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Abstract

This paper presents for the highland-lowland system of Mt. Kenya and the Ewaso Ng'iro basin: (1)
the current use of land resources and effects of the growing pressure on land resources, (2) the pos-
sibilities of improving land management and productivity, and (3) the challenges of trying to achieve
sustainable use of land resources.

Land use and its dynamics are assessed and presented as a first step in identifying current land
resource use and degradation. An overview of the main soil types and their characteristics shows
potentials and limitations for land use.

Major impacts of land use and soil management on natural resources are presented for 3 major
zones along the highland-lowland system. These are: (a)The effect of land use on the water recharge
of the rivers on wet mountain slopes; (b) water conservation measures and their effect on produc-
tivity in the semi-humid to semi-arid lower mountain zone and the highland plateau and (c) the
effect of overgrazing on water availability and productivity in the semi-arid (o arid areas of the
Laikipia plateau and the lower part of the basin.

African highland-lowland systems like the Ewaso Ng'iro basin pose a major challenge in terms
of sustainable resource use: increasing pressure on limited natural resources. Reducing the poten-
tial conflict over resource use and the danger of resource degradation requires improved knowledge
and practices in resource management. In order to optimize land management practices in a high-
land-lowland system that do not deprive the downstream users, good local and regional knowledge,
a good database, and suitable management tools are needed. The scarcer the resources, the better
the knowledge and the management of the resources and their optimum use must be adapted to the

local situations.

1. Introduction

The study area of Mt. Kenya and the Upper Ewaso
Ng’iro basin, and its potentials and limitations for the
use of natural resources of the Upper Ewaso Ng’iro
basin, have already been introduced in a separate
paper within this special issue (Gichuki et al. 1998a).
Aspects of sustainable use of water resources, which
are the prime limiting resources in the Eastern African
region, are further described in Gichuki et al. (1998b).
The land resources, i.e. the soil and vegetation includ-
ing the crops, grasses, and natural and planted forests,
are resources of great importance to the rural popula-
tions living around Mt. Kenya.

There are three major regions in the highland-
lowland system of the Ewaso Ng’iro basin, each of
which presents major challenges in terms of sustain-
able use of the land resources:

a) On the humid to semi-humid mountain slopes, the
main development is increasing pressure on the
forest zone and intensified use of the land for crop
production.

by The semi-arid to semi-humid lower mountain
zone and the highland plateau are undergoing a
rapid change of land use, i.e. an expansion of irri-
gated and rainfed crop production, and increased
pressure on commonly used grazing lands.

¢) The semi-arid to arid areas of the Laikipia plateau
and the lower part of the basin, which have been
subjected to heavy grazing pressure and which
show clear signs of vegetation degradation, such
as no or very sparse grass cover and soil degrada-
tion by erosion.

This paper will' discuss: (1) the current use of land
resources and the effects of the growing pressure on
the land resources, (2) the possibilities for improving
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land management and productivity, and (3) the chal-
lenges of achieving sustainable use of land resources
in the highland-lowland system of the Ewaso Ng'iro
basin.

All findings are derived from studies carried out with-
in the Laikipia Research Programme and the Natural
Resource Monitoring, Modelling and Management
(NRM3) project. Some of the findings are still pre-
liminary and illustrate the need for long-term continu-
ation of applied and development-oriented research,

2. Mapping land use and its dynamics
2.1 Leand use/cover assessment

The first basic information needed to determine the
potential of the land resource and identify processes of
degradation is assessment of present and recent
changes of vegetation cover and land use.

A classification system and methodology using
satellite imagery and aerial photography has been
developed with special reference to soil and water
management. The main focus is assessment of soil
cover by tree / shrub layer, cover by the herbaceous
layer (grasses, herbs, forbs, crops), and land use and
soil management. The classification was developed to
meet the following requirements:

¢+ The methodology (classification) should cover a
wide range of land use and vegetation types,
from the humid to the semi-arid tropics (and sub-

¢ The map should provide a basis for environmen-
tal monitoring and modelling, with special
emphasis on the hydrological characteristics,
where soil cover and topsoil management are
extremely important.

