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ABSTRACT

Change in land use type is particularly from natural forests to cultivated lands, are the major
causes of physicochemical properties which lead low agricultural productivity. The aim of the
study was to evaluate the selected physicochemical properties of soil in different land use types
in selected sites of Gambela region, southwest Ethiopia, under four land use types (natural
forest, grazing, cultivated and fallow land) at two different depths (0 — 20 and 20 - 40 cm) in
three replicates and totally 24 composite soil samples were collected. The data were analyzed by
using appropriate methods. (Particle size distribution was determined by the hydrometer
method, soil pH was measured using a digital pH meter, Na and K was determined using flame
photometer and Ca, Mg and micronutrients were determined using Atomic absorption
spectroscopy. The data were analyzed by using SAS software. The results of particle size
distribution analysis in the study area revealed that the three land use types had clay texture but
cultivated land use type had clay loam texture. The mean pH (H,O) values observed in the
study area were within the ranges of slightly acidic (6.24 — 6.37), whereas, pH (KCI) values
ranged moderately acidic (5.25 — 5.48) the reason is because of high rainfall, conversion of
forest land to other land use types and intensive cultivation. The relatively highest mean value
of clay content, TP, pH-H,0O, OC, TN, C: N, Av. P, PBS, exchangeable bases (K, Na, Ca and
Mg) and the micronutrients (Mn, Fe, Cu, and Zn) was recorded under forest land compared to
the other land use types due to the presence of high accumulation of organic matter and higher
biological activity in the forest land. It is possible to conclude that burning plant residues
practice during field preparation, removal of crop residues for animal feed and conversion of forest
lands to cultivated and grazing lands had negative effects on the soil physicochemical properties
of the study area. Therefore, it is recommended that soil pH is slightly acidic which
significantly affect land use types in the study area. Therefore, the concerned bodies or farmers
should focus to improve or maintain soil acidity particularly cultivated land by addition of

lime, reducing the activities that can affect physicochemical properties.

Key words: physicochemical, soil depths, land use types



1. INTRODUCTION

Soil is a complex mixture of minerals, water, air, organic matter, and countless organisms that
are the decaying remains of once-living things. It forms at the surface of land and it is called
“skin of the earth” [1]. Soil is formed by the continuous weathering of the underlying parental
rocks. Therefore, the type of soil is a function of the nature of the underlying rocks. Soil
formation has been reported to be combination of various interrelated factors of parental

materials, climate, organisms, topography and time [2].

The removal of vegetative cover or burning plant residues as practiced under the traditional
system of crop production or the annual burning of vegetation on grazing lands are major
contributors to the loss of nutrients, while the use of chemical fertilizer is also minimal [3]. In
addition, traditional farming methods, overgrazing and continuous cultivation practice, together
with environmental factors magnify the degradation of soil physicochemical properties [4] that

results in the reduction of pH in the soil system finally brings soil acidity [5].

Cultural practices such as cutting and burning of tropical forests quicken loss of nutrients by
leaching and erosion [6, 7]. Also cultural practices have intense effect on the physical properties
of soil, such as bulk density, porosity and water retention [8]. Lal R. (1997), [9] reported that
continuous cropping and cultivation of many of the world’s soil which had previously been
under forest or grass land, are the major cause of substantial decline in soil organic matter. Soil
organic matter content is considered important indicator of soil productivity in agricultural soil.
It binds mineral particles into stable aggregates [10]. Soil structural stability and soil organic
carbon content usually decrease with cultivation [11]. Cultivation reduces soil carbon content

and changes the distribution and stability of soil aggregates [12].

Evaluating land use changes in soil properties is essential for addressing the issue of agro
ecosystem transformation and sustainable land productivity. The selection of suitable indicators
with well established ecological functions and high sensitivity to disturbances is of paramount
importance. In this regard, soil organic carbon (SOC) is important for the overall carbon
reservoir of the biosphere and plays a highest role in the global biogeochemistry cycle of major
nutrients and it has been used extensively by authors to monitor land use change types [13,14].
Though they are sensitive to land use changes, soil organic carbon and nitrogen have been



proposed by some worker as indicators for evaluating the effect of land use management [15].
Thus, it is a key source of soil nutrients for plant growth and soil structural stability, as well as
carbon stock levels [14]. However, its dynamics and composition are influenced by land use
changes, agricultural and management practices [16, 17].

