell proportionately less in 

Blantyre and Liwonde (Machinga) ADDs than in 

Central and Northern Malawi (Table 5.4). 

Farmers in Southern Malawi characteristically 

have smaller farms, less history of hybrid use, 

and lower reliance on the formal credit system 

than farmers in the ADDs in Central and 

Northern Malawi,u Despite recent fluctuations 

in use of hybrid seed and fertilizer, in recent 

years hybrid maize has nonetheless accounted 

for about half of the total maize output that is 

retained and marketed (Table 5.4 and Figure 5.2). 

Four years before the semi-flint hybrids MH17 

and MH18 were released in 1990, adoption rates 

for dent hybrids began to rise sharply (Table 5.5). 

Rising adoption rates for dent hybrids 

demonstrate clearly that flintiness is not the only 

Hybrid maize as percentage 
of maize area, production 
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Fjgure 5.2. Hybrid maize diffusion, Malawi, 1981·95. 
Source: See Table 5.5. 

9 See Kydd (1989) for case studies; Smale et al. (1991) for some offarmers' perceptions; and Rusike (1995) for information on 
the seed system. 

10 See footnote 8, Chapter 2, for a brief description of the Maize Variety and Technology Adoption Survey implemented by 
CIMMYT and the Malawi Ministry of Agriculture. 

11	 The five major maize-growing ADDs shown in the following tables cover most of Zones 1-3. Liwonde (now Machinga) ADD and 
to a certain extent Blantyre and Mzuzu ADDs also include some land in Zone 4. Most of the data for Mzuzu ADD exclude Zone 
4, however. The parts of Zone 4 not covered in these tables lie mainly within Salima ADD, for which we do not have detailed 
data. Estimates reported for "Malawi" do, however, cover all of the maize area. 

12	 In contrast, smallholders' use of fertilizer fell by equal proportions ·across regions in 1993/94. 
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characteristic that has constrained adoption of acceptable quality levels, the dent hybrid 

improved maize in Malawi. NSCM41, the Mthenga (LH7), released in 1958, and the semi

popular early maturing dent material, was the flint, double-cross hybrid Bingo (LHll), released 

best selling variety during those years. Yet the in 1965. There was no seed law or certification 

figures in Table 5.5 also show that two years after scheme (Rusike 1995). According to Quinten and 

their release the area under semi-flint hybrids Sterkenburg (1975), LHll was not very popular, 

MH17 and MH18 was already greater than total because seed from one of the first large-scale 

hybrid maize area during the mid-1980s. Because seed crops germinated poorly (which was 

of measurement difficulties, the effects of unfortunate, given that LHll, developed during 

adoption of composite seed on yield and output the colonial period, yielded well for a double

cannot be determined, although data from the cross hybrid and semi-flint). 

National Crop Estimates suggest they have been 

relatively limited. Until the late 1970s, when the NSCM was 

established, ADMARC and the Ministry of 

The significance of commercial seed production Agriculture were responsible for seed 

and seed supply as a factor in explaining overall production. Seed distribution was confined to 

adoption figures is particularly evident at key various development projects, principally the 

points over the last three decades. There were no Lilongwe Land Development Programme 

seed growers in Malawi to multiply, at (LLDP). The NSCM has played a major role in 

Table 5.4. Hybrid maize as a percentage of all smallholder maize area and output, by Agricultural 
Development Division (ADD) and for Malawi as a whole, 1980s through early 1990s 

Liwonde 
Blantyre ADD (Machinga) ADD Lilongwe ADD KasunguADD MzuzuADD Malawi 

Percentage of smallholder maize area 
1980/81 .. 1 10 5 6 4 
1983/84 .. 1 10 17 14 7 
1984/85 1 1 9 13 13 6 
1985/86 1 .. 6 14 14 6 
1986/87 1 1 3 8 8 3 
1987/88 1 2 5 11 13 5 
1988/89 3 3 6 12 14 7 
1989/90 4 5 11 14 22 10 
1990/91 10 10 14 15 18 13 
1991/92 10 11 20 19 19 16 
1992/93 28 15 19 40 31 24 
1993/94 23 13 14 17 19 18 

Percentage of farm output 
1980/81 1 1 25 10 14 11 
1983/84 1 2 22 34 28 18 
1984/85 1 2 21 27 39 18 
1985/86 1 1 15 27 44 16 
1986/87 2 2 6 15 28 8 
1987/88 3 4 9 20 30 11 
1988/89 7 9 13 22 40 16 
1989/90 12 16 26 27 55 26 
1990/91 25 28 35 35 47 33 
1991/92 23 39 47 40 53 43 
1992/93 53 42 41 60 62 49 
1993/94 49 38 33 45 42 39 

Source: National Sample Survey of Agriculture, 1980/81, National Statistical Office, Government of Malawi; National Crop 
Estimates, Ministry of Agriculture, Government of Malawi, 19.84-94. 

.. = Data not available. 
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producing and maintaining foundation seed, However, it must be remembered that 

organizing and training seed growers, inspecting commercial seed production and marketing 

seed in conjunction with government seed systems require a commercial crop. Most of 

officers, and entering license agreements with Malawi's farmers were and are subsistence 

other organizations, such as the agreement with producers. As noted earlier, the government 

Ciba-Geigy to multiply NSCM41 (CG4141). imported hybrid maize seed for sale to the small 

number of commercial maize farmers until 

The rise in seed sales since 1986/87 probably sanctions were imposed on Rhodesia and import 

reflects latent demand for improved maize seed. costs became prohibitive. Even today, NSCM's 

Cargill's entry into the Malawi maize seed seed production costs exceed ADMARC's sale 

market in 1990 has undoubtedly led to a more price to farmers. The NSCM's largest client is 

aggressive approach to seed production, seed ADMARC, which initially absorbs the cost-price 

procurement from abroad, and seed marketing,13 differentiaI,14 Since most seed bought from 

The largest privately held company in the world, NSCM by ADMARC was distributed through 

Cargill is now majority owner of NSCM. the credit system, heavy defaulting after the 

Table 5.5. Estimates of total smallholder area (000 ha) planted to different types of hybrid maize 

NSSAlNational Total Dent Semi-flint 
Year Crop Estimates seed salesB hybrids hybrids 

1980/81 44 87 87 0 
1981/82 55 55 0 
1982/83 62 62 0 
1983/84 89 58 58 0 
1984/85 75 58 58 0 
1985/86 69 62 62 0 
1986/87 37 47 47 0 
1987/88 59 73 73 0 
1988/89 86 97 97 0 
1989/90 135 134 134 0 
1990/91 179 198 198 0 
1991/92 217 192 165 27 
1992/93 310 260-292 b 173-205 87 
1993/94 203 120 
1994/95 361 

Source: National Sample Survey of Agriculture, 1980/81; National Crop Estimates, Ministry of AgriCUlture, 1983/84 to 1994/95; 
National Seed Company of Malawi; Lever Brothers (MalaWi) Ltd; Agricultural Development and Marketing Corporation 
(ADMARC). 

Note:� The simple correlation coefficient between area estimates based on Crop Estimates and seed sales is .96 up until 
1992/93. In 1993/94, Crop Estimates and seed sales figures diverged Widely. The Crop Estimate figure is probably too 
high because of the estimation methodology used and because some F2 area was probably counted as area planted to 
hybrids. The seed sales figure is probably a slight underestimate, because it includes only sales through ADMARC. 

a Based on an assumed seed rate of 25 kg/ha. 
b Higherfigure includes approximately 30,000 ha planted to seed imported as part of drought relief efforts. Some additional seed 

included in the lower total was purchased in Malawi and distributed free to farmers as drought relief. 
.. = Data not available. 

13 Cargill has since purchased the rights to CG4141.� 
14 ADMARC's overall operating losses are covered by government subvention.� 
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1992/93 season and the liquidity crisis in the 

subsequent season were associated with a major 

downturn in seed sales. At present, it may be 

unrealistic to assume that Malawi possesses the 

institutional and policy conditions necessary for 

the profitable operation of local (non

multinational) seed production enterprises. 

Percentage of farmers 
growing improved seed 
When farmers who consume their maize grain 

plant dent hybrids, they continue to grow local 

maize for subsistence requirements because of its 

advantages for processing on the farm.1S This 

feature of hybrid maize adoption is reflected in 

the fact that the percentage of farmers growing 

hybrids has reached higher cumulative 

percentages (Table 5.6) than the percentage of 

area planted to hybrids (Smale et a1. 1991). Since 

the processing and storage characteristics of 

semi-flint hybrids resemble those of local 

maize,16 the two adoption indicators 

percentage of maize area and percentage of 

maize farmers - may converge over time as 

more farmers learn that MH17 and MH18 are 

suitable both for sale and home consumption. 

One highlight of the figures in Table 5.6 is that 

although Lilongwe ADD was the principal focus 

of early efforts to promote hybrid maize, by the 

1980s both Kasungu and Mzuzu ADDs had 

higher adoption rates. (These latter ADDs were 

also less studied.) Until the last few cropping 

seasons, hybrid maize adoption in Blantyre and 

Liwonde (Machinga) ADDs was hardly 

observable. The geographical emphasis of social 

science research on parts of Lilongwe, Blantyre, 

and Liwonde (Machinga) ADDs may have 

contributed to the misconception that hybrid 

maize adoption was negligible. Perhaps the most 

surprising adoption figures are those recently 

reported for Blantyre ADD: 30% of farmers 

planted hybrids in 1990/91, compared to 1% in 

1986/87. 

