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Glossary of Acronyms and Abbreviatiq‘ns

ADD
ADMARC
AES
ARTS
ASA

CARO
CGIAR
CIMMYT

DAR
DAP

EA

FAO
FSNM
FSR

GDP
GOM

HYV
[TA
LLDP

MADIA
MK
MOA
MVTS

NSCM
NSSA

OPV
RDP
SAL I-1I1
USDA

Agricultural Development Division

Agricultural Development and Marketing Corporation
Agrocconomic Survey

Adaptive Research Teams i
Annual Survey of Agricultural ’

Chief Agricultural Research Officer
Consultative Group on International Agricultural Rescarch
International Maize and Wheat Improvement Center

Department of Agricultural Research
Diammonium phosphate

Enumeration Area

Food and Agriculture Organization
Food Security and Nutritional Monitoring
Farming Systems Research

Gross Domestic Product
Government of Malawi

High-Yielding Variety
International I[nstitute for Tropical Agriculture
Lilongwe Land Development Programme

Managing Agricultural Development in Africa (World Bank)
Malawi kwacha—USS$1 = 4.23 kwacha (as of mid 1993)
Ministry of Agriculture

Maize Variety and Technology Adoption Survey

National Seed Company of Malawi
National Sample Survey of Agriculture

Open-Pollinated Variety
Rural Development Projects
Structural Adjustment Loans I - 1]

United States Department of Agriculture



Composites:

Hybrids:

OPVs

Synthetics:

Glossary of Definitions

Improved open-pollinated varieties developed from the genetic combination of a
wider range of parental material than i1s usually the case for synthetics.

Improved maize for which pollination is carefully controlled at all stages of the
seed production process. For most conventional hybrids, parental material consists
of inbred lines for which plants are self-pollinated over several gencrations. The
controlled crosses of two, three, or four of these inbred lines lead to conventional
hybrid seed. Where plants are allowed to randomly pollinate, genctically-caused
deterioration in the yield of hybrid maize is high implying that, for farmers who
have begun using hybrid seed, it is usually economically rational to purchase new
seed every year.

(Open-pollinated varieties): Maize varieties in which seed production is the result
of random pollination of silking plants by pollen from the tassels of other plants.
These can include farmers’ varieties as well as improved varieties developed
through synthetic or composite breeding strategies. Genetically-caused deteriora-
tion in the yield of OPVs occurs relatively slowly over time implying that, for
farmers who have begun using seed of improved OPVs, it is usually economically
rational for them to use their own grain as seed for several gencrations before
replacing it with higher quality purchased seed.

Improved open-pollinated varieties developed from a breeding and seed-produc-
tion procedure similar to the one used to produce hybrid maize, but for which actual
seed production takes place under open-pollinated conditions. Resulting varieties
have a relatively narrow genetic base.

Vi



1. Introduction

Maize replaced millets apd sorghum as the
dominant foodgrain crop ih Malawi only 60 to
70 years ago, but over threc-quarters of the
nation’s cultivated area is now sown to maize
cach cropping season. Per caput, the quantity
of maize Malawians consume as a starchy staple
is perhaps the greatest in the world. “Maize 1s
our life (chimanga ndi moyo),” and the ideal of
producing sufficient maize for the maize por-
ridge (nsima) needs of the household “informs
everyone's actions and rationales for their ac-
tions before, during, and after the maize har-
vest.”" Each “hungry season” when their maize
stocks have been depleted, many farm house-
holds face undernutrition as maize prices rise
prohibitively and supplies at local market out-
lets fluctuate. Food preferences and the risks
associated with relying on product markets
imply that, in Malawi, farm household deci-
ston-making is motivated by the objective of
producing enough maize to satisfy annual sub-
sistence needs.

As staple food requirements to sustain a
growing population increase, diffusion of suit-
able higher-yielding varieties has become a food
sccurity imperative.? In the short-term, land-
saving technological change can only be
achieved in Malawi through adoption of seed-
fertilizer technology. Soil fertility maintenance
by traditional methods such as fallowing and

‘From villagers' statements, cited in Peters, 1988.

2In post-World War Il Nyasaland, Kettlewell al-
ready expressed concern over declining productivity as
increasing population pressure on the land tended to-
wards maize monocropping. Even before independence
he described parts of the Southern Region of Malawi as
having high population densities and large numbers of
farm households with less than a hectare of land
(Kettlewell, 1965).

rotation has become increasingly difficult as
farmers cxpand their maize area and monocrop
in an attempt to sccure family grain require-
ments in the face of chronically low maize
yields. Releasing land for the cultivation of
other food crops that are essential to improving
nutritional standards and for production of ex-
port crops that earn valuable foreign exchange
cannot be accomplished without improving
maize yields.

Malawi has a labor-land ratio that is high
by African standards (Binswanger and Pingali,
1988) and agroclimatic conditions that are fa-
vorable for a seed-fertilizer transformation.
Malawi’s maize research program has released
hybrids, synthetics, and composites for over 30
years but, until the late 1980s, no more than
about 10 percent of aggregate maize area was
sown to hybrids or first-year open-pollinated
varieties. Recent data (CIMMYT/MOA ; FSNM)
demonstrate that, especially in higher-poten-
tial, maize-producing zones, the percentage of
farmers sowing hybrid maize has grown rap-
idly in the past four scasons. Aggregate area in
hybrids has remained fairly low because, even
when farmers have adopted hybrid maize, they
continue to devote a large proportion of their
household’s maize area to local varieties.

Certain consumption preferences of
Malawian farmers, among other features of input
supply and distribution, have been frequently

}Similarly, Kettlewell wrote that conditions in
Malawi demonstrated the vulnerability of a food sup-
ply so dependent on a single crop, and the importance
of reducing the proportion of land under maize to
facilitate crop rotation and production of other crops.
At that timc as now, “the first part of the problem of
agricultural progress was to raise the yield of maizc per
unit area throughout the country” (p. 258).



cited as factors limiting the popularity of hy-
brid varieties. Malawians reveal a distinct con-
sumption prefercnce for the flinty varieties
loosely categorized as “local,” or “maize of the
ancestors (chimanga cha makolo).” These vari-
cties are more cfficiently processed into the
fine white flour («fa wovera) used to preparc
the preferred type of porridge, and their hard
grain is more resistant to weevil attadk in stor-
age than most of the denty, white hybrids that
have been introduced in the past. For this rea-
son, hybrid maize was until recently:promoted
as a cash crop, although some substitution of
hybrid maize for local varieties in consumption
1s increasingly perceptible and i1s unavoidable
for the food-deficit households who represent
the majority in Malawi. In recognition of the
importance of consumer preferences in
smallholder adoption decistons, the Department
of Agricultural Research (DAR) has periodi-
cally released semiflint OPVs. For the 1991-92
season, DAR also released two new semiflint
hybrids and promotional efforts are emphasiz-
ing improved processing and storability traits.
Evidence suggests that the new semiflint hy-
brids perform well relative to both denty hy-
brids and local maize in terms of yield, pro-
cessing, and storage characteristics (Smale et
al., 1993; Jones and Heisey).

As a case study, the history of maize re-
search in Malawi is of policy interest for two
principal reasons. First, although various fac-
tors suggest that the agroeconomic setting is
favorable for HYV adoption, farmer adoption
rates have risen very slowly. Understanding
adoption patterns in Malawi has implications
for other maize-producing and -consuming
zones. Second, although the significance of flint
maize preferences in household decision-mak-
ing has long been recognized by the breeding
program, a perceptible tension appears to have
existed historically between the recognition of
grain quality as a trait and the importance of
yield criteria. For farmers who grow improved
varieties as a cash crop, processing and storage
efficiency is of no significance and yield at

harvest is critical. Maize-deficit farmers who
want to consume their maizc are concerned
about yield from the mortar. Flintiness and
yield criteria have also been related to the issue,
spurred by donor involvement, of whether hy-
brids or OPVs should be emphasized.

Consumer preference for flinty maize may
be a relevant issue for breeding programs in the
broader region encompassing the maize-pro-
ducing zones of Tanzania, Zambia, and per-
haps Mozambitque. In all of these zones, maize
production by smallholders is a critical food
security issue, and similar preferences are likely
to affect adoption decisions.

Scope and Purpose of Case Study

The objectives of the Malawt case study are to
(1) provide a profile of the more significant
historical changes in farmers’ varietal choice
(research impact as expressed by adoption rates);
(2) summarize associated changes in aggregate
maize production figures and related welfare
statistics and suggest how these figures might
have evolved under different technical change
scenarios; and (3) document major factors in
research, extension, and promotion of these
innovations that may have influenced the speed
and breadth of technological change. The par-
ticular emphases of the Malawi case study are
the rate of varietal change and the role of con-
sumption preferences in both farmer decision-
making and the breeding program.

Structure of the Report

The report begins by presenting evidence to
illustrate the central importance of maize in the
socioeconomy of Malawi.* The following sec-
tion presents a time chart and outline of maize
varietal releases and maize research activity. In

‘Appendix B presents a review of secondary litera-
ture about aspccts of the nation’s approach to develop-
ment policy that have affected smallholder maize pro-
duction.



Section V, indicators of the effc" ts of varietal
adoption on farm families, major maize-pro-
ducing zones, and selected macrocconomic
variables are presented and interpreted. Section
VI summarizes some of the major factors that

have influenced the impact of maize rescarch
in Malawi, and the concluding section suggests
some of the specific lessons that can be drawn
from that cxperience.



2. Methiodology

Both primary and sccondary sources provide
the information and data for the study. A re-
view of secondary literaturc provides the back-
ground and context for maize research impact
section (Appendix B). A combination of time-
series data from the Annual Survey of Agricul-
ture (ASA), recent findings from the Maize
Variety and Technology Adoption Survey
(MVTS), and selected figures from the Food
Security and Nutrition Monitoring Survey Re-
ports are used to generate the adoption rate

SThe major data sources are described in Appendix
A. The data from the surveys arc broadly representative
of the major maize-producing zones of Malawi.

statistics, characterize the impact of technical
change on farm familics and Agricultural De-
velopment Divisions, and identify some of the
factors that have affected adoption rates (objec-
tive 1).° Secondary data arc used to develop

~ illustrative scenarios that express the effects of
- changes in maize seed technology on maize

production, national food security, and agricul-
tural GDP (objective 2). Interviews with key
actors in the research system form the basis of
observations relevant to objective 3.



3. The Cultural and Economic Significance
of Smallholder Maize Production

Among Malawians, asima (stiff maize porridge)
and food are synonymous.® Based on her inter-
views in Zomba, Peters reports that, for most
households, to cultivate without cultivating
maize was an “impossible thought.” To have
land 1s to grow maize, and growing maize 1s a
way of life (1989, p. 48). The CIMMYT/MOA
data from Mzuzu, Kasungu, and Blantyre Ag-
ricultural Development Divisions confirm that
all survey households grew maize and, 1n
1989-90 and 1990-91 cropping seasons, de-
voted from 75 percent (Kasungu) to 98 percent
(Blantyre) of their individual farm area to
maize.’

The FAO Food Balance Sheets show al-
most a negligible change in maize as a percent
of per caput daily caloric consumption from the
late colonial period through the 1970s (Table
3.1). A net increase in total and maize calories
is distinguishable over time. Although compa-
rable figures have not been compiled for the
1980s, per caput utilization of maize as food in
Malawi still ranked among the highest in the

*Only in some zones around the lakeshore would
cassava or rice be considered morc important as a
starchy staple.

"The Report on an Economic Survey of Nvasaland
[958-59 reported that, on average, ncarly 100 percent
of an individual cultivator’s land was sown to maize in
the Southern Region, as comparcd with about 55 per-
cent in the Central Region. As a point of comparison
with today’s estimates, Blantyre is located in the South-
ern Region, and Kasungu in the Central Region.

*Maize is believed to have gained its dominant
position in the Malawian diet between 1850 and (910
{Agroeconomic Survey, 1982). Williamson (1956) notes
that although Lacerda (1790s) and Livingstone (1850s)
refer to maize in their writings, both recount that the
staple crops were millets, such as finger millet, and
sorghum.

world (CIMMYT, 1990).*

In a nation in which agriculture constitutes
an estimated 40 percent of GDP (Pryor, 1988),
provides an estimated 45-50 percent of wage
cmployment in the “modern sector” (Kydd and
Christiansen, 1982; Pryor, 1988), and employs
over 80 percent of the total labor force (Gulhati,
1989), maize is by far the dominant crop in
terms of hectarage for all 8 Agricultural Devel-
opment Divisions (ADDs) except Ngabu. Esti-
mates of maize area as a percent of total culti-
vated area are shown in Table 3.2 for the 5
major maize-producing ADDs of Malawi, over
time.” Differences among zones reflect alterna-
tive cash crop opportunities (tobacco and
groundnuts, particularly in the Central Region),
larger land areas to diversify food crops (mil-
let, cassava, sweet potatoes, and beans, espe-
cially in the Northern Region), and subsistence
requirements/land ratios (highest in the South).
Considering sampling errors, differences over
time are not evident over the brief period re-
ported in the 1980s, but are likely to have
emerged gradually between the late colonial
period and present. At the national level, most
estimates now predict that from 75 percent to
85 percent of total area cultivated by
smallholders is sown to maize.

Finally, in an economy in which the value

*Here, area is defined in terms of primary crop. In
the NSSA and ASA, maize 1s only rarely recorded as a
secondary intercrop. Counting the intercropped maize
arca in terms of the secondary crop would increasc
other crop area (especially for pulses and beans) as a
percent of total cultivated arca. The significance of
intercropping may have declined over time, and ap-
pears greatest today in specific areas of high population
density in the South, Dedza, and Ntcheu in Lilongwe
ADD, and in Rumphi, Mzuzu ADD.



Table 3.1 Maize as Percent of Total Daily Caloric Consumption,
Per Caput, 1961-1977

. ---Per Caput Daily Calories--- Maize
Year Maize Total Percent of Total
1961-65 (aver.) 1395 2082 67
1967 1379 2038 68
1968 : 1428 2149 66
1969 1500 2208 68
1970 1552 2313 67
1971 1530 2358 65
1972 1533 2336 66
1973 1520 2331 65
1974 1525 2331 66
1975 1417 2201 64
1976 1467 2265 65
1977 1448 2215 65

Source: Food and Agricultural Organization of the United Nations, Food Balance Sheets 1967-1977,
Rome, 1980; International Maize and Wheat Improvement Center (CIMMYT) 1989/90 World Maize
Facts and Trends, Mexico, D.F. 1990.

Table 3.2 Maize as Percent of Total Area Cultivated by Smallholders,
1958/59, 1968/69, 1980/81-1990/91

------------- Agricultural Development Division* -----ccceo—-- All
Year Blantyre Liwonde Lilongwe Kasungu Mzuzu Malawi
1958/59 66-75
1968/69 88 89 81 70 77
1980/81 89 88 76 67 75
1985/86 91 83 76 73
1986/87 89 80 66 69
1987/88 93 82 66 76
1988/89 82 67 77
1989/90 96 82 83
1990/91 98 70 81 75-85

*Figures for Mzuzu exclude Nkhata Bay, a cassava-producing zone, and for the last two years in Blantyre
and Kasungu they exclude portions of the ADDS that are considered to be less representative with
respect to maize production.

Source: Report on an Economic Survey of Nyasaland 1958-59, Federation of Rhodesia and Nyasaland,
Ministry of Economic Affairs; National Sample Survey of Agriculture, 1968-69 and 1980-81, National
Statistical Office, Government of Malawi; Annual Survey of Agriculture 1985-1989, Ministry of
Agriculture, Government of Malawi; CIMMYT/MOA Maize Technology and Varietal Adoption Survey,
1989-91.
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Table 3.3 Maize Value as Percent of Total Value of Smallholder and
All Agricultural Output, 1970-1986
(million 1978 MK)

Year Smaltholder Estate Total
1970 150 43 191
1971 175 a4 219
1972 184 5Q 234
1973 163 59 222
1974 169 59 228
1975 156 76 232
1976 186 84 269
1977 211 99 310
1978 217 102 319
1979 223 119 342
1980 202 130 332
1981 188 128 316
1982 189 151 340
1983 185 160 356
1984 210 151 352
1985 213

1986 213

Maize % of Output Value

Maize Smaltholder Estate
59 40 31
76 43 40
80 43 34
72 44 33
81 48 36
74 47 32
74 40 27
78 37 25
84 39 26
112 50 33
82 40 25
75 40 27
121 64 36
105 54 30
104 50 30
89 42
75 35

Source: Smaltholder and estate output estimates and GDP deflator from Pryor, F.L., Income Distribution
and Economic Development in Malawi: Some Historical Statistics, World Bank Discussion Papers 36,
Washington, D.C., 1988; Nominal maize producer prices from Gulhati, R., Malawi: Promising Reforms,
Bad Luck, World Bank, Washington, D.C., 1989; Maize production figures from Food and Agricultural

Organization of the U.N.

of estate production is considered to be the
primary generator of foreign exchange earn-
ings and national revenues, maize value as a
percent of total value of smallholder and all
agricultural output is high—especially for such
a low-priced commodity. The estimates shown
in Table 3.3 indicate that the percent of maize
value in smallholder output ranged from 35
percent to over 60 percent from 1970 to 1986
and is only slightly lower as a percent of the
value of all agricultural output, including that
of estates.

%Ferguson et al. (1990) argue that “in the absence
of agricultural inputs that stabilize production, declines
in crop diversity may result n greater nutritional risk at
least for certain strata of farmers™ (p. 276).

The nutritional implications of the domi-
nance of maize calories in the diet'? and soil
fertility implications of monocropped maize
have been cause for policy concern. Releasing
land for the production of other foodcrops and
potential cash crops is now a priority for nutri-
tional, soil fertility, and income reasons—at a
national and a farm household level. However,
the fact that the majority of farm households
are maize deficit may mean that the most that
can be accomplished through improving maize
yields in the short to medium term is to close
the household food deficits, reduce the threat of
food imports, and slow the expansion of maize
area.



