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Abstract: Land-use and land-cover changes are the main cause of soil degradation and associated human and environmental
problems. The study was conducted in Mai Mahiu ecosystem, Kenya whose aim was to assess long-term (1985 to 2015) impacts of
land-use and land-cover changes on soil health with disturbance-induced vegetation distribution. Landsat archive was utilized to
detect land-use change for 30 years at an interval of 15 years and analysed based on supervised image classification. Four land-use
practices (undisturbed forest, disturbed forest, cropland and grassland) were selected and soil sampled to 15 cm depth for soil
analyses. In this period, cropland increased by 135% at the expense of natural forest while built-up areas increased by three times.
Soil bulk density increased significantly (p<0.001) from 0.93±0.02 g cm-3 in forest soil to 1.27±0.02 g cm-3 in disturbed grassland.
Soil pH had significant change (p=0.002) that ranged between 6.19±0.14 and 7.18±0.12. Soil organic carbon declined significantly
(p=0.008) with land-use change with losses of up to 63% recorded in disturbed grassland. Total nitrogen levels declined from 0.34%
in the forest to 0.15% in disturbed grassland soil. The pronounced changes in land-use and land-cover in Mai Mahiu have negatively
affected the soil health with a potential drop in soil productivity and ecosystem provisioning. An integrated approach, enforcement of
relevant laws and policy implementation are recommended to restoring and maintaining soil quality of this ecosystem.

Keywords: Land-use, Land-cover, Soil health, Mai Mahiu ecosystem, Kenya.
INTRODUCTION
Anthropogenic land-use/cover changes are the major cause of soil degradation which has adversely affected
ecosystems productivity and wellbeing of the global population. This is due to unsustainable, exploitative and
intensification of land-use to satisfy needs for food, energy, feed, fibre and infrastructure development for the rapidly
growing population (Lambin et al., 2006; Ellis, 2010) that have led to alteration of 70% of global land (FAO, 2015;
IPCC, 2018) leading to reduction and continued disturbance of forested areas, native grasslands and wetlands (Bahn et
al., 2006). The practice has led to soil degradation through accelerated soil erosion processes thus affecting soil quality
which is a vital component of ecosystems and earth system functions that support the delivery of primary ecosystem
services (Keesstra et al., 2016) and human wellbeing especially in the under-developing tropical and sub-tropical
nations of Africa, Asia, Latin America and the Caribbean.
In the sub-Saharan Africa land use and cover, changes have led to removal of top fertile soil layer (Lal, 2003;
Symeonakis et al., 2007; Onur et al., 2009; Ries, 2010) that has resulted to the decline in agricultural productivity
(Bationo et al., 2004), decline and/or loss of biological diversity, water quality and quantity, climatic variability,
droughts, floods, crop failure and off-site effects. This has made the international community get more concerned about
rapid environmental change associated with land-use and land-cover change (Braimoh & Osaki, 2010).
The Mai Mahiu ecosystem is an important ecological area since it consists of a great portion of the upper Ewaso
Kedong water catchment that supports many livelihoods and drains into ecologically sensitive Lake Magadi. Over the
last forty years, the area has experienced rapid population growth which is associated with in-migration influenced by
social and economic factors. The changes have led to changes in vegetation distribution. The unsustainable land-use
practices were believed to have brought degradation subsequently compromising the resilience and productivity of the
ecosystem. It has become an important issue in sustainable development that requires an integrated assessment of the
environment to understand the nature and extent of problems and come up with mitigation measures. To achieve
sustainable development, timely, accurate and current information about land-use and land-cover change is extremely
important for proper planning (Lambin & Geist, 2007; Anil et al., 2011).
This study sought to assess the extent and nature of land-use/cover changes and their impacts on soil health under
disturbance-induced vegetation distribution in the area. There is no detailed research that has been carried out in this
ecosystem, therefore; limited data exist that can be used for planning for effective protection and restoration of a
disturbed ecosystem.
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MATERIALS AND METHODS
Study area
The study was conducted in Mai Mahiu situated at latitude between 0º 56′ 0″ S and 1º 2′ 0″ S, longitude between 36º
30′ 0″ E and 36º 36′ 0″ E and elevation of 1832 m above sea level in Naivasha sub-county, Kenya (Fig. 1). The area
receives mean total annual rainfall of 800 mm distributed bimodally where long rain season starts in March and ends in
May and the short rain season as from October to December. The annual minimum temperature ranges between 15.9ºC
and 17.8ºC with a mean of 16.8ºC while the annual maximum temperature range is between 24.6ºC and 29.3ºC with a
mean of 27.0ºC. Soils are predominantly Nitosols with a mixture of Andosols, Cambisols and the Regosols. Vegetation
is dominated by savannah-type woodlands and grassland formations that are characterized by closed and open shrubs
amidst isolated trees. Dominant vegetation includes Acacia xanthophloea (Benth.) that covers open grassland;
Euphorbia inaequilatera Sond., Euphorbia candelabrum (Kotschy) and scrub mainly Felicia muricata Thunb.,
Tarchonanthus camphorantus L. and Rhus natalensis Bernh.

