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ABSTRACT

THE ECONOMIC IMPACT OF IMPROVED MAIZE VARIETIES
IN ZAMBIA

By

Julie Ann Howard

This study examines the impact of research investments by the Zambian
government and international agencies that led to the development and adoption of ten
improved maize varieties. Maize research impact was assessed from three levels.

First, results from an adoption survey of 462 small- and medium-scale farmers in major
maize-growing districts of the three agroecological zones were used to calculate an
average rate of return (ARR). Because farmer adoption was heavily influenced by non-
research complementary investments, their costs were included in the ARR calculation.
Second, numerical simulation was used to estimate the effect on the ARR and other
indicators if key marketing and price policies had not been in place. Third, the study
examined the historical interplay of institutional and organizational factors that led to the
initial choice of maize policies and affected their sustainability.

Adoption of improved maize varieties by farmers was rapid and extensive
following their introduction in 1984-85. By 1992, 60 percent of small/medium farmer
maize area was planted to improved varieties. Despite these high adoption rates,
including research, extension, seed and marketing costs in the analysis resulted in a
Degative ARR for 1978-91. Marketing costs were pivotal; when these were excluded,

the ARR exceeded 100 percent.
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The numerical simulation suggests that the ARR to investments in research,
extension and seed in the absence of marketing policies would have been substantially
higher, from 126-139 percent. However, the distribution of benefits from technology
adoption would have differed significantly. Marketing policies shifted maize production
from large to small farmers, and from areas adjacent to the line-of-rail to more remote
regions. Economic surplus for small, remote farmers increased with improved
technology and complementary investments, but urban consumers were the primary
beneficiaries of the maize policies: estimated consumer surplus was ZK 839 million,
compared to total producer surplus of negative ZK 61 million.

The institutional analysis showed how maize investments were intended to
solidify support for Kaunda’s UNIP party and extend development opportunities to a
segment of the population that benefitted little from colonial mining-centered
development. They represented an attempt to shift comparative advantage in favor of
the remote smallholder, as construction of the railway line and subsequent reduction of
transportation costs did for adjacent farmers in the early 1900s. However, the post-
Independence maize programs were unsustainable because they merely shifted high
transformation/transaction costs from one societal group to another instead of lowering

these costs for society as a whole.
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CHAPTER ONE

INTRODUCTION

1.1. Problem statement and objectives

Maize is Zambia’s most important crop. Seventy percent of crop area is planted
to maize. It represents more than two-thirds of the value of all marketed food
production, and 60 percent of the value of all crop production. The need t§ provide
Zambia’s politically important urban population' with a dependable source of cheap
food, and a desire to improve small farmer incomes, motivated considerable investment
in maize varietal research by the Government of Zambia (GRZ) and other organizations
beginning in the late 1970s. These investments led to the release of ten improved
hybrids and open-pollinated varieties from 1984-88.

This study examines the impact of these research investments, hypothesizing that
the spread of the new technology was integrally linked to concurrent investments in
extension, the seed industry, marketing and price policies that critically influenced
farmer adoption decisions. A combination of quantitative and qualitative methods is
used to evaluate the effectiveness of maize research investments in the context of

policies and organizations that facilitated technology adoption.

I Zambija is one of sub-Saharan Africa’s most highly urbanized countries; over 50
percent of the total population of nine million lives in cities (World Bank 1993).
Urbanizatjop is linked to the historical predominance of copper mining, rather than
agriculture, jn Zambia’s economy.
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The issue of how complementary investments influence the pattern of technology
adoption has current as well as historical relevance. Liberalization of maize marketing
beginning in the 1992-93 season caused sweeping changes in the availability of
marketing services that have already begun to affect the geographical distribution of
maize production.

The specific objectives of the study are to:

1) calculate the rate of return to previous investments by the GRZ and
donors in maize technology development and dissemination in Zambia;

2) determine the distribution of benefits from these investments between
different producer groups, and between consumers and producers; and to

3) examine the impact of key policy and other institutional and
organizational factors on maize research and technology transfer.

1.2. Justification
1.2.1. Agricultural research in economic development

Agricultural research leads to discovery and diffusion of new technology, which
plays a critical role in facilitating general economic development. Among the
contributions that the agriculture sector can make to overall development are: (1)
providing food; (2) supplying capital, especially for the development of the nonfarm
sector; (3) providing labor for the expansion of nonfarm activities; (4) supplying foreign
exchange from export earnings to facilitate the purchase of critical inputs from abroad;
and (5) providing a market for the products of the nonfarm sector (Ramalho de Castro
and Schuh, 1977; Mellor, 1976).

