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SUMMARY
Farmer-managed trials with browse trees were undertaken at two locations in southeast Nigeria.
The fast-growing tree species Leucaena leucocephala and Gliricidia septum were either inter-
planted with crops as alley farms or planted in pure stands as intensive feed gardens. At both
locations, most of the trees established successfully under farmer management. However, the
quality of establishment was uneven, and the rate of utilization generally poor, especially at one
site. The limited success of the trials is traced to a number of related sociological, institutional
and edaphic factors. These include poor soil fertility; the incompatibility of established cropping
patterns and rotation practices with the planting of trees on farms; the division of labour and
organization of decision-making within the household; and land and tree tenure rules. It is
argued that farmer-managed trials are necessary to reveal the importance of sociological and
institutional factors in farmers' decision making, and that such trials require a high level of
farmer autonomy in their management.

P. A. Francis y A. N. Atta-Krah: Factores sociologicos y ecologicos en la adopcion de la tecno-
logia; drboles forrajeros en el sudeste de Nigeria.

R E S U M E N

Se realizaron ensayos administrados por el agricultor con arboles de ramoneo en dos localidades
en el sudeste de Nigeria. Las especies de arboles de crecimiento rapido Leucaena leucocephala y
Gliricidia sepium fueron intercaladas con cultivos en bajo regimenes de cultivo en hileras, o
plantadas en rodales puros como jardines de alimentacion intensiva. En ambas localidades, la
mayori'a de los arboles lograron establecerse bajo la administracion del agricultor. Sin embargo,
la calidad del establecimiento fue despareja, y el nivel de aprovechamiento generalmente fue
inferior, especialmente en una de las localidades. El exito limitado de los ensayos se debe a
varios factores sociologicos, institucionales y edaficos, entre ellos la baja fertilidad del suelo; la
incompatibilidad de patrones establecidos de cultivo y costumbres de rotacion, con la planta-
tion de arboles en las granjas; la division del trabajo y organization de la toraa de decisiones
dentro del personal de la granja; las reglas de tenencia de tierras y de arboles. Se argumenta que
los ensayos administrados por el agricultor son necesarios para descubrir la importancia que
tienen los factores sociologicos e institucionales en la toma de decisiones por parte del agricul-
tor, y que tales ensayos exigen un alto nivel de autonomi'a del agricultor en cuanto a su adminis-
tracion.

INTRODUCTION

It is well recognized that the viability of a technology under farm conditions
and its acceptability to farmers is determined by many factors, both technical
and non-technical. The increasing emphasis given to on-farm research in the
testing of agricultural technologies has been a response to the realization that
many of these factors do not exist on research stations. However, conventional
methods of cm-farm research often represent little more than the duplication of
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on-station trials on farmers' fields. It has been argued elsewhere that while con-
ventional trial methodologies may be appropriate to the assessment of the
technical viability of a technology, special methods may need to be developed
to assess the implications of management, sociocultural and institutional factors
for the adoption of a technology (Atta-Krah and Francis, 1987; Ashby, 1987).
These methods may owe as much to extension as to conventional on-farm
research techniques. This paper reports the methods and findings of on-farm
research undertaken in southeast Nigeria by the Humid Zone Programme of
the International Livestock Centre for Africa. It examines how the complex
environmental, management and institutional factors which make up the farm-
ing systems of the area impinge upon farmers' decisions about the planting and
management of fodder trees for sheep and goats. The methodological implica-
tions of these findings for on-farm research and extension are then discussed.

BACKGROUND AND OBJECTIVES

The farming systems of southeast Nigeria
Southeast Nigeria is a diverse area, although tropical forest and derived savan-

nah ecologies predominate. Annual rainfall ranges from less than 1500 mm in
the north of Anambra state to over 4000 mm in the southwestern extremity
of the area. The most common soils are Ultisols, which are acidic, with pH
ranging from 4.0 in the highest rainfall areas to around 5.5 further north. The
natural fertility of these soils is poor, but they are intensively farmed. Rural
population densities in southeast Nigeria are amongst the highest in Africa, and
in many areas pressure on land has led to shortening fallow periods and declining
soil fertility.