Figure 1. Map of Kenya showing Mai Mahiu (Study area).

Land-use and land-cover change analysis
The Landsat archive was utilized in the land-use/cover change analysis. Images were acquired from the Global
Visualization Viewer (Glovis) archive. The images were at 15 years interval from 1985 to 2015 (Table 1) with cloud
cover ranged from 0.34 to 5% leaving 95% of pixels in the majority of the scenes usable for further procedures. One
Landsat scene covered an area of 250 km2 and the images were taken after every 16 days in different rows and columns
to determine changes within this period. The Maximum Likelihood Classification was applied to capture the spectral
information of land cover classes. Sampling points which act as the ground truth sites were captured from the field by
the GPS which was applied in accuracy assessment on image classification.
Table 1. Dates and scene ID of the Landsat Images used over the study period.
Year
Day and Month
Path/Row
Entity Id
1985
18/Jan
168/061
LT05_L1TP_168061_19850118_20170219_01_T1
2000
21/Feb
168/061
LE71680612000052EDC00
2015
03/Feb
168/061
LC08_L1TP_168061_20150203_20170426_01_T1

Soil sampling
Soil samples were collected from four land use and land cover (LULC) types namely: native forest, disturbed forest
dominated by Tarchonanthus camphoranthus L., disturbed forest dominated by croton spp., cropland and severely
grazed field to 15 cm depth using soil auger and cylindrical core rings. Soil samples were air-dried and sieved through a
2 mm mesh. Soil particle size fractions were determined by the hydrometer method (Bouyoucous, 1951), dry bulk
density by the core method (Blake, 1965), soil pH by a pH meter (Rhoades, 1996), soil organic carbon (SOC) by the
Walkley-Black method (Black, 1965) while total nitrogen (TN) was determined by Kjeldahl method (Bremner, 1996).
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Data analysis
Soil data from the four land-use modifications/conversions were analysed and compared with native forest soils to
detect changes that have taken place. Analysis of variance (ANOVA) was used to detect significant differences (p =
0.05) in the soil attributes across land use/cover types in Genstat 15th edition (Payne et al., 2012). A least significant
difference (LSD) was used for mean separation.
RESULTS AND DISCUSSION
Land-use and land-cover clusters in 1985 showed thorny shrubs covering an area of 120.3 km2 (34%) and heathland
which covered an area of 68.2 km2 (19%) while the evergreen trees occupied 35 km2 (10%) of the study area. The least
land coverage was observed on the cropland (8%), deciduous trees (4%) and the built-up area (3%). Natural vegetation
had not been cleared in 1985 (Table 2). The human activities were minimal in the study area which most likely explains
the reason why there is relatively minimal land coverage of built-up areas, disturbed soils, roads, croplands, and bareland.
Table 2. Land-use and land-cover in Mai Mahiu in 1985, 2000 and 2015.
1985
2000
Land-use/cover type
Area (km2) Coverage (%)
Area (km2) Coverage (%)
Deciduous trees
15.7
4%
20.9
6%
Grassland
49.6
14%
35.1
10%
Bare land
29.0
8%
53.7
15%
Roads/Built-up/soils
9.8
3%
19.9
6%
Evergreen Trees
35.0
10%
28.2
8%
Thorny Shrubs
120.3
34%
79.6
22%
Heathland
68.2
19%
37.9
11%
Cropland
27.3
8%
79.6
22%
Grand Total Area (km2)
354.9
100%
354.9
100%

Area (km2)
25.3
30.9
34.1
29.9
48.8
67.0
54.8
64.2
354.9

2015
Coverage (%)
7%
9%
10%
8%
14%
19%
15%
18%
100%

The major part is covered with thorny shrubs and heathland which stretch from Mt. Longonot in the north-western
part to south respectively. Croplands and also the built-up areas are not pronounced in the area (Fig. 2).