* The categories should be clearly identifiable in
the field without the need for detailed information
from a specialist.

¢ The map should be compiled by using satellite
imagery and aerial photographs with as little
ground truthing as possible.

* The methodology should be scale independent,
i.e. applicable at scales ranging from small catch-
ments to entire basins, with varying degrees of
generalization, depending on the mapping scale.

¢ The map and its categories should be as compati-
ble as possible with existing classification sys-
tems for Africa (e.g. FAO 1997).

The classification system developed has a hierarchical
structure with 7 main categories: Treeland (7),
Grassland (G). Cropland (C), Water/Swamp (W),
Urban (U), Rock (R), and Ice /Snow (I). Composites
of the categories are used, depending on the mapping
scale. in areas where there is a mixture of the different
cover types within small areas. Figure 1 shows how
the system considers canopy layer, a primary and a
secondary land use type. Additionally, the cover con-
ditions, e.g. of grassland, can be further described by
adding qualifiers like (s) for sparse (for 2-20% ground
cover) and (b) for bare (<2% cover), or by adding
management information like soil and water conser-

tropics). vation measures.
Canopy 0-2% 2-20% 20-50% >50%
Layer (t) (T) (Td)
Primary Grassland  Cropland ~ Grassland  Cropland  Grassland  Cropland Treeland
Land Use (G) (C) (tG) (1C) (TG) (TC) (Td)
o | | | | | /N
Secondary Cropland  Grassland  Cropland  Grassland  Cropland  Grassland ~ Grassland erpland
Land Use (GC) (CG) (tGC) (tCG) (TGC) (TCG) (TdG) (TdC)
(20-50%)

Figure 1: Classification system for treeland, grassland and cropland complexes (Roth 1997)

Figure 2: Land use / vegetation map (showing typical views: alpine region, forest, small-scale crop produc-
tion with agroforestry and grazing land) (following page)
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2.2 Major land uses

The resulting land use/cover map of the basin (see
Figure 2) shows that:

In the mountain zones of Mt. Kenya (southeast of the

map):

*  Above the forest treeline around 3000 to 3500 m
a.s.l, the alpine zone and moorland have natural
vegetation and show little human impact.

¢ The upper mountain slopes still have largely
intact natural forests.

¢ On the lower mountain slopes, natural vegetation
has partly been changed to forest plantations,
cropland, grazing land, or mixed systems of agro-
forestry.

In the plateau zone (west to northwest of Mt. Kenya):

¢ Cropland is expanding further into the semi-arid
area (mixed farming with crop and livestock pro-
duction)

+  The grazing land under large-scale ranching has
good grass cover (west of ML, Kenya)

+ The grazing areas under subdivision from large-
scale to small-scale farming, especially the area
under common management and in the commu-
nally managed areas inhabited by pastoralists
(northwest of Mt. Kenya), are rather bare and
have reduced herbaceous cover.

¢ The surface areas of the hills, scarps and dry val-
leys have higher vegetation cover.

In the lowland zone (north of Mt. Kenya):
¢ The riverine areas, mountains, hills and scarps

have mostly natural vegetation with good cover

conditions. Depending on stoniness and soil limi-
tations, this cover is reduced and patchy.

+  Outside these areas, the tree/bush cover is mostly
natural savannah. However, the herbaceous layer
is very bare, due to heavy grazing pressure.