The development of cost-saving technology is a key to this process, first because

it can convert agriculture from a subsistence to a surplus-producing sector, and second
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because the nature of the technology and its pattern of adoption can predetermine the
path general development will take. The point of technical change is not just to develop
agriculture in its own right, but that technical change and agricultural growth can
promote a network of consumption, production and fiscal linkages between agriculture

and non-agricultural sectors that will lead to general development of the economy.

1.2.2. Maize research and dissemination in Zambia

Investments in maize improvement research by the government (GRZ) and
various international agencies, including the United States Agency for Interxiational
Development (USAID), the Swedish International Development Authority (SIDA), the
Food and Agriculture Organization of the United Nations (FAO), and CIMMYT
(International Center for Maize and Wheat Improvement) resulted in the release of eight
new hybrids and two new open-pollinated varieties in the mid 1980s. These hybrids
and varieties were produced and widely distributed by the new Zambian seed company,
Zamseed, in collaboration with the GRZ-supported network of cooperative depots.

Adoption of the new maize varieties and expansion of maize area was affected
by an array of government policies, including subsidized fertilizer and panterritorial,
panseasonal producer prices for maize, together with direct provision of input and
product marketing services. The government of Zambia served as the de facto
monopoly buyer of maize, first through a marketing board and later the cooperative
system, from independence until 1992. Consumer prices for the primary maize product,
mealie meal, were also heavily subsidized.

The availability of new hybrids and open-pollinated varieties suited to a wider

range of agroecological zones, and the producer policies and marketing arrangements,
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together encouraged the expansion of commercial maize production among small and
medium-scale farmers in areas that had traditionally produced crops other than maize,
and frequently in areas far from the line of rail or cities where the maize was to be
consumed. Small farmer share of maize production increased, from 43 percent of total
marketed maize in 1969 to 74 percent by 1980, and to 80 percent by the late 1980s

(Wood 1990, 34; GRZ 1990, 30).

1.3. Overview of the study

The remainder of Chapter One, and Chapters Two and Three, describe the

agroecological and socioeconomic environment of maize production and maize research.
Zambia’s farmers and farming systems are characterized in Chapter Two. Chapter
Three sketches the process through which ten improved maize varieties were developed
in the late 1970s-early 1980s.

Chapters Four and Five examine the evidence on maize technology adoption and
the rate of return to maize research and complementary investments. Chapter Four
presents findings from a survey of small and medium-scale farmers on their use of
improved maize varieties and complementary services such as extension and marketing
facilities. Conclusions drawn from the survey and secondary reports on improved maize
area, yield improvement, and costs of research and related services, are used to
calculate an average rate of return (ARR) to the package of maize investments in
Chapter Five.

Chapters Six and Seven discuss the political economy of maize research and
complementary investments in Zambia. The effect of policies on the geographical

distribution of maize production, and on distribution of producer and consumer surplus,
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is examined through numerical simulation of a without-policy scenario in Chapter Six.
Chapter Seven outlines the political motivation behind key maize sector policies and
analyzes the organizational characteristics that bonded with these political factors to
contribute to the economic unsustainability of the parastatal maize system.

Chapter Eight draws on study findings to formulate policy implications for GRZ,
the Zambian private sector, and foreign agencies regarding maize research and related
organizations. Finally, Chapter Nine presents a summary and major conclusions of the

study.

1.4. Background: maize production in Zambia

Maize has been grown in southern Africa since the 16th century, when it was
introduced by Portuguese traders. It was reportedly a staple in Zambia’s Luapula
Province by the end of the 1700s, and was introduced about the same time to Western
Province by Angolan traders (Figure 1; van der Bijl 1987, 10-11). Small farmers
traditionally grew maize as one of a mixture of crops that also included sorghum,
millet, pumpkins and groundnuts; it did not become dominant in most systems until the
arrival of European colonizers in the 1900s (Blackie, undated).