Figure 2. Satellite image on land-use and land-cover in Mai Mahiu in 1985.

The year 2000, the study area showed equal-area coverage of cropland and thorny shrubs (22%). The bare-land
covered an area of 53.7 km2 which is 15% while the grassland coverage was 35.1 km2 (10%). The evergreen trees
covered 28.2 km2 (8%) while the roads and built-up area was 6% (19.9 km2). Land-use and land-cover clusters were
almost equally distributed as shown in the map below (Fig. 3). The land covered with grassland and heathlands were
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almost equal in size (10%) while the minimal land coverage is observed with built-up areas and deciduous trees. The
cropland extends from north to south was widely distributed areas. During this year the population in the area was likely
to have increased that why we can observe more land being used as cropland.

Figure 3. Satellite image on land-use and land-cover in Mai Mahiu in 2000.

Figure 4. Satellite image on land-use and land-cover in Mai Mahiu in 2015.

In the year 2015, the land-use and land-cover map shows a decrease in the active cropland which covered 64.2 km2
(18%) and an increase in the heathland covering 54.8 km2 (15%). The built-up area and the bare-land covered an area of
29.9 km2 and 34.1 km2 respectively. The increase in the heathland is attributed to the decrease in the active cropland.
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The coverage of the shrubs and cropland was relatively equal while the minimal land coverage was observed on the
areas with deciduous trees, grassland and built-up area (Fig. 4).
The evergreen trees and deciduous trees are well observed on the eastern margin of the area which is approximately
16% of land in the study area (Table 2). The heathland and cropland are observed mainly within the central region of
the study area. Mt. Longonot which lies at the northwestern part of the area is dominated by the evergreen trees
especially at with the dormant crater area and thorny shrubs on the hillslopes. The built-up area and the exposed soils
are observed in dark patches in the map.
Land-use and land-cover change detection for the period 1985-2015
The land-use and land-cover clusters that showed significant changes are highlighted in the table whereby the
decreased coverage as indicated with negative value while the increased coverage is indicated with a positive value
(Table 3). For example, the cropland shows a significant increase from 27.3 km2 to 79.6 km2 between 1985 and 2000. In
the same year, the area used as a built-up area and roads in 2000 was almost double the same type of LULC in 1985
with a 104% increase. The bare land increased by 85% between 1985 and 2000. In 2015, the evergreen trees showed a
tremendous increase of 73% from 1985.
The heathland increased by almost half (45%) between 2000 and 2015. This observation was corresponding to the
decrease of the bare-land by -19.7 km2 (-37%) in the same period. In 15 years the land used as built-up area and roads
coverage had increased by almost three times from 9.8 km2 to 29.9 km2 between 1985 and 2015. The cropland
significantly increased by 135% covering an area of 27.3 in 1985 and 64.2 km2 in 2015 respectively.
Table 3. Land-use and land-cover change detection for the period 1985-2015.
Land use/cover type
1985
2000 % change
2000
2015
Deciduous trees
15.7
20.9
33%
20.9
25.3
Grassland
49.6
35.1
-29%
35.1
30.9
Bare-land
29.0
53.7
85%
53.7
34.1
Roads/Built-up/soils
9.8
19.9
104%
19.9
29.9
Evergreen Trees
35.0
28.2
-19%
28.2
48.8
Thorny Shrubs
120.3
79.6
-34%
79.6
67.0
Heathland
68.2
37.9
-45%
37.9
54.8
Cropland
27.3
79.6
192%
79.6
64.2
Grand Total
354.9
354.9
0%
354.9
354.9

% change
21%
-12%
-37%
50%
73%
-16%
45%
-19%
0%

1985
15.7
49.6
29.0
9.8
35.0
120.3
68.2
27.3
354.9

2015 % change
25.3
61%
30.9
-38%
34.1
17%
29.9
206%
48.8
39%
67.0
-44%
54.8
-20%
64.2
135%
354.9
0%

For about 30 years period (1985-2015) significant land use and land cover changes were observed as highlighted in
Table 4. During that period 0.6 km2 which was covered with deciduous trees in 1985 was used as a built-up area in
2015. Other changes show that 5.1 km2 of grassland, 2.2 km2 of bare land, 0.1 km2 of evergreen trees, 11.9 km2 of
shrubs and 4.1 km2 of heathland were all converted to built-up areas in 2015. Shrubs land was cleared and resulted to
15.8 km2 of grassland, 17.7 km2 turned to be heathland and 7.8 km2 used as cropland in 2015. The evergreen trees seem
less disturbed but the shrubland was the most affected and cleared to pave way for settlements, cropland and other parts
left as bare-land among other changes.