2.3 Changes in land use

Current land use and recent changes in land use give
indications of the potential of natural resources, as
well as current and potential degradation. A compari-
son of 1984 and 1992 illustrates the dynamics in
recent years in the semi-humid to semi-arid lower
mountain zone of Mt. Kenya. The major changes are:

*+ Increase of cropland and agroforestry systems:
Within 8 years, the treed cropland increased by a
factor of 5 and the treed crop-grassland doubled. A
major change is the introduction of agroforestry
tree species, which are commonly planted by the
small-scale farmers who immigrated from higher
rainfall areas into the lower mountain zone of Mt.
Kenya. In these areas of small-scale settlement the

tree cover has increased. The most common tree is
Gevillea robusta (Silky Oak), introduced from
Australia at the beginning of this century, which is
mainly used as a shade tree for coftee plantations.
Today, Grevillea is the most commonly used and
planted tree among small-scale farmers in the
highlands of Kenya, The result is an increase of’
the tree cover in small-scale farming arcas com-
pared with previous use by large-scale farmers.

¢ A 25% decrease in grazing land, due to the
increase in cropland: In the lower mountain zone
of Mt. Kenya, land previously used largely for
grazing was put under crop production in the
recent decades. The vegetation cover of the soils
below 3500 m as.l. is predominantly dense
mountain forest mixed with bamboo and covers
80-100% of the ground. On the northern slopes of
Mt. Kenya (Embori area), forest has been cleared
for smallholder potato production up to 3000 m
a.s.l. (Liniger 1995).

+  Aslight decrease in natural forests,

3. Soil resources and soil management challenges

Soils and their management have an influence on
walter storage and availability to plants, runoff, ero-
sion, water loss by evaporation, and fertility. There is
a high spatial variability of soil type and properties
within the highland-lowland system, from Mt. Kenya
to the lowlands of the Ewaso Ng’iro basin. Soil for-
mation and characteristics depend on geology, land-
form/relief, climate, and human activities.

Figure 3 and Table 1 illustrate soil characteristics
of the major soil types, giving a broad overview of the
distribution and characteristics of the main soil types.
The major soils are first separated on the basis of geol-
ogy (volcanic and basement complex). Further differ-
entiation is according to climate and land form/relief,
starting from the cold wet mountains and steep slopes
and moving to the warm, dry and Nat lowlands,

Figure 4 shows the great variability of land use
and soil types and how land use / vegetation and soils
are connected in the lower mountain zone of ML
Kenya and the highland plateau. In the semi-humid to
semi-arid Kalalu area, cropland and mixed land are
the main types of use on the ridges with deep fertile
red soils, whereas natural vegetation and grazing are
more concentrated on the shallower slopes of the val-
leys. However, land pressure has led to increased crop
production on the steeper valley slopes, with risks of
soil erosion and lower production. In the semi-arid
Matanya area, the deep but vertic soils pose a special
challenge with respect to rainfed crop production.
Less rainfall and high evapotranspiration rates also
increase the risk of crop failures. Therefore, the main
land use is grazing and the main vegetation cover is
still treed grassland.



.

34 Eastern and Southern Afvica Geographical Jowurnal, 1ol No. 8, Special Number

Table 1: Soil characteristics of the major soil types

a) Major soils on volcanic material for the upper Ewaso Ng'iro Basin (including Aberdares and Mt. Kenya)

Landform / land description Dominant soil type Water Nutrients / Erosion if
storage fertility no cover
M1: Mountain Alpine region: Aberdares, ML 1.eptosol. Regosol + + 4
Kenya

M2: Upper Slopes: Aberdares, Mt. Kenya humic Andosol - - A+

M3 Lower Slopes: Aberdares and Mt Kenya) humic Acrisol Fhtt b -+
Nitosols, ferric Luvisol - R s +

I Plateaux - convex: (on elevations) luvic Phacozem R bk ++

P Plateaux - concave: ({lat or in depressions) verto-luvie Phacozem, Vertisol | b+ 44 +

V: valley bottoms / depressions Fluvisol and Gleysol R 4+ +

13 Eroded lands Leptosol + + S

# Jow, +4+ medium. ++4+ high, -+ very high:

b) Major soil on basement material for upper Ewaso Ng'iro Basin (including Aberdares and Mt. Kenya)

Landform / land description Dominant soil type Water storage | Nutrients/ Erosion if
fertility no cover