Thus, the soil of such areas finally become almost dead (lost their fertility), showing little
microbial activities and less favorable for plant growth. Since erosion removes the finer soil
particles, OM and their colloids fractions, and such materials furnish most of the microbiological
activities and the Base Exchange capacity of the soil providing sufficient storage for plant food,

the removal of such essential particles and their colloids decrease the fertility of the soil [18].

As a consequence of, continuous cultivation and uncontrolled overgrazing of land without proper
management resulted in decline in soil physicochemical properties which brings crop yield
reduction in the study area. Therefore, the main objective of this investigation is to evaluate soil
physicochemical properties in different land use types based on soil depths in the study area.

1.1. Statement of the Problem
Change in land use type, high rain fall, temperature, erosion as well as intensive cultivation
affect soil physicochemical properties which can increase soil acidity [19]. However, selected
soil physicochemical properties of the study area have not been studied before by any other
researcher. To get optimum and sustained self-sufficient crop production, physicochemical
properties of soil has to be evaluated and maintain through time. Thus, this research was initiated
to evaluate soil physicochemical properties in different land use types based on soil depths in the
study area to answer for the following questions:
1. Which soil physicochemical properties are more affected by land use type and soil depth?
2. Which land use types need more treatment of physicochemical properties?

1.2. Objectives of the Study
1.2.1. General objective

The general objective of this study was to evaluate selected physicochemical properties of soil

under different land use types and soil depths.



1.2.2. Specific objectives

1. To analyze the selected physicochemical properties of soil under different land use types.
2. To compare the selected physicochemical properties of soil among four land use types and
soil depths.

3. To identify the land use type that needs more treatment for productivity.

1.3. Significance of the Study

The result of this study can use to identify the land use type that is more affected in
physicochemical properties among the four land use types; also it may help the community who
live in the study area to use necessary treatments for the affected soil physicochemical
properties. Therefore, it can serve as an input for the policy makers and concerned bodies who
are working in natural resource conservation as well as to know potential of physicochemical

properties of soil in the study area. It can also help as a reference material for further studies.



2. LITERATURE REVIEW

2.1. Land Use

Land use types are operating over an immeasurably greater proportion of the globe's land area.
Different time spans have been observed for the occurrence of these changes after sedentary
agriculture was started. Some changes were very short and of an exploitative nature, while others

were long and stable [20].

In developing countries, including Ethiopia, the amount, rate and intensity of land use changes
are very high. Human impacts upon the land are still very great and increasing [21]. Extensive
deforestation and conversion of natural forests into agricultural fields is the most widespread
change in land use system in Ethiopian ecosystems. In the past 100 years only, the total area of
land covered by forest in Ethiopia has declined from about 40% to an estimated 2.4% in 1990
[22]. The rate of deforestation is estimated to be between 150,000 and 200,000 ha per annum
[23] the scale of clearance has been very large. Destruction continued constantly especially in
south and the south western parts of the country where most of the remains sub humid tropical

forests are found [24].

Findings revealed a general decline in forest land with subsequent expansion of cultivated land.
Gete Zeleke and Hurni (2001), [25] reported a 99% decline in forest cover and a 95% subsequent

expansion in cultivated land between 1957 and 1995, in north-western Ethiopia.

2.2. Soil Physical Properties

Soil is consisting of minerals, soil organic matter (SOM), water, and air. The composition and
proportion of these components greatly influence soil physical properties, including texture,
structure, and porosity, the fraction of pore space in a soil. In turn, these properties affect air and
water movement in the soil, and thus the soil’s ability to function. Many soil physical properties
change with changes in land use system (example cultivated land to forest land) and its
subsequent management such as intensity of cultivation, the instrument used and the nature of
the land under cultivation expose the soil less permeable and more susceptible to runoff and

erosion losses [26].



2.2.1. Soil texture

The soil solid phase as a whole can be characterized in terms of the relative proportions of its
particle size groups called soil separates. The relative size of the soil particles is expressed by the
term texture, which, qualitatively, refers to the fineness or coarseness of the soil. Quantitatively,
it refers to the relative proportions of the different particle size fractions, specifically referred to
as sand, silt and clay (with organic and cementing materials removed) [27, 28]. Soil texture
affects a number of physical and chemical properties of soil including penetration and retention
of water, soil aeration, absorption of nutrients, microbial activities, tillage and irrigation practices
[26, 29]. Sandy soil has low water and nutrient holding capacity, low organic matter content,
little or no swelling and shrinkage and high leaching of nutrients and pollutants [30]. On the
other hand, clayey soil has high nutrient and water holding capacity, poor aeration, very slow
drainage unless cracked, high to medium organic matter and relatively high swelling and
shrinkage properties compared to the sandy soil [30, 31]. It is also an indicator of some other
related soil features such as type of parent material, homogeneity and heterogeneity within the

profile, migration of clay and intensity of weathering of soil material or age of soil [32, 33].

