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To my family

Mi smo predstavnici malih i jednostavnih stvari,
Zelimo te podsetiti da na trenutak zastanes
Dali osetis nas miris, dali nas primetis
Mi smo stvoreni za tebe,
Da budemo razlog tvoje radosti
Nasa lepota donece ti mir
Ako samo na trenutak zastanes i pogledas nas...
Olivera Divjakovic

Effects of soil erosion on nutrient status and soil productivity
in the Central Highlands of Kenya
Mira Ovuka, Physical Geography, Department of Earth Sciences,
Göteborg University, Box 460, SE- 403 50 Göteborg, Sweden
ABSTRACT
This study examines the effects of soil erosion on nutrient status and soil productivity in
tropical environments using data obtained from detailed on-farm studies of two rural areas
in Murang'a District, Kenya. In addition, this study deals with the impact other factors have
on soil productivity, for example, land slope, climatological factors and farm resource
levels. Research methods used in the study include: analyses of soil samples, aerial
photographs and rainfall data; classification of soil erosion and land management; and
interviews with farmers to record yields, agricultural inputs and their perception of rainfall,
land use and livelihood changes. It is confirmed that soil erosion has negative effects on
soil productivity. Soil nutrients and yields decrease significantly with increasing soil
erosion and increase with better land management. Slope position also influences nutrient
status. Highest nutrient values were found on the lower slope positions. Moreover, results
show substantial land use changes with introduction of new crops and declining importance
of traditional crops. Increasing land fragmentation, less fallow land and changes in land
management are further examples of land use change. Farmers, today, need to use chemical
fertilisers to sustain and increase agricultural production. Analysis of aerial photographs
show less terraced land in the 1990s compared to the 1960s despite soil and water
conservation efforts from the Ministry of Agriculture. The results also show changes in
rainfall patterns during periods when the main food crop requires water. This corresponds
with farmers' perceptions of rainfall changes. Increasing pressure on land has made'both
growing seasons equally important to secure food production. Further, farmers' resource
levels influence nutrient status, maize yield, erosion and land management. Lowest nutrient
status and maize yield, most erosion and poorest land management are found among low
resource farmers. Land use changes were also examined in the neighbouring Nyeri District.
These results confirmed findings from Murang'a and make it possible to generalise land
use changes in the coffee and tea zone of Central Kenyan Highlands. The negative trends,
including depleted soils, land fragmentation, intensive land use and soil erosion, are a threat
to food production. In order to sustain and increase soil productivity and, in the long term,
food production, it is important to adapt strategies and programs to the local situations. It is
also essential that policies to achieve sustainable development in Kenya are biophysically
possible, socio-politically acceptable as well as economically and technically feasible.
Keywords: agriculture, environmental change, generalisation, farmers' perceptions, farmers' resource
level, Kenya, land management, land use, livelihood, Murang'a, Nyeri, on-farm approach, rainfall,
slope, soil and water conservation, soil erosion, soil nutrient status, soil productivity, sustainable
development.

PREFACE
This thesis is a summary of the following papers:
I: Ovuka, M. 2000. More people, more erosion? Land use, soil erosion and soil
productivity in Murang'a District, Kenya. Land Degradation and Development 11
(2): 111-124.
II: Ovuka, M. & Lindqvist, S. 2000. Rainfall variability in Murang'a District,
Kenya - meteorological data and farmers' perception. Geografiska Annaler 82A
(1): 107-119.
DI: Ovuka, M. 2000. Soil nutrient changes along slope transects in Murang'a
District, Kenya, submitted to Soil Use and Management.
IV: Ovuka, M. and Ekbom, A. 2000. Farmers' resource levels, soil properties and
productivity in Kenya's Central Highlands. ISCO proceedings paper.
V: Ovuka, M. 2000. Land use changes in Central Kenya from the 1950s - A
possibility to generalise? submitted to GeoJournal.
VI: Ekbom, A., Knutsson, P. & Ovuka, M. 2000. Is Sustainable Development
Based on Agriculture Attainable in Kenya? - A Multi-Disciplinary Approach,
submitted to Land degradation and Development.
This PhD project started in July 1995 at the Department of Earth Sciences/Physical
Geography, Göteborg University. Through the University project Sustainable Land
Use a collaboration was developed with Mr. Ekbom at the Department of
Economics/Environmental Economics Unit. Furthermore, my supervisors Prof.
Lindqvist, Dr. Tengberg and Dr. Werner have provided the project with many good
research ideas. During the last year (1999) Mr. Knutsson, Department of Social
Anthropology, Stockholm University, completed a Master thesis in the study areas
of Murang'a. The focus of the present study is on biophysical aspects of soil
erosion, soil productivity and soil conservation. In Paper II, Lindqvist contributed
with his climatological knowledge. In Paper IV, Ekbom contributed with his socioeconomic data and analyses of those. Paper VI is a joint work, where the authors
provided expertise in their fields so that sustainable development through
agriculture could be discussed in a multi-disciplinary approach.
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INTRODUCTION
In East Africa, the majority of the people live in rural areas and are dependent on
agriculture. One of the most crucial problems in agricultural areas today is depleted
soils resulting in declining yields. Soil erosion is one reason for this and is a result
of both cultural and natural environments. Together with loss of nutrients it creates
serious problems especially during intensive farming in humid regions (Lai 1995).
Hilly areas have, together with cropping dryland, irrigated land and rangeland, the
highest rates of productivity decline (Scherr & Yadav 1996). In the present study
mainly biophysical factors affecting soil productivity were examined. Other
factors, such as economic and socio-political, also affect soil productivity in
different ways. Some of the effects of these factors were investigated.
Biophysical, economic and socio-political factors are, in this study, identified
according to Figure 1. Biophysical factors affect the economic and socio-political
factors in an area since they are bases for agriculture. There are strong interactions
between economic and socio-political factors, and it is difficult to identify if, for
example, demography is a socio-political or an economic factor.

Biophysical factors
Geology
Soil type
Drainage
Topography
Rainfall
Temperature
Vegetation

Economic factors

Socio-political factors

Labour
Capital
Inputs
Tenure security

History of people
Culture
Knowledge
Demography
Government policies

< - >

Land use and management

Soil productivity
Figure 1. Conceptual flow chart of factors affecting soil productivity in Kenya.

3

Figure 1 also shows a conceptual flow chart for soil productivity. Biophysical
factors, such as geology, soil type, drainage, topography, rainfall and temperature
together with history of people are, in this case, given factors. Factors such as
labour, capital, input, tenure security, politics, culture, knowledge and demography
and vegetation are, on the other hand, possible to change by humans in the short
run. All factors in Figure 1 directly or indirectly influence soil erosion and land use
and therefore have consequences for soil productivity and agriculture. This study
mainly examines the following: topography, soil type, vegetation, rainfall, soil
nutrients, land use and management and soil erosion, and how those affect soil
productivity. Soil productivity affects livelihood and environment. This in turn
affects sustainable development.
The present study is carried out on farmers' fields and the results are compared
with studies from field test plots (e.g. Gachene 1995; Kilewe 1987; Tengberg et al.
1997). Studies on soil erosion and productivity are often carried out on field test
plots and are therefore a modification of reality and less reliable for policy making.
This type of research is best carried out on-farm and with the immediate
involvement of land users (Tengberg & Stocking 1997).
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KEY CONCEPTS
Erosion-induced loss in soil productivity is a major threat to global food security
(Brown & Kane 1994; Pimentel 1995). Soil erosion is, by definition, a two-phase
process consisting of both detachment of individual particles from soil and of their
transport by erosive agents, such as running water and wind (Morgan 1995). Soil
productivity is defined as the productive potential of a soil system that allows
accumulation of energy in form of vegetation (Hurni 1996; Stocking 1984) and
comprises many factors including individual soil parameters, climate, management
and land slope. Crop yield and soil nutrient status can be used as indicators of soil
productivity. In this study, soil nutrient status is defined, after Wild (1988), as the
amount of cations, organic matter, available phosphorus and total nitrogen in the
soil.
Soil productivity affects environment and livelihoods. This in turn affects a
country's development. Livelihood is defined, after Carswell (1997), Chambers &
Conway (1992) and WCED (1987), as the capabilities, assets and activities
required to meet basic needs. Sustainable development has many definitions. The
most common one, used by WCED (1987, p. 8) and in this study, is development
that "meets the needs of the present without compromising the ability of the future
generations to meet their own needs". Food andfibre,products of agriculture, can
be stated to be the most essential human needs for both the present and future
generations. There is no simple definition of sustainable agriculture. It is a subset
of the whole sustainable debate and includes the diversity of perspectives, e.g.
ecological, social and economic (Gibbon et al. 1995). Sustainable agriculture
should be assessed relatively from all perspectives. Sustainable agricultural
production is defined as production "that indefinitely meetsrisingdemands for
food, fibre and other agricultural commodities at economic, environmental, and
other social costs consistent withrisingper capita welfare of the people served by
the systems" (Chissano 1994, p. 37).
There is a growing demand for more multi-disciplinary and holistic agricultural
research if sustainable development is to be an important objective (Hurni 1999;
Whiteside 1998). This thesis, as already mentioned, presents biophysical factors
affecting soil productivity and the prolongation of sustainable agricultural
development. An agricultural environment can only be sustainable if it is sociopolitically acceptable, technically and economically feasible and biophysically
possible (Yunlong & Smit 1994). Therefore, economic and socio-political parts are
addressed in Papers IV and VI.
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OBJECTIVES
The general objective of this study is to determine the extent to which soil erosion
affects soil nutrient status and soil productivity in high-potential agricultural areas
of a tropical environment through detailed on-farm studies of two rural areas in
Murang'a District, Kenya (Figure 2). The study also deals with the impact other
factors such as land slope, climate-logical factors and farm resource levels have on
soil productivity.
Specific focus is placed on:
* The interaction between soil erosion, soil productivity and land use.
* Relationships between different soil nutrients, land slope and soil erosion.
* Influences of rainfall variability and farmers' perception of rainfall.
* Correlation between soil productivity and different farm resource levels.
In addition, interactions between biophysical, socio-political and economic factors
in the process of attaining sustainable development though agriculture were
examined.
To facilitate across-site comparisons, this study focuses mainly on one cropping
system - maize. Maize is the main subsistence crop and does not reap the same
profits as coffee, which is the main cash crop and dependent on world market price.
The focus on maize fields also makes it possible to compare collected data with
work from other places where test plots are used, since maize is a well-investigated
crop on plots (Gachene 1995; Kilewe 1987).
Data and results from an earlier study (Ovuka & Öhman 1995), together with
literature review and a new minor field work, were used to enable a comparison of
main findings from the study on land use changes in Murang'a District with
neighbouring Nyeri District (Figure 2). The purpose of this comparison was to
examine if generalisation of results was possible and if methods used in Murang'a
could be used elsewhere.
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KENYA AND THE STUDY AREAS
Up to 1963 Kenya was a British colony. At the time of Independence the
Government of Kenya identified illiteracy, diseases, ignorance and poverty as the
main problems to be addressed in the post independence era to set Kenya on the
road to achieving sustainable national development (Republic of Kenya 1999).
Through the years the National Development Plan has focused on: rapid economic
growth to alleviate poverty and reduce unemployment, labour intensive production
technology and promotion of small-scale rural industries and crafts, high
population growth, basic needs, major macro-economic imbalances. The current
development plan (1997-2001) deviates from all previous ones by shifting
emphasis to private sector investment in industrial production with the aim of
transforming Kenya from a large agricultural economy to a newly industrialised
country by year 2020 (Republic of Kenya 1997). However, over 70% of Kenya's
population are dependent on agriculture (World Bank 1998).
In Kenya only 8% of the land is considered to be arable, the rest is classified either
as semi-desert or desert (World Bank 1998). Most of this arable land is found in the
Kenyan Highlands at levels between 1 500 and 3 000 m.a.s.l (metre above sea
level). The Highlands are classified as high-potential land, i.e. high-yielding and
well suited for cultivation (Ojany & Ogendo 1988). Fertility of land has always
attracted people and the greatest population concentration is found in the
Highlands.
This study concentrates on the Central Province in the Kenyan Highlands.
Murang'a District is the main study area. In 1998, the district was subdivided into
Murang'a and Maragua Districts. The old district boundaries are used in this study
mainly because it is difficult to exclude the data for Maragua District. A minor
study was conducted in Nyeri District. Figure 2 shows the location of Murang'a
and Nyeri District.
Central Province
The geology of Central Province is complex. The most obvious geological feature
in the south is a line of gneiss hills, running from south-east to north-west. Further,
north basement rocks of Precambrian origin are covered by volcanic lavas from
Tertiary and recent origin (Thompson 1964). In contrast to the eastern and southern
parts in the western and northern parts the thickness of the volcanic layer rises
resulting in hilly country dissected by a number ofriversand valleys. Volcanic
activity in the area is closely connected with the tectonic activities in the Rift
Valley system. Streams from the Aberdare Range (see figure 2) in the west follow
the major geological boundaries and create deeply incised V-shaped valleys. The
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landscape generally slopes eastwards. The main topographical features are deep
valleys with an average height of 50 metres between the crest and the slope base.
Recent geological processes have been limited to soil formation and excavation of
river valleys. Red-brown highly humic soils from volcanic rocks, Nitisols in the
east and Andosols in the west, are most common in the area (Sombroek et al.
1982). These soils have developed over deeply weathered volcanic rocks. Due to
favourable climatic conditions they are comparatively fertile, but some addition of
fertilisers or manure is generally required to maintain fertility for optimum
production (Ekberg & Larsson 1982).
Rainfall in Central Province is bimodal with a long rain period from mid-March to
end of May and a short rain period from mid-October to mid-December (Ojany &
Ogendo 1988). These two rain periods allow two growing seasons. Between June
and September the precipitation mostly falls as drizzle. January and February are
the two dry months. The area receives much rain due to orographic lifting of northeasterly and south-easterly monsoon winds.
Average annual temperature is around 20°C in the Central Highlands. Diurnal
temperature variations are greater than monthly variations, and diurnal temperature
variation increases with altitude (Ojany & Ogendo 1988). The temperatures at noon
generally range from 20" to 24°C, while the night temperature can be as low as 5°C
(Heden 1984). Frost may occur in the more elevated parts of the area during the
cool season, June to August (Christiansson et al. 1984).
Climatic conditions and altitude of the Aberdare Range would normally support an
upland rain forest with a great variation of tree species (Lind & Morrison 1974).
Since the area is an important region for agriculture in Kenya much forest has been
cleared to enable cultivation. Original forest can nowadays only be found in the
Aberdare National Park. Establishment of forest reserves has stopped uphill
expansion of cultivation, but the forest resources are still under increasing pressure
caused by population growth. Different agro-ecological zones can be found within
the Province dependent on altitude, temperature and the seasonal distribution of
rainfall (Nieuwolt 1977; Jaetzold & Schmidt 1983).
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Figure 2. Location of: a. Kenya, b. Central Province (the hatched area), Murang'a and
Nyeri District, c. Gichichi, thefieldarea in Nyeri District and d. Maragua and Mbari-yaHiti, the field areas in Murang'a District.
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Murang'a and Nyeri Districts
Murang'a and Nyeri share many demographic, socio-economic and biophysical
features with other districts located in Central Province. Many of the constraints,
critical processes and opportunities also occur in neighbouring districts. Hence,
studying Murang'a and Nyeri are relevant and important both from a generalisation
point of view and from a larger policy perspective.
Small-scale farms, with an average farm size 1.0 ha, occupied most of the two
studied districts (OVPMPND 1997a and b). In 1997 population in Murang'a was
1 045 000 and in Nyeri 800 000 (OVPMPND 1997a and b). Annual population
growth is approximately 2.5% in Murang'a and 2.3% in Nyeri. Due to the
favourable agricultural conditions population pressure is high, 486 people/km2
(Murang'a) and 250 people/km2 (Nyeri).
The two detailed study areas in Murang'a (Figure 2d) are both in the main coffee
agro-ecological zone. Nitisols are the main soil type and the altitude of the areas
lies between 1 380 and 1 660 m.a.s.l. In Nyeri one detailed area (Figure 2c) on the
boundary between the main coffee agro-ecological zone and tea dairy agroecological zone was studied. Andosols are the main soil type and the altitude of the
area lies between 1 780 and 2 000 m.a.s.l. Dairy activities and cultivation of cash
crops, coffee and tea, complement the farming of maize, beans, bananas and
potatoes in both districts. Figure 3 shows a photograph from Murang'a, while
Figure 4 is a photograph from Nyeri.

Figure 3. A view over part of the study area in Murang'a, showing land use (Photo: M.
Ovuka, 1997).
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Figure 4. This photo shows parts of the study area in Nyeri. On these slopes mainly tea is
planted (Photo: M. Ovuka, 1999).
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DATA AND METHODS
The major part of the study was conducted in Murang'a District. Analyses of extent
of soil erosion, land management, soil samples, aerial photographs, topographical
maps, rainfall data and information from farmers were made. In Nyeri aerial
photographs and information from farmers were used as data for analyses. Methods
and data are briefly described below.
Classification of soil erosion and land management
Soil erosion and land management were identified through visual inspection based
on PLUS (1994) classification scheme (Papers I, rv, VI). In this classification
scheme splash, sheet, rill and gully erosion were noted separately in the field. Each
erosion form has four classes, class EO corresponds to no erosion, El to slight, E2
to moderate and E3 to severe erosion. Land management rating included soil
erosion, ground cover, crop husbandry, pasture, water, trees and soil and water
conservation (SWC). This rating has five classes, Class 0 very poor, where none of
the requirements for better land management are met, Class 1 poor with major
cause for concern, Class 2 fair with some cause for concern, Class 3 good with
acceptable quality practices and Class 4 excellent with exemplary practices.
Soil samples
During field work in Murang'a soil samples from the topsoil, 0-15 cm, were
collected for analysis (Papers I, HI, IV, VI). In each visited maizefieldcomposite
samples were taken (Papers I, IV, VI). In addition, soil samples were taken for
analysis from six slope transects (Paper III). To enable a statistical analysis
between the slopes' transects, soil samples were taken at five positions - slope
crest, upper slope, mid slope, lower slope and slope base. From each of the
different positions five samples were taken, i.e. 25 from each transect. The
analysed slopes are common slopes in the area with some SWC structures mainly
grass strips and poor terraces. In addition, in order to investigate the effects of
SWC structures, soil samples were taken from six other slopes, three slopes with
and three without SWC (Paper HI). In this investigation five samples were taken
from three slope positions - slope crest, mid slope and slope base, i.e. 15 samples
from each slope. Soil samples were also collected to determine bulk density and
enrichment ratio, the ratio between eroded sediment and in situ soil (Paper HI).
Air dried soil samples were analysed at the Department of Soil Science (DSS),
University of Nairobi. The following properties were determined: grain size
distribution, cation exchangeable capacity (CEC), amount of exchangeable Na, Ca,
Mg and K, available P, total N, organic C and pH. Grain size distribution was
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determined by hydrometer. CEC was analysed by leaching the soil with potassium
ammonium acetate at pH 7. Na and K were determined byflamephotometry, and
Ca and Mg by atomic absorption spectrophotometry. Available P was analysed
using the Mehlich method, total N using Kjeldahl digestion and organic C using the
Walkley and Black method. pH(H2o> and pH(caci2) were analysed using soil-water
and soil-salt ratios of 1:2.5, respectively. Bulk density was determined for soil
samples taken in transects. Further details of the standard analytical methods used
at the DSS are given by Okalebo et al. (1993).
The soil sample data were analysed with respect to: soil erosion (Papers I, m, rv,
VI), land management (Papers rv, VI), farm resource levels (Paper IV), land slope
(Papers HI, rV) and slope position (Paper HI). Enrichment ratio was calculated for
main nutrients (Paper IE).
Aerial photographs
Black-and-white aerial photographs from 1960, scale 1:12 500, and 1996, scale
1:25 000, were studied in order to identify areas with different land use and
changes in land use that have taken place over the years in Murang'a District
(Papers I, V, VI). Classification of vegetation and SWC on the cultivated fields was
based on field work experience, discussions with farmers and a literature survey.
Aerial photographs from Nyeri for 1956 and 1992, both with scale 1:25 000, were
studied for the same purpose (Paper V). The most recent photographs, 1992 (Nyeri)
and 1996 (Murang'a), were verified in the field, while discussion and interviews
with farmers and extension staff were used to verify the photographs from 1956
(Nyeri) and 1960 (Murang'a). Interpretation of aerial photographs was analysed
using Geographical Information System (GIS), IDRISI (Eastman 1997). Results
from the GIS analyses for Murang'a and for Nyeri were compared in order to
examine if generalisation of the results was possible (Paper V).
Topographical maps
Topographical maps, scale 1:50 000, over the study areas in Murang'a were
digitised to examine the spatial distribution of different slope gradients (Paper DT).
IDRISI (Eastman 1997) was used to calculate the percentage of different slope
gradient. The following classes were used: 0 to 5%, 6 to 20%, 21 to 55% and over
56%. Most crops require some special conservation measures on slopes over 5%
(Thomas 1997). Slopes between 6 and 20% require at least strip cropping and/or
bunds (Morgan 1995; Thomas 1997). On slope over 20% terraces need to be
established and slopes over 55% should not be cultivated (Morgan 1995; Thomas
1997).
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Rainfall data
Data from five meteorological stations in the Murang'a District were used to study
rainfall patterns in order to examine changes from the 1950s (Paper IT). One of the
stations has monthly rainfall data from 1901. The other stations have monthly
rainfall data from 1947 and all stations have daily values from 1957. Mean periods
were based on 30 years data from 1961 to 1990. Annual and monthly trends, as
well as trends of the rain start, were examined with a linear regression model. For
all stations dry spells were analysed with respect to when they occurred and for
how long, since they have negative effects on the yields. A dry spell is four or more
days with less than 1.0 mm rain (Nieuwolt 1977). Growing periods and periods of
drought sensitivity for the main subsistence crop, maize, were defined from
literature and discussions with farmers and agricultural extension officers. These
periods were analysed with a linear regression model to identify trends. One reason
for studying rainfall data was farmers' narratives about rainfall changes from
1950s.
Information from farmers
During all field work information gained from farmers through discussions and
interviews was recorded (Papers I, n, rv, V, VI). Both the semi-structured
technique and questionnaires were used. Since not all farmers spoke English an
interpreter was used. The interpreter was familiar with the aim of the study and had
agricultural knowledge. We first carefully explained the purpose of our visit and
asked if the farmer had time for some questions and discussion. If she/he did not
have time or refused we proceeded to another farmer. If answers were confusing
the questions were asked in a different way. Some information may have been lost
since the local language needed to be translated but without an interpreter
information from older farmers would be lost as mainly only young people and
middle-aged men could speak English well enough.
Information about crop yields and inputs employed in the cultivated fields was
collected from survey among the households (Papers I, IV, VI). Changes in crop
yield and inputs over time were discussed with farmers (Papers I, IV, V). One
reason for declining yields, obtained through semi-structured interviews, was
changes in rainfall. This resulted in a further questionnaire about rainfall (Paper ÏÏ).
Discussions were also held with farmers and agricultural extension staff about
SWC measures and land use changes (Papers I, V, VI). A minor field study
conducted in Nyeri, together with original data obtained from Öhman (Ovuka &
Öhman 1995), gave information on farmers' perception of the change in land use
and their thoughts and experience about soil productivity and livelihoods (Paper
V).
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Other data used in part of this study
Economic data, collected by Ekbom, were recorded from a household
questionnaire survey conducted over a four year period, 1995-1998 (Papers IV,
VI). These data enabled us to identify farm resource levels (Paper IV) and
economic links behind rural-urban migration (Paper VI). Socio-political data on
environmental history, collected by Knutsson, was obtained through unstructured
interviews with older people in 1999 (Paper VI). Moreover, some youths and
middle-aged people were interviewed for better understanding of the situation
today. These data from these interviews enable us to analyse farmers' perceptions,
ideas and attitudes towards changes.
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RESULTS
The results are presented in following order: first, the findings from analysing the
interaction between soil erosion, soil nutrient status and land management are
shown, followed by slopes effect on soil nutrient status. Further, land use change in
the area, spatial distribution of slopes, rainfall variability and effects of different
farm resource levels on soil erosion, soil nutrients and yield, are shown. Finally,
farmers' perception of changes in soil productivity, land use, rainfall and livelihood
are presented.
Soil erosion, soil nutrient status and land management
The main types of erosion on agricultural fields are splash, sheet and rill erosion,
while gully erosion is a result of excess surface runoff from roads, footpaths,
schools and market areas. Gully erosion affects only five of the 137 investigated
fields and is not considered further in this study. Table 1 shows the distribution of
erosion classes for each erosion type according to the PLUS classification scheme.
Table 1. Distribution of erosion classes on the sampled fields (N=137).
Class
EO
El
E2
E3

Splash erosion
0 %
18.2 %
48.9 %
32.9 %

Sheet erosion
33.6 %
40.1 %
16.1 %
10.2 %

Rill erosion
30.6 %
54.7 %
13.1 %
1.6%

Gully erosion
95.6 %
2.9%
0 %
1.5%

Analysed soil samples from maize fields in Murang'a show that mean values for K
and Mg are high, values for Na, Ca and organic C are moderate, and values for
available P are low to moderate according to soil fertility guidelines (cf. Thomas
1997) (Papers I, HI, rV, VI). The soil's pH indicates moderately acid conditions.
Analyses of soil samples show significantly decreasing trends of soil nutrients with
increasing erosion for total N and organic C (Table 2) according to Kruskal-Wallis
H test (Ebdon 1985). Available P shows decreasing trends with increasing erosion,
but the trends are not significant (Table 2). The other analysed nutrients show
differences between different erosion classes, but there are no clear trends. On
average up to 40% of the nutrients can be lost due to erosion. Further analysis of
soil nutrients indicated better soil nutrient status with good land management
(Table 2). The analysis also shows that: soil erosion is negatively correlated with
yield, and better land management is positively correlated with yield (Table 2).
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Table 2. Soil nutrients and maize yield in relation to erosion and land management
(N=137).
P (ppm)

N(%)

C(%)

Maize yield
(kg/ha)

**
*
Splash
class El
25.7
0.27
1290
1.87
class E2
17.9
0.25
1.61
1090
1.54
class E3
22.0
0.27
820
**
*
*
Sheet
0.27
class EO
18.8
1.81
1220
24.4
0.27
890
class El
1.68
21.4
870
0.24
class E2
1.61
16.6
870
0.16
class E3
1.66
Rill
class EO
24.0
0.27
1.71
1242
class El
21.4
0.25
1.64
1082
class E2
16.4
0.27
1.54
1024
*
*
*
Land management
0.27
1.48
876
class 0
15.1
0.26
1.68
950
class 1
20.2
0.26
1.65
1 151
class 2
20.9
0.26
1321
1.70
class 3
24.5
Significant differences between classes are indicated with * for 0.1 and ** for 0.05 significant level,
according to Kruskal-Wallis H test (Ebdon 1985). Only classes affecting more than 5% of the investigated fields, see Table 1, are presented.