Unlike elsewhere in sub-Saharan Africa, agriculture has been relatively
unimportant in Zambia’s economy, contributing only 14 percent of Gross Domestic

Product (GDP) in 1988 and 16 percent in 1991 (Table 1, World Bank 1993).2

2 This compares to an average of 31 percent for all sub-Saharan countries.
Agriculture’s share in Zambian GDP is increasing: it was just 8.3 percent in 1964 and
11 percent in 1970. The sector is an important employer and source of income for most
Zambians. Two-thirds of the labor force is employed in agriculture and about 60
percent of the population depends on agriculture for subsistence (Jansen 1982; World
Bank 1992, 1993).
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Former President Kaunda often said, "We Zambians were born with a copper spoon in
our mouths” (Pagni 1990, 38). Zambia has been one of the world’s major exporters of
copper since before independence in 1964. Its economy grew at a rate of 12 percent
annually until it was dealt a double blow in the mid-1970s, when world copper prices
declined by 40 percent while imported fuel costs skyrocketed (Jansen 1988, 5). Since
then, Zambian copper production has declined by 30 percent due to low price levels,
declining reserves and falling ore quality. A major structural shift took place between
1970 and 1985, when the mining sector portion of GDP dropped from 36 to 16 percent
while service and manufacturing sector shares rose (Table 1). Significantly, copper and

later other industries attracted many to urban areas in the Copperbelt region of north-

Table 1: Zambia: Percentage of Gross Domestic Product by sector, 1965-88

1965 1970 1975 1980 1985 1988

(current prices)

Agriculture, 14 11 13 16 15 14
forestry and fishing

Mining, quarrying 41 36 14 14 16 15
Manufacturing 7 10 16 18 23 25
Construction, other 6 8 12 5 4 3

industry

Services, other 32 35 45 47 44 43
GDP 100 100 100 100 100 100

Source: World Bank, 1992
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central Zambia and the capital, Lusaka. Heavy government involvement in all phases of
maize production and marketing from the colonial period until 1993 was justified in part
because of the need to secure an inexpensive source of food for the urban areas.
Interventions included the promotion of maize production through a series of
investments in research, extension and the seed industry, and the implementation of
marketing policies that dramatically affected the pattern of maize production and
consumption.

The investments and policies began to bear fruit in the mid 1970s, when maize
area, production and marketing rose markedly (Table 2; Figures 2, 3). Maize area
grew from less than 250,000 hectares in the mid-1970s to nearly 800,000 hectares in
1988-89. Production more than tripled in the same period, from 600,000 to 1,997,000
tons.

During the 1970s and 1980s, two important and related changes occurred in
Zambian maize production. First, production shifted gradually from large commercial
farmers to the small and medium-scale sectors. Between the early 1970s and the late
1980s, the small and medium-scale share rose from 60 to 80 percent of total maize
production (GRZ 1990, 34).

Higher fertilizer prices, combined with GRZ’s increasing inability to manage the
logistics and cost of timely credit provision, physical input delivery, and collection and
payment for produce, contributed to farmers’ disenchantment with maize production.
These factors led to a significant decline in maize area and production in the late 1980s,

worsened by the disastrous region-wide drought of 1991-92 (Figure 2, Table 2).
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Table 2: Maize area, production and sales, 1963-93

Year Area (ml.ha) Production Off. Purch. Yield (tons/ha)
(ml. tons) (ml. tons)

1963-64 .189
1964-65 252
1965-66 378
1966-67 .369
1967-68 .243
1968-69 252
1969-70 267 .268 126 1.01
1970-71 .396
1971-72 .852 .589
1972-73 4
1973-74 1.03 .589
1974-75 212 .60 .56 2.83
1975-76 1.31 751
1976-77 1.36 .697
1977-78 1.12 .582
1978-79 467
1979-80 .540 .636 .49 1.18
1980-81 .693
1981-82 Sl
1982-83 434 .867 452 1.99
1983-84 .564 .93 .607 1.65
1984-85 576 1.214 .65 2.11
1985-86 532 1.427 .955 2.68
1986-87 .659 1.003 .657 1.52
1987-88 .692 1.834 1.349 2.65
1988-89 797 1.997 1.36 2.5
1989-90 .668 1.464 .893 2.19
1990-91 .579 1.448 .81 25
1991-92 .662 .486 .261 .73
1992-93 .633 1.6 927 2.53

Sources: Wood 1990 (1964-69, 1971-74, 1976-1979, 1981-82); World Bank 1992 (1970, 1975, 1980);
Central Statistical Office 1973-92 .