Over a very long period, geologic and pedogenic processes such as erosion, deposition and
weathering can change the textures of various soil horizons [34]. Although soil texture is
considered as a permanent property, [35] indicated that management systems may contribute
indirectly to changes in particle size distribution particularly in the surface horizons as a result of
clay removal through sheet and rill erosion, and mixing up of soil of the surface and subsurface
horizons during mechanical tillage activities. Research results on soil of the Jello micro-
catchments in West Hararghe areas of Oromia Region showed that textural class varied with
positions of soil in the landscape [36]. According to the same authors, textural class ranged from
silty clay loam in the upper slopes to clayey in the lower slope positions; thus suggesting that the
amount of clay increases down the slope. According to Belay (1997), [37] the Vertisols in the
lower slopes of Watiya catchment in Welo area were much heavier than those on the upper parts
and this was mainly attributed to the relatively fine texture of the fresh alluvium reaching the

lower slope positions and its more intensive weathering due to higher moisture supply at the site.



2.2.2. Bulk density

Bulk density is a measure of the weight of the soil per unit volume, usually given on an oven dry
basis [31]. Bulk density values are important in quantitative studies, such as in calculating the
volumetric water content, total porosity, mass of soil per unit area per unit depth and to indicate
whether a given soil is too compact for root penetration or not. Variation in bulk density is
attributable to the variation in the relative proportion and specific gravity of solid organic and
inorganic particles and to the porosity of the soil. Consequently, bulk density of soil is influenced
by soil texture, structure, OM content and soil management practices. The bulk density of
granulated clay surface soil was commonly in the range of 1.0 to 1.3 g cm?, while, that of
coarse-textured surface soil in the range of 1.3 to 1.8 g cm™ [28].The greater development of
structure in the fine-textured surface soil and relatively higher OM content accounts for their
lower bulk density as compared to the more sandy soil with less structural differentiation [26].
Low bulk density values (generally below 1.3 g cm™) indicate a porous soil condition [38].
Increase in OM lowers bulk density while compaction increases bulk density. In swelling soil,
bulk density decreases with increase in moisture content and vice versa. Bulk density is generally
higher in lower profile layers [27]. The density of OM is very low as compared to the mineral
soil and hence higher organic matter content results in lower density. Moreover, higher
compaction due to the weight of the overlying layers also increases the bulk density of the

subsurface layers [39].

2.2.3. Porosity

Porosity, defined as the ratio of total volume of pore spaces to the total volume of soil, is an
index of the relative pore space in the soil. For soil with the same particle density, the lower the
bulk density, the higher is the percent pore space (total porosity). Total porosity of soil usually
lies between 30% (in compacted subsoil) to 70% (in well-aggregated, high-OM surface soil) [36]
and may be used as a very general indication of the degree of compaction in a soil in the same
way as bulk density is used. As is the case with bulk density, management exerts a decisive
influence on the pore space of soil [36]. Coarse-textured soil tends to be less porous than fine-
textured soil, though the mean size of individual pores is greater in the former than in the latter
[28]. Sand with a total pore space of less than about 40% are liable to restrict root growth due to
excessive strength whilst in clay soil limiting total porosities are higher, and less than 50% can

be taken as the corresponding value [40]. The decrease in OM and increase in clay that occur

6



with 10 depths in many profiles are associated with a shift from macro pores to micro pores [36].
In contrast to macro pores, micro pores are usually filled with water in the field soil. Even if not
water filled, they are too small to permit much air movement. Fine textured soil, especially those
without a stable granular structure may have a dominance of micro pores, thus allowing
relatively slow gas and water movement, despite the relatively large volume of total pore spaces
[27,41] reported that the high total porosity was the reflection of high organic matter content
along the toposequence of Woreta agricultural research farm. Similarly, Wakene N. (2001), [35]
reported that the low total porosity was the reflection of the low organic matter content and the
high bulk density that was imposed by the use of heavy farm machinery for tillage activity and

intense grazing of the fallow land of Bako area.
2.3. Soil Chemical Properties

Soil has characteristic chemical properties that are the results of weathering of their mineral
components, decomposition of organic materials, and the activity of plants and animals. The
more important chemical characteristics, which influence soil fertility and hence plant growth
and vyield, are soil reaction (pH), cation exchange capacity (CEC), available nutrients, OM

content and exchangeable bases [37].