4. An Inventory of Varietal Innovations

Until the early 20th century, the maizes grown
tin the region were small-statured, flint types
with shorter season materials grown on alluvial
soils and swampy areas during the dry season
and longer season varieties cultivated as part of
the rainfed crop complex (Blackic, 1989). Ac-
cording to Miracle’s (1966) historical descrip-
tion of maize in tropical Africa, flinty varieties
were, until recently, more popular than denty
varieties because of lower susceptibility to in-
sect infestation.

Although dent hybrids cover almost all
maize area in Zimbabwe and over two-thirds of
maize area in Kenya, flinty local varieties still
predominate in southern Tanzania, eastern Zam-
bia, and Malawi. The trade-off between
dentiness and flintiness is related in part to
yield and in part to the supply of germplasm.
To this date, suitable breeding material for dent
hybrids is much easier to locate and the result-
ing hybrids that have been produced have supe-
rior yields."

An approximate time chart and description
of varieties released by Malawi’s maize breed-
ing program is shown in Table 4.1."? Perusal of
the maize types released and imported over the

"An example is the difference in yiclds reported
by Bolton (1974) for LH11 and SR52. Part of the yield
difference between LHI1 and SR52 is due to the fact
that LH!1 was a double-cross and SR52 is a single-
cross hybrid. Breeders may have also been unduly
influenced by North Amecrican studics that show a
shghtly higher yicld potential (approx. 5 percent) for
dent maize.

?Sources include Kydd (1989), Bolton (1974},
Kettlewell (1965), Darrah and Penny (1974), and oral
interviews with B.T. Zambezi, Senior Maize Breeder
and Maize Commodity Team Leader. The information
is approximate.

years illustratcs how the emphasis of the breed-
{ng program has oscillated between, but has
always included, both hybrids and OPVs. Re-
lated to maize type is the issue of dent and flint

characteristics.

Brown (1963) writes that prior to indepen-
dence, very little mass-selection had been done
by farmers. In the 1940s, S. Hoyle began col-
lecting, identifying landraces and inbreeding
local material to produce pure lines. In 1954,
R.T. Ellis initiated a breeding program which
led to the development of a number of hybrids
and several synthetics. Among these, the best
cultivars (subsequently released) were consid-
ered to be LHI1, a semiflint hybnid, and three
semiflint synthetics (SV28, SV17, and SV37).
Each synthetic was bred for a distinct region
and agroclimatic zone.

Breeding activity appears to have ceased
almost completely during the early 1960s with
the transfer of power. Breeding lines deterio-
rated and, in 1967, the hybrid program was
officially discontinued. When the new breeder,
Bolton, arrived from Tanzania in 1970, the
empbhasis of the program shifted from synthet-
ics to composites. Bolton and other officials
brought materials from Kenya, Tanzania, and
Zimbabwe. The program released the compos-
ites UCA (“Malawianized” from Tanzanian
material) and CCA (developed primarily from
local materials), but imported the hybrids SR52
(Zimbabwean), R200 (Zimbabwean), and H632
(Kenyan).

In 1977 the hybrid program was restored.
In response to the popularity of SR52 in other
countries of the region and among estates in
Malawi, and to reduce exorbitant import costs,
program researchers began screening Zimba-
bwean and South African hybrids with the ob-
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Table 4.1 Source, Flint Conteni Type, and Approximate Release Dates

of Maize
Year Name Flint Type
Content
1959 Sv17 semiflint synthetic
1961 LH11 semiflint hybrid
1966 Sv28 semiflint synthetic
|
1967 SV37 semiflint synthetic
SR52 dent hybrid
R200 dent hybrid
1971 UCA semiflint composite
CCA semiflint composite
HG32 semident hybrid
R201 dent hybrid
1978 MH12 dent hybrid
1983 NSCM41 dent hybrid
1984 MH14-16 dent hybrid
cCcC semiflint composite
CCD semiflint composite
R215 dent hybrid
Tuxpeno composite
Kalahari composite
Early
Pear|
1990 MH17 semiflint hybrid
MH18 semiflint hybrid

arieties in Malawi

Source

Bred locally
Malawi-Mexican-Zimbabwean inbred
lines, bred locally

East African Agricuiture and Forestry
Research Organization inbred lines, bred
locally

Bred locally

Imported, Zimbabwean-bred

Imported, Zimbabwean-bred
Tanzania-bred {(adapted)

Local materials/some exotic, bred locally
Imported, Kenya-bred {LLDP only)
Imported, Zimbabwean-bred

(Adapted} Zambian SR52

Ciba-Geigy 4141, import license for F1
RSA-Zimbabwean germplasm, bred
locally

Local, CIMMYT, RSA and Zimbabwean
material, bred locally
HTA/CIMMYT/RSA material, bred locally
Imported, Zimbabwean-bred

Imported, CIMMYT

Imported, RSA-bred

MH12 and CIMMYT material, bred
locally
MH16 and CIMMYT material, bred
locally

jective of selecting high-yielding hybrids to
replace SR52. Their work culminated in the
release of MH 12 and the development of breed-
ing lines for MH14-MH16. That decision marks
a change in emphasis to breeding for yield with
dent hybrids, although the importance of flinti-
ness was still recognized in continued work
with composites. In the mid- and late 1980s,
length of growing season emerged as a research
theme. The semiflint, shorter season composite
CCD and shorter season denty hybrid MH16
were released. The dent hybrids NSCM41,

R201, and R215 were also imported." Only in
the past few years were the themes combined in
the rapid development and release of two new
semiflint hybrids, MH17 and MHI18, one of
which (MH18) has a relatively shorter growing
season.

BThere is perpetual debate about the flintiness of
these varictics. Although some farmers report that they
process better than other dent hybrids, the brecders
always rank them at the same point as other hybrids on
the flint-dent spectrum.



5. The Impact of Maize Research

Just before independence, Brown (1963) de-
scribed maize as the staple food, called it a
subsistence crop, and reported that it was grown
on ridges laid out in contours and cultivated by
hoe. Based on the estimates reported in
Kettlewell (1965), about 0.6 million hectares
were cultivated in maize. Kettlewell's yield
cstimates were 0.7 t/ha for the North, I.1 t/ha
in the Central Region, and 0.9 t/ha in the South.
Weighted by area, Kettlewell's figures suggest
an average unfertilized maize yield of 0.9 t/ha.
Assuming no exports and using a figure of 1.1
tons/annum for the maize subsistence require-
ments of a family of four, Brown estimated that
a maintained national yield of 3 to 4 t/ha was a
reasonable research objective to assure maize
self-sufficiency.

Today, hand-hoe cultivation with ridging is
still the dominant form of land preparation
except in some areas of the North where farm
sizes are relatively large and labor require-
ments correspondingly burdensome (ASA and
CIMMYT/MOQA). About twice as many hect-
ares are sown each year to maize, and the popu-
lation has more than tripled. To meet the same
maize subsistence requirements on the same
maize area reported by Brown, average maize
yields would need to be nearly 7 t/ha. Given
current estimates of minimum per caput maize
requirements (230 kgs), average maize yields
of 3 t/ha would meet the same objectives while
permitting land to be diverted for the produc-
tion of other food and cash crops. Data on
national yields show a positive trend, but only
when taken over a long time period (FAO and
USDA).

A comparison of similar figures and point
estimates has suggested to some that little has
changed since the breeding program began

(Kydd, 1989). On the contrary—given a rap-
tdly growing population and the dominance of
maize in the diet, the impact of maize research
and gradual HY'V adoption has clearly been to
counteract the yield-reducing effects of declin-
ing soili fertility and expansion into marginal
lands, enabling the nation to continue to be, in
most years, self-sufficient in maize. National
maize ylelds, at approximately 1.3 t/ha, are
probably far short of research goals, but na-
tional hybrid maize yields (of smallholders) are
roughly 3 t/ha. In the high-potential adoption
zones such as parts of Mzimba District, the
Kasungu, and Lilongwe plains, average maize
yields have, in fact, increased. Today’s average
maize yields for the major maize-producing
zones would be closer to 1.3 t/ha for the North,
1.5 t/ha in Central Region, and 1.0 t/ha in the
South." In contrast to the point estimates com-
puted for the colonial period, average yields for
unfertilized local maize appear to have prob-
ably declined to approximately 0.7 t/ha
(CIMMYT/MOA).

As in other HY'V adoption settings (Blackie,
1990), initially the main beneficiaries of maize
research have probably been larger producers
and smallholders on better quality land. These
farmer subgroups enjoy management or physi-
cal resource advantages and are better posi-
tioned to bear the economic risk of using credit
and experimenting with new varieties. Recorded
in case studies during the 1970s and 1980s, the
larger farmer bias may have been especially
true in the carly years of the Lilongwe research
and extension program and in various pilot
efforts (Roberts, 1972; Chipande, 1987; Hansen,

“*Based on National Crop Estimates for the late
1980s.



1986; Anderson, 1975). Based on the sced sales
estimates reported by Quinten and Sterkenburg
and FAOQ area figures, 0.3 percent of aggregate
maize arca in Malawi was sown to hybrids in
1970/71, of which about two-thirds of the arca
was located in Lilongwe District and most of
the sced was imported. The same sources pro-
vide estimates of 2.3 percent of aggregate maize
area under first-, second-, or third-year synthct-
ics with two-thirds of the area again in Lilongwe
District. A Lilongwe Land Development
Programme (LLDP) survey in 1971 showed 53
percent of farmers growing synthetics and 17
percent sowing hybrids."* One source cited by
Kydd (Schulten and Westwood, 1972) estimated
as much as 8 percent of total cropped area was
planted to improved varieties (mostly synthet-
ics) in the early 1970s. At perhaps the peak of
composite maize diffusion, the 1980/81 NSSA
shows a fairly significant percentage of
smallholders growing composite varieties in
Mzuzu, Kasungu, and Salima ADDs.

Over time, as in Zimbabwe and Kenya (al-
though much more slowly), a larger subset of
farmers have been able to adopt recommended
varieties on part of their maize area, with and
without credit or project schemes. The upward
slope in the aggregate diffusion curve for hy-
brids and broadening in the cross-section of
adopters 1s especially evident in the last three
years (Smale et al., 1992; FSNM). Economet-
ric results, descriptive statistics, and secondary
sources suggest that multiple factors are associ-
ated with the propensity to adopt. Farmer learn-
ing, greater willingness to substitute denty hy-
brids for local maize in consumption, shorter
growing season and lesser yield risk with hy-
brids, as well as institutional factors such as
improved seed distribution and greater flexibil-
ity in package diffusion, have undoubtedly con-

“An interesting ttcm reported in the survey report
was that when hybrid maize growers were asked why
they continued to grow local or synthetic varieties, one
of their responses was a “stated loyalty” to a certain
acreage of local and synthetic varietics.

tributed to growing adoption rates in the last
few years (Smale, 1992). The effects of the
latest research breakthrough—the release of two
new semiflint hybrids—are now being assessed
(Smale et al., 1993; Jones and Heisey).

The following subsections use the
CIMMYT/MOA and ASA survey data to por-
tray some of the likely effects of hybrid maize
adoption on farm households, between ADDs,
and on various national economic indicators.
Survey zones and ADDs are shown in Map 1.
The narrative focusses on hybrids for several
rcasons. First, there are obvious difficulties in
measuring the amount of improved OPV mate-
rial in farmers’ fields and associated techno-
logical impact. Second, seed sales, secondary
sources, and the two survey data sources sug-
gest that the area under first-year OPVs has
been declining over the past decade, while the
area under hybrids has increased. Third, for
better or for worse, today’s emphasis of the
maize research program, largely enforced by
donors, 1s hybrid development. However, any
hypothesized research impact is recognizably
understated if it excludes synthetics and com-
posites. For example, first-year composites, as
compared to hybrids, continue to be grown on
about 10 percent of maize area in Salima ADD,
a primarily lakeshore environment. The impact
of all composite material in Salima is of course
greater than that figure indicates.

Farm Family impact

Household Characteristics of Adopters and
Nonadopters

In the 1989/90 season, all but a few survey
farmers grew local maize. In Kasungu and
Mzuzu survey zones, over a third of farmers
also grew hybrid varieties, but in Blantyre only
14 percent sowed hybrid maize. Even when
farmers planted hybrids they continued to de-
vote the major portion of their maize area to

local maize. Both adopters and nonadopters
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preferred to consume local maize, although
some substituted their own or purchased hybrid
maize during maize-deficit seasons.

Those who adopt are more likely to be
male, members of credit clubs, and to operate
larger areas (Table 5.1). Wealth influences op-
portunities for adoption, and credit relaxes ex-
penditure constraints, facilitating adoption—if
only for a season. The larger the land area, the
more likely 1s the household to qualify for
credit or to have alternative crops that generate
cash income. Female heads of households who
are divorced or widowed tend to be less wealthy
and are less likely to be club members—and
therefore have fewer opportunities to adopt.
The primary diffusion mechanism for the seed-
fertilizer technology package has been the for-
mal credit system, which has favored joint
households and larger farms. This interrelated
cluster of factors, which often translates loosely
into “control over resources,” is associated with
the probability of adoption but disguises diver-
sity in the adopter population.

The figures also demonstrate that female-
headed households, noncredit club members,
and smaller farmers do adopt. Certain cultural
traditions imply de jure female-headed house-
holds are more prevalent in the South where
farm sizes are also smaller.'* Women in that
region generally have matrilincal rights to land,
but small farm size has constrained their choices.
Given consumption preferences and, until re-
cently, recommendations for growing hybrids
in pure stands where intercropping is more
prevalent, many women probably didn’t feel
they had “enough land” to grow hybrid maize
(Hirschmann and Vaughan, [983). Maize is
clearly a woman’s crop to the extent that it is a
food crop, but in any region, all members of the
household, when present, work in the maize
fields. Hybrid maize purchased on credit may
be more of a “men’s crop” in the North, for
example, where cultural traditions are also
patrilineal. [n no sense, however, is the concept
of “women’s crops™ and “men’s crops” par-
ticularly useful in the analysis of hybrid maize
adoption in Malawi.'” Producing sufficient
maize is the common objective of every indi-
vidual in any Malawian household.

Anecdotal evidence from the 1989/90
CIMMYT/MOA survey illustrates what differ-
ences in farm size among adopters implies.
Farm size is related to farming systems and
farmer objectives, and not just to credit eligi-
bility. One of the subsets of hybrid maize grow-
ers was found in Thyolo. These farmers grew
short-season hybrid maize on tiny plots to con-
sume or sell green in Blantyre city for supple-
mentary food or cash during the hungry season.
They also worked off the farm to meet their

5Peters’ distinction between de facto (malc absent

and engaged in employment activities) and de jure
(divorcee or widow) female-hcaded houscholds is ap-
propnate in explaining different probabilities of adop-
tion.

"Even in Zomba, Peters concludes that there are
no gender-linked crops in the way the concept is used
to describe West African systems (1989).



Table 5.1 Relationship of Farmm Household Characteristics and
Hybrid Maize Adoption

Household
Characteristic/
Subgroup

Sex of Household Head’

female
male

Credit Club Membership’

yes
no

Farm Size Class’

less than 0.7 ha

0.7 to 1.5 ha

more than 1.5 ha
L bsi

al Maiz nce Ratio*

less than 1
1 or above

ADOPTION CHARACTERISTIC

Percent of Subgroup
Sowing Hybrid Maize

f
Y
38

76
17

13
36
56

33
40

Mean Percent of Maize
Area Sown in Hybrid
Maize by Adopters

39
43

44
40

a4
a4
37

30
48 >

* statistically significant differences between subgroups {5 percent), chi-square test.
** statistically significant differences between subgroups (5 percent) t-test.
+ actual local maize output/minimum stated maize subsistence requirements.

Source: Maize Variety and Technology Adoption Survey, CIMMYT/MOA, 1889-90.
N =420 farmers in Blantyre, Mzuzu, and Kasungu Agricultural Development Divisions.

local maize consumption needs and to buy their
inputs. By contrast, some of the hybrid maize
growers in the Kasungu and Mzuzu areas sold
over 2 tons of hybrid maize in the previous
year, producing 3 to 4 t/ha yields by applying
high analysis fertilizer and using animal draft
power for land preparation. These farmers also
had enough land to produce large outputs of
local maize, satisfying their consumption re-
quirements at the same time that they carned
profits from their hybrid maize. Both sets of
farms may have grown hybrid maize for differ-
ent economic reasons.

Noncredit club members also adopt. In 1989/
90, hybrid maize adopters in the Blantyre sur-
vey zone were more likely to be self-financed
and to have first learned about improved seed
from other farmers rather than extension agents.
The fact that, in the past, credit packages have
consisted of seed and fertilizer in fixed quanti-
ties also means that land allocated to hybrid
maize by credit users has exhibited a lumpiness
around 0.4-ha (l-acre) intervals. For hybrid
maize growers who are not credit club mem-
bers, there is greater variation in hybrid maize
hectarage.



Table 5.2 Local Maize Yields, Hybrid Maize
Adopters and Nonadopters
{kilograms per hectare) -

Characteristic

Mean observed maize yields,
objective yield estimates

Unfertilized local
! Fertilized local
All maize

Mean expected maize yields,
farmers’ estimates

Unfertilized local
Fertilized local

Subgroup
Adopters . Nonadopters
!

832° : 720°
1,351° 1,184°
1.806° 881 °

853" 704"
1,536° 1.317°

“Statistically significant differences between subgroups {5 percent}, t-test.
N =420 farmers in Blantyre, Mzuzu, and Kasungu Agricultural Development Divisions.

Source: Maize Variety and Technology Adoption Survey, CIMMYT/MOA, 1989-90.

The CIMMYT/MOA data also confirm that
in Malawi, adoption patterns, sex of household
head, farm size, and credit club membership
vary by zone. In aggregated figures, differ-
ences in these variables as they relate to adop-
tion are to a large extent differences associated
with agroeconomic zone. Within zones, differ-
ences are less evident. For example, within the
Blantyre survey zone female-headed households
were no less likely to adopt than male-headed
households while in the Mzuzu zone, they were.
Similarly, although pronounced among the
Kasungu and Mzuzu survey farmers, differ-
ences in the likelihood of adoption between
farm size classes were not significant among
the Blantyre survey farmers.