Adoption by farm size and type 
Through the 1970s and early 1980s, the farmers 

who grew dent hybrids (imported SR52, Malawi 

dent hybrids MH12, MH14, MH15, MH16, or 

imported NSCM41) or semi-flint improved 

OPVs (Malawi synthetics SV37, SV17; 

composites UCA, CCA, and CCB) were probably 

estate owners and a minority of privileged 

smallholders linked through the credit club and 

extension system to the Rural Development 

Programs in specific areas of the country. A 

survey by the LLDP in 1971 showed 53% of 

farmers growing synthetics and 17% planting 

hybrids in the Lilongwe area alone. The bias 

Table 5.6. Percentage of smallholders growing 
hybrid maize in five Agricultural Development 
Divisions (ADDs), Malawi, 1980/81 to 1990/91 

Liwonde 
Blantyre (Machinga) Lilongwe Kasungu Mzuzu 

Year ADD ADD ADD ADD ADD 

1980/81 1 2 14 8 9 
1985/86 1 0 12 27 24 
1986/87 1 1 5 26 15 
1987/88 4 5 9 .. 20 
1988/89 8 9 7 26 18 
1989/90 14 .. 22 33 38 
1990/91 30 20 34 39 40 

Source: National Sample Survey of Agriculture, 1980/81;
 
Annual Survey of Agriculture 1985·1989; CIMMYTI
 
MOA Maize Technology and Varietal Adoption
 
Survey, 1989·91; Food Security and Nutrition
 
Monitoring Reports 2 and 3, Ministry of Agriculture,
 
1990 and 1991 .
 

.. =Data not available. 

15	 Several explanations can be found for these patterns of partial adoption; see Smale, Heisey, and Leathers (1995) and Smale, 
Just, and Leathers (1994). In the Malawi context, cash constraints might be particularly relevant. 

16	 Farmer's perceptions are reported in Smale et al. (1993). Experimental results for processing are reported in Sibale (1988) 
and Zambezi (1990). Fewer experimental results are available for on-farm storage characteristics, although some research, 
not described here, was undertaken in 1993. 
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toward larger farmers that is recorded in case 

studies during the 1970s and 1980s may have 

been especially strong during the LLDP's early 

years and in various pilot efforts to promote use 

of improved maize (Roberts 1972; Chipande 1987; 

Hansen 1986; Anderson 1975). 

The relatively high percentage of farmers 

planting hybrid maize in the last few seasons also 

implies that hybrids have spread to farmers who 

have smaller holdings. In general, farm areas in 

Blantyre ADD are more heavily concentrated 

among the lower size classes than those in 

Lilongwe, Kasungu, and Mzuzu ADDs. Table 5.7 

shows the percentage of farmers adopting hybrid 

maize across all farm size categories in 1989/90 

for Blantyre, Kasungu, and Mzuzu ADDs. In 

Kasungu and Mzuzu, adoption percentages 

clearly rise as farm size increases, but in the 

Blantyre survey area adoption percentages do not 

vary significantly by farm size class. 

For the full sample, an estimated 9% of farmers 

with less than 0.7 ha (some of the smallest farms 

in Malawi) grew some dent hybrid maize in 

1989/90. Even before the release of semi-flint 

hybrids, dent hybrids could no longer be 

simplistically classified as a crop for large-scale 

farmers. Smaller and larger farmers may both 

find it optimal to grow some dent hybrid maize, 

but for different reasons and under different 

management conditions (Smale et al. 1991; see 

also Peters 1992). Survey data have suggested 

Table 5.7. Percentage of smallholders growing 
hybrids, by farm size, in three Agricultural 
Development Divisions (ADDs), Malawi 

Farm Blantyre Kasungu Mzuzu All 
size (ha) ADD ADD ADD (weighted) 

<0.7 14 12 4 9 
0.7-1.5 14 28 47 31 
> 1.5 9 56 56 38 

Source: CIMMYT/MOA Maize Technology and Varietal 
Adoption Survey, 1989-91. 

that smallholders - especially those who 

purchase some seed or fertilizer with cash 

modify nitrogen and management 

recommendations to suit their own multiple 

objectives and constraints (Smale et al. 1991). 

The high-yielding semi-flint hybrids, attractive 

for both consumption and sale, suit the 

objectives of a wider range of smallholders. In a 

survey in which smallholders compared the 

performance of dent and semi-flint hybrids with 

local maize in their own fields, mortars, and 

granaries, MH17 and MH18 ranked as well as 

the dent hybrids in terms of yield and nearly as 

well as local maize in terms of processing and 

storing characteristics (Smale et al. 1993). 

Fertilizer 

Though improved seed and fertilizer frequently 

have been promoted as a package, farmers often 

adopt seed-fertilizer technology in a stepwise 

manner (Byerlee and Hesse de Polanco 1986; 

Leathers and Smale 1991). Until the late 1980s in 

Malawi, the production credit system, a major 

influence on the adoption of hybrid maize and 

fertilizer, packaged the two inputs in fixed 

proportions and quantities that did not take into 

account differences among farmers' physical 

locations and planting times. In the late 1980s, 

production credit could be obtained for fertilizer 

to use on local maize, but the program continued 

to emphasize hybrid maize, fertilized at the 

uniform recommended rate. 

As discussed at the beginning of this chapter, in 

many cases hybrid maize yields better than local 

maize at all levels of nitrogen, including 0 kg/ha, 

and this yield advantage usually translates into 

an economic advantage. Therefore when seed 

and fertilizer are not promoted as a package and 

farmers are familiar with yield relationships, one 

would expect farmers to adopt seed first. In 
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contrast, when seed and fertilizer are promoted differences in yields of local and hybrid maize 

as a package, one would expect farmers to adopt under low levels of fertilizer. 

both seed and fertilizer together. 

The data presented in Tables 5.8 and 5.9 confirm 

This is not the case. Both at the individual (Smale that total nitrogen use on maize did grow 

et a1. 1991) and aggregate levels, fertilizer rapidly in the late 1980s and early 1990s.19 

adoption has tended to precede the adoption of Simple decomposition analysis suggests that 

hybrid maize (compare Figures 5.2 and 5.3, from 1985/86 to 1990/91 more than half of the 

Tables 5.4 and 5.8). Fertilizer sales to increase in aggregate nitrogen consumption by 

smallholders began to rise in the mid-1970s, and smallholders was caused by expansion in the 

from around 1986/87 they accelerated further area of local maize receiving fertilizer. Just under 

(Figure 5.3).17 The farm survey data in Tables 5.8 20% of the increase can be accounted for by the 

and 5.9 imply that aggregate nitrogen use on 

maize is approximately 88% of reported fertilizer 70 1 0 N 

sales to smallholders. In other words, the amount 60i • N+P20S 

;; 50of fertilizer that smallholders use on alternative o 
e. 40crops, combined with total leakages to estates, c 

could be less than the estimates noted in footnote ~ 30 

17 (Williams and Allgood 1990; Christiansen et z 
~ 

20 

a1. 1987). Although seasonal production credit 10 

was a major source of funds for farmers to oIii i 

purchase fertilizer before the SACA collapsed in 1970 75 80 85 90 95 

1993/94, a significant amount of fertilizer is Figure 5.3. Fertilizer sales to smallholders, Malawi, 
purchased with cash.1s The fact that fertilizer 1973·94. 

Source: Williams and Allgood (1990); Chirwa and Hayes
adoption preceded the adoption of hybrid maize (1993); HIID (1994); and unpublished data from 
seed may also reflect the strong influence of the Ministry of Agriculture, Malawi. 

Note: The abrupt decline in fertilizer use in the 1993/94smallholders' grain texture preferences, the low season followed poor loan recovery rates in 1992/93 
fertility of many of Malawi's soils, or - for and a liquidity crisis in the credit system in 1993/94. 

Use recovered somewhat in 1994/95 withfarmers who have had little experience growing government fertilizer distribution, but estimates were 
improved maize - the difficulty of perceiving not available at the time of publication. 

17	 Sales of fertilizers containing phosphate also accelerated in this later period. Though some smallholders apply lertilizer to 
crops other than maize (mainly tobacco), Williams and Allgood (1990) estimated that in the mid-1980s, 80-85% of the fertilizer 
used by smallholders was applied to maize. Fertilizer price differentials between the smallholder and estate sectors and the 
convenience of obtaining fertilizer through ADMARC outlets resulted in some smallholder fertilizer being transferred to estates. 
Christiansen et al. (1987) estimate this leakage at about 15-20% of total sales in the mid-1980s. Unless fertilizer use on other 
crops and leakages to estates have increased more than proportionately to application on maize, however, Figure 5.3 implies 
that smallholders' use of fertilizer on maize has grown rapidly in recent years before the sharp reduction in 1993/94. 

18	 Williams and Allgood (1990) estimate that in the mid· to late 1980s, 45% of all fertilizer purchases by smallholders were made 
with cash. This percentage may have declined with the expansion of the smallholder credit system. 

19	 Although the percentage of farmers adopting hybrid seed differs markedly from the percentage of maize area planted to dent 
hybrids, measurement of fertilizer use by either the percentage of farmers or the percentage of area fertilized provides similar 
figures. This is because farmers adopting fertilizer have been likely to apply it to a high proportion of their maize area; use of 
fertilizer has been more widespread than use of hybrid seed on smaller farms (although fertilizer use does grow with farm 
size); and application rates used by farmers who adopt fertilizer do not tend to vary as much by farm size as do adoption rates 
themselves. 
The proportion of fertilized maize area receiving some phosphorous is higher but more variable for hybrid than for local maize. 
There does appear to be an upward trend in the proportion of fertilized local maize receiving phosphorous. 
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Table 5.8. Percentage of aggregate maize area that is fertilized, by Agricultural Development Division (ADD) 
and for Malawi as a whole, 1980/81 to 1990/91 

Liwonde 
Maize type Blantyre (Machinga) Lilongwe Kasungu Mzuzu 
and year ADD ADD ADD ADD ADD Malawi 

Local maize 
1980/81 a 17 19 20 28 39 21 
1985/86 13 13 20 24 37 15 
1986/87 22 20 32 37 37 23 
1987/88 15 20 26 32 18 
1988/89 34 34 34 45 35 28 
1989/90 39 48 32 31 
1990/91 53 52 37 36 

Hybrid maize 
1980/81 a 44 39 95 80 86 84 
1985/86 18 91 85 98 86 
1986/87 28 95 97 81 84 
1987/88 55 29 98 94 88 
1988/89 76 76 97 97 94 92 
1989/90 83 98 99 95 
1990/91 94 97 100 96 

Source: National Sample Survey of Agriculture, 1980/81; Annual Survey of Agriculture 1985·1989; CIMMYT/MOA Maize 
Technology and Varietal Adoption Survey, 1989-91. 

a The figures for 1980/81 refer to percentage of plots fertilized. At least in recent years, comparisons of percentage of plots 
fertilized and percentage of area fertilized have not differed significantly (e.g., Smale et al. 1991). 

