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ABSTRACT

Land use land cover changes have been recognized as the main factors in the process of soil
resource degradation in south western Ethiopia. The aim of this study was to determine the
land use and land cover change in the year of 1986, 2001land 2018, and to assess soil
physico-chemical properties at different land use types in Semen Bench district. The primary
data obtain Landsat satellite image (Landsat data): Thematic Mapper (TM) 1986, Enhanced
Thematic Mapper Plus (ETM+) 2001 and Thematic Mapper (TM) 2018 obtained from USGS.
Soil samples were collected from three land uses, namely forestland, agro forestry and crop
land at 0-30cm depth. The satellite image of Landsat TM for 1986,Landsat ETM+for 2001
and LandsatTM for 2018 were analyzed using EARDAS IMAGINE 2015.Supervised
classification method using the decision rule of maximum likelihood classifier algorithm was
used to classify LULC map. Accuracy assessment in this study was made using the original
images and interview with elders who live in the study area for 1986, 2001 and field
observation and Google Earth image used for the 2018 study period. Eighteen soil samples
were taken at a depth of 0-30cm from three land uses (agro forestry, crop land, and
forestlands) of one kebele with six replicationsand one way Analysis of variance (ANOVA)
were used to test the difference among land uses. The overall classification accuracy for the
period of 1986, 2001 and 2018 was 90%, 87.5% and 90% with kappa coefficient of 0.87, 0.83
and 0.87 respectively. The result of this study indicated the strong agreement as the value is
greater than 0.8. LULC change detection of the periods of 1986 to 2018 showed there were
changes in several LULC classes. The net change of land cover class from 1986 to 2018
revealed to agro forestry and settlement were consecutively increased by 47.1% and 2.86%
while forest land and cropland were decreased by 19.98% and 30.02% respectively. The soil
physico-chemical properties result showedthere were significant differences (P <0.05) in
between land use types. Soil OC, pH,OM,TN,AK,AP,EC ,CEC, exchangeable base and bulk
density) were significantly different (P<0.05). Generally, the result showed land use change
has adverse influence on soil physico-chemical properties. Therefore, sustainable
conservation of natural forest and integrated soil management system are recommended to
maintain forest resources and soil quality.

Keywords:Cropland, Agro-forestry,Forest,Landsat,Soil physical property, soil chemical
property
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1. INTRODUCTION

1.1 Background

Land use and land cover change (LULCC) is a general term used for the human alteration of
Earth’s terrestrial surface (Pielke et al., 2011). LULCC are widespread, accelerating, and
significant processes driven by human actions. Human activities to obtain food and other
essentials goods and services have modified land for thousands of years and likely to continue
in the future. The current rates, extents and intensities of LULCC are far greater than ever in
history, driving unprecedented changes in ecosystems and environmental processes at local,

regional and global scales (Agarwalet al., 2002).

Causes of LULCC at all level are associated with several natural and human induced factors
(Rahdaryet al., 2008). However, human induced causes are the severe one, which are grouped
as direct(proximate) human effect such as agricultural expansion, wood extraction,
infrastructure expansion, and indirect (underlying) effects such as demographic, economic,
technological, policy , institutional and cultural factors(Geist and Lambin, 2002). According
to these authors, the indirect causes are the fundamental forces that activate the direct causes.
For instance, increasing the number of population generally results in increasing demand on
land for living and agricultural production.In developing countries like Ethiopia the improper
land use and land cover change like deforestation, overgrazing, and expansion of agricultural
lands has left the land barren, which reduces the biomass (vegetation cover) and results in a
decline in soil organic matter content, availability of nutrients and soil moisture (Mao
andZeng, 2010). These changes encompass the greatest environmental concerns of human
populations including climate change, biodiversity loss and soil resource degradation.
Consequently, land use and cover changes could lead to a decreased availability of different
goods and services for human, livestock, agricultural production and damage to the

environment (Geist and lambin, 2001).