Soil nutrients, slope, enrichment ratio and bulk density
Results from analysing soil nutrients on different parts of the slope show that soil
nutrient status differs depending on slope position and land management (Paper
HI). The highest amounts of most nutrients were found on the lower parts of the
slope, i.e. slope base and lower slope. Transport of nutrients, both through natural
and accelerated soil erosion, contribute to higher soil nutrient levels at slope base.
However, four nutrients, available P, total N, organic C and K, show significant
differences between slope position (Paper IÏÏ). Differences between slope base and
other parts of the slope could be up to 80%. The up and down slope differences
were less pronounced on slopes with SWC (Paper HI).
Enrichment ratios also show transport of nutrient with soil erosion (Paper HI).
Levels of nutrient were, on average, 1.5 times higher in eroded sediments
compared to in situ soil for all investigated nutrients. Main differences were found
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for organic C, total N and available P. Grain size distribution and pH show no
differences when comparing eroded sediments with in situ soil (Paper IH).
Bulk density analyses show no significant differences between different slope
position (Paper UT). Mean bulk density was 0.98 g/cm3. A simple correlation model
between bulk density and soil nutrients and grain size distribution shows
significant correlation (p= 0.05) between bulk density and Mg, K and silt and clay
content. Clay content and the amount of Mg and K increase with increasing bulk
density while silt content decreases with increasing bulk density.
Land use
Substantial land use changes have taken place in the study area from the 1950s.
Introduction of cash crops in the 1960s and 1970s had a considerable impact on
land use in the Highlands. Today more than 80% of the small-scale farmers
cultivate cash crops. In the study area of Murang'a District coffee is planted as a
cash crop on approximately 15% of the investigated area, while in the study area of
Nyeri District both coffee and tea are cash crops, planted on more than 30% of the
investigated area.
Other land use changes in Murang'a District are: break-up of villages, clearing of
bushes, planting of exotic tree species and less fallow land (Paper I). These
changes can also be seen in Nyeri District together with clearing of forest areas and
the construction of Chinga Dam in 1957 (Paper V). Villages broke up after
Independence in 1963 and farmers moved to their farms. Areas mainly allocated to
forest and bushes have decreased in favour of cash crops. However, there are
planted trees in the area, mainly Grevillia robusta and Eucalyptus spp. Planted
trees often demarcate farm boundaries or are planted around schools and shopping
centres.
The studied areas are intensively cultivated today. Before the 1960s the steepest
slopes were mainly used for grazing. Since the early 1900s up to 1960 shifting
cultivation was commonly practised. Land was cultivated for two to four seasons
and left fallow to regain fertility. Introduction of cash crops and increasing
population started the permanent cultivation of land and cultivation of steep slopes.
SWC, in the form of terraces, was introduced during the 1930s through the Soil
Conservation Service as a part of the activities of the Department of Agriculture
(Eriksson 1992; Kamar 1998; Thomas 1997). After Independence (1963) and
during the remainder of the decade SWC received little attention. The effects of
ignoring SWC soon began to appear. This led to the formation of the Kenya
National Soil Conservation Project (KNSCP) in 1974, which focused on densely
populated smallholder areas (Kamar 1998). In the late 1980s, a new approach was
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introduced at a national level. This led to renewed efforts to conserve soil and
water. Yet, according to aerial photographs, there is less conserved land in 1990s
than in 1950s (Papers I, V). In the 1950s almost 60% of the cultivated area in
Murang'a and 85% in Nyeri was cultivated using some form of conservation, while
in 1990s only 26% in Murang'a and 45% in Nyeri were cultivated using
conservation methods (Paper V).
The most common SWC structure on steep slopes in the 1950s was Fanya chini
terraces, i.e. trenches dug 30 cm deep along the contours, soil thrown downhill and
grass strips and sisal planted on the ridges. With the introduction of cash crops
bench terraces and permanent cultivation of land became a common feature of the
landscape (Paper I). The KNSCP began to introduce constructions of cut-off drains
to drain the water from farms. The most common SWC structure today in both
Murang'a and Nyeri, is bench terraces. Coffee trees have a relatively low ground
cover, which makes it necessary to maintain terraces every season. Low coffee
profits during most of the 1990s have discouraged farmers to take care of their
coffee fields. This has led to visible erosion in coffee fields. Tea bushes, on the
other hand, give good protection against soil erosion. Reduced efforts to conserve
soils in tea fields still cause less erosion than in the coffee fields but nonetheless
yield regular payment and better profit. Food crops are mainly planted on top of the
slope or in valley bottoms, but they are also planted on steep slopes without proper
conservation measures. On these slopes, signs of sheet and rill erosion were
observed.
Spatial distribution of slopes
Results from analysing topographical maps from the study area of Murang'a show
that under 20% of the area was not in need of SWC structures, i.e. slope class 0-5%
(Table 3). On these flat areas not only crops are cultivated, 6% of the flat areas are
allocated to homesteads, schools and shopping centres (Papers I, V, VI). Studies on
land use from the same area (Papers I, V, VI) show that only 26% of the total
cultivated area in Murang'a has proper SWC structures, while results from this
analysis shows that almost 70% of the area needs SWC structures, i.e. slope class
over 5% (Table 3). Table 3 also shows that more than 15% of the area should not
be cultivated at all because of steep slopes, i.e. slope class over 56%.
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Table 3. Percentage of different slope classes in the study area. Total investigated area is
2 065 ha.
% of total area
Slope class
17
0-5%
6-20%
18
21-55%
49
16
56% and more

Precipitation
Analyses of rainfall data show high variations in annual precipitation over the
studied period, 1947-96. There are significant decreasing trends in rainfall for only
two of the five stations analysed (Paper H). The two rain periods, mid-March to
end of May and mid-October to mid-December, receive on average 50% and 35%
of the total annual rainfall, respectively. Analyses of rain periods show no
significant trends in rainfall, due to the variation from year to year. The start of the
rain periods, on the other hand, shows a trend towards later starts at all stations and
for both periods. A significant trend for a later start was found for the short rain
periods (Paper II). Diagrams of occurrence of dry spells show few dry periods
during the long rain while the short rains have frequent dry spells (Figure 5). Dry
spells affect farmers since their crops can be destroyed by drought. This, together
with trends towards later start of the rain, makes it difficult to time the planting of
annual crops.
Growing periods for maize, Zea mays, were also analysed. Maize requires between
500 and 800 mm of rain for one growing period (Doorenbos & Kassam 1979). The
exact amount depends on the temperature. Rainfall data from the studied stations
show, on average, rainfall between 600 and 980 mm for the growing period AprilSeptember and between 350 and 500 mm for the growing period NovemberFebruary. Results from analysing trends during the growing periods show:
significant decreasing trends for four stations during the period April-September
and a significant decreasing trend for one station during the period NovemberFebruary.
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Station no. 90 37 042 Kahuhia Girl High School
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Figure 5. Occurrence of dry spell for one of the investigated stations, 1957-1996. White
boxes indicate that data is not available, white areas are dry spells and black areas are days
with more than 1.0 mm rain.
Farm resource level, soil erosion, land management, soil nutrient status and yield
Three different farm resource levels, based on household data of total capital, total
annual current income and annual cash income, were identified (Paper IV). These
classes were subdivided into two slope classes, one with farms on gentle slopes
(<15% slope) and one with farms on moderate slopes (>15% slope). Splash
erosion, which was noted on investigated fields (N= 100), was not significantly
different at either farm resource levels or slope angle. Sheet and rill erosion were
more severe among farmers on moderate slopes with smaller resources than with
the other groups. Lowest rating of land management was found on low resource
farms with moderate slope, while the highest rating was found on high resource
farms with gentle slope (Paper IV). Soil nutrient status also differs depending on
resource levels and slope angle. Low resource farmers on moderate slopes have the
lowest nutrient status, while the highest nutrient status was found among medium
resource farmers on gentle slopes (Paper IV).
Maize yields during three years, 1994-96, were examined for the different farm
resource levels and slope classes (Table 4). These results show significant
differences between farm resource levels on gentle slopes for 1994 and on both
gentle and moderate slopes for 1996 (Table 4). Significant differences within same
resource group between gentle and moderate slopes existed in 1994 for low
resource farms, in 1995 for high and low resource farms and in 1996 for medium
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resource farms (Table 4). Main differences between farm resource levels and yield
were observed during 1996, which was a year with low rainfall.
Table 4. Maize yield over three years, 1994-96, in Murang'a District, Kenya (Source:
interviews, N=100). Precipitation for these years is also shown since it affect the yields
(Source: Kahuro Division Office (D.O)).
Year

Precipitation
(mm/year)
Kahuro D.O.
Station
90 37 204

Maize yield (kg/ha) per year
Gentle slope
Farm Resource Level
Medium Low
High
(N=27) (N=14)
(N=12)

Moderate slope
Farm Resource Level
High
Medium
Low
(N=10)
(N=28)
(N=9)

1558
1 270 ** 1 037 **
862 **a 1 103
1034 a
1994
935
1464 a
1086
1247 a
976 a
1 180
871 a
1355
1995
7]Q ** a
974 **
910**
927
568**
502 **a
340**
1996
** indicates significant differences (p= 0.05) of average maize yields between the resource levels,
Kruskal-Wallis test (Ebdon 1985).
a
indicates significant differences (p= 0.10) of average maize yields within the same resource levels
between the slope classes, Wilcoxon test (Ebdon 1985).

Farmers' perception of the changes
Soil productivity was, according to farmers, not a problem in the 1950s. Shifting
cultivation was practised so land with low productivity was left fallow to regain
fertility. Fertilisers were never used. Today, the existence of small farms have
made it almost impossible to leave land fallow. The majority of the interviewed
farmers had experienced a decline in natural fertility, which means that they need
to use fertiliser today to improve soil productivity. Farmers also argue that without
adding fertiliser the harvest would be low or even fail (Papers I, V, VI).
Farmers in both Murang'a and Nyeri indicated that the main changes in the land
use since 1950s was the introduction of cash crops, coffee in Murang'a and tea and
coffee in Nyeri (Papers I, V, VI). Other mentioned changes were establishment,
and later break-down, of villages, reduced number of indigenous trees, increased
number of exotic trees, decreased fallow area and increased population. Farmers
also indicated changes in planted subsistence crops. In the 1950s the main planted
crops were maize, beans, bananas, sorghum and millet, while sweet potatoes, yams,
cassava, different types of peas, Irish potatoes, arrowroots and sugarcane were
minor crops. In the 1990s main crops were maize, beans, coffee, tea, bananas and
Irish potatoes. Minor crops were sweet potatoes, cassava and yams, while
traditional crops like millet, sorghum, peas, arrowroots and sugarcane are now
rarely cultivated. According to most farmers, cattle and goats grazed in the 1950s,
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but in the 1990s stall-fed livestock dominates. This is due to the lack of grazing or
fallow land available in the area. Number of trees had increased from the 1950s
due to plantation of exotic trees, according to most farmers.
From discussions and interviews it is obvious that farmers in Murang'a think the
rainfall pattern has changed (Paper II). They believe that the changes in rainfall
pattern together with soil fertility are the main reasons for declining yields. The
main change in precipitation is less reliable rainfall, with a lower amount of rain
and fewer storms. Farmers indicate that it is during the short rain the main change
has occurred. Replanting of crops has become necessary due to later start of the
rain and dry spells. Farmers do not know if the changes are short-term variations or
long-term changes, but it makes them worried about the future and their ability to
support their families.
Environmental changes in Murang'a and Nyeri District have affected people's
livelihoods. These changes have made farmers dependent on cash income.
Farmers' perceptions of environmental changes differ, therefore, depending on
access to off-farm income. Most farmers (55%) thought that life was better in the
1950s because agricultural production was higher and the demand of both
agricultural inputs and cash were low. The remaining 45% of the farmers thought
livelihoods are better today, but all of these had either access to off farm income,
regular income from the farm (tea farmers) or did not participate in agricultural
work. There were also differences in thoughts about livelihoods depending on sex.
Women tend to think it was better in the past, while men think it is better today
(Paper V). Today it is necessary to generate cash income to pay for school fees,
health care and other necessary services. Farmers' greatest costs are associated
with education of children since they think this is important and one route towards
a better life.
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DISCUSSION
The long time period of soil and water conservation together with high population
pressure, the national intention to combat poverty and to secure the food supply,
make it interesting and indeed highly relevant to study and further explore the
effects of soil erosion on nutrient status and soil productivity in Kenya. There are
programmes focusing on maintenance and improvement of soil fertility in densely
populated eastern and southern African Highlands, e.g. The African Highlands
Initiative (Braun et al. 1997). The present study provides new information about
soil productivity with its on-farm research and specific focus on the Highlands in
Kenya. In a larger perspective the present study can, together with other studies
and through generalisation and extrapolation of the findings, be the basis for
practical work in the field and for policies leading towards sustainable agriculture.
Soil nutrient status and yield have, in the present study, been used as soil
productivity indicators. Both nutrient status and yield decrease with increasing soil
erosion, and increase with better land management. Variations in analysed soil data
and recorded yield from on-farm studies are high since not only biophysical factors
affect nutrient status and harvest but also other factors, such as farm and family
size, access to cash income, age and knowledge, influence nutrient status and yield.
These factors are difficult to control on on-farm studies. On test plots social and
economic factors affecting soil productivity are controlled. Significant decreasing
concentration of nutrients and yield due to erosion are found in studies from test
plots (Gachene 1995; Kiahura et al. 1998; Lai 1995a; Stoorvogel et al. 1993;
Tengberg et al. 1997; Tengberg & Stocking 1997). This confirms thefindingsfrom
this on-farm study.
Soil nutrient status differs depending on slope position (Paper IÏÏ). Highest nutrient
status was found on lower parts of the slope, which corresponds with other studies
(e.g. Verity & Anderson 1990). Yields also increase down slope and at the lower
slope position yields are often more than double those on the upper slopes (Verity
& Anderson 1990). Up and down slope differences in soil nutrient status were less
pronounced on slopes with SWC measures (Paper ID). These results together with
the fact that over 70 per cent of the cultivated area is in need of SWC structures
and less than half is conserved show that resources directed towards agricultural
activities are important and necessary to sustain and increase crop production.
Further findings from this study show that considerable land use changes have
taken place since 1950s. These changes affect the environment, soil productivity
and farmers' livelihoods. Land consolidation and transaction, started in 1958,
became the start of private ownership and land fragmentation (Leo 1984).
Introduction of cash crops and increasing population made it difficult to leave land
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fallow to regain fertility. Perennial cash crops, in this case coffee and tea, have,
together with land scarcity, intensified land use and made agricultural inputs
necessary for good output. Agricultural inputs, such as chemical fertilisers,
pesticides and high yielding seeds, together with other services, as school and
health care free of charge in the 1950s nowadays imposed with fees, have increased
the demand for cash. Coffee and tea have been attractive cash crops. Unfortunately
coffee has produced poor profits since mid 1980s. Thus, farmers try to find new
ways of generating incomes. In many cases this means neglecting coffee field with
increasing soil erosion and depletion of soils as a result.
Increased population has also had a clear effect on land holding size in the study
areas. Land fragmentation, mainly splitting between sons, results in smaller and
smaller plots. Most of the interviewed farmers cultivate plots of one ha or less.
Several farmers have problems in feeding their families and are therefore
dependent on other sources of income, most commonly from seasonal employment
as casual workers. A further implication of small farm sizes is that land is
intensively used and that soils run the risk of becoming depleted.
Changes in cultivated crops have effects on livelihoods. Today, traditional crops
like sorghum and millet are not cultivated. According to farmers these crops were
the basis for porridge which was eaten especially by children. Nowadays, tea with
milk is taken instead of porridge and could be the only thing children take in the
mornings, before going to schools or other duties.
Changes in land use for the study areas in Murang'a and Nyeri are similar. New
crops are introduced, traditional crops have declining importance, soils are depleted
and yields are low. These results make generalisation of the biophysical findings
possible. Farmers' perceptions, on the other hand, depend on both where farmers
live and gender, which make the effects of environmental changes on livelihood
difficult to generalise. This means that a general picture for central Highlands of
the change including both the change and the effects of the change need to be made
with caution. The main reason for the differences in farmers' perceptions according
to both farmers and agricultural extension staff are the cultivated cash crops. In
Nyeri better profit from the cash crop, tea, and the regular payment therefrom,
make farmers more positive about their livelihoods than the farmers in Murang'a.
Differences in perceptions about livelihood, according to gender, are mainly due to
women's more active participation in agricultural work. Depleting soils and
decreasing yields are affecting people if they are actively working with agriculture
and are dependent on agricultural outputs.
Rainfall has always been important for farmers and it becomes even more
important if land is scarce. According to farmers and extension staff in the area
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precipitation is the most important factor affecting yields (Paper II). Without
sufficient rainfall yields are low or even nil. Changes in rainfall pattern are not
obvious from analysis of yearly, monthly or rain period data, but analysis of
periods of water requirement for maize shows significant decreasing trends.
Changes in planted crops could also contribute to farmers' perception of changes in
rainfall pattern. Nowadays less drought resistant crops, like millet, sorghum,
cassava or yams, are planted. In years of unfavourable rainfall the harvest is low
and with increasing pressure on land and this has become more obvious in the
1990s as compared to 1950s.
Increasing population pressure contributes to increased food demand, which has
made the short rain period as important as the long rain period. Dry spells common
during the short rains (Figure 5) are more important today than in the 1950s due to
the increasing demand of food. Soil nutrient status also affects yield. For high
output fertilisers are required. Soil depletion contributes to low harvest and
strengthens the effects of unfavourable rainfall.
Drought in 1997 and 1999 and floods in 1998 affected farmers' thoughts about
rainfall. Rainfall variation during the last few years, together with declining soil
productivity and low coffee prices, has made people living in Murang'a vulnerable
to crop failure. Trends and periodicity of rainfall in East Africa have been studied
by a number of scientists (e.g. Rodhe & Virji 1976; Ogallo 1980,1988; Beltrando
1990; Indeje et al. 2000). Unfortunately, these studies rarely analyse periods of
water requirement for the main crops, instead they indicate a connection to largescale phenomena like El Nino/Southern Oscillation. The mentioned studies
together with the present one should be used for fast dissemination of expected
seasonal rainfall to farmers, since, as already mentioned, farmers depending on
agricultural products are vulnerable to crop failure.
In studies dealing with on-farm agricultural issues it is difficult to exclude any
parts affecting the results. Socio-political and economic factors also affect soil
productivity since culture, knowledge, demography, governmental policies, labour,
capital, input and tenure security are important for land use and management
(Figure 1). This study shows that there is a relationship between soil erosion, land
management and soil productivity. But to increase soil productivity, factors
affecting it need resources. Biophysical factors give basic conditions for
agriculture, with parameters like geology, soil type, drainage, topography, rainfall,
temperature and vegetation. But studies on soil productivity need to include sociopolitical and economic factors to be able to deal with the complex reality.
Therefore, some economic and socio-political factors are included in parts of this
study (Papers TV, VI).
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In Paper IV the effects of farmers' resource levels on nutrient status and yield is
investigated. Low resource farmers on moderate slopes have the lowest yields and
are most affected by unfavourable rainfall. This is mainly because these farmers
have the lowest rating of land management and have low access to cash income for
required inputs (Paper IV). These results, together with other studies from various
places in East Africa (Altshul etal, 1996; Briggs et al. 1998; Loiske 1995;
Tengberg et al. 1998), show that agricultural policy advice needs to be adapted to
farmers' resource levels for best results and development in this sector.
Paper VI has a multi-disciplinary approach and suggests that farmers are prepared
to reduce labour supply to agriculture, food production and soil fertility in order to
satisfy immediate cash income needs. So, for farmers to accept policies which
promote agriculture-based sustainable development, they ought to be biophysically
possible, socio-politically acceptable as well as technically and economically
feasible. In Paper VI it is proposed that successful measures for farmers would
include promotion of agro-based small-scale rural industries, improved agricultural
management practices including support to SWC, facilitation of appropriate
credits, enhanced marketing opportunities, and timely crop payments.
Methods used in this study were based on aerial photographs, rainfall data and field
work and interviews. Using these methods the on-farm interaction between soil
erosion, soil productivity and land use was investigated. The results may provide
the basis for practical work and policy implication since they are descriptions of
the complex reality where factors affecting soil productivity interact. By
investigating maize in this study it is possible to critically examine the results and
compare on-farm findings with studies from controlled plots, since maize is a well
investigated crop.
Physical measurements of soil erosion would of course be useful, but the
classifications of erosion were compared with studies from test plots with
measurements. Results from the present study are in line with results from studies
made on test plots. The used classification of both erosion and land management is
well described in the handbook (PLUS 1994) and can be followed easily. But it is a
classification based on observation that could differ depending on who is doing it. I
did all classifications on erosion and land management for this study myself.
Investigated fields sometimes also have more than one erosion type, often splash
and sheet or rill erosion, which in some cases could be a reason for low significant
levels between soil erosion and soil productivity. Land preparation could also
affect the classifications. Splash erosion and narrow rills are hard to spot after land
preparation with, for example, a hoe. Therefore, all classifications were made
during the same period after harvest, before land preparation and planting of new
crops. This made the comparison of findings from different field work possible.
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The periods after harvest are also the periods when soil erosion is most visible
since land preparation has not started.
Large-scale aerial photographs together with field verification are methods widely
used to study land use changes (Dahlberg 1996; Lindskog & Tengberg 1994). By
using aerial photographsfirstin Murang'a and later to verify both findings and
methods in Nyeri the study shows that aerial photographs give the expected results
for detailed analyses of land use changes. Adding literature surveys and
information from farmers to results from aerial photographs increase the value of
thefindings.Photographs from Murang'a and Nyeri are compared but they are not
from the same year. According to literature (Imbernon 1999; Leo 1984), farmers
and agricultural extension staff in 1956 could be compared with 1960, the main
land use changes came after the Independence 1963. Land use changes in Kenyan
cash crop highland show stabilisation after 1985 (Imbernon 1999), which made
photographs from 1992 comparable with photographs from 1996.
Paper V discusses generalisation of the findings from land use studies. The
conclusion is that a generalisation can be made but for large areas they need to be
made with caution, since economic and socio-political, as well as biophysical
factors can vary from place to place. For the central Kenyan Highland and the tea
and coffee agro-ecological zone this study shows that land use changes can be
generalised. For further extrapolation of the findings more studies from other agroecological zones are required.
To generalise and extrapolate findings considering depleted soils more studies from
areas in central Highlands are required. The results from rainfall analyses (Paper IT)
cover most stations available in Murang'a so these statements are possible to
extrapolate for the whole district. The investigated relationship between soil
erosion, nutrient status and soil productivity (Papers I, HI, VI) are confirmed with
other studies (e.g. Gachene 1995; Lai 1995a; Stoorvogel et al. 1993; Tengberg &
Stocking 1997) dealing with the same issues.
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CONCLUSIONS
The study confirms that soil erosion has negative effects on soil nutrient status and
yield, i.e. soil productivity. Both soil nutrient status and yield decrease significantly
with increasing erosion. Land management has also a clear effect on soil
productivity, where better land management gives both higher soil nutrient status
and yield. Further, nutrient status is influenced by slope position. On lower parts of
the slope up to 80% more nutrients are available. Moreover, intensive land use
effects soil productivity, since fallow land has become rare and the need for inputs
such as fertilisers, has increased. Results from land use changes can most likely be
extrapolated to the whole coffee and tea agro-ecological zone in the Central
Highlands.
Rainfall also affects yields. The negative trends during the growing seasons
together with dry spells affects farmers' ability to support their families.
Finally, farm resource levels also have large influences on soil productivity.
Lowest soil productivity was found among farms with low resource levels, where
soil nutrient status and yields were low as well as the rating of land management.
In this study an on-farm approach was used. The results describe the complex
reality where factors affecting soil productivity interact and can therefore be the
basis for both practical work and policy implication.
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FINAL REMARKS
Kenya's intention to eradicate poverty and secure food supply made it interesting
to study the effects of soil erosion on nutrient status and soil productivity. In this
study mainly parts of the biophysical factors affecting soil productivity, including
soil erosion, soil nutrients, land use and management, topography, soil type,
vegetation and rainfall were examined. As mentioned in the introduction and in
other places in the present study economic and socio-political factors have
influences on soil productivity (Figure 1). To address soil erosion, soil productivity
and sustainable development through agriculture properly it is necessary to include
all affecting factors. Biophysical factors are, in this case, the bases for all
agricultural work and important to address, but to understand parts of the analyses
and results biophysical data is not always enough. Aspects including economic and
socio-political factors provide a greater understanding and increase the value of the
biophysical findings.
Results from this study show depletion of soils, necessary addition of fertilisers,
changes in land use and rainfall. Furthermore, cash crops in the present situation do
not bring in enough income to support a family. This has consequences for soil
productivity, agricultural output and SWC work, since farmers allocate more
labour to immediate cash income generating activities. These negative trends are a
threat to food production. If these trends continue they are a long term a threat to
farmers' ability to survive on agriculture alone. Results show the importance of
conserving soil, even though it is a demanding work. Not only soils are eroded, but
also nutrients are depleted. Applied fertilisers on cultivated fields will also give
better yield if soil erosion is low, since they will better benefit the cultivated crops.
Farmers have a lot to gain from conserving land properly, which they, of course,
know. But as already mentioned other factors affect their strategies and decisions
to secure the welfare of their families.
In the study it is also shown that more considerations are necessary in national
development strategies since conditions for farmers vary from place to place.
Implemented programs need to be adapted to the local situation, a fact important to
consider during research and especially during generalisation and extrapolation of
results. Variation of biophysical, social and economic factors between places
makes it necessary to make general assumptions with caution. To extrapolate and
generalise findings from this study more knowledge is required. For example more
on-farm studies on factors affecting soil productivity and nutrient status are
required. Further, rainfall variability requires more investigation. This study,
together with other studies on soil productivity, should provide the bases for policy
implementation and practical work in thefieldto break the negative trends and
make sustainable development attainable through agriculture.
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ABSTRACT
Intensification of land use can become a threat to agricultural sustainability if they lead to increased soil erosion. This
study examines land-use changes, soil and water conservation, soil erosion and soil productivity in the Highlands of
Kenya. In addition, it examines fanners' perception of livelihood changes. Land-use changes were determined from
interpretations of aerial photographs taken in 1960 and 1996. Additional information on land use, soil and water
conservation and livelihood changes were obtained from discussions and interviews with farmers, as well as from field
verifications of the most recent aerial photographs. Soil samples were analysed and soil erosion assessed according to the
PLUS classification scheme. The results indicate that substantial changes in land use, such as introduction of coffee and
high-yielding maize, and fragmentation of land holdings have taken place. Less land was conserved in 1996 as compared
to 1960. Moreover, SWC practices have changed from fan^ajjhini. terraces and shifting cultivation to bench terraces and
permanent cultivation. Rates of soil nutrients (organic C, N and K) and maize-yield levels decreased significantly with
increasing erosion. Farmers' perception of livelihood changes was differentiated according to farmers' off-farm resource
60 per cent of the farmers depended on income from the land and thought livelihoods were better in the 1960s. It is
concluded that more efforts to decrease soil erosion and investments in land and labour are necessary to sustain soil
productivity and hence secure rural livelihoods. Copyright © 2000 John Wiley & Sons, Ltd.
KEY WORDS:

land use; SWC; soil erosion; soil productivity; Murang'a District; Kenya
INTRODUCTION