Finally, sex of household head, credit club
membership, and farm size may affect prob-
abilities of adoption, but are less likely to influ-
ence the proportion of maize area adopters plant
in hybrids. The household characteristic that is
more likely to affect land allocation to varieties
by adopters is the ratio of local maize subsis-

tence requirements to the local maize output
their land can produce.

Management Practices of Adopters and
Nonadopiers

Adopters in the survey zones both obtained and
believed they could obtain higher yields from
their local maize (Table 5.2). Partial explana-
tion for this finding is provided by evidence
that adopters were more likely to apply fertil-
izer to their local maize and, when they used it,
they applied a higher rate of N/ha (Table 5.3).
Often farmers reallocate some of the fertilizer
received on credit as part of a hybrid maize or
tobacco package to their local maize, but In
recent years fertilizer has been available on
credit specifically for local maize and some
club members purchase additional fertilizer with
cash.

Fertilizer application does not explain all of
the difference between actual and observed local
maize yields for adopters and nonadopters,



Table 5.3 Fertilizer Use on Local

aize, Hybrid Maize

Adopters and Nonadopters

Characteristic

Percent of farmers applying
fertilizer to local maize™

Mean kgs N per hectare, farmers
applying fertilizer to local maize

Subgroup
Adopters Nonadopters
79f 39
49° 32°

© Statistically significant differences between subgroups (5 éercent), t-test.
" Statistically significant differences between subgroups (5 percent}, chi-square test.
N =420 farmers in Blantyre, Mzuzu and Kasungu Agricultural Development Divisions.

Source: Maize Variety and Technology Adoption Survey. C/MMYT/MOA, 1889-90.

however. The fact that unfertilized local maize
yields differ between the groups suggests that
other management or human capital variables
may play a role.

Between varieties, as expected, farmers
devote more labor to land preparation for hy-
brid maize because they more frequently plant
it on fallowed land (Table 5.4). Although hy-
brid maize tends to be planted later, more time
is required in planting because of greater plant-
ing densities and, according to many survey
farmers, because “greater care is needed to
follow recommendations.” More hybrid area
than local maize area is also weeded twice.

Resource Availability and Allocation,
Adopters and Nonadopters

Adopters tend to have both larger total areas
and larger areas in other crops (Table 5.5).
Although, on the average, maize as a percent of
household cultivated area differs statistically
between adopters and nonadopters (because of
small standard errors), the difference is hardly
meaningful. Even after farmers have adopted
hybrid maize, they continue to sow a large
portion of total cultivated area in maize both
because of the dominance in the diet and the

economics of the cropping system. In general,
hybrid maize area substitutes for local maize
area rather than releasing land for cultivation of
other crops. Per hectare net returns are prob-
ably higher in most years for hybrid maize than
for many of the alternative crops smallholders
can grow (groundnuts, beans, cassava, sweet
potato). In Mzimba District of the Mzuzu zone,
hybrid maize is a cash crop. Among the survey
zones, perhaps the greatest reallocation of farm-
ers’ area is found among Kasungu farmers who
have the opportunity to grow highly remunera-
tive tobacco. Kasungu farmers were also more
willing to consume their own hybrid maize.
The farms of adopters also have greater
carrying capacity (hectares per adult over 12
years of age) to support the starchy staple needs
of the family. The very slow decrease in the
percent of farm area sown to maize as the
labor/land ratio rises underscores the impor-
tance in farm household objectives of attempt-
ing to satisfy maize subsistence requirements.'®
Controlling for farm size and labor capacity
docs not diminish the most salient feature of

'*The significance of the subsistence constraint in
farm household decision-making is supported by scv-
cral types of econometric results (Smale, 1992).



Table 5.4. Selected Agronomic Practices, Local anL Hybrid Maize

Characteristic Maize Variety

Land Preparation Local : Hybrid
Percent of plots sown aftef fallow"’ 4 . 10
Percent of plots ridged by ridger™ 9 15

Planting
Percent of plots planted after Dec. 157 17 27
Mean plant density (1000/ha) 31 ? 35°

Weeding
Percent of aggregate area weeded twice 63 ' 76

Intercropping
Percent of aggregate area intercropped 16 13

‘Statistically significant differences between subgroups (5 percent), t-test.
“"Statistically significant differences between subgroups (5 percent), chi-square test.
N=420 farmers in Blantyre, Mzuzu, and Kasungu Agricultural Development Divisions.

Source: Maize Variety and Technology Adoption Survey, CIMMYT/MOA, 1989-90.

Table 5.5 Resource Availability and Allocation Indicators,
Hybrid Maize Adopters and Non-Adopters

Characteristic Subgroup
Adopters Non-Adopters

Mean farm size (ha) 1.68° 1.07°

Maize area 1.42° 0.92°

Area in other crops* .26° 0.14°
Mean hectares/adult (< 12 yrs) .60° 41
Mean percent of cultivated area in maize 86’ 90°
Hectares/adult class Percent area in maize

> 0.25 a5 95

.25 to .39 86 92

.40 to .59 85 86

< .60 85 83
Mean annual earnings from off-farm labor (MK} 136 143

“ Defined by primary crop
* Statistically significant differences between subgroups (5 percent], t-test.
N =420 farmers in Blantyre, Mzuzu, and Kasungu Agricultural Development Divisions.

Source: Maize Variety and Technology Adoption Survey, CIMMYT/MQOA, 1989-90.




Table 5.6 Maize Importance in Household Income and Consumption,
Hybrid Maize Adopters and Non-Adopters

Characteristic

Mean value of crop output (MK)
Maize output
Other primary crops
Other crops interplanted with maize

Maize as percent of value of primary crops
{MK})

Maize as percent of value of annual income
(MK}

Mean maize output {kgs) per adult {< 12
vears)

Mean minimum annual maize subsistence
requirements (kgs)

Mean minimum annual maize subsistence
requirements (kgs) per hectare

Subgroup
Adopters Non-Adopters

899° 363"
743" 257°
127° 62°
297 44

86 87
65" 49°
842’ 314°
1,067 982"
947" 1.394°

+ Annual income defined as sum of off-farm wage and in-kind earnings, livestock sales, value of primary
and interplanted crops produced, remittances and value of maize stocks at planting.
Statistically significant differences between subgroups {5 percent), t-test.
** Statistically significant differences between subgroups (5 percent), t-test.
N =420 farmers in Blantyre, Mzuzu, and Kasungu Agricultural Development Divisions.

Source: Maize Variety and Technology Adoption Survey, CIMMYT/MOA, 1989-90.
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farming systems in Malawi (Table 5.5).

When cultivated following recommenda-
tions and even when adapted to most farmers’
conditions, farmers use more labor per hectare
for hybrid maize than for local maize varieties
as they are typically grown.'” On the average,
however, adopters do not appear to reallocate
labor from off-farm to farm activities but within
farm activities (Table 5.5).

"“There is no particular reason why high levels of
management could not be applied to fertilized local
maize as well!

Household Income and Consumption,
Adopters and Nonadopters

The mean value of total crop output for adopt-
ing households is 2.5 times the value for
nonadopters, primarily because of increased
maize output, but also as a result of their other
crop production. The importance of maize as a
percent of the total crop value is the same for
both groups, while maize as a proportion of
total annual income flows increases in signifi-
cance for adopters (Table 5.6).

Average maize output per adult triples with
hybrid maize adoption. Mean minimum annual
maize subsistence requirements are higher for
the adopting households because they tend to



be larger; however, because their farm sizes are
also greater, the amount of maizc per hectare
they need to produce to meet their require-
ments is lower. Consequently. adopting house-
holds are better off both with respeact to abso-
lute maize output and maize output relative to
rcquirements.

The boost in maize output could, other fac-
tors held constant, imply improved caloric in-
take and, through maizc sales, a diversified diet
(more oils and protein) for adopting house-
holds. Other factors are likely to dilute, but not
offset, the apparent consumption and nutritional
gains. First, because many of the adopters are
club members, some of their hybrid maize out-
put is used to repay loans. Even when hybrid
maize is not sold to repay loans, denty hybrids
were usually sold to meet cash needs because
of their poor storability and processing charac-
teristics and may have had less of a direct effect
on nutrition than the new semiflint hybrids. To
the extent that local maize is more frequently
intercropped than hybrid maize, growing hy-
brid maize could have a slight negative effect
on nutrition. Since most adopters also grow
local maize and, in zones where intercropping
is frequent, hybrid maize is increasingly inter-
cropped, the last effect i1s likely to be negli-
gible.

As a positive effect of hybrid maize adop-
tion on nutrition, farm households that grow
earlier maturing hybrids are able to consume
more green maize in the hungry season and
harvest earlier. If it is true that mgaiwa (whole-
meal flour) is more nutritious than ufa woyera
(refined white or “pure” flour), adopting house-
holds who consume their own hybrid maize as
whole grain flour may also receive some nutri-
tional benefit.

Potentially, the food security position of
hybrid maize growers could be less precarious,
but the food security impact of hybrids is prob-
ably more evident on an aggregate than on a
household level. Without the hybrid maize
output marketed by adopters, maize-deficit
households would probably have to pay higher

maize prices in the hungry season—if they could
procure maize at all. In part, the marketing
system for hybrid maize has operated to redis-
tribute the less preferred varieties, at a cheaper
consumer price, from production surplus to
deficit arcas. When it is valued in terms of
national food security, the shadow price of
hybrid maize output is greater than its nominal
value.

Yield and Economics Risks of Hybrid Maize
Adoption

A comparison of cither observed or expected
cumulative yield distributions for fertilized
hybrid maize, fertilized local maize, and unfer-
tilized local maize demonstrate that the fertil-
ized hybrids grown in Malawi are less risky
with respect to yield than either fertilized or
unfertilized local varieties. On the other hand,
relative riskiness of net returns (one aspect of
economic risk) depends on the pricing relation-
ships assumed. If local maize is given a value
premium expressing superior processing and
storage efficiency, and households are assumed
to produce local maize only for home con-
sumption, fertilized local maize appears less
risky than fertilized hybrid maize. When the
conventional:assumptions used to compare prof-
itability are employed, the results are inconclu-
sive and depend on the nature of individual
farmers’ attitudes toward risk. In other words,
for all farmers, yield prospects are less risky
with hybrids. For some farmers hybrid maize
cultivation poses more of an economic risk
than local maize production. The fact that no
single technology dominates with respect to
riskiness of returns suggests that farmers may
be able to reduce total economic risk by sowing
a portfolio of varieties.

The cumulative distributions also show that
the total probability of negative returns, or
“downside risk™ 1s always greater with fertil-
ized hybrid maize relative to fertilized or un-
fertilized local maize. When farmers operate
with limited resources, producing a small sur-



Table 5.7. Labor Returns and Total Factor Productivity,
Hybrids and Local Maize

Characteristic

Yield {kgs/ha)
Price (MK/kg)
Transport and harvesting costs

Gross Returns (MK/ha)

Seed Costs' {(MK/ha)
Fertilizer?
Credit Charges

Variable Costs (MK/ha)
Gross Margins (MK/ha)
Gross Margins/Person-hour?® (MK/hour)

Total Factor Productivity?

' 25 kgs/ha

Maize Technology

Fertilized Fertilized Unfertilized
Hybrid Local Local
2,774 1,264 745
Q.29 0.29 0.29
d.04 0.04 0.04

694.50 316.00 186.25
37 6.5 6.5
196.35 72.1 -
28.00 8.65
261.35 87.25 6.50
432.15 228.75 179.75
1.16 0.66 0.59
1.49 1.10 0.95

2 For hybrid maize, 170 kg/ha urea and 85 kg/ha DAP; for local maize, 75 kg/ha urea and 20 kg/ha DAP.
¥ Six-hour days; 62 person-days‘ for hybrid maize, 58 person-days for fertilized local maize, and 51

person-days for unfertilized local maize.
*Rental rate for land MK123.50 {Jere, 1990).

N =420 farmers in Blantyre, Mzuzu, and Kasungu Agricultural Development Divisions.

Source: Maize Variety and Technology Adoption Survey, CIMMYT/MOA, 1989-90.

plus in one year and a deficit in the next, the
risk of low or negative economic returns may
be of primary importance in their decision-
making.?®

Returns to Labor and Total Factor
Productivity, Hybrids and Local Maize

Returns to labor in maize production for local
maize (fertilized and unfertilized) and hybrid
maize (fertilized) are shown in Table 5.7. The
series have been constructed using experimen-

tal data for labor hours and CIMMYT/MOA
survey data on returns, expenditures, and wages.
The figures are comparable to, but lower than,
those calculated in representative budgets by
Planning Division, Ministry of Agriculture.
Under farmer conditions in 1989/90, on the
average, adoption of hybrid maize roughly
doubled returns to labor in maize production.

Preliminary estimates of total factor pro-
ductivity (the value of output divided by the
total value of inputs) were also calculated for
the three maize technologies.?' Output, variable

¥ Details of method and construction for the above
analyses are reported in Smale ct al. (1992). Economet-
ric evidence that sowing hybrid maize does not involve
greater yield risk than sowing local maize in Dowa
West, Kasungu ADD, is also found in Bulla {1990).

19

“'Farm-level prices were used. No attempt was
made to distinguish tradcables from non-tradeables,
establish world market reference prices, or account for
the cffects of policy on relative prices. In addition to
these caveats, prices do not include premiums for flint



inputs, and the rental rate for land were valued
as|shown in Table 5.7. Minimal capital costs
wdre not valued. Estimated total factor produc-
tivity for unfertitized local maize is 0.95; for
fertilized local matze 1.10; and for fertilized
hybrid maize, 1.49. The figurcs suggest that
unfertilized local maize, still the dominant tech-
nology, is relatively unproductive in Malawi’s
land-scarce conditions. Fertilization (at aver-
age rates for the sample) improves estimated
total factor productivity by approximately 15
pe}cent. Adoption of hybrid varieties plus fer-
tilization increases it by over 50 percent. The
predominance of maize in the cropping system
even when total factor productivities are gener-
ally so low may be explained by the lack of
alternative crops, the conventional pricing as-
sumptions employed, or both.

For example, less conventional assumptions
might reflect such considerations as (1) the
majority of farm households produce less than
their maize subsistence requirements; (2) yield
losses in processing can be as high as 25 per-
cent for denty hybrids; (3) storage losses for
untreated denty hybrids are also very high; and
(4) costs of procuring fertilizers are much higher
for farmers who are not club members. With
these assumptions, the comparisons of tech-
nologies favors fertilized local maize. The same
calculations can be produced with various sets
of assumptions (that are meant to characterize
various farmer subsets) and generate contradic-
tory sets of figures.

Agricultural Development Division
Impact
Changes in Muize Technology

NSSA and ASA data sources provide maize
technology information for the 1980s, but only

character in local maize or consumption penalties for
deficit producers. Results should therefore be treated
with caution.
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case study information is available prior to that
time. The NSSA figures show that the percent
of farmers growing hybrids and composites in
Malaw1 was roughly equivalent at 5 percent in
1980/81. In some ADDS such as Mzuzu,
Kasungu, and Salima, around 10 percent of
smallholders grew composites (Table 5.8).2
Since that time the adoption rate for compos-
ites appears toihave declined in the major maize-
producing zories except for the 1990/91 season,
while hybrid maize adoption rates show a net
increase in all zones.”*

The period toward the mid-1980s appears
to have been rather sluggish, with the lowest
adoption rates occurring in the 1986/87 season,
the year following ADMARC’s major {inancial
crisis that created problems in purchasing hy-
brid maize from farmers. The last few years of
data reveal perhaps the most rapid increase and
the highest cumulative adoption rates recorded.
Because farmers sow both varieties and allo-
cate fairly small proportions of their individual
farm area to hybrids, expansion of aggregate
area sown to hybrid maize has grown at equiva-
lent rates but has reached lower cumulative
percentages (Table 5.9). Hybrid maize repre-
sents a large percentage of aggregate maize
output, however. Because of measurement prob-
lems, the additional effect of composites on
aggregate output through cross-pollination, as
well as the direct effect, cannot be determined.

One interesting socioeconomic highlight of
these figures is that although Lilongwe ADD
was the principal focus of early promotional

2Since composites are difficult to identify because
of recycling, this figure can alternatively be interpreted
as first-year composite seed. Recycling occurs when
farmcers retain grain from their harvest for usc as seed
in the following seasons. 1t i1s recommended that com-
posites be recycled only once or twice.

% More rccent aggregate adoption data for the

subsequent scasons (not shown here) shows a contin-
ued upward trend. Data sources are described in Ap-
pendix A. Hybrid area estimates reported from the
sample surveys for the last few seasons are also consis-
tent with cstimates derived from seed sales.



Table 5.8. Varietal Adoption| Characteristics
by Agricultural Development Division, 1980-1990

Agricultural Development Division

Blantyre Liwonde Lilongwe ; Kasungu Mzuzu* Salima
Percent of farmers sowing hybrid maize
1980/81 1 2 15 8 12 1
1985/86 1 -- 12 27 24 --
1986/87 1 -- 5 ] 26 15 --
1987/88 4 -- 9 ‘ - 20 -
1988/89 8 - 7 i 26 18 --
1989/90 14 -- 22 , 33 38 -
1990/91 30 34 ’ 39 40 18
Percent of farmers sowing composite maize
1980/81 2 2 3 10 14 9
1985/86 2 -- 1 1 , 3 --
1986/87 1 -- 1 -- 1 .-
1987/88 2 -- 0 -- 2 --
1988/893 -- -- 0 -- 3 --
1989/90 1 - 2 1 2 --
1990/91 7 -- 11 1 9 18
Percent of farmers sowing local maize
1980/81 a8 98 99 95 -- 74
1985/86 ag -- 99 97 94 --
1986/87 99 -~ 99 a5 99 --
1987/88 99 -- 99 -- 99 --
1988/89 -- -- 99 97 99 --
1989/90 97 -- -- 99 97 --
1990/91 98 -- -- 96 99 --

* Excludes Nhkata Bay, a cassava-producing zone

Source: National Sample Survey of Agriculture, 1980-81, National Statistical Office, Government of
Malawi; Annual Survey of Agriculture 1986-1989, Ministry of Agriculture, Government of Malawi; for
last two seasons, CIMMYT/MOA Maize Technology and Varietal Adoption Survey, 1989-91, and Food
Security and Nutrition Monitoring Reports 2 and 3, Ministry of Agriculture, 1990 and 1991.

efforts, by the 1980s both Kasungu and Mzuzu
(excluding Nkhata Bay) ADDs had higher adop-
tion rates but were far less studied. Until the
last two seasons, hybrid maize adoption in
Blantyre and Liwonde ADDs was hardly dis-
cernible. The geographical emphasis of social
research on parts of Lilongwe, Blantyre, and
Liwonde ADDS probably contributed to the

misconception that hybrid maize adoption was
negligible. In that context, perhaps the most
surprising figurcs are those recently reported
for Blantyre ADD.