2.3.1. Soil reaction (pH)

Soil reaction (pH) is a measure of the concentration of H" ions in the soil solution or in other
words a measure of acidity or alkalinity of a soil. It is the simplest and the most important
chemical parameter of soil. It has vital role in determining several chemical reactions and in
influencing plant growth by affecting the activity of soil microorganisms and altering the
solubility and availability of most of the essential plant nutrients particularly micronutrients such
as Fe, Zn, Cu and Mn [27, 35]. Soil reaction affects toxicity, microbial activity, and root growth.
Descriptive terms commonly associated with certain ranges in pH are moderately acidic (pH 5.6-
6.0) and slightly acid (pH 6.1-6.5)[23]. Soil reaction is influenced by different anthropogenic and
natural activities including leaching of exchangeable bases, acid rains, decomposition of organic

materials, application of commercial fertilizers and other farming practices [34, 42].

Soil acidification is due to either natural or anthropogenic. The major acidification processes are

due to the export of basic cations in agricultural products and through leaching. Soil pH



increased with depth of soil profile and relatively high pH was observed at subsoil horizons [43].
Continuous cultivation practices, excessive precipitation, steepness of the topography as well as
application of inorganic fertilizers could be ascribed as some of the factors which are responsible
for the reduction of pH in the soil profiles at the middle and upper elevation zones [43, 44].

2.3.2. Organic carbon

Organic matter (OM) arises from the remains of green plants, animal residues and excreta that
are deposited on the surface and mixed to a variable extent with the mineral component [28].
Soil OM is defined as any living or dead plant and animal materials in the soil. Also it comprises
a wide range of organic species such as humic substances, carbohydrates, proteins, and plant
residues [19]. Humus is the substance left after soil organisms have modified original organic
materials to a rather stable group of decay products as is the colloidal remains of SOM [33].
Havlin etal., (2002), [42] has indicated that the distribution of OM in trees and ground cover is
38%, 9% in the forest floor and 53% in the soil including the roots plus the OM associated with
soil particles. Soil OM originates from plant and animal residues, which are generally present in

various stages of decomposition that is from fresh additions to well-decayed humus.

In all forms of agricultural systems, whether traditional or modern, soil OM plays an essential
role in sustaining crop production and preventing land degradation [45]. Because of its positive
influence on several soil processes, crop productivity and environmental quality, soil OM is
often considered the single most important indicator of soil quality and sustainable land
management [45, 46, and 47]. Based on OM content, soil are characterized as mineral or organic.
Mineral soil form most of cultivated land and may contain from a mere trace to 20 to 30% OM,
but organic soil contain 80% or more OM [48].

Soil OM controls many soil physical and chemical properties. It increases the water holding
capacity, structure of soil and source of several essential plant nutrients, especially N, S and P
[48]. Organic matter content and aggregate stability are subject to seasonal variation. The
positive effect of OM on structural stability is more pronounced on sandy than on more finely
textured soil [30]. According to Asefa etal. (2003), [49] crop management practices, such as
stubble management play an important role in maintaining an optimal soil environment.
According to the same author, the retention of straw on the soil surface can be important for

nutrient recycling as increased concentration of most important plant nutrients was observed in



the upper layer of the soil. Furthermore, the presence of straw on or near the soil surface can
reduce run-off, loss of water and soil erosion, and can increase soil moisture levels. This
increased soil moisture level can enhance the activity of microorganisms involved in

decomposing residues and changing unavailable forms of nutrients to available forms.

Generally, higher soil OM contents were observed at the surface layers than sub-soil horizons in
soil profiles opened at different sites [35, 37, 43, 50, and 51] stated that major differences were
observed in the OM contents of Eutric Vertisols mantling the upper and lower toeslopes. The
OM contents of the surface soil on the lower toeslopes were 4.2 to 5.0% while those on the upper
toe slopes were less than 2.5%. Burke etal. (1988), [52] examined the extent to which soil OC
varied at a landscape scale at two sites differing in soil texture and reported that increased OC

content (clay and silt content) in down slope position relative to the summits.