•• = Data not available. 

Table 5.9. Mean nitrogen application rates (kglha N) on local and hybrid maize in five Agricultural 
Development Divisions (ADDs), Malawi, 1985/86 to 1990/91 

Maize Liwonde 
type Blantyre (Machinga) Lilongwe Kasungu Mzuzu 
and year ADD ADD ADD ADD ADD 

Local maize 
1985/86 49 33 38 28 42 
1986/87 43 37 40 43 37 
1987/88 53 44 52 34 
1988/89 54 55 52 47 47 
1989/90 48 37 37 
1990/91 32 40 38 

Hybrid maize 
1985/86 56 36 57 
1986/87 72 68 77 82 
1987/88 61 77 95 94 
1988/89 88 101 100 85 99 
1989/90 64 86 111 
1990/91 73 66 101 

Source: Annual Survey of Agriculture 1985·1989; CIMMYT/MOA Maize Technology and Varietal Adoption Survey, 1989-91.
 
Note: Application rates for years 1985/86 through 1988/89 are somewhat less reliable.
 
.• = Data not available.
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increased use of hybrid maize, which is more high-yielding hybrids or inorganic fertilizer, they 

likely to receive fertilizer and to be fertilized at also increase management levels by planting and 

higher rates. Higher rates of fertilizer application weeding in a more timely fashion, achieving 

on hybrid maize and expansion in total maize higher plant densities, or planting after a 

area each account for slightly under 10% of the rotation crop. Geographical variation is also 

increase in fertilizer consumption. Somewhat apparent in some of the data. With only a few 

more favorable price ratios (Figure 2.10), greater exceptions, such as the steep decline in 

farmer experience, and declining levels of natural intercropping that seems to have occurred over 

soil fertility are likely to have driven the increase the 1970s, in the data from nationwide crop 

in fertilizer consumption. In the 1990s, continued surveys it is harder to discern temporal change 

expansion of the area planted to hybrid maize in maize cultural practices than to detect varietal 

probably played a larger role in increased changes and increases in fertilizer use. 

fertilizer consumption than in the late 1980s. 

As noted in Chapter 2, a large proportion of 

Other Practices maize in Malawi is planted on land that was 

planted to maize or maize-based intercrops in 

Differences in cultural practices for maize in the preceding season. Table 5.10 presents more 

Malawi seem to be associated clearly with detailed data to illustrate this point. In the table, 

farmers' choice of maize variety, fertilizer use, or maize area following fallow is combined with 

both. These differences generally imply that when maize area planted after tobacco, groundnuts, or 

farmers intensify maize production by using pulses - all possible rotation crops.20 Maize in 

Table 5.10. Percentage of aggregate maize area that follows maize or maize intercrop (MI), or fallow or 
rotation crop (FR), in five Agricultural Development Divisions (ADDs), Malawi, 1985/86 to 1989/90 

Liwonde 
Blantyre (Machinga) Lilongwe Kasungu Mzuzu 

ADD ADD ADD ADD ADD 
Maize type 
and year MI FR MI FR MI FR MI FR MI FR 

- 
Local maize 

1985/86 92 2 83 5 77 19 61 36 74 20 
1986/87 82 6 83 7 66 29 50 46 72 21 
1987/88 86 4 85 8 77 18 .. .. 74 21 
1988/89 88 1 89 6 65 33 33 62 72 23 
1989/90 88 1 .. .. .. .. 52 43 80 11 

Hybrid maize 
1985/86 100 0 .. .. 75 21 58 35 80 16 
1986/87 64 7 100 0 65 34 62 32 66 31 
1987/88 90 4 88 12 56 44 .. .. 70 24 
1988/89 87 5 86 8 58 42 54 44 70 24 
1989/90 62 0 .. .. .. .. 57 43 72 20 

Source: Annual Survey of Agriculture 1985-1989; CIMMYT/MOA Maize Technology'and Varietal Adoption Survey, 1989/90. 
Note: The residual was planted following other (non-maize, non·rotation) crops, primarily other cereals. Rotation crops are 

groundnuts, tobacco, or pulses. 
.. = Data not available. 

20	 Most of this area followed either groundnuts or tobacco, as very little area is planted to pulses in pure stand during the main 
cropping season. 
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the Southern Region almost inevitably follows 

another maize crop. Though the very limited 

amount of maize that follows fallow is more 

likely to be found in the North (Mz\lzu ADD), 

rotation possibilities are greatest in the Central 

Region (Kasungu and Lilongwe ADDs), where 

tobacco and groundnuts are both important. 

Intertemporal shifts in maize area planted after 

rotation crops seem to be related particularly to 

changes in groundnut area. With the apparent 

longer term movement away from groundnuts, 

even the Central Region may show less 

rotational diversity in the future unless present 

trends are reversed. Where rotation does occur, 

maize grown under high levels of management 

- hybrid or fertilized local maize - may be 

slightly more likely to be planted after fallow or 

a rotation crop than unfertilized local maize, 

which is managed less intensively. 

Although the practice of ridging resulted 

primarily from a concern for soil conservation 

during the colonial period (Kettlewell 1965),21 
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data from the ASA and the CIMMYT/MOA 

survey, not summarized here, confirm that 

ridging is now a nearly universal practice, 

though flat planting of maize continues in some 

areas - mainly in parts of Zone 4. In most areas 

farmers form ridges again every year. In Mzuzu 

and parts of Kasungu ADDs, significant 

proportions (20-45%) of the maize area are 

ridged using ox-drawn ridgers,zzbut most 

ridging in Malawi is done by hand hoe. 

Maize planting date is affected both by season, 

since it usually depends on the accumulation of 

sufficient amounts of soil moisture, and by 

geographic location, because planting rains tend 

to begin later the farther north the location 

(Figure 5.4).23 Information on planting date also 

shows small but significant management effects 

(Figure 5.5). Hybrid maize tends to be planted 

later than local maize. Smale et a1. (1991) 

advance several explanations for this variation 

that are not mutually exclusive. In the years 

before semi-flint hybrids became available, 
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Figure 5.5.Variation in planting dates for different 
kinds of maize technology, Kasungu Agricultural 
Development Division, Malawi, 1988/89. 
Source: Annual Survey of Agriculture (ASA), 1988/89. 

21	 There is little evidence of research on zero tillage on the flat as an alternative method of soil conservation. 
22	 Since farmers with somewhat greater area are more likely to have access to oxen and equipment, and because farmers in 

these ADDs have also been somewhat more likely to plant hybrid maize, hybrid maize is planted on land ridged by Dx-drawn 
implements sDmewhat more frequently than IDeal maize. 

23	 Liwonde (Machinga) ADD is the exception tD the general south-lo-nDrth planting date gradient, perhaps because Df lhe relative 
diversity of maize-growing envirDnments in this ADD. 
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farmers may have sought to assure their supply 

of local maize by planting it earlier than hybrid 

maize. The tendency to plant local maize earlier 

may also relate to the shorter growing period of 

hybrids compared to most local maize; to less 

timely delivery of purchased inputs such as 

hybrid seed and fertilizer; and to concern about 

cob rots affecting hybrid maize that is planted 

early.24 

Within the category of local maize, however, 

there is a noticeable tendency for fertilized local 

maize to be planted somewhat earlier than 

unfertilized local maize (Figure 5.5). In other 

words, farmers sometimes attempt to combine 

the advantages of earlier planting with those of 

fertilization when local maize is grown.25 

Temporal variation in maize planting dates is not 

depicted because the data for the five seasons 

available (1985/86 through 1989/90) cannot 

address the interesting questions such as 

whether planting dates have become earlier 

since the colonial period or later in recent years 

with changes in rainfall patterns. Maize planting 

dates (for the years reported here) seem to show 

greater variation in Blantyre and Mzuzu ADDs 

than in the ADDs of the Central Region 

(Kasungu and Lilongwe). In Blantyre and 

Mzuzu, planting dates for hybrid maize do 

appear to be more concentrated than those for 

local maize. Thornton et al.'s (1995) simulated 

50-year weather data for MWimba, Kasungu 

ADD, show that the beginning of the growing 

season (not to be confused with actual planting 

dates) can range from 12 November to 25 

December, with a mean of 6 December and a 

standard deviation of 12 days. 

The data available on density are for harvest 

rather than planting density, which may 

confound the effects of planting strategies 

because losses of local maize during germination 

and establishment may be large. However, data 

on harvest density do give some indication of 

possible management differences by technology. 

Unfertilized local maize has the lowest mean 

harvest densities (by year/ADD combination), 

which tend to range between 28,000 and 34,000 

plants/ha; fertilized local maize densities range 

from 29,000 to 36,000 plants/ha; and harvest 

densities for hybrid maize extend from 31,000 to 

39,000 plants/ha. The difference between harvest 

densities of local and hybrid maize may result 

partially from management practices, as farmers 

tend to place ridges closer together for hybrid 

maize. It is unclear whether the difference in 

harvest densities for unfertilized and fertilized 

local maize reflects planting strategy or if it is the 

result of the somewhat better management that 

fertilized local maize can receive. Only hybrid 

maize appears to approach the recommended 

density of 37,000 plants/ha, and even hybrid 

maize falls short of the target of 44,000 plants/ha 

for shorter statured hybrids.26 

One management practice that has changed 

significantly over time is intercropping. The 

proportion of maize area that is intercropped 

dropped dramatically between the 1968/69 and 

24	 There may also be explanations particular to localities (Smale et al. 1991). 
25	 Although Figure 5.5 shows results for one ADD in one season, these relationships, including the slight but significant delay 

between planting fertilized and unfertilized local maize, are robust over ADDs and seasons. In other countries in the region 
where use of hybrid maize is greater, hybrids that are planted earlier tend to receive more fertilizer than hybrids planted late 
(Waddington et al. 1991). 

