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ABSTRACT

There is consensus in the international community that development and poverty
alleviation in rural Africa are among the most urgent global agendas for the 21% century.
Many rural Africans have traditionally depended on natural resources. Land use patterns
are highly heterogeneous across diverse agro-ecological/farming systems and even within
the systems, some being more extensive, while others being more intensive. These days a
range of factors, including increasing population pressure and global climate change, has
made it impossible for development through conventional extensive technologies or
degradational pathways to be sustainable as a viable strategy. To achieve both
development and environmental goals, sound agricultural intensification technologies
through more intensive and efficient use of inputs internal to systems, or conservation
pathways, must be identified and tailored to specific local needs and conditions to be
adopted by rural households, while enabling policy and infrastructure should be availed
by government and development agencies.

This chapter investigates the challenges that Africa has faced in rural development
and natural resource management and seeks guidance for policies and research. Firstly,
the chapter gives an overview of the current state of heterogeneous agro-ecological and
farming systems and the development challenges posed by population growth and climate
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change in rural Africa. We propose a conceptual framework to guide empirical research
in effectively examining the multi-dimensional aspects of the evolution of farming
systems/resource management and review how the framework is applied at meso-level in
the recent literature. Secondly, a case study from a Rift Valley community in western
Kenya is presented to show micro-level evidence of diverse portfolios of technology
options in a semi-arid environment.

It turns out that some conservation pathways may exist to promote more sustainable
development in rural Africa, possibly through the better integration of system
components, i.e., crop and livestock, and the inclusion of agroforestry into the farming
systems. Concurrently, there are also degradational pathways entailing substantial trade-
offs between promoting economic development vs. conserving natural resources. To
promote conservation development pathways, policies not only need to identify optimal
technology portfolios best suited to local conditions and exploit the complementarities
among system components but also to provide education with farmers to augment their
human capital assets and to promote stable non-farm/off-farm income opportunities to
enable investment in resource management. The chapter concludes by synthesising the
findings for policy implications and by presenting another emerging challenge of rising
food/fuel prices and a subsequent future research agenda.

1. INTRODUCTION

While globally the percentage of people who live in absolute poverty declined from 40%
to 18% between 1981 and 2004, in Africa it has stayed almost constant at 42% to 41% with
the number of extremely poor almost doubling from 168 million to 298 million (Chen &
Ravallion 2007; Collier 2007; Kates and Dasgupta 2007). An African exceptionalism
dominates the development needs of today and contributing to its reduction through
identifying different strategies from those used elsewhere is one of the grand challenges of
sustainable science (Kates and Dasgupta 2007).

Within sub-Saharan Africa (SSA), we focus on rural areas where more than 70% of the
population live, a majority of whom are poor. As most rural Africans are critically dependent
on natural resources for their livelihoods (Barrett et al. 2002; Williams et al. 2004; Ellis &
Freeman 2005; Dar and Twomlow 2007; Frost et al. 2007), agriculture, including crops,
livestock and agroforestry, does play a major role in poverty alleviation and sustainable
development as an economic activity and as a provider of environmental services. In
achieving economic development and poverty alleviation through agricultural development,
rural African populations need sustainable technologies that increase the productivity and
resilience of production systems even under fragile biophysical conditions (Dar and
Twomlow 2007).

One estimate suggests that a 4% annual sustained growth rate of agricultural production
in SSA is an absolute requirement (Sanchez and Leakey 1997). Yet, the region has long failed
to achieve increased agricultural productivity (Bullock 1997), missing out on the Green
Revolution (Sanchez and Leakey 1997; Dorward et al. 2004). Indeed, SSA lags behind the
rest of the world, with an overall net decline in agricultural productivity (Dar and Twomlow
2007). Between 1980 and 2000, food production per capita declined by 0.01% per year in
Africa, while in Asia and Latin America it grew by 2.3% and 0.9% respectively (Kates and
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Dasgupta 2007). In what aspects are rural sectors in SSA exceptional from those of other
developing regions in not benefiting from advanced agricultural technologies?

SSA countries consist of diverse agro-ecosystems and farming systems accordingly,
ranging from commercial agriculture in high potential zones, subsistence crop-livestock
mixed farming in semi-arid zones, and pastoral activities in arid-zones (Thornton et al. 2002;
Kristjanson et al. 2005; Okwi et al. 2007). Indeed, the heterogeneous and risky rainfed
farming systems of SSA—the broader mix of crops grown in the region; the agro-ecological
complexities and heterogeneity of the region; and the lack of infrastructure, markets and
supporting institutions—have so far all contributed to limiting the scope of the Green
Revolution in the region (World Bank 2007). Furthermore, two-thirds of the rural population
in SSA live in less-favoured areas defined as arid and semi-arid or with poor market access
(World Bank 2007). Given this pervasive heterogeneity in agriculture and rural society in
SSA, it is critical to pursue and formulate strategies tailored to local needs/contexts and to
integrate agricultural intensification with sustainable management of local resources within
small/medium-scale farming sectors (Dar and Twomlow 2007; Frost et al. 2007).

While heterogeneity in agro-ecological and farming systems in SSA has already made
agricultural productivity growth difficult, there are emerging factors, both internal social
dynamics of population growth and exogenous shocks of global climate change, which have
made African sustainable development even more challenging (Sanchez 2000; Beg et al.
2002). SSA has recently been experiencing faster population growth than other developing
regions (Thornton et al. 2002). Increasing population pressure has been held primarily
responsible for the increasing conversion of indigenous forests into agricultural land and for
the expansion of agricultural/pastoral activities on marginal lands, thus leading to depletion
and degradation of the inherently fragile soil and resource bases (Zhang et al. 2000; Amissah-
Arthur and Miller 2002). Concurrently, global climate change, e.g. changes in annual rainfall,
has also negatively affected agricultural output. Persistent rural poverty has accelerated rapid
urbanisation without productivity and employment growth, as falls in agricultural output and
the resulting poverty have forced rural residents to migrate to urban areas (Ndiaye and
Sofranko 1994; Barrios et al. 2006; Dar and Twomlow 2007).

While rural poverty alleviation needs growth in agriculture, increasing population
pressure and subsequent decreasing resource bases have made it impossible for development
through conventional extensive agricultural technologies to be sustainable as a viable growth
strategy. Furthermore, global climate change could expose rural populations to ever more
uncertain climatic risks. To achieve both poverty alleviation and environmental goals, sound
agricultural intensification technologies and better resource management practices must be
adopted by rural households, while enabling policy and infrastructural environments need to
be provided by government and development agencies. Otherwise, there would be a vicious
cycle of stagnant agricultural growth, persistent poverty, soil depletion, resource degradation,
deforestation, loss of biodiversity, and more vulnerability to climate change.

Agricultural intensification through better utilisation of locally available resources
through integration of system components, i.e. crop, livestock and agroforestry, without
depending much on expensive external inputs, is especially desirable considering the poverty
of rural populations. Therefore, the major research agenda for researchers and scientists
would be to identify various agricultural development and resource management pathways
across different agro-ecological zones/farming systems and to examine factors affecting
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respective pathways so as to better formulate policies to promote sustainable development
pathways with optimal resource utilisation practices.

Yet, analyses can be quite complicated since agro-ecological and farming systems consist
of diverse system components (crop, livestock, agroforestry, nutrients, natural resources) that
interact dynamically in response to changing environment, such as increasing population
pressure and climate change, aside from the extensive heterogeneity of agro-ecological and
farming systems in SSA. Furthermore, interactions of diverse system components can take
diverse pathways, in a complementary way or with trade-offs, not only across different agro-
ecological and farming systems but also between heterogeneous plots/farms within particular
systems. In other words, in research, we have to deal with (a) multi-dimensional aspects of
agro-ecological and farming systems, i.e. interactions, complementarities or trade-offs, of
multiple system components (among crop, livestock, agroforestry, nutrients, natural
resources, etc.), at (b) certain layers of analytical scales (at farm-level, meso-level). A
substantial number of empirical studies and surveys have been conducted for separate models
on particular crop/animal types or technologies in rural Africa and there have been more
frameworks to analyse multi-dimensional aspects of poverty such as livelihoods approach. On
the other hand, unfortunately, there have been few established conceptual frameworks for
guiding research and analysis of multi-dimensional aspects of agricultural intensification,
making it rather difficult to convert distinctive case studies into comparable interpretations
and synthesise them into policy formulations for integrated natural resource management.

The major objective of this chapter is to investigate the challenges that Africa has faced
in rural development and natural resource management. In order to facilitate such
investigation, we attempt to provide the conceptual framework for guiding research to allow
the examination of multi-dimensional aspects of diverse system components and their
interactions, especially complementarities/trade-offs, at various analytical scales. Then we
present how to apply the guidance to the analysis to identify critical factors promoting
optimal development and resource management pathways for policy formulation.
Accordingly, Section 2 gives an overview of the development challenges in rural Africa,
proposes key criteria and parameters included in conceptual frameworks for guiding research
and analysis, and reviews the recent literature on empirical studies. In Section 3, some of the
criteria are applied to guiding research and analysis of the micro-level data on rural
development and natural resource management in the mixed crop-livestock-agroforestry
system of a Rift Valley community in western Kenya. The case study attempted to identify
and interpret diverse agricultural development and resource management pathways in the
study area, to examine socio-economic, physical and institutional factors determining the
households’ choices of technology portfolios with incentives for sustainable natural resource
management, and to discuss policy options. Section 4 concludes by synthesising the findings
for policy implications and future research agendas that advocate for a holistic system
analysis approach to assess and evaluate viable technology options in rural Africa.
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2. FARMING SYSTEMS, NATURAL RESOURCES,
AND DEVELOPMENT NEEDS

2.1. Status and Challenges

As mentioned in the Introduction, there are two dimensions in Africa’s stagnant
agricultural growth: the inherent heterogeneity in agro-ecological/farming systems which has
prevented agricultural technological breakthroughs, and emerging factors such as population
growth and climate change which have further burdened an inherently fragile soil and
resource base. This sub-section outlines the status of the systems in SSA and emerging
challenges.

Heterogeneous Agro-ecological and Farming Systems

Understanding heterogeneity in agro-ecological and farming systems and the local
potential is critical in the search for alternative strategies to increase agricultural productivity
and sustainable resource management in SSA. In economic perspective, productivity
increases in agriculture have come from specialization/intensification. Yet, African severe
biophysical and climate conditions often limit the scope of specialization and risk-averse
farmers often opt for diversification (Ellis 2000; Ellis and Francis 2005). Indeed, from
ecological perspective diversification may be better than highly specialized, even mono-
cropping, systems which may destabilize the fragile balance of local biodiversity and
ecosystems. Since soils and climatic conditions of a region largely determine the suitability of
different crops and their yield potential along with the potential of integration with livestock
and agroforestry, mapping agro-ecological regions may facilitate the identification of optimal
farming patterns, i.e. cropping, livestock keeping and agroforestry, for increasing agricultural
production sustainably (Bullock 1997). While we do not discuss the significance of mapping
in development policy making here, we review the methodology of mapping to deal with the
inter-regional heterogeneity and the intra-system diversification in agro-ecological and
farming systems in Africa.