2.3.3. Total nitrogen

Nitrogen (N) is the forth plant nutrient taken up by plants in greatest quantity next to carbon,
oxygen and hydrogen, but it is one of the most deficient elements in the tropics for crop
production and critical shortage of this nutrient brings significant grain/biomass yield reduction
[53]. Most Ethiopian black or dark grey soil is N-depleted and more than 50% of the cultivable
lands are N-responsive soil [54]. Variation in contents of total N is closely related to contents of
OM, which is its major source, and thus, the source of its variability [36]. In general, in the
surface soil layers, OM and total N increased with increasing elevations while in the subsoil
horizons, the contents of these parameters do not reveal consistent relationship with elevation in
the soil of the western slopes of mount Chilalo [43]. Total N content of soil ranges from less than
0.02% in sub-soil of humid and sub-humid mineral soil to more than 2.5% in peat soil. Highly
weathered soil of the humid and sub-humid tropics have too low total N due to leaching, and
saline and sodic soil of arid and semi-arid regions are also poor (less than 0.01%) in their N
content which is attributed to the generally very low biomass production and fast oxidation of
OM in such climatic zones [42].

Preez, C.C. and M.E. (1995), [55] reported that cultivation causes a significant decrease in the
total N fertility in different agro-ecosystems and the rates of losses were rapid during the first
few years of cultivation. The high losses of N are due to leaching of soil nitrates as well as loss

of OM content because of intensive cultivation [56]. The amounts of total N in the upper



topsoil’s were higher under zero tillage as compared to soil under continuous mono cropping
[57]. According to Havlin etal., (2002), [42] there is a strong positive relationship between total
N and OM content. The total N contents are lower in intensively cultivated highly weathered soil
of the humid and sub-humid tropics, due to leaching, in saline and sodic soil of semiarid and arid
regions, due to low OM content. The total N content is tied to the humus contents of the soil and

decreases consistently with soil depth.

Research results in Zimbabwean Vertisols showed that uncultivated soil contained 0.09% total N
and this level appeared to be maintained in the fields cultivated for 10 years. For soil cultivated
for 30 to 39 years, there was a substantial decrease in total N to about 0.05%. Whereas soil OM
levels are usually expected to decrease exponentially with cultivation, eventually reaching a
steady state reflecting soil type, climate and land use and/or management practices Syers etal.
(2001), [58].

Gregorich, E.G. and D. W. Anderson (1985), [59] measured the concentrations of available N
and P at six different slope positions: crest, upper, mid, lower-mid, lower and depression from an
eroded hilly area in the brown soil zone of Saskatchewan, Canada. Available N as NOj in the
surface horizon varied from 8 to 27 g g™ from the crest to the lower or depression areas. Fiez
etal. (1994), [60] reported increased soil OM content and available NO* from the upper to the

lower slope positions.

2.3.4. Carbon to nitrogen ratio

Carbon (C) to nitrogen (N) ratio (C: N) is an indicator of net N mineralization and accumulation
in soil. Organic matter rich in N provides a large source of energy to soil microorganisms.
Consequently, it brings population expansion of microorganism and higher consumption of
mineralized N. Dense populations of microorganisms inhabit the upper soil surface and have an
access to the soil N sources. If the C: N is high, there will be no net mineralization and
accumulation of N [42]. They further noted that as decomposition proceeds, carbon is released as
COzand the C: N ratio of the substrate falls. Conversion of carbon in crop residue and other

organic materials applied to the soil into humus requires nutrients [61].

Plant residues with C: N ratios of 20:1 or narrower have sufficient N to supply the decomposing
microorganisms and to release N for plant use. Residues with C: N ratios of 20:1 to 30:1 supply

sufficient N for decomposition but not enough to result in much release of N for plant use the
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first few weeks after incorporation. Residues with C: N ratios wider than 30:1 decompose slowly
because they lack sufficient N for the microorganisms to use for increasing their number, which

causes microbes to use N already available in the soil [33].

They have further stated that the wider the C: N ratio of organic materials applied, the more is
the need for applying N as a fertilizer to convert biomass into humus. Microbial respiration (soil
respiration) is oxygen uptake or CO2 evolution by bacteria, fungi, algae and protozoans, and

includes the gas exchange of aerobic and anaerobic metabolism [62].