Landscape development and environmental changes in Africa have, in recent years, been widely debated, and
received wisdom on the African environment has been questioned by many scientists (Thomas and
Middleton, 1994; Tiffen et al., 1994; Dahlberg, 1996; Leach and Mearns, 1996). The main disagreement is
about the observed changes, their severity and the effects on land resources (Thomas and Middleton, 1994).
This is often related to how perceptions of the environment are recognized and analysed and how these
findings are generalized. Leach and Mearns (1996) indicate that some of the images of negative environmental
changes from Africa may be deeply misleading. More critical examination based on field evidence is necessary.
Tiffen et al. (1994) studied land-use changes between 1930 and 1990 in Machakos District, a semi-arid part
of Kenya. In this area, soil erosion problems reached a peak during the 1930s. Rills and gullies were
commonly seen and neither settlements nor permanent farming were visible in the photographs. In 1991, the
situation was different; densely scattered homesteads, carefully terraced fields and boundary fences now
covered the once denuded slopes. Thus, in Machakos, changes towards less erosion and increasing fertility
were found during this 60-year period.
Other studies on land degradation show the importance of analysing different interpretations of
environmental changes and include local people's perception (Östberg, 1995; Kinlund, 1996). Development
policies and programmes including neither environmental knowledge nor the needs of the local people,
commonly prove to be neutral at best and at worst detrimental for rural people and their natural resources
(Leach and Mearns, 1996).
*Correspondence to: Mira Ovuka, Department of Earth Sciences, Physical Geography, Göteborg University, Box 460, SE-405 30
Göteborg, Sweden.
Copyright © 2000 John Wiley & Sons, Ltd.
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Most studies on land use in Africa have been carried out in semi-arid environments (Thomas and
Middleton, 1994; Tiffen et at, 1994; Östberg, 1995; Dahlberg, 1996; Kinlund, 1996). With an increased
population, pressure on land in high-potential agricultural areas also increases and changes. New studies and
demands might require new crops and changes in land use. The objective of the present study is to examine
changes in land use and SWC that have taken place since 1960 in the high-potential area of Murang'a
District, Kenya. In addition, the current status of soil productivity indicators, such as soil nutrient and yields
were investigated. A comparison of food crops versus cash crops and soil and water conservation (SWC)
practices between 1960 and 1996 is made. Moreover, farmers' perception of the change in land use and its
effects on crop production is examined.
THE STUDY AREA
Murang'a District is located on the eastern slope of the Aberdare Range in the Central Highlands of Kenya!
(Figure 1) with altitudes ranging from 900 to 3300 m a.s.l. The area is influenced by volcanic as well as
tectonic activities. The soil parent material varies from volcanic rocks in the northwest to basement system I
rocks in the southeastern part of the district (Ojany and Ogendo, 1988). The rainfall is bimodal: the long I
rains occurs from March to May and the short rains from October to December. These two rainy periods I
allow two growing seasons. Murang'a District is a high-potential agricultural area. The district is relatively
unindustrialized and the population is predominantly dependent on agriculture. Most of the area is occupied I
by small-scale subsistence farmers. The population of the district is 1 056 000 and the annual population I
growth is approximately 2-5 per cent, and due to fragmentation of land holdings, the farm sizes are becoming
smaller (OVPMPND, 1997). In addition, dairy activities and cash crop production are common. The two
areas of study, Maragua and Mbari-ya-Hiti, are in the main coffee agro-ecological zone (Jaetzold and
Schmidt, 1983) with an average annual precipitation of 1560 mm and an average slope of 25 per cent. Nitisol
is the main soil type, and maize, bananas and beans are the main food crops.
METHODS
In the present study, black-and-white aerial photographs from 1960 and 1996 were studied in order to j
identify areas with different land uses and changes in land use that have taken place over the years. The aerial
photographs from 1960, scale 1:12500, were taken at the beginning of February while the photographs from
1996, scale 1:25 000, were taken at the beginning of September. However, both February and September are
dry months at the end of a growing season when crops are harvested, which means that the two months are
comparable in terms of land cover.
The aerial photographs were interpreted after rectification with a digital video plotter (Leica, 1993). The
classification of vegetation is based onfieldworkexperience, discussions with farmers and a literature survey.
The following landcover classes were identified:
Class LI:
Class L2:
Class L3:
Class L4:
Class L5:

Built-up areas (such as homesteads, schools, coffee factories and shopping centres)
Coffee
Food crops (such as maize, bananas, beans, sorghum, millet and potatoes)
Wood lots (more than ten trees)
Fallow land (such as grazing land and non-arable land)

The aerial photographs were also analysed with respect to soil conservation on the cultivated fields. The
following classes were identified:
Class SI
Class S2
Class S3

Cultivated areas with terraces
Cultivated areas without terraces
Uncultivated areas, such as fallow land, buildings and wood lots

Copyright © 2000 John Wiley & Sons, Ltd.
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(a)

Figure I. Location of (a) Murang'a District and (b) the study area, Mbari-ya-Hiti and Maragua.

Certain landscape features, such as homesteads, roads, coffee plantations and forests, were easily identified
in the photographs. Other features, such as rills and boundaries between food crops and fallow land, were
more difficult to identify. The interpretation of the photographs from 1996 was therefore completed first after
detailed field verification. Discussions and interviews were held with 40 farmers over 55 years of age, to
obtain historical information on land use and SWC practices. Moreover, discussions were held with agricultural extension staff about SWC measures and land-use changes. After these interviews and discussions,
interpretation of the photographs from 1960 was completed. Maps were drawn after these analyses. Interpretations of the aerial photographs were also analysed with a Geographical Information System, IDRISI™
Copyright © 2000 John Wiley & Sons, Ltd.
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(Eastman, 1997), to calculate the percentage area of the different classes and the changes that had taken place
between 1960 and 1996.
Soil samples were collected from maizefieldsof 137 households in the two study areas and seasonal maize
yields were recorded through interviews. Maize fields were chosen since all farms cultivate maize and
comparisons between farms can thus be made. Composite soil samples were taken from the topsoil, 0-15 cm,
based on six replicates in each field. Places in the sampling field where mulch, manure and fertilizer were
visible were avoided for soil sampling. Erosion was noted in all sampling fields using PLUS (1994) classification schemes. With the PLUS classification, splash, sheet, rill and gully erosion were noted separately in
thefield.Four classes for each erosion form exist, where class E0 means no erosion, class El slight, class E2
moderate and class E3 severe erosion. More detailed description of the methodology is found in PLUS
(1994).
Air-dried soil samples were analysed in the soil laboratory of the Department of Soil Science (DSS),
University of Nairobi. Parameters such as cation exchangeable capacity (CEC), rates of exchangeable Na, K,
Mg, Ca, available P, total N, organic C and pH were analysed. The CEC was analysed by leaching the soil
with potassium ammonium acetate solution at pH 7. Na and K were analysed byflamephotometry. Ca and
Mg were analysed using an atomic absorption spectrophotometer. Available P was analysed using the
Mehlich method, total N using the Kjeldahl digestion method, organic C using Walkley-Black method and
pH(H20) and pH(CaCl2) using, respectively, the soil water ratio and soil salt ratio of 1:2-5. Further details of
the standard analytical methods used at the DSS are in Okalebo et al. (1993). The Kruskal-Wallis H test
(Ebdon, 1985) was used for comparisons of means of soil chemical properties, maize yields and extent of
erosion.
During semi-structured interviews with 40 farmers, 14 female and 26 male, on land-use history, their
perceptions of changes in land use and the effects on the environment and production of crops were also
discussed. Changes in crops and soil fertility between 1960 and 1996 were discussed as well as general
changes in livelihood.
RESULTS
Changes in Land Use
According to Leo (1984), anyone who lived in the Highlands of Kenya during the 1950s would have failed to
recognize many familiar places on returning to them in the 1970s or later. The land transactions that had the
greatest long-term impact upon Kenya's politics were those involving the Highlands. European holdings
were allowed to be interspersed among existing areas belonging to indigenous Kenyans instead of being
restricted to blocks of land reserved entirely for Europeans. Land consolidation enforced by law, that started
in 1958, together with the introduction of cash crops that had a substantial impact on land use in the
Murang'a District.
Substantial changes in land use in the study areas have taken place over the 36-year period (Figure 2). In
the 1960s, only small pieces of land, less than 1 per cent, were used for coffee production compared to 1996.
In the late 1960s and early 1970s, coffee was introduced as a cash crop on more than 80 per cent of the farms.
The area devoted to food crops has only decreased slightly during the period 1960 to 1996, while the area
allocated to fallow has decreased from 15 per cent to 6 per cent in Maragua, and from 14 per cent to 2 per
cent in Mbari-ya-Hiti (Figure 3). Most of what was fallow land in 1960 is today occupied by coffee trees or
food crops, and parts of the best area used for food crops in 1960 are currently occupied by coffee trees.
Aerial photographs indicate that fallow land in 1960 consisted of land under bush and grass, used as grazing
land, while fallow land in 1996 consisted, in most cases, of badly eroded land. Areas with wood lots have
increased between 1960 and 1996 (Figure 3). One reason for this is the planting of introduced exotic tree
species, such as Grevillea robusta (Dewees, 1993). Another reason could be that in the late 1950s, just before
the aerial photos were taken, many trees were cut down for the construction of new homesteads because
farmers in the area were displaced to villages during the Mau Mau war (compare built-up areas on maps
Copyright © 2000 John Wiley & Sons, Ltd.
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from 1960 and 1996, in Figure 2). According to the interviewed farmers, only in the eastern part of Maragua
did farmers not move to villages. This was due partly to the resistance of their chief and partly because of its
longer distance from the Aberdare Range where the fighting took place.
Land consolidation became the start of private ownership and fragmentation of land (Leo, 1984).
Increasing population and the division of land between the sons of the family have increased the fragmentation of land and decreased the average farm size to as little as 1-1 ha (Ekbom, 1998). Further division of land
is not possible on most farms. These small farms are intensively used and hardly any land is left fallow. Only
16 per cent of the Maragua area and 12 per cent of the Mbari-ya-Hiti area are non-cultivated and this land is
either occupied by buildings, eroded fallows or small wood lots (Figures 3b and d).
Changes in SWC Practices
Soil and water conservation in the form of terraces was introduced during the 1930s as a part of the activities
of the Department of Agriculture (Eriksson, 1992; Thomas, 1997; Kamar, 1998). Farmers were forced by the
colonial administrators to hand-dig terraces on their land. If they refused, they were punished. Not
surprisingly, Kenyan farmers came to dislike this type of SWC. Around the time of independence (1963), the
colonial government lost its control over the enforced SWC. As a result, SWC received little attention after
independence and during the remainder of the decade. Terraces were not maintained and many were even
destroyed. The effects of ignoring SWC soon began to appear. The UN Conference on the Human
Environment in 1972 stated that soil degradation was Kenya's major environmental problem. This led to the
formation of the Kenyan National Soil Conservation Project (KNSCP) in 1974 which focused on densely
populated smallholder areas (Kamar, 1998). In the late 1980s, a new approach known as the Catchment
Approach (CA) was introduced at a national level. In contrast to the former approaches soil conservation
officers and farmers work together in a given catchment area (Thomas, 1997). The CA was implemented
during 1989-90 in Mbari-ya-Hiti and during 1992-93 in Maragua.
This programme led to renewed efforts to conserve soil and water. Yet, according to aerial photographs,
there is less conserved land in 1996 than in 1960 (Figure 4). Old farmers remember that they were forced to
dig terraces and therefore dislike it. Thefirstprogramme to conserve soil, KNSCP, helped farmers to terrace
land. The second one, CA, helped them to lay out the structures, but farmers had to dig the SWC structures
themselves, as their own contribution to the care for their land.
According to interviews with farmers and agricultural extension staff, the most common SWC structure in
the 1950s and 1960s was janya^chini terraces, i.e. trenches dug 30 cm deep along the contours, soil thrown
downhill and grass strips and sisal planted on the ridges (Figure 5). Most steep slopes that were cultivated in
the 1960s were terraced in this way. The low population in the area also allowed shifting cultivation in the
1960s. Together with coffee, introduced on farms in the late 1960s and early 1970s, bench terraces and
permanent cultivation of land became a common feature of the landscape. Coffee was planted on slopes and
these slopes were therefore terraced, as it was not allowed to plant coffee without soil conservation measures.
Food crops are mostly planted either on the tops of the slopes or in the valley bottoms, but they are also
planted on steep slopes without proper conservation measures. On these slopes, signs of sheet and rill erosion
were observed. When the KNSCP project started in 1974, constructions of cut-off drains, to drain the water
from the farms, started. More erosion in the form of rills and gullies, was observed on the aerial photographs
from 1996 than on the photographs from 1960.
Agroforestry has been a part of SWC since the 1930s, but the species of trees have changed from
indigenous species in 1930 to fast-growing species, such as Grevillea robusta, in 1996. Trees were not planted
on a large scale in the 1960s. Farmers' accounts, aerial photographs as well asfieldobservations indicate that
trees, such as G. robusta, have been planted mainly along farm boundaries, to demarcate the farms, and
around public places, such as schools and shopping centres. The planting of trees started when the land was
consolidated and during the time coffee was introduced. These trees are used as fuelwoods by the farmers
and are continuously harvested and replanted. During discussions with farmers, 75 per cent of them claimed
that the number of trees had increased during the period 1960-96.
Copyright © 2000 John Wiley & Sons, Ltd.
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(a)
Maragua 1960
Land use

•
•
•
m

Built-up areas
Coffee
Food crops
Wood lots
Fallow land
S Road
B Stream

(b)
Maragua 1996
Land use

• Built-up areas
• Coffee
• Food crops
m Wood lots
HI Fallow land
BRoad
S Stream
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(c)
Mbari-ya-Hiti 1960
Land use

1km

• Built-up areas
• Coffee
• Food crops
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(d)
Mbari-ya-Hiti 1996
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4
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Figure 2. Maps of the land use in Maragua' in (a) 1960 and (b) 1996; and Mbari-ya-Hiti in (c) 1960 and (d) 1996.
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Figure 4-

Figure 3. Frequency distribution of land use in Maragua in (a) 1960 and (b) 1996; and Mbari-ya-Hiti in (c) 1960 and (d) 1996.

Soil Nutrient Status and Soil Erosion
Soil sample data from Maragua and Mbari-ya-Hiti were analysed as one data set because erosion classes
show no significant differences between the areas using the Wilcoxon test (Ebdon, 1985). According to
Thomas's (1997) guidelines for soil fertility evaluation, the mean values for Na and Ca are moderate, high
for K and Mg, low to moderate for P and moderate for organic C. The pH of the soil indicates moderately
acid conditions.
The main types of erosion on agricultural fields are splash, sheet and rill erosion, while gully erosion is a
result of excess surface runoff from roads, footpaths, schools and market areas. Table I shows the percentage
of the sampled fields classified according to the different erosion types and classes in the PLUS classification
scheme.
There are significant differences in chemical soil properties and maize yields between the different erosion
groups (Table II) using Kruskal-Wallis H test. Mean values for CEC, K, N and organic C decrease while
Copyright © 2000 John Wiley & Sons, Ltd.
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(a)

SWC measures Maragua 1960

(b)

SWC measures Maragua 1996
Areas with SWC
14%

Uncultivated land
16%

Uncultivated land
20%

Areas with SWC
55%

Areas without
SWC 25%
Areas without SWC
70%

(c)

SWC measures Mbari-ya-Hiti 1960

Uncultivated land
22%

(d)

SWC measures Mbari-ya-Hiti 1996
Uncultivated land
12%

Areas with SWC
26%

Areas with SWC
18%

Areas without SWC
70%

Areas without SWC
52%

Figure 4. Frequency distribution of soil and water conserved land in Maragua in (a) 1960 and (b) 1996; and Mbari-ya-Hiti in.(c) 1960
and (d) 1996.
"Rible I. Percentage of the sampled fields affected by different erosion classes
Class

Splash erosion
(%)

Sheet erosion
(%)

Rill erosion
(%)

G ally erosion
(%)

E0
El
E2
E3

0
18-2
48-9
32-9

33-6
40-1
161
10-2

30-6
54-7
13-1
1-6

95-6
2-9
0
1-5

mean Na values increase significantly with increasing erosion class. Table II shows that sheet erosion induces
the greatest differences in soil chemical properties. Maize yields are also affected by erosion, with significant
declining yields with increasing splash and sheet erosion.
Farmers Perception of Changes in Land Use, Soil and SWC
According to most farmers, cattle grazed freely in the two areas in 1960, but today stall-fed livestock
dominates. This is due to the decrease in quantity and quality of the fallow land. Figure 6 shows the main
Copyright © 2000 John Wiley & Sons, Ltd.

LAND DEGRADATION & DEVELOPMENT. 11: 111- 124 (2000)

120

M. OVUKA

Soil and water conservation (N=40)

Agroforestry

Fanya
chini

Shifting
cultivation

Figure 5. Frequency distribution of different SWC measures 1960 and 1996 based on interviews with 40 farmers (26 men and
women) {N = 40).
Table II. Chemical properties of the soil and maize yield in relation to different erosion classes (n = 137)
Erosion type
and class
Splash
Class El
Class E2
Class E3

CEC
(meq/
100 g)

Na
(meq/
100 g)

E0
El
E2
E3

21-5
20-3
21-4
**
20-6
22-5
19-5
16-3

0-64
0-71
0-69
**
0-52
0-70
0-95
0-88

Rill
Class E0
Class El
Class E2

21-8
20-1
20-4

0-71
0-70
0-69

Sheet
Class
Class
Class
Class

K
(meq/
100 g)
*
1-78
1-57
1-52

Mg
(meq/
100 g)

Ca
(meq/
100 g)

P
(ppm)

4-28
4-49
5-23

5-88
5-23
5-69

25-7
17-9
220

1-44
1-80
1-64
1-75

419
5-03
4-12
4-33

501
5-89
501
5-00

1-60
1-62
1-67

4-68
4-45
418

5-65
5-48
4-51

N
(%)

C
(%)

pH
(H 2 0)

Maize yield
pH
kg ha" 1
(CaCl2)

5-2
5-2
5-2

4-8
4-7
4-6

18-8
24-4
21-4
16-6

0-27
0-25
0-27
**
0-27
0-27
0-24
016

**
1-87
1 -61
1-54
*
1-81
1-68
1-61
1-66

5-2
5-3
5-1
5-1

4-8
4-6
4-5
4-5

*
1290
1090
820
*
1220
890
870
870

240
21-4
16-4

0-27
0-25
0-27

1-71
1-64
1-54

5-2
5-3
5-0

4-7
4-7
4-4

1242
1082
1024

womer
theSM
scatter
househ
structu
Farr
access
becaus
were b
agricu]
pay fo
educat
Alii
the ore

Significant differences, between classes in the erosion group, are indicated with * for 0-1 and ** for 0-05 significant level,
according to Kxuskal-Wallis H test. Erosion classes less than 5% of the study area, see Table I, are not included in this
table.

differences in crops grown between 1960 and 1996. The main crops in 1960 were maize, beans, bananas,
sorghum and millet, while crops such as sweet potatoes, yams, cassava, different types of peas, Irish potatoes,
arrow roots and sugar cane were planted to a smaller extent. The main crops in 1996 were maize, beans,
coffee, bananas and Irish potatoes. Crops such as sweet potatoes, cassava and yams are cultivated to a small
extent and sorghum is only planted in the eastern lowland part of Maragua area. Thus, traditional crops
such as millet, sorghum, peas, yams, arrow roots and sugar cane are declining in importance while crops such
as coffee and Irish potatoes are becoming more important. Traditionally, farm plots were scattered and the

For
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land
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Crop grown in Murang'a District (N=40)
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Figure 6. Distribution of planted crops in 1960 and 1996 based on interviews N = 40).

