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ABSTRACT

LESSONS FROM ETHIOPIA’S HIGH-INPUT TECHNOLOGY
PROMOTION PROGRAM: HOW THE ORGANIZATION OF THE
FERTILIZER SUBSECTOR AFFECTS MAIZE PRODUCTIVITY
By

Julia Caley Stepanek

Given high population growth rates, subsistence, low-input agriculture, and
consequent low and stagnant incomes, a challenge for economists and development
practitioners in Sub-Saharan Africa is to identify sustainable models of input intensification
to promote agricultural productivity. Ethiopia is used as a case study of .how one county’s
experience with the challenge of introducing smallholders to high-input technologies and
simultaneously making steps to liberalize the agricultural output and input markets.

Ethiopia is one country where fertilizer use has increased dramatically since the
early 1990s. This success has been largely attributed to aggressive promotion of a high-
input farm technology package first promoted through the Sasakawa/Global 2000 (SG)
Program and later incorporated on a much larger scale into the government’s New
Extension Program (NEP) (accounting for roughly 76 percent of imports and 30 percent

of rural households in 1998).



Qualitative and quantitative survey work in 1998 revealed that it is questionable
whether extension, credit, ahd input markets were sufficiently developed to sustain long-
term productivity gains in maize production. The NEP acts as a surrogate for the credit
and input markets—often compromising the development of the improved seed and
fertilizer open markets, and private initiatives to extend smallholder credit.

There were signs in 1998 that there was an unmet demand for credit and
administrative delays in issuing credit led to delayed fertilizer deliveries. The quality of
extension was also suspect. A household fixed effects yield model revealed that quality
extension (timing and appropriate interaction between inputs) is an important component
of using the high-input technology efficiently. However, in 1998 the number of farmers
per extension agent in the NEP far exceeded the ratio under the SG program, thus likely
hindering the quality of extension.

Another concern regarding long-term production of high-input technology is
whether the input market in 1998 forced many farmers to pay artificially high prices for
fertilizer. Institutional change by introducing more competition in the retail market is one
avenue for developing a lower-cost fertilizer market. A hedonic fertilizer price
determinates model revealed that fertilizer prices are significantly higher in areas of the
country where governments appointed markets relative to regions where a fertilizer
auction was implemented. It is also possible to reduce costs through changes in the
organization of importing and wholesaling by taking advantage of the seasonal price
trends for fertilizer on world markets, as well as in domestic transport rates. Simulated

farm budgets revealed that the proposed cost-reducing changes can reduce the risk and

improve the profitability of adopting the high-input technologies.
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CHAPTER 1

INTRODUCTION

Approximately ninety percent of Sub-Saharan Africa’s (SSA) rural population is
currently considered poor (Pinstrup-Andersen and Delgado 1994). The sources of this
poverty include low agricultural productivity due to declining soil fertility, rising
population density, and low levels of commercial input use. Continued low agricultural
productivity and rapid population growth together imply that food security in the region
will remain threatened.! SSA food production per capita declined at a rate of more than 2
percent per year from the late 1970s to the early 1990s (Badiane and Delgado 1995). The
projections of future productivity are equally as bleak. Africa’s population is projected to
almost double between 1995 and 2020. By 2010, 70 percent of the world’s food-insecure
people will be in SSA; every third person in the region is likely to be food-insecure,
compared with every eighth person in South Asia and every twentieth person in East Asia
(Pinstrup-Andersen et al. 1997).

Development theorists concur that agricultural intensification (the use of yield-
enhancing technologies to increase production) can help increase rural incomes and in

general, lead to an agricultural structural transformation--the transition from a low-

1“Food security exists when all people at all times have physical and economic access to
sufficient food to meet their dietary needs for a productive and healthy life” (USDA
1996:2).
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income, low-productivity, subsistence-oriented economy to one characterized by
specialized, high-input agriculture and a rise in rural incomes (Timmer 1990). An
agricultural transformation is usually necessitated by increasing population density and
increased land scarcity, which both put pressure on agricultural sectors to adopt intensive,
high-input technologies (Boserup 1961, 1981). The rising incomes that generally
accompany the use of high-input technologies, in turn, stimulate consumer demand for
market goods and thus facilitate a structural transformation of the economy (Mellor
1990).

The development of the Asian economy provides evidence of the potential for
technology to pave the way for economic development in SSA: The main lesson of the
Green Revolution in Asia (and in Latin America) is that the “adoption of yield-increasing
technologies is a ‘plus-plus’ solution, since it can increase food production and farmer
incomes, while reducing the cost of food to consumers and improving diets, i.e., it can
result in economic growth and poverty reduction simultaneously” (Borlaug and Dowswell
1995).