LULCC have several undesirable consequences like decline in soil fertility, soil carbon and
nitrogen stocks (Lemenih, 2004; Lemenih and Itanna, 2004; Tesfayeet al., 2016; Henoket al.,

2017). Land degradation is a serious problem in Africa, but it is most severe in the densely



populated highlands of East Africa (Pender et al., 2006) like Ethiopia (McGinley, 2008).
Forest cover change in Ethiopia is estimated to be decline from 17 million ha in1955 to 3.4
million ha in 1979, which is about 80% drop with 24 years (Hailemariamet al.,2016).In
Ethiopia, rapid population growth and environmental factors lead to the conversion of natural
forest and grassland into cultivated farmland (Tesfahunegn, 2013) and have contributed to soil
degradation and soil loss by deteriorating the soil physical and chemical properties and make
the ecosystem more delicate and susceptible to land degradation (Karltunet al., 2013). The
country’s inherently fragile soils, undulating terrain, highly erosive rainfall and the
environmentally destructive farming methods that many farmers practice make soil highly
vulnerable to soil erosion. The conversion of forest to other land use like agriculture is getting
serious, especially in highland area of Ethiopia. These unsustainable LULCC are recognized

as the main factors in the process of soil resource degradation (Mulatu, 2014).

For instance, radical losses in soil fertility, soil carbon and nitrogen stocks have been recorded
in the first 20-25 yearsafter deforestation in the southern region of Ethiopia (Lemenihet al.,
2004; Mekuria, 2005; Tesfaye etal., 2016). Furthermore, various studies (e.g. Lemenihet al.,
2004; Lemmaet al., 2006; Yimeret al., 2007) showed LULCC have adverse effect on soil
physical and chemical properties in Ethiopia. Similar study carried out in south western part
of Ethiopia showed land use changes have adverse effect on changes soil physico-chemical
properties (Mulatuet al., 2014). Kassa et al. (2017) also reported loss of soil organic carbon
and nitrogen due to the conversion of forest to cropland. Therefore, it can be understood
fromthe foregoing studies that it is hardly possible to draw uniform conclusion on the impact
of land use andland cover change on physical and chemical properties of soil, which reveals
the necessity to conduct studies at local spatial scale. The southwestern highlands of Ethiopia
which hold four potential natural vegetation zones (Afromontane rainforest, dry peripheral
semi-deciduous Guineo-Congolian forest, transitional rainforest and riverine forest
vegetation) (Friiset al., 1982; Tadesse, 2007)have forests that provide different environmental
contributions like soil fertility sustenance, soil erosion protection and climate change
mitigation (Mekuria, 2005; Getachew et al., 2010;



Aticho, 2013; Henoket al., 2017). However, the increasing human population and the growing
need for expansion of agricultural land have led to deforestation in this area. For instance, the
region’s coffee-based agro forestry and cereal cultivation have undergone a rapid expansion
to forest area owing to the growing demand for food crops ,coffee, spices and the fruit market,
driven by the resettlement expansion, commercial investment, land tenure policy, and socio-
economic issues (Mekuria, 2005;Dereje, 2007). These and other demands such as expansion
for subsistence farming, fuel wood extraction, and timber extraction are major causes for

LULCC in the area and have considerable influences on soil physico-chemical properties.

1.2. Statement of the problem

The most significant global challenges in this century relates to management of the
transformation of the earth’s surface occurring through changes in land use and land cover
(Mustard et al.,, 2004).In Ethiopia, unsuitable agricultural practices, deforestation and
overgrazing affect the crop and livestock productivity of the rural poor, hence also their
livelihood. These modifications of ecosystem services due to changes in land use/ land cover
negatively affect the ability of biophysical systems to support human needs (Solomon, 2005).
Forest resources of Ethiopia are concentrated in the southwestern region of the country
including Sheka, Keffa and Bench-Maji (Chilalo andWiersum, 2011). These forests are
believed to be the origin and primary center of diversity of Arabica coffee where coffee is still
grown in the wild and contains a highly diverse gene pool (Aertset al., 2013). However,
research in some part of this area, for instance in Keffa and Sheko,revealed that large portion
of natural forest areas has been rapidly declined (Mekuria, 2005; Dereje, 2007). Semen-
Bench district is one of the areas in southwestern Ethiopia, which faces high rate of land use
and land cover change due the increasing human population and the growing need for
expansion of agricultural land. Despite thisfact, little is known about LULCC and its impacts
on soil physico-chemical properties in the district. This is due to the lack of study on
dynamics of LULCC even though few studies were conducted in some other parts of Southern
Ethiopian highlands. Therefore, the aim of this study is to map the LULCC between 1986,



2001 and 2018 and assess the effect of land use types on soil physico-chemicalproperties in
the district.