LULC 1985

Table 4. Land use change between 1985-2015 in Mai Mahiu.
LULC 2015 (km2)
Deciduous
Grass- Bare- Roads/ Builttrees
land
land
up & soils
Deciduous trees
5.0
0.2
0.0
0.6
Grassland
3.7
7.1
4.2
5.1
Bare-land
0.9
1.6
10.3
2.2
Roads/Built-up/soils
1.7
1.6
0.2
1.9
Evergreen Trees
1.9
0.0
0.0
0.1
Thorny Shrubs
6.0
15.8
1.0
11.9
Heathland
5.7
3.8
15.0
4.1
Cropland
0.3
0.8
3.3
3.9
Grand Total
25.3
30.9
34.1
29.9

Evergreen
trees
5.8
0.3
0.0
0.4
31.3
9.4
1.6
0.0
48.8

Thorny
Shrubs
2.8
4.3
0.3
1.5
1.4
50.9
4.6
1.2
67.0

Heathland

Cropland

1.1
14.5
6.3
2.2
0.1
17.7
10.7
2.2
54.8

0.1
10.4
7.3
0.2
0.0
7.8
22.8
15.5
64.2

Grand
Total
15.7
49.6
29.0
9.8
35.0
120.3
68.2
27.3
354.9

Land-use changes especially in the developing world are caused by agricultural expansion and deforestation (Geist
& Lambin, 2002; Alejandro et al., 2007; Kathumo, 2011). The observed changes in land-use/cover can be associated
with rapid population growth that had significantly increased in the area since the 1990s. This led to unsustainable land
and resource utilization including deforestation, agricultural expansion and other land-use conversions to satisfy various
needs. Poor agricultural activities have led to the abandonment of land cultivation for other economically viable
practices such as sand harvesting and quarrying that are on high demand in the nearby commercial towns of Naivasha,
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Nairobi and Narok. Drigo (2005) notes that population growth and density as main factors that lead to clearing the
forest area for agricultural activities in a given region.
Changes on soil properties
Bulk density increased with land-use change and ranged between 0.93 g cm-3 and 1.27 g cm-3. Lower bulk density
values of 0.93 g cm-3 were recorded in undisturbed forest soil compared to intermediate values of 1.07 g cm-3 and 1.16 g
cm-3 in the disturbed forest where Croton spp. and Tarchonanthus camphoratus L. were dominant vegetation,
respectively. Cultivated and severely grazed fields recorded higher values of 1.23 g cm-3 and 1.27 g cm-3, respectively
(Table 5). The increase in bulk density with disturbance ranged between 12 and 25%. The values were statistically
different (p<0.001) across land-use and land-cover types. Bulk density is an important soil physical index that tells
about the state of soil structure and state and transport of matter including water movement and storage, aeration and
thermal conductivity in the soil system. This index is promoted by soil aggregation which is influenced by soil organic
matter, microorganism activity and their by-products, inorganic substances and soil management (Weil & Brady, 2017).
The causes of the increase in bulk density in the study area were attributed to the deterioration of soil structure due to
loss of soil organic matter, soil compaction, loss of vegetation cover, poor tillage/cultivation practices and overgrazing.
It is noted that deforestation and poor tillage practices for can increase bulk density by 20% (Hajabbasi et al., 1997)
thereby affecting hydraulic conductivity and water transmission in the soil (Biro et al., 2013).
Table 5. Mean comparison of soil physical and chemical properties under different land-use and land-cover
practices within Mai Mahiu study area.
Land-use and Land-cover practices
Undisturbed
Disturbed
Disturbed forest
Cropland
Disturbed p-value
Soil parameter
forest forest (Croton- (Tarchonanthusgrassland
dominated)
dominated)
Bulk density
0.93±0.02a
1.07±0.04b
1.16±0.01bc
1.23±0.03c
1.27±0.02c
<0.001
c
bc
bc
ab
pH
7.18±0.12
7.09±0.18
6.82±0.12
6.51±0.08
6.19±0.14a
0.002
Total N (%)
0.34±0.06b
0.33±0.02b
0.27±0.04ab
0.17±0.01a
0.15±0.01a
0.005
Total SOC (%)
3.55±0.58b
3.47±0.32b
2.65±0.37ab
1.79±0.23a
1.59±0.12a
0.008
C/N ratio
10.33±0.01a
10.37±0.45a
10.05±0.31a 10.44±0.79a 10.61±0.08a
0.919
Note: Alphabets a, b, c same letter indicates no statistical difference at p<0.05.