Agriculture in the region is predominantly based on bush fallow rotation,
with cassava and yam as the main crops. Land holdings are small (generally less
than one hectare) and often fragmented. Frequently these include different
types of land which are managed in different ways. As in most of the humid
zone, sheep and goats are the predominant livestock species in southeast Nigeria.
Animals are often confined during the growing season or throughout the year
and feed is provided on a cut-and-carry basis. Flock size and productivity are
limited principally by disease and nutrition. Animal productivity under the
system of confinement practised in southeast Nigeria is considerably lower than
that found under free-roaming conditions in the southwest (Reynolds and
Adeoye, 1986).

The research of the Humid Zone Programme of the International Livestock
Centre for Africa (ILCA) has been directed at the alleviation of these con-
straints through disease control and the integration of fodder trees into the
farming system. The most important disease affecting small ruminants is Peste
de Petits Ruminants (PPR), from which animals may be protected by an annual
vaccination. Research on fodder trees has focussed on the two fast-growing
leguminous species, Leucaena leucocephela and Gliricidia sepium. Two systems
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for the cultivation of these trees have been promoted by ILCA. The first, alley
farming, involves the cultivation of the trees in hedgerows four metres apart
with arable crops grown between the rows. In this system, the trees are pruned
regularly and the foliage used either as cut-and-carry feed for livestock or as
green manure for soil fertility maintenance. The second system, the 'intensive
feed garden' (IFG) involves the intensive cultivation of the leguminous trees,
with or without grasses, on small plots close to the homestead. These are used
solely as animal feed.

Given the pressure on land and the cultivation techniques practised in south-
east Nigeria, it was at first thought that the intensive feed garden would be a
more appropriate means of fodder production than the alley farm. The initial
objectives of the on-farm trials programme were therefore to assess the techni-
cal feasibility of introducing intensive feed gardens into the farming system
and to examine their acceptability and viability under farmer management.

The on-farm trial sites
One site was selected from each of the two main ecotypes of southeast

Nigeria. These were Okwe, in Imo State, in the forest zone; and Mgbakwu, in
Anambra State, in the savannah. Okwe is 16 km southeast of Umuahia, and has
a mean annual rainfall of about 2200 mm. Soils are sandy and well drained,
with pH values of between 5.0 and 5.5. The population density of the Ikwuano-
Umuahia local government area, in which Okwe is situated, is 369 people to the
square kilometre. Mgbakwu, some 8 km north of Awka, is in the transitional
savannah zone. Mean annual rainfall is around 1800 mm with a bimodal distri-
bution. Soils are generally Ultisols, low in nutrients and high in acidity. The
population density of the Awka local government area is 432 people to the
square kilometre.