For example, FAO has worked on refining the agro-ecological zone approach for crop
systems. A set of information assembled for the agro-ecological zone delimitation included
choice of crops (wheat, paddy rice, maize, pearl millet, sorghum, soybean, cotton, phaseolus
bean, white potato, sweet potato and cassava) and identification of their climatic and soil
requirements, assemblies of agro-climatic data (with emphasis on temperature and water
availability whose combination is expressed in the length of the growing period) and of soil
data. The information was then combined to produce a land inventory map. Such a map
enables calculation of the maximum potential yield of each crop in each zone, taking into
consideration how ideal the soil conditions were and problems of soil management where
climatic conditions were less than ideal, and to produce a land suitability assessment for each
particular crop (Bullock 1997). In summary, the FAO agro-ecological zone definition was
mainly concerned with crops. Of course, crop types in SSA are far more diverse, and for a
reasonably generic agricultural system classification to be applied to the region, refinements
would be required to handle diverse cropping (and probably agroforestry) systems more
adequately (Kruska et al. 2003). However, a certain focus will be inevitable to simplify the
classification.
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The small-scale farming sector in SSA rarely lacks a livestock component (Mortimore
1991; Thorne 1998). In mixed farming systems, livestock can contribute either to sustainable
development by providing organic inputs into crop/agroforestry through better integration of
system components or to resource degradation if managed extensively without integration
under high population pressure (liyama et al. 2007a; 2007b). Agro-climatic and demography
are both important factors in the definition of the farming systems including livestock
components, as population density determines the available area of land for livestock farming
(Mclntire et al. 2002). To develop future scenarios of possible system changes in response to
climate change and population growth in the future as discussed later, it may be convenient to
develop the classification defined not only by climate but also by land cover and human
population density for crop-livestock systems rather than for crops only to assess the
development challenges and the status of natural resource management in SSA. What follows
deals with (crop-) livestock production systems.

Thornton et al. (2002) and Kruska et al. (2003) proposed the development of a global
livestock production system classification put forward by Seré and Steinfeld (1996) who
disaggregated the systems by agro-ecological conditions and population density. The
livestock systems are divided into: livestock only; rangeland based systems (areas with
minimum cropping); mixed rainfed systems (mostly rainfed cropping combined with
livestock); mixed irrigated systems (where a significant portion of cropping uses irrigation
and is interspersed with livestock); and others (areas with the population density over 450
square km). Each sub-system is further disaggregated by agro-ecological potential as defined
by the length of growing period (LGP); i.e. arid/semiarid zone (with LGP <180), humid/semi-
humid zone (with LGP >180 and <270), and temperate /tropical highland zone (average
temperature in growing season >5C and <20°C or a month or more with an average >5 C)
(Thornton et al. 2002; Kruska et al. 2003).

Diversity in crop-livestock systems in SSA is illustrated in Table 1. In 2000, 70% of the
total population of SSA depended on mixed rainfed crop-livestock systems which account for
27% of the total land area, while 10% depended on livestock only systems and 1% on
irrigated systems. Mixed rainfed systems are geographically widely distributed across SSA,
depending on agro-ecological conditions and population density. For example, in West
Africa, mixed rainfed systems are observed between zones neither too arid for crop
cultivation nor too humid to allow diseases for livestock (Manyong et al. 2006). In East
Africa, mixed farming systems are common in the highlands, and also in some semi-arid/sub-
humid zones (Thornton et al. 2002).

Challenges
While principally defined by population density and agro-climatic conditions, agricultural

settings in the farming systems in SSA are continuously evolving in response to changing
conditions such as population growth and climate change (Pell 1999).
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Table 1. Geographical and Demographic Distribution of Livelihood Production System

% of % of population  popula- times
land area human density tion population
population 2000 density in 2000
2000 2050
livestock production system
Livestock only 37 10 7 17 241
rangeland arid/ 26.18 6.70 7 17 2.49
semi-arid
rangeland humid/ 10.20 2.66 7 18 2.68
semi-humid
rangeland temperate 0.87 0.52 15 0 0
& highlands
Mixed Rainfed 27 70 67 158 2.35
mixed rainfed arid/ 14.17 25.06 46 105 2.28
semi-arid
mixed rainfed humid/ 9.67 30.16 81 199 245
semi-humid
mixed rainfed temperate 3.30 14.59 115 263 2.29
& highlands
Irrigated 1 1 53 96 1.80
mixed irrigated arid/ 0.46 0.66 38 64 1.71
semi-arid
mixed irrigated humid/ 0.00 0.02 155 422 2.72
semi-humid
mixed irrigated temperate 0.04 0.35 219 420 1.91
& highlands
Others 35 19 14 35 2.47
(landless city & others)
Total 100 100 26 61 2.36
Total (24,066,355 (626,972,
(square km, population) square km) 000
persons)

Note: calculated from the data from Thornton et al. (2002) and Kruska et al. (2003).

Population Growth

Both livestock rangeland systems and mixed rainfed systems in SSA (from arid/semi-
arid, sub-humid/humid, to temperate/highland zones) will see population density more than
double by the year 2050 (Table 1). This expected population growth will require an expansion
in food production and increase competition between crops and livestock. Mclntire et al.
(1992) claim that in the short term, conflicts would occur over the use of high quality land,
while in the long term, population growth will intensify competition of crop and livestock
enterprises for both land and labour. Rising population would also necessitate the expansion
of cultivated areas, replacing pastures and thereby reducing the grazing area for animals. This
indicates that unless farmers introduce intensive technologies such as high-yielding crop
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varieties or improved livestock breeds, it would be difficult to meet expected rising demand
for animal products by the growing population (Delgado et al. 1999; Pell 1999; Steinfeld et al
2006).

Climate Change

In addition, recent climate change further affects agricultural outputs negatively (Barrios
et al. 2006). The African continent is particularly vulnerable to the impacts of climate change
because of factors such as widespread poverty and overdependence on rain-fed agriculture
(IPCC 1998). Changes in climate will further add stresses to a deteriorating situation. A
sustained increase in mean ambient temperatures beyond 1°C would cause significant
changes in forest and rangeland cover; species distribution, composition, and migration
patterns; and biome distribution. Many countries on the continent are prone to recurrent
droughts, which could seriously impact the availability of food. African populations may also
face challenges that will emanate from extreme climate events such as floods (and resulting
landslides in some areas), strong winds, droughts, and tidal waves. High population growth
rates, and lack of significant investment - coupled with a highly variable climate - have made
it difficult for several countries to develop adaptation capabilities and patterns of livelihood
that would reduce pressure on the natural resource base.

Nutrient Depletion and Soil Degradation

Sanchez and Leakey (1997) claim that static or decreasing crop yields in Africa are
already occurring in the inherently less fertile, sandy soils of the savannahs and the Sahel,
because of population increases in these more marginal areas and due to nutrient depletion.
They have been indicative of a vicious cycle of population pressure, expansion of extensive
agriculture on marginal soils, soil depletion, resource degradation, deforestation of indigenous
forests, loss of biodiversity and watersheds, stagnant agricultural growth, persistent rural
poverty and accelerated urban migration.

“In addition to marked reductions in crop productivity, nutrient depletion triggers several
negative side effects on farm such as less fodder for cattle, less fuelwood for cooking, smaller
amounts of crop residues, and less manure from the cattle. These in turn further increase
runoff and erosion losses because there is less plant cover to protect the soils from wind and
water erosion.... deforestation in search of the few remaining pockets of fertile land in
densely populated areas often results in an almost total removal of trees from the landscape.
Lack of tree protection at the upper parts of watersheds severely affects their functioning.
Increasing soil erosion from unproductive cropland, communal grazing lands and denuded
watersheds leads to silting of reservoirs, lakes and coastal areas and can lead to the
eutrophication of fresh waters. Food shortages and famines become more acute during
drought years. Lack of opportunities for cash income pushes people off the land and into
urban areas where many cannot find productive jobs, further taxing the limited urban
infrastructure” (Sanchez and Leakey 1997).

Urbanisation

Individuals living in marginal areas may be forced to migrate to urban areas if the
marginal lands become less productive under increased population pressures new climate
conditions (IPCC 1998). The growth of urban areas may boost the demand for non-traditional
food products, such as rice, fruits and vegetables, thus creating new reliable domestic markets
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for rural farmers, if they have capitals to undertake new technologies and ventures. In turn, as
infrastructure is already approaching its limits in urban areas, rapid urbanisation prompted by
persistent rural poverty and agricultural stagnation should substantially increase the demand
for modern energy (Wolde-Rufael 2006). As electricity provision is very limited in SSA
(Karekezi & Kithyma 2002), most countries are predominantly dependent on traditional
biomass fuels for their energy; 70-90% of primary energy supply and up to 95% of the total
consumption (Karekezi 2002). Charcoal is especially popular for household use but its
production process is very inefficient, thus the increased demand in urban areas has led to
accelerated deforestation in rural areas (Morgan and Moss 1985; Cline-Cole 1990;
Mwampamba 2007). The rural poor without capital assets to undertake productive farming
increasingly find charcoal making by exploiting natural resources an easy means to earn
ready cash (liyama et al. 2008). Accelerated deforestation has led to land degradation by
exhausting soil organic contents (Ndiaye and Sofranko 1994; Chidumayo and Kwibisa 2003),
further escalating the vicious cycle through aggravating the adverse impact of global climatic
change on farm productivity.

Degradational vs Conservation Pathways

To feed a growing population, rural smallholders in African will need to accelerate the
expansion of their production activities from subsistence to commercial farming and
diversification into off-farm income generating activities. Much of the past expansion in
commercial crop and livestock production has been managed by increased use of land at low
inputs of capital and labour. As unoccupied land diminishes, increasing areas of natural
vegetation have been transferred to arable areas with shorter fallow cycles. Concurrently,
competition between grazing and cultivating systems for available land has more than
intensified. Hence, soil fertility is expected to decline unless some measures are taken to
improve soil management (liyama et al. 2007a; 2007Db).