According to the same authors, soil respiration results from the degradation of OM (for example
mineralization of harvest residues). This soil biological activity consists of numerous individual
activities; the formation of CO2 being the last step of carbon mineralization. Conditions that
favor growth of microorganisms will favor fast decomposition rates: continuous warm
temperature, wetness, clay types, suitable soil pH (slightly acidic), and adequate nutrients but
absence of other decomposition inhibitors such as toxic levels of elements (aluminum,
manganese, boron, chloride) and soluble salts [35]. Walker, B.D. and C. Wang (1994), [63]
reported the C: N ratio in Canada, ranging from about 10:1 on hilltops to 11:1 on back slopes and
foot slopes, augment the carbon picture. The lower C: N ratios on the hilltops illustrate the role
of plant residue. Return of crop residue to the soil has likely been the least on hilltops due to
lower yields over the long term. In addition, fresh plant residue and light fraction organic matter

have likely been more susceptible to erosion from hilltops.

2.3.5. Available phosphorus

Phosphorus (P) is known as the master key to agriculture because lack of available phosphorus in
the soil limits the growth of both cultivated and forest plants [19]. Following nitrogen,
phosphorus has more wide spread influence on both natural and agricultural ecosystems than any
other essential elements. Phosphorus is rarely found in pure elemental form phosphorus in
nature. It is chemically very reactive; thus, it is almost always found combined with other
elements, especially oxygen, as H,PO, or HPO,”. These orthophosphate forms react quickly
with Al, Ca, Fe, Mn, and other elements to form insoluble compounds that are only slowly
available to plants. Phosphorus must be managed very carefully to maximize its availability to
plants. Most phosphorus compounds formed in the soil are insoluble and are not readily available

to plants. Relatively small quantities of the orthophosphate forms can be taken up by plant roots.
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The soluble orthophosphates (HPO,* and H,PO,) have negative charges so are not held directly
by the negative charges on soil colloids. Phosphorus is retained in the soil primarily because it
forms relatively insoluble Fe and Al compounds in acidic soil while, Ca in alkaline soil. This
chemical process, which reduces phosphorus availability to plants, is known as phosphorus
fixation [64].

Phosphorus consists of 0.15 to 1.00% of the dry weight of most plants. Plants deficient in
phosphorus are purple in color and small, and appear to be stunted compared to those supplied
with optimum phosphorus fertilizer [65]. Phosphorus is a component of certain enzymes and
protein, adenosine triphosphate (ATP), ribonucleic acids (RNA), deoxyribonucleic acids (DNA),
and phytin. Furthermore, it is important for the formation of seeds and fruits, proper root growth,

and survival and growth of seedlings [66].

Tekalign Mamo and I. Haque (1991), [67] reported that topsoil phosphorus is usually greater
than that of the subsoil due to sorption of the added phosphorus and greater biological activities
and accumulation of organic materials in the former. The lower concentration of available
phosphorus in the subsoil is due to fixation by clay and Ca, which were found to increase with

profile depth.

The main sources of plant available phosphorus are the weathering of soil minerals, the
decomposition and mineralization of soil OM and commercial fertilizers. Most of the soil in
Ethiopia particularly Nitisols and other acidic soil are known to have low phosphorus contents,
due to the inherently low available phosphorus content, as well as high phosphorus fixation
capacity of the soil [68, 69]. Oxisols, Ultisols, Vertisols and Alfisols are generally low in
available phosphorus while andosols are generally high in phosphorus content [70]. Nuga etal.
(2008), [71] reported that the distribution of available phosphorus in the toposequence from the
upper slope to the valley bottom increase. Generally, the available phosphorus levels in the study
area are range from very low to moderate. This phenomenon may be due to the phosphorus
fixing capacity and their subsequent slow-release by soil containing relatively high level of iron

and aluminum oxides.
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2.3.6. Cation exchange capacity

Cation exchange capacity (CEC) is the ability of the soil solid phase to attract or store and
exchange cationic nutrients with the soil solution to render them available for plants [72]. Cation
exchange capacity is an important parameter of soil because it gives an indication of the type of
the dominant clay mineral present in the soil and its capacity to retain nutrients against leaching.
The CEC of soil is strongly affected by the nature and amount of mineral and organic colloids
present in the soil. Soil with large amounts of clay and OM has higher CEC than sandy soil low
in OM. In the surface horizons of mineral soil, where the contents of OM and clay in the soil are
significantly high, OM and clay fractions frequently contribute similar values to the CEC while
in the sub soil, more CEC is contributed by clay fractions than by OM due to the decline of the
latter with profile depth [26].

Belay T. (1997), [37] Mentioned that the CEC of soil on the crest and back slope on the degraded
hill slopes of watiya catchment, Wolo, Ethiopia were much higher (129 to 196 cmol() kg™ clay)
when compared to those on the foot slope and toe slope (65 to 87 cmol) kg™ clay). The CEC in
the latter reflects the predominance of smectite clay while the higher values in the degraded soil

on the crest and back slope showed the presence of significant amount of vermiculite.