Cropping and land use patterns vary by land type. At both Okwe and Mgbakwu,
there are three main categories of land: compound land, near farmland, and
distant farmland. Land around the compound is cultivated continuously and
household waste and animal manure is applied to it. A multi-storey cropping
system is generally found, with a diversity of trees (kola, pawpaw, coconut,
citrus and others) and arable crops (mainly Telfaria, pepper and cassava at
Okwe, cocoyam and bitterleaf at Mgbakwu). Near farmland is situated close to
the residential area and is usually cultivated in alternate years, although the
pattern of rotation varies according to land availability and fertility and some
land may be cultivated continuously. The main crops on near farmland at
Okwe are cassava, Telfaria and other vegetables and condiments, and at Mgbakwu,
cocoyam, cassava, yam and vegetables. Distant land is less fertile and fallow
periods are longer. The main crop here is cassava in both locations, though
maize, melon and bitter yam are also grown at Okwe, and at Mgbakwu some
of the cassava plots are intercropped with yam. The harvest of cassava in the
year after planting is followed by a period of fallow. At Okwe, the land use
cycle is six years, at Mgbakwu four or five.
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Tenure rules as well as land use patterns differ between land types. Compound
land at both locations is owned and managed, and may usually be disposed of,
by the individual head of household. Other categories of farm land, however,
may be subject to communal control or ownership. While the rotation systems
on near and distant farmland are similar in the agronomic sense at the two
locations (with short cropping periods alternating with moderately long fallows)
the sociological and institutional basis of land tenure differs. This has important
implications for the adoption of new technology. At Mgbakwu, all distant land
and most near farmland is owned and controlled by the extended family, or
umunna. Umunna (literally 'sons of the same father') are exogamous patri-
lineages of varying genealogical depth, typically including between ten and
sixty adult males. An umunna normally owns an area of near farmland and a
number of blocks of distant farmland. Near farmland is re-allocated every one
or two years, the members choosing their plots in order according to their
seniority within the lineage. The umunna also jointly decides which blocks of
distant farmland will be cultivated in any season. This is done on the basis of
length of fallow periods and the nature of fallow regrowth. The adult members
divide the land into plots from which lineage members select in order of
seniority. All adult male members of the umunna, whether or not resident, are
entitled to a plot in each block of distant land exploited. Excess land may be
rented out by the umunna. Those who rent are usually members of other
lineages which own insufficient land. Leases are for one cropping cycle only.

At Okwe, in contrast, the basis of ownership is individual. The most com-
mon source of land is by inheritance from the father. However, communal
mechanisms exist for the management of distant land. The most important of
these is the setting of rotations on distant land by a residential group, the sub-
village (Okwe consists of five such sub-villages). The territory of each sub-
village is divided into a number of zones, and exploited according to a six year
cycle which determines which land will be cultivated in any year. After the
harvest of the cassava crop in the second year of the cycle, the land reverts to
fallow for four years. This system is said to be of long standing. Okwe farmers
without sufficient land in the zones being cropped in any particular year are
obliged to rent from those who have an excess of land or from absentee owners.
Such leases are always annual arrangements.

Farms are worked by hand. Hired labour is provided by seasonally migrant
labourers at both locations, but the household remains the most important
source of labour. In general, men are responsible for clearing and the cultivation
of yams, while women are responsible for most other operations and crops.
Women, who do not own or inherit land, work on land which is allocated to
them annually by their husbands. In polygamous households, even on catego-
ries of land which are owned individually by the household head, women do
not necessarily work on the same plot year after year. However, a woman's
rights in land gradually become more permanent over the period of her mar-
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riage, especially with the birth of sons who will inherit land (or, in the case of
farmland at Mgbakwu, the right to an annual allocation). Widows normally
remain in their husbands' compounds after the death of their spouses, and
retain the rights to use their late husbands' land (or, at Mgbakwu, to shares of
farmland during allocation).

Small ruminants are kept in most households, goats being more numerous
than sheep. Flocks are small. At both locations, animals are confined all year
round, but special purpose housing is not usually provided. Most farmers con-
sider the provision of feed to be the main problem in keeping livestock and the
factor limiting flock size.

METHODS

The procedures adopted were similar to those described elsewhere for on-farm
trials in southwest Nigeria (Atta-Krah, 1985). The first activity at both sites
was the establishment of demonstration feed gardens in 1983. These were
researcher-managed plots. Early in 1984, meetings were held with farmers at
which intensive feed gardens and their potential benefits were described and
discussed. It soon became apparent, from farmers' comments on the demonstra-
tion plots and their own planned use of the trees, that they were interested in
interplanting food crops with the trees. It seemed that for many the perceived
pressure on land was such that they were unwilling to plant pure stands of
fodder trees. Farmers were therefore offered the alternative of planting either
feed gardens or alley farms.