Yet, the long-term relationship between land resource degradation and demographic
pressure should not be necessarily negative and linear. A cycle of poverty and environmental
degradation can be reversed with land intensification through better crop-livestock
integration and incorporation of trees within farms as well as through re-investment of
capitals/income from off-farm/non-farm activities into external input use. This has indeed
happened in the semi-arid Machakos District of Kenya, where despite increasing population
pressure since the 1930s farmers were able to reverse land degradation through an indigenous
soil conservation technology and agroforestry adoption that improved both crop and livestock
productivity (Tiffen et al. 1994; Sanchez and Leakey 1997).

Therefore as Mortimore (1991) suggested, the farming systems in SSA are confronted
with a choice between: (1) a degradational pathway—increasing the frequency of use without
additional inputs, failing to replenish soil chemical properties or to conserve physical
properties; and (2) a conservation pathway—increasing inputs, especially of labour, to
maintain or raise productivity per hectare. Since most African smallholders are poor, it is
unlikely that a conservation pathway can be achieved solely through an increased use of
expensive external inputs, such as inorganic fertilisers. Therefore a conservation pathway
should rather make efficient use of inputs internal to the systems and complementarities
through interactions/integration of system components, i.e. crop, livestock, trees, as much as
possible.
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For example, in mixed crop-livestock systems, under demographic pressure, there is
increased demand for integration in order not only to ease competition over resource use
between components but also to exploit their complementarities (Mcintire et al. 1992;
Christiaensen et al. 1995). Crop-livestock integration, defined as a process by which farmers
intensify their activities by integrating components of crop and livestock activities, is
expected to be an economically feasible and environmentally sound conservation pathway for
poor agropastoralists (Mortimore 1998; Mclntire et al. 1992; Christiaensen et al. 1995;
liyama et al. 2007b). The benefits of crop—livestock interactions are several. Animal traction
could improve the quality and timeliness of farming operations now done by hand, thus
raising crop yields and farm household incomes. Farm animals provide manure to improve
soils. Livestock sales would generate cash to buy inputs. Keeping animals on the farm could
also provide a use for other resources such as crop residue, which might be wasted in the
absence of animals (Mortimore 1998; Mclntire et al. 1992; Christiaensen et al. 1995; Thorne
et al. 2002; Bationo et al. 2004; Manyong et al. 2006).

Agroforestry practices also have considerable potential for helping solve some of
Africa’s development and resource management challenges, as agroforestry is defined as a
dynamic, ecologically-based, natural resource management system that, through the
integration of trees in farms and rangeland, diversifies and sustains smallholder production
for increased social, economic and environmental benefits (Sanchez and Leakey 1997; Ong et
al. 2007). Agroforestry trees can supply farm households with a wide range of products for
domestic use or sale, including food, medicine, livestock feed and timber, and environmental
and social services such as soil fertility, moisture conservation and boundary markers. For
example, high-value trees can fit in specific niches on farms while leaving more open land to
staple food crops or other profitable crops such as vegetables. Trees for timber and fuelwood
trees can also be grown on farm boundaries with leguminous fodder trees under them or as
contour hedges on sloping land. In such farms, income is increased and diversified, providing
resilience against weather or price disruptions. Soil erosion is minimized, nutrient cycling
maximized and above- and below-ground biodiversity enhanced (Erskine 1991; Sanchez and
Leakey 1997; Franzel et al.2001; Thangata and Alavalapati 2003).

The potential for integrated crop, animal and tree production is perceived to be high
while further population growth is expected in the next few decades (Mortimore 1991;
Kristjanson and Thornton 2004). Of course, the realities are not always ideal and the optimal
pathways are rarely evolving themselves spontaneously. Yet, if productivity is to increase
because of increasing demand and increasing land pressure, then there are real research needs
to enhance the complementarities between the existing system components (Thornton and
Herrero 2001).

2.2. Concepts and Models

This sub-section proposes a conceptual framework for integrated system analyses and
key parameters examined in the analysis of development and natural resource management.

General Conceptual Framework
Researchers and policy makers are urgently required to identify development and
resource management pathways within particular local/institutional contexts, to examine the
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limiting factors/enabling environment for development and resource management practices,
and to provide technological/institutional support for poor African smallholders to adopt
optimal pathways that contribute to poverty alleviation, food security and sustainable
resource use.

Yet, what makes research challenging is that agro-ecological and farming systems in SSA
consist of distinctive but tightly interdependent components or sub-systems which are highly
heterogeneous across regions depending on agro-climatic and demographic conditions.
Furthermore, these systems have been dynamically evolving in response to changing
circumstances, such as population growth and climate change as well as market conditions,
while farmers may pursue multiple objectives (e.g. food security and income maximisation)
with multiple system components (e.g. crops, animals, trees and natural resources) and
through livelihood diversification (into various farm and off-farm activities).

While a wide variety of models exist for separate crop and livestock to assess the
adoption potential of independent technologies, few models are available on the interaction of
various crop and animal types, and integration with agroforestry or other ‘natural resource
management’ and ‘sustainable agriculture’ practices (Franzel et al. 2001; Ong et al. 2007). A
new integrated model is required to analyse interactions of diverse system components with a
larger agro-ecosystem composed of non-agricultural systems, market systems and other
biophysical conditions, to incorporate quantitative relations between system components, and
to model optimal pathways of system component integration in terms of efficient nutrient
cycling, in order to estimate the long-term impact of existing strategies on the sustainability
of the system (Thornton and Herrero 2001; Herrero et al. 2007).

In other words, analytical methodologies for empirical research to identify the limiting
factors/enabling environment for sustainable development and resource management are, at a
minimum, required simultaneously to deal with multi-dimensional aspects of the systems, i.e.
interactions (either complementarities or trade-offs) among crops, animals, trees and natural
resources and the circumstances/factors affecting the evolution of agro-ecological/farming
systems at particular analytical scale (meso-, farm-, or sector-level). A set of logical
methodological steps is required to adequately represent the components of and transactions
within and between the systems to be modelled. These steps include characterizing
production systems, i.e. biophysical scales, management and interaction intensity, farm
household objectives, temporal scales, and modelling the key components and processes.

In guiding empirical studies, we propose a conceptual framework that will reduce the
complexity, consisting of three analytical steps (Box 1). The first step starts by identifying (a)
distinctive development/resource management pathways observed at (b) a particular scale,
either at (b-1) meso-level (regional or across different development/land use domains across
regions) or at (b-2) farm-level (farms/household types with different land use/resource
management patterns even within a region). Interactions of system components (crops,
animals, trees and natural resources) of each development/resource management pathway are
then examined to determine whether their interactions are more of trade-offs or of
complementarities. These pathways are then evaluated as degradational or conservation
pathways. The second step examines potential circumstances or factors affecting the adoption
of (a) respective degradational/conservation pathways at a particular analytical scale, i.e.
agro-ecological, demographic and market conditions at (b-1) meso-level, and capital asset
endowments and livelihood strategies at (b-2) farm-level. The following paragraphs explain
the assumptions/methodologies concerning (a) complex interactions of system components
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for the development/resource management pathways and (b) the factors affecting the
evolution of pathways at diverse analytical scales.

Box 1. A Conceptual Framework/Analytical Steps

(1) identification of (a) development/resource management pathways at (b) a particular
scale
() identification of diverse development/resource management pathways
e ook at multi-dimensional system components (crop, animals, trees and natural

resources)

e examine the interactions (complementarities/trade-offs) between system
components

e interpret as degradational (trade-off) or as conservation (complementary)
pathways

(b) determination of the analytical scale
e (b-1) meso-level: development domains reflecting heterogeneity in the pathways
e (b-2) farm -level: farm types reflecting heterogeneity in the pathways
(2) examination of factors affecting each of (a) the pathways at (b) a particular analytical
scale
(b-1) meso-level...agro-ecological, demographic, market access and conditions
(b-2) farm -level...capital assets, livelihood strategies (especially off-farm
income)
(3) policy recommendation

System Components of Development/Resource Management Pathways

The initial stage of the research requires the identification of (a) development/resource
management pathways at (b) a particular analytical scale by examining the interactions
(complementarities/trade-offs) between system components (crop, animals, trees, natural
resource) and interpreting them as degradational (trade-off) or as conservation
(complementary) pathways.

Using an integrated model or the concept of system analysis approach is often advocated
when dealing with multiple dimensions of particular farming systems. The systems analysis
approach attempts to analyse interactions of system components with a larger agro-ecosystem
composed of non-agricultural systems, market systems and other biophysical conditions, to
incorporate quantitative relations between crop and animal production, and to model optimal
pathways of system component integration in terms of efficient nutrient cycling, in order to
estimate the long-term impact of existing strategies on the sustainability of the system
(Thornton and Herrero 2001; Herrero et al. 2007). As the farming systems in SSA are facing
tremendous challenges due to population growth and climate change, modelling systems can
help identify and quantify significant interactions that occur between the various components
of smallholder systems through simulation exercises of existing land use patterns or
interventions.

Thornton and Herrero (2001) propose that a conceptual framework for modelling crop-
livestock systems should meet several requirements if the resulting models are to be used
reliably in a variety of systems analysis and impact assessment studies. Among the
requirements they list are: to describe and quantify the interactions between the system’s
components; to represent the farmer’s management practices; to determine the impact of
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management strategies on use of land and other resources; and to allow the possibility of
studying both the medium- and the long-term effects of the strategies investigated. Still,
empirical application of a modelling framework is quite challenging if dealing with all the
interactions occurring in the system.

One way to tackle the complexity in modelling is to develop relatively simple models
based on either experimental or empirical farm types with site-specific parameters, by
integrating information in a rational way to address specific research priorities. On-station
research with the simulation of whole farm systems allows maximum biological and
economic responses to the farm models under optimal conditions to be closely monitored.

However, the simulation model approach often does not replicate treatments in space,
while environmental factors, including agro-ecological, demographic and market conditions,
significantly vary across regions and these local modifiers substantially affect localised
system evolution which does not necessarily follow optimal pathways. Furthermore, though
incorporating the basic elements of local farming systems as system components, i.e. crops,
animals, trees and natural resources, the on-station model farm approach fails to simulate the
behaviour and management of farms which face highly risky environments and thus manage
them through livelihood diversification.

In the analyses of the interactions of diverse system components, relative effects of the
local modifiers at meso-level and of engagement in off-farm income activities on
development/resource management pathways at farm-level should be explicitly treated and
empirically investigated. It is thus important to determine at which analytical scale the
analysis is conducted to identify development/resource management pathways at the initial
analytical step.

Analytical Layers/Scales

African farming systems are characterised by heterogeneity and diversity both at meso-
and farm-level whose understanding is critical in formulating effective intervention (World
Bank 2007). Most empirical studies using econometric models attempt to examine diverse
factors promoting the evolution of the development/resource management pathways and
especially in identifying the factors affecting the adoption of optimal pathways (conservation
pathways) with incentives of better resource management, against degradational pathways.

