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Abstract: Land use activities along River Nzoia Drainage Basin, Kenya, include cultivation along the river banks, over
grazing, deforestation, draining of wetlands for horticulture, harvesting of sand and brick-making. These activities have
brought about changes in soil properties in the drainage basin adversely affecting farming output and the ecosystem in general.
Consequently, it is important to understand how the different land use activities influence the soil properties in order to design
and implement effective soil management strategies. This study examined the effects of land use practices on selected soil
nutrients in Nzoia River Drainage Basin in Bungoma County. Cultivation and grazing were identified as important land use
practices, while undisturbed sites were treated as controls. Land use practices along the river were identified by actual
surveying of the study area. Secondary data on land use practices were obtained from technical reports, from local authorities
and government offices. Soil samples were collected from different land use areas using randomly placed Smx5m quadrats.
Solis were collected at depths of 15cm in zigzag grid layout in each sample quadrat using soil auger. A total of 72 soil samples
were collected in the study sites and analyzed for total nitrogen (N), available phosphorus (P) and organic carbon (C). Analysis
of variance and correlation were performed to determine the significant land use practices affecting soil N, C and P. Cultivation
had a significant effect on soil organic C mean value of 1.91 but negatively correlated with total Nitrogen and soil C while
undisturbed sites exhibited positive correlation with C (P< 0.05). On the basis of our findings, it is recommended that
conservation agriculture be practiced in the River Nzoia and its drainage system.
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deforestation is followed by conversion to other land uses,
the effects of deforestation are magnified. The major causes
of organic carbon losses are harvesting and burning of forest
global carbon dynamics [13, 29] and grasslands have residues, accelerated decomposition, decreased production of

received much attention for their substantial potential to act wood and roots, and erosion. NitrongI'l and sulphur are lost
as carbon sinks in the recent past (4, 7, 9, 21, 23]. With through the same pathways, and additionally by leaching to
stream- and ground-water, and by the anaerobic production

of nitrogen and sulphur containing gases. Phosphorus is lost
primarily through harvest and erosion. More than half of the
carbon and nitrogen and somewhat less phosphorus and
sulphur can be lost in sites where forests are converted to
other uses [16]. Losses of these elements following
deforestation are most rapid in sites with high decomposition
rates, especially in the tropics and on fertile soils. The

1. Introduction

Land-use changes are widely recognized as key drivers of

improved management practices, such as soil fertilization,
promotion of native vegetation, sowing of legumes and
replanting perennial grasses, most grasslands worldwide are
considered to be important carbon sinks [12]. However,
overgrazing and poor pasture management have led to
significant losses of carbon from soils [6, 10, and 11].
Deforestation causes increased losses of carbon, nitrogen,
phosphorus, and sulphur from terrestrial ecosystems. Where
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interactions of the carbon, nitrogen, phosphorus, and sulphur
cycles affect losses of any element through nutrient
limitations to biological transformations, ratios of element
availability, which cause either biological mobilization or
immobilization, and anion/anion interactions in the soil
solution [16].

Intensified cultivation practices often lead to widespread
increases in the levels of nitrogen and phosphorous in
lowland watercourses resulting in subsequent nuisance
growths of algae and other aquatic plants [3]. In New
Zealand for instance, the introduction of nitrogen fixing
clovers, use of nitrogen fertilisers, including the practice of
spreading animal wastes on pastures, and direct addition of
stock urine and faeces in pasture have increased the amounts
of nitrate leaching from pastoral catchments [3].

Reduction in vegetation cover reduces the amount of soil
organic carbon in the soil. Soil organic carbon has been
shown to be adequate in forest and bush lands in the upper
zones but deficient in the lower zones which was attributed to
the reduced plant cover and high rate of decomposition and
mineralization of organic matter in the lower zones [17]. The
results also showed that soil organic carbon was higher in
annual crops, pasture and fallow as a result of the addition of
farmyard manure or use of inorganic fertilizers.