26	 Though even recommended densities are slightly lower than those in somewhat drier environments elsewhere in the region 
(Zimbabwe), some argue that in Malawi lower than recommended densities are optimal at lower levels of soil fertility 
(Carr 1989; Blackie 1995). 
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1980/81 NSSA. One hypothesis might be that 

definitions of "intercropping" changed between 

the time that the two surveys were conducted, so 

that a few rows of scattered cucurbits counting 

for "intercropping" in 1968/69 would not have 

been defined as such in the later survey. This 

explanation is, however, unlikely to be the major 

one. In data from the 1968/69 NSSA, significant 

proportions of maize area were intercropped 

with pulses, finger millet or sorghum, 

groundnuts, and even cassava. Both casual 

observation as well as more recent data sources 

show clearly that such intercropping patterns are 

now confined to certain localities. Intercropping 

presently tends to be concentrated in higher, 

cooler, wetter environments (Zone 1) or areas 

that are transitional between Zones 1 and 2, in 

areas of higher population density, or both 

(Table 5.11). In the cooler, wetter zones 

intercropping of pulses, particularly beans 

(Phaseolus vulgaris), tends to predominate. In 

drier zones of the South (Zones 3 or 4), where 

population densities are relatively higher, 

sorghum intercropping persists as a strategy for 

reducing risk. In most zones groundnuts 

continue to be used occasionally as an intercrop, 

but this practice appears to have declined over 

time along with the general decline in 

intercropping. Hybrid maize has often, but not 

always, been less widely intercropped than local 

maize. Intercropping of hybrid maize, when it 

has occurred, has tended to be more pronounced 

in Blantyre and Mzuzu ADDs. 

The reduction in intercropping is a puzzle. If 

there are sound technical and economic reasons 

for the persistence of intercropping in certain 

zones of Malawi, what has changed to make 

these or other reasons less compelling in other 

areas than they were 25 years ago? Cereal 

intercrops should not require much if any 

additional labor, but legume intercropping is 

Table 5.11. Percentage of aggregate maize area planted with one or more intercrops in five Agricultural 
Development Divisions (ADDs) and in Malawi as a whole, various years 

Liwonde 
Maize type Blantyre (Machinga) Lilongwe Kasungu Mzuzu 
and year ADD ADD ADD ADD ADD Malawi 

All maize types 
1968/69 98 98 93 87 90 94 
1980/81 a 37 29 25 9 26 27 

Local maize 
1985/86 48 24 38 4 26
 
1986/87 58 23 30 12 30
 
1987/88 27 22 26 22
 
1988/89 43 16 26 10 21
 
1989/90 32 2 16
 

Hybrid maize 
1985/86 0 10 3 7
 
1986/87 32 1 7 3 26
 
1987/88 6 7 14 23
 
1988/89 34 4 13 4 23
 
1989/90 31 3 1
 

Source: National Sample Survey of Agriculture, 1968/69; National Sample Survey of Agriculture, 1980/81; Annual Survey of 
Agriculture 1985-1989; CIMMYT/MOA Maize Technology and Varietal Adoption Survey, 1989/90. 

a Percentage of maize plots. 
.. =Data not available. 
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more labor intensive than sole cropping. As 

labor seems to have become much more 

abundant relative to land, intercropping should 

be more feasible than it was in the past. One 

major explanatory factor is likely to be the shift 

to higher management (use of hybrid seed and 

fertilizer) in maize. Intercropping under these 

conditions, particularly the intensive use of 

fertilizer on soils of lower fertility, does decrease 

the yield of maize, the starchy staple (R.B. Jones 

and G. Edmeades, pers. comm.). As a result, in 

major maize-producing areas some 

intensification in maize production may have 

been bought at the expense of intercrops. 

Nonetheless, significant reductions in maize area 

that is intercropped occurred before the recent 

expansion in hybrid maize and fertilizer use. 

Policy neglect or outright discouragement of 

intercropping, as well as shifts in relative output 

price ratios, may have also played a role. 

The timing of weeding can have a major effect 

on maize yield and interacts strongly with other 

management practices such as fertilization 

(Kabambe and Kumwenda 1995). Data are 

available on both the number of weedings and 

the time they are performed. The indicator 

chosen here is the proportion of maize area 

weeded within the first three weeks of planting, 

since the timeliness of weeding is even more 

important for maize yield than the total number 

of weedings. Patterns of differences in weeding 

practices over space and time are the same 

whether timing or number of weedings is the 

criterion. 

The evidence for regional differences in weeding 

is stronger than for temporal changes, although 

it appears likely that a greater proportion of 

maize was weeded early by the end of the 1980s 

than at the time of the 1980/81 NSSA. Regional 

differences in types of weeds, combined with the 

particular importance of weeding early in 

warmer areas (Zone 4), may account for part of 

the regional pattern. Early weeding is also 

clearly related to person-land ratios, with one 

additional qualifying factor. In parts of the 

Central Region, where cash crops that require 

attention are grown more frequently, early 

weeding of local maize usually but not always 

appears to be less common than in the more 

sparsely populated Mzuzu ADD. There are few 

observable differences in weeding practices for 

hybrid maize in the Center or the North, where 

hybrid maize has been planted for a longer time 

(Table 5.12). 

Fertilized local maize is more likely to be 

weeded early than unfertilized local maize. At 

the ADD level, hybrid maize is usually weeded 

even more intensively than fertilized local maize. 

In other words, at the aggregate level there is 

some indication that farmers recognize the 

interactions between weeding and other 

management practices now being verified by 

research. Except as qualified above, regional 

differences in weeding intensity apply regardless 

of which maize technology a farmer uses. 

Implications for 
Aggregate Maize Yields 

The data summarized in this chapter 

demonstrate that significant maize yield 

increases can be obtained on farmers' fields 

through the use of seed-fertilizer technology. The 

data also show that farmers are widely adopting 

the technology across zones, farm types, and 

farm size classes, although the sharp curtailment 

in its use following credit system problems in 

1993/94 underscores the importance of 

institutional factors in sustaining adoption 

patterns. With these and other caveats in mind, 

Smale and Heisey (1994) have projected an 

"optimistic" adoption ceiling for the use of 

hybrid seed in Malawi of 75% of the maize area. 
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This optimistic ceiling assumes that (1) over a As a point of departure, we may assume that all 

period of 20 years, financial and organizational farmers adopting improved seed shift from local 

problems in the institutions that support the maize to hybrid maize but do not use fertilizer. 

delivery of seed and fertilizer, such as those of Over 25 years (beginning in 1988), an aggregate 

the 1993/94 season, and (2) unfavorable weather change from unfertilized local maize yielding 

conditions, such as those occurring in 1991/92 0.9 t/ha to unfertilized hybrid maize yielding 

and 1993/94, are short-term rather than chronic 1.3 t/ha would increase national yields at 1.2% 

problems. The diffusion curve projected by annually. Most of the yield gains would occur by 

Smale and Heisey can be combined with yield the year 2000. Though this is a rate of yield 

assumptions for local and hybrid maize to increase much greater than the one recorded 

estimate potential increases in maize yields from over the previous quarter century, maize 

the spread of new technology. Some small production gains would continue to lag behind 

increases in aggregate maize area may also occur population growth and per capita maize 

over the next 25 years, but annual percentage availability would decline further. This result 

increases in yields will be roughly equivalent to underscores the fact that a change in variety 

annual percentage increases in production. alone cannot accomplish the longer term 

Table 5.12. Percentage of aggregate maize area weeded earlya in five Agricultural Development Divisions 
(ADDs) and in Malawi as a whole, various years 

Type Liwonde 
of maize Blantyre (Machinga) Lilongwe Kasungu Mzuzu 
and year ADD ADD ADD ADD ADD Malawi 

All maize 
1980/81b 62 57 42 36 50 

Unfertilized local maize 
1985/86 58 64 31 29 49
 
1986/87 76 59 37 41 46
 
1987/88 78 71 37 45
 
1988/89 75 70 36 48 45
 
1989/90 63 54 32
 

Fertilized local maize 
1985/86 84 74 45 40 53
 
1986/87 83 51 51 43 53
 
1987/88 90 68 50 61
 
1988/89 83 76 51 40 55
 
1989/90 90 67 49
 

Hybrid maize 
1985/86 83 49 52 55
 
1986/87 95 100 69 58 42
 
1987/88 97 99 44 54
 
1988/89 82 86 59 53 54
 
1989/90 90 69 56
 

Source: National Sample Survey of Agriculture, 1980/81; Annual Survey of Agriculture 1985-1989; CIMMYT/MOA Maize 
Technology and Varietal Adoption Survey, 1989/90.
 

a Weeded for the first time within three weeks of planting.
 
b Percentage of maize plots.
 
.. =Data not available.
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objective of increasing (or even maintaining) per 

capita maize availability. 

A more complicated but perhaps more realistic 

scenario is one in which some local maize and a 

substantial proportion of hybrid maize is 

fertilized and in which local maize yields rise to 

1.0 t/ha and hybrid maize yields to 2.9 t/ha. 

With a 25-year projection and the same adoption 

ceiling (75%), the annual average rate of yield 

gain would be 3.5%, with most of the gains 

accruing before 2005. Annual aggregate yield 

gains of such magnitude could significantly alter 

the immediate prospects of national food 

deficits. Even so, given current population 

growth projections, by around 2010 imports 

would be required to maintain desired caloric 

consumption levels (Blackie and Conroy 1993), 

and further technological advances in maize 

production would become necessary as well. 