2.3.7. Exchangeable acidity

Exchangeable hydrogen (H) and exchangeable aluminum (Al) are known as soil exchangeable
acidity. Soil acidity occurs when acidic H" ion occurs in the soil solution to a greater extent and
when an acid soluble AI** reacts with water (hydrolysis) and results in the release of H* and
hydroxyl Al ions into the soil solution [34]. As soil become strongly acidic, they may develop
sufficient Al in the root zone and the amount of exchangeable basic cations decrease, solubility
and availability of some toxic plant nutrient increase and the activities of many soil
microorganisms are reduced, resulting in accumulation of SOM reduced, mineralization and
lower availability of some macronutrients like N, S and P and limitation of growth of most crop
plants [73].

Foth, H.D. and B.G. Ellis (1997), [19] stated that during soil acidification, protonation increases
the mobilization of Al and Al forms serve as a sink for the accumulation of H*. The
concentration of the H* in soil to cause acidity is pronounced at pH values below 4 while excess
concentration of AI** is observed at pH below 5.5 [74]. In strongly acidic conditions of humid
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regions where rainfall is sufficient to leach exchangeable basic cations, exchangeable Al
occupies more than approximately 60% of the effective cation exchange capacity, resulting in a
toxic level of aluminum in the soil solution [75]. Generally, the presence of more than 1 parts per
million of A" in the soil solution can significantly bring toxicity to plants. Hence, the

management of exchangeable Al is a primary concern in acid soil.

2.3.8. Exchangeable bases (K, Na, Mg and Ca)

Soil parent materials contain potassium (K) mainly in feldspars and micas. As these minerals
weather, and the K ions released become either exchangeable or exist as adsorbed or as soluble
in the solution [19]. Potassium is the third most important essential element next to N and P that
limit plant productivity. Its behavior in the soil is influenced primarily by soil cation exchange
properties and mineral weathering rather than by microbiological processes. Unlike N and P, K
causes no off-site environmental problems when it leaves the soil system. It is not toxic and does
not cause eutrophication in aquatic systems [34].

Wakene NC, Heluf G (2003), [76] reported that the variation in the distribution of K depends on
the mineral present, particles size distribution, degree of weathering, soil management practices,
climatic conditions, degree of soil development, the intensity of cultivation and the parent
material from which the soil is formed. The greater the proportion of clay mineral high in K, the
greater will be the potential K availability in soil [77]. 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 SOM. Mesfin Abebe (1996), [78] described low presence of exchangeable K under
acidic soil while [79] observed low K under intensive cultivation. Normally, losses of K by
leaching appear to be more serious on soil with low activity clays than soil with high- activity
clays, and K from fertilizer application move deeply [19].

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 (decrease solubility and
availability of calcium (Ca) and magnesium (Mg) ions) [80,81]. 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 soil causes soil sodicity which affects

soil fertility and productivity.
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Soil in areas of moisture scarcity (such as in arid and semi arid regions) have less potential to be
affected by leaching of cations than do soil of humid and humid regions [82]. Soil under
continuous cultivation, application of acid forming inorganic fertilizers, high exchangeable and
extractable Al and low pH are characterized by low contents of Ca and Mg mineral nutrients
resulting in Ca and Mg deficiency due to excessive leaching [83]. Exchangeable Mg commonly
saturates only 5 to 20% of the effective CEC, as compared to the 60 to 90% typical for Ca in
neutral to somewhat acid soil [35]. Research works conducted on Ethiopian soil indicated that
exchangeable Ca and Mg cations dominate the exchange sites of most soil and contributed higher
to the total percent base saturation particularly in Vertisols [69,70]. Different crops have
different optimum ranges of nutrient requirements. The response to calcium fertilizer is expected
from most crops when the exchangeable Ca is less than 0.2 cmol(+)/kg of soil, while 0.5
cmol(+)/kg soil is reported to be the deficiency threshold level for Mg in the tropics [40].