1.3. Objective of the study

1.3.1. General objective

The general objective of this study is to assess the land useland cover change and soil physic-
chemical properties in Semen-Bench district, South Western Ethiopia

1.3.2. Specific objectives

1. Toassess land use land cover change inthe study area in the year 1986 to 2018.
2. To assess the effect of land use types on soil physicochemical properties in Semen Bench
District.

1.4. Basic research questions

1. Are there land use and land cover changes in the study area between 1986 and 20187

2. What types of land use and land cover changes were observed in the study area between
1986 and 2018?

3. Have the land use changes influencedthe soil physico-chemical properties in the study

area?

1.5. Significance of the study

The aim of this study is to minimize the information gap and develop clear understanding
through an in depth on the assessment of the land use land cover changes and its effects in soil
physic-chemical properties in the study area. So, this will help to reverse the trend in the area.
And it is mainly aimed to determine and map land use and land cover between the years 1986,
2001 and 2018 in the study area, and to compare soil physical and chemical properties among
different land uses in the study area. So, the study will provide some information for the
coming generation. The result of the study will provide an insight towards the dynamics

of land use land cover changes influences on soil physico-chemical properties in semen

4



bench district. Furthermore, policy makers, local development planners, local land managers,

NGO and concerned bodies benefit a lot from this research.
1.6. Scope and limitations of the study
The study was conducted only in one Keble in Semen Bench districtdue to finical constraint.

Some soil samples were taken and only selected soil physico-chemical properties were
analyzed. So, further study will be also needed for the future in the study area.



2. LITERATURE REVIEW
2.1. Over view of land use land cover change in general

Land-use refers the way in which humans exploit the land cover, whereas land cover is a
biophysical characteristic which refers to the cover of the surface of the earth (Lambin et al.,
2003). Land-use/cover change is a dynamic process driven mainly by anthropogenic activities

and natural phenomena (Lambin et al., 2001; 2003).

One of the most significant global challenges in this century relates to management of the
transformation of the earth’s surface occurring through changes in land use and land cover

(Mustard et al., 2004).

In sub-Saharan Africa, a combination of population’s growth and land degradation increases
the vulnerability of people to both economic and environmental change (Millennium

Ecosystem Assessment, 2005)

One of a serious problem in Africa is land degradation, but it is most severe in the densely
populated highlands of EastAfrica (Pender et al., 2006). The Ethiopian highlands are among
the most densely populated agricultural areas in Africa (McGinley, 2008).Ethiopia has
experienced recorded anthropogenic interference on ecosystems through land use change for

four to five decades (Hailu, 2000).

2.2. Assessment of land use land cover change in Ethiopia

The harmful rate of forest land and grass land cover change show that there was deforestation
and conversion of land use land cover. Number of research reports from different parts of the
country revealed the forest land and grass land were converted to farm and bare lands for

instance; about 115 ha of forest land were changed to other lands per year in HayelomTabias,



Northern Ethiopia. Sebhatleab (2014) reported that from 1973 to 2010 in Desa’a forest the
overall rate of forest cover change was around 110 ha per year. Comparable studies in the
southern part of Ethiopia indicate that the overall forest conversion was 87 ha/year (Aklilu,
2010). In most areas of the country anthropogenic activity was the major factor for forest
resource degradation (Gebreegziabher 1999; Shiferaw 2011). The change from forest land to
agricultural land is increasing from time to time and the conversion from forest land to
agricultural land is 426 ha, 2612 ha and 3038 ha from 1987-2001, 2001-2015 and 1987-2015
respectively. Study conducted in Arsi Zone Dera District also revealed that considerable
reduction of natural forest and shrubs, while expansion of agricultural land were observed
between 1985 and 2011 with most significant expansion of agricultural lands due to the
clearance of the forest to obtain more land for agricultural production and fuel wood for
cooking and lightning(Gashaw et al.,2014).Conversely, inAmeleke watershedGebrekidan et
al.,(2014) where shrubs were expanding from 2000 to 2006 and simultaneous to this, an
increase of shrub land cover was found in Afar range lands from 1972 to 2007.Studies in
south western parts of Ethiopia specifically at kaffa zone showed that about 55% of forest
covers were lost between 1987-2015. The main drivers are: growing demand for forest
products like fuel, construction wood, fodder, etc. Change of forest land to agricultural land,
shifting cultivation, urbanization, etc., additionally increasing population, resulting in tangible
human and animal population above the carrying capacity of the land also has a great impact
on forest resource. Since land use/ land cover patterns are interrelated with the types and
properties of soils. The rate and severity of soil erosion and land degradation partly depend on
land use pattern. The problem of soil erosion starts with the removal of land cover for various
purpose (Solomon, 2005). The land use affects the soils. The land use/ land cover is by distant
most significant determinants of erosion in the highlands of Ethiopia (Bewket, 2002). Among

others the one factor that affect the productivity of the land are land use type.