How plausible is it that Malawi could achieve an 

aggregate hybrid maize yield of 2.9 t/ha on 75% 

of the maize area over the medium term? On the 

one hand, as diffusion of these technologies 

spreads to less favored areas or less experienced 

farmers, or as fertilizer application rates for 

hybrid maize fall to more economically optimal 

levels, aggregate hybrid maize yields may not 

reach this averageP On the other hand, the 

hybrids released by the research system will 

continue to improve over time, raising yield 

potential and improving yield stability. Higher 

yields for seed-fertilizer technology in on-farm 

National Maize Variety Trials managed by 

researchers (6.0 t/ha) or farmer-managed MOA/ 

UNDP/FAO demonstrations (3.8 t/ha) suggest 

that important management changes, such as 

greater precision in fertilizer use, could 

substantially improve the performance of seed

fertilizer technology on farmers' fields (Zambezi, 

Kumwenda, and Jones 1993; Kabambe and 

Kumwenda 1995; Jones and Wendt 1995). 

Complementary organic sources of nutrients 

currently being investigated by maize 

researchers, such as green manuring, 

intercropping with legumes, and greater use of 

manuring, may also improve efficiency and 

maintain yields under lower levels of nutrients 

from inorganic sources than currently 

recommended. 

27 Even disregarding the serious drought year of 1991/92, aggregate hybrid maize yields appear to be declining slightly over time. 
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CHAPTER 6 

Future Directions 

L
ike the last chapter, which concluded
 

with an analysis of the potential impact 

of newer seed-fertilizer technology in 

Malawi over the next two decades or more, this 

chapter also looks toward the future, exploring 

factors that may advance or attenuate maize 

research and technology diffusion in Malawi. 

Many of these topics have already begun to be 

addressed by the Maize Commodity Team but 

need to be pursued vigorously. We begin by 

asking whether there is there a case for 

maintaining public support for maize research in 

Malawi. If so, what are the most promising 

directions for that research to take? What kind of 

social science research would best complement 

maize research? And finally, which issues of 

price policy and institutional support - for 

example, seed production and marketing 

need closer attention to permit the products of 

research to diffuse more widely? Only when we 

have examined these issues in some detail can 

we attempt to answer a final question, posed in 

the next chapter: is it realistic to expect that the 

achievements of maize researchers and farmers 

might eventually add up to a "green revolution" 

in maize in Malawi? But first we must take a 

closer look at the maize research system itself. 

Maize and Other AgriCUltural 
Research Priorities 

The principal source of research funds in Malawi 

continues to be public.! The clients for maize 

research are smallholders who presently lack the 

means to fund maize research,2 with the possible 

exception of the emerging group of "graduated 

smallholders" (Mkandawire, Jaffee, and Bertoli 

1990) who have obtained the license to grow 

burley tobacco on registered land but continue to 

enjoy certain customary rights and benefit from 

the fertilizer subsidies directed toward 

smallholders. Owners of larger estates do not 

have the same financial incentive to fund maize 

research as they have to support tea and tobacco 

research. Today estates constitute no more than 

15% of the demand for hybrid seed, a proportion 

likely to shrink over time. Maize research by the 

private sector will probably become increasingly 

important in the region, but in Malawi 

smallholders will continue to provide most of 

the demand for the products of maize research, 

regardless of who supplies them. 

Whether or not there are distinctions within the 

class of smallholders that affect desirable 

directions for the development of maize 

technology, and whether farm size is the most 

appropriate single criterion for measuring these, 

remains to be assessed more fully. A key 

characteristic of Malawi's current seed-fertilizer 

technology is that neither price nor risk factors 

alone make the technology unacceptable to 

many of the smallest and poorest farm 

households - those who are net consumers of 

maize (Jones and Heisey 1994; Heisey 1994; 

Smale et a1. 1991). The practice of disseminating 

seed and fertilizer in a package of fixed size and 

1 Currently, most of these funds are provided by the 
Rockefeller Foundation and the remainder by the 
Government of Malawi. The Rockefeller Foundation 
concentrates on providing operating funds for research 
activities. Government of Malawi funds are directed 
primarily to salaries. 

2 One possible mechanism would be asmall levy on the 
sales of hybrid seed. 
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input ratios has instead hindered the 

attractiveness to small, poor farmers, of what is 

by definition a divisible technology. The greatest 

obstacle to its widespread use by small farmers 

is not related to the technology itself, but to their 

cycle of poverty. Their short-term need to 

maintain household income through seasonal 

work on other farmers' fields conflicts with the 

requirements of timely and adequate care for 

their own farms (Mkandawire and Ferguson 

1990). Clearly, although adoption of both 

improved seed and inorganic fertilizer in Malawi 

is associated with farm size, over time increasing 

proportions of farmers in the lowest farm size 

classes have adopted both innovations. 

How should public research resources directed 

at smallholders be allocated among maize and 

other crops? Even with the sophisticated tools 

available for assessing research priorities and 

economic returns to agricultural research 

(Alston, Norton, and Pardey 1995), determining 

appropriate ex ante research directions within a 

simple static framework, let alone a dynamic 

context, remains more of an art than a science. 

Gauging the future of maize research in Malawi 

is no exception to this general rule. Proponents 

of scoring methods for assessing research 

resource allocation sometimes argue that the 

recent release of semi-flint hybrids has "solved" 

the maize research problem and that a heavier 

weight should be placed on crops with higher 

value than maize because of the pressing need 

for crop diversification. Based on the experience 

of other countries in the region, such as 

Zimbabwe, as well as the continued weak public 

sector commitment to agricultural research, 

other observers argue that public sector maize 

research and extension will become increasingly 

irrelevant as seed companies and agricultural 

input supply firms become important suppliers 

of research services. 

3 Recall the similar arguments of Kettlewell 30 years ago (1965). 

Extreme caution should be used in assessing 

Malawi's research priorities and resource 

allocation, for several reasons. First, although it 

is certainly true that a major long-term goal of 

agricultural policy should be to diversify both 

national and smallholder agricultural incomes, 

any current or proposed research into cash crops 

should carefully evaluate market potential, 

likelihood of research success, and how 

Widespread the effect of diversified cropping 

would actually be among smallholders. An 

important factor in this last consideration is what 

Collinson (1987) calls the "starchy staple" 

constraint, an idea that has been formalized in 

the economics literature by de Janvry, 

Fafchamps, and Sadoulet (1991). They contend 

that in household farming systems with 

incomplete markets for food or labor (such as 

those found in Malawi), "green revolution 

technology to improve total factor productivity 

in food is essential to free resources for cash crop 

production."3 At a more aggregated level, 

Timmer (1993) also argues, based on the 

experience of Asia's rice economies, that a 

necessary precondition for the overall economic 

development of agrarian societies is the 

stabilization of the domestic food economy 

through price policy, combined with 

intensification based on high-yielding varieties 

.and productive inputs. Although Timmer's 

analysis depends on the assumption that farmers 

market a substantial proportion of their food 

output (which does not yet hold in most African 

countries), the argument that when agricultural 

countries neglect their staple food production 

they inhibit their prospects for economic growth 

is strong. 

Finally, despite increasing maize research and 

extension by the private commercial sector and 

other actors, such as NGOs, the commitment of 

these actors to long-term maize research directed 
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at smallholders remains unclear. Furthermore, 

the participation of these organizations in maize 

research and extension depends on certain legal 

and institutional structures. Public sector 

research at both the national and international 

level is likely to remain crucial to solving 

problems for which the expected payoffs are 

especially risky, because they principally affect 

marginal farmers or marginal areas, or because 

they involve a substantial component of basic 

research. Rather than view public and private 

sector research as competitive activities, it is 

more fruitful to search for well-defined ways in 

which collaboration can occur (L6pez-Pereira 

and Filippello 1994; M. Blackie, pers. comm.). 

Research Directions for Maize 

Maize breeding 
Many important maize research areas require 

further work. First, continued research with 

semi-flint hybrids is important to scientists and 

farmers for a number of reasons. For scientists, 

maintenance as well as improvement research 

are essential to the continuity of the breeding 

program, although the benefit-cost ratio of future 

improvements in semi-flint maize is likely to be 

lower than for local-to-hybrid maize or dent-to

flint hybrid innovations.4 The hybrids MH17 and 

MH18 are unlikely to satisfy all the objectives of 

farmers and all agroclimatic regions. For 

example, over the past five or six cropping 

seasons, farmers have repeatedly expressed their 

concern for early maturity, and the Low-Altitude 

Hybrid Program is developing a number of 

short-season hybrids in an effort to meet this 

requirement. Furthermore, MH17 and MH18 

have not yet been tested in farmers' fields 

throughout agroclimatic zones or over a long 

period. CIMMYT/MOA's Farmer Evaluation 

Survey provides a picture of farmers' initial 

reactions that is positive with respect to key 

traits such as yield and processing, although 

survey farmers were themselves cautious about 

assessments based on a single cropping season. 

Anecdotal and informal evidence from farmers 

raises issues such as plant uniformity and stalk 

strength in these materials. Both MH17 and 

MH18 are top-crosses and were released as an 

immediate measure. Line extraction from 

Population 32 will improve the overall 

performance of these cultivars. In addition to the 

top-cross semi-flint hybrids, the breeding 

program is developing semi-flint, three-way 

crosses (in which all three parental lines are 

inbreds) that can provide uniformity and whose 

parental lines are easier to maintain. In other 

words, it may be important for maize breeders to 

continue work on different types of crosses, 

other traits, and adaptability. 

In any case, there is a strong need to achieve 

continuing gains in yield potential through 

breeding. In the U.S., for example, Duvick (1992) 

has shown that a large proportion of the total 

productivity gains from maize yield increases 

came from continued incremental change rather 

than from the initial yield breakthrough. Further, 

these productivity gains resulted from a 

combination of both agronomic and genetic 

improvements. 