Average maize yield figures illustrate dif-
ferences among zones, not only because of
higher adoption rates in Kasungu and Mzuzu
for most years, but because hybrid maize yields
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Table 5.9. Variety as Percent of Aggregate Maize Area and Aggregate Output,
by Agricultural Development Division, 1980-1981

Agricultural Development Division
Blantyre Ltiwonde Lilongwe Kasungu ! Mzuzu* Salima

Hybrid maize as percent of aggregate maize area

1980/81 - - 8 5 6 -
1985/86 1 = 7 15 16 --
1986/87 1 1 3 14 l 9 2
1987/88 2 2 7 11 : 13 2
1988/89 3 3 6 13 , 12 7
1989/90 6 5 11 13 ‘ 22 10
1990/91 11 10 14 23 : 19 16
1991/92 11 11 20 19 19 16
1992/93 28 15 19 39 31 31
Composite maize as percent of aggregate maize area
1980/81 1 — 1 5 7 5
1985/86 3 1 — 1 2 11
1986/87 1 1 1 — 1 13
1987/88 1 1 — -- 1 16
1988/89 1 2 -- -- 1 9
1989/90 1 3 -- 1 2 10
1990/91 1 1 - 1 — 9
1991/92 2 -- -- 1 -- 6
1992/93 1 - -- -- -- --
Hybrids as percent of aggregate maize output
1980/81 1 -- -- 10 14 --
1985/86 2 -- 15 24 35 --
1986/87 2 2 6 28 35 5
1987/88 2 4 16 22 26 7
1988/89 7 9 13 30 24 18
1989/90 18 16 26 44 47 28
1990/91 26 28 35 41 42 37
1991/92 22 39 47 40 52 40
1993/93 52 41 43 62 60 59

+

Excludes Nhkata Bay, a cassava-producing zone

Source: National Sample Survey of Agriculture, 1980-81, National Statistical Office, Government of
Malawi; Annual Survey of Agriculture 1985-1989, Ministry of Agriculture, Government of Malawi; for
last two seasons, CIMMYT/MOA Maize Technology and Varietal Adoption Survey, 19838-91; Govern-
ment of Malawi, National Crop Estimates, 1985-1993.

22



Table 5.10. Mean Maize Yields by Variety,
by Agricultural Development Division, 1980-1981

Agricultural Development Division
Blantyre Liwande Lilongwe Kasungu Mzuzu*

Unfertilized local maize (t/ha)

1980/81 1.0 0.8 1.0 1.1 0.9
1985/86 1.2 -- 0.9 1.2 1.0
1986/87 1.1 -- 1.0 1.1 1.0
1987/88 1.2 1.1 .- 1.1
1988/89 1.0 1.1 1.3 1.1
1989/90 0.7 0.9 0.6
1990/91 0.8 1.2 0.9
Fertilized Local Maize (t/ha)
1980/81 1.6 1.1 1.8 1.7 1.4
1985/86 1.2 -- 1.4 1.7 1.4
1986/87 1.8 1.6 1.7 1.3
1987/88 1.9 - 1.6 -- 1.7
1988/89 1.5 - 1.7 2.1 1.5
1989/90 1.2 -- 1.4 1.2
1990/91 1.4 -- 1.6 1.6
Fertilized Hybrid Maize (t/ha)
1980/81 2.1 2.1 3.5 3.0 3.0
1985/86 2.8 -- 2.6 3.0 3.3
1986/87 3.0 - 3.2 2.7 3.2
1987/88 2.3 - 3.7 -- 3.2
1988/89 2.1 3.3 3.2 3.2
1989/90 2.2 - -- 3.0 2.9
1990/91 3.1 -- -- 2.7 3.6
All Maize (t/ha)

1980/81 1.1 0.9 1.4 1.5 1.3
1985/86 1.2 -- 1.1 1.6 1.5
1986/87 1.3 - 1.3 1.6 1.3
1987/88 1.5 1.4 -- 1.5
1988/89 1.2 1.4 2.0 1.5
1989/90 -~ - -- -
1990/91 -- - --

* Excludes Nhkata Bay, a cassava-producing zone

Source: National Sample Survey of Agriculture, 1980-81, National Statistical Office, Government of
Malawi; Annual Survey of Agriculture 1985-1989, Ministry of Agriculture, Government of Malawi; for
last two seasons, CIMMYT/MOA Maize Technology and Varietal Adoption Survey, 1989-91.
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Table 5.11. lllustrative Welfare Changes for Hybrid Maize Adopters in Blantyre,
Kasungu, and Mzuzu Agricultural Development Divisions, 1989-1991

Characteristic

Blantyre
1989-90 (MK}
Mean net returns per hectare
| hybrid maize 381
f local maize 178
Percent of total area sown
hybrid maize 4
local maize 92
non-maize crops 4
1990-91
Mean net returns per hectare
hybrid maize 531
local maize 250
Average gross margins/ha
for non-maize crops * 355
Percent of total area sown
hybrid maize 11
local maize 86
non-maize crops 3
Inter-season welfare effects**
hybrid maize effect 2,192
allocation effect -639
interaction effect 56
net 1,609
per adopter household 39

Agricultural Development Division

Kasungu Mzuzu
(MK} (MK}
533 455
238 186

14 18
67 65
19 17
593 651
376 246
830 369
16 16
54 66
30 18
-868 -2,025

20,169 1,070

-1,237 -162

18,064 -1,117
347 -21

* Weighted by area; figures are overstated because fabor costs are not included.
*+ Assumptions and construction described in text; figures are for survey farmers only and totals are

not expanded to survey zone.

Source: Maize Variety and Technology Adoption Survey, CIMMYT/MOA, 1989-90. N=420 farmers in
Blantyre, Mzuzu and Kasungu Agricultural Development Divisions, with 140 farmers in each zone.

also appear to be lower in Blantyre (Table
5.10).%

An Example of Smallholder Welfare [ffects

One way of depicting the total economic effect
of changes in area sown to hybrid maize is to

¥ Hybrid maize yield results for the years and zones
with lower adoption rates may be a consequence of
small subsample sizes.

24

separate 1t into three components: (1) the per-
centage change i hectares sown to hybrid maize
valued by the difference in net returns per hect-
are from sowing hybrid maize rather than local
varictics; (2) the percentage change in hectares
sown to nonmaize crops valued by the net value
of nonmaize crop returns; and (3) the percent-
age change in hybrid maize area given no change
in nonmaize area, valued by the difference in
net returns per hectare from sowing hybrid



maize rather than local varieties. The first (hy-
brid maize cffect) 1s the simplest and most
obvious mcasurc of farmer welfare impact. The
second (allocation cffect) expresses the impact
of reallocating land from maize to nonmaize
crops, but carries the effects of other economic
and technological variables than hybrid maize
adoption and will therefore tend to be over-
stated. Unless there is a large increase in total
cultivated area, the first and second cffects
should have opposite signs becausc they are
substitutes. The third (interaction effect) “cor-
rects” the hybrid maize effect by controlling
for the effect of land reallocation, and will
generally be fairly small in magnitude.
Results of calculations with the CIMMY T/
MOA data are not realistic in absolute amounts
but provide an example of how hybrid maize
adoption affects farmers and agroeconomic
zones differently (Table 5.11).”® When total
cultivated area is held constant, the area sown
to hybrid maize increased and nonmaize area
decreased only in the Blantyre survey zone.
Consequently, the only positive hybrid maize
effect between the two years is found in that
zone. The negative effect of the small decline
in hybrid maize area was greatest in Mzuzu,
where the difference in net returns from grow-
ing hybrid maize is also greatest. The associ-
ated increase in nonmaize area 1s very large in
Kasungu, and combined with average nonmaize
returns that are several times as high because of
tobacco revenues, the positive allocation effect

*To scparate and measure the effects, total culti-
vated arca must be assumed constant. A rcasonable
assumption 1n gross terms, actual cultivated area fig-
urcs do show somc change over time - which weakens
the welfare calculations. Conventional pricing assump-
tions were used, but could be modified to express
various farm houschold sccnanos as described above.
Observed yields were used rather than expected yields,
but thesc were very closc at the mean, especially for
local maize. Net returns were calculated from the
CIMMYT/MOA data, and include labor costs for maize
but not for non-maize crops, which further overstates
the allocation effect.

dominates the total welfare effect. The mean-
ing of the relative figures is clear. In Blantyre
and Mzuzu, for diffcrent rcasons, maize is a
morc dominant crop and the hybrid maize ef-
fect is correspondingly greater in magnitude
than the other two componcents. In Mzuzu, where
hybrid maize competes with other cash crops, a
declinc in hybrid maize area is likely to gener-
ate a relatively large welfare loss to farmers. In
Kasupgu where per hectare returns to tobacco
are considerably higher than hybrid maize re-
turns, the reallocation effect, to the extent that
it measures land released by cultivation of hy-
brid maize instcad of local maize, generates the
largest welfare gain.

[n other words, crudely speaking, the great-
est potential impact of hybrid maize adoption
in Blantyre is likely to be felt in a reduction of
the household food deficits (especially if the
hybrids are flinty);? the largest effect on Mzuzu
farmers is in terms of cash crop production of
hybrid maize; and in Kasungu, the most signifi-
cant aspect of adoption 1s the land it releases for
the production of more remunerative cash crops.
The figures merely illustrate the notion that the
welfare impact of hybrid maize adoption in
Malawi is likely to vary dramatically by region,
or farming system and farm household type.

**As noted above, parts of the Blantyre survey zone
have characteristics that parallel the conditions de-
scribed by Low (1986) for other zones in southern
Africa. The Low model offers two reasons why subsis-
tence producers may adopt hybrid maize. Deficit house-
holds will adopt hybrids if it is cheaper in labor time to
produce staple requirements through growing more
hybrid maize and purchasing less maize on the market
- implying labor returns to own production are greater
than returns in off-farm wage employment. Break-even
houscholds will adopt hybrids if fewer labor units arc
required to meet subsistence rcquirements and the
marginal labor unit can be released to earn a higher
return in off-farm employment than in farm production.
Low cmphasizes that, although hybrid maize adoption
may result in a welfarc improvement for adopting housc-
holds. in neither case would adoption result in in-
creased commercial production and marketed output.



National Impact

The general|approach used to assess the na-
tional impact of maize rescarch over time by no
means provides an exhaustive account of re-
scarch impact or rate of returns to rescarch.
Instead, it is based on the uscful notion that,
because of interactions and offsetting cffects
among underlying and cxogenous cconomic
variables, trends in aggrcgate production fig-
ures often disguise the extent of other changes
induced by shifts in technology. The purpose of
constructing ; various scenartos 1s to tllustrate
how certain key economic vartables would have
evolved with and without maize research.

For Scenario [, or the “actual” case, expo-
nential trends are fitted to maize yield, area,
production and consumption (availability) data
to smooth fluctuations resulting from climatic
conditions.?” Net imports is the estimated re-
sidual of production less consumption and
change in stocks. Agricultural GDP and GDP
series are also fitted by exponential trends in
terms of 1978 Malawi kwacha.

In Scenario II, or “static yield,” yields are
held constant at the 1961-65 average, maize
area changes according to the “actual” trend,
and per caput consumption is held constant at
the 1961-65 average. Of particular importance
is the fact that, because per caput maize avail-
ability exhibits a declining trend over time, the
1961-65 average is slightly higher (230 kgs/
person) than the average for the 1986-1990
period (190 kgs/person). Net imports are then
calculated as in Scenario I, as the residual from
estimated figures. Agricultural GDP and GDP

ISince there arc no discernible distinet trends over
subsects of the data years, cxponential trends are close
to those produced by 5-ycar moving averages, although
smoother. Data for 1961 ta 1990 15 from U.S. Depart-
ment of Agriculture, Economic Rescarch Service for
yield, production, imports, exports, consumption, and
stocks variables. The GDP scrics and population series
used to construct per caput consumption are from Pryor
(1988). The real maize price series used to value pro-
duction 15 from Gulhati (1989).
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series arc tabulated by adding the real value of
maize production estimated under Scenario ]
to the “actual™ agricultural GDP and GDP sc-
ries from all nonmaize production.

Scenario I depicts the production, net -
ports, and GDP situation when farmers managc
to usc enough fertilizer to maintain maize yiclds
despite declining sotl; fertility from maize
monocropping over an jextended time period.
No new varicties are re!iaasad. The GOM has a
major policy goal of sustaining per caput maize
avatlability at 230 kgs/person which is consid-
ered the minimum tolerable level of consump-
tion. Production shortfalls relative to consump-
tion requirements result in increased net imports.
Maize area expands to further dampen the ef-
fects of declining soil fertihty and temporarily
buoy national production levels, with deleteri-
ous cffects over the longer term because more
marginal lands are opened and the economy
becomes more dependent on a single crop.
Under Scenario I, production reaches an as-
ymptote as the proportion of total cultivable
area sown to maize reaches | or all farmers
apply fertilizer at their economic optimum,
whichever occurs first.

Scenario Il expresses “declining yield.”
Maize yields decrease at one percent per year
from the 196165 average, area expands at the
“actual” rate, and per caput consumption is
held at the level consistent with food policy
goals. Net imports and GDP figures are calcu-
lated by the same method described in Scenario
[1, with Scenario 111 production figures. In Sce-
nario I1l, no fertilizer is used and no varieties
are released. Population pressure and consump-
tion preferences slowly deplete the land re-
source base with no offsetting technological
change. The production, net maize imports,
and agricultural GDP results for the three sce-
narios are shown graphically in Figures 5.1 to
5.3.

The effects on total GDP (not shown here)
are similar to those on agricultural GDP, al-
though lesser in magnitude. In Figure 5.1, ac-
tual yield trends combined with expansion of



5.1. Malawi Maize Production—Three Yield Scenarios
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hectares sown to maize causes national maize
production to roughly double since 1961. That
increase 1s approximately halved in the “static
yield” scenario, with no maize research and
timited use of fertilizer. In the “yield decline”
scenario, maize production is nearly unchanged

in 1990 from the 1961 level, and is kept at that

level only through continual expansion of maize
arca. [f maize area were held constant to ex-
press a policy goal of at least some diversifica-
tion of crop output (recall that [96] maize
already occupied an estimated 66 to 75 percent
of cultivated area), maize production would
decrease in Scenario 11

[f Malawi were autarkic (no trade), the re-
sults of either Scenario I or I on food secu-
rity would be dramatic. Maize area would ex-
pand quickly to maximum cultivable arca and
there would be no means by which to sustain
the population. Prices would rise prohibitively
and the GOM would need increasing funds to
subsidize consumer prices. To meet minimum
consumption needs, even if Malawi trades, the
effect of either static or declining yields is to
increase net imports six- and tenfold in 1990
(Figure 5.2). If maize area expanded more rap-
idly to offset static or declining yields, the area
devoted to alternative export crops would di-
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minish and Malawi’s agriculture-based economy
would gradually become unable to finance the
volume of imports. Even if maize area cx-
panded at the “actual™ rate, agricultural GDpP
would be cut by an average of 5 percent per
annum in Scenario [1 and 9 percent per annum
in Scenario [1[ (Figure 5.3). Total GDP would
be reduced by 2 percent and necarly 4 percent
cach year, respectively. There would be no
recourse for the GOM but greater indebted-
ness, with little means for repayment.

A morc complete macroeconomic model
would be necessary to generate reliable quanti-
tative estimates of research impact for the vari-
ous scenarios, but the essential point remains
clear in the case of Malawi. Without maize
research and at least gradual technological
change, the nation’s food security and macro-
economic position would rapidly deteriorate.
In an agriculture-based economy, and when
both national agricultural production and indi-
vidual producer livelihood is based on maize,
maize research is critical. In that sense, the
value of maize research cannot be overstated.
The relevant policy issue is how to increase
maize research impact by speeding the technol-
ogy adoption process.



6. Factors Affecting the Impact of Maize
Research on Varietal Adoption

High labor to land ratios, the significance of
maize in the cultural and economic sctting, and
the:rclativcly high ranking that Malawi enjoys
with respect to some major development indi-
cators,” suggest that conditions are favorable
for varietal adoption. As shown by the adoption
figures in Section V, until recently, changes in
adoption rates have been gradual and overall
levels fairly low. This section summarizes the
complex of factors that are likely to have af-
fected the extent and speed of the impact of
maize research on varietal adoption in Malawi.

Varietal Preferences

Despite the many differences among the zones
in the CIMMYT/MOA survey, farmers stated
almost universally that they preferred local
maize for consumption and consume their own
or purchased local maize during more than six
months of a typical year. Only one or two
households in the full sample of 420 reported
that they have changed their consumption pref-
erences toward hybrid maize, despite the fact
that over three-quarters of households in all
zones consume their own or purchased hybrid
maize during the hungry season or immediately

®¥Sofranko and Fliegel (1989) concluded that
Malawi ranks fairly high relative to other African na-
tions with respect to such indicators as the percentage
of the smallholder farm population using credit {(now
around 235 percent and higher in major maize-produc-
ing zones). the extension staff/farmer ratio; and the
number and spread of buying and selling points for
inputs (since decrcased with the curtailment of
ADMARC activities). However, they also found that
the level of credit (MK/member) is low and that the
same indicators also vary widely by region.
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after harvest, in years of poor local maize har-
vest or duress.®

The consumption preference for local maize
is based primarily on its processing and storing
characteristics, which reflect the flintiness of
the varieties. The traditional processing method
used to produce the socially preferred, fine
white flour («fa woyera) involves multiple stages
and is labor intensive. Typically, the shelled
maize 1s dehulled with a mortar and pestle,
winnowed, soaked for lactic fermentation, dried,
and pounded again by mortar and pestle or,
increasingly, by hammermill. Some of the denty
hybrids can be used to produce ufa woyera, but
their relative softness leads to a lower flour
extraction rate from shelled maize, and addi-
tional sand and water are often needed to create
a proper pounding medium.