women cultivated the farm close to the homestead and took care of the household, while the men maintained
the SWC structures and livestock and cultivated the scattered farm plots. Land consolidation brought the
scattered plots together close to the homesteads. Today, the women cultivate the whole farm, take care of the
household, get water, collect fuelwood and feed the livestock, while the men only maintain the SWC
structures.
Farmers' perceptions of the land-use changes and their effect on their environment differ depending on
access to off-farm income. Most of the farmers (60 percent) thought their livelihoods were better in the 1960s
because agricultural production was higher. The remaining 40 per cent of farmers thought their livelihoods
were better today, but all of these either had access to off-farm income or did not participate actively in
agricultural work because they were too old. Farmers today need to generate cash income from the farm to
pay for school fees, healthcare and other necessary services. Their greatest costs are associated with the
education of their children as they think this is important and the only route towards a better life.
All interviewed farmers, both female and male, claimed that without using chemical fertilizers and manure
the production of crops would be almost nil today, whereas back in the 1960s they used neither fertilizer nor
manure, as shifting cultivation was widely practised and unproductive land could regain its fertility through
adequate fallowing.
DISCUSSION
For the two study areas in Murang'a District, land use has changed and the population has increased, with
more 100 per cent over the period from 1960-96 (OVPMPND, 1997). Coffee has been introduced, not only
as a new perennial crop, but also as a cash crop and the major source of income. Cash crops in many
circumstances occupy the best land and the major inputs (Harrison, 1996). This is not always the best use of
land because local coffee prices are dependent on the world coffee price, government policies and strategies
Copyright © 2000 John Wiley & Sons, Ltd.
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(Carr, 1993). Perennial crops also make it difficult to use crop rotation as a cultivation practice. The
introduction of high-yielding maize in the mid-1950s (Harrison, 1996) made farmers prefer to plant maize
instead of traditional crops such as sorghum, millet, yams and cassava. Sugar cane and arrow root need high _
soil moisture and were therefore planted in the valley bottoms. One reason for not planting these crops any T
longer is the draining of water from the valleys for more intensive use, i.e. planting of maize. For the study
area, changes in land use have lowered the diversity of cultivated crops which increases vulnerability to crop I
pests and also reduced food security. Changes in the coffee fields from 1960-96 was not possible to study!
because almost no coffee was planted in 1960, but the coffee production has declined. Low coffee payment |
together with high input costs are the main reasons for this decline and could lead to neglecting coffee fields
and uprooting of coffee plants. Trees, in this case G. robusta, are important as a resource both for fuelwood
and to shade coffee plants. Enormous financial resources have been directed towards encouraging
smallholders to grow trees on their farms in sub-Saharan Africa (Dewees, 1993). Even in the most heavily
populated areas, trees continue to be an important feature of land use. The area used for wood lots has
increased between 1960 and 1996. Trees are also planted along farm boundaries, which makes the area green
and corresponds with farmers' opinion that there are more trees now.
Population growth has increased pressure on land and made it almost impossible to leave land fallow. I
Only inaccessible or badly degraded land was left fallow in 1996, whereas in 1960 shifting cultivation left!
more land fallow. Property fragmentation is also a consequence of population increase, as land is divided I
between sons. The small farms today are often not big enough to sustain a family. This often forces the male I
head of the household and children to search for an off-farm income and do less SWC work. Besides, I
farmers are still reluctant to implement SWC because of the stigma of enforcement in the study area before I
independence. KNSCP and CA have covered part of the area with new conservation structures, but I
intensification of land use and cultivation of steep slopes make present SWC efforts insufficient. In contrast, I
in nearby Machakos District the area with SWC increased between 1961 and 1978, following closely the
increase in population (Tiffen et al., 1994). In Murang'a District, less land is terraced today than in 1960.
Factors explaining the divergent paths of development in Machakos and Murang'a is the different
enforcement of SWC, steeper slopes and legal land consolidation in Murang'a District. Among factors
influencing their dissimilar agricultural development and production are issues that have to do with access to
markets such as Nairobi and transport and aid from different donors. During the 1970s, Kenya was affected
by a series of droughts which led to agronomic expansion in arid and semi-arid areas, and surprisingly to
some extent, neglected the high potential areas, i.e. the highlands (Tiffen et al., 1996). The fact that
Machakos District is in the semi-arid area and Murang'a District is in the higher potential highland area
(Ojany and Ogendo, 1988), could thus be part of the reason for the observed differences.
Sheet erosion is the most serious erosion form in terms of negative impact on soil fertility (Stocking, 1996).
This observation is confirmed by the present study as the most significant differences in soil nutrient status
were found in the sheet erosion class. Rill erosion is not selective, and in the PLUS classification scheme,
showed no significant differences between erosion classes and soil properties. Apparently, it is difficult to
sample rill erosion effects on nutrient status in the field as the nutrients are not lost uniformly across the
whole field. Depending on cropping system, environment and soil type there is a wide range of important soil
changes with erosion (Tengberg and Stocking, 1997). Studies on erosion-induced loss in soil productivity
(Gachene, 1995; Tengberg et al., 1997; Kaihura et al., 1998) indicate that organic C, CEC and K are
markedly influenced by severity of erosion. According to studies on Nitisol, in Kenya (Gachene, 1995) and in
Tanzania (Kaihura et al., 1998), significant changes in N and P correlate with cumulative soil loss. These
observations were confirmed by the present study, which showed significant lower rates of organic C, N, K
and CEC with increasing erosion (Table II). Lewis's study (1985) on soil loss, based on on-farm soil traps
measurements in Murang'a District, indicates that maize fields generally have the highest soil losses. In the
present study maize yields decreased significantly with increasing erosion severity according to the
classification scheme. Lewis (1985) also found erosion-induced loss of crop productivity. In the present study
it is concluded that changes in land use have increased soil erosion. Further more soil erosion may have
Copyright g 2000 John Wiley & Sons, Ltd.
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changed the chemical properties of the soil and reduced its productivity significantly, but there are no reliable
soil fertility data from 1960 in this area.
Farmers' perceptions of changes in land use and its effects on livelihoods are differentiated with respect to
farmers' off-farm resources. It is obvious that farmers depending only on income from the farm thought it
was better in 1960 when less work gave higher crop output. As necessary inputs, such as improved seeds,
pesticides, insecticides, manure and fertilizer, are becoming more expensive there is a need for more cash
income. All farmers agree that with the right inputs, the above-mentioned good soil conservation and
adequate rainfall, high yield levels could be sustained.

CONCLUSIONS
The land consolidation that was enforced in 1958 and the introduction of coffee in Murang'a District in the
1960s have had important implications for the overall land use in the area. Emergency villages, constructed
during the late 1950s and early 1960s, also influenced land use and resulted in considerably reduced tree
cover. The government, agricultural extension staff and farmers work together to conserve soil, but steep
slopes are difficult to conserve. The area under fallow has decreased and now mainly consists of eroded
wasteland in contrast to grazing land in the 1960s. Erosion and intensive land use have led to reduced soil
productivity. There is a need for manure and chemical fertilizers to compensate for declining soil
productivity. Lower yields and increasing costs for essential external farm inputs make 60 per cent of the
farmers think livelihoods were better in the past. There has also been an increase in the cost of other things,
such as fuelwood, healthcare and schooling.
Signs of increased erosion in 1996 compared to that shown in the photographs of 1960, and the low soil
fertility as inferred from the low rates of soil organic C and P accord with farmers' perceptions of decreased
soil productivity. Intensified land use and increased cultivation of steep slopes have increased soil erosion
and reduced soil productivity. This finding contrasts with other studies on land use changes in Africa
(Tiffen et ai, 1994; Leach and Mearns, 1996) which suggest that natural resources management has
improved over the last 40 years. Therefore, generalizations are difficult to make. There is a lack of studies on
land-use changes and SWC from comparable higher potential areas in Africa. However, the policy
implications for land management in this area are that more efforts to decrease soil erosion and investments
in both the land and male and female labour, are necessary to sustain soil productivity and, hence, secure
rural livelihoods.
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RAINFALL VARIABILITY IN
MURANG'A DISTRICT, KENYA: METEOROLOGICAL
DATA AND FARMERS' PERCEPTION
BY
MIRA OVUKA AND SVEN LINDQVIST
Department of Earth Sciences, Physical Geography, Göteborg University, Göteborg, Sweden

Ovuka, Mira and Lindqvist, Sven, 2000: Rainfall variability in
Murang'a District, Kenya: meteorological data and fanners' perception. Geogr. Ann., 82 A (1): 107-119.
ABSTRACT. This study examines meteorological data and farmers' perception of rainfall in the Central Highlands of Kenya.
Rainfall data from five meteorological stations during the period
from 1947 to 1996 were analysed on an annual and a monthly basis. Daily data exist from 1957 and analyses from 1957 to 1996
were done on a daily basis. Discussions were held with 60 farmers
about rainfall and its variation. Ten of these farmers were interviewed with a questionnaire about rainfall. Analysing annual precipitation and rain periods gave no clear trends over the study period. Results from analysing the growing seasons for maize, the
main annual crop, and periods during which maize plants are sensitive to drought showed decreasing trends in rainfall amounts for
the study period. Results from the interviews indicate that most of
the farmers think rainfall has decreased over the last 40 years.
Farmers' perceptions of rainfall are related to periods when the
main food and annual crop require water and not to the periods scientists often analyse, i.e. annual and rain periods. More research
and better advice from agricultural extension workers to farmers
are necessary to enable this area to sustain itself in sufficient food
production if the decreasing trends during the growing seasons
and drought-sensitive periods continue.
Key words: rainfall, farmers' perception, central Kenya

Introduction
Rainfall is one of the most important natural resources for countries dependent on agriculture.
Stories from farmers in central Kenya about rainfall
indicate more rain and higher production in the
past. Farmers also talk about flooded rivers during
every rain period in the past and long distances to
water today during the dry period. In central Kenya
there are two rain periods, a long and a short, which
allow two growing seasons. Most of the farmers argue that the largest changes have occurred during
the short rain period with less reliable rains and low
crop yields as a result. The two crop growing seasons, March to September and October to February,
are equally important. According to farmers and
agricultural extension workers, production of crops
depends on rainfall, but yields are also dependent
Geografiska Annaler • 82 A (2000) - 1

on the amount and type of fertiliser used, the quality of planted seeds and plant diseases.
Fanners and scientists observe and measure distribution and amount of rainfall in different ways.
They also interpret the environmental impacts of
rainfall variations in different ways according to,
for example, Dahlberg and Blaikie (1996). Their
study, as well as Kinlund's (1996), about farmers'
perceptions of rainfall in North East District, Botswana, show these different interpretations of rainfall pattern. Farmers' perceptions are that rainfall
has declined over time, but scientists' analysis of
rainfall data showed no evidence of a decrease.
Crop production depends on rainfall and if it decreases or increases the output yield will change.
The existing variation of precipitation in the study
area, and many other parts of the tropics, makes it
difficult to use mean values for any type of planning
or advising if the objective is the highest possible
production. Unfortunately, agricultural advisers
often use mean values when advising farmers.
The objective of this study is to analyse the rainfall pattern in Murang'a District, Kenya. This will
help to answer the following questions. Has the annual and seasonal rainfall changed since the 1950s?
Has the rainfall changed during the critical time or
during the growing season for the main food crop,
mai2£? How do farmers' perceptions of rainfall correspond with the data from meteorological stations?
The study area
Kenya's relief is extremely diversified (Ojany and
Ogendo 1988). A relief map may give the impression that the country's topography is fairly simple,
with two distinct physical regions, lowland Kenya
with land below 900 m, and upland Kenya with
land over 900 m. However, a detailed study of the
landscape will show that Kenya has one of the most
complicated and diversified physical environments
107
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to be found in any country. From 0 to 5200 m above
sea level (a.s.l.) every landform and landscape
type-aeolian, glacial, volcanic, tectonic-is present.
In general the entire terrain is dominated by a succession of extensive plateaus at different heights
above sea level. Murang' a District is located on the
eastern slope of the Aberdare Range in the central
part of Kenya with altitudes from 900 to 3 300 m
a.s.l. (Fig. 1). The area is influenced by volcanic
and tectonic activities.

and southeast trade winds of the two hemispheres
meet, dominates the climate regime in Kenya.
Three distinct air masses influence the climate
(Trewartha 1981). From November to March dry
winds from the Sudan dominate the western parts
of the country. The eastern parts are influenced by

A-

7
#

Climate
Climate is one of the most important factors for agriculture. In temperate areas both rainfall and temperature can be the limiting climate factors while in
the tropical areas rainfall is the limiting factor.
Tropical areas are characterised by a variable regime of rainfall, both in quantity and in reliability.
One year of drought can be followed by a year of
floods. This variation is not a recent phenomenon
(Trewartha 1981; Barring 1988; Beltrando 1990),
but with increasing pressure from the population
and agricultural activities on the land, these variations become more important. The climatic factor
of greatest economic significance in Africa is rainfall (Ominde 1988).
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General description of Kenya's climate
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Fig. 1. Location of (a) Kenya, Murang'a District, Nyeri and Thika, the
study area and (b) the location of the
rainfall stations nos 1 to S.
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equivalent air streams from the Arabian peninsula,
known as the northeast trade winds. Winds from the
ocean bring some rains to the coastal parts. In April
the wind system changes and the southern, central
and eastern parts are influenced by the southeast
monsoon which comes from the Indian Ocean and
is the source of most of Kenya's rain (Nakamura
1968; Camberlin and Wairoto 1997; Okoola 1999).
This situation normally lasts until August. From
about July, the time when the southwest trade
winds are strong, high winds penetrate through
equatorial Africa. This air stream, called the Congo
air stream, is extremely unstable and produces convectional storms. Its influence is felt mostly in the
western parts of Kenya. These features give Kenya
its rainfall periods. Four main types of rainfall patterns can be distinguished: southwestern Kenya
with no distinct dry month; northwestern Kenya
with one maximum rainfall period from March to
May; central Kenya with two rainfall maxima from
March to May and October to December; and the
coastal belt with one maximum, April to June (Griffiths 1969; Ogallo 1983; Asnani 1993). There are
also large spatial and temporal variations in the
rainfall characteristics due to the complex topographical patterns, the existence of many lakes and
several other regional factors (Ogallo 1983; Asnani
1993).
Kenya, as an equatorial country, has only a small
variation in mean monthly temperature. The central
areas of Kenya, including the Nairobi area, generally enjoy pleasant daily mean temperatures of
about 15°C (Ojany and Ogendo 1988). The Rift
Valley and coast have a mean daily temperature of
about 25°C and the northern part of Kenya has the
highest temperature with the maximum commonly
exceeding 35°C. Mean annual temperature is, as
expected, very closely correlated with altitude.
There are very few places that regularly report temperatures below 0°C and ground frosts seldom occur below 2500 m. The diurnal variation in nearly
the whole of Kenya is in the range of 9 to 13°C except above 2200 m in the Highlands where it is
about 14 to 17°C, and at the coast and on the islands
where it is between 5 and 9°C (Griffiths 1969).
The variation of evaporation depends more on
solar radiation than on temperature (Dagg 1969). It
reflects the frequency of cloud cover to a larger extent than the decrease of temperature with altitude.
Evaporation rates are in excess of 2500 mm per annum in the drier areas of northern and eastern Kenya, falling to 1100 mm and less in the cloudy areas
at altitudes of 3000 m.
Gsograflska Annaler • 82 A (2000) • 1

Climate in Murang'a District
In Murang'a District rainfall is bimodal: there is a
long rain periodfrommid-March to the end of May
and a short rain period from October to mid-December. These two rain periods support two growing seasons. During the rain periods most of the
precipitation falls as showers late at night or early
in the morning. Between June and September the
precipitation mostly falls as drizzle. January and
February are the two dry months.
Monthly temperature and evaporation data are
taken from two meteorological stations in Central
Province, Nyeri and Thika (Fig. 1). These two stations represent the annual variation of temperature
and evaporation in the Central Province, but the
values for temperature and evaporation in the study
area are probably in between the values of these
two stations. The study area has an altitude between
1400 and 1650 m a.s.l. The altitude for Thika is
1200 m a.s.l. and for Nyeri 1800 m a.s.l. The highest temperature and evaporation are expected in
January, February and March just before the long
rains. During and after the long rain period temperature and evaporation fall. The coldest months are
June, July and August, and are called the Githano
period (Fig. 2). In September and October the temperature and evaporation rise again since the
cloudy period is over and the sun is more frequent.
Temperature and evaporation fall again during November and December, the short rain period.
Land use
By African standards Kenya is an important agricultural country (CBS 1996). Agriculture dominates the economy and accounts for 75% of the total employment. In good years Kenya is virtually
self-sufficient in food production, but droughts as
well as floods havefromtimeto time disrupted agricultural production and massive food imports
have been necessary.
Land use in Murang'a District
The agricultural potential for Murang'a District
generally decreases from the northwestern to the
southeastern side, mainly because of decreasing
rainfall and decreasing soil fertility. Most of the
area is occupied by small-scale subsistence farming (OVPMPND 1997). The population of the district is 1056000 and the annual population growth
is approximately 2.5% (OVPMPND 1997). Due to
109

MIRA OVUKA AND SVEN LINDQVIST
200

25

180
160
|

20

140 +

I 1Z0

15-

•S 100
c

10

O

'f 80 +
I> 60
UJ

3Thika Evaporation

40
20

INyeri Evaporation
-Thika Temperature

0
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

-Nyeri Temperature

Fig. 2. Annual mean temperature
and evaporation at Nyeri and Thika, mean from 1980 to 1995.

Month

the favourable agricultural conditions population
pressure is high, with 450 people/km2. The average
farm size is small, 1.5 ha/farm and due to fragmentation of land holdings the farm sizes become
smaller. Subsistence farming is complemented by
dairy activities and cultivation of cash crops. The
variation in altitude and climate give different agroecological zones in the district (Fig. 3). The two
study areas are located in the main coffee zone with
maize as the main food crop. Beans and bananas are
also common food crops.

moving averages. Annual and monthly data were
analysed with a linear regression model to examine
possible trends over the study period. Spearman's
rank correlation was used to examine a significant
level of the trends, where/? = 0.1 indicates a significant level of 0.10 and p = 0.05 a significant level
of 0.05. Time series analyses were used to examine
whether the rainfall data, both annual and seasonal,
have any kind of cycle.
As mentioned earlier, this area has two rain periods. According to farmers and extension workers,
before 10 March and 1 October it is not possible to
both harvest and prepare the land for the new growData and methods
ing season. Therefore, the start of the rain period is
Precipitation
defined as thefirstperiod, after 10 March (long rain
Data from five meteorological stations in the Mu- period) and 1 October (short rain period), of five
rang'a District were obtained from the Kenya Me- days with at least 25 mm of rainfall, the start and at
teorological Department in Nairobi. Some data least two other days in this period are wet (i.e. more
were provided by the District and Divisional staff than 0.1 mm rainfall received) and no dry period of
of the Ministry of Water. Figure 1 shows the loca- seven or more days occurs in the following 30 days
tion of stations and the study area. Station no. 5 has (Jolliffe and Sarria-Dodd 1994). With linear regresmonthly rainfall data from 1901 to 1996; the other sion models the start of the rain periods were anafour stations have monthly rainfall data from 1947 lysed to study trends. The significant level of the
to 1996. All stations have daily rainfall data from models was calculated using Spearman rank corre1957 to 1996.
lation.
In the data set there were months with missing
Dry spells during the growing seasons can have
values. These values were filled in by a simple re- negative effects on the yields. For all stations dry
gression technique using the values from the other spells were analysed with respect to when they ocstations for the missing months together with the al- curred and for how long. A dry spell is four or more
titude of the stations. This method was used because days with less than 1.0 mm rain (Nieuwolt 1977).
it is more reliable than using the values from differThe annual rainfall amount and the number of
ent years for the station in question, to calculate rainy days during a year were used to calculate anmeans andfillin the missing values. One year's pre- nual intensity. Linear regression models were used
cipitation has little to do with previous and coming to analyse trends in annual intensity over the study
years' precipitation (Barring 1988). Mean periods period. Spearman rank correlation was used to calwere based on 30 years of data from 1961 to 1990. culate the significant level of the trend.
Annual rainfalls were smoothed with three-year
The growing seasons and periods of sensitivity
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Pig. 3. Agro-ecological zones in
Murang'a District.

to drought for maize were defined from literature
and discussions with farmers and agricultural extension workers. The growing seasons were analysed with respect to mean values and trends, while
periods of sensitivity to drought were analysed
only to study trends. Linear regression models were
used for the analysis of the trends and the significance levels were analysed with Spearman rank
correlation.
Farmers' perceptions of rainfall
Discussions and interviews were carried out during
two fieldwork periods, in 1996 and in 1997, with 60
farmers and five agricultural extension workers
who expressed their perceptions on rainfall characteristics and variability. During these interviews
with 65 people, questions about changes in maize
production over the years were asked. Reasons for
GeogtafiskaAnnaler • 82 A (2000) • 1

the change in production were discussed and, as
mentioned earlier, were perceived to be a change in
rainfall pattern. Therefore, of these 65 people, ten
were chosen to be questioned in detail with a questionnaire about precipitation. These ten were all
older people and were familiar with the area; three
were extension workers and seven were farmers.
Questions asked were: Have you noticed any
changes in rainfall amount, start of the rain periods,
and intensities of storms, and are these changes
normal variations or real changes?
Results
Precipitation
Data from rainfall stations show that the amount of
rain increases with altitude. The greatest mean
amount of rain is noted at station no. 1 and the lowest at station no. 5. Table 1 gives information about
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Table 1. Altitude, position, mean annual rainfall, mean rainfall during the two rain periods and mean number of rainy days for five of
the rainfall stations in the Murang'a District (mean period 1961-90).

Position

Annual mean
precipitation
(mm)

Long rain
precipitation
(mm)

Short rain
precipitation
(mm)

Mean number
of rainy
days/year

1720

0°45'S

1824

905

604

96

No. 2.90 37 042.
Kahuhia Girl High School

1580

0°43'S

1606

763

545

119

No. 3.90 37 063.
Mugoiri Girls School
No. 4.90 37 109.
Murang'a Water Supply
No. 5.90 37 007.
Murang'a District Office

1580

0°45'S
37°02E

1564

778

518

100

1310

0°44'S
37°09'E

1352

697

458

104

0°43'S

1245

629

424

96

Altitude
(m)

No. 1.9036104.
Muriranja's Hospital

Station

1280

yrim

the position of the rainfall stations, mean annual
and seasonal precipitation and mean number of
rainy days per year.
The three-year moving average diagram over
the area (Fig. 4) shows high variations in annual
rainfall over the analysed period, 1947-96. There
is a decreasing trend in precipitation from 1963 to
1976 and another general decreasing trend from
1979. The smoothed data series indicates that the
declines in the late 1960s and early 1970s were
large for three stations, nos 1,2 and 3 (Fig. 4). Stations nos 2 and 5 have significant decreasing trends
in precipitation for the analysed period (Table 2).
Data from station no. 5 indicate that there was a de-

clining trend even before 1963 (Fig. 5), which lasted from the mid- 1910s to the mid- 1920s. Time series analyses show peaks of 2.2 to 2.5, 2.8 to 2.9
and 5.3 years analysing the annual rainfall data
(Table 2).
The only significant increasing trends for
monthly data for all stations exist during October
(Table 2). Significant decreasing trends exist for
stations nos 2,3 and 5 for August, and stations nos
1, 4 and 5 have significant decreasing trends for
September. Analysis of the other months gave low
significant levels and high variations during the
study period.
The long rain period receives on average 50% of
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Fig. 5. Total annual rainfall and
three-year moving average for station no. 5,1901-96.
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the total annual rainfall while the short rain period
receives 35 % and the rest falls as drizzle during the
dry months of June, July, August and September,
and as showers in January and February. Figure 6
shows the seasonal distribution of rain in Murang'a
District and mean monthly rainfall.
Results from the analyses of the two rain periods, long and short, show no significant trends in
amount of rainfall for the two periods (Table 2).

The long rain period often starts with a few days of
quite heavy rainfall occurring late at night and during the early morning. This is often in the range of
30 mm per day or more. The short rain period also
starts with heavy rains but the amount of rain is
lower, approximately 20 mm per day. For the rainy
period time series analysis show peaks of 2.3 to 2.S
years and 3.6 to 4.6 years for long rain periods, and
2.3 years and 2.7 to 3.2 years for short rain periods.

Table 2. Statistics of the rainfall analyses. A linear regression model is used to identify trend y = a+b*x.

Annual precipitation
Trends (rnm/yr)
Significant periodicity (yr)
Long rain period
Trends (mm/period)
Significant periodicity (yr)
Short rain period
Trends (mm/period)
Significant periodicity (yr)
Monthly trends (nun/month)
August
September
October

Station no. 1

Station no. 2

Station no. 3

Station no. 4

Station no. 5

0.06371
2.2,2.8,5.3

-0.18506*
2.3,2.8,5.3

-0.03318
2.2,2.5,5.3

0.14164
2.5,2.8,5.3

-0.22536*
2.3,2.9,5.3

-0.13978
2.5,3.6,4.6

-0.09431
2.5,3.5

0.03145
2.3,3.6,4.6

0.17666
2.3,3.6,4.6

0.06348
2.3,3.2

0.12941
2.3,2.7

0.06684
2.3,2.9
-0.27753*
-0.32183**
0.15367*

-0.12086
2.5,4
0.08869
2.3,2.7,3.2

-0.1284
2.3,2.9

-0.10571
-0.2552**
0.20316*

-0.19154*
0.03163
0.27491**

-0.25437**
-0.17098
0.2873**

-0.0704
-0.2511**
0.20197*

Intensity of rain

-0.20326*

-0.33411**

0.23109*

0.06134

Growing season trends
First season (mm/yr)
Second season (mm/yr)

-0.24296*
-0.11613

-0.26866**
-0.4482**

-0.20431*
-0.07954

-0.0484
0.01969

-0.31489**
-0.07563

Periods maize is sensitive to
drought (mm/period)
First season (May-June)
Second season (Dec.-Jan.)

-0.15572
-0.29624**

-0.04484
-0.37436**

-0.06585
-0.15395

-0.04071
-0.07813

-0.12543
-0.04798

0.36684** .