Soil pH decreased with disturbance and ranged between 7.18 and 6.19 across land-use practices. Mean pH values
were 7.18 in undisturbed forest, 7.09 in the croton-dominated field while soils from Tarchonanthus camphoranthus
vegetation, cropland and disturbed grassland fields recorded lower average values of 6.82, 6.51 and 6.19, respectively.
Analysis of variance showed a significant difference (p=0.002) in pH values across land-use practices. Soil pH is a
general indicator and integrator of the nutrient release environment and soil contamination (Weil & Brady, 2017).
Higher pH value in the forest and croton-dominated soils was attributed to a higher amount of debris and organic matter
in these soils compared to lower values in Tarchonanthus camphoranthus-dominated soils which may be attributed to a
high concentration of acidic elements in floral parts which, upon abscission and decomposition, they decrease soil pH.
On the other hand, low pH values in cropland and severely grazed field is because of loss of basic cations through soil
erosion and nutrient mining through crop harvesting without return of organic materials into the soil. Another possible
explanation could be the use of acidic fertilizers such as diammonium phosphate and calcium ammonium nitrate which
have increased hydrogen ion concentration in the cropland.
Soil organic carbon concentration was high in undisturbed forest soil (3.55%) followed by disturbed forest where
Croton spp dominating (3.47%), a disturbed forest where Tarchonanthus camphoranthus is dominating (2.65%),
cropland (1.79%) and disturbed grassland (1.59%). Conversion of the forest led to a 63% SOC loss in disturbed
grassland, 57% in cultivated fields, 35% in Tarchonanthus camphoranthus-dominated vegetation and 17% in crotondominated vegetation. There was a significant difference in soil organic carbon concentrations (p=0.001) across landuse practices. Total nitrogen concentrations varied widely across land-use practices. There was a significant difference
(p=0.005) in these values across land-use/cover practices with forest soils recording higher mean value of 0.34%
followed by 0.33% in croton-dominated and 0.27% in Tarchonanthus camphoranthus-dominated soils. N losses
observed in disturbed grassland and cultivated soils fields represented 55.9 and 50.0% of the original stock respectively.
Soil organic carbon (SOC) is vital for enhancing and promoting soil fertility for agricultural production that is
sustainable and carbon storage and climate change resilience (Luo et al., 2019). Soil organic carbon and nitrogen are
key indicators used in assessing soil productivity in different land uses and management. The decrease in C and N with
land-use changes notably in severely grazed and cropland and Tarchonanthus camphoranthus-dominated fields is a
manifestation of a degraded ecosystem. Land-use and land-cover modifications have enhanced SOC depletion through
various mechanisms including oxidation/decomposition and biological mineralization and exposure of occluded organic
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carbon through tillage practices, reduction in the input of organic materials or residues and erosional losses in cultivated
soils and disturbed grassland. The poor land-use practice has led to land degradation consequently affecting soil health
through depletion of soil organic matter, nutrients and erosion (Six et al., 1999; Lal, 2003; Solomon et al., 2007). Landuse and land-cover changes can lead to losses of up to 58% of the initial SOC pools especially in the tropical soils that
store 32% of global soil C stocks (Basweti, 2009; Bonilla-Bedoya et al., 2017).
Carbon:Nitrogen (C:N) ratio had no significant difference (p=0.919) across land-use/cover change with mean values
ranging between 10.05 and 10.61. There was a positive correlation (r=0.978) between carbon and nitrogen. Lack of
statistical significance in Carbon:Nitrogen (C:N) ratio is attributed to similar SOC and N loss kinetics that lead to a
positive correlation between the losses of SOC and N with time. C/N ratios were similar to average values reported for
agricultural soils by Solomon et al. (2007).
CONCLUSION
It is concluded that significant land-use/cover change has taken place in Mai Mahiu ecosystem that has resulted in
drastic changes in soil properties. If unchecked, it can lead to loss of productivity of and economic opportunities from
this ecosystem. Disturbance-induced land/vegetation cover changes can be used as a general outlook of the nature of
soil conditions in the disturbed and degraded tropical ecosystems.
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