Interested farmers were provided with tree seed, advice, and assistance in
establishing their alley farms or intensive feed gardens. Two ILCA technicians
were based at each site to provide this extension input. Their responsibilities
also included regular monitoring visits to all farms, during which were recorded
the condition of the trees, the food crops planted, the activities carried out
since the last visit, the general condition of the farms, the use of the trees, and
farmers' comments on the system. Periodic evaluations of the alley farms and
feed gardens were made by the researchers.

By the end of 1985, trees in the Okwe farms were clearly better established
than those at Mgbakwu. Farmers at Mgbakwu appeared to be less interested in
fodder tree cultivation than those at Okwe. It was not clear whether poor
establishment at Mgbakwu was the result of the generally poor soil conditions
there or due to low levels of farmer management. When it became necessary,
because of project financial considerations, to reduce the size of the south-
eastern project early in 1986, the resident ILCA technicians were withdrawn
from Mgbakwu. Although periodic evaluations of the farms at the site con-
tinued, no extension advice was available to farmers over the subsequent two
years.
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RESULTS

Response
Eight farmers planted fodder trees at Okwe in 1984, and a further eleven in

1985. At Mgbakwu, eleven farmers planted the browse trees in 1984 and seven
more in 1985. These plantings are grouped by type of intervention and gender
of farmer in Table 1. In Okwe, alley farms and feed gardens were planted in
roughly equal numbers, while at Mgbakwu feed gardens were more numerous
than alley farms.

Few women planted in the first year of the project. There were no female
participants at Mgbakwu and only two at Okwe (one of whom planted both an
alley farm and a feed garden). In the second season of the project, a female
research associate was posted to the sites in order to ascertain the reasons for
the poor response of women and also to encourage interested women to plant
browse trees. The response to this special extension effort was marked: half
of the plantings in 1985 were by women. However, with only one exception,
the women who planted trees were widows.

The lack of participation by women with husbands is related to the organi-
zation of production at the household level, which is discussed below. However,
even where men were registered as the project participants and were considered
as owners of the browse trees, wives would still often be expected to manage,
or to work on, alley farms and intensive feed gardens, and their attitudes to and
expectations of the systems had important implications for their viability.

Most alley farms and feed gardens were planted either on compound land or
near farmland. Only three farmers, all at Okwe, planted trees on distant farm-
land. All but one of the other participants at Okwe planted the trees on indi-
vidually owned near farmland. This was either their own land, or, in the case
of the women planters, that of their late husbands. At Mgbakwu, where most
near farmland is collectively owned, most farmers (13 out of 18) chose to plant
the trees on compound land. Men planted on their own compounds, women
(all widows) on the compounds of their sons or former husbands.

Table 1. Plantings of alley farms and intensive feed gardens
by location, year, and gender of planter

Okwe Mgbakwu

Male
Female

Male
Female

Alley
farm

2
2

4
2

Intensive feed
garden

1984

3
1

1985

3
2

Alley
farm

5

1
1

Intensive feed
garden

6

1
4

Total 10 9 7 11
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Quality of establishment and management
There was a wide range in the quality of establishment of alley farms and

feed gardens. Some had to be written off as failures, whilst among the success-
fully established farms there was considerable variation in tree density and
vigour. At the end of 1985, the proportion of farms which were considered as
failures was similar at the two sites, with five farms in this category at both
Okwe and Mgbakwu. However, farms were generally better established, and
tree productivity higher, at Okwe than at Mgbakwu.

The immediate causes of failure or poor establishment of the trees could in
most cases be traced either to poor soils, a low level of management, or both.
Three of the five Okwe farms which failed to establish had been planted on
the poor soils of distant land, which usually receive minimal management
attention; the owner of one had died; and that of another had left the village
for an extended period for family reasons. At Mgbakwu, the non-establishment
of three farms was primarily due to poor soils, while the other two failed
because of late planting and the accidental weeding out of seedlings. As we
shall see, however, these immediate causes are related to the spatial and social
organization of production and the established patterns of crop management
and rotation.

