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Summary

Agricultural extension systems across Africa are under great pressure to become more
efficient and effective. Whereas proposals abound as to what African governments should
do in order to achieve these goals, those addressing how they might do so are rare. The
literature still offers little guidance as to specific factors and processes that likely influence
development and diffusion of agricultural technologies in given circumstances. This paper
addresses this gap by analysing the outcome of a multi-year, farmer-centred intervention to
control trypanosomosis—a devastating livestock disease transmitted by tsetse flies—carried
out by the International Livestock Research Institute (ILRD) in South-West Ethiopia. While
not conceived as such at the time, this intervention emerges, in retrospect, as a realworld
experiment in decentralised private provision of a traditional public extension activity. The
nature of the control technology and several biophysical and socio-economic characteristics
of the region selected for control combined to produce a selfreinforcing process key to the
success of the initiative. The intervention suggests that it is the demandside of agriculrural
extension systems that matters the most, and that in most cases, an ‘organised articulation
of demand’ will be required. The internal logic of that ‘articulation’ is the exact reverse of
that driving privatisation and decentralisation of extension systems. That logic also differs
significantly from that guiding ‘demand-led, farmer-participatory’ approaches to extension

reform.

Keywords: Agricultural extension, policy reform, rural development.



1 Introduction

Throughout the world, public provision of key goods and services outside markets is
being replaced by private delivery in increasingly liberalised markets (Florkowski et al.
1997; Ariyo and Jerome 1999; Kuczynski 1999; Nolan and Xiaoqgiang 1999). This trend
is particularly significant in Africa where privatisation and liberalisation often involve
public withdrawal from production and delivery of agricultural extension services (FAQ
1994; Umali et al. 1994; Goletti and Govindan 1995; Tambi et al. 1999).

Yet extension systems in Africa continue to flounder. And while proposals continue
to emerge as to what African governments should do in order to improve efficiency and
effectiveness (e.g. Beynon 1996; Neuchatel 1999; Rivera et al. 2000; World Bank 2000),
few propositions have appeared as to how precisely to do so. This is not surprising, for
the literature still offers little guidance as to specific factors and processes that likely in-
fluence development and diffusion of agricultural technologies in given circumstances.
Especially lacking are analyses of the actual and potential roles played by, and obstacles
and opportunities facing, rural traders, households, and communities—i.e. the rural ‘pri-
vate sector’, on which so much depends, and of which so much is expected, in extension
reform efforts.

This paper addresses these gaps in the literature by analysing the design, implemen-
tation, and outcome of an intervention to control trypanosomosis (a devastating livestock
disease transmitted by tsetse flies) undertaken by the International Livestock Research
Institute (ILRI) in South-West Ethiopia. While not conceived as such at the time, this
intervention emerges, in retrospect, as a real-world experiment in decentralised private
provision of a traditional public extension activity, namely delivery of animal health
inputs and services. Key characteristics of the disease and its vector, of the intervention
technology, of the overall intervention strategy, of the region selected for intervention,
and of participating farmers suggest insights into a range of issues that arise when
analysts and decision makers take fully on-board the question of how to reform
agricultural extension services in Africa.

The next section describes the intervention. This is followed by a discussion of inter-
actions among key regional features and household characteristics, which, in unison,
implied a self-reinforcing process key to the success of the initiative. Implications for
extension reform are then drawn.



2 Insecticide ‘pour-ons’ for tsetse control
in Ghibe Valley, Ethiopia

African animal trypanosomosis is a parasitic blood disease transmitted by several species of
the blood-sucking tsetse fly (Glossina spp.). The disease constrains livestock productivity and
agricultural development across a wide swathe of Africa.! Fifty million cattle are found in
tsetse-infested parts of the continent (Kristjanson et al. 1999). Annual losses from the
disease are estimated to be at least US$ 1.6 billion (Swallow 1998) and could be as high as
US$ 5 billion (Murray and Gray 1984). There are a number of ways to control the disease:
tsetse flies can be suppressed using traps, targets or insecticides; preventive and curative
drugs can be administered to threatened or sick animals; and breeds of livestock with
genetic resistance to the disease can be selected and raised. The technical effectiveness of
alternative control strategies—often involving more than one method—depends on inter-
actions among such factors as tsetse and trypanosome species, topography, natural
vegetation types, livestock breeds, livestock and human population distributions and
densities, conditions in factor and product markets, and crop and livestock production
systems (d’leteren et al. 1999).