These models are roughly divided into two groups; one group which emphasizes meso-
level parameters, assuming whether a farm adopts a particular technology or not is a function
of location specific factors, and the other which focuses on farm-level parameters or
household-specific factors on the development/resource management pathways. Even in the
discussion on targeting of interventions for sustainable agricultural development and resource
management in SSA, there is an ongoing debate on the usefulness of geographic targeting
(i.e. meso-level) versus targeting of specific household types (i.e. farm-level) (Kruseman et
al. 2006). We review the assumptions on key factors either at meso-level or farm-level that
are likely to affect the diverse evolutional pathways/heterogeneous land use patterns in rural
SSA.

Mixed farming systems in SSA at a given place and time are largely defined by agro-
ecological potential and population density, therefore land use/resource management
pathways show certain spatial patterns with some areas observing more farms adopting
intensification technologies than others (liyama et al. 2007b). Furthermore, access to
markets/infrastructure is also among the important factors that drive land use change. For
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example, in general, the levels of agricultural intensification and crop-livestock interactions
are low in arid, sparsely populated zones, but relatively higher in cooler more densely
populated zones. Opportunities for development of high-value perishable commodities, such
as horticultural crops or dairy, are likely to be greatest in areas with relatively high market
access and agricultural potential (Staal et al. 2002; Pender et al. 2004a; Kristjanson et al.
2005; Place et al. 2006; Kruseman et al. 2006; Manyong et al. 2006; Okwi et al.2007).

The underlying theme of the meso-level analysis is that agricultural/soil and demographic
conditions and market/infrastructural access are key factors that determine land use/livelihood
options available to households (Pender et al. 2004a; Kruseman et al. 2006). Agricultural
potential largely influences the absolute advantage (productivity) of a location in production
of particular agricultural commodities, while access to markets and infrastructure, and
population pressure help to determine the comparative advantage (profitability) of particular
livelihoods, given the absolute advantages. Yet, improved access to markets and
infrastructure has more ambiguous theoretical impacts on land use, land management
practices and resource conditions, because of the ambiguous effects of output prices on
incentives to conserve land (Pender et al. 2004a). It is suggested that if diversity between
villages is more important than heterogeneity amongst households, geographical targeting can
be considered as an effective strategy for selectively enhancing a process of agricultural
intensification (Pender et al. 2004a; Kruseman et al. 2006). In efficiently capturing the
dimension of locational factors, more recent studies incorporate GIS (geographical
information system)-derived measures into their econometric models (Kristjanson et al. 2002;
Staal et al. 2002; Manyong et al. 2006; Okwi et al. 2007).

However, there also exist heterogeneities in land use/resource management patterns
among households sharing similar biophysical, demographic and market conditions (Evans
and Ngau 1991; Tittonell et al. 2005; liyama et al. 2008).Farm-level analytical models then
tend to assume that levels of capital asset endowments of particular livelihood diversification
patterns adopted by households along with physical and institutional characteristics of plots
affect the adoption of agricultural intensification and resource management technologies, in
empirically examining the factors affecting heterogeneous land use patterns at community-
level.

Agricultural intensification is a dynamic process involving the decision making process
of individual farms to adopt new technologies in response to challenges posed to their
systems by population growth, climatic changes and market opportunities (Mclntire et al.
1992; Pender et al. 2004a). Yet, incentives to pursue environmentally sustainable practices
are commonly lower than incentives to simply extract natural resources in an arid/semi-arid
environment where the majority of Africa’s poorest and most food-insecure households live
(Dar and Twomlow 2007). To survive in a harsh and variable environment, rural households
often pursue a range of livelihood strategies to diversify their income sources into various
farm and off-farm activities as a means to reduce risk from specialisation and, if possible,
respond to rapidly changing market conditions (Ellis 2000; Barrett et al. 2001; Dar and
Twomlow 2007). As households are different in capital asset endowments and capability to
pursue different development paths or livelihood diversification portfolios with different
incentives for resource management (Ellis 2000; Barrett et al. 2002; Williams et al. 2004), the
rate at which technologies are adopted can be heterogeneous among households even within a
small community (Tittonell et al. 2005; liyama et al. 2008).
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In deriving meso-/sector-/macro-level policy implications, meso-level analyses may
provide more straightforward recommendations than farm-level analyses. Nevertheless,
detailed community-level case studies are also needed in order to more adequately address
policy concerns for understanding what the effects of a household’s capital asset endowments
are with respect to the adoption of relatively high-return, sustainable agricultural activities. A
few micro-level studies on rural livelihoods have revealed that households pursuing highly
diverse income diversification strategies, usually including off-farm options, are more likely
to adopt new farming technologies. These households are relatively well endowed with
respect to education and skills (Evans and Ngau 1991; liyama et al. 2008). This implies that
for poverty alleviation, meso-/macro-level development policies need to be multi-sectoral,
encompassing education, and both farm and off-farm activities.

2.3. Methodologies and Application

Analytical methodologies for empirical studies on agricultural development and natural
resource management in SSA are, at a minimum, required to identify dominant
development/natural resource management pathways in particular locations, by
simultaneously dealing with multi-dimensional aspects of the systems, i.e. interactions
between multiple system components of crops, animals, trees, and natural resources. Then the
analysis should include an examination of the factors affecting the evolution of the
development/resource management pathways at a particular analytical scale, i.e. locational
factors such as agro-ecological, demographic and market conditions at meso-level, and
household-specific factors such as capital asset endowments and livelihood diversification
strategies.

In empirical application, it is often difficult to capture multi-dimensional aspects of
development/resource management pathways, the interactions and dynamics of system
components, in the analysis. For example, the multi-dimensionality of crop-livestock
integration includes the use of manure, animal traction, crop residue, and agricultural by-
products as feed within the same farm enterprise (Manyong et al. 2006). However, most
literature on crop-livestock integration deals with selected technologies as proxies to some
dimensions of agricultural intensification rather than holistically treating all the technologies.
For example, Staal et al. (2002) focus on the three technologies—keeping of dairy cattle,
planting of specialised fodder, and use of concentrate feed—as proxies of crop-livestock
integration in mixed smallholder farming systems in central and western Kenya, and
investigate the effects of locational factors on technology adoption. Kristjanson et al. (2002)
select the adoption of genetically improved double-purpose cowpea varieties as a proxy of
crop-livestock integration in West Africa, and examine the ability of village-level factors to
potentially influence spatial patterns in crop—livestock evolution pathways.

The typology of crop-livestock integration pathways or development/natural resource
management pathways has long been challenging. Earlier attempts tried to disaggregate
multi-dimensional features of farming and integrated natural resource management and to
classify farming systems into domains/zones with particular features (Mortimore 1991).
There are also new attempts to derive integrated, location/farm-specific indices of agricultural
intensification by summarizing and reducing the multiple dimensionality of the interaction of
system components. There are still only a few empirical studies at meso-level that have
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attempted to invent integrated indices to capture multi-dimensional aspects of farming system
evolution (Pender et al. 2004a; Kruseman et al. 2006; Manyong et al. 2006), while there are
even fewer case studies at micro-level (liyama et al. 2007b). The methodology used and
implications of the work of Pender et al. (2004) are reviewed below.

Pender et al. (2004a) propose the concept of development domains and development
pathways to investigate spatial patterns and factors affecting evolution in land use/income
strategies across different locations in Uganda, and to test the hypothesis that the
opportunities and constraints for sustainable development depend upon the comparative
advantages that exist in a particular location. They define a “development domain” as a
geographical region having similar comparative advantages, based upon similar agro-climatic
conditions, access to markets and population density. In turn, a “development pathway” is
defined as a common pattern of change in income strategy. This concept is more general than
farming systems since it incorporates non-farm as well as on-farm activities, and is dynamic
since it refers to changes and not merely income strategies pursued at a particular point in
time. Their key research questions include: (i) what are the dominant development pathways
occurring in different development domains in Uganda since 1990, and their relationship to
land use and land management; (ii) what factors determine the development of particular
development pathways and changes in land use and land management; and (iii) what are the
implications of different development pathways, policies, programmes and other causes of
change for natural resource and human welfare conditions.

While the high quality time-series and cross-sectional data on changes in land use and
income strategies have virtually not been available in Uganda, Pender et al. (2004) collected
some of the information on income strategies, perceptions of change in human welfare and
natural resource conditions, land use, and land management using the following survey
method. A community-level survey was conducted in 107 communities across different
development domains in Uganda between 1999 and 2000 by interviewing with a group of 10—
20 individuals representing the community to collect information. Where information about
changes was sought, the focus was on changes during 1990-99. They used a common method
of ranking perceptions of change in all cases: +2.major increase (or improvement), +1.minor
increase, 0.no change, -1.minor decrease, -2.major decrease. As they acknowledged, given the
gualitative and subjective nature of the data used, the findings of the study should be regarded
as suggestive rather than definitive and should be confirmed by further study using more
objective and quantitative (though more costly) methods. Even so, this approach is useful to
estimate the overall evolution of land use and income strategies in Uganda, where it is
extremely expensive to collect high-quality data at national scale.

Several steps were used to analyse the data. Firstly, different development domains in
Uganda were classified based upon available secondary information related to agricultural
potential (based on six agro-climatic zones), market access and population density (at the
second lowest administrative unit). There are 24 possible domains, though only 18 are
represented to any significant extent in the study region. Secondly, the factor analysis used
data on the primary activities of men in 1999 and changes in the three main activities since
1990 to identify the development pathways. The first six factors have a clear interpretation as
development pathways. Thirdly, the econometric analysis focused on determinants of the
development pathways (as measured by the factor scores from the factor analysis) and
changes in land use, land management practices, purchased input use, and various indicators
of change in natural resource conditions and human welfare. The fixed explanatory variables



Natural Resources 17

included in the regression models include dummy variables for the agro-climatic zones,
market access class, population density class, and whether there is irrigation in the village.

As a result of the factor analysis, six dominant development pathways were identified.
These were: [1] expansion of cereals production; [2] expansion of banana and coffee
production; [3] non-farm development; [4] expansion of horticulture; [5] expansion of cotton;
and [6] stable coffee production. It is interpreted that the general pattern of agricultural
development occurring in Uganda during the 1990s involved increasing specialization and
commercialization of economic activities in different locations, based upon differences in
comparative advantage.

In general, the econometric analysis found that the factors hypothesized to determine the
comparative advantage of different development pathways—including agricultural potential,
access to markets and infrastructure, and population density—are significantly associated
with the development pathways, though different factors are important for different pathways.
Agro-climatic conditions are particularly important for distinguishing areas of [1] cereal
expansion from [2]/[4] perennials areas. Higher population density favours [1] intensified
production of cereals, [4] horticulture and [3] non-farm activities, while closer access to rural
markets favours [3] non-farm development and, moderately, [2] expansion of banana and
coffee production. Access to irrigation is critical for [4] horticultural development, and
improved access to roads is important for [3] non-farm development. Non-governmental
organisations (NGOs) appear to foster [3] non-farm development, while CBOs are associated
with [1] expanded cereal production.