' Significant trend = 0.10, ** Significant trend = 0.05
Geografiska Annaler • 82 A (2000) • 1
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Fig. 6. Seasonal distribution of rain
in the Murang'a District, 1947-96.
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Analyses of the start of the two rain periods show
trends towards a later start of the long rain period
for all stations, while for the short rain period significant trends for a later start were found for stations nos 2 and 5 and a trend towards a later start for
the other stations.
The two rain periods are shown in the dry spell
diagrams (Fig. 7). Dry spells during the rain period
affect the crop yield. The main differences between
the two periods are the amount of rain and occasions of dry spells (Table 1 and Fig. 6). Figure 7
shows that the long rain periods have more or less
continuous rain even though dry spells occur, while
during the short rain periods most years have more
than one dry spell.
Annual mean intensity shows decreasing significant trends for two of the stations, nos 1 and 2, and
increasing trends for the other three stations (Table
2). Intensity of rain varies during the year, the highest rainfall intensity being expected during the
rainy periods.

vesting. Optimum rainfall during thefirstmonth after sowing is 200 mm and for the whole growing
season between 500 and 800 mm depending on the
temperature (Doorenbos and Kassam 1979). After
thefirstmonth of planting the maize plant is sensitive to drought (FAO 1980, 1986). Dry conditions
are needed towards harvesting in order to reduce the
moisture content of the grain and to prevent the incidence of ear rot, a bacterial disease. Maize also
needs well drained soil and good supplies of nutrients. It can be destroyed if it stands in water for as
long as one day. The most critical factor that affects
maize yield is the time of sowing. A general rule is
to sow maize as near the beginning of the rains as
possible. Sowing, different stages in maize plant
life, growing periods and drought-sensitive periods
for maize are shown in Fig. 8.
Results from the analysis of the first growing
season, April to September, show significant decreasing rainfall trends for four stations, nos 1,2,4
and 5 (Table 2). For station no. 3 the trend decreases
but the significant level is low (p = 0.31). The second growing season, November to February, shows
Precipitation and maize
a significant decreasing trend for station no. 2. The
Maize, Zea mays, is the most important cereal crop other stations, except station no. 4, have decreasing
in Kenya and East Africa (Acland 1971; Republic of trends but these have a low significant level (p =
Kenya 1997). There are several reasons for the pop- 0.23-0.33). The amount of rain during the growing
ularity of maize. First, it has a higher yield potential season is also important for the crop to be able to
than the indigenous cereals in areas with good rain- give the highest possible yield; as mentioned earlifall and free-draining soils. Second, it requires little er, optimum rainfall for maize is between 500 and
labour for land preparation, weed control and har- 800 mm. Figure 9 shows mean values for both
114
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Station no. 4

Fig. 7. Occurrence of dry spells, at
stations nos 2 and 4, 1957-96.
White boxes indicate that data are
not available; white areas are dry
spells and black areas are days with
more than 1.0 mm rain.
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growing seasons. The long- rain period has a mean the farmers, the greatest change has occurred durprecipitation of 600 to 980 mm, while for the short ing the short rain periods: the rain starts later and
rain period mean precipitation is between 350 and the amount has decreased. Replanting of crops has
500 mm.
become increasingly necessary due to later start of
The period when maize is sensitive to drought the rain and dry spells during the rain periods. The
has for the first growing season, May and June, de- farmers do not know if it is a short-term variation
creasing rainfall trends (Table 2). For the second or a long-term change, but it makes them anxious
growing season, December and January, the trends about the future and their ability to support their
decrease significantly for stations nos 1 and 2 (Ta- families.
ble 2). For the other stations the trend is towards
From the ten questionnaires on rainfall, only one •
less rain but with low significant levels.
person, an extension worker, said that the variation
is normal. All other interviewed persons said that
there is a decreasing trend in rainfall and in the
Farmers' perception of rainfall
number of storms. They also argue that the rain peAs mentioned in the introduction, discussions and riods start later and the rains are less reliable (Table
interviews with farmers about rainfall make it ob- 3). Five of the ten interviewed persons explain the
vious that they think the rainfall pattern has reason for the change as human - the local environchanged (Table 3). They believe that the change in ment has changed. Three persons (one extension
rainfall pattern and soil fertility is the main reason worker and two farmers) also mentioned global
for the decline in yield. Farmers complain that the factors, such as change in winds over the Indian
rains are not reliable, the amount of rain has de- Ocean, as a reason behind the decreasing trends in
creased and there are fewer storms. According to amount of rainfall and changes in the rainfall disGeografiska Annaler • 82 A (2000) • 1
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MAIZE
APPLICATION OF FERTILISER
SENSITIVE TO WATER LOGGING
SENSITIVE TO DROUGHT
HARVESTING
FORMATION OF GRAIN
FLOWERING
TASSELING
SOWING
RAINY SEASON

Jan Feb Mar Apr May Jun Jut

Aug Sep Oct Nov Dec

tribution. One farmer had no explanation. According to all interviewed persons the rainfall has always varied in the area with wet and dry periods.
Most of the farmers think these variations have increased.
Discussion
The climate in the Eastern Highlands is favourable
for growing crops. Together with the western part
of Kenya, the Eastern Highlands have the highest
population pressure and agricultural activities
(Ojany and Ogendo 1988). It is for this reason that
it is important to try to understand the climate and
its variation. Hulme (1992) studied rainfall changes
in Africa and came to the conclusion that equatorial
East Africa shows little temporal organisation in
rainfall variability. This makes it important to study

Fig. 8. Annual crop calendar for
maize. The black rectangle indicates replanting of maize, if necessary, during the short rain period.

the local rainfall regime in agricultural areas and to
advise farmers of the effect this has on cropping
pattern.
Meteorological data analysed in this study show
large inter/annual variability in amount of rainfall.
The decreasing trends in rainfall that farmers are
talking about are not obvious analysing only annual
values. Farmers and scientists observe, measure
and analyse rainfall in different ways. It is
necessery to analyse the time when rainfall is important for the farmers to be able to understand their
observations of rainfall. Analysing the time the
main annual crop in the area is sensitive to drought
and its growing season is one way for scientists to
understand farmers' perception of rainfall.
Monthly rainfall data showed significant changes in rainfall for August, September and October.
August and September are low rainfall months, but

1600-r

1400
1200

1000-

Fig. 9. Mean rain values for the two
growing seasons in the study area.
LR indicates first growing season,
April to September; SR indicates
second growing season, November
~i
1
1
1
1
1
1
r
no.1 LR no.1 SR no.2 LR no.2 SR no.3 LR no.3 SR no.4 LR no.4 SR no.5 LR no.5 SR to February.
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Table 3. Results from the questionnaire on rainfall and its variation in the study area from 1960s to 1997.

parameters such as vegetation cover, soil fertility
and moisture availability as well as changes in livelihood opportunities and strategies. For the study
Farmers'
Farmers'
area in Murang'a District, changes in land use
perception
perception
(JV=10)
(iV=60)
(Ovuka 2000) have changed vegetation cover and
soil fertility. This together with increasing populaYes
No
Yes
No
tion (OVPMPND 1997), higher demand for agri1
Changes in rainfall pattern
9
78% 12%
cultural products, high variation in annual rainfall
1
Decreasing trends in rainfall 9
72% 18%
and decreasing trend in rainfall for the growing sea1
Later start of the rain
9
78% 12%
sons explain farmers' concern about their future
1
Less reliable rainfall
9
92%
8%
9
Normal variation in rainfall
25% 75%
1
ability to support their families if these changes
continue. Fanners may have to move from the area
Reason for change
Human
5
with the consequences that less labour will be availGlobal factors
3
able. An agricultural area requires a certain number
Do not know
1
of farmers in order to be sustainable and avoid deNo change
1
gradation (Tiffen, et al. 1994), but farmers need to
be sure of harvesting enough for their families.
One of the possible causes for rainfall variation
the changes in October could support some of the and decreasing trends could be the El Nino phefarmers' perceptions of a change in rainfall. But the nomenon. Ogallo (1988), Ropelewski and Halpert
strongest support for farmers' perception of de- (1987), and others have studied the effects of El
creasing rainfall are the decreasing trends during Nino on the climate in Africa. In the study area the
the two growing seasons and the periods during effects of El Nino are an extremely dry year before
which maize is sensitive to drought. The mean val- El Nino and wet years during the influence of El
ues diagram for the growing seasons (Fig. 9) shows Nino. There is also a tendency of low rainfall folthat two stations have optimum values for growing lowing an El Nino event. The latest El Nino affectmaize during thefirstseason, while others have val- ing this area was in 1997 and has consequences for
ues above optimum. For the second growing season the area with low rainfall during the short rain in
one station has an optimum mean value, while the 1996 and an extremely high amount of rainfall durother has mean values below optimum. Good infil- ing the end of 1997 and beginning of 1998. Also,
tration of water into the soil is required during the the end of 1998 was affected by a low amount of
first growing season to avoid damage to crops due rainfall (information from farmers during field
to water logging, while good infiltration as a pro- work in 1998, and through letters).
tection against drought is required during the secThe methods used in this study to analyse trends
ond growing season to avoid crop failure.
and significant levels of the trends are simple modThe dry spells (Fig. 7) show more frequent dry els and statistical analysis. More complicated modperiods during the second season, December to els are necessary to make predictions about future
January, when maize is sensitive to drough, - over rainfall and rainfall variation. Simple models anathe last 15 years. The population increase in the lysing trends in rainfall are easy to apply to a huarea has made both growing seasons important and man's perception of rainfall variation and trends,
together with the above-mentioned changes, sup- while a complicated model may consider facts not
ports farmers' perceptions of change in rainfall easily observed by humans. This could make it dif(luring the short rain periods. The right amounts of ficult to correlate complicated models with a hurain in the tropics may not be as critical as the tim- man's perception.
ing of rain (Jackson 1989). The decrease in and the
variation of rainfall have not affected crop yields to
the same extent during the long rain period as dur- Conclusion
ing the short rain period.
Long-lasting droughts that have affected the Sahel
Dahlberg and Blaikie (1996) and Kinlund region have attracted the attention of many scien(1996) found no clear evidence in rainfall data that tists (Nicholson 1989;Helldén 1991;Lindqvistand
could support farmers' perception of declining Tengberg 1993). Severe droughts have also affecttrends and they explain farmers' perception of ed East Africa during recent years (FAO/WFP
change as being due to changes in other physical 1996). A limited number of studies has been aimed
Geografiska Annaler • 82 A (2000) - 1
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at understanding the origin and consequences of
these droughts.
The latest drought in Kenya occurred in 1996
with only two weeks of rainfall during November
in Murang'a District. This drought, according to
the farmers, was worse than the earlier droughts in
the area. Water is a resource and needs to be conserved as one. Maximum infiltration is a protection
against drought and one certain way of preventing
crop failure due to shortage of water. Infiltration
also reduces the amount of runoff water and soil
erosion.
It is necessary to study and understand both rainfall periods and growing seasons for the particular
crops of interest in order to be able to discuss
changes in rainfall and its effects on crop production. A change during the critical time for the crop
could have greater effects on crop production than
changes during the rain periods.
In contrast to the studies from Botswana (Dahlberg and Blaikie 1996; Kinlund 1996), fanners'
perceptions seem to correspond to the available
data on rainfall. In this study the area amount of
rainfall has decreased according to farmers. Evidence that supports farmers' perceptions is found
in the meteorological data for the growing seasons
and the periods that maize is sensitive to drought.
More analyses are necessary to understand the
rainfall variation in the Highlands of Kenya, especially if the global circulation is changing. More
studies about the effects of El Nino on precipitation
in Kenya are also important. These studies will give
new information about variations in climate and its
effects on crop growth. It is important for Kenyan
farmers to get proper advice so that they can optimise food production from their land and thus be
sure that the land continues to support them in the
future.
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Soil nutrient changes along slope transects in Murang'a District, Kenya
Mira Ovuka
Göteborg University, Department of Earth Sciences, Physical Geography,
Box 460, SE-405 30 Göteborg, Sweden
ABSTRACT
This paper focuses on soil nutrient changes along steep slopes in densely populated areas in Central
Highlands of Kenya. It also examines soil nutrients on slopes where soil and water conservation
(SWC) measures were both implemented and not implemented. Moreover, the paper compares
nutrient levels of eroded sediments and in situ soil. Soil sampling was carried out on different slope
transects and slope positions. The soil samples were analysed for Na, Ca, Mg, K, CEC, organic C,
available P, total N, pH and bulk density. Finally, the paper investigates the spatial distributions of
slope gradient, through Geographical Information System (GIS), using digitised topographical maps.
The results indicate higher concentrations of nutrients on lower parts of the slope, but up and downslope differences were significantly less pronounced when SWC was in place. Further, the results
show 1.5timeshigher nutrient levels on average in eroded sediment compared to in situ soil. Spatial
distribution of slope gradient shows that almost 70% of the area needs SWC and 15% should not be
cultivated because of steep slope gradient These findings show the importance of SWC and should
therefore be considered when advising on and implementing agricultural extension in the area.
Keywords: Kenya, Murang'a District, soil gradient, slope position, soil nutrients, SWC.

INTRODUCTION
Soils lose their fertility as a result of chemical and physical degradation, and/or nutrient
depletion. Chemical degradation depends on two principal processes, namely acidification
and toxification, while physical degradation refers to adverse changes in the physical
properties of soil, such as porosity, permeability, bulk density and structural stability. Soil
nutrient depletion and fertility decline are caused inter alia by soil erosion. Some fertility
decline may be temporary and reversible through the application of soil amendments such
as manure and chemical fertiliser. Even the most stable soil will erode if it is exposed to
intensive rainfall when there is no crop cover. One of the major threats to global food
security is loss in soil fertility due to erosion (Brown & Kane, 1994; Pimentel et al., 1995).
The term 'soil fertility' includes all soil characteristics that influence plant growth and can
limit the yield. Maintaining soil fertility is not just a matter of conserving soil nutrients but
involves human intervention to enhance chemical, physical and biological properties and
processes (Garforth & Gregory, 1997). Factors, such as individual soil parameters, climate,
topography and management, help to maintain soil fertility. Soil nutrient status is an
indicator of soil fertility. Soil nutrient depletion is generally regarded as one of the most
serious constraints to agricultural production in sub-Saharan Africa with the highest
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depletion in mountainous and highly populated areas (Sanchez et al., 1996; Stoorvogel et
al., 1993; Whiteside, 1998). Hence, sustaining soil fertility is important for food
production. Research on development of resource management strategies to improve soil
fertility has been substantial in East African countries (Braun et al., 1997; Ingram, 1994).
This study is a contribution to the existing knowledge of soil fertility in East African
Highlands with the focus on soil nutrient changes along slope transects. The study was
carried out in response to information given by farmers on the different yield levels found
on different sections of cultivated slopes.
The objective of the present study was to examine soil nutrient status and grain size
distribution on different parts of steep slopes in the Central Highlands of Kenya. In
addition, effects of soil and water conservation (SWC) measures on soil nutrient status were
analysed and the enrichment ratios, i.e. the ratio between eroded sediment and in situ soil,
were calculated. Furthermore, spatial distributions of slopes were investigated.
THE STUDY AREA
Murang'a District is located in the central Highlands of Kenya, on the eastern slope of the
Aberdare Range (Fig. 1). Small-scale production farms occupy most of the district and
livelihoods are predominantly based on agriculture (OVPMPND, 1997). The rainfall is
bimodal with rains from March to May and from October to December. The population of
the district was 1.1 million in 1997 and population growth is approximately 2.5% per
annum (OVPMPND, 1997).
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Figure 1. Location of Murang'a District in Kenya and the two study areas in Murang'a.
Two areas were selected for detailedfieldinvestigation - Maragua and Mbari-ya-Hiti (Fig.
1). These areas are located in the main coffee agro-ecological zone (Jaetzold & Schmidt,
1983) with an average annual precipitation of 1 560 mm (Ovuka & Lindqvist, 2000). The
main cash crop grown in the area is coffee and the main food crops are maize, bananas and
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beans. Average farm size is small 1.1 ha (Ekbom, 1998). It is becoming increasingly
smaller due to the high population pressure, 450 people/km2, and farm fragmentation. Vshaped valleys dissect the landscape. A typical farm stretches from crest to valley bottom,
with a homestead on the crest (Fig. 2).

Figure 2. Figure of a schematic farm in the study area with a. homestead, b. maize and
bananas, c. coffee trees and d. maize, bananas and beans.
Reddish humic Nitisols are most common in the area (Sombroek etal, 1982). These soils
have developed over most of the deeply weathered basic volcanic rocks. They are
inherently fertile and widely cultivated. Nitisols have an argillic B-horizon, often with an
extended clay distribution with depth. Strong leaching has brought the base saturation to
below 50%.

METHODS
Maizefieldslopes were chosen as soil sample collection sites, as maize is the main
subsistence crop and because these slopes have a uniform distribution of cultivated crops.
In order to examine soil nutrient status and grain size on different parts of the slope soil
samples were collected from six slope transects. These slopes, common in the area, all had
some SWC structures, mainly grass strips and some terraces, but the areas between the
terraces were not levelled and some of the terraces were in poor condition. All samples
were taken from the topsoil, 0-15 cm. In order to be able to make a comparison between
slope transects, five slope positions - slope crest, upper slope, mid slope, lower slope and
slope base - were chosen for collection of soil samples (Fig. 3). Average slope length,
where soil samples were collected, was 120 m and average steepness was 35%. The
distance in height between the crest and the base of the slope was approximately 40 m.
Figure 3 is a schematic figure of the investigated slopes. It also shows the different slope
position where at each positionfivesoil samples, randomly distributed, were collected
(N=25 for each slope). Moreover, the influences of bulk density on nutrient status were
examined. Two transects were chosen for determination of soil bulk density analyses. Two
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samples, randomly distributed, were taken at each above mentioned position (N=10 for
each slope).

SOIL SAMPLE POSITION
1. CREST
2. UPPER SLOPE
3. MIDDLE SLOPE
4. LOWER SLOPE
5. BASE

Figure 3. Figure of a schematic slope in the study area. Soil sample positions are indicated
with numbers. Sampled slopes were cultivated with only maize to enable comparison
between different transects.
To investigate the effects of SWC measures on soil nutrient status additional soil samples
were collected on six other slopes, three with SWC and three without SWC. Slopes with
SWC had good terraces, while slopes without SWC had none. Other studies (Ovuka 2000a
& b), from the same area, show that even though different SWC activities have taken place
not all land is conserved. On investigated slopes with and without SWC, five soil replicates
were collected at three positions - slope crest, mid slope and slope base (N= 15 on each
slope).
To enable comparison between nutrients in the eroded sediment (N=30) and in situ soil
(N=30), i.e. enrichment ratio, sixty soil samples were collected. These samples were
collected from six slopes, ten from each slope. Five samples from each slope were taken
from eroded places for in situ samples and five from the part where the eroded sediment
had accumulated, e.g. barriers like terraces, grass strips or valley bottoms.
In order to determine different slopes in the area the spatial distribution of slope gradients
were examined using digitised topographical maps with the scale 1:50 000. To calculate the
percentage of slope angle between 0 and 5%, 6 and 20%, 21 and 55% and over 55%
digitised topographical maps were analysed with a Geographical Information System
(GIS), IDRISI (Eastman, 1997). Most crops require some special conservation measures on
slopes over 5% (Thomas, 1997). Slopes with angles between 6 and 20% require at least
strip cropping and/or contour bunds as barriers (Morgan, 1995; Thomas, 1997). If slopes
over 20% steepness are cultivated terraces should be established and slopes over 55%
should not be cultivated (Morgan, 1995; Thomas, 1997).
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Air dried soil samples were analysed for grain size distribution, cation exchangeable
capacity (CEC), amounts of exchangeable Na, K, Mg, Ca, available P, total N, organic C
and pH using methods as outlined by Okalebo et al. (1993). The hydrometer method was
used to examine grain size distribution. CEC was determined by leaching the soil with
potassium ammonium acetate at pH 7. The amount of Na and K were analysed with flame
photometry and Mg and Ca with atomic absorption spectrophotometry. Available P was
determined using Mehlich method, total N using Kjeldahl digestion and organic C using
Walkley and Black method. pH in water and in CaC^ were analysed using the soil-water
ratio or soil-salt ratio 1: 2.5. Soil bulk density was calculated using the following equation:
Bulk density = (weight of soil dried at 105°C)/(volume of the used cylinder).
Soil data were statistically analysed by comparing the above mentioned variables with the
different slope positions using ANOVA analysis (Goldman & Wienberg, 1985). A simple
linear regression model was used to analyse possible correlation between bulk density and
soil nutrients. The level of statistical significance for the model was calculated using
Spearman rank correlation. Significant differences related to SWC structures were tested
using Wilcoxon tests (Goldman & Wienberg, 1985). Enrichment ratios were calculated for
each individual slope by comparing the nutrients in eroded sediments to those of the in situ
soil. Range, mean and median values for each nutrient were determined.

RESULTS
Soil nutrients at different slope positions
Mean values of soil nutrients and grain size with respect to slope position on the common
slopes are shown in Table 1. The results show that the investigated positions - slope crest,
upper slope, mid slope, lower slope and slope base - do have different nutrient status, but
no significant differences in grain size distribution. The highest amounts of Na, P, N and C
were found at the slope base. Transports of nutrients, both through natural and accelerated
soil erosion, contribute to higher soil nutrient levels at the slope base compared with other
slope positions. Significant differences exist for four nutrients, P, N, C and K between the
different slope positions (Table 1). Higher nutrient status on the lower parts of the slope
will give higher yields in these areas, which is reported by the farmers.
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Table 1. Soil properties at different slope positions (N= 30 on each position).
SOIL
PROPERTIES

POSITION ON THE SLOPE

Slope base Lower slope Mid slope Upper slope Slope crest
13
Sand %
15
13
15
14
20
19
Silt %
22
17
22
67
68
63
68
64
Clay %
16.9
16.5
17.6
CEC me/100g
15.7
17.6
0.04
0.04
Name/lOOg
0.10
0.09
0.04
1.04
0.65
0.60
0.89
1.10
Kme/100g *
3.6
3.2
Mg me/100g
3.0
3.1
2.7
4.4
4.3
4.7
Came/lOOg
5.0
3.6
11.9
13.0
14.7
10.3
Pppm *
19.5
N % ***
0.16
0.14
0.16
0.23
0.16
1.37
1.30
1.59
1.54
1.88
C% ***
5.0
5.1
5.0
5.0
4.8
pH (H 2 0)
4.0
4.2
4.0
3.9
4.0
pH (CaCl2)
Significant differences between slope position for soil nutrients are indicated with * for 0.1 and *** 0.01
significant level, according to analysis of variance test.

Bulk density and soil nutrients
No major differences in soil bulk density between the slope positions were observed from
the sampling data. Mean soil bulk density for the area was 0.98 g/cm3, ranging of 0.86 to
1.09 g/cm3 with a variance of 0.0052. Results from the simple correlation model between
bulk density and other soil properties gave significant correlation, p= 0.05, between bulk
density and Mg, K, and silt and clay content. Silt content decreased with increasing bulk
density, while clay content and the amount of Mg and K increased with increasing bulk
density.
SWC structures
Comparison of available P, total N and organic C on slopes with and without SWC showed
a more even distribution of nutrients on slopes with SWC (Table 2). The other nutrients had
insignificant differences and are therefore not included in further discussions on the effects
of SWC structures on soil nutrient levels. The highest values of nutrients were found on the
slope base and the lowest on the mid slopes. Significant differences between slopes with
and without SWC are found in different positions (Table 2). Upper slope positions have
significantly higher amounts of available P on slopes with SWC. Moreover, slopes with
SWC have significantly higher amounts of organic C on mid slope position. At the base of
the slopes without SWC, available P, total N and organic C show higher values which are
significant for total N and organic C. This indicates a higher transport of nutrients down the
slope from areas without SWC structures.
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Table 2. Differences in P, N and C comparing slope position and land management (N=15
br each land management and position).
SOIL
NUTRIENT
Pppm
N%
C%

SLOPE POSITION
Slope crest
Mid slope
Slope base
With SWC Without SWC With SWC Without SWC With SWC Without SWC
14.0*
13.2
10.0*
14.3
20.0
22.7
0.16
0.14
0.15
0.13
0.19**
0.23 **
j 73 **#
1.39
1.33
1.33*
1.19*
1.55 ***

Significant differences between soil nutrients, slope position and land management, are indicated with * for 0.1, **
for 0.05 and *** 0.01 significant level, according to Wilcoxon test.