Land use/ land cover change have an impacts on grazing land since it is affected by forms of
land degradation such as over cultivation, over grazing, deforestation and others. According
to Tamirie (1997), about 60 million hectares of land for grazing were reduced to less than 55
million due to its conversion in to other land use/ land cover. An important factor

contributing to the decline in fodder resources is the ever increasing human population,



which resulted in an increase in cropland at the expense of traditional grazing areas such as
bush lands, natural pasture and forests which have been aggravated since recently (Kahsay,
2004).1t is important to understand effects of spatial and temporal changes of land use/ land
cover and demographic structure of their effects on landscape pattern that affect the grazing
land (Amin et al., 2011).

2.3.Land Use Land Cover Change in the Southwestern Ethiopia

The forest cover of the highland plateau in the SW was quiet high until recent years, when
compared to other parts of the country. The change in forest cover during the last 30 years is
the most severe anthropogenic catastrophe that the country has seen. Reusing (1998)
estimated that the closed high forest of SW Ethiopia dropped from a 40% cover between 1971
and 1975 to only 18% by 1997, which is a loss of 60% (Gole et al. 2002). As Woldemariam
and Fetene (2007) studied at Sheka Zone, Masha and Anderach weredas, conversion of
natural forest to agriculture by smallholder farmers to large-scale coffee and tea plantations
are the major driver of land use change. The process of forestland allocation for investments
in plantation still continues without any environmental impact assessment, and the impact on
the livelihood of the people. Similar to Sheka zone, Benchi Maji is under the problem of
conversion of natural forest to plantation of coffee, and rice and sesame in large scale as well
as mango and rubber in minor scale. A lot of farmers have also got forest-plots for coffee
plantation establishment. Such changes to plantation are permanent conversion of forestlands
for other uses, as compared to conversion to agriculture (shifting cultivation). Besides the
impact of such changes on the environment and biodiversity, there is a growing conflict on
forest resources, violations of traditional tenure rights and taboos, cultural changes and

changes in traditional forest resource management practices (Woldemariam and Fetene,2007).

2.4. Causes of land use land cover change

Land use/ land cover changes are caused by human-induced activities and Growth, socio-
economic factors, deterioration of vegetation cover, agricultural activities government
policies, and environmental factors (Gol et al., 2010). Although natural processes may
contribute to changes in land use/ land cover, human activities and social factors were

recognized to have a paramount importance for understanding of land use/ land cover change
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(Geist and Lambin, 2002). Different human driving forces, mediated by the socio-economic
setting and influenced by the existing environmental conditions, lead to an intended land use
of an existing land cover, through the manipulation of the biophysical conditions of the land
(Turner et al., 1993).

Other important determinants of changes in land use/ land cover include several types of
policy such as human settlement and land tenure policy. Humans have been altering the
earth’s surface to produce food through agricultural activities for centuries. In the last few
decades, conversion of grass, wood and forest lands into cropland and pasture has risen
dramatically in the tropics (Houghton, 1994).

Land use is constantly changes in response to the dynamic interaction between underlying
drivers and proximate causes (Geist and Lambin, 2002). The driving forces of LULC change
are generally subdivided into two groups: proximate causes and underlying causes. Proximate
causes are the activities and actions of local people that directly affect land use in order to
fulfill their needs from the use of the land. E.g. agricultural expansion, forest product
extraction, infrastructure expansion and others that change the physical state of land cover.
Melese (2002) explains the tropical deforestation in terms of immediate causation by multiple
factors rather than single variables. Also he points out that agricultural expansion as the most
prominent proximate cause, which is coupled with wood extraction and infrastructure

expansion.

However, underlying causes are often external and beyond the control of local communities
and are fundamental socio-economic and political processes that push proximate causes into
immediate action on land use/ land cover including demographic, economic, technological,
institutional and cultural factors (Melese, 2002; Geist and Lambin, 2002).