N.B. FAO data (1993) show higher area and production levels for the early 1970s, .992 min hectares and

.786 min tons for 1969-71. These data seem inconsistent with official maize purchases for this period,

Which may be the most reliable indicator of production levels before CSO monitoring capabilities were

Strengthened beginning in the late 1970s.
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Second, the geographical and agroecological pattern of maize production changed during
the 1980s. The national market share of Central Province decreased, while market
shares of Copperbelt, and the more remote provinces of Northern, Luapula,
Northwestern and Eastern all increased (Table 3). By 1988 Northern Province maize
sales had increased by 2,600 percent over average sales during the late 1960s, while the
average increase from other provinces was about 400 percent. Its national market share
grew from two percent in the post-independence to late 1970s period, to 15-16 percent
by the late 1980s. In Eastern Province, maize production doubled between 1979-85
(Table 3; Behnke and Kerven 1989, §5; Jha et al. 1991, 173).

The data show a partial migration of maize production from the areas of
agroecological Region II that are centers of large-scale production, close to major urban
areas, to the more remote areas of Regions II and III, which are dominated by small
farmers (Table 3, Figure 4). The shift is significant because efforts to improve maize
varieties and disseminate improved technology beginning in the late 1970s focused on
extending the range of high-yielding maize production beyond the boundaries of the

best-suited agroecological region and larger farms.
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Table 3: Provincial shares of the national maize market, 1970-93

Year Central CBelt Eastern  Luapula  Lusaka Northem NWest  Southerm Western
(percent)

1969-70 60.6 0.4 1.0 1.3 3.8 1.0 31.0 0.8
1970-71 58.6 0.7 34 0.6 1.4 0.7 33.8 0.6
1971-72 59.9 04 4.7 0.4 1.0 0.6 32.8 0.3
1972-73 54.5 29 10.9 0.6 1.3 0.5 29.0 0.3
1973-74 59.0 0.4 9.2 0.2 0.9 0.5 293 0.5
1974-75 458 0.5 124 0.3 1.8 0.5 37.6 1.2
1975-76 47.0 0.9 1.1 0.3 22 0.5 37.0 1.0
1976-77 429 0.8 13.3 0.4 2.7 0.4 38.3 1.1
1977-78 37.5 0.8 11.9 0.5 3.1 0.5 45.0 0.6
1978-79 31.5 1.1 13.6 0.5 3.1 0.8 48.6 0.9
1979-80 334 0.8 15.9 0.4 4.2 33 0.3 414 0.3
1980-81 34.6 0.5 15.4 0.7 3.8 43 0.6 39.7 0.6
1981-82 329 1.2 224 0.9 3.8 11.4 0.9 28.9 0.7
1982-83 38.0 1.5 27.1 0.7 3.7 10.9 0.9 16.3 0.9
1983-84 334 2.1 29.1 1.1 3.0 11.8 1.1 16.9 14
1984-85 31.6 34 25.2 0.8 3.8 10.4 1.1 224 1.3
1985-86 30.7 3.7 224 1.0 5.3 6.4 0.8 284 1.5
1986-87 29.0 7.1 27.6 2.1 5.1 12.7 1.6 13.6 1.3
1987-88 279 4.0 24.6 1.6 5.1 10.6 1.6 229 2.1
1988-89 26.3 3.7 27.3 3.0 3.9 10.2 2.1 21.1 24
1989-90 25.6 5.9 19.2 33 4.8 15.2 1.4 221 2.6
1990-91 30.4 7.8 18.5 4.0 4.7 16.1 1.1 12.6 4.8
1991-92 30.7 11.7 7.1 55 1.3 36.2 29 2.1 25
1992-93 17.8 4.8 20.3 24 4.5 8.0 2.8 32.1 7.3

Sources: GRZ 1970-83 annual reports of the extension branch, cited in Mumeka 1991, 78-9; GRZ 1990; Central
Statistical Office 1990a-93a.