Livestock grazing has been proposed to be the greatest
source of riparian habitat degradation [25]. Cattle consume
streamside vegetation, disturb soils, destabilise stream banks,
and churn up channel sediments, and deposit manure and
urine. Livestock damage to riparian vegetation and soils
destabilizes the banks and lead to mobilization of fine
sediments that in turn cause sedimentation in the channel and
reduced stream clarity [26]. In addition, more runoff of
sediments occurs from soil disturbed and compacted by
livestock trampling [18]. The resulting increased sediment
load is accompanied by particular nutrients that may
contribute to stream enrichment as well as eutrophication of
lakes and estuaries downstream (e.g., 15, 27] estimated that
bank erosion contributed 32% of sediment discharge and
10% to the export of phosphorus from agriculture catchments
in Canada.

A study on the effects of increasing grazing pressure on
soil carbon and nitrogen storage in temperate grasslands of
northern China revealed that carbon and nitrogen storage in
both 0-10cm and 10-30cm soil layers decreased linearly with
increasing stocking rate [30]. Carbon storage in the 0-10cm
soil layer was significantly higher in lightly grazed than in
heavily grazed grasslands after a five year grazing treatment.
Their findings suggest that there is an underlying
transformation from soil carbon sequestration under light
grazing to carbon loss under heavy grazing. It was
demonstrated that grazing increased the bulk density and
moisture content through compaction and exposure of the
soil to the sun, but reduced most soil nutrients through
feeding and subsequent erosion due to the reduced ground
cover [30].

This study sought to determine the effects of land use
practices on soil organic Carbon and total Nitrogen in the

Nzoia River Drainage Basin. The current agricultural
practices that involve deliberately maintaining ecosystems in
a highly simplified, disturbed, and nutrient rich state by
supplying limiting factors, especially water, mineral nitrogen,
and mineral phosphate in excess and active control of pests in
order to maximise production turns is a major problem of
nutrient management in Nzoia River Drainage Basin. There
is therefore the need to reclaim the soils and improve on its
properties in order to increase agricultural productivity in the
Nzoia River Drainage Basin in Bungoma County.

2. Materials and Methods
2.1. Study Site

Nzoia River Basin lies between latitudes 10 30°N and 00
05" S longitudes 34 0' W and 35 45 E. The Nzoia River
originates from the Cherengani Hills at a mean elevation of
2300 m above sea level and drains into Lake Victoria at an
altitude of 1000 m [19]. It runs approximately south—west
and measures about 334 km with a catchment area of about
12,900km2, with a mean annual discharge of 17777 x 106 m’
year. The study site in Bungoma East sub county extended
between longitudes 34°34'00" to 34°51'30"E and latitudes
0°23'00" to 0°37'30"N. The climate of the basin is mainly
tropical humid characterised by the day temperatures varying
between 16°C in the highland areas of Cherengani and Mt
Elgon to 28°C in the lower semi—arid areas on annual basis.
The mean annual night temperatures vary between 4°C in the
highland areas to 16° C in the semi—arid areas. Mean annual
rainfall varies from a maximum of 1100 to 2700mm and a
minimum of 600 to 1100mm. The area experiences four
seasons in a year as a result of inter-tropical convergence
zone. There are two rainy seasons, namely, short rains
(October to December) and the long rains (March and May)
and two dry seasons (If I understand well, is this
rearrangement correct?). The dry seasons occur in the months
of January to February and June to September ([19].

Among the main features in the area are the Nzoia Sugar
Company plantations, Malava Forests, the Nandi Escarpment,
and the Pan Paper Milling Factory at Webuye [19]. The
riparian communities engage in sugarcane agriculture,
fishing and livestock keeping along with subsistence farming
of maize, beans, sweet potatoes and cassava. Three main sites,
Kakimanyi, Nambalayi and Kuywa were sampled in the
study area. Grazing and horticulture were the main land use
practices while certain areas that were undisturbed (without
any land use practice), were treated as control sites during the
study.