Population improvement continues to be 

important as a source of material for the 

Mid-Altitude and Low-Altitude Hybrid 

Programs and as a source of improved cultivars 

for farmers operating with certain economic and 

environmental constraints. Some farmers remain 

outside marketing channels for seed and 

fertilizer, and it may be that in certain 

As in cases of technological transformation in other countries or in other crops, SUbsequent yield advances, though highly 
desirable and possible. are likely to come at a higher research cost per unit of yield gain than the initial breakthrough. 
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agroclimatic niches, the yield advantage of 

hybrids over improved OPYs may not justify the 

investment in developing hybrids (Chiduza et al. 

1994). However, the more immediate factor 

limiting the diffusion of improved OPYs in 

Malawi is the lower potential for profit for the 

seed industry, as it is currently organized, of 

multiplying and distributing OPYs. Recent 

experience in neighboring Mozambique shows 

that the influence of donors or NGOs can 

contribute to a significant one-time infusion of 

seed of improved OPYs (Sperling et al. 1995). In 

other countries, public sector programs for 

producing and selling seed of improved OPYs 

have been short-lived (GGDP 1991). To make 

distribution of improved OPYs feasible on a 

sustained basis, new institutional arrangements 

are necessary (Lopez-Pereira and Filippello 1994). 

Another set of issues may warrant consideration 

in the maize breeding program. Certain acute 

agronomic constraints, such as the continued 

degradation of soil fertility in what is a 

comparatively favorable production environment 

for maize, may be addressed through breeding as 

well as crop management research. Whether, and 

under what specific conditions, breeding is more 

cost-effective than crop management research in 

alleviating the decline in soil fertility is a question 

deserving further attention. Similar questions are 

raised by the issues of moisture availability and 

biotic stresses such as Striga, streak virus, 

termites, and stalk borer. Initially, the relative 

economic importance of these stresses - unlike 

declining soil fertility - will need to be 

evaluated. If the constraint is important, if there is 

genetic variation for the trait in question 

(e.g., nitrogen use efficiency), and if there are 

good prospects for making progress through 

plant breeding, breeding may complement crop 

management research. 

Crop management 
Despite the increasingly sophisticated 

understanding of plant nutrition in maize and 

the greater use of inorganic fertilizers by 

smallholder farmers, soil fertility is likely to 

remain the most crucial area for crop 

management research - particularly if the 

removal of the fertilizer subsidy coincides with 

further devaluation in Malawi's currency. 

Standards of plant nutrition must be maintained 

or improved in ways that are both as economical 

and as simple in management requirements as 

possible. There are several avenues that research 

should continue to pursue (see Jones and Wendt, 

1995, for a general review). 

First, improving the efficiency of nutrient use, 

particularly of nitrogen, is a very promising 

direction for research (Jones 1993b). Work by the 

CIMMYT Maize Program suggests that through 

crop improvement, tolerance to low nitrogen 

levels and drought can be improved 

simultaneously, using moisture stress as the 

environmental screening tool. Crop management 

methods under study include fertilizer 

placement, timing of application, and absolute 

amounts to apply. Determining the optimal 

balance of other nutrients with nitrogen will 

contribute indirectly to the efficiency of fertilizer 

use. In Malawi, probably the most important 

questions concerning other nutrients, in order of 

priority, are: (1) determining how best to meet 

the universal sulfur requirement of maize; 

(2) analyzing in what regions phosphorous 

application is economically justified and what 

the threshold level of application might be;5 and 

(3) using economic as well as agronomic criteria, 

continuing to map the areas in which trace 

elements such as zinc and boron are most 

limiting. 

Questions (1) and (2) are related, since the current sulfur source (23·21·0·4) is also amajor source of phosphorous. 
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Another topic related indirectly to improving 

fertilizer use efficiency is the development of 

fertilizer recommendations that are conditional 

on (1) planting date and the duration of early to 

mid-season dry spells and (2) on soil type 

(Thornton et al. 1993).6 Along with research, 

adjustments in fertilizer importation, blending, 

distribution, and credit policies will be required. 

In the medium term, the contributions of organic 

methods such as alley cropping to nutrient use 

efficiency may bring large dividends. Opinions 

differ widely over the economic viability and 

management complexity of alley cropping 

systems (see Yates and Kiss 1993; Wendt 1993b; 

Hayes 1991), but their potential for reducing 

input costs and improving long-term soil health 

means that these systems warrant research. 

Should promising technologies appear 

economically viable, extension support will be 

especially critical to widespread adoption by 

farmers. 

Although stall feeding of animals is practiced in 

some areas of higher population density, 

livestock numbers in Malawi are limited. As a 

result, manure application has only marginal 

potential. Changes in farming systems should be 

monitored, however, to see if this conclusion is 

eventually contradicted. 

Long-term soil fertility issues must also be 

addressed by a through review of relevant 

scientific work in Malawi and elsewhere as well 

as by experimentation and crop modeling. 

Topics of study should include the comparative 

long-term effects of alternative strategies such as 

alley cropping or the use of inorganic fertilizers. 

If and when statistical indicators suggest that 

maize seed-fertilizer technologies have been 

adopted at levels that are high enough and stable 

enough to meet national and local food 

requirements from a smaller proportion of 

family farms, identifying alternative crops to 

grow in rotation with maize will also become an 

important research topic. Collaboration with the 

breeding program's work on nutrient-efficient 

maize varieties should continue. Long-term soil 

fertility research is also likely to benefit from a 

better understanding of soil microbiology. 

Several other crop management research topics 

merit attention. Work on weed management and 

planting density should continue, as in recent 

years, to emphasize interactions with soil 

fertility management. The focus of 

intercropping work should probably shift 

somewhat from straightforward experimentation 

to analyzing its agroecological and 

socioeconomic contexts. Attempts should be 

made to discover why maize intercropping has 

declined nationally but persists in some areas, 

and how it can be used to increase incomes by 

sufficient margins over the accompanying 

increases in costs. Using crop modeling, 

additional exploration of planting dates in 

agroecological Zone 4 is probably warranted. 

Another important area for crop management 

research is the control of Striga. Links with other 

research in Africa, through the International 

Institute of Tropical Agriculture (IITA) and 

CIMMYT, may be particularly important here. 

Management of maize produced on dimba land is 

also receiving increased attention. Finally, 

detailed diagnostic and monitoring work should 

be continued on a rotating basis, perhaps every 

five years in each important maize-growing area. 

This would be very useful in assessing whether 

breeding as well as crop management research 

continues to produce technologies that are 

relevant and well adapted, and in identifying 

new research opportunities. This work, like the 

See Stewart (1991) for a general discussion of "response farming." 
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diagnostic work by the Maize Commodity Team 

in the early 1990s (Jones and Sakala 1991), 

should involve maize scientists heavily and will 

also require contributions from social scientists. 

Social science research 
Social scientists must continue to monitor the 

diffusion of and farmers' experiences with new 

seed types as well as fertilizer recommendations 

and other crop management techniques. Much of 

the monitoring can be accomplished at low cost 

as part of the routine work of the Evaluation and 

Monitoring Units of the ADDs, when the units 

implement either the ASA, the NSSA, or other 

sample surveys in which relevant questions are 

asked or to which a small module could be 

attached. Typically (with the exception of the 

NSSA), although survey data are collected and 

partially edited, no time is allocated or other 

incentives provided for Malawian social 

scientists employed by the Ministry of 

Agriculture to analyze it an? generate useful 

reports. Until such opportunities are provided 

routinely, much of this type of work will 

continue to be accomplished on a piecemeal and 

short-term basis by University of Malawi staff or 

by expatriates who may not fully understand or 

be able to articulate the issues in their historical, 

cultural, or institutional contexts. 

Forward-looking social science research is also 

necessary for understanding the implications of 

changing institutional balances between public 

sector agricultural research, the commercial 

private sector, and NGOs, as well as potential 

long-term changes in relevant price ratios. While 

predicting the future is always dangerous, 

careful social science research should aim at 

unraveling the implications that alternative 

scenarios could have for agricultural research. 

One major contribution of social scientists could 

be to outline the full private and social cost 

implications of alternative maize research 

strategies. Although purchased inputs continue 

to be expensive, a reliance on technologies that 

require relatively few purchased inputs often 

bears very real private management costs, as 

well as public costs in developing more effective 

extension and education. This is not always 

sufficiently appreciated. 

Several issues for social science research have 

emerged from reviews of previous work. One 

major question that has often been addressed but 

never fully resolved is how farm structure affects 

the diffusion of maize technology. We have 

argued that factors other than the characteristics 

of seed-fertilizer technology may constrain 

diffusion among poorer farmers. As a result, 

agricultural research alone is unlikely to lead to 

Widespread use of improved technology by the 

smallest farmers. However, not all analysts share 

this view (HIID/EPD 1994). 

A related research question is whether the 

evolving structure of the estate sector affects the 

diffusion of improved seed, fertilizer, and 

management methods among smallholders. In 

particular, the recently formed estate operations 

that Mkandawire, Jaffee, and Bertoli (1990) call 

"graduated smallholders" may constitute the 

class of progressive, medium-scale farmers that 

Malawi has lacked. How this group of farmers 

interacts with the smallholder sector may have 

implications for future adoption patterns. 

Several other specific topics merit a combined 

analysis by social and biological scientists. The 

relative performance of improved OPVs and 

maize hybrids in farmers' fields has not been 

evaluated adequately. Much of CIMMYT/ 

MOA's investigation of maize seed adoption 

and CIMMYT's historical review of 

documentation emphasized maize hybrids. 

Additional research on improved OPVs might 

begin with a small, purposive sample in a 
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locality where research and extension have 

conducted on-farm demonstrations or where a 

credit club is known to have distributed both 

hybrids and improved OPVs. Depending on the 

results, the study could then be expanded into 

other sites, selected to compare field 

performance and farmers' perceptions between 

more favored areas that are well served by the 

research and extension system and more 

isolated, marginal production zones. Alternative 

means of producing and distributing improved 

OPVs, such as seed cooperatives or farmer 

groups, also need to be investigated. 