H: Hills Cambisol 4 4+ ++

I*: Footslopes: chromic Luvisol, Lixisol L b ot

P: Plateaux - convex: (on elevations) Lixisol b 4k 4+

P: Plateaux - concave: (Mat or in depressions) vertic Luvisol. Vertisol e+ b +

V. B: Valley bottoms / depressions. Bottomlands | Fluvisol and Gleysol bt ot +

I2: Eroded lands eroded Lixisol (leptic) 4 + o

1+ Jow, ++ medium, +++ high, ++++ very high:

Short description of the soil types:
Leptosol: Shallow soil, poorly developed |
Humic Andosol

Humic Acrisoil

Ashy soil with high organic matter content; black topsoil; clay: loam
Well-developed soil, with high organic matter content (black topsoil): |
clay: accumulation of clay in subsaoil

Ferric Luvisol / Lixisol

Well-developed soil with iron concretions: clay with clay accumulation in subsoil |
Nitosol

Well-developed soil, deeply weathered, with clay accumulation is subsoil

Luvic Phaeozem Well developed black soil with high organic matter content: clay |
Vertisols Black cracking clay soil |
Fluvisol | ess-developed soil from river deposits

Gleysol Well-developed soil, poorly drained, variable texture

Cambisol Young soils, with some shiny materials, Toam clay to clay

The great variability of land resources from the
mountains to the lowlands and limited and highly
variable water resources, combined with the high
pressure of the growing populations around ML
Kenya pose a major challenge: to optimize the use of
natural resources on one hand, and on the other, to
minimize the risk of degradation for the whole high-
land-lowland system.

FFor volcanic soils the main soil management chal-
lenges are as follows: The loose voleanie soil of ML
Kenya and the Aberdare Mountains is mainly under
forest cover. In areas where the forest has been cleared
for cultivation, there is a threat of reduced water infil-
{ration capacity and water storage capacity. This would

lead to increased surface runoff and soil erosion and
ultimately a decline in land productivity. A change of
natural vegetation to cropland on these loose volcanic
soils on the moderately to steep slopes of Mt. Kenya
and the Aberdares would require conservation meas-
ures. An additional constraint is the acidity of these
soils. The lower mountain slopes and upper plains
have deep soils with high water retention capacity,
good workability of the soils, and high fertility. These
soils in the semi-humid to semi-arid environment are
thus very suitable for rainfed crop production.

Figure 3. Generalized soil map and major soil
types (following page)
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Figure 4. Soils and land use in Kalalu (in the lower mountain zone of Mt. Kenya) and Matanya (on the vol-
canic plateau)

However, if soil cover is reduced, these red soils are susceptible to gully erosion if runoft water builds up
highly susceptible to surface crusting and sealing. The on the higher slopes. Surface sealing and crusting of
vertic properties of the soils on the plateau also include the soil presents the greatest challenge to all the soils
high fertility and storage capacity but the workability on gentle to steep slopes. When soil is not covered by
is restricted due to stickiness when wet and hardness vegetation or dead material, the surface becomes very
when dry. Furthermore, the rainfall is already critical hard, reducing water infiltration. The consequences
for rainfed agriculture. These soils create a manage- are high runoff losses, erosion, low seed germination,
ment challenge associated with tillage and accessibili- or poor development of the seedling. There is a
ty of these areas during the rainy seasons. vicious degradation cycle that ends in very bare areas

For the soils of the basement complex, the fol- where rainfall cannot infiltrate, vegetation cover can-
lowing management challenges occur: The soils on not be restored, and soils become eroded (Liniger and

the footslopes of the hills and scarps are extremely Thomas 1998).
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4. Impact of land use and soil management
4.1 Rainfall, runoff and soil water

A comparison of rainfall, evaporation, and runoff
water availability for the soils in the 3 zones (upper
and lower mountain zone and semi-arid plateau) is
presented in Figure 5.