Trypanosomosis is particularly important in Ethiopia where about seven million cattle
(15% of the continental total) are at risk of contracting the disease and where cattle are the
main source of traction for crop cultivation. In 1991, the International Livestock Centre
for Africa (ILCA) and the International Laboratories for Research on Animal Diseases
(ILRAD)—which together now comprise ILRI—began conducting research on tsetse control
in the south-western region of the country, in an area located in the upper reaches of the
Ghibe Valley, 180 km South-West of the Ethiopian capital, Addis Ababa. The aim was to
assess the efficacy and impacts of a then relatively novel tsetse control approach, namely
applying insecticides as ‘pour-ons’ along the spines of cattle.” The trial began in January
1991 and has been very successful in reducing tsetse challenge and disease prevalence, with
considerable impacts on farm productivity and farmer incomes.

Prior to the intervention, the valley was heavily infested with three species of tsetse
fly, namely Glossina morsitans sibmorsitans Newstead, G. pallidipes Austen, and G. fuscipes
fuscipes Newstead. Following control, the apparent density of tsetse and biting flies in the
region fell by 95%. This reduction in tsetse challenge led to a decrease in trypanosome
prevalence in cattle of over 61%, despite a high level of resistance to all available trypan-
ocidal drugs. The number of curative trypanocidal drug treatments per animal fell by
50%. Calf growth rate increased by 20% on average; calf mortality and abortion de-
creased by 57%. Average cow body weight was boosted by 4%, the cow:calf ratio by 49%,
and adult male body weight by 8%. Between 1995 and 1997, expenditures on trypano-

1. The disease also has a human form and current estimates put the number of newly infected people at 300
thousand per year (Cattand 1999).

2. Tsetse and other biting flies landing on animals treated with pour-on insecticides are contaminated, fly
away and die. If enough animals in a tsetse-infested area are treated, and if sufficient flies make contact
with those animals, the pour-on technology can be extremely effective.



cidal drugs fell by US$ 39 thousand, which more than offset the US$ 16 thousand cost
of the pour-on. The additional benefits of increased output of meat (40%) and milk
(30%) equalled US$ 146 thousand. This implied a benefit/cost ratio of 11.6 over two
years and 9.3 projected over 10 years, and increases in annual household income of
between 10 and 34% (Leak et al. 1995; Swallow et al. 1995; Woudyalew et al. 1999;
Rowlands et al. (forthcoming)).

Most households in the area practice integrated crop-livestock farming, with animal
draft power being the central integrating factor. The total number of cattle in the control
area rose from 500 in 1991 to at least 6500 in 1997, contributing significantly to agri-
cultural productivity via availability of draft animals (Woudyalew et al. 1999). Larger
livestock holdings have implied more draft animals on average. This has resulted in sig-
nificant increases in cropped areas, with each additional ox owned translating into be-
tween 0.6 and 0.9 ha more of cultivated land (Swallow et al. 1998).

Not only did ILRI scientists design the trial, ILRI undertook to procure poutr-ons on
the international market, store them, transport them to the nine supply points (‘crushes’),
and apply treatments to animals presented by farmers. ILRI team members periodically
engaged local cattle owners in formal and informal discussions about the effectiveness of
the pour-ons and the need for a minimum level of pour-on application to maintain low
levels of tsetse density and trypanosomosis prevalence in the region. Local community
organisations and participating cattle owners were responsible for building and main-
taining the treatment centres in their localities. In the context of the current analysis, the
most crucial aspect of the trial was that, while ILRI initially provided pour-on treatments
to farmers free of charge, full cost-recovery was implemented after two years (Swallow et
al. 1995). Since 1992, therefore, farmers have been deciding on pour-on use-rates and
intensities for themselves.



3 Indivisibilities, externalities, and the
geography of farmer income and input use

A key recognition is that some of the benefits of tsetse control in Ghibe accrued to
anyone who kept livestock in the control area, whether their animals were treated with
pour-ons or not. Other benefits were captured primarily by owners of treated animals—
for instance, those arising from control of ticks and other biting flies. Characterising
pour-ons as mixed private-public goods, and using data from a 1992 survey of 166
farmers in the control area, Swallow et al. (1995) found that the probability of pour-on
adoption was indeed linked to both private and collective factors. Specifically, adoption
was positively associated with proportions of cows and oxen in farmers’ herds, negatively
with distance farmers traversed to reach crushes, and positively with tsetse challenge in
the area, which varied seasonally according to the level of rainfall and temperature extant
in that part of the country.