The econometric analyses also revealed the association between respective development
pathways, and the adoption of natural resource management as well as the changes in natural
resource and human welfare conditions, controlling the impact of agro-ecological conditions,
population growth and market access. Among the six development pathways, [2] expansion
of banana and coffee was most strongly associated with adoption of soil and water
conservation practices, including mulch, compost, manure and recycling of plant residues,
and improvements in resource conditions, such as quality of forests, natural water, and human
welfare. In contrast, while associated with improved nutrition in children, [1] expansion of
cereals production was associated with decreased availability of grazing land and forests and
decreased quality of forests, without use of external inputs and investment in improved land
management. [3] Non-farm development was associated with the adoption of some resource
conservation measures, such as mulching and recycling of crop residues, and some
improvement in woodlots and natural water.

Based on the results, the dominant development pathways in Uganda are interpreted.
Promotion of [2] expansion of banana and coffee production pathway may be a potential
“‘win-win-win’’ development strategy, or ‘conservation pathway’, benefiting the environment
while contributing to economic growth and poverty reduction, where this pathway is suited.
[1] Expansion of cereals production without use of external inputs and investment in
improved land management, as is common in Uganda, may not be sustainable because most
cereals have a poor ground cover, exposing the soil to erosion and because a significant
proportion of cereals is usually marketed, exporting soil nutrients from the farm. Increased
efforts to protect remaining forest and woodland areas, and promotion of improved
technology adoption through agricultural technical assistance programmes and development
of markets, will be key to agricultural modernization and assuring sustainable land use where
cereals expansion is occurring. Promotion of [3] non-farm development offers both
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environmental and economic benefits. By reducing dependence on crop production and
promoting tree planting, non-farm activities appear to reduce soil erosion and improve water
availability and quality.

In summary, Pender et al. (2004a) show that the development pattern in Uganda has been
associated with changes in land use and agricultural practices, including expansion of
cultivated areas, settlements and woodlots at the expense of fallow, forest and wetlands;
increased adoption of purchased inputs; and resource conservation practices. They also reveal
that the extent to which economic development is consistent with sustainable use of natural
resource bases depends upon, among other things, the development pathways being pursued
in different locations. These results imply that some ‘‘win-win-win’’ opportunities, or
conservation pathway, may exist to promote more sustainable development in Uganda, for
example, by promoting [3] the banana—coffee development pathway. Concurrently, there are
also trade-offs between conserving forests and wetlands vs. promoting economic
development through pursuing [1] expansion of cereal production which apparently lacks the
incentives for sustainable resource management. Such trade-offs should be adequately
considered as development strategies in Uganda and elsewhere.

There are few integrated models in existence to analyse development/natural resource
management pathways at farm-level analysis, while a few case studies attempt to deal with
the association between heterogeneous farm-livelihood strategy clusters and the adoption of
natural resource management (Tittonell et al. 2005; liyama et al. 2008). In Section 3, we
present a farm-level case study to apply the conceptual framework and to employ an
integrated index to identify heterogeneous development/resource management pathways
observed in a Rift Valley community in western Kenya. The aim is to examine the interaction
between system components of each pathway, i.e. crop, livestock, trees and natural resources,
and to investigate key factors affecting the adoption of these pathways by households.

3. CASE STUDY FROM A RIFT VALLEY COMMUNITY

3.1. Introduction to a Case Study

Most rural populations in SSA are dependent on mixed systems for survival (Thornton et
al. 2002; Kristjanson and Thornton 2004). Within mixed rainfed farming systems, semi-arid
zones are considered marginal for farming and are characterised by low population density.
However, as higher potential zones become overpopulated, agropastoralists have gradually
migrated to more arid zones in search of unoccupied land. Once settled, they have expanded
cultivated and grazing areas with shorter fallow cycles, exhausting nutrients in inherently
organic-deficient soils (Pell 1999; Place et al. 2003). As the population increases, semi-arid
zones must accommodate more people on fragile soils. As Mortimore (1991) suggested,
mixed farming systems in semi-arid zones in Africa are confronted with a choice between a
degradational pathway—increasing the frequency of use without additional inputs, failing to
replenish soil chemical properties or to conserve physical properties—and a conservation
pathway (increasing inputs, especially labour, to maintain or raise productivity per hectare).

To sustain soils, conservation crop—livestock intensification pathways must be urgently
identified and promoted and the role of livestock needs to be investigated. This is because,
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while animals are often blamed for degradation, they may be an essential component of
intensification, which in turn creates the economic conditions for conservation land
management (Mortimore 1991; Mclntire et al.1992). While a number of studies have already
been implemented in high potential zones (Shepherd and Soule 1998; Clay et al. 2002;
Tittonell et al. 2005; Place et al. 2006), fewer studies have been conducted in semi-arid zones
on the impact of diverse crop-livestock pathways on land degradation such as some
monographs, for example, by Tiffen et al. (1994). In-depth case studies are urgently needed.

This  Section presents empirical evidence of diverse crop-livestock (and
horticulture/agroforestry) evolution pathways in a semi-arid community. The Kerio River
Basin is located at the foot of the Great Rift Valley escarpment in western Kenya. The valley
floor is hotter and drier than the escarpment and highlands and used to be considered neither
habitable nor arable. When people first settled there in the 1970s, the lower parts of the valley
became severely degraded with the formation of gullies and loss of natural vegetation due to
expansion of grain production and grazing of indigenous animals. For the past two decades,
however, some households have introduced horticulture and semi-zero grazing of exotic
animal breeds on homestead plots in the upper parts of the valley. Residents claim that soils
in the upper valley have been healing due to manure application, terracing and mulching in
contrast to the degraded soils in the lower valley.

Our research question is to investigate factors affecting a household’s decisions to adopt
either conservation or degradational pathways. Perceived heterogeneity in land use patterns
and associated soil quality in the study area indicate the significant correlation at plot level
between types of crops planted and degree of crop—animal integration. This suggests that land
use pattern is determined by plot characteristics (i.e. location and tenure forms). At the same
time, it is households that ultimately decide to adopt particular portfolios of crop and animal
types (defined as crop-livestock diversification [CLD] patterns) and allocate their resources
accordingly. Therefore, our hypothesis is whether a degradational pathway (CLD with low
levels of soil management) or a conservation pathway (CLD with high levels of soil
management) is adopted dependent on plot characteristics or on household characteristics.

The next sub-section describes the hypothesis, the study area and analytical methods used
in this study. In the analytical process, land use patterns of the 177 households in the study
area are first examined for 386 plots at plot level. Secondly, a new set of variables to
represent the CLD patterns of the households is derived using principal component analysis.
Thirdly, the effects of household and plot characteristics on the choices of the CLD patterns
are tested using regression analysis. Sections 3.3 and 3.4 present and discuss the results. Brief
policy implications are provided in Section 3.5.

3.2. Methods

Hypotheses

The major factors determining spatial patterns of crop-livestock pathways are agro-
ecological, demographic and market conditions (Mortimore 1991; Mclintire et al. 1992;
Kristjanson et al. 2002; Staal et al. 2002; Thornton et al. 2002; Pender et al. 2004a; Manyong
et al. 2006; liyama et al. 2007b). However, even within a small area, crop—livestock pathways
have been highly heterogeneous among households (Shepherd and Soule 1998; Tittonell et al.
2005). Observation of heterogeneous pathways at farm scales indicates that causes of the



20 Miyuki liyama, Patti Kristjanson, Joseph Ogutu et al.

variability are not only biophysical but also socio-economic. In-depth case studies are
necessary to understand crop-livestock pathways from a perspective of the livelihood
strategies of households.

The adoption of crops and livestock has been commonly analysed as independent
components (Benin et al. 2004; Pender et al. 2004b; Kristjanson et al. 2005; Lacy et al. 2006).
But, investment in resource management is not made in isolation from the preceding
investment in crop and livestock activities. Farmers who have invested in valuable perennials
(e.g. fruits) may find adoption of soil conservation practices more attractive than in the
absence of such prior investments (Barrett et al. 2002). Improved breeds of animals are more
likely to be stall-fed within farms and more integrated with crop production (Staal et al. 2002;
Bationo et al. 2004). If synergies exist between components, giving incentives for better
management, then it is important to adopt a system approach to analyse these synergies.

We assume that if a household is engaged in a CLD pattern involving crop [A] and
livestock of type [B], then the household allocates proportionately more land to crop [A] and
holds more livestock of type [B] than other types within its portfolio. Different CLD patterns
have different levels of interactions between components (Kristjanson and Thornton 2004).
CLD patterns associated with more intensive input use are interpreted as conservation
pathways while those with less input use are interpreted as degradational pathways. Our main
hypothesis is that households select CLD patterns to maximise utility under their constraints,
i.e. resource endowments, access to off-farm income, availability of farming tools or
characteristics of plots. Particular CLD patterns give households incentives to allocate land,
labour and capital to resource management.*

More conservation CLD patterns may require labour, skills or capital intensive
technologies, and thus are constrained by a household’s human capital asset endowments?
(Reardon and Vosti 1995; Benin et al. 2004; Pender et al. 2004b). Effects of off-farm income
activities such as regular (e.g. formal employment and business) or casual income activities
(e.g. charcoal making or day labour) and remittances are, however, ambiguous as they
provide capital to invest in technologies while constraining labour availability (de Jager et al.
2001; Barrett et al. 2002; Tittonell et al. 2005; Perz et al. 2006; Morera and Gladwin 2006).

Degradational CLD patterns may be more constrained by the tenure or physical
characteristics of land that households can access. Tenure characteristics refer to how land
was acquired (Pender et al. 2004b). Households with large tracts of inherited land may not
necessarily use all of it if they are not engaged in extensive cultivation. However, even under
customary tenure systems where no plots are formally registered, households may purchase,
hire or borrow plots to cultivate particular varieties of crops when they need more land than
what they inherited. Physical characteristics of plots, i.e. slope, soil types and distance from

! For more detail on the concept of CLD patterns see liyama et al. (2007a) who identified an optimal pathway with
higher income and more manure application among five CLD patterns and examined household/homestead
characteristics adopting the optimal CLD pattern. Our study examines plot-level resource management and
inputs for all the plots and the relative effects of human capital asset endowments, off-farm income access and
tenure/physical characteristics of plots for all the potential CLD patterns.