In Karuri on the upper mountain slopes of M.
Kenya (Figure 5 left), there are clear periods of water
excess during the long rains (April - May) and the
short rains (October - November). On grassland with
good vegetation cover there is very little runoff,
whereas between 20-45% of the rainfall was lost from
the cropland in the heavy rainfall event during the long
rains. Soil moisture showed little variation during the
year and between the treatments. Basically, water sup-
ply was sufficient, except in the dry season of January
to February.

In Kalalu on the lower mountain slopes of Mt.
Kenya (Figure 5 middle). there were also periods of
excess water, although fewer than on the upper moun-
tain slopes . Runoff during heavy storms was very
high, often around 40 - 60% on overgrazed areas. On
cropland with good cover, e.g. mulch there was no
runofT, whereas under local treatment with less cover,
runoff can exceed 30 % of the storm. Soil moisture in
this zone clearly shows the difference between the dry
and wet seasons and the role of deep soil in storing
water during the wet season and making it available
during the dry season. Furthermore, the effect of the
land use is very striking in this zone. Mulching con-
serves more water and makes it available for the crops
(see below). There is also a marked difference
between cropland and grazing land. Grazing land has
less water available in the soil.

In the semi-arid plateau on the basement soils of
Mukogodo (Figure 5 right), rainfall is about hall of

Soil Water [ mm |

that in Kalalu and 40% of the amount in Karuri. In
addition, the evaporation rates are almost doulile those
on the slopes of Mt. Kenya. The result is a serious
water deficit. This is made worse by the high runoff
from soils that are not well covered, Bare soils, which
are common in this area, generally lose between 40
and 80% of rainwater to surface runoff (see below).
Soils with some cover have the capacity to store water
and make it available for the plants. There is little
variation in soil moisture during the year under bare
soils. Soils with some perennial grasses have the abil-
ity to recover and produce biomass during the rainy
season (as indicated by the change in the soil cover).

Comparing the 3 different zones, it can be said in
summary that as rainfall declines towards the low-
lands. the soils play a greater role in storing excess
rainfall water during single events and make the water
available to plants. The very deep soil at the lower
mountain zone of Mt. Kenya has the greatest capacity
to store water and to “stretch”™ the water supply. The
soil on the dry plateau in many cases has a greater
capacity to store more water than utilized, due to high
evaporation loss and high runoff,

4.2 Influence of forest and crop production on water
yield in the Mt. Kenya forest zone

Mountain forests and their deep soils play a role in
collecting water and releasing it to the river flowing
from Mt. Kenya and the Aberdares to the semi-arid
and arid lowlands. Vegetation and land use types have
a great influence on the water cycle, especially on
steep, erodible mountain slopes.

A comparison of natural forests with forest plan-
tations and cropland on Mt. Kenya showed that the
soil under cypress plantation was the driest, as the
water was used up much faster than under natural for-
est (Figure 6). Rainfall did not recharge the soil pro-

Rainfall [ mm ]
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Figure 6. Soil water under different land use / vegetation systems in the lower forest belt of Mount Kenya
(at 2400 m a.s.l.); November 1991 to May 1993 (Source: Njeru and Liniger 1994)
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file and thus there was no recharge of the groundwa-
ter table. Under natural forest, the soils were much
wetter and there were periods of groundwater
recharge. However, under crops (e.g. potatoes) the
soils were even wetter, with the highest groundwater
recharge. Although surface runoff occurred during
heavy storms, cropland still provided the greatest con-
tribution to groundwater and river flow. There are
many questions about the long-term effects of land
use on the water and land resources (Liniger and
Weingartner forthcoming). The change from natural
forest cover to other types of land use (often called
deforestation) has often been associated with destruc-
tion and degradation of natural resources. This is
based on observations and research findings which
show that in the first years of land use change (e.g.
from forests to agriculture), when the vegetation cover
is removed and the topsoil disturbed, high runoff and
soil erosion rates occur. However, after the first years
of transition, the negative impacts are reduced as
improved management practices take effect (Hamilton
1987). Soil cover, land management, and conservation
practices are important for sustainable use of
resources. Agricultural systems have been developed
in mountains all over the world without destruction of
natural resources and with a locally well-adapted sus-
tainable system of water and land use.