The extent to which proposed and recommended 

seed-fertilizer technologies still pose labor 

problems, in which zones and for which farmers, 

has not been analyzed carefully. One reason 

these analyses lack precision may be that 

conventional methods for measuring the use of 

labor for new technologies often produce 

conflicting and unsatisfactory results because of 

definition and measurement problems. Given 

improvements in methodology, however, such a 

study (or set of studies) would provide valuable 

information about how and why adoption 

patterns differ among smallholders and could 

help in identifying specific target groups. 

Maize Research and the General 
Agricultural Policy Environment 

Price policy 
As in other countries in Eastern and Southern 

Africa (Muir and Blackie 1988), in Malawi 

agricultural output price policy often appears to 

follow a cycle of several years and to be reactive 

in nature. Though the assembled evidence for 

input price policy is not as comprehensive, it is 

likely to follow similar cycles. Just as stable food 

prices may be one of the most important 

elements from the point of view of overall 

economic development (Timmer 1993), stable 
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input-output price ratios may be the most 

important price policy issue in the development 

and dissemination of cereals technology. Because 

agricultural research needs to be very forward 

looking, it should be conducted in the context of 

likely medium- and long-term trends in price 

ratios. Price policy discussion in Malawi, as it 

relates to agricultural research, often focuses 

instead on the price shocks of the immediate past, 

prices of outputs or inputs alone, or on the 

question of subsidies. Part of the problem is that 

price stability is particularly difficult to achieve 

when infrastructure is poor and the economy 

relies almost entirely on rainfed agriculture. 

At the output level, smallholder cash crops 

should be priced at export parity, with broad

based agricultural development rather than 

taxation of the smallholder sector as the goal. The 

maize price, on the other hand, should not be 

held to a strict export parity standard. Two 

important issues for maize pricing are, first, the 

relaxation of pan-seas'onal, pan-territorial pricing 

(at the level of informal markets these have never 

been universally enforceable in any case) and, 

second, the producer-consumer price spread, 

particularly as private sector marketing becomes 

more important. Feasible, low-cost stabilization 

schemes should be considered for reasons of 

short-term household food security as well as 

longer term agricultural development goals. 

The key relationship for the future course of 

technical change in maize is probably the 

nitrogen-maize price ratio. As pointed out in 

Chapter 2, the trend in the nitrogen-maize price 

ratio has been slightly downward over the last 20 

years and generally favorable for the spread of 

seed-fertilizer technology. The future is quite 

clouded, however, On the one hand, the 

achievement of peace in Mozambique may result 

in the eventual development of lower cost 

transport routes, which could reduce Malawi's 



fertilizer prices. On the other hand, Malawi's 

current precarious macroeconomic state, and its 

deteriorating exchange rate, are likely to make 

imported inputs such as fertilizers relatively 

more expensive. Furthermore, world nitrogen 

prices have been predicted to rise slightly until 

the late 1990s, and prices do appear to have 

increased substantially in 1993 and 1994 after 

falling during much of the 1980s. In the long run, 

reducing the nitrogen-maize price ratio through 

a combination of macroeconomic stabilization 

and marketing and infrastructural development 

could contribute to more Widespread diffusion 

of seed-fertilizer technology. 

The role of subsidies in encouraging the spread 

of seed-fertilizer technology is also controversial. 

The place of fertilizer subsidies in Malawi's 

smallholder agriculture has been discussed 

widely for a decade. Donors have encouraged 

the removal of subsidies for sectoral equity or 

macroeconomic budget reasons, but the 

government has been reluctant to do so because 

of food security and technology diffusion issues 

(Christiansen et al. 1987; Sahn and 

Arulpragasam 1991). The experience of Asia 

during the Green Revolution suggests that 

fertilizer subsidies can play an important role in 

the early diffusion of seed-fertilizer technology, 

although the political difficulties in removing 

subsidies once they are instituted can qualify this 

conclusion (Byerlee and Heisey 1993). 

Theoretically, Miller and Tolley (1989) show that 

subsidies can improve net welfare by speeding 

the spread of new technology, but these gains are 

likely to be extremely modest. Probably the key 

element that is missing from the discussion at 

this level of abstraction is the question of the 

stability, rather than the absolute level, of the 

price ratio, noted above. 

In Malawi, the spread between the consumer 

and producer maize prices and the fact that a 

majority of households are net deficit 

households mean that subsidies are a poor tool 

for encouraging adoption by deficit producers. 

Instead, as noted earlier, the primary though 

unstated function of subsidies appears to be to 

ensure that surplus producers continue using the 

current technology at the recommended levels, 

as supplied with present production credit 

packages Oones and Heisey 1994). Deficit 

households, which are likely to want to use some 

form of seed-fertilizer technology whether or not 

the inputs are subsidized, are constrained 

instead by the lack of feasible options for 

obtaining fertilizer and hybrid seed outside of 

the credit system. The more important policy 

considerations are to assure that inputs are 

available at the right time to all farmers who 

want to buy them, reduce packet sizes,7 and alter 

the credit package so farmers can buy seed only, 

fertilizer only, or both, in the proportions they 

wish to use. This flexibility would be obtained at 

a cost, however, so considerable care must be 

taken in designing a revised seasonal production 

credit policy. 

Institutional support 
Public support of maize research - Perhaps the 

most urgent, and also the recurring, underlying 

problem in Malawi's maize research system, is 

the inadequate national commitment to maize 

research over the long term. The maize research 

program has been beset since its inception by 

both low absolute levels and unreliability of 

public funding. This problem expresses itself 

historically in staffing discontinuities that 

resulted in scientific stagnation, a loss of 

momentum in research initiative, and the loss of 

breeding material. The difference between active 

This approach has been tried successfully in Blantyre ADD, and has been one of the factors in the recent adoption of hybrid 
maize and fertilizer there. 
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research time in releasing semi-flint hybrids and 

calendar time (including years in which only 

maintenance breeding was done by technicians) 

reflects the simple fact that many other factors, 

including staffing discontinuity, affect the 
performance of maize research. Lack of national 

commitment in turn makes the maize research 

system vulnerable to the whims of donor 

financing and donor-driven priorities.s 

Some aspects of Malawi's maize research history 

have not been underscored in this report. The 

promotion and incentive system for scientists 

has not been sufficient to prevent human capital 
from flowing out of the research.system. It is 

highly unusual, for example, for capable 

technicians eventually to obtain the training and 

title that enable them to assume decision-making 

authority. A greater effort must be directed to 

establishing a "third generation" of senior 

breeders in the Maize Commodity Team. 

At a bare minimum, continuity in staffing and 

funding is necessary to maintain breeding 

material. Without this continuity, maintaining a 

flow of improved materials, as in the case of 

hybrid maize in developed countries or 

semidwarf wheat in developing countries, or 

attaining better solutions for crucial 

management problems such as soil fertility 

maintenance, cannot be accomplished. 

Continuity in research reporting is also an 

underemphasized component of any successful 

research program, and is clearly related to 

staffing and funding policy. 

Seed and fertilizer delivery systems - While 

the parastatal organization of ADMARC and the 

credit club system have enabled Malawi to 

distribute inputs effectively to a minority of 

farmers in most years, the system does not 

service the latent demand for improved maize 

technology among small-scale farmers for 

several reasons. To reduce operational expenses, 
many of ADMARC's marketing outlets were 

closed during the late 1980s. The criteria for 

determining quantities and types of improved 
seed distributed to various markets are not clear. 

In the CIMMYT/MOA surveys, farmers 

repeatedly complained that the hybrid or 
improved OPV they had requested had not been 

allocated to their credit club. As mentioned 

earlier, many farmers would purchase seed or 

fertilizer if they had the flexibility of purchasing 

seed only, fertilizer only, or packages of varying 

proportions and size through the club or at the 

ADMARC input shed. Donors and policy 

makers may have hoped that privatization and 

market liberalization would solve some of these 

distributional problems, but experience both in 

Malawi and other countries shows instead that 

both financial and human capital constraints 

slow the effectiveness of liberalization programs. 

Smallholder input subsidies for both seed and 

fertilizer are administered only through the 

credit club system and the ADMARC 

distribution network. Other rural or urban 

retailers sell inputs at unsubsidized prices. Two 

pricing schedules for smallholders, and the 

predictability of marketing large quantities of 
seed through ADMARC as a single large client, 

reduce the incentives for NSCM to develop its 

own seed distribution network. Lever Brothers, a 
new entrant into the seed industry, did not have 

access to ADMARC as a distributor until 1994. In 

the medium to long term, reliance on a parastatal 

distribution network and on price subsidies 

Long-term commitment by donor organizations, such as the support provided since 1988 by the Rockefeller Foundation, can 
help solve some of the problems of research continuity. Nonetheless reliance on this kind of funding does not automatically 
create asense of national "ownership," and a program maintained in this manner can be considered fully successful only if it 
catalyzes long-term government support for maize research. 
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means that fertilizer companies as well as seed 

producers do not develop their own market 

information systems and are less sensitive to 

farmers' actual demand for inputs. Even at 

unsubsidized prices, hybrid seed remains a good 

investment for many farmers. In 1993/94, for 

example, little to no credit was distributed to 

smallholders because of liquidity problems. Total 

smallholder purchases of seed and fertilizer were 

sharply curtailed as a result, but the amount of 

seed purchased with cash increased over the 

previous seasons. 

Finally, the agricultural extension service must be 

strengthened to enable it to deliver more complex 

messages more widely. This commonplace 

assertion is also true in Malawi, but it is 

important to clarify the role of extension in 

different stages of technological change. In 

classical "Green Revolution" settings, the changes 

occurring in Stage I (introduction and diffusion of 

seed-fertilizer technology) often were motivated 

by economic advantages so strong that little 

extension advice was necessary. Stage II changes 

(better management, shifts to even newer 

varieties) often require a much more active role 

for extension (Byerlee 1987; Heisey 1993). The 

complicating factor in a country such as Malawi is 

that though the potential yield gains from Stage I 

technical change are outstanding, infrastructural 

constraints and higher input-output price ratios 

mean the economic advantages can be diluted 

(Byerlee et al. 1994; Spencer 1994). As a result, 

more precise extension messages and stronger 

extension services may be necessary earlier in the 

diffusion process than in other countries where 

seed-fertilizer technology has spread widely. 