Otherwise, hybrid maize can be processed
more quickly by hammermill and without lac-
tic fermentation to produce a nutritious, al-
though coarser and less prestigious flour
(mgaiwa). During the colonial period, milled
whole grain meal was typically fed to laborers
and the inmates of hospitals, schools, and pris-
ons. Refined flour with the bran added (for lack
of better term, “homemade” mgaiwa) was not
considered a suitable food for men, and “even
women” were “often ashamed to admit that

¥Maize-deficit households are obliged to consume
hybrid maize because most of the maize available on
the official market during the hungry season is hybrid.
{.ocal maize can somectimes be purchased or obtained
from other farmers through ganyu (labor exchange for
seed or in-kind payment), but only a small percentagc
of farmers arc surplus local maize producers, and cven
fewer are willing to part with local maize. Instead, it is
often the poorer households who must sell a basket or
a bag of local maize to meet some pressing cash needs.



they eat it.” Despite that fact, mgaiwa was said
to be “more sustaining than ordinary porridge,
giving more strength for hocing™ (Williamson,
1956).

Observers of hybrid maize adoption pat-
terns in Malawi and other zones where local
varicties are flinty have often remarked that
when labor-saving mills are widely introduced
in rural areas, ho:uscholds will find it optimal to
substitute milled'grain for the traditionally pre-
ferred fine white flour that is so laboriously
produced by hand-pounding methods. Yet al-
most all the women respondents in the
CIMMYT/MOA survey have combined the tra-
ditional with the modern mecthod. They con-
tinue to pound by hand, but where they used to
pound two to three times, they now substitute
grinding at the local mull for the final stage.
The fact that women substitute grinding at the
local mill only at the final stage of processing
was noted as long ago as 1959.%°

Preparation of maize for consumption re-
mains extremely labor-intensive. Williamson’s
(1956) estimate of labor time in preparation
was, for the first and second pounding only,
about 12 to 13 hours, excluding dehusking,
winnowing, soaking, washing, sieving, and re-
lated minor processing steps. The processing
methods described by Williamson (1956) and
by CIMMYT/MOA respondents (1991) were
almost identical, differing only in that today,
the second or third stage of pounding is usually
replaced by milling. Even then, the time re-
quired to walk to the mill and wait in line may
not be that much shorter than another stage of
hand-pounding. A conservative estimate of la-
bor time for flour preparation might be about

YEllis wrote that there had been “an enormous
increcase” in the number of small hammer mills in
Nyasaland in previous years and morc people could
consume whole-meal flour “if they wished.” He ob-
served generally that the women still separated the
madeya (bran) from the mphale (broken grain) in the
mortar and took the mphale to the grinding mill to be
made tnto flour.
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[5 hours for five days of flour (an average
family size)."!

Usc of secondary products from the process
may still be tmportant to many rural women
and may contribute to their choice of pounding
mcthods. Williamson (1956) cited a number of
joint products of the traditional processing
method that are consumed by houschold mem-
bers. When food supplies were plentiful, bran
was fed to chickens, but during famine or the
hungry scason, more of the bran was consumed
by houschold members. At any time, the bran
was used to brew beer. Children and pregnant
and lactating women often consumed by-prod-
ucts of the pounding process, such as discarded
whole and broken grains, germ meal, or the
fine bran mixed back into the refined white
flour.

Despite the apparent strength of consumer
preferences, some aspects of maize consump-
tion have changed slightly over time. Most
hybrid maize adopters in the CIMMYT/MOA
survey stated that they occasionally consume a
portion of their own hybrid maize harvest as a
means of bridging food requirements, although
less so in Mzuzu zone. A large percentage of
adopters try to solve the problem by pounding
differently, rather than by consuming mgaiwa.
For example, women often pound hybrid maize
with larger amounts of sand and water, for a
shorter period of time, and soak it for fewer
days. Some are more successful than others in
producing an acceptable ufa woyera. The Blan-
tyre households seemed comparatively more
willing to consume mgaiwa, perhaps because
they have less experience modifying their

¥ Another indicator of the processing time is found
in a report produced by the Agrocconomic Survey
(1982). In that report, of all staple foods in Malawi,
maize has the highest value-added as a percent of the
total value of the commodity. Using prices from a
survey of local markets, AES concluded that the con-
version of maize grain through fermented broken maize
(mphale) to maize flour (ufa) more than doubles the
price.



pounding methods or possibly becausc a larger
proportion of them are food-deficit and have
grown accustomed to consuming mgaiva made
from purchased maize in the hungry season.
Most hybrid adopters consume their hybrd
production soqn after harvest rather than ap-
plying actellic, the recommended insccticide.

Farmers® hybrid maize output is not an un-
important factor in household food secunty,
despite the prestige of ufa wovera, the lower
cxtraction rates from processing hybrid for u/fa
wovera, and storage losses that occur when
actellic 1s not applied. For the majority of farm
houscholds who purchase from ADMARC (the
official marketing agency) rather than from
other farmers, the CIMMYT/MOA data also
indicate that the modal consumption period for
hybrid maize over the past few years has been
approximately two months across strata.
Whether farm households like it or not, they
have often been obliged by their production
and market conditions to consume denty hybrid
maize.

Flinty hybrids can increase the area hybrid
maize adopters allocate to hybrid maize if they
are more substitutable in consumption and stor-
age than denty varieties. Those who are able to
adopt but have not yet adopted may be more
willing to grow a flinty hybrid than a denty
hybrid. But flintier hybrids cannot relieve un-
derlying expenditure constraints or inability to
qualify for credit. Even those farmers who can
afford to purchase inputs cannot be expected to
relinquish their local sources of seed until they
can rely on marketing institutions for timely,
certain delivery of quality seed meeting their
own specifications.

Whether or not varietal consumption pref-
erences change over time will be affected not
only by the release of flintier hybrids but also
by the quality and characteristics of local seed.
Certainly in regions where a number of im-
ported varieties have been introduced in the
past, cross-pollination has occurred. Where
food-deficit households who are obliged to
consume their seed actually sow denty varieties

31

obtained as food, the degree of contamination
of local maize must be noticcable to farmers.
The 1991-92 drought sevcrely reduced and al-
tered sources of local germplasm. Under these
conditions, over time, the polarity between the
flintiness of local maize and dentiness of exist-
ing hybrids becomes less clear. Following the
drought, the new semiflint hybrids may repre-
sent some of the flintier nilaizc types available
to small farmers. '

The Role of Research?3?
Maize Research Themes and Prioritics

The evolution of maize breeding themes in
Malawi can be largely depicted in terms of two
poles: flint as opposed to dent character and, by
association, the issue of hybrids versus open-
pollinated varieties. Although, as in most breed-
ing programs, yield may emerge most frequently
as the foremost objective, the history of Mala-
wi’s program is one in which, at various points
in time and varying degrees of intensity, other
breeding criteria such as grain traits and grow-
ing season have been considered. The concem
for flintiness has also created an alternative
definition of yield—yield from the mortar.

“Much of the matenial in this section is drawn from
written communication or oral interviews with individu-
als who have been involved with Malawi’s maize research
program but who arenotresponsible forinterpretationsand
conclusions. They include membersofthe Maize Commod-
ity Team: B.T. Zambezi, Breeder, J.D. Kumwenda, V.H.
Kabambe, W.D. Sakala, Agronomists, R.B. Jones, Agrono-
mist and J. Wendt, Soil Scientist; as well as M. Collinson,
Economist, formerly CIMMY T/Nairobi; B. Gelaw, Maize
Breeder, formerly CIMMY T/Nairobi and now CIMMY T/
Harare; A. Hansen, anthropologist, formerly with the Uni-
versity of Florida project at Chitedze Research Station;
E.J.R. Hazelden, Executive Dircctor, National Seed Com-
pany of Malawi; P.W. Heiscy, Regional Economist,
CIMMY T/Malawi; G.Y. Mkamanga, former CARQO; B.R.
Ndisale, Research Economist, Department of Agricultural
Research; L. Ngwira, Deputy CARO; K. Short, Maize
Breeder, CIMMY T/Harare.



Flint vs. Dent

Flint character has chn a rccognized breeding
object in Malawi since Ellis began the maize
breeding program before independence, but with
greater or lesser importance depending on the
time period. Above the themes of rust-resis-
tance, good husk cover, and low-carried cobs,
“the question of whether to breed for a flint or
dent maize was of first importance™ in the early
years of the program (Ellis, 1959, p. 251).
While he acknowledged that the dent commer-
cial hybrids tested in Malawi produced high
cob yields and shelling percentages, Ellis em-
phasized that insect damage during storage and
local preferences were of major concern. As
shown in the time chart in Table 4.1, the best
among the first hybrids (LH11) and the syn-
thetics (SV17, SV28, SV37) he bred were
semiflints. [mproving smalltholder yield in con-
sumption (net of crop damage, postharvesting
and storage losses) rather than harvest yield
was clearly what Ellis had in mind.

During the 1970s, Bolton appears to have
interpreted the flint-dent question differently.
In a 1974 article, he recognized the preference
for white flint maize and the susceptibility of
the dent SR52 (Rhodesian) to weevils in village
storage conditions, but found that SR52 was
“the highest yielding variety tested.” By argu-
ing that SR52 could be “successfully grown by
cash crop farmers with good standards of crop
husbandry” and “high fertilizer input,” he im-
plied that more well-endowed smallholders and
estates should grow it as a cash crop (p. 108-10).
When hybrid maize is produced as a cash crop
and sold immediately after harvest, processing
and storage losses do not reduce effective yield.
To address the consumption needs of farmers
who could not afford the cash outlays to pur-
chase seed in every season, Bolton bred semiflint
composites. The reason for producing semiflint
rather than flint OPVs was that flints tend to
produce small rounded kernels with low test
weight. The idea behind OPVs was gradual
change, at lesser expense for farmers.
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The late 1970s and carly 1980s appear to
have been a pertod when new importance was
attached to the indigenous production of hy-
brids, in part as a result of the continued popu-
farity and yield advantages displayed by SR52
in southern Africa. Large commercial farmers
who produced hybrid maize for sale or as food
for laborers rather than for their awn consump-
tion, demanded the importation! of the high-
yielding, denty SR52. A fter borders were closed
in Rhodesia with the Unilateral Declaration of
Independence, SR52 was air-freighted into
Malawi at exorbitant cost. Pressure to replace
imports led to the releasc in Malawi of MH12,
based on Zambian SR52 material, which yielded
less than the Rhodesian version because the
lines had lost their purity.

Dent character was necessarily associated
with the demand for hybrids. Even in other
parts of the world where maize is used in hu-
man consumption more than as animal feed,
dent varieties have been preferred because they
are more suitable for large-scale processing by
roller mills (Kydd, 1989). The fact that global
maize-breeding activity has concentrated on dent
hybnds also limits the range of germplasm avail-
able for breeders seeking flint materials. Tech-
nology development in southern and eastern
Africa has been restricted by the belief that
dent maizes have higher yield potential than
flints—in part a result of the early research
breakthroughs with U.S.-bred dent materials
(Blackie, 1989). While dent germplasm was
“on the shelf,” flint lines would have required
seven years to develop.

Not only was breeding dent hybrids easier,
cheaper, and faster, but there were arguments
for promoting dent hybrids over flint varieties
(Kydd, 1989). Although the colonial research-
ers cited by Ellis and Williamson argued that
ufa was more nutritious than mgaiwa because
of lactic fermentation and other characteristics,
most nutritionists since that time have insisted
on the superiority of mgaiwa. A second argu-
ment was that the prevalence of mechanical
mills in rural areas would change consumer



preferences because women would prefer to
conserve labor time. Rescarchers were told that
the urban roller mill operators, who were scen
as the fastest growing component of the market
for smallholder maize surpluses, preferred dents
as being less injurious to their machinery. An-
other argument was that the insecticide neces-
sary to protect dent hybrids in storage is cheap
compared to the yield loss associated with flint
hybrids. [n any case, some of the breeders posted
to Malawi may have discounted complaints of
storage losses because it 1s generally true that
HY Vs have higher postharvest losses simply as
a result of poor adaptation to traditional storage
methods (Lozano and Lcopold, 1988).

in the early 1980s when the Malawian maize
breeders left for long-term training, lines for
both the dent hybrids MH15 and MH16 and the
semiflint composites CCC and CCD had been
established. When they returned in 1986, pres-
sure had accumulated, primarily on the part of
donors, to produce flint hybrids. In the late
1980s, flint character became once again a prin-
cipal breeding objective, for both hybrids and
OPVs.

The earlier notion of promoting dent hybrid
maize as a cash crop undoubtedly had implica-
tions for which groups of smallholders adopted
hybrid maize (Gilbert et al., 1982) and cumu-
lative adoption rates. From farmers’ perspec-
tives, different decision-making criteria are
associated with cash crop and food crop pro-
duction. From a development perspective, dif-
ferent resource sets are required for profitable
production of high-management cash crops.
Promotion of hybrid maize as a cash crop in
effect reduced the ceiling adoption rate.

Hybrids vs. Open-Pollinated Varieties

Lipton (1988) has written that, although maize
breeding “successes” have depended mainly on
hybrids, in much of sub-Saharan Africa com-
posites and synthetics make more sense but
have been much less researched. In Malawi,
both hybrids and OPVs were bred since the late
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ential players in the breeding process (donors,
an individual breeder, the national seed com-
pany) appecar to have strongly favored ecither
hybnids or OPVs. Some of the debate over
OPVs and hybrids seems to have been associ-
ated with the involvement of expatriate breed-
crs and external agencies, and has undoubtedly
been counterproductive.

Forexample, when Bolton came to Chitedze
in the 1970s, the popular view among develop-
ment agencies was that hybrids were only ap-
propriate for larger farmers and progressive,
commercialized smallholders.. Bolton empha-
sized indigenous development of composites
over hybrids. In so doing, however, he also
decided to replace rather than revive the late
colonial synthetics, whose lines had deterio-
rated after independence. In one set of experi-
mental results, he specifically compares LHI11,
SR52, Ellis’ synthetics, his own CCA and
‘Malawianized’ UCA. He concludes that not
only is SR52 “the best yielder” and that “all
four Malaw1 synthetic vaneties...were inferior
to the new composites,” but that at least two of
the synthetics should be dropped from the seed
multiplication program (p. 106; 111). Bolton
seems to have recommended a complete shift
in the program from LHI1 to SRS52 and from
synthetics to composites. Since then, no syn-
thetics have been released.

Until recently, the International Maize and
Wheat Improvement Center (CIMMYT) has
exclusively developed OPVs. CIMMYT’s in-
volvement with Malawi’s maize breeding pro-
gram began in the 1970s with a visit from Ernie
Sprague, Head of the Maize Program in Mexico,
the transfer of subtropical and lowland tropical
OPV material, and some short-term training at
CIMMYT headquarters in Mexico. By that time,
however, the Malawi program was beginning
to deemphasize composite development and was
keen on releasing their own hybrids to replace
SR52. CIMMYT posted a maize breeder in
Nairobi during the 1980s, but not until the
Harare office and midaltitude station were es-

colonial period, although at ce?ain times influ-



tablished in 1985 did the CIMMYT maize breed-
ers become actively involved in the discussion
of breeding strategies and in germplasm devel-
opment for both OPVs and hybrids in Malawi.
In fact, until the late 1980s when the work of
the Harare brecders began to produce
midaltitude and locally adapted materials, much
of CIMMYT’s germplasm was best suited for
the lowland tropics and they had less to offer in
terms of midaltitude (subtropical) material. A
number of CIMMYT lines have neverthcless
been used in Malawi’s program and, sincc the
late 1980s, Malawi has been considered a pri-
ority for the CIMMYT Eastern and Southern
Africa program."

Even when the Malawi program produced
denty hybrids intended for cultivation as a cash
crop, semiflint OPVs continued to be produced
and were viewed as the appropriate seed for
small farmers. The problem is that the synthetic
lines were abandoned and the adoption of com-
posites has dwindled over time. UCA lodged
easily and, although its shortcomings were elimi-
nated with the release of CCC and CCD, there
has since been very little attempt to educate
farmers about OPVs or to promote and diffuse
them as an alternative to hybrids. In the
CIMMYT/MOA survey, farmers recalled UCA,
few had heard of CCC or CCD, and even fewer
knew the difference between a hybrid and a
composite.™ Little composite seed is produced
and little of it is demanded, but it is not in any
case accurate to say that farmers have rejected
the new composites.

The intensity of research interest in the flint
trait has generally accompanied shifts in re-
search focus between OPVs and hybrids be-
cause commercial hybrids were denty. How-
ever, a number of factors converged in support

BStreak-resistant matenial contributed by HTA (an-
other of the CGIAR institutions) 1s likely to become
mncreasingly umportant in the future.

MFor example, researchers recommend that hybrid
seed be bought cach year while composites can be
grown for 3 ycars between seed purchases.
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of the infusion of flintiness into hybrid d‘Evel-

opment in the late 1980s. These factors in-
cluded a strengthening of the Maize Commnod-
ity Team; assistance from CIMM Y T's regional
breeding program; and changes in the National
Seed Company of Malawi’s (NSCM) portfolio
which accompanied the involvement of Cargill’s
breeders. Breeding for flintiness has always
been associated with OPVs, and it was in large
part the financial pressure cxerted by donors
that resulted in the pursuit of flinty hybrids.