In Ethiopia, the main land use/ land cover changes are the conversion of vegetation cover to
arable lands. Moreover, the major driving forces behind such pervasive LULC changes are
identified as high population pressure, followed by land clearance for agricultural expansion,
the lack of an appropriate land use plan and poor management practices (Gol et al., 2002).
Large scale plantations of coffee and tea are also under the major causes of land use change in

the southwestern part of the country (Woldemariam and Fetene, 2007).



In Ethiopia, population pressure is one of the underlying causes, and induces the clearing of
forests for agriculture and other purposes; the attendant accelerated soil erosion is gradually
destroying the soil resource (Hurni, 1990).Although forests may have existed in Ethiopia long
before recorded history, the present day forest cover does not correlate with the historical
human population, even though environmental problems such as drought, may also have
contributed to this phenomenon.

Furthermore, the other problems regarding forest cover in Ethiopia is the use of biomass
energy sources. One obvious causes of land use/ land cover change, particularly of
deforestation is increasing for fuel wood (Solomon, 2005). As population increases household
energy consumption also increases. For the poor in rural areas, it is not only a source of
energy but a means of income generation too. In Ethiopia, 85 percent of household energy
consumption is derived from forest products (EFAP, 1994).

Vegetation cover and dead plant biomass are also used to reduce soil erosion by intercepting
and dissipating raindrops and wind energy (Kahsay, 2004). However, once forestland is
converted to agriculture, erosion rates increase because of vegetation removal, over-grazing,
and continuous cultivation. Generally, the overall these land use/ land cover changes has an

impact on the vegetation cover.

2.5. Consequence of land use land covers change

Land use/ land cover change also has impacts on local and regional climate and water
resources (Solomon, 2005). The LULCC also affect runoff, evapo-transpiration and surface
erosion in a watershed (Esyase, 2010). The destruction of vegetation cover affects rainfall
amount. For example, tree canopy and leaf litter can help reduce the impact of raindrops on
the ground, hence reduce soil erosion, while roots hold the soil in place and also absorb water.

In the absence of vegetative cover, soil erosion will result and there is low productivity.

A massive removal of forest in the Amazon has led to a decrease in evaporation and
precipitation in the region (Turner et al., 1995). LULC changes also, especially vegetation
cover, affect water and energy balances (Houghton, 1995). According to Turner et al. (1995),

certain land use types have significant impacts beyond the proportion of their spatial extent.
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Land use/ land cover characteristics and water cycle have many connections. The type of land
cover, obviously, can affect both rate of infiltration and run off amount by following the
coming precipitation (Houghton, 1995).

In the past 50 years, the construction of dams and reservoirs has become important part of
human induced land cover changes. Impacts of land cover changes that occur due to artificial
water body are beyond their proportion of aerial extent. The type of land cover, obviously,
can affect both rate of infiltration and runoff amount. According to Turner et al. (1995), both
surface and ground water flows are significantly affected by type of land cover. Low level
vegetative cover could also affect infiltration and could lead to reduced ground water levels
and therefore the base flow of streams (Dagnachewet al., 2003).

2.6. Application of geographic information system and remote sensing in land use

change monitoring

The remote nature of remote sensing technology allow us to make observations, take
measurements (i.e. measuring the reflected and/or emitted electromagnetic energy from the
carth’s features), and produce images of phenomena that are beyond the limits of our own
senses and capabilities. Remote sensing launch of the first civilian remote sensing satellite in
the late July 1972 that covered the way for the modern remote sensing applications in many

fields including natural resources management (Lillesandet al., 2014).

Satellite remote sensing provides a large amount of data at different spatial, spectral, and
temporal resolutions by using the appropriate combination of bands to bring out the natural
and man-made features that is most pertinent to a certain project for detecting changes. The
data obtained from satellites imagery used for a wide array of change related application areas
such as vegetation and ecosystem dynamics, hazard monitoring, Hydrology, land use and land
cover change, and so on. Satellite image data enable direct observation of the land surface at
repetitive intervals and therefore allow mapping of the extent and monitoring and assessment.
Remote sensing at various scales plays a major role in spatio-temporal earth surface