CHAPTER TWO

ZAMBIA’S FARMERS AND FARMING SYSTEMS

2.1. Types of farmers
In much of southern Africa, including Zambia, colonization introduced modern

commercial large-scale farming systems that evolved alongside the traditional small-

scale systems. Today, there are three major categories of farmers in Zambia. Small-
scale or traditional farmers cultivate less than five hectares and consume most of their
produce, using mainly hand hoes and few external inputs. Seventy-five percent of
Zambia’s 600,000 farm households are small-scale, working more than 60 percent of
the total cropped area. In provinces where there has been a heavy out-migration of
male labor to the copper mines, including Luapula, Northern and Western Provinces,
more than one-third of the farm households are headed by women. Medium- (5-20
hectares) and large-scale farmers (over 20 hectares) use improved seeds and fertilizers,
__A

make use of animal draft power and tractors, and sell most of their production (World

Bank 1992, 8; GRZ 1991a, 19; Kean and Singogo 1989, xxxiii).

2.2. Land tenure

Zambia’s total land area of 752,614 square kilometers is divided into three
categories: State Land, Reserves, and Trust Land. About 6 percent of all land is
designated as State Land, called British Crown Land during the colonial period, lands

taken from the indigenous population and reserved for European settlement. Most State
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Land is concentrated 30 kilometers on either side of the line-of-rail from Livingstone to
the Copperbelt, with other sites near Chipata, Mbala and Mkushi (Figure 1, Chapter 1).
These areas are close to the major urban markets, contain the country’s best soils, and
are free of tsetse fly. They remain the locus of large-scale commercial farming in
Zambia today (Mwila 1986, 119; Milimo 1991, 129; World Bank 1983, 5).

The Land Act of 1975 did away with freehold title and private land ownership,
and authorized the President to administer all lands on behalf of the Zambian people. A
statutory land rights system for State Land was established under which leases could be
granted for periods up to a maximum of 100 years. These leases are usually for urban
sites and commercial farming areas around Lusaka and in Central, Southern, Eastern
and Copperbelt Provinces (Mwila 1986, 119; Milimo 1991, 129; World Bank 1983, 5).

Most small- and medium-scale farms are located on traditional or Trust Lands,
which make up over half of total land area and are governed by customary law. The
lands belong to the resident community and are administered by the traditional rulers,
chiefs and headmen. Individuals have a basic right to use land, and households are
allocated individual plots for dwellings and cultivation of crops, while grazing land is
held communally. Once land is allocated, it usually remains in the same family for
generations. Under the traditional system, no title deeds are given, but in recent years
many farmers have applied for registered title deeds, especially in areas near market
centers. Fundamental revisions of the land tenure system are being considered by the
current government (Milimo 1991, 130; Noragric and IUCN 1989, 71; World Bank

1983, 5).
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Reserve Land is land set aside for public use, and makes up about one-third of
Zambia’s total area. It includes national parks, game management areas and protected

forests (World Bank 1983, 5).

2.3. Agroecological regions

Zambia is located in the savanna ecological zone, and subdivided into three
major agroecological regions (Figure 4). Rainfall varies from under 700 mm annually
in the southern Zambezi valley near the Zimbabwean border in Region I, to over 1400
mm in parts of Northern Province in Region III. Region II’s annual rainfall (800-1000
mm), good soils and proximity to Lusaka and the Copperbelt markets make it the most
favorable region for maize production.

The rainy season usually begins in late October and lasts until March in southern
Zambia, slightly longer in the north. Elevations range from 300 to 1,300 meters above
sea level, with most of the country between 900-1,300 meters. Much of the country is
covered with miombo woodland, but there are also large areas of grassland and swamp
(Veldkamp et al. 1990, 63).

Ih contrast to other countries in sub-Saharan Africa, most of Zambia’s arable
land remains uncultivated. Only about two million of an estimated nine million hectares

of arable land are cropped or fallowed.

2.3.1. Regionl
2.3.1.1. Location and climate
Semi-arid Region I includes areas of southern, eastern and western Zambia:

specifically, the Gwembe and Lunsemfwa Valleys, and central and southern Luangwa
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Figure 4: Agroecological regions

Valleys, and central and southern Luangwa Valley. These dry valleys are the lowest-
lying areas in the country, with elevations of 300-900 meters above sea level. Mean
aﬁnual rainfall in Region I ranges from 600 to 800 mm (GRZ 1991a, 32).

The Gwembe, Lunsemfwa and Luangwa Valleys are part of the Luangwa-
Zambezi Rift Valley Zone, formed by the rift system along the Luangwa River and the
Zambezi Valley below Livingstone. There is little agriculture along the escarpment, but
there are areas of better quality valley soils along the Luangwa River and in the

Gwembe Valley. The climate is hot and humid most of the year (World B