Enrichment ratio
Enrichment ratios for organic C, total N, available P, and exchangeable Na, K, Mg and Ca,
indicate higher levels of nutrients in the eroded sediment compared with the in situ soil
(Table 3). The main differences were found for organic C, total N and available P. The
eroded sediment had, on average, 1.5 times higher nutrient levels compared with the in situ
soil. Grain size distribution and pH show no differences when comparing eroded sediments
with in situ soil (Table 3).
Table 3. Enrichment ratio, ER.
Na me/100g

Range in ER
0.4-3.7

Average value
1.8

Median
1.0

K me/100g
Mg me/100g
Ca me/100g

0.5-7.0
0.7-2.1
0.6 - 2.5

2.0
1.1
1.3

1.2
1.1
1.2

Pppm

0.8-13.3

2.4

1.7

N%
C%
pH(H20)
pH(CaCl2)
Clay (%)
Silt (%)
Sand(%)

1.1-3.8
1.2-7.7
0.8-1.1
0.8-1.1
0.8-1.2
0.7-2.7
0.7-1.7

1.6
2.2
1.0
1.0
1.0
1.0
1.0

1.5
1.6
0.9
0.9
1.0
1.0
1.0

Spatial distribution of slopes in the study area
Results from GIS analyses show that barely 20% of the study area has slopes less than 5%
(Table 4), i.e. not in need of SWC measures. These flat areas are not only cultivated with
crops. 6% of the flat areas are allocated to homesteads, schools and shopping centres
(Ovuka, 2000a & b). Studies on land use from the same area (Ovuka, 2000a & b) show that
only 26% of the cultivated area, which corresponds to 400 ha, has proper SWC measures in
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place, while results from this study show that almost 70% of the area, or 1 000 ha, should
have SWC structures (Table 4). Table 4 also shows that more than 15% of the area should
not be cultivated since slopes are steeper than 55%.
Table 4. Area and percentage of different slope classes in the study area. Total investigated
area is 2 065 ha.
SLOPE CLASSES
0-5%
6 - 20%
21-55%
56% and more

AREA (HA)
358
365
1016
326

% OF TOTAL AREA
17.3
17.7
49.2
15.8

DISCUSSION
In semi-humid and humid tropical areas soil fertility is often a limiting factor in sustainable
agricultural production (Stoorvogel etal., 1993; Whiteside, 1998). Soil fertility declines
under cultivation because of removal of nutrients with the harvest, erosion of fertile topsoil,
leaching of nutrients below the rooting zone and mineralisation of organic matter. Nutrients
such as P, N and K are removed in harvested crops (Williams et al., 1987). The increase of
nutrients down slope is an indication of erosion of fertile topsoil up-slope, natural and
human induced. From a technical point of view, SWC structures must aim to prevent soil
erosion and maintain soil organic matter and other nutrients at as high levels as possible
(Thomas, 1998). In the tropics, N and P are the two nutrients which most commonly limit
crop production (Wringley, 1981). This study shows that N and P, together with organic C,
were the most affected nutrients regarding slope position, SWC measures and enrichment
ratio. Results from the present study also show moderately high levels of total N at the
slope base, while at other slope positions levels are low for agricultural production
according to Landon (1991) guidelines for soil fertility evaluation. Further, levels of
available P were low at all positions, while levels of organic C were moderate at all
positions. These indicate depletions of available P and to some extent organic C due to
erosion and intensive land use without new application of removed nutrients.
Farmers' perception of higher yield on lower parts of the slope is confirmed by the fact that
soil nutrient status is higher. Verity and Anderson (1990) studied yield on different parts of
eroded hillslopes. Their results show lowest grain yields on upper slopes, increasing
steadily down slope to often double grain yields on the lower or base slopes.
Studies on application of chemical fertilisers among smallholders in Murang'a show that
farmers apply less than one third of the recommended amount of fertiliser on coffee
growing areas and as low as 5% on maize growing areas (Kimuyu et al, 1991). The
investigated slopes were all cultivated with maize. If farmers have resources to buy
fertiliser they do apply it. The strategy is rather to apply equal amounts for each planted
seed than to apply different amounts on different parts of the slope. This study shows than
there is more to gain if fertilisers were applied with respect to slope position.
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Studies on bulk density for Nitisols (Gachene, 1989 and 1995; Miriti, 1993) indicate that
Nitisols have good structural stability and relatively homogeneous topsoil. This can be the
reason for almost no degradation of the soil structure and small changes in grain size
distribution following erosion. This is also confirmed in this study when analysing grain
size distribution through enrichment ratio. Higher clay contents increase the soil bulk
density and it also increases the specific area where cations can be bound. This explains the
higher values of Mg and K with increased bulk density.
A comparison of slopes with and without SWC showed more evenly distributed values of
nutrients along the slopes with SWC. This indicates a lower transport rate of nutrients on
slopes with SWC. Good land preparation and proper use of fertilisers on slopes with SWC
structures are therefore valuable on these slopes in order to hinder soil erosion and sustain
soil nutrient status.
The enrichment ratios indicate a decline in almost all nutrients. The main differences were
found for organic C, total N and available P. This is also confirmed by other studies on runoff plots (Gachene, 1995; Lai, 1981; Tengberg et al., 1997). Lai (1981) and Gachene (1995)
also found a linear decline in soil pH with erosion. Tengberg et al. (1997) indicate that, at
least initially, P is the most vulnerable nutrient to loss through eroded sediments. The
results from the present study, together with the above mentioned studies, show that soil
erosion control must be given priority if soil fertility and agricultural productivity are to be
secured.
Steep slopes dominate the landscape of the study area. This study, together with other
studies from the same area, shows intensive land use and decreasing nutrient content along
with soil erosion (Ovuka, 2000a & b). Good land management is required to sustain soil
nutrient status. New resources to improve land management are necessary, especially since
all slopes in the area that requires SWC structures were not conserved. Continued soil
erosion on non-conserved slopes will decrease soil nutrient status and yields, which could
become a threat to the area's food security.
In the present study, effects of slope, SWC and erosion on soil nutrients are discussed.
There are, however, many other factors affecting soil nutrients. These include economic
and socio-political factors, as well as other biophysical factors, rainfall, land use history,
soil type and geology. Some of these aspects, namely rainfall, land use, farmers' resource
levels, allocation of labour, poverty and corruption, are analysed and discussed in other
studies from the same area (Ekbom, et al., 2000; Ovuka, 2000a & b\ Ovuka & Ekbom,
2000; Ovuka & Lindqvist, 2000). The mentioned studies from the same area together with
this study show that soil fertility and yields are low and declining with erosion. Declining
yields are seen as a threat to food and livelihood security (Brown & Kane, 1994; Scoones &
Toulmin, 1999). In order to increase soil fertility and secure food production, policy
implementation needs to include all affecting factors to be successful (Scoones & Toulmin,
1999).
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CONCLUSION
Results from this study show that soil nutrient status differs depending on slope position
and land management. Significant differences depending on slope position were found
among following nutrients: K, available P, total N and organic C. Differences between
slope base and other parts of the slopes could be up to 80%. Land management, including
SWC structure, gives less pronounced up- and down slope differences. The importance of
soil erosion prevention was also confirmed by enrichment ratio, where the results show 1.5
times higher nutrients levels on average in eroded sediment compared to in situ soil. With
intensive land use and limiting access to fertilisers, SWC structures are necessary on steep
slopes to prevent soil and nutrient erosion. This study only deals with parts of the
biophysical aspects, but the results are important for the giving of agricultural advice. They
show the essential role land management has on nutrient status and in prolonging crop
yields.
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ABSTRACT
This study examines the correlation between soil productivity, erosion status, land management, land
slope, precipitation and farm resource endowments among smallholders in the Central Highlands of
Kenya. Composite soil samples, based on six replicates, were collected from 100 maize fields. Soil
properties such as grain size distribution, CEC, amounts of exchangeable Na, Ca, Mg and K, available
P, total N, organic C and pH were analysed. Rainfall data was obtained for the three survey years
(1994-96). Erosion and land management were noted using the PLUS classification scheme. Annual
yields and farmers' resource levels, proxied by capital and annual current income, were recorded in a
household questionnaire survey. The analysis shows that there are statistically significant differences
in organic C, available P, grain size distribution, maize yield, soil erosion and land management
between farms of different resource levels. The results indicate that the action needed to achieve
higher yields and sustainable agriculture differs depending on farmers' endowment, and that
agricultural policy advice needs to be adapted to farm resource levels.
Key words: farmers' resource level, soil productivity, land management, Murang'a District, Kenya.

INTRODUCTION
Agricultural production is the key sector of the economy in Kenya (MPND, 1998). It has
decline substantially in both output and growth in recent years. Meanwhile, the rapidly
growing population of Kenya requires increased food production. Kenya's rural lands are
subject to soil degradation with potentially very large negative effects on food production
(Ovuka, 2000). Food and agricultural production are related to soil productivity. Soil
productivity is the productive potential of the soil system that allows accumulation of
energy in form of vegetation (Stocking, 1984; Hurni, 1996). It is a function of many factors
including individual soil parameters, climate, management and land slope. Crop yield and
soil nutrient status can be used as indicators of soil productivity.
In Murang'a District in central Kenya 95% of the population lives in rural areas or small
market centres (OVPMPND, 1997). About 90% of the district's population are engaged in
agriculture and livestock farming. Murang'a District and the whole Central Province, are
together with the western and coastal parts of Kenya, the most arable areas for agriculture,
whereas more than two thirds of the country are unsuitable for intensive agriculture
(Odingo, 1988). This, resource scarcity, compounded by the facts that large-scale soil
erosion continues and that food production in Murang'a District is insufficient to support its
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own population (OVPMPND, 1997), make it necessary to identify new ways to increase
agricultural production and target extension advice.
The objective of this study is to assess whether there is a correlation between soil
productivity (i.e. soil nutrient status and maize yield) and different farm resource levels in
Murang'a District, Kenya. Soil erosion and land management in the maizefieldswere also
correlated with different farm resource levels. In addition, maize yields were compared
with farm resource levels taking annual precipitation into account.
THE STUDY AREA
Murang'a District is located on the eastern slope of the Aberdare Range in the Central
Highlands of Kenya (Figure 1). The district population predominately depends on
agriculture, and livelihoods are dominated by small-scale subsistence farming
(OVPMPND, 1997). The rainfall is bimodal, with long rains from March to May and short
rains from October to November. These two rain periods allow two growing seasons. The
agricultural potential in Murang'a District generally decreases from north-west to southeast, mainly because of decreasing rainfall and soil fertility. The population of the district
was 1.1 million in 1997 and the population growth is approximately 2.5% per annum. Due
to plot fragmentation, average farm size becomes smaller and smaller (OVPMPND, 1997).
The areas of interest, Mbari-ya-Hiti and Maragua, are in the main coffee agro-ecological
zone (Jaetzold and Schmidt, 1983) with an average annual precipitation of 1 560 mm
(Ovuka and Lindqvist, 2000) and average farm area of 1.1 ha. Red-brown high humic soil,
Nitisol, is the most common soil type (FAO/UNESCO, 1990). This soil type has developed
over most of the deeply weathered basic volcanic rocks. It is fertile and widely cultivated.
The main food crops are maize, bananas and beans. The main cash crop is coffee. There are
also dairy activities.
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METHODS
Composite soil samples were collected from 100 randomly chosen maize fields in the two
study areas. In each maize field six samples were taken from the topsoil, between 0 and 15
cm depth, which were combined to form one composite sample. Places where mulch,
manure and fertiliser were visible were avoided for soil sampling. An inclinometer was
used to measure the land slope of the sampled fields. Erosion and land management were
noted in all sampled fields using the PLUS (1994) classification scheme, for example
splash, sheet, rill and gully erosion were noted separately in the field. Each erosion form
has four classes, class E0 corresponds to no erosion, El slight, E2 moderate and E3 severe
erosion. The land management rating included soil erosion, ground cover, crop husbandry,
pasture, water, trees and soil and water conservation. This rating has five classes, class 4
excellent with exemplary practices, class 3 good with acceptable quality practices, class 2
fair with some cause for concern, class 1 poor with major cause for concern and class 0
very poor, where none of the requirements for better land husbandry are met. More detailed
descriptions of the methodologies are given in PLUS (1994).
Air dried soil samples were analysed at the Department of Soil Science (DSS), University
of Nairobi. The following soil properties were determined: grain size distribution, cation
exchangeable capacity (CEC), amounts of exchangeable Na, K, Mg, Ca, available P, total
N, organic C and pH. Grain size distribution was determined by hydrometer. CEC was
analysed by leaching the soil with potassium ammonium acetate at pH 7. Na and K were
determined by flame photometry while Ca and Mg were by atomic absorption
spectrophotometry. Available P was analysed using the Mehlich method, total N using
Kjeldahl digestion and organic C using the Walkley and Black method. pH(H 2 0) and
pH(CaCl2) were both analysed using soil-water and soil-salt ratios of 1:2.5. Further details
of the standard analytical methods used at the DSS are given by Okalebo et al. (1993).
Annual maize yields from the sampled fields and farmers' resource level were recorded in
household questionnaire survey over a three-years period (1994, 1995 and 1996). Maize,
intercropped with beans and Irish potatoes, was the cropping system chosen to facilitate
comparisons between farms. Farm resource categorisation is often based on participatory
rural appraisal where farmers identify the categories themselves (Loiske, 1995; Altshul, et
al, 1996; Briggs, et al, 1998; Tengberg, et al, 1998). Based on findings from these studies
and our field experiences criteria used to identify farmers' resource level in the present
study were household's capital, current (annual) income and access to cash income,
respectively. Household capital is defined as the value of the landholding, based on average
land value in the area, plus the value of livestock as reported by the farmers. Households'
current income is the sum of the annual agricultural production profit, income from milk
and egg production, and income from non-agricultural activities. Access to cash income is
in this case represented by the income from non-agricultural work. The sampled farms were
divided into three resource levels: low, medium and high. They are listed in Table 1. An
additional subdivision of farm categories (introduced in Table 2) was made based on land
slope of the sampled field, one class with gentle slope (< 15%) and one with moderate
slope (>15 %).
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Table 1. Farm resource categorisation in the study area of Murang'a District.
Resource Criteria
Mean household's total capital
Mean household's total annual current income
Household's annual cash income (CI)

Farm Resource Level
High (N=21)
Medium (N=55)
200'
145'
[110'-360'] a
[60'-245']
16'
51'
[3'-29']
[29' -107']
CI > 30'
3'<CI<30

Low (N= 24)
94'
[40'-180']
3'
[0-9']
CI<3'

All figures followed by ' are in 1 000 KSh, 1USD= 61.9 KSh (January 1999).
Figures in brackets [...] indicate range.
Soil nutrients and soil grain size distribution, maize yield, erosion class and land
management between the resource categories within each slope class were compared using
Kruskal-Wallis H test (Goldman and Weinberg, 1985). To identify significant differences
with respect to average soil nutrients and grain size distribution, maize yield, erosion
classes and land management between the two slope classes within each resource level, the
Wilcoxon test (Goldman and Weinberg, 1985) was used.
Annual precipitation for station no. 90 37 204, was obtained for the three years, 1994 to
1996, from Kahuro Divisional Office (D.O). These records help us to understand some of
the maize yield variations during the study period.

RESULTS
Interpretations of soil nutrients from Murang'a indicate relatively moderate levels of Na, Ca
and organic C, and high levels of Mg in all sampled fields. K and available P levels are
high and moderate on gentle slopes, and moderate and low on moderate slopes,
respectively, according to Thomas' (1997) manual for Kenyan soils. Significant differences
exist between the resource level groups for grain size distribution, available P and organic
C (Table 2). Mean values of the soil nutrients indicate that the rates of both available P and
organic C are higher on the gentle slopes compared with moderate slopes.
Optimum rainfall for maize in areas with a bimodal rainfall regime varies between 1 000
and 1 600 mm depending on the temperature, precipitation distribution and other given
factors (Doorenbos and Kassam, 1979). Maize yield variations (Table 3) between the
surveyed years could possibly be explained by the variation in rainfall. Table 3 shows
significant differences in mean maize yield for 1994 and 1996 between the farm categories.
Most maize was harvested from fields with gentle slopes. The largest variations in maize
yield between the farm resource levels were recorded on moderate slopes during 1996, the
year with rains below optimum for maize production.
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Table 2. Soil properties and maize yield in Murang'a District (N=100).
Soil Properties

Gentle slope
Fa?7n Resource Level
Medium
High
(N=12)
(N=27)
13.7*
17.8 *a
Sand%
23.3 *a
20.7*
Silt %
63.0
62.0
Clay %
20.1
22.4
CEC meq/100g
0.7
0.6
Na meq/100g
1.9
1.5
Kmeq/lOOg
4.3
4.2
Mg meq/100g
5.9
4.3
Ca meq/lOOg
29.1
26.5 a
Pppm
0.29
0.26
N%
1.91 *a
1.70*
C%
5.3
5.1
pH (H20)
4.7
4.5
pH (CaCl2)

Moderate Slope
Farm Resource Level
Low
High
Medium
Low
(N=14)
(N=9)
(N=28)
(N=10)
11.8*
12.9 a
13.9
12.5
21.1
20.5 a
18.9"
23.4 *a
66.0
68.6
65.1
65.6
20.4
17.7
21.3
20.0
0.7
0.7
0.8
0.7
1.7
1.6
1.6
1.3
4.8
4.0
5.1
4.6
6.1
4.3
6.2
5.0
21.3 a
15.2 *a
21.6*
9.0 *a
0.25
0.24
0.28
0.23
1.51 *
1.50*
1.63 *a
1.30*
5.3
5.4
5.3
5.2
4.8
4.8
4.8
4.5

* indicates significant differences (p= 0.10) of means of soil properties between the resource level classes,
Kruskal-Wallis test.
0
indicates significant differences (p=0.10) of means of soil properties within a resource level between the slope
classes, Wilcoxon test.

Table 3. Precipitation and maize yield during three years, 1994-96, in Murang'a District,
Kenya. (Source: Kahuro P.O. and interviews, N=100).
Year

1994
1995
1996

Precipitation Maize yield (kg/ha) per year
(mm/year)
Gentle slope
Kahuro D.O.
St. 90 37 204 Farm Resource Level
High
Medium Low
(N=14)
(N=12)
(N=27)
1
037
**
862 **a
1 270 **
1558
1 355
927

1464 a
974 **

1086
"71Q * *

1247"
a

568**

Moderate slope
Farm Resource Level
High
(N=9)
1 103
976 a
910**

Medium
(N=28)
935

Low
(N=10)
1034 a
871 a

1 180
a

502 **

340**

** indicate significant differences, p= 0.05, of means of maize yields between the resource levels, Kruskal-Wallis
test.
"indicate significant differences, p= 0.10, of means of maize yields within resource levels between the slope
classes, Wilcoxon test.

Average land management on gentle slopes ranged from fair (class 2) to good (class 3). On
moderate slopes the average land management ranged from poor (class 1) to fair (class 2)
(Table 4). Steep slopes require a lot of labour for conservation and maintenance of
conservation structures. The lowest rating of land management was found for farms on
moderate slopes with low resource levels while the highest rating was found on gentle
slopes with high resource levels. Splash erosion, which was noted on all visited fields,
showed no significant difference between farms. Sheet and rill erosion were more serious
on moderate slopes than on gentle slopes (Table 4). Most sheet erosion on gentle and
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moderate slopes were found in "poor" farmers' fields. Rill erosion was most severe on
moderate slopes occupied by low resource farm. Gully erosion affected only five sampled
fields and is not considered further in this study.
Table 4. Percentage of erosion type and classes, and land use management noted, using
PLUS classification.
PLUS
Classification

Splash erosion
Class EO
Class El
Class E2
Class E3
Sheet erosion
Class EO
Class El
Class E2
Class E3
Rill erosion
Class EO
Class El
Class E2
Class E3
Land management
Class 0
Class 1
Class 2
Class 3

Gentle slope

Moderate slope
Farm Resource Level
Farm Resource Level
High
Medium Low
High
Medium Low
(N=12) (N=27)
(N=14) (N=9) (N=28)
(N=10)
0
9
58
33
*
33
50
17
0

0
30
48
22

50
33
17
0

48
45
7
0

30
52
14
4

0
14
43
43
*
29
29
21
21

0
0
56
44

0
0
42
58

0
15
48
37

0
0
60
40

a

a

¥>

0
14
43
43

29
43
28
0
*
0
21
65
14

45
11
22
22

25
36
18
21

*
33
56
11
0

20
63
13
4

11
11
67
11

8
52
32
8

30
30
40
0
*
20
70
0
10
*
0
60
40
0

* indicate significant differences, p= 0.10, of means of rating erosion and land use management between the
resource level classes, Kruskal-Wallis test.
" indicate significant differences, p=0.10, of means of rating erosion and land use management within resource
levels between the slope classes, Wilcoxon test.

DISCUSSION
Field studies from various places in East Africa have indicated that farm management
practices and cropping systems are related to farm resource levels (Loiske, 1995; Altshul, et
al., 1996; Briggs, et al., 1998; Tengberg, et al., 1998). Important variables in these studies
are farm size, livestock capital, off-farm income and (access to) cash income and inputs.
Hence, the present study includes these criteria and uses as proxy for resource level the
household total value (in KSh) of capital and annual current income. The classification of
farms into three resource groups (low, medium and high) facilitated analysis of
relationships between land quality and socio-economic factors. An additional subdivision
of farms based on land slope was made in the study since large differences in yields,
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nutrient status and erosion were found between fields on gentle slope and those on
moderate slopes.
The results of soil analysis indicate that significant differences for available P, organic C,
sand and silt exist between resource level groups (Table 2). The highest rates of available P
and organic C were found among medium resource level farms. The highest maize yield
were found among farms with the highest resource levels, except on moderate slopes for
1995 where medium resource farms had the highest output. In the present study, analyses of
maize yield corroborate the findings of Tengberg et al. (1998): richer farmers have the
highest output while poorer farmers have the lowest output. Tengberg et al. (1998) also
indicates that the highest input costs are found amongst the "rich" farmers. Presumably,
these farmers have larger possibilities to maintain soil nutrient levels by using fertilisers.
This conclusion is also to some extent true for medium resource farmers and could explain
the relatively high rates of nutrients in these fields. The higher output of high resource
farmers partly explains why the nutrient status of their fields is lower than that for farms of
medium resource levels since nutrients are removed with the harvested crop. Farmers'
endowment affect farming strategies. Differing farming strategies help explain the
differences in both soil nutrient status and farm output (Loiske, 1995; Tengberg, et al.
1998).
Our erosion assessments indicated less erosion on gentle slopes, and slight (El) to moderate
(E2) on moderate slopes. Conservation of land with steeper slopes requires more labour and
this explains the difference in farmers' resources levels between the slope categories. The
lower rates of erosion on "rich" farms compared to "poor" farms are explained by the
higher availability of labour and farm implements among the rich farmers. Land
management practices differ depending on both farmers' resource level and land slope.
Both erosion and land management practices depend on labour requirements and the
availability of funds.
Regarding the definition of resource levels, the most important indicators of household
wealth seem to be capital assets and cash income. Among households' capital assets,
livestock indicates the largest variance, since most farmers operate on a small scale with
small differences in farm acreage and land value. It might be argued that all household
income is important, but farmers less dependent on agricultural income have relatively
higher access to other cash incomes, which can facilitate land investments after years with
low output. Currently, most farmers have to generate their essential cash needs from their
own farms. High costs for services, such as school fees and health care, reduce the funds
available for hired labour and farm implements. During years with crop failure the poorest
farmers are the ones who suffer the most.
It is thus necessary for agricultural policy makers and practitioners, such as extension
workers, to identify the different resource levels among farmers to facilitate better support
and targeted advice. In the studied area poorer resource farmers need specific support and
advice, especially in the short run, to improve both soil nutrient status and yield, while
medium resource farmers need to improve their land management practices to increase
yields, and high resource farmers could increase their yield by improving the soil nutrient
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status. In the long run all farmers need to improve both land management and soil nutrient
status to increase today's agricultural production sustainably.

CONCLUDING REMARKS
Our analysis shows that farmers' resource levels affect soil nutrient levels and grain size
distribution as well as yields. Poor farmers have relatively low nutrient levels in their fields.
They are also more dependent on cash income from the farm. Presumably, this makes them
more vulnerable to crop failure compared to richer farmers, who have access to cash
income from off-farm work. This study indicated that different farm endowments have
different effects on soil properties, yield, soil erosion and land management. This is
important to consider in the design or support of soil and water conservation, land
management and crop cultivation. Efficient conservation activities must aim at maintaining
soil organic matter, nitrogen and phosphorus at optimal levels, minimising other nutrient
losses, and balancing nutrient output with inputs. To paraphrase Chambers et al. (1989), the
priority has to be not only sustainable agriculture, but sustained livelihoods based on
sustainable agriculture.
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ABSTRACT
Land use changes in Kenya's central Highlands were examined with the purpose to compare findings
from Murang'a District with a new study carried out in a similar environment, Nyeri District. In
addition, a generalisation of the findings was examined and methods were analysed to investigate its
use in other areas. Aerial photographs were used to analyse land use and soil and water conservation
(SWC). Furthermore, farmers were interviewed in order to obtain information about how they
perceive environmental changes and how these changes have affected their livelihoods. Population
censuses were investigated in both areas andfindingswere compared. Results from this study show
that the two areas have similar physical conditions with decreasing soil fertility. The main difference
is the cultivated cash crops, tea and coffee in Nyeri, but only coffee in Murang'a. Also, more land is
conserved in Nyeri. The reason why there are more SWC structures in Nyeri is the multitude of cash
crops that require SWC permission for their establishment. Compared with Murang'a farmers in
Nyeri are more satisfied with their situation, mainly due to regular payment from tea and a lower
population pressure. This study shows that generalisation of thefindingscan be made but in order to
extrapolate it further to the whole central Highlands more studies and knowledge about the whole
area are required. The study also shows that methods used to examine environmental changes can be
used elsewhere. Interpretation of aerial photographs together withfieldverification and interviews
give information about environmental changes and its effects.
Keywords: Central Kenya, environmental change, generalisation, livelihood.

INTRODUCTION
There are many studies made on land use and environmental change (see for example
Batterbury & Bebbington 1999; Dalhberg 1996; Fairhead & Leach 1996; Gary 1999;
Preston et al.4997; Tiffen et al. 1994). Such changes include overgrazing, fuel crises and
removal of natural forest, soil erosion and mining of natural resources by a rapidly growing
population but also newly planted forest, fluctuation and cyclic variation rather than any
clear trends towards land degradation. Narratives about environmental change can be
deeply misleading if generalisation and extrapolation are made from only a few studies and
with limited knowledge about the areas in question. Environmental and socio-economic
history, as well as physical conditions, vary from place to place and can make general
assumptions difficult. In, for example, Machakos, Kenya (Tiffen et al. 1994), emigration
was important for providing capital, new knowledge etc., all of which promoted a
population increase and an improved farming environment with less erosion as a result. In
contrast, in Tarija, Bolivia (Preston et al. 1997) emigration facilitated a positive
environmental development where fewer people utilised the resources with less erosion as a
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result. Even geographically close areas can have different history and conditions that, in
cases of extrapolation, can give misleading images. Gary (1999) shows different results in
the study of environmental changes in southern Burkina Faso depending on the spatial
scales. Furthermore, the study indicates that land use changes both are and are not a
problem, depending on the individual farmer's access to resources and the perceptions of
the observer. Conditions observed in one environment are not necessary true for other
environments.
Possibilities to make a general assumption about environmental changes in the Central
Highlands of Kenya are examined in this study by analysing changes in both land use and
soil and water conservation (SWC) that have taken place since the late 1950s. The main
objective of the study was to compare findings from Murang'a District with a study carried
out in a similar environment, Nyeri District. Both areas are parts of the high-potential
agricultural area, have the same rainfall regime with similar annual average, and have
fertile, well-drained, highly weathered soils. But there are some differences between the
areas. One of the most obvious is the cultivated perennial cash crop. In the study area of
Nyeri District tea dominates even though coffee is planted, while in the study area of
Murang'a District coffee is the perennial cash crop. Another objective of the study was to
examine if methods used to analyse land use changes in Murang'a District, the first study
(Ovuka 2000a), could be used elsewhere. Moreover, in both districts, farmers' perceptions
of the change in land use and their thoughts and experience about soil fertility and
livelihoods were examined and compared. Population censuses for the two districts were
also examined and a comparison of population growth between the districts was made.