2 The education of the household head should also be an important component of human capital assets for
households. However, in the statistical analysis in Section 3.3, we did not include this variable in the regression
models for investigating the determinants of CLD patterns to avoid multi-collinearity, because this is highly
correlated with other key variables hypothesised to affect the choices of CLD patterns by households, such as the
age of the household head (correlation ratio: —0.68) and access to regular off-farm income generating activities
(correlation ratio: 0.40).
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homesteads, also affect the choices households make in adopting particular crop and livestock
varieties (Benin et al. 2004; Morera and Gladwin 2006; Herrero et al. 2007).

Given that theory does not tell us much about the relative weight of a household’s capital
asset endowments and plot characteristics in determining the choice of crop-livestock
pathways, we take an empirical approach and examine the factors that help explain the
variation seen in CLD patterns across a somewhat typical, semi-arid agropastoral district in
East Africa.

Study Area

Keiyo District is located along the basin of Kerio River, which flows northwards to Lake
Turkana, in the Rift Valley Province of western Kenya. Keiyo District can be roughly
subdivided into three agro-ecological zones: the highlands (altitude 2,500-3,000 m) to the
west, the escarpment (1,300-2,500 m) in the centre, and the valley floor (1,000-1,300 m) to
the east (SARDEP 2002). This study focuses on households representing part of the valley
floor community.

There are 16 sub-locations in Keiyo District, each occupied by a different clan. One of
these, Rokocho Sub-location, consisting of 177 households, was randomly selected for this
study to represent typical agropastoral communities in semi-arid regions in East Africa. The
valley floor is hot for most of the year, with temperatures varying between 22°C and 31°C.
Average annual rainfall ranges between 700 and 1,000 mm but high evaporation limits the
LGP (Thornton et al. 2002; SARDEP 2002). A major tarmac road traverses the sub-location
from north to south. Other infrastructural developments in Rokocho include a Christian
mission with a training centre. The household survey was carried out between July and
September 2006 using a structured questionnaire and field visits.

Before the early 1960s it was considered unviable to farm in the basin as there were no
permanent sources of water. During the 1970s, in search of land, people slowly started to
settle in the valley. Initially, expansion of grain production and extensive grazing in the lower
valley led to serious soil degradation, with loss of natural vegetation and formation of gullies.
Since 1985, the construction of the tarmac road has greatly transformed the livelihoods of
people in the valley. Institutions such as churches and NGOs have also stimulated
development initiatives by providing villagers with management training and capital for
investing in horticulture and exotic livestock breeds. Some households have introduced
horticulture and semi-zero grazing of exotic animal breeds on homestead plots in the upper
parts of the valley. Furthermore, the development of water projects has allowed more people
to adopt intensive farming on homesteads. Residents claim that soils in the upper valley have
been healing due to manure application, terracing and mulching in contrast to the degraded
soils in the lower valley.

These developments have also led to changes in land use and transactions. The land
tenure system is primarily customary. Land from the valley floor up to the highlands mostly
belongs to one clan. Even households located on the valley floor sometimes have plots on the
escarpment and in the highlands. Clan land is subdivided among extended families and the
family land is further subdivided into parcels owned by nuclear families through inheritance.
However, some family plots are currently too small to be further subdivided. In such cases,
one is encouraged to acquire land elsewhere by purchasing, hiring or borrowing it. While
individual rights to land are well recognized, land is often used as an open access resource for
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grazing by clan members, unless it is properly fenced. Currently, some households that
practise horticulture have started fencing their homestead plots for exclusive use.

Today, the households plant various types of crops either on single plots or on several
plots spread over different agro-ecological zones and keep various kinds of livestock. We
classified crops into four categories: (1) drought-resistant crops: sorghum, millet and cassava;
(2) staple crops: maize, beans, cowpeas, green grams and groundnuts; (3) fruits: mangoes,
pawpaws, citrus fruits, bananas and avocadoes; and (4) commercial crops: wheat, potatoes
and carrots. We similarly classified livestock into four categories: (1) improved breeds of
cattle (exotic and crossbred cattle); (2) dairy goats; (3) indigenous cattle; and (4) sheep and
goats.

Analytical Methods

The first analytical step is to examine resource management at plot level. The total
number of plots claimed by the 177 households was 386. These plots were either owned
(inherited, purchased or given), rented (at a fee) or borrowed (at no fee). Most plots were
located either on the lower or upper parts of the valley, while some were on the escarpment or
highlands (Figure 1). The location proxies indicate the physical characteristics of farms. For
example, the lower valley is flat and dry and contains sandy soils. Dominant crops include
staple (maize and beans) and drought-resistant (sorghum and millet) crops, while livestock
graze freely in open areas. The upper valley, where homesteads are located, is relatively flat
to moderately sloped, with sandy and clayey soils, horticulture is currently practised here.
Although the escarpment is very steep, drought-resistant crops or staple crops are cultivated
there. The highlands are moderately sloped, cool and receive sufficient precipitation, and are
ideal for commercial crops (see SARDEP 2002).

Secondly, we attempt to derive household-specific composite variables representing CLD
patterns, from variables representing household shares of particular crop and livestock
activities. Accurate calculation of areas cultivated to particular crops was difficult because
households often had access to more than one plot, and planted different crops on the same
plots, as is the practice in other parts of rural Africa (Benin et al. 2004; Pender et al. 2004b;
Waithaka et al. 2006). In order to circumvent this difficulty, households were asked to
approximate the percentages of plots used for each crop type. Then, principal component
analysis was used to derive new sets of composite variables representing ‘CLD patterns’ from
those variables describing shares of crop and livestock activities. The principal components
can reveal complementary (positively correlated) or substitute (negatively correlated) crop
and livestock activities (liyama et al. 2007a).

Thirdly, ordinary least squares (OLS) regressions were used to evaluate putative
determinants of the CLD patterns. The dependent variables in these regressions were the
principal component scores while the independent variables included household
characteristics, access to various off-farm income streams, tenure and physical characteristics
of the land which households had access to, and possession of specific farm implements. For
tenure and physical characteristics of the land, we calculated shares of land owned by
households by mode of acquisition and by location.
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Figure 1. Land Use Patterns in the Study Area.

3.3. Results

Soil Management at Plot Level

At the time of the survey, the 177 households in the study area had access to 386 plots.
Most of the plots were acquired through inheritance. Even before the 1970s, when only a few
people had settled in the valley, the clan land in the upper valley, escarpment and highlands
had already been subdivided into family plots, while the lower valley land remained
communal. After the 1970s, the clan elders demarcated the lower valley for clan members
resident in the valley, as demand for exclusive individual arable plots increased. Currently,
there has been some transaction in plots through purchase or rental contracts between those
who inherited large tracts of land and those who inherited little but are willing to expand
cultivation.

Spatial distribution of the plots across the different agro-ecological sections is shown in
Table 2. Among the 386 plots (the last row), more than half (57%) of the plots were in the
upper valley (including 177 homestead plots) while the fewest (4%) were in the highlands,
although the size of individual plots varied across/within a particular section. Across the
sections (the last column), the most commonly crops planted were the staples, followed by
fruits; 37% of the plots were not planted. Over 60% of plots in the lower valley or the
escarpment were planted with staple crops. In the upper valley, 36% of plots were planted
with fruits, mostly on the homestead plots, while 45% of plots were not planted. The highland
plots were planted with commercial crops (wheat, tomatoes and vegetables), staple crops or
an intercrop of these two categories. These spatial patterns indicate that choices of which crop
types to plant is largely determined by the location of the plots, reflecting factors such as
distance from homesteads, slope, soil type, temperature and water availability.
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Table 2. Locations of 386 Plots by Crop-Type

lower upper escarpment  highland  all

valley no. valley sections

(%) no. (%) no. (%) no. (%) no. (%)
CROP-TYPE
drought-resistant 1(1) 13(6) 14(4)
Staple 77(68) 6(3) 20(61) 3(18)  106(27)
Fruits 2(2) 80(36) 82(21)
commercial 6(35) 6(2)
drought-resistant+staple 8(7) 9(4) 17(4)
with fruits and/or commercial 12(5) 4(24) 16(4)
nappier grass 2(1) 2(1)
not planted 26(23) 100(45) 13(39) 4(24)  143(37)
Total 114(100)  222(100) 33(100)  17(100) 386(100)

Table 3. Soil Fertility Management and Labour Inputs by Plot Level

no. terraced manure fertiliser family labor hired labour
plots  (yes=1,no=0) (kg/acre) (ksh/acre) (mhrs/year) (mhrs/year)
Crop-type
drought-resistant 14 0.29 14 0 1830 9
Staple 106 0.08 0 0 598 65
Fruits 82 0.74 522 0 1245 101
commercial 6 0.17 5 1167 150 1051
drought- 17 0.18 0 0 1098 31
resistant+staple
with fruits and/or 16 0.63 281 216 1656 190
commercial
nappier grass 2 0 0 0 0 0
not planted 143 0.06 0 0 0 0
Total 386 0.25 123 27 614 65
F-value 38.92%** 10.4%** 41.6*** 20.0%** 11.9%**

Plot-level applications of conservation measures (terracing and manure/fertiliser applied)
and labour input (family and hired labour input) are presented in Table 3. Plots planted with
fruits were more likely to be associated with intensive management (74% terraced, 522
kg/acre manure, 1,245 family man-hours/year [mhr]/year), followed by plots intercropped
with fruits and/or commercial crops. Plots planted with commercial crops received little
manure but a relatively large value of chemical fertilisers and hired labour (1,167 KSh/acre,
1,051 hired mhr/year). More family labour was used in plots planted with drought-resistant
crops (1,830 mhr/year) than in other plots, probably because plots planted with millet and
sorghum require supervision to keep wild animals away. In contrast, plots planted with staple
crops were less associated with intensive management (8% terraced, no manure/fertiliser
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application and less labour). In general, crop types seem to affect levels of soil management,
degrees of manure integration and labour input. Fruits can be associated with the conservation
pathway, characterised by better soil management and higher manure and labour input, and
staple crops with the degradational pathway where these factors are not applied.

Identification of Conservatory and Degradational Pathways

Household-level portfolios of crop—livestock activities are summarized in Table 4. The
mean area of land used per household was 2.28 acres, of which 1.27 acres (55%) was used for
cultivating staple crops, 0.80 acres (35%) was planted with fruits, while the remaining land
was under drought-resistant and commercial crops. Households owned an average of 5.14
tropical livestock units (TLUs),® of which 2.69 TLUs (52%) comprised indigenous cattle,
1.64 TLUs (32%) consisted of sheep and goats and 0.79 TLUs (15%) were exotic and
crossbred cattle. Dairy goats accounted for 1% of the total livestock holding. The averages,
however, tend to mask heterogeneities in the adoption of certain crop/livestock types among
households, in complementarities between crops and livestock (see liyama et al. 2007a) or the
existence of certain patterns in crop—livestock combinations that we have explored further
below.