Length of Growing Season i

Commercial hybrid seed in Southern Africa
has a development cyclc of more than 150 days
over much of the midaltitude range in which it
is grown (Low and Waddington, 1989). Of the
varieties released by the Malawi program, MH 16
and MHI18 have 125- to 130-day cycles and
CCD has a 120-day cycle at approximately
1000 meters above sea level. Among the hy-
brids, only NSCM41 is 120-day. In most cases,
however, local maize matures more slowly than
the improved varieties—a characteristic that
has added to the attraction of hybrids.

The Malawi maize breeding program has,
over the years, released a few synthetics, com-
posites, or hybrids with shorter growing sea-
sons. These matenals, produced primarily for
the lakeshore or lower-elevation environments,
have greater probabilities of drought escape.
Until recently, however, the maize program has
not consciously addressed drought tolerance or
the related issue of heat stress as a breeding
objective. Now, a low-altitude hybrid program
(under W.G. Nhlane) and a low-altitude OPV
program (under E.M. Sibale) are operated from
Chitedze, with materials tested at Chitala and
other sites in the lakeshore region and Shire
Valley. Concentration on carly maturity and
heat and drought resistance could increase adop-
tion rates in some less favorable environments
of Malawi. Early maturity and drought toler-
ance could also provide more options for late
planting in more favorable environments, a fact



that is not widely recognized. Drought and heat
tolerance are areas in which collaboration with
CIMMYT might prove fruitful.

Soil Fertility -

From the colonial period to the present, the
major nonvarictal rescarch issuc in Malawi has
probably beeq soil fertility or, more broadly,
soil conservation. Given the pressure on land
and the predominance of maize in the cropping
system, it is evident that much of the arable
land in Malawi is continuously cropped to
maize, a crop that extracts large amounts of
nutrients from the soil.

In general, assessing the impact of crop
management (e.g., nonbreeding) research is
more difficult than measuring the impact of
varietal development. The yield figures cited in
this report appear to justify the assumption that
yields of unfertilized local maize have been
declining over time. Application of inorganic
fertilizer has therefore contributed to maize
productivity despite nutrient/output price ratios
that are quite high by world standards. This
application has been encouraged both by past
research results and by extension efforts.

The continuing dominance of maize in the
farming system and high costs of imported fer-
tilizer has also spawned additional research
efforts. One line of attack is agroforestry, al-
though there are considerable technical and
managerial issues that must be resolved before
this can be recommended as a large-scale solu-
tion. Other research seeks to improve the effi-
ciency of conventional fertilizers. To the extent
that improved maize varieties perform well
under relatively low fertility conditions, and to
the extent that improved maize yields release
land for other crops, breeding research can also
contribute to alleviating soil fertility problems.
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Human Resources, the Organization of
Research, and Research Capacity

Discontinuitics

A major problem with the evolution of the
maize program was that instcad of cumulat-
ing a depth of expertise and a range of
germplasm, the program was beset by
discontinuities and shifts in staff. Initially,
the dependence on expatriate staff on fixed-
term contracts and later, the lacunae caused
by the departure of key Malawians for long-
term training contributed to the scantiness of
human resources. Kydd characterizes the late
colonial period with Ellis (1953 to the late
1950s), the early 1970s (Bolton’s period), and
the late 1980s as peak productive periods in
the maize breeding program. The first slow-
down of activities during the 1960s is easily
attributable to the change in administration.
The second, in the late 1970s, Kydd blames
on (1) donor misconception, based on overly
optimistic reports from parts of Lilongwe
Agricultural Development Division, that
adoption rates were high enough and Malawi
had no “maize problem”; (2) World Bank
preoccupation with the then-popular notion
of the Integrated Rural Development Project
over technology generation; and (3) mis-
guided allocation of national research funds
toward less important crops such as rice and
cotton.

Institution Building

On the other hand, the late 1970s and early
1980s were a period during which there were
changes in the organization of maize research,
adaptive research became a formal part of the
research system, and the training of numbers of
researchers culminated in improved maize re-
search capacity. {n-service training was a large
part of CIMMY T’s involvement with DAR and,
at one time or another, most of DAR’s maize

scientists attended short-courses at CIMMYT



headquarters. Although often criticized, the
University of Florida project™ and the opportu-
nitics it provided were instrumental in chang-
ing the organization of research and in long-
term training of scientists.

Though a small part of the project, the
farming systems rescarch (FSR) component had
activities that were designed to improve re-
search and extension conimunication and even-
tually led to the establisliment of the Adaptive
Research Teams (ARTS) in the Agricultural
Development Divisions. At that time, the De-
partment of Agricultural Research was rcorga-
nized into the interdisciplinary commodity team
structure it has today. Another structural change
encouraged by the project was to set up a series
of discussions in which rescarchers exchanged
results. However, the project took from one-
third to one-half of the experienced researchers
out of Malawi for training—at only one tnstitu-
tion.

In coordination with the economist from
CIMMYT, the social scientist on the team suc-
ceeded in introducing a farming systems per-
spective into crops research. Diagnostic sur-
veys conducted at that time resulted in two
notions that would later become more widely
accepted. One notion was the rediscovery of
the cultural importance of local maize varieties
and the fact that, for subsistence farmers, yield
from the mortar 1s a better indicator of the
economic value of a variety than grain yield.
This rediscovery is today reflected in the maize
breeders’ continued work with local maize col-
lections. Research findings also suggested that
fertilizer use on local maize should be pro-
moted to reduce the area required for staple
food production and release area for cash crop
and hybrid maize cultivation. Considered as an
undesirable alternative strategy at the time, fer-
tilizer use is now recommended on local maize,
even though hybrid maize is no longer viewed

3The University of Florida project was the first of
a series of USAID projects aimed at strengthening
agricultural research.
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solely as a cash crop.

Much of CIMMYT’s involvement with
Malawi’s rescarch program during the 1980s
was also related to the establishment of the
ARTs and training of adaptive research person-
nel by thrce CIMMYT Regional Economists.
Their approach emphasized the need for social
scientists and on-farm research with a systems
perspective. Adaptive Research now has one of
the most poorly staffed teams and one of the
highest attrition rates of the research units, but
certain key concepts such as interdisciplinary
commodity teams, the importance of consider-
ing a wider range of breeding criteria, and a
continued cmphasis on developing technology
for local maize have probably resulted from the
work of the [980s.

From the beginning of Malawi’s maize
breeding program until 1977 and intermittently
until 1987, the post of Maize Breeder was held
by a succession of expatriates on fixed-term
contracts. In all other years, the same Malawians
have held positions as breeders—B.T. Zambezi,
who has been with the program for over 20
years and 1s now the only PhD on the staff, and
W.G. Nhlane and E.M. Sibale, who have worked
with the program for about |5 years and are
now completing their PhDs. Aside from these
individuals, technicians are an often overlooked
but important source of continuity in the pro-
gram. For example, when the three Malawian
breeders were abroad on training during the
1980s, the technicians maintained the lines for
MH15 and MHI16, CCC and CCD, which were
subsequently released when the breeders re-
turned. With respect to technical assistance,
involvement with CIMMYT has also been a
source of continuity in the program.

Based on a comparison from 1985/86 rela-
tive to other commodity teams, the Maize Com-
modity Team now ranks high in terms of years
of experience per researcher, level of educa-
tion, percent of researchers receiving promo-
tions, and low attrition rates. Promotions have
Jargely been among professional rather than
technical staff. What these indicators suggest 1s
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that the level gf commitment in terms of cre-

dentials, length of stay, incentives and profes-
sional satisfaction ts greater than it 1s among
many of the other teams. Behind these figures
arc, compared to previous decades, the strong
financial comniitment of the GOM, the World
Bank, and the Rockefeller Foundation to maize
rescarch in Malawi.

Another recent organizational change on
the part of the Maize Commodity Team was the
preparation of the 1989 Maize Action Plan, the
first of its type among the commodity teams.
The development of a flint hybrid was desig-
nated as a priority concern and, with the greater
involvement of CIMMYT in breeding strate-
gies during the last few years, CIMMYT per-
sonnel assisted in drafting the plan.

Among other factors inhibiting the progress
of agricultural research systems in sub-Saharan
Africa, Lipton (1988) has cited the lack of
“critical mass of scientists” and “inadequate
integration of economics and social analysis
into agricultural research.” Although these criti-
cisms probably still hold true in Malawi, the
institution-building efforts of the 1980s have
begun to address these issues.

Input Distribution, Marketing, and Price
Policies

Seed Supply

At various points in time, seed quality, multi-
plication, and distribution problems have inter-
acted with other factors to inhibit farmer adop-
tion of varietal releases. For example, Quinten
and Sterkenburg (1975) reported that although
LHI11 was a semiflint variety, it was not very
popular—partly because of a seed supply diffi-
culty. The germination quality of one of the
first large-scale seed crops was poor which
influenced the demand in later years, although
the quality improved. In 1971-72, the seed was
supplied to the local markets very late in the
season and farmers had already decided to grow
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local varicties.

ADMARC and the Ministry of Agriculture
were responsible for seed production until the
late 1970s when the National Seed Company of
Malawi (NSCM) was cstablished. For the most
part, sced distribution in the early years was
confined to Lilongwe Land Development
Programme (LLDP). In the mid-1980s, NSCM
obtained government clearhnce to pay royalties
to Ciba-Geigy for the FI imaterial to produce
NSCM41, a denty hybrici that is genetically
similar to R201 (Zimbabwe) and processes rela-
tively well. What is not clear is the role of
ADMARC’s financial problems in the mid-
1980s slump in seed sales, or to what extent
low seed sales figures represented a produc-
tion, distribution, or demand question. The rapid
increase in sales over the past few seasons sug-
gests a latent excess demand for hybrid seed—
so that in some years seed supply may have
actually been the limiting factor.

Breeding and seed production under rainfed
conditions affect the speed of varietal releases
and seed supply. In Malawi, sufficient irrigated
land to complete two breeding cycles per year
could have increased the flow of improved
materials through the research system, assum-
ing adequate staff and other resources. Without
irrigation, when farmers are contracted for the
final stage of seed production, certain types of
hybrids that require synchronization (MH15)
are more difficult to produce. In a poor grow-
ing season such as the 1991/92 season, substan-
tial amounts of seed stock can be lost.

The costs of seed production also vary by
hybrid type. A single cross hybrid such as MH12
1s more expensive to produce than a three-way
cross like NSCM41. In general, the higher the
yield potential the more expensive the seed, so
that, with a fixed budget, the varieties that
exhibit the greatest yield differential with re-
spect to local maize can only be produced in
smaller quantities. Nonconventional top-cross
hybrids (MH17 and MH18) are generally less
expensive to produce than conventional hy-
brids, but are produced at the expense of greater
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yield variability and possibly lower average
yields in farmers’ fields. Over three years of
breeders’ trials, however, MHI17 and MHI138
yield did not differ statistically from those of
MHI12 and MHI16, respectively. [In Malawi,
where contract growers are often estates, grow-
ing maize seed must be at least as profitable as
producing alternative crops—such as tobacco.

The varietal composition of seed supply
has not always suited farmer preferences be-
cause little was known about effective farmer
demand. In the CIMMYT/MOA survey, farm-
ers often reported that they had no choice of
hybrid varieties from year to year—they sowed
what was in sheds or what was provided by the
clubs. The simplest criterion for varietal mix is
unsold seed stocks, but determining the “cor-
rect” varietal mix when farmer demand is chang-
ing takes time.

Most observers believe that NSCM, now
majority-owned by Cargill,*® has adopted a more

%Cargill, the largest privately-held company in the
world and one of the world’s largest grain traders, also
has substantial interests in seed production worldwide.
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aggressive approach to seed production, seed
procurement from abroad, and seed sales dur-
ing the past few seasons. Figure 6.1 shows the
marked increase in sales of composite and hy-
brid seed since the 1986/87 low.

Seed Diffusion

The Government of Malawi has promoted hy-
brid seed as part of a seed-fertilizer package
that i1s extended through formal credit clubs
with subsidized credit and stringent repayment
requirements. In the early 1980s, credit club
members composed only an estimated 10 to 15
percent of the farm population (Kydd, 1989),
although the percentage has grown consider-
ably and is greater in the high-potential maize
production zones. In the survey zones, for ex-
ample, from a quarter to a third of farm opera-
tors were club members in the second survey
season (CIMMYT/MOA data). Although credit
club membership has facilitated adoption by
relieving seasonal cash flow problems, non-
members also adopt hybrid seed and fertilizer



through carcful organization of the cash re-
sources thcy obtain from sales of alternative
crops or off-farm wage income. Credit club
membership has generally been associated with
greater chances of personal attention from ex-
tension workers.

[n the past, the packages that were distrib-
uted to club members were of a fixed size and
composition. Credit club members sowed the
seed variety that was provided in the package
and applied the type of fertilizer they received
on one-acre (0.4-hectare) plots. This diffusion
method created a lumpiness in land allocation
and curtailed farmers’ experimentation and their
ability to adapt the technology to their own
conditions. Currently, in recognition of the need
to address a wider range of technological op-
tions, the government has begun to provide
packages of varying size and composition. Al-
though hybrid seed was always promoted with
fertilizer, recent research results indicate that,
in some zones, hybrid varieties can yield as
well or better than local varieties with no fertil-
izer. Of the two input costs, fertilizer is un-
doubtedly the more limiting. Malawi is a land-
locked country and fertilizer imports are
transported overland at high cost. In recent
years as part of donors’ structural adjustment
program, fertilizer subsidies were gradually
reduced at the same time that internal strife in
Mozambique blocked Malawi’s cheapest exter-
nal transport route. Unwilling to pass all the
cost burden to farmers, the government eventu-
ally abandoned the subsidy removal.

Recent research has demonstrated that
Malawi hybrids perform well even under rela-
tively low-input conditions and that for some
farmers, adopting hybrids without fertilizer may
be economical (Jones and Heisey, 1993). If
farmers are convinced they must grow hybrid
maize with fertilizer, or if they are only permit-
ted to purchase seed with ferttlizer, their inabil-
ity to pay for fertilizer inhibits their seed choice.
On the other hand, the percentage of farmers
who usc fertilizer on local maize 1s higher than
the percentage of credit recipients. Credit re-
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i
cipients are a subsct of fertilizer uders. When

farmers can afford fertilizer, the incremental
cost of seed is slight—if that seed can be found
in local markets.

-‘Marketing System?"’

Irregular marketing conditions have also im-
peded the purchase of both seed and fertilizer
by noncredit club members. Inttially, fertilizer
and seed in rural areas were sold!at official
ADMARC outlets. These markets were not
cvenly dispersed in all village areafls, nor did
they always stock inputs. When ADMARC
operations began to incur heavy financial losses,
many of these input sheds were closed. By
contrast, inputs were delivered free to credit
club members. The dependence on credit as a
diffusion mechanism undoubtedly slowed the
development of private markets for inputs. In
isolated areas outside the credit system, seed
and fertilizer are still not easily found.

Official maize output prices are announced
seasonally, and are panterritorial, uniform over
the harvest season, and equal for all maize
varieties. Although few price series exist, with
market liberalization there is increasing evi-
dence of price differentials between hybrid and
local varieties and intraseason price variation
on local markets. The difference in the way
farm households value local and denty hybrid
maize may appear in price differentials in local
markets but is suppressed in the official price.
Because of consumer preferences for local maize
and the credit repayment system, a higher pro-
portion of hybrid maize circulates in official
markets. Local markets in many rural areas are
also likely to be thin, especially in certain sea-
sons.

When the official prices capture little eco-
nomic information, and private markets have
only begun to operate, either observing true
valuations for maize or studying farmers’ re-

YAppendix B contains more details on the history
of maize marketing.



sponscs to these valuations is difficult. Econo-
mctric analysis of the CIMMYT/MOA data
nevertheless shows that although the effects of
conventional price ratios and relative profit-
. ability variables on hybrid maize adoption arc
wecak, the same measures do significantly af-
fcet the level of nitrogen applicd by farmers to
local maize. In hybrid maize adoption, other
factors such as the diffusion method (credit),
consumer preferences (subsistence require-
ments), and learning have probably played a
targer role because of controlled prices. A higher
proportion of farmers purchase fertilizer with
cash for their local maize and, when possible,
prefer to sell their local varieties on local mar-
kets where prices are generally higher and more
variable.

Promotional Efforts and Farmer
Learning

Perhaps as a result of early farmer responses to
denty varietal releases, hybrids have been gen-
erally promoted as a cash crop. Over time, as
suggested above, some changes in consump-
tion patterns (if not consumption preferences)
have undoubtedly occurred and even denty
hybrids have played a role in household food
security. Especially in the Blantyre zone and
some parts of the Kasungu zone, CIMMYT/
MOA survey farmers often ranked earlier ma-
turity above yield as an advantageous charac-
teristic of hybrid varieties. Now, especially with
the flinty hybrid releases, the importance of
producing a more flexible promotional effort
that emphasizes food security as well as poten-
tial cash income should attract the interest of a
broader base of farmers.

Focussing on profitability of hybrid maize,
combined with limiting its diffusion to credit
clubs and emphasizing the importance of fol-
lowing rigid recommendations, may have lim-
ited the receptivity of large subsets of farmers,
and even those capable of self-financing. Cul-
turally, the term “local” is usually associated
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|
with certain traits, such as flintiness and white

ncss. Chimanga cha makolo means maize o
the ancestors, or a gift conferred by familics
through gcnerations. Some researchers have
suggested that “local” is not so much a term
referring to grain characteristics, and that ¢/
mukolo docs not literally describe the origin of‘
the sced. but that both are terms signifying the
sced’s institutional affiliation. ™ In some sense,
“local” maize is the maize of rural pcople, or of
farmers. By contrast, released varicties ard
brought to the locality from outside (formal)
institutions, whether these are national or inter-
national. Occastonally, survey farmers called
hybrids chimanga cha boma, which means, in
common parlance, “maize of the government.”
Since hybrid seed is either purchased or pro-
vided on credit which is repaid by selling at
least some of the harvest, many farmers prob-
ably did not perceive that the seed was their
own or was produced with their interests in
mind.