The mixed private-public nature of the pour-on technology and the factors that in-
fluence its adoption are particularly significant in light of the finding by Leak et al.
(1990) of a highly non-linear relationship between tsetse challenge and trypanosomosis
prevalence in cattle (Figure 1). Large decreases in disease prevalence can be achieved only
with near eradication of tsetse populations. Vector challenge has to fall considerably
before prevalence changes much. But then, below a certain level of challenge, the drop
in prevalence is precipitous. Given reductions in vector challenge result in greater than
proportionate declines in disease prevalence.” This implies a lumpiness to control efforts
that is very much in the nature of a fixed cost or indivisibility. Relatively large-scale, widely

Trypanosomosis
prevalence

Tsetse
challenge

Source: Adapted from Leak et al. (1990).
Figure 1. The relationship between tsetse challenge and trypanosome prevalence.

3. Note that a similar logic applies to changes in the other direction—i.e. given increases in challenge result in
greater than proportionate jumps in prevalence.



dispersed, intense efforts are required; small-scale, spatially confined, incrementally
increasing measures likely will not work.*

A 1998 survey in Ghibe suggests that the burden for the near eradication and
sustained suppression of tsetse populations in the region has not been shared equally
among households (unpublished survey data). Among 126 randomly selected house-
holds, only 77 (about 60%) applied pour-ons. And among users, there were significant
differences in pour-on use-intensity, measured as the proportion of treated animals in
farmers’ herds.’ In addition, a strong positive relationship between farmer income and
intensity of pour-on use was discerned.® Most significantly, the data also exposed a very
uneven spatial distribution of use-intensity across income groups (Figure 2).? Not only do
high-income farmers exhibit higher use-intensities of pour-ons, they also tend to reside in
close proximity to one another. So, too, do poorer households with low use-intensities.

These findings confirm those of Swallow et al. (1995) that externalities (or spillover
effects) have been crucial to the outcome of the Ghibe trial. Spillovers arise because
cattle owned by several households living in close proximity to one another are brought
into collective herds numbering between 30 and 80 and tended by one of the herd own-
ers (Swallow et al. 1995). While there is little overlap in grazing areas used by different
herds, these areas adjoin one another. Region-wide reductions in disease prevalence—
covering all grazing areas and homesteads—point to efficient and equity-enhancing vector
control: the richest households have contributed the most to control, which has been
equally consumed by poorer households.

Physical features of the region and associated changes in land use have also contri-
buted to the positive outcome. The control area is located in a relatively gently sloping
part of the valley. On one side, it is bordered by a mountain range that reaches an alti-
tude unsuitable for tsetse flies, and on the other by a highland area of intensive culti-
vation that is also a poor habitat for flies. As a result, once initial suppression of tsetse
flies was achieved, the risk of reinvasion was minimal. In addition, the clear economic
gains from control induced sustained in-migration from other parts of Ethiopia, major
expansions in livestock and human populations, and thus steady removal of tsetse habi-
tats (Swallow et al. 1998b).

The importance of these interacting and mutually reinforcing processes emerges up-
on consideration of why a similar control initiative has been less successful in another
part in the valley (ILRI 1998). This second area is located in a more rugged and lower
elevation part of the valley. Animals graze in a few herds, which are spread unevenly

4. The appropriate basis for comparing alternative technologies thus is also on a large-scale—e.g. thousands of
traps and targets vs. tens of thousands of pour-on applications vs. tens of thousands of trypanocidal drug
treatments.

5. The maximum use-intensity was 100% of the herd, the minimum was 9%, and the mean was 38%
(unpubtished survey data).

6. Off-farm income sources are relatively few in the region and only income from agricultural sources was
measured. Two-stage least squares regression analysis revealed that in addition to income, the number of
oxen as a share of herd size, and the number of men as a share of family size had significant positive effects
on use-intensity (unpublished survey data).

7. Median incomes and use-intensities were used to classify farmers into four groups covering high and low
income and use-intensity.
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Figure 2. Farm income and insecticide pouron use-intensity in Ghibe Valley, Ethiopia.

across the valley. This leaves large areas of tsetse habitat with inadequate cattle-tofly con-
tact, most notably the dense thickets along the Ghibe River itself and a number of its
tributaries, all of which represent reinvasion fronts. Human and cattle populations
within the control area remain small, sparse, and, most critically, with little pressure or

incentive to expand. Thus despite regular treatment of cattle with pour-ons, vector chal-
lenge and disease prevalence remain high.