Utilization
At Okwe, 10 of the 14 established alley farms and feed gardens were being

utilized regularly at the end of 1987. Foliage was used primarily for feed. One
of the four unutilized farms was an alley farm which had been left in fallow,
and another had been encroached upon for house building. A third alley farm
was not being utilized because, according to the farmer, his goats refused to eat
the tree foliage (in some cases, animals require some time to get used to Gliri-
cidia). The fourth farmer had stopped feeding as she suspected the fodder to
have been responsible for abortions in her flock.

At Mgbakwu, most of the alley farms and feed gardens had been abandoned
by the end of 1987. The management and utilization of the trees on those plots
still in existence was ineffective and casual. Where feed gardens included grasses,
these had been removed and food crops planted in their place. In several cases,
the trees had been either uprooted or cut to ground level and the plot used for
crop production. Only in a few cases were the trees at Mgbakwu still being used
for feeding by the end of 1987.

The main reasons given by farmers for the abandonment of fodder tree
cultivation and use were the need for land for crop production or the death of
their animals. Other farmers complained of animals' refusal to eat the browse
(this applied mainly to Gliricidia) as a major source of frustration which led to
the uprooting of the trees.

DISCUSSION

The limited success of browse tree cultivation at the two sites was caused by
problems relating to: soil fertility; cropping and rotation practices; land tenure
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rules; and the organization of production at the household level. The import-
ance of each of these factors differs according to land type. The differing land
management techniques practised on the various categories of land have resulted
in a pattern of differential soil quality and fertility. Lageman (1977) showed
that compound soils have a much greater level of nutrients than the soils of
near fields and these in turn are more fertile than distant fields. The failure of
the alley farms planted on distant land at Okwe was largely due to poor soil
fertility.

The difficulty in establishing trees on distant land is compounded by estab-
lished patterns of crop management and rotation. At both Okwe and Mgbakwu,
the cropping cycle on distant land consists of a single period of cultivation.
After the harvest of its intercrops at the end of the first season, cassava is left
until its harvest the following year with little weeding or other management.
After harvest, the land is abandoned to fallow. Thus any labour expended on
maintaining the alley farm after the early part of the first season is additional
to normal requirements.

Furthermore, this pattern of rotation is institutionalized by the land tenure
systems which operate on distant land. Although the bases of land ownership
in the two communities are different, their implications for investment in land
improvements are similar. In Okwe, although land is owned by individuals, they
are regularly compelled to rent land from others by the system of joint manage-
ment. While involved in temporary lease arrangements, they will have little
incentive to invest labour in land improvement. At Mgbakwu, both tenants
and members of land-allocating families hold only temporary usufructory rights
over farmland, and there is thus a similar lack of incentive to invest in future
soil fertility. Even were an individual farmer to extend his own cropping cycle,
he would be thrown out of phase with the collectively sanctioned systems of
rotation operating at the two sites, and would find himself farming in isolation.
In these circumstances, the risk of damage to crops by rodents and other pests
would be severe.

Thus, although distant land is most important in terms of area and of total
production, soil fertility problems there are most pressing, and the barriers to
alley farming considerable. Compound land and near farmland have different
patterns of rotation and tenure from distant land, and their soils are richer.
This land is also more accessible for both management and the cutting of feed.
Most farmers therefore chose to plant on these land types and fodder trees
planted there established more successfully.

However, there is a high premium on these fertile soils close to the home-
stead for food crop production. Also, the land tenure constraint still holds in
the case of near farmland at Mgbakwu, most of which is held communally and
re-allocated every two years. There is also some risk of damage to seedlings
growing close to the household by poultry and small stock, and in some cases,
the shading of the browse trees by trees around the compound was a problem.

Furthermore, there are management-related constraints deriving from the
division of labour and pattern of decision making at the household level and
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the way in which this is reflected in cropping patterns and practices. As already
noted, men are responsible for the allocation of land to their wives. They also
make decisions about tree planting. It is wives, however, who are usually res-
ponsible for the management, and especially the weeding, of both alley farms
and feed gardens. Decisions about which crops and crop combinations to plant
with alley farms, and on the timing of planting and other operations, are also
made by women.