For over a decade, the Sasakawa-Global 2000 (SG) program, in partnership with
African governments,? has promoted the Green Revolution approach to development by
introducing African farmers to high-input technologies such as improved seed and
fertilizer. Through a collaborative effort, the Sasakawa Foundation (recently renamed the

Nippon Foundation), The Carter Foundation’s Global 2000 program, and Norman

SG programs have operated in Ghana, Benin, Togo, Nigeria, Guinea, Mali, and Burkina
Faso in West Africa, and Ethiopia, Eritrea, Tanzania, Mozambique, Sudan, Uganda, and
Zambia in Central, East and Southern Africa.

2
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Borlaug, the Nobel Peace Prize laureate, have demonstrated the potential for high-input
technology to raise foodcrop productivity across SSA. Pilot programs that introduce
high-input technologies through half-hectare farm-managed demonstration plots have had
significant success in raising yields, net incomes, and returns to labor for a variety of food
crops.

Unfortunately, SSA has had limited success in achieving long-term adoption of
improved agricultural technologies by farmers. SSA governments have a history of
supporting agriculture through direct subsidies for fertilizer and input credit, and also
sometimes through grain purchases at above-market prices. They also have a history of
introducing farmers to new technologies through various pilot programs in which
government agents or parastatals provided extension education and delivered inputs.
However, the high costs of maintaining these programs and expanding them to the general
population often resulted in severe budget deficits. In many cases, governments were
forced to withdraw support; and “disadoption” of the new technologies frequently
followed since input markets were not sufficiently developed to encourage sustained use
(Jayne and Jones 1997; Eicher 1985; Howard and Mungoma 1997).

Agricultural productivity growth in SSA in the 21* century will come from a
political commitment to creating open markets and strengthening the institutions’ that
reduce the cost of transactions (North 1989). Developing the necessary African political

commitment to agriculture is a key challenge: “Africa has never been given a chance to

T“Institutions are rules, enforcement characteristics of rules, and norms of behavior that
structure repeated human interaction” (North 1989:1321).
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succeed. Colonial control protected special-interest agriculture, as have newly
independent African governments. Only today is Africa opening to market-based national,
regional, and global opportunities” (Stepanek 1999:108). African governments are
challenged to enter a partnership with the private sector to encourage long-term
productivity gains.

At the dawn of the 21" century, the challenge to SSA countries to improve
agricultural productivity, increase food-security, and reduce rural poverty remains. The
need for a solution is increasingly urgent. This research used Ethiopia as a case study to
observe one country’s experience with introducing high-input technologies to farmers
while simultaneously trying to liberalize input and output markets in order to ensure long-

term, sustainable productivity gains and an increase in rural incomes.

1.1  The Ethiopian Situation—-Moving Toward a Solution?

Food security in Ethiopia over the last few decades has been threatened by two
periods of famine® severe enough to warrant international attention. In the mid-1990s, an
estimated 52 percent of Ethiopia’s population was food insecure (i.e., below the poverty
line) as defined by the Federal Democratic Republic of Ethiopia (FDRE)’ (1996). There is

some evidence in Ethiopia of a transition from an agricultural system based on traditional

$Famines occurred in 1973 and 1984/85.

*The Transitional Government of Ethiopia (TGE) changed its name on August 23, 1995 to
the FDRE.
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technologies to one based on improved technologies. This transition has been quite
recent, however, and it is not yet clear that it will be complete.

The index of per capita food production in Ethiopia grew from 98 to 106 between
1993 and 1996, but then dipped to 103 in 1997 (FAO 1997)."° The aggregate production
of key food crops increased dramatically during the last decade: wheat increased by 111
percent, sorghum by 44 percent, barley by 35 percent, maize by 30 percent, and tef by 14
percent (CSA 1990/91-1997/98). Increases in cropped area contributed somewhat to this
growth in production, but given the already high population density'' and growth rate (3
percent per annum), future increases in production are unlikely to come from area
expansion. Good climatic conditions in the mid-1990s may also have accounted for some
of this improvement,'? but there was also significant growth in fertilizer consumption
(from 29,668 tons to 168,23 tons between 1981 and 1997 (NFIA 1998)). Much of
Ethiopia’s increase in fertilizer use and some of the growth in production has been
attributed to the use of the Sasakawa Global 2000 (SG) model, first as a pilot program
limited to fewer than 3,200 farmers and later as a major national extension program (NEP)
that had a goal of 3.6 million participating farmers for the 1998 cropping season (out of a

total of about 10 million rural households).