monitoring (Neteleret al., 2004).
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The most useful characteristic of remote sensing in land use and land cover change detection
is the multi spectral and temporal resolution of the data. That is, images are obtained in
different portions of the electromagnetic spectrum and the same area isimaged with a
specified periodic time interval. The advantage of using remote sensing in Land use/land
cover is that information from the same area could be easily obtained at different times and
this is important in change detection applications. Furthermore, remote sensing can provide
the required data in short time with a reasonable accuracy (Billahet al., 2004) and has an
important contribution to make in documenting the actual Change in land use/land cover on
regional and global scales from the mid-1970s (Lambinet al., 2003). The investigation system
of land use pattern use pattern changes plays an important role in forecasting land cover
changes and for formulating local development strategies. Nowadays ,technology of remote
sensing in combination with GIS have given rise to the arrival of more precise and
geographically referenced data on land use and land cover, which are the best for the
determination of land use /land cover change(Codjoe, 2007).

2.7. Effects of Land Use Types on Soil Properties

Land use and land cover changes have negative impact on soil resources. Land use changes,
mainly shift from natural ecosystems into managed agro ecosystems, and subsequent
deterioration in quality of soil resources have become common phenomena in Ethiopia. As
reported by many experts, the loss original forest has caused soil erosion by wind and water
erosion. This forest cover changes affects major soil physical properties (color, texture, bulk
density, and water holding capacity and chemical properties (soil organic carbon, soil organic
matter, pH, electrical conductivity, available phosphorus, total nitrogen, cation exchange
capacity, and concentration of different nutrients in the soil (Verma and Jayakumar, 2012)
Moreover, impacts on organic matter (OM) pools and fluxes typically result in negative
impacts on soil resources such as impact on soil erosion rates, aggregate formation, biological
activity, and drainage. These also have profound effects on OM accumulation and CO
evolution. Moreover, conversion of natural ecosystem such as forest and pasture lands to

croplands resulted in declined level of OM (Emiru and Gebrekidan, 2013).
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Land use change such as deforestation and expansion of agricultural lands has also resulted in
a decline in soil organic matter content, availability of nutrients and soil moisture (Mao and
Zeng 2010). The reductions in OM content decreases the moisture holding capacity and
nutrient availability, increase in bulk density, which affects the aggregate stability of the soil
and the movement of water and nutrients through it. Moreover, increase in bulk affects
biological activities in the soil (Gardner et al., 1999).

Also, intensive farming and mismanagement of the deforested areas brought environmental
problems and soil impacts such as soil erosion, acidification, soil compaction and pollution
(Lal, R., 2004). These problems have many interlink effects that can appear through the
reduction of chemical and physical qualities of the soil resources (Kirchhoff et al., 2017).

According to Nega and Heluf (2009), deforestation and continuous cultivation in Ethiopia has
resulted in increment of bulk density, deterioration of OM and reduction in cation exchange
capacity (CEC). Moreover, Mulatu (2014) reported that conversion of forest to other land use
like agriculture’s are main factors in the process of soil resource degradation in Ethiopia. The
anthropogenic changes in land use have altered the characteristics of the Earth’s surface,
leading to changes in soil physico-chemical properties such as soil fertility, soil erosion
sensitivity and content of soil moisture (Abad et al., 2014). These changes may be caused by
soil compaction that reduces soil volume and consequently lowers soil productivity and
environmental quality (Abad et al., 2014). Deferent Researchers showed that linkage between
land uses and soil properties, particularly in relation to soil nutrients and carbon
sequestrations (Agbede, 2010; EmiruandHeluf, 2013).

Inappropriate land use and cultivation in degraded lands might reduce the productive quality
of soil and the services of habitat components. Consequently, the harsh deterioration of the
quality can result to a permanent degradation of the land productivity, and increase in land
degradation and increase the costs of agriculture to maintain soil fertility (Abera and
Belachew, 2011; Mojiriet al., 2011). Haileet al. (2014) also showed that chemical properties
such as OC, TN, available P and pH significantly changed in response to land use and

management.
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Land use changes have several undesirable consequences like decline in soil fertility, soil
carbon and nitrogen stocks (Lemenih, 2004; Lemenih and Itanna, 2004; Tesfayeet al., 2016;
Henok et al., 2017). For instance, radical losses in soil fertility, soil carbon and nitrogen
stocks have been recorded in the first 20—25 years after deforestation in the southern region of
Ethiopia (Lemenih et al., 2004; Mekuria, 2005; Tesfayeet al., 2016). However, some studies
show that the extent of soil quality, soil organic carbon and nitrogen stocks varies with native
vegetation, climate, soil type, management practice, land use history and time since
conversion (Craswell and Lefroy, 2001; Lemenih, 2004; ). Furthermore, the soil fertility, soil
organic carbon and nitrogen stocks’ decline (owing to land use changes) was not restricted to
the surface but comparative changes were proportionally high in the subsoil (Don et al., 2011,
Lemenih, 2004). As it mentioned the above indicated that land use change has adverse effects
on soil physical, biological and chemical properties and other ecosystem services provided by
soil ecosystem. So, to leave some cover and appropriate land use during carrying out activity
should be significant to reduce the impact land use and land cover change on soil properties.