Since the decision to plant trees was the male head of household's rather
than the wife's, she was often not particularly interested in their fate. Some
women seemed unhappy about the mixing of fodder trees with food crops.
Extra care is required in weeding during the establishment phase of the trees,
especially with Leucaena whose seedlings are initially slow growing and can
easily become overgrown by weeds or be mistakenly pulled up while weeding.
Hired labour had even less incentive than household labour to ensure that the
trees established well.

Women's decisions about the choice of crops also had an important bearing
on the success of tree establishment. Melon, which is a common crop on com-
pound and near land in Okwe could often strangle the seedlings. If the trees
were planted into a plot of already established cassava, shading was often a
problem.

In addition to the constraints at the level of the household and community,
there were a number of project-related factors which appear to have militated
against the acceptance of, browse tree planting at the two sites. These apply
to Mgbakwu more than to Okwe.

The on-farm research on browse trees was conducted in conjunction with a
survey of small ruminant health and productivity, which involved the monthly
blood sampling of all animals in participating households. Blood sampling was
unpopular with farmers, and was often blamed for animal disease or mortality,
compounded by the project's failure to provide veterinary care for animals which
became sick. In addition, at Mgbaku, the departure of project personnel in
early 1986 did little for the enthusiasm of farmers, and this goes some way
towards explaining the relatively low level of interest shown since then.

A final, but very important, factor was suspicion over the land tenure impli-
cations of tree planting. Land is a sensitive issue throughout southern Nigeria,
and this has been compounded by the extensive, if ambiguous, rights which
the state now has in land. Some potential participants suspected that land
planted with project trees might later become subject to government claims.
This was particularly the case in Mgbakwu, where on two occasions the com-
munity has lost large tracts of land to state enterprises with little compensation.

CONCLUSIONS AND IMPLICATIONS

The circumstances of decreasing fallow periods, declining soil fertility and the
feed requirements of confined animals which exist in southeast Nigeria together
suggest that alley farming and feed gardens would be favourably viewed by
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farmers there. However, farmers have adopted these innovations with con-
siderably less enthusiasm than in the southwest of Nigeria where the same
constraints are less severe. Although most farmers identified the provision of
feed as a major constraint, there was little diffusion of browse tree cultivation
from the original participants to other farmers. This lack of response was
determined by a complex of related and mutually reinforcing factors. These
included: soil fertility and related edaphic factors; established patterns of crop
management and rotation; the division of labour and decision making within
the household; and land and tree tenure systems. The ability to adopt, and the
incentive to utilize, the innovations promoted is not simply a reflection of per-
ceived needs and access to resources, but also a question of the institutional
arrangements within and between households which govern access to and
allocation of resources. While farmers almost universally regard feed availability
and soil fertility as among the most important constraints on production, the
particular institutional arrangements at the two sites, operating within the
context of severe pressure on land and land degradation, leave them with little
room for manoeuvre.

This experience suggests first, that fodder trees which are more tolerant of
poor soil fertility need to be identified. Secondly, a broader animal health care
than the initial PPR vaccination is needed, and thirdly, some form of commu-
nity level experimentation on land subject to communal control or ownership
is required in order to change rotation patterns on a collective basis. However,
given the low priority which many small scale farmers give to their livestock, it
may be advisable to focus attention simultaneously on medium scale producers.
A suitable package would involve housing, veterinary inputs, and a one-quarter
hectare plot of fodder trees for feed. This could be financed by credit for
farmers with access to land and suitable management skills.

On the methodological level, the 'extension-style' approach to on-farm trials,
leaving all key management decisions with the farmers themselves, was shown
to be necessary in identifying the determinants of farmer decision-making,
particularly those of an institutional or sociological nature. Such factors cannot
necessarily be deduced from a pre-intervention, 'diagnostic' stage of research.
The relationship between constraint identification and the evaluation and
development of technology should therefore be dynamic and interactive.
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