4 Implications for extension reform

Those aspects of tsetse and trypanosome biology and ecology that militate against sus-
tained suppression of the vector and disease are quite well-understood (e.g. Leak 1999);
enduring difficulties in sustaining control initiatives are largely institutional (Swallow
and Woudyalew 1994; Barrett and Okali 1999; Bauer and Snow 1999; Politzar et al.
1999). Figure 1 reveals that these institutional constraints derive in the first instance
from the technological difficulties raised by the non-linear relationship between tsetse
challenge and trypanosomosis prevalence. All difficulties faced in collective community-
based tsetse control (Swallow and Woudyalew 1994; Barrett and Okali 1999), and more
generally in integrated vector and disease control (Tamboura et al. 1988; d’leteren et al.
1999) derive from this relationship.

But non-linear relationships such as that depicted in Figure 1 also imply major eco-
nomic opportunities. For the resulting indivisibilities not only erect barriers to entry,
production and trade, they also entail increasing returns to scale, favouring expanded
economic activity. The greater is an organisation’s ability to override the technological
indivisibilities linked to an activity, the higher should be its capacity to enter into that
activity, and thus the brighter its prospects for capturing associated scale economies, and
vice versa. However, as illustrated by the Ghibe example, some of these economies may
accrue to others as externalities, dampening private incentives to produce them.

While the lumpiness and indivisibility of public goods—such as tsetse control in Ghibe—
may be long-recognised (e.g. Ellickson 1973), less well-appreciated is that, at the level of
an economic system (i.e. spanning production, exchange and consumption), most private
goods also exhibit important indivisibilities that may militate against efficient purely private
production and delivery.

Consider inorganic fertiliser, an archetypical private good. Significant indivisibilities

-and scale economies arise from lumpy, spatially-dispersed, and seasonally-explicit demand
for the input, alongside high domestic transportation costs, and intense financing and
knowledge requirements in international trade. Together, these factors produce sizeable
start-up costs for trade in fertiliser, rendering domestic markets imperfectly competitive at
various levels and thus, by definition, constrained by the demand-side. Fertiliser traders
gravitate toward locations with potentially high demand. But even there, limited quan-
tities are brought to market at high prices. These high prices depress demand for ferti-
liser as producers economise on its use, many by pursuing diversified, subsistence-oriented
production strategies. Returns to such practices are low. This further dampens demand for
fertiliser, which lowers incentives and returns to increased procurement and distribution
by traders, save for at a higher price. The result is a self-reinforcing movement toward an
equilibrium featuring limited trade in high-priced fertiliser alongside a preponderance of
production systems featuring limited use of the input, low productivity, and low returns.
Absent an intervention that addressed one or more of the system’s inherent indivis-
ibilities, no supplyside or demand-side pressures will appear to reverse the outcome.



The significance of the Ghibe trial therefore lies in its success in overriding a set of
inherently indivisible physical and institutional obstacles to growth—a set that is rife in
African agriculture (IFPRI/ISNAR 1991).

Which matters more between physical and institutional impediments to growth is an
empirical issue that depends on specific circumstances (Demsetz 2000). Indeed, they are
likely jointly determined (Gotsch 1972). ILRI’s most important interventions focused on
the institutional constraints. Specifically, its efforts to raise awareness among farmers,
help set up treatment centres, and organise treatment of sick animals produced a crucial
combination of effects: learning effects (which acted to lower the uncertainty surrounding
pour-ons as their pervasiveness increased), co-ordination effects (which conferred advan-
tages to ‘going along’ with other villagers taking similar action), and adaptive expectations
(where increased prevalence of pour-on use in the region enhanced beliefs of further
prevalence). These effects led to insecticide adoption rates and use-intensities sufficient
to overcome the inherent lumpiness of tsetse control (captured in Figure 1) and catalyse
the self-reinforcing process described earlier. Absent this role~which sprung from a
concern for the kinds of collective, regional effects that typically motivate public bodies
but with which few private operators would have been concerned—the intervention
would almost certainly have failed.