2.2. Land Use Practices Data

Primary data was obtained through actual survey and
mapping of the study area to identify the land use practices.
Secondary data on land use practices was obtained from
research technical reports by the Nzoia River Basin
Management Initiative and local and government authorities
such as Webuye District Agricultural offices.
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2.3. Soil Collection and Analysis

Soil samples were randomly collected at depths of 0-15 cm
in a zigzag grid layout using an auger across the sample plots
of 5m x 5m in study sites under different land use practices
during rain and dry seasons. The individual samples of soil
were bulked and mixed thoroughly in buckets. A total of 72
soil sub samples were obtained from the bulks and packed in
clear labelled plastic bags. The samples were placed in cooler
boxes with ice for transportation to the laboratory. The
samples were air-dried, ground to pass through a 2-mm mesh
sieve for nitrogen, phosphorus and carbon analyses. Soil total
nitrogen was determined by semi micro-Kjedal digestion
method where 4.4ml of the digestion mixture (selenium,
lithium sulphate, hydrogen peroxide and concentrated
sulphuric acid) was added to 0.3g soil and digested for two
hours at 360°C. Later, 25ml of distilled water was added, the
solution cooled and aliquot of 5ml taken for distillation for
total nitrogen. Another aliquot of 5ml was taken and
available phosphorus determined by spectrophotometer
method at wavelength 880nm as described by [20]. Total
organic carbon was determined by oxidizing 0.3g of soil with
a solution of 5ml of 0.0667M potassium dichromate and

7.5ml of concentrated sulphuric acid in the digestion block.
The concentration of potassium dichromate remaining after
digestion was titrated with 0.033M ferrous ammonium
sulphate as described by [20]. Analysis of variance
(ANOVA), with the aid of General Linear Model, and
correlation analysis were performed between land use
practices and soil nutrients using SAS software to determine
the significant land use practices on soil nitrogen, phosphorus
and carbon soils were randomly collected in study sites based
on the land use practices using a randomized block design. .

3. Results

Figs 1, 2, and 3 show the levels of soil nutrients in the
different sites of the study area under different land use
practices. In all the study sites, total soil organic carbon was
highest in areas that were undisturbed followed by areas that
were under intense grazing (Fig. 1). Total nitrogen on the
other hand differed both by study site and land use practice
being highest in land under grazing, especially in Kuywa (Fig.
2). Phosphorus differed at different study sites under different
land use practices without showing any specific pattern (Fig
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Figure 1. Levels of total soil organic carbon in various study sites with different land use practice.
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Figure 2. Levels of total soil nitrogen in various study sites with different land use practice.
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Figure 3. Levels of available soil phosphorus in various study sites with different land use practice.

Selected results of ANOVA are shown in table 1. These
results clearly show that cultivation significantly decreased
soil organic C.

Table 1. Effects of land use practices on the mean soil total nitrogen (N),
available phosphorus (P) and carbon (C) in the River Nzoia Drainage Basin.
Means followed by different letters within a row are significantly different
(ANOVA; P <0.05).

Land use practice  Total N % Available P ppm Organic C %

There were no significant differences between grazed and
undisturbed sites for total nitrogen and phosphorus (P> 0.05).
Similarly, cultivation did not significantly affect N and (P >
0.05).

At significant level of P <0.05) undisturbed sites positively
correlated with soil organic carbon (r=0.50785; p=0.0001). In
addition, cultivation negatively correlated with total N and
soil organic carbon (r= -0.29010 and P=0.0222; and r= -

Grazed 1.64a 2.60a 1.97a 0.41052 and P=0.0009 respectively).
Cultivated 1.64a 2.66a 1.91b
Undisturbed 1.64a 2.69a 1.99a
Table 2. Pearson Correlation Coefficients between land use practices and soil nutrients (number in parenthesis is the probability (P)-value).
Practices Grazed Cultivated Undisturbed Nitrogen Phosphorus Carbon
-0.40394 -0.34941 0.04866 -0.13928 0.19000
Grazed 1:00000 (0.0011) (0.0054) (0.7072) (0.2803) (0.1391)
. -0.40891 -.29010 0.11236 -0.41052
CalivEEs 100000 (0.0010) (0.0222) (0.3846) (0.0009)
. -.08292 0.07712
Undisturbed 1.00000 (0.5217) (0.5513) 0.50785 (0..0001)
. -0.13940 0.18120
Nitrogen 1.00000 (0.2799) (0.1587)
Phosphorus 1.00000 -0.16806 (0.1917)
Carbon 1.00000