Extension messages with single themes were
undoubtedly useful in the early introductions,
but over time may have discouraged farmer
experimentation that might have resulted in
adoption and greater farmer benefits.* For ex-

*¥Based on his farming systems rescarch work dur-
ing the 1980s, Hansen (1986) has described local maize
as a folk category with two defining characteristics: (1)
flintiness; and (2) the seed did not come directly from
the government but was retained from the previous
harvest or purchased on the local market. At the same
time, Hansen discovered a “localization™ process by
which governmental origins were forgotten in areas
where seed exchange and introduction programs had
been active. [n those areas, such as Lilongwe ADD, the
local category also included the names of old relcased
matertal that had been recycled. In the CIMMYT/MOA
survey the samc phenomena were found in different
localities.

YThe onigin of boma is British Overseas Military
Admuinistration, designating administrative bases in
colonial territorics.

®Writing about parts of Lilongwe ADD in 1987,
Chipande wrote that the least endowed farm housc-
holds (female-headed) did not even bother to ask for



ample, the emphasis on pure stand cultivation
for hybrids is now relaxing as ficld workers
observe that farmers in somc zones have rea-
sons for intercropping maize, whether it is a
hybrid or a local variety. Smallholders who
both consume and market crops have diverse
objectives, and producing hybrid maize under
conditions that may, not be agronomically opti-
mal may nevertheless be economically optimal
for them. ‘

On the other hand, continual exposure to
other farmers who grow hybrid maize and, more
recently, to radio messages that exhort farmers
to grow hybrids has probably contributed to the
upsurge in adoption, particularly in the South-
ern Region. Analysis of the CIMMYT/MOA
data confirms that farmer experience with hy-
brid varieties increases the probability of sow-
ing hybrids in successive years. Once a “critical
mass” of hybrid maize growers accumulates in
a given locality, the general level of knowledge
about the varieties also increases. Those with
limited levels of working capital are more able
to experiment “passively” (by observation) than
“actively” (by paying the costs of gaining in-
formation from their own fields). Farmers who
observe success and who have the resources to
adopt can then adopt at faster rates and there is
an increase in the slope of the aggregate diffu-
sion curve, as is evident in the figures from the
Southern Region.

credit because of their assessment of their land and
labor constraints--"they were afraid.” In the CIMMY T/
MOA survey, some households expressed the same
sentiments with respect to growing fertilized hybrnd
maize on credit.
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Farming Systems

Although maize dominates the farming sys-
tems of all of the major maize-producing zones
of Malawi, essential agroecconomic differences
exist between zones that probably determine
differential adoption ceilings even when other
factors such as consumption preferences and
diffusion mechanisms are similar. For example,
in parts of the Southern Region the importance
of off-farm income and relative wages in labor
allocation decisions implies that hybrid maize
will be adopted only when labor returns are
greater in hybrid maize production than in al-
ternative income-earning activities. In Kasungu
and parts of Lilongwe ADDs, by contrast, adop-
tion rates and area sown to hybrid maize can be
expected to fluctuate in response to competi-
tive conditions with alternative and more remu-
nerative cash crops. The higher proportion of
full-time farmers on the Central Lilongwe and
Kasungu plains and their relatively greater yield
potential because of soils and rotations sug-
gests that the ceiling adoption rates will be
higher than in the South. In Rumphi and Mzimba
Districts of the Northern Region, the central
importance of maize in the cropping system as
both a food and a cash crop suggests that adop-
tion ceilings will be highest and cumulative
levels most stable in that zone, other factors
held constant.



7. Conclusions

The evidence collected in this paper suggests
the following conclusions regarding the history
and effectivencss of the national maizc breed-
ing program in Malawi:

(1) Malawi’s maize program, as compared to
other conventional breeding programs in
the region and elsewhere, did incorporate
socioeconomic considerations into its breed-
ing objectives. Since its inception the pro-
gram has addressed the consumption pref-
erences of small farmers which are related
to the processing and storing characteristics
of flinty varieties, by breeding semi-flint
hybrids or semi-flint open-pollinated vari-
eties (OPVs).

(2) Until the recent development of the two
semi-flint hybrids MH17 and MHI18, the
major underlying constraint on the speed of
release of flinty varieties had been lack of
suitable flint germplasm. Inbred lines de-
veloped from local flinty materials are too
tall and have too long a growing season.
Exotic flint germplasm was difficult to lo-
cate because the focus of most maize breed-
ing efforts in other parts of the world had
been denty varieties.

(3) Item (2), when combined with the
discontinuities in senior staffing and finan-
cial support through the 1970s, led to coun-
terproductive conflicts in breeding objec-
tives and swings in emphasis among
synthetics, composites and hybrids. At criti-
cal points in the early years of the program,
a weak decision-making structure and the
need for more trained Malawians in deci-
sion-making positions severely curtailed
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germplasm development.

(4) Flintiness is only onc of many breeding
factors and soctoeconomic factors that have
affected the impact of varietal innovations
on adoption rates.

Lessons Learned

Specifically, the above conclusions are associ-
ated with the following “lessons” for breeding
programs with that operate in similar condi-
tions:

® The flint maize preferences of farmers led
to complexity in breeding objectives. The
major constraint to breeding popular flint
hybrid varieties was not that breeders ig-
nored the significance of flint character, but
that there was limited local and exotic flint
germplasm that was also high-yielding, short
in stature, and shorter in growing season.
Each of Malawi’s major breeders, in one
way or another addressed a concern for
“yield from the mortar,” either by attempt-
ing to breed a semi-flint hybrid or a semi-
flint OPV.

In the early (post-independence) years of
the program when varieties were distrib-
uted primarily in the Lilongwe area, the
effective demand for hybrid seed was found
among commercial farmers whose foremost
concerns were harvest yield and production
for sale. To mect the perceived demands of
two groups of clients—commercial farmers
and subsistence farmers—the program pur-
sued the dualistic strategy of importing the
high-yielding, denty SR52 from Zimbabwe



for cash crop productign and developing
flinty OPVs for smallhglders. The neced to
replace hybrid seed impdrts because of high
costs led them to the development of denty
indigenous hybrids. Breeding denty (rather
than flinty) hybrids was expedient and was
a first step in indigenous varietal diversifi-
cation.

Although development and importation of

denty hybrids and their promotion as a cash
crop cffectively reduced the cetling adop-
tion rate by focusing en larger or morc
well-endowed producers, the breeding pro-
gram always worked with OPV alternatives
designed to meet the maize subsistence
needs of smallholders. Two problems af-
fected the progress of the OPV program:
(1) discontinuity in breeders; and (2) a lim-
ited range of high-yielding, mid-altitude
material suitable for developing Malawian
lines. An example of (1) is the deterioration
of the synthetic lines bred by Ellis and their
subsequent rejection by Bolton. An example
of (2) is that although CIMMY'T breeders
sent mid-altitude (at the time, “sub-tropi-
cal”) materials to Malawi in the 1970s and
1980s, their more attractive materials were
not developed until the mid-altitude station
was established in Harare in 1985.

For OPVs to have been successful (in
Malawi they have been popular to a moder-
ate extent and over brief periods in selected
localities), they needed yield, disease-resis-
tance, drought-resistance or early maturity,
in addition to flintiness. The history of OPV
successes shows that both OPVs as well as
hybrids need to be “spectacular.” OPVs can
be high-yielding, however, and the argu-
ment that only hybrids will work in Malawi
1s unfounded. In any case, OPV develop-
ment is of continued importance in breed-
ing lines for kernel texture and other desir-
able characteristics to use in the hybrid
program, and in maintaining a varietal port-
folio.

M For either hybrids or OPVs to have been
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adopted at a stcadier and faster rate would
have required more of a commitment to
seed production and distribution. Although
it may bc truc that the involvement of a
private secd company can provide a key
impetus at certain stages of the breeding
process. In most success stories the role of
privatc companics in seed distribution has
been cven greater than their role ir‘} breed-
ing. On the other hand, private seed'compa-
nies are not usually as interested in OPVs.
To guarantee that OPVs are given a chance
with farmers, a conscious public sector ef-
fort is nceded to distribute the seed widely
and to cducate farmers about the relative
advantages and disadvantages associated
with OPVs and hybrids.

Flintiness ts not the only issue affecting
research impact. The diffusion mechanism
(limited to credit clubs and packages of
fixed composition and size), the varietal
composition of seed supply, the economic
risk of taking fertilizer and seed on credit
(or of allocating land away from subsis-
tence production), and farmer learning
(which takes time and accumulation in a
locality) influence farmer adoption deci-
sions.

Flintiness is also not the only important
trait that affects varietal adoption. Other
important breeding issues involve, for ex-
ample, plant stature and length of growing
season.

Even the discontinuities in funding, staff-
ing, and breeding objectives that were re-
lated to the turnover of expatriate breeders
and ebb and flow of financial support would
not have jeopardized the program if there
had been more senior Malawian breeders
before the mid-1970s. Since then, although
the three Malawian senior breeders have
taken over decision-making responsibility,
overseas training has caused some disrup-
tions. The program will soon have three
PhD-trained breeders with lengthy experi-
ence—but there is no “younger generation”



of breeders in line to follow them. The
sheer number, and not the quality of the
personnel has been a problem. At this criti-
cal juncture in the breeding program when
the impact of recent varietal releases 15
becoming apparent, the need for a new
gcneration of breeders to sustain varietal
development cannot be overstated. The cx-
perience of the maize program has shown
that the next generation of breeders is usu-
ally best drawn from promotions within the
system, from technical to professional of-
ficer.

The need for socioeconomic contributions
to the maize program has been rccognized
since the early 1980s, but the capacity for
socioeconomic research has not been suc-
cessfully institutionalized.

In a nation where maize is of such critical
socioeconomic importance, the issue is not
whether maize research should be funded
but how to improve the efficiency of maize
research through addressing some of the
above concerns. As demonstrated clearly in
the Malawi case, the impact of maize re-
search should also be viewed in terms of
the welfare loss associated with no maize
research.

Windows of Creativity

The recent release of MH17 and MHI18 by
Malawi’s national research team is an example
of how the scientific creativity of several indi-
viduals has coincided with certain conditions to
generate the potential for rapid technological
change. The new hybrids are the first semi-
flints developed since the colonial period and
have the processing and storage traits valued by
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' small farmers as well as the yields that compare

to the denty hybrids previously grown as cash
|crops (Smale ct al., 1993). The speed of their
‘release (only three years after the initiation of
the semi-flint hybrid program in 1987) can be
.attributed in part to the convergence of factors,
’including (1) the idea of breeding a top-cross
rather than a conventional hybrid; (2) the com-
fortable working relationship with CIMMYT’s
regional breeders that enabled the Malawi team
jto dentify appropriate parent material in Popu-
‘lation 32; and, most importantly, (3) the years
rof development and maintenance of parent lines
.by technicians and breeders as thcy gradually
accumulated germplasm and experience. The
work of the three senior breeders, B.T. Zambezi,
.M. Sibale, and G. Nhlane, was publicly rec-
ognized for the first time when they received
the MASTA (Malawi Award for Scientific and
Technical Achievement) from the Government
of Malawi for the new hybrids. Additional donor
support to the maize program may have facili-
tated the progress of the maize team by en-
abling its members to obtain advanced degrees
and pursue their research with fewer opera-
tional constraints. However, without the dedi-
cation of the breeders to their work during
more difficult years, the breakthrough would
not have occurred so rapidly. Concurrently,
adoption rates for denty hybrids have been ris-
ing as weather conditions underscore the yield
advantages of the shorter-season hybrids over
farmers’ varieties, and as the quantities of seed
produced and marketed have increased. The
scientific breakthrough, combined with the
growing receptivity of farmers to hybrids and
gradual improvement in seed production and
marketing have created a situation that 1s ripe
for major technological change in Malawi’s
farming communities.
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Appendix A

Principal Data Sources

A. CIMMYT/MOA Maize Varietal and
Technology Adoption Survey

The data collection effort was funded by the
International Maize and Wheat Improvement
Center (CIMMYT) and implemented with the
support of the Department of Agricultural Re-
search and the Planning Division, Ministry of
Agriculture. Entitled the CIMMYT/MOA Maize
Technology and Varietal Adoption Survey
(MVTS), the field research was conducted in 3
of the 5 major maize-producing Agricultural
Development Divisions (ADDs) of Malawi, to
a subset of households (420) participating in
the Annual Survey of Agriculture (ASA) dur-
ing two cropping seasons.

Following the recommendations of the De-
partment of Agricultural Research, segments of
Blantyre, Kasungu, and Mzuzu ADDs were
chosen as representative of contrasting agro-
ecological and economic characteristics found
among major maize-producing regions. Vari-
ables hypothesized to affect maize technology
adoption differ sharply between the zones, and
the 3 zones constitute the strata for the MVTS.

Within each ADD, households were selected
from the multi-stage, stratified cluster sampling
frame designed by the National Statistical Of-
fice for the ASA. The survey households form
a statistical sample drawn with equal probabil-
ity of selection within each of the 3 zones and
varying probability of selection between zones.
Statistical statements generated from the data
are broadly representative of farm households
located in the major maize-producing, higher
potential adoption areas of Malawi.

The MVTS was designed as a module at-
tached to the ASA and covering a subset of
households included in the 1989/90 national
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sampling frame. In consultation with Ministry
of Agriculture officials, this design was chosen
because the ASA households are selected with
probability sampling procedures, the ASA ques-
tionnaires clicit extensive agronomic data related
to maize technology, and the ASA cnumerators
are fully-trained, professional field investigators
that reside in survey villages. The MVTS in-
cluded questions designed to provide more de-
tailed varietal information, information on
farmer perceptions and experience with variet-
ies, and supplementary wage and price informa-
tion used in valuing costs of production, output,
and household income. The variables measured
in this report therefore represent a combination
of those assembled from the routine ASA data,
additional variables collected in the MVTS, and
variables composed by transforming and com-
bining the complementary data sets.

B. Food Security and Nutrition
Monitoring Project

The Food Security and Nutritional Monitoring
project, implemented in the Ministry of Agri-
culture as a collaborative effort between the
Planning Division and Food and Nutrition Unit,
has as its objective to provide periodic infor-
mation that can be used to monitor the house-
hold food security position and nutritional sta-
tus of the population in all 8 Agricultural
Development Divisions. The sample frame for
the FSNM survey is also the ASA frame, but 10
out of the 20 households in each Enumeration
Area (EA) are interviewed for a total of about
2500 households. The questionnaire consists of
“Food Security,” “Expenditure,” and “Nutri-
tion” modules.



C. Annual Survey of Agriculture

Originally designed for the 1980/81 National
Sample Survey of Agriculture, the ASA sam-
pling frame is a stratified cluster design in
which the nation’s area is divided into approxi-
mately 200 agroecological strata, and each stra-
tum (primary sampling unit) 1s composed of a
varying number of EAs or sampling clusters
composed of roughly equal populations. The
strata are contained within 8 Agricultural De-
velopment Divisions (ADDs), which are ad-
ministrative and development units responsible
for implementing and evaluating the Rural
Development Projects (RDPs) in their geo-
graphical zone. Evaluation Units in the ADDs
implement the ASA, as well as other smaller-
scale surveys requested by the Ministry of
Agriculture.

Since 1985/86, Evaluation Officers for the
ASA have implemented a rotating EA sample
designed in that year by the National Statistical
Office. In each EA the enumerator responsible
for collecting the ASA data lists all households
at the beginning of the cropping season (200-
300), and from the list frame a systematic ran-
dom sample of 20 households is drawn. Selec-
tion of strata with probability proportionate to
size of population, and subsampling of clusters
of about equal size ensures that the overall
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probability of including a household in the
sample is the same fof all households in the
population. More densely populated ADDs and
strata have a larger number of EAs, sample
EAs, and sample households. Changes in popu-
fation have eroded the self-weighting design
over time with subsequent difficulties in devel-
oping weighting schemes for computations of
aggregates, but the 1989/90 sample was based
on a revised stratification and more recent [987
Population Census figures.

The ASA questionriaircs consist of 4 mod-
ules, or schedules. The household form con-
tains questions on the demographic composi-
tion of the household, hours and type of off-farm
employment, hours and type of hired farm la-
bor, the value of remittances, and quantity of
livestock owned by the household. Data are
gathered in 4 visits covering the calendar year.
The garden worksheet is used for measurement
of all fields and plots operated by the house-
hold. The plot survey records basic agronomic
information for each plot cultivated by the
household as well as objective yield measure-
ments from yield subplots, and is administered
intermittently throughout the cropping season.
The operator form consists of questions about
use of credit and extension services by the
household, and is addressed to the operator(s)
following harvest.



Appendis B

Economic and Policy Context of
Smallholder Maize Production

A. The Pre-Independence Period

Malawi’s pre-independence cconomy has been
characterized as consisting of plantation,
smallholder, and labor reserve sub-economies
(Kydd and Christiansen, 1982). Reliant on world
market opportunities, the plantation sub-
cconomy was founded successively on coffee,
cotton, tobacco, and tea. Encouraged by the
colonial administration through land alienation,
hut taxes, and tenancy arrangements, its socio-
economic impact was heaviest in the Southern
Region and in some parts of Central Region.'
The labor reserve economy supplied labor for
the mines and European commercial agricul-
ture in South Africa and Rhodesia through the
early 1970s. Both the colonial administration
and the estate economy created markets for
maize and other smallholder foodcrops and
Kydd and Christiansen assert that, because of
the weakness of the estate economy, smaltholder
cash crop production was officially supported
from the 1920s to the 1960s.