A defining characteristic of agricultural activity is that it is dispersed widely over space.
By implication, so, too, are agricultural incomes. That spatial distribution of income
appears to have been fundamental to the success of the Ghibe initiative. It mattered
because pour-ons produced their collective effect in the ‘wake’ of their privately con-
sumable effects. This suggests that not only must the precise nature of extension services
affected by reform be ascertained—pure public versus mixed private-public versus pure
private (e.g. Umali et al. 1994)—s0, too, should be the extant distribution of rural income.
For few ‘public’ goods are purely public; collective effects are typically accompanied by
private gains and losses (Bergstrom and Goodman 1973; Ellickson 1973). Incomes of
consumers and users will matter. And for rural goods and services consumed widely over .
space, the distribution of those incomes over the landscape will be crucial.

Another key aspect of ILRI’s role in the Ghibe experiment thus was that it led to an
‘organised articulation of demand’ that resolved co-ordination problems typically in-
volved in ‘market creation’ (Edquist et al. 2000). In so doing, it quite quickly formed a
‘core’ of innovative users sufficiently large, and sufficiently widely dispersed over space,
to dissolve the ‘trap’ (of high vector challenge and high disease prevalence, and thus low
human and livestock population, and thus high vector challenge and high disease pre-
valence, and so on) in which most tsetse-infested regions find themselves. In a very real
sense, the strategy employed (and the process that emerged as a consequence) was the
exact reverse of those in privatisation and decentralisation programmes currently domi-
nating extension reform in Africa, which implicitly assume that the principal constraints
on improved agricultural technology development and diffusion are on the supply-side
(e.g. Rivera et al. 2000; World Bank 2000). The internal logic of the Ghibe trial was also
fundamentally different from that driving the ‘demand-led farmer-participatory’ approach
to extension reform, which assumes away the question of how a well-articulated demand
for improved technologies and new information appears to begin with.



The primary lesson for extension reformers emerging from the Ghibe example thus is
that it is the demandside of an agricultural extension system that matters the most—i.e.
the demand for new information, which itself derives from demands for such goods and
services as improved inputs and credit. In effect, the question of how to ‘get extension
right’ reduces to how to spur sustained and concentrated demand for new agricultural
knowledge and information—i.e. demand for information about new cultural practices,
new inputs, new crops and pests, new traders, new lenders, conditions in newly relevant
distant markets,

This suggests both bad news and good news for efforts to reform agricultural extension
in Africa. The bad news is that appearance of these various demands is far from auto-
matic. Where, as in much of rural Africa, infrastructure is poorly developed and pro-
duction environments are risky, natural forces will likely continue to define economic
outcomes, muting demand for productivity-enhancing innovations, and translating into
limited and costly supply. The good news is that if the jointly determined physical and
institutional indivisibilities that these natural forces produce are properly identified and
addressed, non-inear jumps in demand for innovations can occur, leading to rapid and
sustained increases in productivity growth and welfare. The paradox facing agricultural
extension reform in Africa thus is that its problems and solutions rest on isomorphic
processes. This paradox drives to the core of the challenge for extension reform in
Africa.

Most public agricultural extension systems in Africa are virtually declining. Increasingly
more is being made of production and delivery of agricultural knowledge and infor-
mation through private, market-based channels, on one hand (e.g. Rivera et al. 2000;
World Bank 2000), and through local, collective, community-based channels, on the
other (e.g. Farrington 1998). But the current analysis points to poor prospects for both
strategies viewed, as they often are, in isolation. For in the Ghibe trial, ILRI~through its
interest in the efficacy, impacts, and sustainability of the pour-on technology—devised an
institutional solution to a deep biophysical nonlinearity and in so doing catalysed a
multi-faceted and self-affirming movement toward low vector challenge and disease pre-
valence. Marketled and community-based extension reforms will succeed only if they
contain similar solutions to inherently lumpy problems of rural development on which
public sectors have stumbled. There is nothing spontaneous about such solutions. They
must be carefully designed and implemented. More strongly, the Ghibe example in-
dicates that the question of how to reform agricultural extension in Africa should not be
framed as a mutually exclusive choice among markets, local community-based collective
action, and public sector investments. Rather, the challenge lies in how to appropriately
interface these three options in technology development and diffusion. The example il-
lustrates, first, that the central ingredient in that interface is concentrated demand for new
knowledge and inputs, and, second, that the physical and institutional factors that im-
pede ‘natural’ appearance of that demand are also those that will unleash it.
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