2.7.1. Assessment of land use types on soil physical properties

The physical properties of Soil were significantly influenced by different land use types.
Results revealed that soil bulk density (BD), gravimetric soil moisture content, soil porosity
and proportion of sand, silt and clay contents were significantly different under different land
use types(Bahiluet al.,2016). According to Sebhatleab(2012)in northern Ethiopia carried out
the same study showed that soil textural classes, sand, silt and clay, were significantly
affected by change in the LULC. The significant interaction of the LULC with elevation and
depth affect textural composition. Separately from the LULC difference the two elevations
and depths show a difference in textural composition for each LULC. The significant
difference for the sand and silt percentages of bare land with the other LULC at the upper
elevation was reduced at the lower elevation. Soil bulk density is an important indicator of
soil physical properties, and it affects soil fertility and crop productivity. Bulk density showed
a significant variation between the LULC classes. Parallel studies reported that bulk density
was significantly affected by the type of LULC and depth (Gol, 2009). Land uses could
decrease the soil bulk density, especially in the soil after agricultural cultivation, which might

be due to the increase of soil organic matter after cultivation (Liu et al., 2010).
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There was also a change in bulk density among cultivate, pasture and natural forest soils. The
continuous cultivation should increase in bulk density and disruption of pores. Long term
continuous cultivation of the natural forest soils resulted in change in soils in physical
characteristics (Mhawish, 2015).Deforestation should be seriously changes soil physical
properties. Mechanical land clearing methods have caused soil compaction because of the
action of the machine tracks including back and forth movement in the process of stamp
removal, the removal of root mat, and a highly porous material. The effect of compaction
degrades soil physical properties which lead to increase in bulk density, although bulk
density is often related directly to root growth and crop yield (Mhawish, 2015). The value of
bulk density was high in the cultivated and fallow land. This could be attributed to continuous
cultivation and trampling effect of livestock since fallow and cultivated land in the northern
Ethiopia were used for intensive livestock grazing during the dry season. The findings are in
agreement with (Lemenih et al., 2005 ; Ayannaet al.,2013) who reported progressive increase
in bulk density due to deforestation and continuous cultivation in the surface layers because of
the decline in the soil organic matter content and compaction from the tillage. The high bulk
density in the cultivated and grazing land is the result of constant shallow depth cultivation

and too much dry season livestock trampling.
2.7.2 Assessment of land use types on chemical property of soil

Land use change can have negative or positive effects on soil quality. Conversion of forest
land to other land use affects soil chemical properties. For example, dynamics in soil pH,
CEC and exchangeable cations are important indicators of soil qualities of deferent land uses
(Saha and Kukal, 2015).Soil pH affects the process of other nutrient transformations,
solubility, or plant availability of many plant essential nutrients (McKie, 2014). It also affects
the quantity, activity, and types of microorganisms in soils which in turn influence
decomposition of organic materials (Barua and Haque,25 2013). Therefore, soil pH is one of
the several soil quality indicators that give useful information on soil dynamics and nutrient
availability and how the soil resource is functioning (McKie, 2014). Different study result
indicate that cultivated land has the lowest OM, TN, CEC, pH, Ca and Mg contents compared

to forestland and grazing land.
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Potassium (K) is the third most abundant exchangeable cation in most productive soils.
Itsconcentration in the soil can be affected by various factors. According to Wakeneand
Heluf(2001), the variation in the distribution of K depends on the mineral present, particles
size distribution, and degree of weathering. The greater the proportion of clay mineral high in
K, the greater will be the potential K availability in soils. Al-Zubaidiet al. (2008) reported that
exchangeable K values for some Lebanese soils, varying in clay mineralogy, range between
0.12 — 1.47 cmol(+)/kg (47 — 573 mg/kg). Soil K is mostly a mineral form and the daily K
needs of plants are little affected by organic associated K, except for exchangeable K
adsorbed on OM. Normally, losses of K by leaching appear to be more serious on soils with
low activity clays than soils with high activity clays, and K from fertilizer application move
deeply (Ajiboye and Ogunwale, 2008).