"®The decline in 1997 may be due to the fall in production by 26 percent from 1996 to
1997 (FAO/WFP 1997).

1155 persons per hectare of arable and permanent crop land per capita versus 3.6 persons
per hectare on average in SSA in 1997 (FAO 1999).

2There were incidences of drought in 1988, 1991, 1992, and 1994, but 1996 and 1997
were relatively more favorable harvests (World Bank 1997).

5
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The FDRE has been thus far commended for its role in encouraging productivity
gains in agriculture: The NEP in Ethiopia is considered one of SG’s most successful
national programs. On paper the FDRE has made a move toward agricultural sector
decentralization by liberalizing input and output prices. However, by restricting private
sector access to credit and retail markets, the input sector, in particular, remains heavily
controlled by the national and regional governments. Despite the progress in introducing
improved technologies to farmers, many preconditions for the sustainable use of these

technologies are not yet fully in place.

1.2 The Challenge of Promoting Sustainable Agricultural Growth in SSA

Many SSA counties face the challenge of simultaneously introducing high-input
technology to smallholders and reducing direct government support of agricultural input
and output markets. Evidence from other countries can serve as a harbinger for Ethiopia.
Government efforts across SSA to introduce improved technologies to farmers through
explicit or implicit agricultural subsidies and/or extension programs often succeeded in
raising the level of input use in the short-run. With their expansion, however, agricultural
programs quickly ran into budgetary pressures and became unsustainable.

Experience from Tanzania and Ghana reveal the problems of moving from a pilot
SG program to expanded and sustained increases in input use. The SG program provided
credit, a high level of extension supervision, and facilitated input delivery--bypassing the
cumbersome administrative channels of national extension programs. The challenge is to

scale-up the SG pilot extension programs into national programs and to sustain the level



of inputs once the SG draws to a close. Some countries (e.g., Ghana and Ethiopia)
developed national extension programs based upon SG principles, but it has been difficult
to duplicate the success because part of the SG success was contingent upon the program
being small-scale (it thus provided close supervision and partially subsidized inputs and
credit). Although the SG program has demonstrated that the technology exists on the
“shelf” to significantly increase yields in some areas of SSA, the difficulties in maintaining
the increased yields once the pilot extension programs withdraw highlights the challenge
of forging sustainable national systems of research, extension, input supply, and credit.
Addressing the potential adoption of high-input technologies, Farrington states:

What is less clear is whether ‘parallel’ systems set up to test,

advise on and provide inputs for these technologies completely

independently of existing research and extension services can

achieve anything more than a very temporary alleviation of

chronic, deep-rooted problems” (Farrington 1995:131).

Sasakawa-Global 2000 began operating in Tanzania in 1989. In 1991/92, program
participants in the Arusha Region of Northern Tanzania averaged maize yields of 4.9 tons
per hectare, up from the national average of 1.4 tons per hectare (Putterman 1995).
However, this success was ephemeral--the SG program bypassed the dysfunctional input
and credit markets by delivering the recommended package and credit to program
participants on its own accord. It is unlikely that program participants would have seen

such yields without SG’s delivery of inputs and credit. Institutional credit and input

delivery systems had collapsed under earlier “reform” measures--functions previously
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handled by regional cooperative unions. Thus when the SG program withdrew, farmers’
access to credit and inputs declined.

When the SG withdrew from Arusha’s Arumeru district in Tanzania, SG feared
“disadoption” from the high-input technology. The SG therefore arranged for
TechnoServe (a US-based NGO) to organize farmers’ associations, enabling the SG to
continue to guarantee loans to these farmers’ associations and even deliver inputs on
occasion (Putterman 1995). The SG program neglected to address the necessary and
critical issues of developing private sector input and credit delivery mechanisms, without
which adoption of high-input technology is not sustainable. Putterman states, “Rather
than being the spearhead of a Tanzanian Green Revolution, SG 2000 seemed all too likely
to become yet another dimly remembered foreign-funded project” (Putterman 1995:320).

Similar to the case in Tanzania, there is evidence that the SG pilot extension
program in Ghana may have compromised its objective of promoting long-run increased
food productivity (Yudelman et al. 1991). At the program’s inception in 1986 it was
expected that the delivery of extension services would work in harmony with public and
private credit and input supply institutions. However, it was quickly realized that if
farmers were to adopt the technology package, SG would have to extend credit (from its
own resources and national banks) and arrange for input delivery. Instead of
strengthening existing institutions, the program thus created its own delivery channels,
thereby avoiding the problem of input market development.