Table 4. Household-Level Portfolios for Crop-Livestock Activities

Variables of crop-livestock activities .
P N mean Std.D min max share

Proportion of land allocated to particular crop by households

land with staple crop (acres/ratio) 177 1.27 259 0 21 0.55
land with fruits (acres/ratio) 177 0.80 1.29 0 10 0.35
land with drought-resistant crop (acres/ratio) 177 0.14 0.40 0 2 0.06
land with commercial (acres/ratio) 177 0.07 0.39 0 4 0.03
total acres used (acres) 177 2.28 2.99 0 24
Proportion of particular animals kept by households

no. of indigenous cattle (TLU/ratio) 177 269 5.31 0 38 052
no. of sheep/goats (TLU/ratio) 177 1.64 4.36 0 44  0.32
no. of improved cattle (TLU/ratio) 177 0.79 1.88 0 10 0.15
no. of dairy goats (TLU/ratio) 177 0.03 0.11 0 1 0.01
total animals owned (TLU) 177 5.14 7.45 0 44

Table 5. Dominant CLD Patterns (Principal Components)

Component

% The TLU is calculated as follows: a bull is equivalent to 1.29 TLU; a cow to 1 TLU; a calf to 0.7 TLU; and
sheep and goat to 0.11 TLU (Kristjanson et al. 2002).
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CLD I CLD I CLD 1 CLD IV CLDV
maize+ind imp cattle  extensive crop sheep/goats  dairy goats
cattle +fruits
+staple crop +improved -indigenous +sheep& +dairy goats
+indigenous cattle cattle goats -commercial
cattle +fruits, -fruits crop
-fruits +land use +land use
-drought-

resistant crop

Land Allocated to

drought-resistant crop(%) -0.04 -0.66 0.22 -0.34 -0.21
staple crop(%) 0.80 0.18 0.35 -0.06 0.20
fruits(%) -0.70 0.35 -0.48 0.24 0.08
commercial crop(%) -0.14 0.24 0.11 -0.40 -0.50
total acre used(acres) 0.15 0.57 0.46 0.11 -0.06
Animals Held in

improved cattle(%) -0.35 0.66 0.28 -0.14 -0.10
dairy goats(%) -0.10 0.07 0.04 -0.30 0.83
Indigenous cattle(%) 0.60 0.07 -0.67 -0.06 -0.12
sheep/goats(%) -0.16 -0.34 0.38 0.74 0.00
total animals(TLU) 0.54 0.30 -0.17 0.37 -0.11

To extract a new set of variables representing CLD patterns from the original large
number of crop-livestock activities, principal component analysis was used. In choosing the
number of components, we used two criteria: (1) we retained components sufficient to
explain a high percentage (70% to 90%) of the total variation in the original variables; and (2)
we excluded principal components whose eigenvalues were less than 1 (Everitt and Dunn
2001). We then attempted to interpret each principal component with factor weights
exceeding 0.5 in absolute values, or less, if deemed necessary. Five principal components
extracted from the original crop-livestock portfolio variables explained 71.5% of the total
variation in the data in Table 5.

The five principal components are explained as follows. Staple crop (mainly maize) and
indigenous cattle were positively associated with the first principal component, while
growing fruits was negatively correlated with this component. Thus this principal component
is interpreted as CLD | [maize and indigenous cattle]. The second component was strongly
associated with the proportion of improved cattle and total land used and negatively
associated with the proportion of land sown to drought-resistant crops. Although it was less
than 0.5, the weight for fruits was higher than that for the other components (CLD Il
[improved cattle and fruits]). The third component was negatively associated with indigenous
cattle and fruits while positively associated with total land used (CLD Il [extensive crop
production]). Proportion of sheep and goats in the total TLU was strongly associated with the
fourth component (CLD IV [sheep and goats]). Finally, the fifth component was strongly
associated with the proportion of dairy goats in the total TLU (CLD V [dairy goats]).

Determinants of Conservatory/Degradational Pathways
We examined the determinants of the different CLD patterns using econometric analysis.
For the dependent variables, we used the principal component factor scores derived from the



Natural Resources 27

principal component analysis. Independent variables include capital asset variables, access to
off-farm income, share in acres of land by mode of acquisition (tenure), share in acres of land
by location and implements (Appendix 1). Share of land by mode of acquisition summed up
to one. Therefore, we excluded the share of land acquired through inheritance, because this
type of land may have been acquired by chance, e.g. your father happens to own large tracts
of land to bequeath or you were his only male heir. Similarly, the sum of shares of land by
location was one. We excluded shares of land on the escarpment, as the dominant crops are
staple crops, similar to those in the lower valley. The results are presented in Table 6.

CLD pattern | (maize + indigenous cattle) was negatively associated with access to
regular and casual off-farm income generating activities and share of land in the upper valley.
CLD pattern 11 (improved cattle + fruits) was significantly associated with gender of the
household head, family labour, participative years in a farmers’ group, access to regular off-
farm income, share of land in the highlands and plough ownership. CLD pattern 111 (extensive
crop production) was strongly associated with age of the household head, share of land hired,
share of land in the lower valley and highlands, and a plough. In CLD pattern IV (sheep and
goats), gender of the household head, share of land purchased and share of land in the lower
valley had positive effects, while experience of having stayed outside (due to temporal labour
migration or permanent immigration), distance to training centre, share of land in the
highlands and availability of tap water at the homestead had negative effects. Distance to a
training centre, share of land in the highlands and availability of tap water were negatively
associated with CLD pattern V (dairy goats).

3.4. Discussions

The second principal component, CLD pattern Il (improved cattle and fruits), can be
interpreted as a conservation pathway as plots cropped with fruits were more associated with
terracing and application of manure/labour. In contrast, CLD patterns | (maize and indigenous
cattle) and Il (extensive crop production) are degradational pathways, as they are more
associated with a higher share of plots devoted to staple crops and negatively associated with
plots with fruits. However, we could not readily determine whether CLD patterns IV (sheep
and goats) and V (dairy goats) are conservation or degradational pathways, as they are less
associated with total land cropped. Dairy goats are more likely to be integrated with crops as
they are managed intensively with more stall-feeding than free-range indigenous small
ruminants.



Table 6. Determinants of the CLD Patterns (OLS results)

CLDI CLD 11 CLD 111 CLD IV CLDV

maize+ind cattle impr cattle+fruits extensive crop sheep/goats dairy goats

B standard B standard B standard B standard B standard

error error error error error

(Constant) 1.39 0.81 * -1,19 0.74 -0.52 0.81 0.60 0.79 1.53 0.70 **
hh characteristics
age 0.00 0.00 0.00 0.00 0.01 0.00 ** 0.00 0.00 -0.01 0.00
gender(malel,female0) 0.07 0.21 0.48 0.19 ** 0.21 0.21 0.38 0.20 * -0.25 0.18
family labour(AE) 0.00 0.04 0.10 0.04 ** -0.03 0.04 0.05 0.04 0.02 0.04
years in group 0.01 0.02 0.03 0.01 ** -0.01 0.02 -0.01 0.01 0.00 0.01
experience outside 0.10 0.17 -0.17 0.16 -0.11 0.17 -0.32 0.16 * -0.11 0.15
min to training centre 0.00 0.00 -0.01 0.00 0.00 0.00 -0.01 0.00 *** -0.01 0.00 **
off-farm income access
off-farm regular -0.84 0.27 *** 0.45 0.25 * -0.20 0.27 0.14 0.27 -0.11 0.24
off-farm casual -0.55 0.25 ** -0.07 0.23 -0.22 0.25 -0.05 0.24 0.05 0.21
remittance -0.03 0.32 0.30 0.30 -0.21 0.33 0.51 0.32 0.07 0.28
tenure characteristics(acquisition)
share purchased 0.02 0.26 0.11 0.24 0.32 0.26 0.64 0.25 ** -0.10 0.23
share given 2.24 1.61 -1.02 1.49 -1.25 1.62 -2.10 1.57 0.79 1.41
share hired 0.46 0.40 -0.49 0.37 1.17 0.40 *** 0.42 0.39 0.30 0.35
share borrowed -0.16 0.43 -0.19 0.39 0.68 0.43 0.62 0.42 -0.19 0.37
physical characteristics(location)
share upper valley -1.16 0.51 ** 0.23 0.47 0.33 0.51 0.79 0.50 -0.26 0.46
share lower valley 0.34 0.53 0.56 0.49 1.17 0.53 ** 0.89 0.52 * -0.13 0.45
share highland -0.98 0.66 1.33 0.61 ** 1.89 0.66 *** -1.23 0.64 * -2.15 0.58 ***
farming equipments
a plough -0.62 0.97 2.59 0.89 *** 3.27 0.97 *** -0.15 0.95 -0.75 0.84
tap domestic -0.28 0.36 0.29 0.33 -0.57 0.36 -1.81 0.35 *** -0.61 031 *
R Square 0.32 0.42 0.30 0.31 0.22
Adjusted R Square 0.24 0.35 0.22 0.23 0.14
F 4.03 *** 6.26 *** 3.81 *** 3.89 *** 2.52 ***

(note) total observation: 177 households. ***: statistically significant at <.01, **:<.05, *:<.1.
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Let us first compare the two contrasting crop-livestock pathways, CLD pattern | (maize
+ indigenous cattle) and CLD pattern Il (improved cattle + fruits). CLD pattern | was a
degradational crop-livestock pathway, where maize and indigenous animal production are
rarely integrated. This pattern was associated with lack of access to off-farm income
activities. Conversely, CLD pattern 1l, a combination of improved cattle and fruits, was a
conservation pathway. Fruits are mostly planted on homestead plots, while improved cattle
are kept within or near the plots. This pattern was more strongly associated with human
capital assets, e.g. labour and skills through experience in a farmers’ group, and engagement
in formal employment or business. Higher income from dairy products and fruits and regular
off-farm activities allow households to invest in not only assets but also resource
management, such as terracing. This implies that access to human capital assets and off-farm
income are important factors making the role of livestock either negative or positive in the
adoption of pathways.

Tenure characteristics of plots appear not to much affect the choices between CLD
patterns | (maize + indigenous cattle) and Il (improved cattle + fruits), although they do
influence choices of crop-livestock patterns 111 (extensive crop; associated with more hired
land) and 1V (sheep and goats; associated with more purchased land). Households engaged in
pattern 111 may need to hire land for extensive cultivation, while those engaged in CLD
pattern IV purchase land if they initially have little. With respect to land access by location,
households in CLD patterns Il and 1V have more access to land in the lower valley, ideal for
staple crops, but this effect is not significant for CLD pattern | (maize + indigenous cattle)
although households in pattern | allocated more land to staple crops. Maize is more
extensively grown on plots in the lower valley, far away from homesteads, while indigenous
cattle and small ruminants are extensively grazed on open plots. These cultivation and
grazing patterns may lead to fewer incentives to invest in soil conservation measures.