4.3 Intensification of crop production and agro-

Jorestry in the lower mountain slopes and the adja-

cent plateau

This is the zone where cropland has been expanding
over the last 3 decades. Since soils have been identi-
fied as very suitable for crop production and have a
high storage capacity, and the climate is only margin-
ally suitable for crop production, water has to be used
in the most efficient way.

Figure 7 shows the results of a comparison
between maize grain production under a local treat-
ment and a conservation method using mulching with
minimum tillage (with a cover of around 3 t/ha of
maize residues). Results are presented for 12 years in
the semi-arid to semi-humid lower mountain zone of
Mt. Kenya (Kalalu) and the semi-arid highland
plateau (Matanya) for the most commonly used maize
varieties. Kalalu has higher seasonal rainfall partly
because of the longer crop growing season, from
March to September, while Matanya has two short
crop growing seasons, from March to August and
September to February. Kalalu generally has higher
maize yields than Matanya due to differences in rain-
fall regimes. length of growing seasons, and variety
differences. However, the seasonal variation is
extremely high. During very high rainfall seasons,
both treatments produce high yield, and during
extremely low rainfall seasons both treatments fail.
Apart from these extreme seasonal variations,
mulching treatments generally produced higher yields

than local treatments (no mulch) at both sites (Liniger
1991), with the effect of water conservation in “nor-
mal” years, and with differences when the local treat-
ment led to crop failure and mulching at least pro-
duced a yield of around | t/ha or more. At the semi-
arid site this was the case in one-third of the seasons.
The main effect of the mulch treatment conservation
method is to reduce direct evaporation loss from the
soil surface, which is between 40 to 60% of seasonal
rainfall. '

Land use analysis showed the rapid increase of
agroforestry systems in the lower mountain zone of
Mt. Kenya and the highland plateau. Trees have been
planted in and mainly around cropland. There are sev-
eral uses for frees, including windbreaks, timber,
shade, marking of plot boundaries, etc. Another use is
to provide mulch material so that more crop residues
can be fed to the animals, However, trees also need
water and are likely to compete with crops. Another
long-term experiment revealed the competition of
trees with crops and the possibilities for improving
tree management and thus reducing this competition.
Figure 8 illustrates how Grevillea trees and locally
used live fences compete with maize crops, and how
this competition could be reduced by seasonally prun-
ing the roots of the trees and the live fence. But there
are additional labour costs involved in pruning the
roots. These were measured and compared with the
additional benefits of increased yields. In Figure 9, the
results are presented over several seasons, showing
that in the more suitable zone of Kalalu, the benefits
are generally much higher than the costs. For the
semi-arid zone, the workload is higher due to heavier
soils (vertic properties) and the increased risk of crop
failure. In the event of such failures, farmers’ invest-
ments cannot be recovered. However, other socio-eco-
nomic and cultural issues involved are important with
regards to small-scale farmers’ acceptance of new
technologies and further development of their own
water conservation methods (see Wiesmann 1998).

Given the high variability of the climate and the
soils, it is very expensive to set up trials for crop and
grass production at different sites. Furthermore, it is
very difficult to extrapolate the results over the last
20-30 years. Long-term monitoring sites have been
established for setting up and calibrating models that
can be applied to identify the potentials of different
management and plant varieties under different natu-
ral conditions. Figure 10 shows that seasonal rainfall
is not sufficient information to predict crop yield
because the distribution of the rainfall within the sea-
sons is a major factor affecting yields. Models are cur-
rently being developed to help as planning and deci-
sion-making tools, tc improve crop and grass produc-
tion and to minimize the risks of failures and degrada-
tion of the environment (Njeru 1998). A major ques-
tion is how far crop production can be pushed into the
dry Laikipia plateau with different conservation tech-
nologies, and what risks are involved.
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Figure 7. Maize yield variation over 12 years, with
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Figure 8. Agroforestry and competition with crops in Kalalu. Average for 1989 - 92
(Source: NRM? Database)
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Figure 10. Correlation of seasonal rainfall and maize yield production