Farmer participation in the SG program in Ghana escalated in five years from 40

farmers in 1986 to an estimated 17,000 in 1990 (Yudelman et al. 1991). As the program
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expanded, the SG no longer had the resources to sustain the level of input delivery it
provided at the program’s inception. Its ability to maintain it effectiveness thus became
severely strained. Not only was the provision of inputs problematic, but loan recovery
was inadequately managed and the quality of extension services declined (Yudelman et al.
1991). Over the course of the program, the number of farmers per extension agent rose
ten-fold from an average of 15 farmers per extension officer at the start of the program
(Yudelman et al. 1991). In an evaluation of the SG program in Ghana, it was belatedly
recognized that scaling up the program would require simultaneous institutional changes
(Yudelman et al. 1991).

Ghana'’s experience warns Ethiopia of the danger of scaling-up pilot extension
programs such as the SG without also upgrading supporting institutions. However,
Ethiopia struggles with not only scaling-up the successful technological transfer seen in
the SG program, but also with the simultaneously withdraw of government support to
agriculture. The experience of Zimbabwe and Zambia offer insights into this process.

Zimbabwe is an example of a country in which dismantling government-supported
agriculture raised unforseen challenges and triggered a regression from the maize
production gains achieved in the 1980s. The Government of Zimbabwe is now challenged
to accelerate agricultural productivity growth through a government/private sector
partnership.

Zimbabwe achieved unparalleled success in diffusing hybrid maize seed both before
and after independence. However, as Eicher stated, “Zimbabwe’s smallholder-led Green

Revolution represented a ‘qualified’ success story because of its lack of fiscal
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sustainability” (1995:831). Part of the success was attributed to an increase in smallholder
credit in the early 1980s. Credit was often perceived as an entitlement, supervision was
inadequate and delinquency rates were high.

In 1991 Zimbabwe launched economic reforms to reduce maize subsidies.
However, liberalization met with the “disadoption” of fertilizer. For the period 1985-89,
fertilizer use by the smallholder sector averaged 119,000 tons, but fell to 98,000 tons in
1990-92, and fell again to 86,600 tons in 1993-94 (Jayne and Jones 1997).

Neighboring Zambia faced similar difficulties in maintaining the level of fertilizer
use after decontrol of the input and output markets and credit delivery. Fertilizer use
quadrupled between the 1960s and late 1980s due in part to a subsidy of 30 to 60 percent
of the landed cost of fertilizer in the 1970s and 1980s (Jansen 1988 in Howard and
Mungoma 1997), and also due to the extensive smallholder credit program in place during
that time. Until the early 1990s, roughly one-quarter of rural households received loans
each year (GRZ 1991 in Howard and Mungoma 1997). Subsidized credit was available to
smallholders through a system of cooperative depots. Input subsidies, coupled with a
controlled output market that guaranteed producer prices, resulted in a favorable incentive
structure for agricultural intensification. However, budgetary pressures in the mid-1980s
threatened the sustainability of institutional support.

By 1992 President Chiluba in Zambia began to dismantle the parastatal system.
Large-scale farmers benefitted from the resulting increased trade (due to the liberalization
of the foreign exchange market), but Zambian smallholders suffered (Howard and

Mungoma 1997). Fertilizer use fell by 25 percent between its peak in 1986-87 and 1994-
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95 (CSO/MAFF 1995 in Howard and Mungoma 1997). This “disadoption” can be
partially explained by the increase in the nitrogen-maize price ratio from 3.3 in 1971-1989
to 5.4 in 1990-94 (Heisey and Mwangi 1997).

The experiences of Tanzania, Ghana, Zimbabwe, and Zambia reveal the difficulties
of sustaining high-input use after the government withdraws its agriculture programs. In
each country, governments tried to subsidize their way to higher input use rather than
developing sustainable private sector systems. Private markets were thus insufficiently
developed to promote the sustained use of the new technologies when governments
withdrew support. The experience of these countries highlights the need to develop a role
for government in agriculture that complements, rather than supersedes, the private sector.
These lessons are timely, as Ethiopia is currently in the position to scale up its own SG

program and simultaneously liberalize input and output markets.