Factors influencing the adoption of soil conservation measures by poor agropastoralists in
fragile ecosystems have also attracted the attention of other researchers. However, these
researchers pay little attention to complementary relationships between crops and livestock.
As a result, their findings are often contradictory to ours. For example, Clay et al. (2002)
found that in Rwanda terracing was associated with physical characteristics of land and
smaller landholdings. In contrast, our results indicated that adoption of soil conservation
measures had to do with particular combinations of crops and animals (CLD patterns 1l
[improved cattle + fruits; more adoption] vs. CLD 111 [extensive crop; less adoption]; both are
associated with larger areas under use and share of land in the highlands). Freeman and Coe
(2002) suggested that in eastern Kenya farmers with larger livestock holdings were more
likely to adopt soil fertility measures. Our study showed that it was not the number of animals
but types of animals and their levels of integration with crops (CLD pattern | [maize +
indigenous cattle; less adoption] vs. CLD pattern Il [improved cattle + fruits; more adoption])
that were associated with the use of soil fertility measures.

Our findings confirm what Barrett et al. (2002) suggested about investment in soil
conservation not being made in isolation with the preceding investment in portfolio of crop
and livestock activities (Barrett et al. 2002; Place et al. 2002; Tittonell et al. 2005). Our
results suggest that livestock can be a cause of degradation or an opportunity for sustainable
management in semi-arid regions, and that this depends on the overriding importance of
household capital asset endowments and reliable off-farm income over physical/tenure
characteristics of plots.
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In the study area, the CLD patterns of staple crops with indigenous animals turned out to
be degradational pathways. These CLD pathways may contribute to food security and higher
income in the short term, thus providing households with incentives to undertake these
pathways. However, these pathways, without proper soil management, have economic—
environment trade-offs that lead to degraded resource bases. In fact, these pathways were
similar to the scenario predicted by Mcintire et al. (1992) for semi-arid agropastoral
communities in Africa in response to the growing population. Conversely, CLD pattern Il
(improved cattle + fruits) was identified as a conservation crop-livestock pathway. This
pathway has embedded incentives to integrate components through providing fodder and
manure reciprocally within the farms, and their high economic return ensures that households
invest in maintaining the fertility and sustainability of the resource bases they depend on.

This case study from a small area indicates that the cause of degradation is not only
biophysical but also socio-economic, and could be reversible through better incorporation of
livestock with human wisdom. Inferred policy suggestions are to provide proper extension
services for technology dissemination and to ensure educational and better return
diversification opportunities for households to invest in better soil management.

4. CONCLUSION

This chapter has reviewed the challenges that Africa has faced in rural development and
natural resource management. As describing African exceptionalism and understanding its
causes are prerequisites to policies and solutions for reducing African poverty, we highlighted
two dimensions of Africa’s rural poverty and stagnant agricultural growth. The inherent
heterogeneity in agro-ecological/farming systems has prevented agricultural technological
breakthroughs. In turn, emerging factors such as population growth and climate change have
further burdened inherently fragile soil and resource bases and can exacerbate the vicious
cycle of stagnant agricultural growth, persistent rural poverty, soil depletion, resource
degradation, and accelerated deforestation, unless some urgent measures to halt and reverse
this cycle are taken. The heterogeneity in agro-ecological/ farming systems in SSA requires
researchers, policy makers and all those concerned to search for policies and solutions which
reflect the different causes, problems, and opportunities for specific contexts and places.

Agricultural intensification through better utilisation of locally available resources
through integration of system components, i.e. crop, livestock and agroforestry, is especially
desirable considering the poverty of rural populations. Therefore the major research agenda
for researchers and scientists is to identify diverse agricultural development and resource
management pathways in particular agro-ecological zones/farming systems and to examine
factors affecting respective pathways so as to better formulate policies to promote sustainable
development pathways with optimal resource management practices. We propose a
conceptual framework to guide the examination of (a) multi-dimensional aspects of agro-
ecological and farming systems, i.e. interactions, complementarities or trade-offs, of multiple
system components (among crop, livestock, agroforestry, nutrients, natural resources, etc.);
and (b) certain layers of analytical scales (at farm-level, meso-level).

We also reviewed the meso-level study from Uganda by Pender et al. (2004) in Section
2.3 and presented the farm-level empirical case study from a Kenyan Rift Valley community
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in Section 3, to see how to apply the conceptual framework and to implement empirical case
studies by employing the concept of “development pathways” in an integrated framework.
The meso-level analysis showed that the extent to which economic development is consistent
with sustainable use of natural resource bases depends upon, among other things, the
development pathways being pursued in different locations, which are then affected by agro-
ecological, demographic and market conditions. In turn, the micro-level study showed that
there exists extensive heterogeneity even within a small community, in the patterns of the
technology portfolios with different levels of incentives for sustainable resource use, and that
households’ capital asset endowments as well as off-farm income diversification affect the
patterns.

Both the meso-level and farm-level case studies imply that some *‘win-win-win’’
opportunities, or conservation pathway, may exist to promote more sustainable development;
for example, by promoting [3] the banana—coffee development pathway in Uganda and [CLD
pattern 11: improved cattle and fruits] in the Kenyan Rift Valley. Interestingly, both pathways
are associated with the inclusion of agroforestry into the farming systems. To promote such
conservation development pathways, policies not only need to identify optimal technology
portfolios best suited to local conditions and exploit the complementarities but also to provide
education and training with farmers to augment their human capital assets and to promote
stable non-farm/off-farm income opportunities in order to encourage investment in resource
management. Concurrently, there are degradational pathways entailing substantial trade-offs
between promoting economic development vs. conserving natural resources. Both [1]
expansion of cereal production in Uganda and [CLD pattern I: maize and indigenous
cattle]/[CLD pattern I11: extensive crop production] in the Kenyan Rift Valley apparently lack
the embedded incentives for sustainable resource management. Such trade-offs should be
adequately considered as development strategies.

Newly Emerging Challenge and Future Research Agenda

Along with population pressure and climate change, another factor has recently
emerged—rising food prices—which might exacerbate the hardship that SSA countries and
rural populations face (Von Braun 2007; Ghambari 2008). The price of corn has more than
doubled in the last two years along with that of other staple food crops and prices for basic
staples will remain high for an extended period of time due to multiple factors. The soaring
cost of food and fuel has already led to riots in Haiti and Egypt and a general strike in
Burkina Faso in mid-April 2008.Various factors have been blamed for raising the food prices,
including droughts in Australia and Europe, financial market speculators, and increased
demand for food and a changing diet in large developing countries such as China and India.
Yet increasing demand for biofuels and expansion of ethanol production in USA, Europe and
Brazil is referred to among the most significant causes. There are some predictions that the
planned biofuel expansion would increase international prices 26-72 percent for maize and by
19-44 percent for oilseeds by the year 2020 and that the increase in crop prices is
accompanied by a net decrease in availability and access to food by the poor (Von Braun
2007).

Considering that many poor households in rural SSA are deficient in food, the rising
prices of basic staple food crops will aggravate the poverty and increase the risk of hunger
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and starvation. Poverty might drive the poor rural population to seek for alternative sources of
income to obtain food at markets by exploiting natural resources, further accelerating
resource degradation and deforestation. Furthermore, searching for vast land and cheap labour
for the stable supply of imported feedstocks, private companies and capitals from developed
countries have recently rushed into SSA countries to invest in plantation for biofuel
feedstocks, not only for bioethanol such as maize and sugarcane but also for biodiesel from
non-edible oilseed plants such as Jatropha curcas. The trade-offs between food and fuel will
actually be accelerated when biofuels become more competitive under the circumstances of
skyrocketing petroleum prices in relative to food and when consequently land, water, and
capital are diverted to them. It is even not certain what consequences biofuel production
would have on environment, soil, resource bases, and biodiversity. To soften the trade-off and
mitigate the growing price burden for the poor in SSA, it is necessary to accelerate
investment in food and agricultural technologies as well as in research to assess the socio-
economic and environmental impacts of biofuel provisions.

We conclude this chapter by proposing a future agenda for the research contributing to
development and poverty alleviation in Africa. This paper has proposed a conceptual
framework for guiding integrated research and analysis on agricultural development and
natural resource management at meso-level and at farm-level. Yet, there is also a significant
need to facilitate the analyses at sector-/macro-level. Most countries in SSA are poor and
have severe resource constraints. Therefore balancing attention between favoured and less-
favoured sub-sectors, regions and households is one of the toughest policy dilemmas and
requires guidance based on sound scientific data/analyses on sector linkages, growth,
employment and environmental effects of agricultural development and sustainable resource
management (World Bank 2007). Sector-level/macro-level analyses will be especially
important to predict/assess the socio-economic and environmental impacts of rising food/fuel
prices, to act promptly to identify the most vulnerable/affected, and to formulate policy
interventions to the poor to adapt themselves to ever more challenging circumstances.

APPENDIX 1: EXPLANATORY VARIABLES FOR THE CLD PATTERNS

N Mean Std.D Min Max

Household characteristics

age of the head 177 46.85 17.63 20 102

gender of the head(male=1,female=0) 177 078 042 O 1

family labour(Adult Equivalent) 177 330 176 1 8.14

participation in farmers group(years) 177 250 503 O 26

minute distance to training centre(min) 177 28.06 24.08 1 195

experience of having stayed outside(yes=1, no=0) 177 028 045 O 1
Access to off-farm income

regular off-farm income(yes=1, no=0) 177 030 046 O 1

casual off-farm income(yes=1, no=0) 177 050 050 O 1

remittance (yes=1, no=0) 177 012 033 O 1
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Total land owned(acres) 177 755 1812 050 201
Share of land access by mode of acquition(tenure characteristics)
land inherited(share) 177 075 039 0 1
land purchased(share) 177 013 030 O 1
land given(share) 177 000 004 O 0.50
land hired(share) 177 007 019 O 0.92
land borrowed(share) 177 004 018 0 1
Share of land access by location(physical characteristics)
land in lower valley/Endo[flat, dry, hot](share) 177 028 030 O 1
land in upper valley[moderate slope, hot](share) 177 063 031 O 1
land in escarpment[steep,warm](share) 177 005 014 O 1
land in highland[moderate slope, wet, cool](share) 177 004 015 O 1
Farming implements
a plough 177 001 008 O 1
tap domestic 177 094 024 O 1
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