THE STUDY AREA
The study area is part of the Central Highlands in Kenya. Originally, before 1800, hunters
and gatherers inhabited the area, but from 19th century agriculturists, dependent upon beans,
sweet potatoes and millet, cultivated the land (Ochieng' 1985). They also kept animals. The
Central Highlands was then self sufficient in food requirements (Ochieng' 1985). During
the later part of the colonial period, which started in 1888 and ended in 1963, cash crops
were introduced, although European settlers completely dominated the cash crop sector.
The native Kenyan holders were, during the colonial time, expected to grow food for the
domestic market. Land tenure and registration of land during the 1950s was the most
important single set of decisions underscoring the future of agriculture in Kenya (Leo
1984). The introduction of cash crops on African holdings started in the early 1960s.
This study was carried out in Nyeri District, Kenya (Figure 1). The district is located on the
eastern slopes of the Aberdare Range. This part of Kenya, together with the western part of
the country, the eastern slopes of Mt. Kenya and the coast, is the most arable. The
population in the study area predominately depends on agriculture and livelihoods are
dominated by small-scale subsistence farming. Rainfall is bimodal; long rains from March
to May and short rains from October to December. This allows two growing seasons. The
study area, Gichichi, is located on the boundary between the main coffee zone and tea dairy
zone (Jaetzold & Schmidt 1983). Average annual precipitation is 1 411 mm (Ovuka &
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Ohman 1995). Andosols, brownish black, well-drained and highly weathered soils, are the
dominant soil type (Kamau 1981; Sombroek et al. 1982). These soils have developed on
recent volcanic deposits. Andosols have high organic matter content and are comparatively
fertile, but some addition of fertilisers is generally required to maintain fertility for
optimum production. Tea and coffee are the main cash crops, while maize, Irish and sweet
potatoes and cabbages are the main subsistence crops. Dairy farming has always been an
important activity in this area.
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Figure 1. Location of the study areas, Nyeri and Murang'a districts, in Kenya.
In addition, findings from Nyeri District are compared with studies (Ekbom et al. 2000;
Ovuka 2000a) from neighbouring Murang'a District (Figure 1). The study area in Murang'a
District is located in the main coffee agro-ecological zone (Jaetzold & Schmidt 1983) with
a bimodal average annual precipitation of 1 560 mm (Ovuka & Lindqvist 2000). Reddish
humic Nitisols are most common in the area (Kamau 1981; Sombroek et al. 1982). These
soils are, like Andosols, well-drained, deeply weathered, fertile and widely cultivated. The
main differences between Andosols and Nitisols are that Andosols have developed, as
mentioned, on recent volcanic deposits while Nitisols are formed from basic rocks.
Andosols also have abrupt contacts between A- or AB- horizon and the underlying saprolite
while Nitisols have diffuse horizon boundaries (Westerberg 1999). The main cash crop is
coffee and main food crops are maize, bananas and beans. There is also some dairy farming
in the area.
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DATA AND METHODS
Aerial photographs from Nyeri and Murang'a districts together with data from interviews
are the main data used. The main results from the two areas were further compared to
examine if there is a general change in land use in Kenyan central Highlands. Data and
methods used in Nyeri are described first, followed by a description of data and methods
used in Murang'a.
For Nyeri District, black-and-white aerial photographs, from 1956 and 1992, with the scale
1:25 000, were studied in order to identify areas with different land uses and changes in
land use that have taken place over the years. The following land use classes, based on
fieldwork experience, discussions with farmers and literature surveys, were identified:
class LI: Built-up areas (homesteads, schools, coffee and tea factories and shopping
centres),
class L2: Coffee,
class L3: Tea.
class L4: Subsistence crops,
class L5: Forest,
class L6: Bushes,
class L7: Wetlands,
class L8: Areas under water.
Aerial photographs were also analysed with respect to SWC on cultivated land. The
following classes were identified:
class SW1: Cultivated slopes with SWC.
class SW2: Cultivated slopes without SWC.
class SW3: Flat cultivated areas.
Interpretation of aerial photographs from 1992 was completed first after detailed field
verification. Interviews were held with 20 farmers, all over 55 years of age, to obtain
historical information on land use and SWC practices. After these interviews interpretation
of the photographs from 1956 was completed. Calculations of percentages of different
classes and changes that had taken place between 1956 and 1992 were made using a
Geographical Information System, IDRISI (Eastman 1997).
In 1999, semi-structured interviews were held with 20 farmers, eight females and twelve
males. Subjects discussed during these interviews were land use changes and their effect on
the environment, general changes in livelihoods and changes in production of crops and soil
fertility.
Black-and-white aerial photographs from 1960, scale 1:12 500, and 1996, scale 1:25 000,
were used to study land use over time in Murang'a. It has proved possible to monitor
change in land use and SWC over a period of time using aerial photographs from 1956 and
1960 compared with those from 1992 and 1996. This was confirmed by a literature survey
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together with interviews with extension workers and farmers. Photographs from 1956 and
1960 were taken during the colonial era, when native farmers grew crops for domestic
markets (Leo 1984; Imbernon 1999). Cash crops were introduced on most farms after
Independence, 1963. Imbernon's (1999) study on land use changes in Kenyan cash-crop
highlands shows stabilisation of the changes after 1985.
To identify different land use areas in Murang'a the above-mentioned classes, LI to L8,
were used. SWC was also analysed on cultivated land, and the three above-mentioned
classes, SW1, SW2 and SW3, were identified. Interpretation of aerial photographs from
1996 was completed after field verification. To obtain historical information and data on
land use and SWC practices, interviews were held with 40 farmers all over 55 years of age.
In addition, semi-structured interviews were held with 40 farmers comprising 14 females
and 26 males. During these interviews changes in land use and in SWC practices, and how
these changes have affected both livelihoods and environment, were discussed.
Finally, a comparison between the two districts was made using data on population growth
and density. These data were obtained from Statistical Abstract 1966,1973,1981, 1995 and
District Development Plan for Murang'a and for Nyeri from 1997 (MEPD 1966; MEPD
1981; MFP 1973; OVPMPND 1995,1997a, b).

RESULTS
Land use changes
Land use has changed in Nyeri District between 1956 and 1992. The most obvious changes
were: construction of the Chinga Dam, break-up of villages, introduction of tea and coffee
and clearing of forest and bushes (Figure 2a and b). Chinga Dam was constructed in 1957
when Kenya was still under British rule (Ovuka & Öhman 1995). Villages were built-up
during the end of the British colonial Government as a strategy to isolate fighters in the
forest and to prevent contacts between them and ordinary farmers (Leo 1984). After
Independence farmers moved to their farms and constructed new homesteads. In the late
1950s and early 1960s tea and coffee were introduced as cash crops. Bushes and forested
areas were also cleared to make place for the new crops. There was also a big demand for
wood for construction. Tea and coffee trees nowadays occupy some of the areas previously
cultivated with subsistence crops. Around 1960 other crops, like tobacco and pyrethrum,
were introduced, but tea and coffee turn out to be a better source of income and the other
cash crops were therefore replaced. Even though the forested area has diminished, there are
still trees in the area. This is mainly due to planted trees, Eucalyptus spp., on farms'
boundaries.

5

Land use Nyeri 1956

Land use Nyeri 1992
Building

Building
3%

Tea
20%

Subsistence crops
56%

Subsistence crops
64%

d.
Land use Murang'a 1996

Land use Murang'a 1960
Building
5%
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14%

Bush
15%

Building
6% Bush
5%
Forest
3%

Subsistence crops
72%

Subsistence crops
78%

Figure 2. Land use in Nyeri, a. 1956 and b. 1992, and in Murang'a, c. 1960 and d. 1996.
In Murang'a District, as well as in Nyeri, land use has changed over the study period from
1960 to 1996. The greatest changes in Murang'a were: introduction of coffee, clearing of
bushes and break-up of villages (Ekbom et al. 2000; Ovuka 2000a). Moreover, areas
cultivated with subsistence annual crops and areas with bushes have decreased, in favour
for coffee trees (Figure 2c and d). Around 1960s the demand for construction wood was
considerable, initially to build up villages and thereafter to rebuild new homesteads on
farms. Planted species of trees, mainly Grevillea robusta, have replaced some of the
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indigenous ones and slightly increased the forested area. According to most farmers the
area has more trees today than during the 1960s.
In both Nyeri and Murang'a some traditional crops such as millet, sorghum, peas and yams
are declining in importance, while other crops, such as bananas, Irish potatoes and cabbages
are more important. Main subsistence crops have changed from millet, beans and sweet
potatoes to maize and beans.
Soil and water conservation
The slopes of the Aberdare Range are increasingly being cultivated. In the 1950s and 1960s
the steepest slopes were covered with trees and bushes, but with increasing population these
slopes are nowadays cultivated. The Government, through the Ministry of Agriculture, has
used different approaches for SWC activities since the 1930s (Eriksson 1992; Kamar 1998).
Before the 1930s and also to a large extent up to the 1960s, shifting cultivation was a
common practice for farming people. Land was cultivated for two to four seasons and left
fallow to regain its fertility.
The most common SWC measures today in Nyeri as well as in Murang'a are terraces.
Areas cultivated with tea have old and well-established terraces. Tea trees give a good yield
for a long time if they are well maintained (Williams et al. 1987). None of the interviewed
farmers in Nyeri District have replanted their tea trees. Well-established and wellmaintained tea fields also give good protection against erosion since the plants cover the
ground. Coffee, in both districts, is also planted on terraced land, but unlike tea, it does not
cover the soil. Both tea and coffee are planted as the only crop on fields allocated to cash
crops. The relatively low ground cover of coffee trees compared to tea trees, makes it
necessary to maintain terraces in coffee fields every season. Figure 3 shows the percentage
of conserved cultivated land for both Nyeri and Murang'a districts. In 1956 most of the
cultivated fields were conserved in Nyeri District, while in 1992 less than half of the
cultivated fields were conserved. For Murang'a the picture is the same. In 1960 almost 60%
of the cultivated fields were conserved, while in 1996 less than 30% of the fields were
cultivated with conservation measures. In the 1950s and the 1960s colonial Government
forced people to dig terraces on cultivated slopes (Kamar 1998, Ovuka 2000a). This led to a
feeling of repugnance towards SWC and less effort to conserve the land. As a result of
decreasing bush, fallow and forest areas previously protecting many slopes from erosion
more SWC structures are today required. It is mainly only tea and coffee fields that are
terraced today.
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SWC in Nyeri and Murang'a on cultivated land
90
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• Nyeri 1992
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Figure 3. Conserved and cultivated land in the study area of Nyeri and Murang'a.
Farmers' perceptions
In both areas farmers considered that the main changes in their environment during the last
50 years were the introduction of cash crops, tea and coffee in Nyeri and coffee in
Murang'a. Other notable changes that have affected farmers were replacing indigenous
trees with exotic trees, in Nyeri Eucalyptus spp. and in Murang'a Grevillia spp., decreasing
bush area and increasing population. Individual farms are too small nowadays to leave parts
fallow. Fifty years ago most of the farmers practised shifting cultivation and land was
regularly left fallow. Low soil fertility was not a problem then and fertilisers were never
used (Table 1). Soil fertility has decreased in both areas but not as much in Nyeri as in
Murang'a (Table 1). In Nyeri 40% of the farmers argue that use of chemical fertilisers and
manure together with more knowledge of how to use fertilisers has increased soil fertility.
However, the majority of farmers have experienced a decline in 'natural fertility', which
means that they need to add fertilisers to get the same production as before without
fertiliser. In Murang'a only one farmer of 40 was of the opinion that the fertility has
increased (Table 1). That farmer practised organic farming. To improve soil fertility
farmers use fertiliser today. They argue that without fertilisers harvest would fail.
Table 1. Farmers' perception of soil fertility and livelihoods (N=60)
FARMERS'
PERCEPTION OF:
Soil fertility
- increased
- decreased
- use fertiliser in 1950s
- use fertiliser in 1990s
Livelihoods
- better in 1990s
- better in 1950s

NYERI

MURANG'A

TOTAL

Female Male
Male
Female Male
(N=12) (N=8) (N=26) (N=14) (N=38)

Female
(N=22)

Both
(N=60)

5
7
0
12

3
5
0
8

1
25
0
26

0
14
0
14

6
32
0
38

3
19
0
22

9
51
0
60

7
5

3
5

14
12

3
11

21
17

6
16

27
33

The environmental changes in Nyeri, as well as in Murang'a, have also affected people's
livelihood. It has made the areas dependent on cash income. A majority, 55%, of all farmers
thought that life was better and easier in the 1960s (Table 1). Analysing the two areas
separately shows that farmers in Nyeri are more satisfied with their situation today,
comparing them with farmers in Murang'a. There were also differences in the answers
about livelihoods relating to gender. The majority of all women, 73%, thought it was better
in the past, while men tended to think it was better today (Table 1). Analysing data from the
two areas shows that women in Nyeri were more satisfied with their situation today than
women in Murang'a. The same was found among the men, but the difference was smaller.
Population changes
Population records from the censuses carried out in 1962, 1969,1979, 1989 and the most
recent from 1997 show how the populations in Nyeri and Murang'a Districts have
increased in absolute figures (Figure 4). These censuses also show how the population
densities, people/km2, have increased over the years. The high population density has a
clear effect on land holding size in both districts. Fragmentation of land, mainly through
splitting it between the sons, results in smaller and smaller plots. Most of the interviewed
farmers cultivate plots of one ha or less (OVPMPND 1997a, b). Several of them had
problems in feeding their families and were therefore dependent on other sources of
income, most commonly from seasonal employment as casual workers. A further
implication of small farm size is that land is intensively used and that the soil runs the risk
of becoming depleted.

Population growth and density
in Nyeri and Murang'a between 1962 and 1997
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Figure 4. Population census data from 1962 to 1997 for Nyeri and Murang'a districts. Bar
indicates population in numbers, while line indicates population density.
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DISCUSSION
Large changes in land use have taken place on the eastern range of the Aberdares from
1950s to 1990s. This study together with other studies (Aclund 1971; Leo 1984; Maxon &
Ndege 1995; Ochieng' 1985; OVPMPND 1997a, b) shows that from the 19th century
agriculture has been the dominating land use, although cultivated crops and land
management have changed. The main changes in crop cultivation were the introduction of
cash crops and declining importance of traditional crops, such as sorghum, millet, sweet
potatoes, peas and yams. Land consolidation was, as mentioned before, the most important
single agricultural development in Kenya. Development of land use changes is similar in
both studied areas and these findings can be generalised.
Land management has also changed from shifting cultivation of annual food crops to
permanent cultivation of food and cash crops, both annual and perennial. Use of SWC
techniques shifted from traditional Fanya chini terraces (trenches dug 30 cm deep along the
contours, soil thrown downhill and grass strips or sisal planted on the ridges) to bench
terraces (Ovuka 2000a). Today, in Kenya recommendations for SWC are that land with
slopes from 5 to 20% require at least strip cropping and/or contour bunds, all land with
slopes over 20% should have terraces and land with slopes over 56% should not be
cultivated at all (Thomas 1997). In the two study areas less than half of the slopes are
properly conserved, in Nyeri 42% and in Murang'a 26%. One reason that more SWC
measures exist in Nyeri is that more cash crops are cultivated. According to farmers and
extension workers tea and coffee trees are only allowed to be introduced on fields with
terraces. In both Nyeri and Murang'a slopes growing food crops have few established
terraces. That it demands intensive labour to maintain terraces and produced crops provide
a low profit explains why SWC measures on slopes with food crops occur infrequently.
Considering that land management changes in Nyeri and Murang'a are similar it can be
assumed that a generalisation of the results is possible.
Farmers' perceptions of the effects of environmental changes are different depending on,
for example, where they live and what sex they are. Farmers in Nyeri tend to be more
positive. Tea plantation could be one reason. The income from tea provides regular monthly
cash to farmers. Coffee farmers, on the other hand, are only paid twice a year and have
difficulties predicting their profit. When it comes to the gender issue, there is a large
difference between men and women. Men tended to think livelihoods were better today,
while women thought livelihoods were better in the 1950s. Reason for this difference could
be the participation in agricultural work. Women do most of the work on the farms,
especially on the parts where food crops are grown. Before the introduction of cash crops,
fertilisers were not used in agriculture. Now they are widely used. There is, however, not
enough money to buy enough fertilisers, which in turn decreases soil productivity and
output. Those who work, actively in agriculture, probably mainly women, may notice this
change more easily.
Population in both areas has increased. Population pressure is higher in Murang'a than in
Nyeri which means less land per capita and more intensively used land. This could also
explain why farmers in Nyeri seem to be are more satisfied. Less land often means less
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income from agriculture and with low or no income from outside, life gets harder. Higher
expenses for social services, school fees and inputs to agriculture increase the demand for
cash. Farmers depending only on income from the farm tend to think it was better in the
past (Ovuka 2000a). Results from population census can, like results from land use changes
and SWC, be generalised. In this case similar trends of population growth are observed for
Kenyan Highlands and most other parts of Kenya (MEPD 1966; MEPD 1981; MFP 1973;
OVPMPND 1995).
Methods used to investigate land use changes in both Nyeri and Murang'a are the same:
interpretation and field verification of large-scale aerial photographs, surveys of relevant
literature and interviews with farmers. Results using these methods give detailed pictures of
the changes. The main findings on land use development are similar and the results can, as
already mentioned, be generalised. Farmers' perceptions of environmental changes are the
only results that differ between the two areas, probably mainly as a result of different cash
crop profits. Other studies carried out in Murang'a show a complex reality with interaction
between different factors. For example soil nutrient status and yields depend on farmers
resource levels, slope position, land management and soil erosion (Ekbom et al. 2000;
Ovuka 2000a, b; Ovuka & Ekbom 2000). In order to generalise and extrapolate findings
from the complex reality knowledge regarding the area of concern is required.
The mentioned methods could be used for further studies, but there are also other data and
materials that examine environmental changes, e.g. small-scale aerial photographs or
satellite images. For example, vegetation status is studied from satellite images, which
show large-scale changes (Lillesand & Kiefer 1994; Meyer & Turner 1994). Some detailed
information can, in this case, be lost, but the advantage is a larger picture of the changes.
Small-scale photographs as well as satellite images need field verification. Even here
farmers' knowledge about the area will contribute to increased knowledge of the changes.
But extrapolating farmer's perception of environmental changes to larger areas could be
difficult mainly as a result of local diversities. In order to verify large-scale environmental
changes with farmers' perceptions, knowledge regarding the investigated area is required,
to be able to interpret farmers' answers from random tests correctly.

CONCLUDING REMARKS
This study shows that environmental and population changes in Nyeri and Murang'a are
similar and could be generalised to other areas in Kenyan Highlands with tea and coffee as
cash crops. Differences in farmers' perceptions of the environmental changes are results of
low profits for cultivated cash crops, where tea gives a better profit than coffee. In order to
generalise and extrapolate findings to other areas more studies from different agroecological zone are required, especially since the local diversities can differ. Methods used
in this study can be used for further studies about environmental and population changes in
central Highlands. There are also other methods and material that can be used and are often
used in studies about land use changes over time, for example small-scale aerial
photographs and satellite images (Dahlberg, 1996; Fairhead & Leach, 1998; Lindqvist &
Tenhberg, 1993). Detailed studies in an area together with relevant knowledge increases the
possibilities to generalise and extrapolate findings. The more prior knowledge and
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experience regarding the investigated area the less time is required to verify photographs in
the field and the fewer farmers essential to interview.
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ABSTRACT
Kenya's development seems trapped in a vicious circle caused by soil erosion, declining soil fertility,
land fragmentation,fluctuatingagricultural production, widespread poverty, corruption, ethnic
tension, rapid population and urban growth. The challenge is to reverse the negative effects of these
processes and promote sustainable development. This paper, based on multi-disciplinary work in
Murang'a district in Kenya's Central Highlands, discusses whether sustainable development based on
agriculture is attainable. Firstly, it investigates some biophysical aspects of sustainable agriculture
such as land use across time, soil nutrient status and yield, cultivated crops and soil productivity by
analysing aerial photographs, soil samples and conducting interviews. Secondly, it relates the
farmers' ethnic identity to promotion of sustainable development as carried out by the National Soil
and Water Conservation Programme. Finally, it identifies links behind rural-urban migration by
estimating households' probability of supplying labour to off-farm agricultural work. The study
suggests that the area has gone through major biophysical changes. Farmers carry ideas of corruption,
often following ethnic lines and thus hampering implementation of extension advice. They farm
opportunistically and commonly reduce the agricultural labour supply to satisfy immediate income
needs. For farmers to embrace policies, which promote agriculturely-based sustainable development,
the policies ought to be biophysically possible, socio-politically acceptable and economically feasible.
More can be done in this respect: promote agro-based, small-scale rural industries, improve
agricultural management practices, facilitate appropriate credits, enhance marketing opportunities,
ensure timely crop payments, and increase participation in decisionmaking.
KEYWORDS: agriculture, migration, multi-disciplinary, sustainable development, Kenya.

INTRODUCTION
Kenya is subject to several worrying trends. Since the 1970s food production in Kenya has
failed to keep up with the rapidly increasing population. Annual agricultural production
growth rate has decreased from 4.8% in the 1970s, through 3.3% between 1980-90, to 1.5% between 1990-94. Kenya's population has increased from 5 million in 1948, to 31
million in 2000, and is projected to reach 36 million by 2010 (World Bank, 1998). More
than 70% of Kenya's population live in rural areas and depend on agriculture. Only 8% of
the country's area is cropland (World Bank, 1998).
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Consequently, food import as percentage of total import has increased from 8% in 1980 to
14% in 1993 (World Bank, 1996). Further, arable land-area per capita has decreased from
0.23 ha in 1980 to 0.15 ha in 1995. Calorie intake and protein supply has decreased,
respectively, with 7% and with 10% between 1981-93 (WRI, 1998). Moreover, soil erosion
poses a serious threat to sustained food production in Kenya (More et. al., 1979; Thomas,
1982; Thomas and Barber, 1983; Lewis, 1985; Schneider, 1993; Gachene, 1995).
Significant negative yield effects of soil erosion have been reported by Kilewe (1987) and
Gachene (1995), who argue that due to unfavourable sub-soil characteristics, fertilisers
cannot fully compensate yield losses caused by soil erosion. The soil degradation may thus
be irreversible. Low output prices and delayed payments discourage farmers to invest in
their land or in modern technology (Harrison, 1987).
Fluctuating yields, increased rural poverty, rapid population growth and land fragmentation
in the rural Central Highlands have worked in conjunction to initiate massive coastal and
urban migration. Kenya's urban population has increased from 2.7 million in 1980 to
around 10 million in 2000 and is predicted to be 22 million in 2020 (WRI, 1998). The
Government of Kenya (1997) anticipates that urban centres cannot adequately absorb more
than a small fraction of the under-employed rural population. The population pressure on
urban and coastal infrastructure is therefore likely to be enormous during the next few
decades.
In addition, corruption has spread into Kenya's society and introduced several serious
threats to the country's economy and social cohesion. To exemplify, corruption has reduced
foreign investment in Kenya, and produced major scandals such as the Goldenberg fraud
(Kibwana et al., 1996), in which money from the Central Bank of Kenya was embezzled in
the order of 1.5 times Kenya's public expenditure during 1998/99 (Republic of Kenya,
1998). Corruption is a common feature within the population at large. A study shows that
80% of the population had been affected by corruption at least once in two years and 50%
more than ten times (Kibwana et al., 1996). Moreover, ethnic tension has become a fact in
Kenya and a key feature of the national politics (Fox, 1996), manifested in hundreds of
deaths during the latest elections in 1992 and 1997. Kenya has become an ethnically
divided society, partly caused by the political system. By draining public resources and
causing mistrust among people, corruption and ethnic tension hamper effective cooperation at all levels and put sustainable development at risk.
Given Kenya's worrying trends, it is critical to increase the understanding of the links
between key factors and identify ways and means to counteract the negative effects of these
processes. Hence, this paper analyses if, and under what conditions, sustainable
development based on agriculture would be attainable in Kenya.
This paper is based on joint multi-disciplinary work in Murang'a district in Kenya's Central
Highlands. This facilitates a holistic examination of whether sustainable development based
on agriculture indeed is attainable. The first part investigates some biophysical aspects of
sustainable agriculture: land use across time, soil nutrient status and yields, cultivated crop
and soil productivity. The second part relates the farmers' ethnic identity to the
implementation of the National Soil and Water Conservation Programme (NSWCP). The
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third andfinalpart identifies links behind rural-urban migration by estimating households'
probability of supplying labour to off-farm agricultural work. Based on thefindings,policy
implications are suggested.
THE STUDY AREA
The study area is located in Murang'a District in the highlands of Central Kenya (Figure 1).
Murang'a shares many demographic, socio-economic and biophysical features with other
highly populated districts located in the highlands. Many of its constraints, critical
processes and opportunities also occur in neighbouring districts like Kiambu, Kirinyaga,
Nyandarua and Nyeri. Hence, studying Murang'a is relevant and important from a larger
policy perspective.
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Figure 1. Location of Murang'a District and the study areas, Mbari-ya-Hiti and Maragua.
Murang'a's population has increased steadily from 345,000 in 1962 to an estimated
1,056,000 in 1999 (OVPMPND, 1997). Population density has increased from 137 people
per km2 to 433 during the same period. Extrapolating this trend over the next two decades
would result in a population density reaching around 850 people per km , despite
substantial rural-urban migration to nearby towns and cities, mainly Nairobi. The district's
urban population is small, currently about 7%. It is, however, expected to increase rapidly
as rural populations continue to grow. An assessment of the district's age distribution
indicates a youthful population, where those between 0 and 19 years constitute 61.5% of
the total population (OVPMPND, 1997). These development trends put enormous stress on
the fragile soils and pose a large challenge to food production.
Land rights have historically been relatively secure, based on family and clan affiliation
(Dewees, 1995). Today, most of the farmers possess title deeds to surveyed, registered and
adjudicated plots, implying a reasonably high tenure security. Small-scale subsistence
farms occupy most of Murang'a (OVPMPND, 1997). Average farm size is slightly more
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than 1.2 ha. Farms exceeding 10 ha in size are very rare and such farms tend to grow
mainly cash crops such as coffee, tea and pineapples.
Agriculture production is the district's most important economic activity and contributes
the lion's share of total income (OVPMPND, 1997). It employs about 90% of the
population. The highest output values are derived from production of maize, coffee, milk,
beans and Irish potatoes. Maize constitutes around 40% of total agricultural output. Other
important agricultural crops include tea, French beans, cabbage, tomatoes, macadamia nuts,
passion fruit and other tropical fruits such as mango and papaya. Products from livestock
activities include milk, eggs, poultry, meat of cattle, pigs, sheep and goats, hides, skins and
honey. Agro-processing industries in the district include six tea factories and 232 coffee
factories, two milk processing plants and two fruit processing plants, and several smallscale grain mills.
The level of technology is low. Commonly, only a hoe and machete are used for tilling and
land preparation. Draft animals are not used for ploughing. Hence, costs of implements are
relatively small. Incomes are primarily derived from on-farm agricultural production and
off-farm work.
Two study areas were selected for detailed analyses - Mbari-ya-Hiti and Maragua (Figure
1). Both study areas are located in the main coffee agro-ecological zone (Jaetzold and
Schmidt, 1983). Average annual rainfall is 1 560 mm distributed over two rainy seasons,
March to May and October to December, thus allowing two growing seasons. Nitisol is the
main soil type. Average farm size is 1.1 ha (Ekbom, 1998). No farms exceeding 10 ha are
found. The main income-earning activity is farming including zero-grazed livestock
production, typically complemented with other off-farm income-generating activities.
Maize, bananas and beans are the main food crops. Coffee is the main cash crop.
The average family size in the study area is slightly more than four persons. The majority
of households have some family members temporarily working in nearby towns. The
farmers in the study area are nearly all members of Kikuyu, the largest ethnic group in
Kenya, constituting about 20% of Kenya's total population (Gurr, 1995). From a Kikuyu
perspective, the death of the first president of independent Kenya, in 1978, marked an end
to the Kikuyu domination of Kenyan politics, even though the Kikuyu elite is still an
important factor in political and economic power. Many of the farmers in the study area
consider themselves political opponents of the present government.