1.3  Research Objective

The objective of this research is to determine the degree to which Ethiopia is on
the path to sustaining agricultural productivity gains by examining government extension
services to introduce farmers to high-input technologies, and the extent to which private
input markets are developing that will ensure long-term adoption of the new technologies.
The research will seek to determine whether there is an important causal relationship
between input market development, quality extension services, access to credit, and
productivity growth of maize. The thesis of this research is that productivity gains for

maize can be achieved through organizational changes in the structure of the import and
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distribution stages of the fertilizer subsector. The underlying assumption of the research is
that raising rural incomes and improving food security in Ethiopia can be achieved by
increasing agricultural productivity.

Historically, most fertilizer in Ethiopia has been applied to tef; however, recently,
the relative share to maize has increased—due in part to the relative profitability. Across
East and Southern Africa maize is the most important food staple due in part to the
success of new maize seed and associated technologies in raising smallholder production
(Byerlee and Eicher 1997). In Ethiopia, tef has historically been the dominant foodcrop,
but maize is gaining an increasing share of daily diets (up from 21 percent of the daily
calories per capita in 1993 to 30 percent in 1998 (FAO 1998)) and is generally the most
productive food grain relative to tef, wheat, barley and sorghum.

The specific research questions and sub-questions asked in this dissertation are as
follows:

(1)  How is the expected return to fertilizer use on maize influenced by

the organization of the inputs markets?

. In the 1990s did the expected return to fertilizer use
encourage its adoption?

. For whom does the expected return to fertilizer encourage
use?

. What are the determinants of fertilizer adoption and

intensity of use?

12
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(2)  To what extent is the system of extension and inputs (i.e., credit,
fertilizer, and seed) sustainable in the long-run?

. What were the returns to fertilizer use by participants,
graduates, and traditional farmers in the SG survey areas in
19977

. What factors contributed to high maize yields in the SG
program?

. Relative to the SG farmers, are farmers in the broader
population that are not as well endowed with land, labor,
livestock, and education, and fannérs in less favorable agro-
ecological areas able to use the program’s recommendations
of high-input technologies when the program withdraws?

- What was the performance of the fertilizer subsector
in 19987

- How can costs be reduced in the fertilizer subsector?

- How can net income and returns to labor for the
broader population be expected to change with cost-
reducing changes in the structure and conduct of
fertilizer import and distribution?

(3)  What is the potential to develop a lower-cost fertilizer subsector?

What policy changes would be required?

13
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Answering these questions will allow policy makers to make more informed
decisions about how to create an environment that enables Ethiopian farmers to boost

agricultural productivity.

1.4  Methods

This research employed various qualitative and quantitative methods to answer the
research questions outlined above. The research coupled the Structure, Conduct,
Performance (SCP) paradigm with a subsector analysis and two econometric models (a
hedonic fertilizer price determinants model and a SG fixed effects yield model). These
methods determined both the factors that are statistically significant in influencing
agricultural productivity as well as how the structure and conduct of the inputs subsector
(particularly fertilizer) influenced performance in 1998. The research also developed a
simulation exercise involving a fertilizer financial import parity price and farm budgets.
This method was used to evaluate the robustness of the profitability of the SG technology,
and thus its potential to promote long-term productivity growth.

A subsector is a vertical slice of an economy--an “independent array of
organizations, resources, laws, and institutions involved in producing, processing, and
distributing an agricultural commodity” (Marion 1986). The subsector approach used in
this research examined the transformation and transactions that occur as the commodity
(fertilizer) moved through the stages of the vertical system from import to farmgate.

What happens at one stage of the subsector may affect what is happening at another stage.

Within each stage of the subsector, the SCP paradigm can be used to examine the

14



horizontal interactions between the structure, conduct, and performance of each stage. In
combination, the subsector analysis and SCP paradigm provided guidelines for examining
the overall performance of the fertilizer subsector.

The SCP paradigm is used to evaluate the long-term sustainability of technology
introduced by the SG and ultimately, to identify areas of policy intervention that could
improve the performance of the import and distribution stages of the fertilizer subsector.
The theory of industrial organization posits that the structure (S) of a market strongly
influences the competitive conduct (C) of firms within a market, which in turn strongly
influences market performance (P) (Marion and Mueller 1983, Scherer 1980). Market
structure refers to the sources of discretionary economic power that firms in the industry
can exercise (Staatz 1996), and market conduct refers to how firms behave in response to
market structure. Evaluating performance is sometimes less straight-forward: ‘Good’
market performance is subjective and characterized by numerous ill-defined, often
unquantifiable measures. In general, market performance is how well the market performs
the tasks that society reasonably expects it to perform.

The SCP analysis is based upon a survey of th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>