4.4 Importance of grass cover in the platean and
lowlands

As previously mentioned, the main challenge in the
semi-arid plateau and the lowlands is to increase
grassland productivity and to reduce degradation
risks. Figure 8 in the paper by Gichuki et al. 1998b,
shows the high amount of water being lost to the sys-
tem during the heavy rains. Liniger and Thomas 1998
show how water loss through runoff and consequent
erosion are related to the soil cover. There is a need to
assure that a minimum soil cover of around 40% also
remains during the dry season, and that the perennial
grasses do not completely disappear due to extreme
grazing pressure. Even though the area still has a good
tree and shrub cover, the perennial grasses have dis-
appeared over large areas, and the consequences for
productivity and degradation are obvious.

Kinyua et al. (forthcoming) and Okello (1996)
clearly demonstrate the effect of different grazing land
conditions on productivity. If good grass cover is
maintained, the annual production and the value of the
fodder that is produced are several times higher than
on an overgrazed area, where perennial grasses have
almost disappeared. There is a nced for GRASS:
Ground Cover for the Restoration of Arid and Semi-
arid Soils, as elaborated in Liniger and Thomas
(1998).

5. Conclusions

Due to the high variability and scarcity of resources,
there is a need to fine-tune any land (and water) use to
the local biophysical as well as the socio-econonomic
situation. No blanket or miracle solutions can be
propagated.

However, the following considerations may be
applied:

In all parts of the basin, vegetation and vegetation
cover on the soil play a key role in the management of
water, soil and vegetation. In and above the mountain
forest zone, where the rainfall is higher than what is
needed for vegetation, the main challenge is to store
excessive water during the rainy seasons and release it
with seasonal delays during the dry season to the low-
lands. This entails keeping the surface of the soils
under good cover and preserving maximum storage
capacity. Below the forest zone, where there is a water
deficit, the challenge is to conserve as much water as
possible for vegetation and for human and animal use.
Losses of water have to be minimized. This can be
achieved by reducing surface runoff and loss by direct
evaporation from the soil surface. For both aims it is
paramount to have soil with a good cover and topsoil
management that preserves good soil structure.
Agroforestry, mulching, minimum tillage and other
waler conservation systems on  cropland, and
improved management on grazing land that ofler
higher productivity with less danger of resource
degradation, provide opportunities for improved
resource use and increased land productivity.

Maintaining or improving soil fertility, although
not further elaborated in this paper, are other major
aspects, since fertility is generally low on the base-
ment complex and fertility mining is showing increas-
ing constraints on the “naturally”™ fertile volcanic
soils.

Sustainable soil management implies using the
soil in a manner that does not compromise production
capacity for future generations and does not lead to
environmental problems downstream. African high-
land-lowland systems such as the Ewaso Ng’iro basin,
pose 4 major challenge to sustainable resource use:
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increasing pressure on limited natural resources in a
very complex highland-lowland system with great
resource variability as well as a wide variety of expec-
tations among different resource users.

¢ the potential conflict over resource use and
er of resource degradation requires improved
ze and practices in resource management. In
rder to optimize land management practices in a
highland-lowland system that do not deprive down-
stream users, good local and regional knowledge, a
cood database, and suitable management tools are
needed. The scarcer the resources, the better the
knowledge and the management of the resources and
their optimum use must be adapted to local situations,
There are still plenty of opportunities to improve the
use of land resources. The establishment of a Natural
Resource Information System (NRIS) and applied
research to improve local and regional resource use
(see Gichuki et al. 1998a), and continued exchange
and interaction between researchers, decision makers,
planners and local resource users, are preconditions
for sustainable development and meeting growing
demands.
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