4. Discussion
4.1. Land Use Practices

The observed land use practices in the study area are
attributed to residents in these areas who rely on farming for
both commercial and subsistence reasons. The other reason is
the existence of the two sugar industries (Nzoia Sugar
Company and Mumias Sugar Company) and the Webuye
maize milling plant. These industries have encouraged
farmers to cultivate more sugar canes and maize so as to earn
a better living. Undisturbed areas have been preserved for
purpose of cultural practices especially circumcision.

4.2. Cultivation and Soil Organic Carbon

Correlation between land use practices and soil organic
Carbon was negative (r= -0.44, P= 0.0004). This is probably
because under heavy cultivation practices, the soil is broken
and highly churned thus improving the aeration. It also
exposes soil organic matter to micro-organisms that later on
enhances decomposition of soil organic matter hence a
decline in soil organic carbon. More so, the crops in
cultivated areas are usually harvested by removing both the
fruit and the foliage which finally leads low addition of
organic matter levels and hence a decline in soil organic
carbon [29].

Studies by [14] demonstrated a decline in soil organic
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carbon over time while trying to compare the conversion of
land from grass land to arable cultivation land. Studies by [1]
have shown that the highest carbon stocks are found in

natural forest, artificial forest and artificial grassland
ecosystems, and that continuous cropping reduced carbon
stock by about 70%.

Table 3. Standard levels of Soil Nutrients (N, P and C) [20] .

ORGANIC CARBON TOTAL NITROGEN AVAILABLE PHOSPHORUS
> 3.0 High > (.25 very high

1.5 — 3.0 moderate 0.125 — 0.25 moderate = (i ey o

0.5— 1.5 low 0.05 —0.125 low

< 0.5 very low < 0.05 very low

Grazing did not have any significant effect on soil N, P and
C. This contradicts the findings by other researchers that
have shown that grazing depresses soil organic carbon
content and storage [24 and 28]. It has been demonstrated
that there is a range of potential indirect mechanisms through
which soil carbon may be affected by increased grazing [2, 5,
and 22]. It appears that grazing depresses soil organic carbon
storage through reducing plant biomass especially by
removal of palatable grasses and sedges that built soil carbon
pools. Palatable plant species generally produce litter of high
quality for decomposers than do unpalatable species [9]. The
results of our findings can be attributed to the system of
grazing that is practiced in the basin. Grazing is small scale
with very few animals as most farmers prefer the cultivation
of maize and sugar cane to rearing of livestock. Secondly
most of their grazing grounds are usually used for growing
some crops that are harvested after a short season.

The total Nitrogen and available Phosphorus were
selectively affected by the land use practices. Cultivated and
grazed sites had higher total N unlike undisturbed sites. This
fact takes place probably because of the chemical and organic
fertilizers used, waste products such as dung and urine from
animals [3].

5. Conclusions and Recommendations

In conclusion, cultivation and fallow demonstrate an
inverse significant influence of the soil carbon. Whereas
cultivation reduced soil carbon, leaving the land under fallow
increased the soil carbon. Soil nitrogen and phosphorus were
unaffected by land use practices point to their resilience to
land use changes. In all the study sites, available phosphorus
was below the standard levels [20] except in one study site
(Kakimanyi) where the levels were higher under cultivation
and undisturbed sites. Organic carbon and nitrogen were
moderately high in all the study sites under different land use
practices.

On the basis of our findings, we recommend that
conservation agriculture be practiced in the River Nzoia
Basin and its drainage system. Interspersing different land
use practices can help in recovery of nitrogen, carbon and
phosphorus. On the basis of the effects on the three nutrients
studied, grazing and fallow are recommended as the
preferred land use practices because of their minimal effects
It is also recommended that more studies need to be carried
out given the extensive nature of the Nzoia River Basin.
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