Exchangeable sodium (Na) alters soil physical and chemical properties mainly by inducing
swelling and dispersion of clay and organic particles resulting in restricting water
permeability and air movement and crust formation and nutritional disorders (Sposito, 1989).
Moreover, it also adversely affects the population, composition and activity of beneficial soil
microorganisms directly through its toxicity effects and indirectly by adversely affecting soil
physical and as well as chemical properties. In general, high exchangeable Na in soils causes
soil sodicity which affects soil fertility and productivity. Lowest possible level could be taken
as an opportunity because Na concentration is not recommendable to high level as it
deteriorates soil structure and make the soil liable for soil erosion and devoid of beneficial

organisms (Taye and Yifru, 2010).

Soil organic matter is lowest as caused by land use changes, cropping pattern and frequency,
removal of crop residues, faster decomposition and oxidation process as well as soil erosion
on cultivated lands (Adugna, and Abegaz, 2016).The presence of high soil organic carbon and
nitrogen stocks in the forest and agro forestry can be explained by a continuous leaf

defoliation from trees and shrubs.

Various leguminous trees species Albizia gummifera J.F.Gmel.c.A.Sm.,Millettia ferruginea
Hochst baker,Sesbaniasesban L Merr and Leucaenaleucocephala Lam.de Wit) could
constitute the lion’s share for the high soil organic and nitrogen stocks (in forest and agro

forestry).
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The carbon and nitrogen fixed in the tissue of leguminous treescontribute lotto to surfaceand
subsurface soil inthe form ofdetritusupon seasonal defoliation andsenescence. These results
correspond with the findings of Mohammed and Bekele (2014) and Lal (2001), who
evidenced high soil carbon stocks in the native forest and (coffee-based) agroforestry
compared to the arable land. Despite the fact that the estimated organic carbon loss could vary
depending on the time of land use conversion, the organic carbon loss due to the conversion
of forest to cropland as well as agro forestry to cropland were yet considered as a rapid
decline. The topsoil organic carbon loss related to the conversion of both forest and agro
forestryto cropland are in the same range to the carbon loss by converting the semi-arid
Acacia woodland to cropland (2.4 Mg ha™*)(Lemenih and Itanna, 2004). The estimated carbon
dioxide emission through the conversion to cropland is big enough to contribute to the
atmospheric greenhouse gas effect.According to Adugna and Abegaz (2015) the content of
SOM was the highest in forest lands (9.04%) and the lowest in cultivated land (4.59%) while
in grazing land (7.31%) is in between, and the deference’s are statistically significant (P
<0.05, Table 3). The percentage changes in SOM are higher in cultivated land (—49%) than
the change in grazing land (—19%) compared to forestland. Higher content of OM in the forest
land attributed to the role played by plants; soil macro fauna (worms, large insects, etc.); soil
microflora (bacteria, fungi, protozoa, algae, etc.); and microbial biomass. Leaves fromplants
fall to the soil surface and dead macrofauna, microflora, and microbial biomass in the soil
decompose and form organic matter of soils of forest land. Living soil organisms also
decompose leaves and mix them with the upper part of the soil. On grazing lands, grassroots
were fibrous nearthe soil surface and easily decompose, and adding organic matter. On the
other hand, lower content of SOM on cultivated land may be attributed to accelerated rates of
erosion and decomposition, because these processes were most active on cultivated lands than

forest and grazing lands.

Available phosphorus (P) is an essential element classified as a macronutrient because of the
relatively large amounts of P required by plants. Although P is essential for plant growth,
mismanagement of soil P can pose a threat to water quality. Changeability of the level of
available P is related to land use, altitude, slope position and other characteristics, such as clay

and calcium carbonate content. Several study shown that soil devoted to crop production lost
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far more P to steams than do those covered by relatively untouched forest or natural grass
land. The traditional slash burning resulted in large transformations of un-available
phosphorus in soil into mineral forms readily available to plants. Shortly after forest
conversion to cultivated land, readily extractable inorganic phosphorus concentrations
generally was raised in pasture and in soils cultivated with field crops Awotoyeet al., (2013)
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