Public-private sector interaction - The history 

of maize research in Malawi demonstrates 

conclusively that cooperation and interaction 

between public and private institutions is critical 

both in maize research and seed production and 

distribution systems. Until the NSCM took over 

seed production and distribution from 

ADMARC in 1978, the volume of seed produced 

and marketed was insufficient to meet farmer 

demand, as evidenced by seed sales figures. 

Cargill's purchase of a majority interest in NSCM 

appears to have inspired more extensive efforts 

to promote seed and gather marketing 

information. In the long term, the pricing and 

structural implications of multinational 

dominance of the national seed system need to 

be analyzed. 

Without long years of publicly funded maize 

research in Malawi, however, neither NSCM nor 

Cargill would have had appropriate maize 

materials to disseminate. Malawi's hybrids 

resulted from years of public sector investment 

in Malawi, Southern Africa, in international 

agricultural research centers, and elsewhere.9 

Furthermore, as has been shown in U.s. 

agriculture, private companies have no incentive 

to maintain certain inbred lines and parent 

materials possessing traits that may have social 

value today or in the future. In other words, the 

long-term value to society of certain traits or 

characters may be higher than the private value 

to farmers that can be captured in the short-term 

profits of seed companies. In general, the socially 

optimal development of the seed industry will 

combine continued public sector involvement in 

basic research and in setting the legal, 

contractual, and informational framework with 

public sector willingness to relinquish other 

more commercial activities as the seed industry 

matures (Lopez-Pereira and Filippello 1994; 

Rusike 1995). 

9� This pattern of development is not unusual. Although today nearly all hybrid seed in the U.S. is of private origin (CIMMYT 
1994), as recently as 1970, 40 years after the initial development of commercial hybrids, half the total maize area was planted 
to hybrids based on public sector inbreds (Duvick 1984). 
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CHAPTER 7 

Conclusions 

In a nation whose economy depends on 

agriculture and whose people depend on 

maize, the evidence of increasing maize 

monoculture and continuous maize cropping, 

combined with declining per capita maize 

availability and decreasing farm sizes, is 

convincing and disturbing. Technological change 

to increase maize yields has become imperative. 

As a point of contrast, 55% of Malawian 

smallholders cultivated an area of less than one 

hectare more than a decade ago (1980/81), 

whereas only 39% of farmers in India fell into the 

same farm size category in 1961/62, on the eve 

of India's Green Revolution (Singh 1990)! 

Furthermore, in Malawi, with the exception of 

some relay cropping, land is used in a single 

season only. 

As we have noted, however, absolute land area 

is not the only determinant of directions in 

agricultural technology, as land quality, current 

technology, and market possibilities also playa 

role (Binswanger and Pingali 1988). And 

although colonial administrators and researchers 

long questioned the capacity of Malawi's 

resource base to support its population given the 

prevailing consumer preferences and 

agricultural technologies, we suggest that the 

past 50 years may have actually represented a 

transitional period, in which land scarcity has 

replaced seasonal labor constraints as the 

dominant force driving trends in agricultural 

productivity for the entire country. Except for 

key areas in the South, most of Malawi's 

smallholders may not have perceived that land 

was their principal production constraint until 

fairly recently. 
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The historical record and data for more recent 

periods suggest that the transition to continuous 

cropping has been accompanied by some 

intensification in maize production, based on 

ridging for soil conservation, earlier planting, 

increasing use of inorganic fertilizer, timelier 

weeding, and in recent years much more 

widespread planting of high-yielding hybrids. 

Up to about 25 years ago, the expansion of 

cropped area, combined with intensification 

through changes in management practices other 

than variety or fertilization, was sufficient to 

keep pace with the demands of a growing 

human population; this is no longer the case. 

Did maize research respond to farmers' 

circumstances? We have argued that in one sense 

maize research was forward-looking in that it 

focused on yield even before yield became a 

major concern of most farmers. Maize research in 

Malawi has been criticized as insufficiently 

responsive to smallholders' concern for grain 

texture. We contend, however, that apparent 

inconsistencies and shifts in maize breeding 

strategies over the years were less the result of 

failure to recognize smallholders' needs than a 

reflection of the fact that commercial farmers had 

relatively little interest in maize as a crop and no 

interest in grain texture, while smallholders' 

economic interests carried relatively little 

political weight in the development policies the 

government pursued until recently. 

Can the intensification that has occurred be 

traced to maize research? Most of the changes 

that have occurred are consistent with research 



findings, but in many settings there are 

alternative sources of supply for different kinds 

of agricultural technology (Traxler and Byerlee 

1992). Historically, the only source of 

technological innovation in Malawi, other than 

public sector research and extension, has been 

farmer experimentation. It is quite likely that 

greater timeliness of such operations as planting 

and weeding would have resulted from farmers' 

experimentation in reaction to shifting shadow 

prices for factors, and maize research has served 

mainly to confirm the physical relationships 

involved. On the other hand, new seed-fertilizer 

technology would hardly have developed as the 

result of farmers' activities alone. 

We have argued that, given the discontinuities in 

funding and staffing, shifts in research strategies, 

and breeding issues confronted by Malawi's 

maize research program since its belated 

inception in the 1950s, the time that elapsed 

before Malawi released hybrids suitable for 

smallholders was moderate by international 

standards, short by regional standards, and 

rapid once the decision was made to use a 

hybrid-by-population top-cross. The outcome of 

that research process is not only material that 

yields better under lower levels of management 

and nitrogen than Malawi's unimproved 

material, but maize that is attractive to the vast 

majority of Malawi's farmers, who process and 

store their maize on the farm. One of the reasons 

that all of Malawi's hybrids generally outyield 

local maize by such large proportions may be 

that local maize itself did not originate in the 

region. Both the material that Malawians call 

"maize of the ancestors" and the parent material 

for Malawi's hybrids were imported. There is no 

reason to believe that local maize, thought to 

have entered the region with Portuguese traders 

in the 1600s, would have been the best adapted 

material available at that time. Though much of 

the locally adapted improved material was 

originally brought from the U.S. by South 

African and Rhodesian settlers early in this 

century, it has benefited from a conscious 

attempt to obtain improved germplasm, mass 

selection practices of the settlers, and concerted 

scientific efforts at improvement. In any case, the 

release of MH17 and MH18 also attests to the 

critical role that close collaboration between 

CIMMYT scientists and national scientists can 

play in relieving research and development 

constraints and reducing research costs. 

The sharp rise in Malawi's smallholder adoption 

rates since the late 1980s illustrates both the 

latent demand for improved maize and the 

importance of seed supply considerations. The 

1993/94 drop in hybrid seed sales demonstrates 

that before such adoption patterns can be 

sustained, the government needs to commit 

resources to developing coherent, consistent 

policies on which smallholders, maize research, 

and supporting seed production and delivery 

systems can rely. The continuation of promising 

adoption trends very much depends on broader 

institutional and political development issues. 

It also depends on sustaining research output, 

both from maize breeding and from work on the 

pressing soil fertility issues. For semidwarf 

wheat technology in the developing world 

(Byerlee and Moya 1994) and hybrid maize in 

the developed world (Byerlee and Lopez-Pereira 

1994), breeding advances subsequent to the initial 

scientific breakthroughs played an important 

role in increasing productivity. With a few 

possible exceptions, such as Zimbabwe, this has 

not seemed to be the case for the"success 

stories" reported for maize in developing 

countries (Lopez-Pereira and Morris 1994). How 

to maintain continued Stage II yield gains in 

maize is an important research question. It is 
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clear that continued improvements in maize 

productivity in Malawi will require continuity in 

the maize breeding program. 

Research and historical experience have 

confirmed the importance of nitrogen in 

Malawi's maize production. Nevertheless, 

continuing soil fertility deterioration, the high 

cost of imported fertilizer, the importance of 

other nutrients, and the need to understand soil 

organic matter dynamics better, imply soil 

fertility research has not reached definitive 

conclusions in all important areas despite the 

useful findings of many current studies. Solving 

the soil fertility problem may be the highest 

maize research priority in the medium term 

(Blackie and Jones 1993). 

If these broader issues continue to receive 

attention, recent encouraging changes in 

farmers' fields may translate into the sort of 

aggregate yield impacts generally associated 

with green revolutions. Further, because the 

technology is particularly attractive to some of 

the smallest farmers in the world, those impacts 

may have novel distributional implications. To 

date, however, rapid diffusion of seed-fertilizer 

technology has not translated into rapid 

aggregate yield increases, partially because of 

fluctuations in weather and input availability 

and possibly because of a difficult-to-observe, 

long-term decline in soil fertility. 

Because Malawi's agriculture is rainfed and the 

prospects for diversifying the national economy 

are relatively limited, Malawi's potential Green 

Revolution may never have as dramatic an 

impact as Asia's in terms of rural wages, rural

urban linkages, and what we generally refer to 

as rural development. Reallocating land from 

maize to other food crops and cash crops is now 

a priority for reasons of nutrition, soil fertility, 

and income at the level of the farm household as 

well as the nation. However, the fact that the 

majority of Malawi's farm households are maize 

deficit may mean that the most that can be 

accomplished through improving maize yields is 

to close household food deficits, reduce the 

threat of food imports, and slow the expansion 

of maize area. 

We conclude that although there are many 

problems of smallholders that research has not 

yet solved and may never be able to solve, 

Malawi's seed-fertilizer technology is indeed 

appropriate for most smallholders. Improved 

maize and inorganic fertilizer will remain key 

components of any further improvements in 

technology. Whether or not smallholders can use 

the technology depends directly on whether the 

credit and delivery systems become flexible 

enough to provide smaller packages and/or to 

separate seed from fertilizer so farmers can select 

combinations that are optimal for their own 

conditions. Successful agricultural research 

programs are necessary but not sufficient for the 

development of agriculture, the national 

economy, and the improvement of human 

welfare. 
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