DATA AND METHODS
Data used in the biophysical part are mainly based on land use and soil and water
conservation (SWC) over time, soil nutrient status, crop yield, soil erosion and land
management. Research methods include analysis of aerial photographs, collection of soil
samples, classification of erosion and land management, and conducting semi-structured
interviews.
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Aerial photographs from 1960, scale 1:12 500, and 1996, scale 1:25 000, were rectified
with a digital video plotter (Leica, 1993), and interpreted using the following land cover
classes: buildings (such as homesteads, shopping centres, schools and coffee factories),
bush and fallow land, forest (more than ten trees), subsistence crops, and coffee plants. To
identify changes in SWC structures over time the following three classes were used:
uncultivated land, unterraced land, and terraced land. Classifications of vegetation and
terraces are based on fieldwork experience, discussions with farmers and literature surveys.
Interpretation of photographs from 1996 was completed after detailed field verification. To
verify the photographs from 1960 historical information on land use and SWC practices
were obtained through interviews with 40 farmers all more than 55 years old. Moreover,
discussions were held with agricultural extension staff about land use changes. Maps were
drawn after these analyses. To calculate the percentage area of the different classes and the
landscape changes that had taken place between 1960 and 1996, the maps were analysed
with IDRISI, Geographical Information System (Eastman, 1997).
Seasonal maize yields were recorded through interviews with 137 households. Maize fields
were chosen since all farmers cultivate maize. Further, composite soil samples were
collected from the household's maize fields. They were taken from the topsoil (0-15cm)
based on six replicates in each field. Air dried soil samples were analysed in the soil
laboratory of the Department of Soil Science (DSS), University of Nairobi. Parameters such
as available P, total N and organic C were analysed. Details of the standard analytical
methods used at the DSS are presented in Okalebo, et al. (1993). Kruskal-Wallis H test was
used for analyses of soil nutrient status and maize yields related to extent of erosion and
land management (Ebdon, 1985).
The PLUS (1994) classification scheme was used to assess splash, sheet and rill erosion,
and was based on four erosion classes: no erosion, slight, moderate and severe erosion.
Land management was also classified using the PLUS classification. This rating included:
erosion status, ground cover, crop husbandry, pasture, water, trees and SWC. It has five
classes: excellent (with exemplary practices), good (with acceptable quality practices), fair
(with some cause for concern), poor (with major cause for concern) and very poor (where
none of the requirements for better land husbandry are met).
Data on perceptions of land use history, changes in land use and crops, and their effects on
the environment and soil fertility were obtained through semi-structured interviews of 40
farmers.
Data used in the social anthropological part of the study are based on 50 unstructured
interviews. The purpose of this method is to create a context of interaction where
informants are allowed to define present problems independently of the researcher's
hypotheses (Mishler, 1986). The scope and depth of this data is therefore constrained by the
farmers' experience and interpretations, rather than by the researcher's hypotheses.
The socio-economic data are derived from questionnaire interviews conducted among 252
households. Descriptive statistics are used to answer the following questions related to
migration: Who migrates from the household to perform urban off-farm income generating
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activities? What jobs do the migrants typically perform and how much do they earn? What
is the sex of a typical migrant? What are the likely reasons for seeking off-farm incomes?
Does migration contribute to the farm's wealth and agricultural production? If so, how
much? What is the status of the capital market, and what are the financial constraints to
land investments? What are the policy implications of the current trends and conditions in
the labour and capital markets from a sustainability point of view?
Further, the analysis of rural-urban migration is based on econometric estimation of
determinants to seeking off-farm work. The tested model (Eq. 1) identifies a vector of
determinants to a household's probability of generating incomes from off-farm work
(Greene, 1993). Let L* represent (an index of) the incentive for a household to allocate
family labour to off-farm work. L* is unobserved, but L is observed in reality and takes the
value 1 if L* > 0, and 0 otherwise, a is the intercept in the non-linear regression model and
X represents a vector of independent explanatory variables, such as family size, farm size,
age of the household head, capital need and agricultural input costs, p is the coefficient of
each independent variable in the right-hand side of the regression equation, s represents the
random error term.
L*=<x + p X + e

(Eq. 1)

The hypotheses that are tested are that off-farm labour supply is positively correlated with
the household's family size, capital need, agricultural inputs, costs and age of the household
head, and negatively correlated with farm size and that men more than women work off
their farm.

RESULTS
Land use and soil and water conservation over time
Interpretation of aerial photographs shows major changes in land use between 1960 and
1996: introduction of coffee, decreased bush-area and an increased forest area (Figure 2).
Plantation of coffee initiated permanent land cultivation as well as chemical fertiliser
application. Bush-area has decreased in favour of coffee and other crops. Forested areas
have increased since trees, mainly Grevillea robusta, were planted after Independence in
1963.
Percentage of the terraced land has decreased despite the SWC activities of Ministry of
Agriculture over the years (Figure 3). Already in the 1930s SWC was introduced to combat
land degradation (Eriksson, 1992; Kamar, 1998). During the colonial administration
farmers were forced to hand-dig terraces. Not surprisingly, farmers came to see SWC as a
symbol of colonial oppression. After Independence SWC received little attention. The
effects of ignoring SWC, however, soon became apparent. As a result Ministry of
Agriculture started the NSWCP in 1974. The programme has had two approaches.
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Figure 2. Frequency distribution of land use in Murang'a, a. 1960 and b. 1996.
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Figure 3. Frequency distribution of soil and water conserved land in Murang'a 1960 and
1996.
The first approach no longer forced farmers to conserve soil and water. Instead SWC was
reintroduced with monetary incentives on a farm-to-farm basis. The second approach,
Catchment Approach (CA), started in late 1980s, was developed to reach more farmers in a
shorter time period. By focusing efforts on defined areas ("catchment") and forming Soil
Conservation Committees (SCC) elected by farmers in that area, the approach aimed to
make SWC site-specific and an all-year-round activity through the joint efforts of farmers.
The incentive for the individual farmer was no longer cash payments for every terrace
constructed, but rather a long term increase in production and income. This Catchment
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Approach aims to implement its activities within one year and at the same time giving
agricultural advice. After this time period SCC is expected to sustain SWC continuously.
The two study areas were subject to CA in 1989 and in 1993, respectively. These
approaches revitalised SWC in the area. Yet, the aerial photographs indicated less terraced
land in 1996 than in 1960 (Figure 3).
Soil nutrient status, maize yield, soil erosion and land management
The soil samples indicated better soil nutrient status on land with little erosion and good
land management. Table 1 shows the nutrients with significant differences between the
classes. Table 1 also shows maize yield in kg/ha/year for the different classes. The analysis
shows that soil erosion reduces yield and that better land management increases yield.
Table 1. Soil properties and maize yield on land with different soil erosion classification
and land management.
P (ppm)

N (%)

Organic C
(%)
**
1.87
1.61
1.54
*
1.81
1.68
1.61
1.66

Maize yield
(kg/ha/year)

Splash erosion
25.7
slight
0.27
1 290
17.9
moderate
0.25
1 090
22.0
severe
0.27
820
**
*
Sheet erosion
no erosion
18.8
0.27
1220
slight
24.4
0.27
890
21.4
0.24
870
moderate
16.6
0.16
870
severe
Rill erosion
24.0
1.71
no erosion
0.27
1 242
21.4
1.64
slight
0.25
1082
16.4
1.54
moderate
0.27
1024
*
*
*
Land management
15.1
1.48
very poor
0.27
876
20.2
1.68
poor
0.26
950
20.9
1.65
fair
0.26
1 151
24.5
1.70
good
0.26
1 321
Significant differences between classes are indicated with * for 0.1 and ** for 0.05 significance level, according to
Kruskal-Wallis H test (Edbon, 1985). Classes affecting less than 5% of the area are not included in this table.

Farmers' perceptions about land use changes across time
Farmers reported that the main crops planted in 1960 were maize, beans, bananas, sorghum
and millet, while minor planted crops were sweet potatoes, yams, cassava, different types
of peas, Irish potatoes, arrowroots and sugar cane (Ovuka, 2000). In 1996 the main crops
were maize, beans, coffee, bananas and Irish potatoes. Sweet potatoes, cassava and yams
were minor crops, while traditional crops like millet, sorghum, peas, arrowroots and
sugarcane are rarely cultivated. 60% of the farmers perceived their life to be better in the
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1950s because the agricultural production was higher and there was a low demand for both
agricultural inputs and cash (Ovuka, 2000). Farmers claim that today's school fees, health
care, other necessary services and inputs to agriculture force them to generate more cash
income. They also indicate that without chemical fertilisers and manure the crop production
of today would fail, whereas in the 1950s unproductive land was left fallow to regain
fertility and they never used fertilisers or manure. The increasing population pressure has
fragmented land (sub-division to sons) into smaller and smaller plots, and depleted the soil
due to intensive/continuous use.
The Implementation of Catchment Approach
After the implementation of the CA in the two study areas, in 1989 and 1993, farmers were
expected to continue to conserve soil together with their elected SCCs. However, the SCCs
were not functioning the way they were intended to, and few farmers recognised their
importance (Knutsson, 2000).
The first meetings introducing the idea of CA were initiated by the local chief, a
government representative, with the assistance of the District Agricultural Officer (DAO).
Because of the formal character of these meetings, many of the farmers were sceptical from
the very beginning. In one of the study areas some farmers did not even bother to
participate in the meeting. In this study area only some interviewed farmers knew which
persons were elected as SCCs members, and some farmers did not even know that they
were part of the CA. The strategy to implement CA during a limited time period and to rely
on the farmers' joint efforts to continue SWC, was often interpreted by the farmers as
NSWCP's inefficiency. In both study areas, farmers accused the NSWCP, including the
DAO and the SCC, of corruption. Further, the farmers claim that they do not have the
motivation to put a lot of efforts into SWC activities as long as crops, especially coffee, are
poorly paid (ibid, 2000).
Despite farmers' criticism, the CA in the study areas can not simply be described as a
failure. Many of the farmers conserve soil and water according to DAO's advice. However,
it is also clear that the SCCs in both study areas are inactive and lack support from many
farmers.
Ethnic identity
All farmers in this study are Kikuyu. Myths based on history usually form an important
basis for ethnic identity and there are two historical events of great symbolic value for the
Kikuyu. Firstly, the MauMau rebellion of the 1950s, where landless Kikuyus,
predominantly working on European settlers' farms in Rift Valley, took up arms against the
colonial administration (Furedi, 1989). Secondly, the death of Jomo Kenyatta, a Kikuyu
who was the first president of Kenya from Independence in 1963 to his death in 1978, thus
marking the end of Kikuyu domination of Kenya politics (Ogot and Ochieng, 1995).
Symbolic values of these two events are on the one hand the creation of a positive selfimage based on high moral standards, but also the creation of what could be termed "the
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opposite other", meaning the stereotyping of another group of people perceived as not
possessing high moral standards (Simatei, 1996).
The farmers frequently expressed their ethnic identity with reference to historical events.
The MauMau war was often discussed in terms of betrayal of the Kikuyu struggle against
colonialism by other ethnic groups. The Kenyatta rule over Kenya was described as morally
superior to the present government, which is dominated by other ethnic groups (Knutsson,
2000). But ethnic identity cannot be formed on historical accounts alone, even if these
accounts often are created with reference to conditions of the present.
The corruption of others
Corruption is at the centre of the farmers' definitions of present problems. The following
quotes are representative examples of how the farmers talk about corruption while
reflecting certain themes (ibid, 2000):
"You only need to look at the roads in Central Province to realise that the
Kalenjin-government does not care about the Kikuyu and the other
peoples in Central Province. The coffee-industry is another example. The
coffee-farmers do not know if they will be paid for their coffee or how
much. The money disappears in other people's pockets and the farmers
have to suffer. We have all the resources we need. We have natural
resources and hardworking people, but the work we do is not rewarded.
The money is used in the wrong way or stolen".
"The economy is collapsing. In fact, it has already collapsed. The collapsed
economy is the most important problem to solve. If the country has a good
economy everything would be good again. The problem is that the
government is bad. An improvement of the government is the only solution.
I support Matiba's demand that the donors should stop giving money to
Kenya. But you will not tell the Ministry of Agriculture this? I don't want
any problem. You should tell the Ministry what I have said, but don't give
them my name".
"Before, coffee really paid well. Today the farmers are no longer motivated.
Since the death of Mzee Kenyatta the prices have gone down. It is not
because of the world market but because certain people eat our money.
These people do not have anything to do with the production of coffee. If
we only were paid this area would be a paradise on earth. It would be like
going to the office every day. The production is going down because of lack
of motivation, not because of soil erosion or lack of fertility in the soil".
A number of conclusions can be drawn from these quotes. Firstly, corruption is almost
always blamed on the government as the "opposite other". This "blaming" often has a
clear ethnic dimension such as the obvious reference to the "Kalenjin-government", or
more hidden through stating that coffee-prices have gone down since Kenyatta's death or
proclaiming support for the Kikuyu politician Kenneth Matiba. Secondly, corruption is
explained in terms of lack of morals, using phrases like "stealing", "eating the farmers'
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money" or money which "disappears into other people's pockets". The farmers perceive
themselves as hardworking people, who are not rewarded for their efforts because of other
peoples' lack of morals. A frequent opinion with particular relevance to the NSWCP is
that the decrease in agricultural production is caused by corruption, which reduces
farmers' motivation, rather than due to soil erosion or poor soil fertility. Therefore, the
farmers do not perceive SWC activities as a solution to their present problems.
Local knowledge has often been described as "ecological wisdom" in the analysis of
sustainable development. However, local knowledge is a much broader concept, highly
complex and more related to processes of change. These aspects of local knowledge have
received little attention (Nygren, 1999). The danger of reducing people's knowledge to a
non-contested, homogenous and authentic environmental knowledge is that the relationship
between ecological themes and social struggles is neglected (Pezzoli, 1997).
Farmers use the idea of corruption within an ethnic discourse when defining their present
problems, they blame others while protecting their Kikuyu values. They blame the
NSWCP for corruption with reference to inefficiency and its position within the
government structure. Even though the DAO and the SCC's members are Kikuyu, the
farmers often perceive them as being part of a governmental structure, which opposes
Kikuyu interests. The strength of the CA is that it relies on the participation of the
farmers. However, for the CA to be sustainable this participation presupposes farmers'
socio-political acceptance of the NSWCP. That is not the case at present.
Household's income generating activities
The socio-economic analysis indicates that more than half (57%) of the households in the
sample obtain incomes from other activities than their own farming (agriculture and
livestock production). Such incomes include on-farm non-agricultural work and/or off-farm
work. These incomes are typically derived from family members who work and
temporarily reside outside the farm. Normally, they work as unskilled or semi-skilled
labour such as bus or taxi drivers, hawkers, nurses, teachers in primary or secondary
schools, watchmen, small-scale businessmen in nearby towns or Nairobi, or labourers on
others' farms.
The average off-farm income for those farms obtaining it amounts to nearly 70,000 KShs in
1998 (1USD=60 KShs). As a comparison, the average revenue from on-farm agricultural
production for all farms is 50,000 KShs. Around 37% of the off-farm income comes from
agricultural work (on others' farms), and 63% comes from non-agricultural work. These
incomes are significant contributions to the households in the study area, and point at the
1

Family or household members are defined as those perceived by the respondent to be part of the
household, contribute money and/or labour and share meals and live under the same roof at least one
day a month on a regular basis. The definition excludes grown up sons and daughters, who have
established their own homesteads and families. The definition includes relatives and hired labour as
long as they fall under the definition above.
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important role off-farm incomes play in the household economy, especially during the
agriculturally slack seasons.
Furthermore, 18% of all households generate on-farm non-agricultural incomes. Such
incomes typically include food preparation (baking, brewing, graining, milling), handicraft
(pottery, tailoring, rope- and shoe-making, wood carving), construction (cabinet-making,
brick-making), services (kiosk, hair dresser) and remittances from relatives and friends.
Analysing the frequency distribution of the activities show that nearly half (48%) of the onfarm non-agricultural incomes come from services, 25% come from remittances and 21%
come from handicraft. Construction and food preparation activities generate only smaller
amounts.
Rural-urban migration
Who are moving out? Table 2 shows that more than half (53%) of husbands work and
reside temporarily outside the farm out of those households obtaining off-farm incomes. In
contrast, only 11 % of the wives work outside the farm. Table 2 also shows that around 80%
of those doing off-farm work are men (husbands or sons). This implies that many
households, in reality, are headed by women. This may have important implications for
design of policies and extension advice. The magnitude of the off-farm income-generating
activities, and the extent to which farmers are engaged in off-farm work, rejects the notion
that these farmers are only farmers, disconnected from the opportunities of the labour
market outside their farms. The findings reinforce the image of families allocating their
labour deliberately and opportunistically to income-generating activities, which help to
fulfil the family's needs.
Table 2. Frequency distribution of labour allocated to off-farm work.
Husband
Wife
Son
Daughter
Total

SHARE
53%
11%
27%
9%
100%

Capital, credits and land investments
Secure land tenure and access to financial capital is essential to be able to stimulate land
investments and, hence, improved soil fertility. Even though land tenure is relatively
secure, capital access is limited. Theoretically, the farmers could use their land title deeds
as collateral to obtain loans from banks. Some constraints effectively prevent this. Land
fragmentation, high real interest rates and expropriation of land (which typically follows
failure to service the debt) reduces farmers' ability and willingness to seek bank loans. Cooperative societies also provide credits with more favourable interest rates than commercial
banks. However, these credits basically serve to cover input costs during shorter time
periods, commonly only one growing season. As shown in Table 3 the real remaining
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sources of credits are coffee societies and private lenders such as friends, neighbours and
relatives.
Table 3. Frequency distribution of borrowers' sources of credit.
CREDIT SOURCE
SHARE
Commercial bank
5%
Coffee society
51%
Other co-operation societies
4%
Relatives
21%
Friends, neighbours
19%
Total
100%

The data shows that 85% of the respondents' state that credits are indeed available in the
area. 56% of the respondents are currently borrowing money. The poor state of
development of the credit market is however manifested by the fact that almost nine out of
ten (88%) farmers are in need of capital and credits, and as many as 40% of those obtaining
credits borrow from relatives, friends and neighbours. 80% of all households complain
about difficulties in obtaining credits to satisfy their capital needs. All state that the terms
are unfavourable, too costly and fail to meet their investment needs.
Unless counteracted these results imply that future land investments are at risk, mainly for
two reasons: the coffee societies are breaking down and thus decreasing their lending
ability; the private lenders are likely to continue to be cash constrained and cannot
effectively substitute the role of banks or other major lenders.
Probability of seeking off-farm incomes
The results of the Probit model regression shows - in line with the hypothesis - that
households in need of capital and age of the household head are positively correlated with
the probability of seeking off-farm incomes. Counter to our hypotheses and somewhat
surprisingly, it is found that farm size is negatively correlated with the probability of
seeking off-farm incomes, and family size as well as total input costs, indicate a negative
correlation. All estimates, except the variable for capital need, is statistically significant at
the p=0.01 level.
Based on the above results, shown in some detail in the Table 4, it seems necessary to
reconsider the assumption that households with higher population pressure on their own
farm land (i.e. low land per capita ratio) allocate some of their labour force to off-farm
work. Theoretically, this would be justified by decreasing returns to labour (declining
marginal labour productivity). The results indicate however that households with larger
farms spend less on their farm cultivation proxied by input costs and (can afford to) allocate
more labour in non-farm work. This finding is matched with the fact that older household
heads tend to work outside the farm (up to a point since the squared variable shows a
negative sign). It might be plausible to state that "migrating households" give lower priority
to own farming, but higher priority to possess/invest in a larger farm size. This might be
driven by a need to invest in future assets rather than for reasons of agricultural
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intensification. Prioritising off-farm work might be a sign of diversification of household
risks and coping with uncertain biophysical conditions. It leads inevitably to agricultural
extensification, plausibly resulting in a substitution effect between off-farm and on-farm
incomes. Nevertheless, off-farm work provides households with much needed additional
(sources of) income.
Table 4. Regression results from Probit model estimation.
VARIABLE
Intercept
Farm size
Family size
Capital need (No=0)
Ag. input costs
Age (household head)

DF

ESTIMATE (P)
- 1.0820255
0.1853722
-0.0611501
0.3832903
-0.0000183
0.0197981

Standard Error
0.41405
0.05926
0.03797
0.28518
0.00001
0.00644

ChiSquare
6.829228
9.785262
2.593336
1.806391
3.350804
9.449879

Pr>Chi
0.0090
0.0018
0.1073
0.1789
0.0672
0.0021

POLICY IMPLICATIONS
Recalling Kenya's worrying development trends, the study shows that these trends indeed
exist in the study area as well. The following policy measures are suggested to contribute
towards a reversal of these trends:

•
Q

Direct resources towards agriculture, but adapt them to local conditions to
ensure effectiveness.
Enhance farmers' access to appropriate inputs, i.e. fertilisers, but also seeds
and pesticides, that they demand and can afford.
Improve land management, including SWC, access to water and fuel, and crop
husbandry with the aim of increasing crops' nutrient availability, output and
agricultural profits.
Promote SWC as a necessary means to increase farm output and income. This
needs to be implemented in an open dialogue with the farmers to ensure their
active support, participation and involvement.
Ensure timely crop payments (especially for coffee), reduce the number and
proceeds of middle-men, improve the infrastructure (especially rural feeder
roads) to enable timely sale of crops, and enhance access to small-scale
credits.
Build on the seasonal character of agricultural production and supplement
farm work in a timely and cost-effective manner during agricultural offseasons with off-farm income opportunities.
Facilitate development of new jobs and expand sectors of the labour market to
absorb surplus labour from the rural areas and the agricultural sector.
Ensure that aims, strategies and methods of development programmes are
fully understood by the people affected by them.
Integrate the ethnic factor into development processes in order to act as a
positive force for local identity, mobilisation and organisation, instead of
being a source of conflict.
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Responding to whether Kenya really can reverse its destructive development trends and
enter a path of sustainable development presupposes that the agricultural reform measures
are biophysically possible, socio-politically acceptable and economically feasible. Hence, it
can be conducted that growth of the agricultural sector is essential to Kenya's development,
but such growth is insufficient for Kenya to attain sustainable development. Identifying
complementary policies in other sectors is necessary.
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