An overt colonial policy of promoting
smallholder cash crop production is also docu-
mented by Kettlewell (1965). Before World
War [ contributions of the colonial administra-
tion consisted of limited specialist advice for
the plantation crops. After World War I, for

'Combined with high population densities, land
alicnation for estate production restricted land avail-
ablc for smallholder cultivation. A village headman in
Chiradzulu is reported to have said in 1937: “As | look
to Crown Land, i sec¢ no land remaining where so many
of my people could go. I look in the air, | see [ cannot
fly there, then | come to the point that [ say what is the
use of living.” (Public Record Office, London. CO 525/
165. Minutes of the Chiradzulu District Native Asso-
ciation.)
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“agricultural development” purposes, the ad-
ministration expanded ficld services to
smallholder production of tobacco, cotton, and
rice. The Nyasaland administration appears to
have devoted few resources to general hus-
bandry until the Great Famine of 1948-49.
Subsequently, various soil conservation meth-
ods, early preparation and planting, and im-
proved processing and preparation of crops for
market were recommended for small-scale cul-
tivators. Kettlewell describes the overall policy
at independence as the pursuit of “gradual 1m-
provement for the mass of cultivators” while
“concentrating on the most progressive indi-
viduals” (p.243). Of relevance to current ef-
forts to promote fertilized hybrid maize is the
fact that subsidized fertilizer was available to at
least a subset of farmers in Nyasaland from
1952 onwards.?

Kettlewell refers particularly to maize when
discussing the changes in pricing policy that
were instituted after the Great Famine. In the
following season the Maize Control Board es-
tablished formal control over maize marketing
and set a guaranteed price at twice the previous
level. In 1952, the Maize Control Board was
reconstituted as the Produce Marketing Board
and was authorized to purchase other crops and
export surpluses to Europe. The new policy ap-
pears to have increased the importance of maize
as a cash crop, especially in the Central Region.
Maize acreage increased and the marketed re-
sponse for maize was so great that maize was
eventually exported at unremunerative world
prices. From 1957 the administration pursued a

In the CIMMYT/MOA survey, a number of the
older farmers claimed that they first used fertilizer in
the pre-independence period.



policy of minimum uniform pre-planting prices
ticd to world market prices, and price stabiliza-
tion through utilization of buffer stocks
(Kandoole et al., 1988). The objcctive was to
restrict maize production to local needs plus a
famine reserve, encouraging maize as a cash
crop only in thosc areas most suitable for its
production. The marketed surplus ncvertheless
remained excgssive. The administration re-
sponded by relaxing the monopoly of the mar-
keting board and reduced its role to that of a
procurement agent for government departments,
commercial orders, industrial and urban mar-
kets, and a strategic reserve. Maize was no longer
produced for export, although the famine reserve
could be exported cach year after the new har-
vest was assured (Kettlewell, 1963; Kandoole
et al., 1988; Brown, 1963).

B. The 1970s: Emphasis on Estate
Agriculture

As in other post-independence African econo-
mies, the major features of Malawi’s pricing
system during the 1970s included government
administration of both input-output and pro-
ducer-consumer price ratios through a market-
ing board with a quasilegal monopsony and
monopoly over sales of agricultural inputs and
commodities. The policy concerns of the GOM
included regulating maize prices so that they
were high enough to stimulate producers but
low enough for urban consumers, taxing export
crops for government revenues, subsidizing
imports like fertilizer and fuel and, reflecting
equity considerations, establishing a pan-terri-
torial pricing regime (Kirchner et al., 1985).
Aggregate figures show high growth rates
for estate production during the 1970s (Lele,
1989a; Kydd and Christiansen, 1982;
Humphrey, 1975; Thomas, 1975). The estate
share of exports grew from 32 percent in 1967
to 65 percent in 1979 and 80 percent in 1981-
82 (Kandoole et al., 1988). The nation’s im-
pressive performance in terms of GDP growth
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was offsct by cvidence of distributional prob-
lems and declining real income of rural house-
holds (Kydd and Christiansen, 1982 Pryor,
1990). Malawi’s agricultural economy during
the 1970s has been termed “dualistic,” with the
majority of farmers using low levels of tech-
nology to producc for their own domestic mar-
ket and a minority using higher levels of tech-
nology to produce for the export market on
cstates. The prevailing view is that a conscious
strategy of promoting estate production to fuel
the national economy and generate much-neceded
revenucs divided agriculture into prospering
cstates that were given preference in the pro-
duction and sale of major export crops, and
smallholders producing mostly local maize for
subsistence.

Consequently, despite substantial invest-
ments in the smallholder sector by donors and
the government, and Malawi’s relatively supe-
rior record in the implementation of rural de-
velopment projects (Lele, 1989a; Sofranko and
Fliegel, 1989), marketed output of most
smaltholder crops and per caput maize produc-
tion appear to have stagnated or declined dur-
ing the 1970s (Lele, 1989b; Kydd and
Christiansen, 1982.)° Flagging internal effective
demand and widening income differentials may
explain why Malawi remained a net exporter of
maize over the period. Lele writes that aithough
an estate bias may have been essential in stimu-
lating growth with limited national resources,
“the quick resumption of overall growth in
Malawi may now be constrained by the extreme
poverty of most of its populace” (Lele, 1989b).

One of the major policy instruments of the
GOM during the 1970s was the official market-

"The reported figures for cash crops appear fairly
inconclusive. Estimated trends for smaltholder output
arc statistically weak. Between competing cash crops
such as tobacco and groundnuts, output responscs to
price changes are expected to express the opposite sign
and the combined results are usually ambiguous. Given
population trends, per caput maize production does not
appear to have kept pace with population growth in that
period.



ing agency whosc role cxpanded over time.
After independence the Farmer’s Marketing
Board (MB) was responsible for marketing,
processing, disposing of agricultural products,
subsidizing agricultural mputs, and providing
adequate price stability in order to protect farm-
ers fron¥ world price fluctuations. In 1971 the
FMB becamc the Agricultural Development and
Markcting  Corporation (ADMARC).
ADMARC was responsible for the buying, stor-
ing, processing and adapting for sale, distribut-
ing, insdring, advertising, and transporting all
products grown for sale on customary lands.
ADMARC played a stabilization role by pro-
viding storage facilities for food reserves and a
food security role by transporting maize into
deficit arcas during the hungry scason. The
government reimbursed ADMARC for the dif-
ference between the prices charged to consum-
ers and the cost recovery price, and selling
prices were nearly always below cost recovery
levels (Kandoole et al., 1989).

ADMARC was also viewed as contributing
to the country’s broader development strategy
by investing the difference between the price
received in the international markets for export
crops and the price paid to producers, in estate
expansion (Christiansen and Stackhouse, 1989).
Smallholder agriculture was implicitly taxed
by maintaining a gap between producer prices
paid to smallholders and international prices
earned for their produce (Christiansen and
Southworth, 1988.).* Estate producers, on the
other hand, sold their products by auction on
the world market and remained largely untaxed

The differcntial between producer and interna-
tional prices for cxport crops consists of processing
charges, markcting costs, differences expressing cx-
change rate disequilibrium, and the proportion heid by
markcting agents above these costs. Smaltholders have
tended 1o receive a relatively small proportion of the
revenucs obtatned by ADMARC from the {inal sales of
their output. Producer/international price ratios for to-
bacco, cotton, and groundnuts, for example, have been
fower than similar ratios cited for Kenya and Tanzania
(Lcle, 1989b).
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(Lele, 1989b). As part of its development role
ADMARC also subsidized farm inputs, includ-
ing sced and fertilizer, which has been an im-
portant aspect of the MOA Rural Development
Plan to encourage smaltholders to increase yiclds
and relcase land for cash crop cultivation with-
out violating sclf-sufficicncy objectives.

With the restrictions imposed on Asian trad-
ers during the 1970s and cross-border trade
opportunities limited by thc weak cconomies of
ncighboring countries, ADMARC increasingly
dominated agricultural marketing and, in most
years, effectively cnjoyed monopsonistic/ mo-
nopolist status (Christiansen and Southworth,
1988.) Although African traders have been ex-
cimpted from restrictions against trading pro-
ducc since 1957, producer-consumer price
margins have been so small that it has not been
worthwhile for large traders to participate
(Kandoole et al., 1988).

With maize®, however, the volume mar-
keted is typically only a fraction of what is
produced. Unofficial markets exist alongside
official markets when the announced prices do
not reflect true supply and demand conditions
- as in the case of maize, most of which has
been marketed by small traders or through di-
rect farmer-consumer or farmer-farmer trans-
actions (Kandoole et al., 1988). One
Agroeconomic Survey report states that al-
though no quantitative data exists, private trad-
ers are believed to have been responsible for
the bulk of inter-district and intra-district local
maize trade and have played an important role
in levelling deficits and surpluses (1979). The
most probable result of the pricing policies
followed during the 1970s was an increase in
maize subsistence production relative to the
production of smallholder export crops.

Kydd and Christiansen also argue that, as a
consequence of low cash crop prices for
smallholders during the 1970s, rates of return to
labor engaged in smallholder agriculture declined.

*Most of which was local maize or improved OP Vs
(synthetics and composites) in the 1970s.
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The labor-intensivity of estate agriculture attracted
labor from small farms. The export of [abor to
South A frica and Rhodesia alsopeaked in the early
[970s, and returning migrants were absorbed into
the growing estate sector as low-paid agricultural
labor rather than into smaliholder agriculture. Lele
(1989b) states that the shortage of land in the
smallholder sector (particularly in the South), dis-
criminatory price and land policies, and the return
of migrants from Zimbabwe and South Africa
have tended to increase wage employment and
tenancy on the estates. Hirschmann and Vaughan
(1983) cite inter-censal figures for the South and
Zomba that indicate a substantial shift of male la-
bor into full or part-year wage employment and
an increase in the proportion of individuals work-
ing on their own holdings who were women.®

A socio-political interpretation of the ef-
fects of strategies pursued by the GOM in the
1970s is found in Hirschmann (1990).
Hirschmann contends that the economic growth
policies pursued by the GOM in the 1970s
reduced the choices available to subsistence
farmers, their autonomy, their capacity to inno-
vate, and their nutritional security. Smallholder
options were limited by policies such as
ADMARC’s monopoly over sales and purchase
of smallholder crops, differential rights to grow
and sell export crops, and the design of the
credit system, combined with the reduction in
the opportunities for migrant contract work.
Pryor concludes that the increasing inequality
of income in Malawi from 1968 to 1986 re-
flected growing differentials within the rural
sector rather than between the urban and rural

¢Kadyampakeni offers a dissenting view by argu-
ing that the estate and smallholder sectors are not dual
but symbiotic. The estates have been the greatest em-
ployers of wage labor in Malawi, providing part-time
jobs with supplementary income to smallholders.
Kadyampakeni claims that disguised unemployment
cxplains why men from the very early colonial period
sought work as migrant laborers. Since 1974 when they
have worked for a shorter time at closer proximity, they
have been able to contributc more substantially to pro-
duction and livelihood on their small holdings.
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scctors. Although Malawi was one of the few
African countries to consciously pursue a de-
velopment strategy favoring the agricultural
sector, the government provided the greatest
assistance to the richest smallholders and the
public and private estates. According to Pryor,
“it was the wager on the strong that led to
widening rural income differentiation” $p.30).
i

C. The 1980s: Renewed Emphasis on
Smallholder Production

In 1979 Malawi’s economy suffered from sev-
eral “external shocks.” These included the sec-
ond oll price increase, decreased tobacco prices,
a drought which resulted in food imports, and
the war in Mozambique which led to increased
input transport costs. The combined result was
an increase in the current account deficit and
debt service ratio, requiring the nation to pro-
duce a larger volume of exports to maintain its
real income (Lele, 1989b).

[n response to these problems, the struc-
tural adjustment programs conceptualized dur-
ing the early 1980s and enforced by donors,
emphasized the redress of account imbalances
through increasing output (rather than contract-
ing demand), reforming trade policies, liberal-
1zing markets and reforming parastatals, and
gradually moving toward border pricing. Rather
than fiscal and monetary restraint, the loans
extended financing to sustain both recurrent
and development budgets. For example, the
1981 SAL I was designed to diversify foreign
exchange sources and promote smallholder pro-
duction for export. In addition to this objective,
the 1983 SAL I stipulated input price changes
such as phased removal of the fertilizer subsidy
and shift toward high-analysis fertilizers (Sahn
and Arulpragasam, 1991)7

"Largely because of increased transport costs, the
subsidy removal coincided with rapidly rising fertilizer
prices. Unwilling to pass these costs on to smallholders,
the GOM subscquently abandoned the program.



SAL I-I1l had as conditions reforms in the
structurc and operations of ADMARC. Finan-
cial problems resulting from excessive staffing,
costly external and domestic transport and, in
1985, a liquidity crisis that resulted in ADMARC
borrowing to finance crop purchases, also en-
couraged the government to pursuc market pri-
vatization initiatives. The goal of the privatiza-
tion program 1s for ADMARC to provide price
support by acting as a buyer of last resort until
the private sector assumes a greater share of
marketing activity. As a first step, farmers’
clubs, traders, and other private sector opera-
tors were asked to perform secondary market-
ing operations by offering differential prices
between ADMARC’s primary marketing fa-
cilities and smaller, more 1solated buying points
(Christiansen and Stackhouse, 1989).

The current account and budget deficits
appear to have declined as a percent of GDP,
but aggregate figures suggest that neither estate
nor smallholder production demonstrated a sup-
ply response (Lele, 1989b). Several authors
have therefore concluded that, although the
policy emphasis on pricing changes have been
necessary, they are not sufficient to “resuscitate
smallholder production (Lele, 1989b; Sahn and
Arulpragasam, 1991; Christiansen and
Southworth, 1988). As pricing reforms have
progressed, the importance of non-price factors
in stimulating smaltholder foodcrop and export
production has again become evident to do-
nors.

Sahn and Arulpragasam also question the
efficacy of the pricing reforms. Output price
increases for tobacco and maize were “erratic
and reactive,” and real prices of smallholder
crops such as maize, tobacco, groundnuts, and
cotton actually declined. After the drought the
government raised the official maize producer
price by 68 percent in 1981/82, resulting in a
growing maize surplus and maize exports un-
dertaken at a loss. Under the SALs in 1981 and
1983, donors realigned smallholder producer
prices away from maize toward groundnuts,
tobacco, and cotton.
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Further, they argue that the degree of im-
plicit taxation of smallholder export crops fell
because of falling world commodity prices
rather than higher domestic prices. Consumer
prices were subsidized, but the index of the

official consumer price to the official rural

minimum wage fluctuated over the 1980s and
was generally high, eroding the purchasing
power of food-deficit rural households.
Whether open market access (market liber-
alization) implies greater food security has also
been questioned (Sahn and Arulpragaéam, 1991;
Bowbrick, 1988; Lavers, 1988). Open market
retail prices are consistently higher than
ADMARC prices in any season, and express
wide seasonal variation. Poorer consumers tend
to be farther from the ADMARC distribution
sites and farm households that produce a small
volume of maize output relative to their needs
are less likely to benefit from interseasonal
price differentials. ADMARC outposts have
difficulty maintaining supplies during the peak
demand period that precedes the maize harvest,
causing the real cost of obtaining maize to rise
far higher than the nominal price. In at least
some zones, private traders are an insignificant
source of food supplies during the hungry sea-
son because they sell their grain immediately
after purchase at harvest time (Kaluwa, 1990).
From a small farmer’s viewpoint, the most sa-
lient result may be that he or she can no longer
sell harvested maize to meet immediate cash
needs, transfer the costs of maize storage to
ADMARC, and purchase the maize needed

during the hungry season (Agroeconomic Sur-
vey, 1979; Bowbrick, 1988).* For many farm
households, ADMARC essentially provided a
credit facility with better terms than can be
found in their villages (Lavers, 1988).

“In the past, farmers could scll denty hybrid output
to ADMARC at harvest and purchasc local maize when
their local maize stocks were depleted, cffectively trans-
ferring the private costs of unstorable denty hybrids to
ADMARC and cxchanging them for the preferred va-
ricty at a lower price than they would have to pay on
local markets.



Christiansen and Stackhouse report that a
varicty of other administrative and logistical
problems have plagued the privatization scheme.
The possibility of large storage losses through
improper handling of maize by traders and the
question of ADMARC’s nability to purchase
cnough maize to insure national food sccurity
have also becen raised. They contend that the
cost-trimming program of eliminating “redun-
dant” markets on the criterion of volume of
sales is unsound from a development perspec-
tive. A market may be low volume but service
an area that is developing its potential to pro-
duce cash crops, and for which no other market
catchment exists. A case in point might be
some areas in the more sparsely populated
Northern District where hybrid maize is a com-
petitive cash crop for smallholders.

Most conclude that what is needed to stimu-
late a marketed output response by smallholders
is a nexus of technical changes, adjustments in
the differential rights over the production and
export of tobacco, improvements in the cover-
age of the credit system, control over diversion
of land from smallholders, integration of prod-
uct and input market markets, and a period of
price and supply stabilization. Among all these
authors, one of the major points used to demon-
strate inefficacy of reforms is that maize output
per caput has stagnated during the period of
price reform except for the 1981/82 season in
which maize prices were abruptly increased
relative to other smallholder crop prices. In-
creases in output have resulted from the expan-
sion of maize into the last remaining cultivable
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area rather than improved yields. They con-
clude that only land-augmenting technical
change (seed-fertilizer transformation) can gen-
crate pricc-responsiveness in the aggregate sup-
ply curve.

The fundamental problem with this percep-
tion is that, because maize is produced in a
houschold production process as the primary
starchy staple, an incrcase in price can lead to
a decrease in marketed maize and a welfare
loss for households who are net buyers of maize
(food-deficit households). To assure their sub-
sistence requirements under conditions of pro-
duction and marketing uncertainty, farmers may
actually sow a greater proportion of their farm
area in maize as the price increases. Even after
market liberalization, prices convey little rel-
evant economic information for decision-mak-
ing and farmers may not appear highly price-
responsive even for hybrid maize which remains
more of a cash crop than local maize (Smale,
1992). The quality and reliability of rural mar-
keting infrastructure, although high by sub-
Saharan standards (Sofranko and Fliegel, 1989),
affects aggregate response to price incentives
(Sahn and Arulpragasam, 1991).

Limited changes in marketed maize output
or even in actual maize production per caput
may mask underlying technical changes within
regions and farm households. The second prob-
lem with the findings reported in the cited
sources 1s that, because of their emphasis on
national data, technical changes that have oc-
curred in maize production are less perceptible.