2.3.9. Percent base saturation

The percent base saturation (PBS) is as much a measure of the actual percentage of cation
exchange sites occupied by exchangeable bases. It is influenced by the pH of the CEC
determination. The denominator includes oxide-mineral complexes between the initial soil pH
and the reference pH (7.0 or 8.2) [84]. According to the same authors, since neither the content
of exchangeable Al nor exchangeable H is appreciable above pH 5.5, the effective CEC of the
soil above this pH should be essentially 100% base saturated. However, soil in the pH range of
5.5 to 7.0 or 8.2 generally still has measured base saturations well below 100%. Such base
saturation values are particularly low for minerals that have a high proportion of pH dependent

charge, such as kaolinite clays.

The soil of the new farmland indicates higher values of base saturation as compared to the soil of
old farms [85]. In tropical regions under rainforest, the base saturation in humus-rich top-soil is
usually in the order of 50 to 80%, while below the humus-rich layer, it drops very sharply to the
levels of less than 20% [30]. Getachew F. and Heluf G. (2007), [86] reported that the PBS values
throughout the two soil profiles and composite surface soil samples near these profiles described
at the Ayehu Research Substation in northwestern Ethiopia were less than 50% that could be due
to the intensive cultivation and continuous use of the inorganic fertilizer in the study site that

enhanced loss of basic cations through leaching, erosion and crop harvest.
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2.3.10. Micronutrients (Fe, Mn, Zn and Cu)

Micronutrients are just as important in plants as the major nutrients except that they simply occur
in plants and soil in much smaller concentrations. However, the information available about the
status and limitation of micronutrients particularly in soil of sub-Saharan Africa is not adequate
and is currently difficult for users to access [87]. Kraus Kopf (1972), [88] stated that the main
source of micronutrient elements in most soil is the parent material, from which the soil is
formed. Iron, Zn, Mn and Cu are somewhat more abundant in basalt. The solubility and
availability of micronutrients is largely influenced by clay content, pH, OM, CEC, P level in the
soil and tillage practices [89]. Brady et al., (2002), [34] indicated that the solubility, availability
and plant uptake of micronutrient cations (Cu, Fe, Mn and Zn) are more under acidic conditions
(pH of 5.0 to 6.5). Intensive cropping, in which large amount of plant nutrients are removed in
the harvest accelerates the depletion of micronutrient reserves in the soil and increases the
likelihood of micronutrient deficiencies [34]. Erosion of topsoil carries away considerable soil

OM, in which much of the potentially available micronutrients are held.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

3.1.1. Location

The study was conducted at Gubeti kebele in Mengeshi District, Majang Zone, Gambella
Regional state, Southwest Ethiopia. It is about 649 km away from the capital, Addis Ababa, and
51 km away from Mengeshi, to the east. Geographically Mengeshi has an elevation ranging 700-
2200 meters above sea level [90].

E TANEELTX
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MENGESHI GUBETI
Fig. 1. Location map of the study area

3.1.2. Climate

The climate of the study area is hot and humid type with annual rainfall of 1200-2000 mm. The
region is marked on most rainfall maps of Ethiopia as being the wettest part of the country, the
area receives its rainfall seasons (Kiremt) from March to October and its dry season (Bega) is
between December and February. The maximum rainfall in the months of June, July and August

and the mean annual maximum and minimum temperatures are 32°C and 17°C, respectively [90].
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3.1.3. Soil type and vegetation

The area is suitable for various fruits, vegetables and spices production. There is a growing trend
of producing vegetables like cabbage, onions, and potatoes for local consumption. Fruits like
Avocado, Mango and banana are also produced. The major food crops in the area are maize and
sorghum, although different root crops are also produced in areas dominated by the native
inhabitants. The area also is a good potential for eco-tourism, with its diverse natural and cultural
landscape, tropical forest adventure, and lake like Bure (also called Bishan Waka) lake, a
potential tourist attraction [91]. As information obtained from the District office; the type of soil

is clay type soil and has moderately acidic character.

3.2. Apparatus and Chemicals

Table 1. The apparatus, instruments and chemicals used during the study.

Apparatus Chemicals
Kjeldahl distillation Burette H,0, (NH4)6 - M07024.4H,0
Stopwatch Auger (NaPOs)s KSbOC,40¢.¥2H,0
Balance an watch Sieve H,SO, FeSO,4.7H,0
core sampler Urine cup NaOH CeHsOg ((ascorbic acid)
automatic shaker Beakers KCI (Fe, Zn, Cu, Mn ) standards
polyethylene bottle Thermometer HCI Na,SO,4, CuSO4.5H,0
Erlenmeyer flask volumetric flasks K2Cr,07 CaCl,.2H,0
Hydrometer Oven NH4F LaCl3.H,0
Graduated cylinders Kjeldahl flasks H3BO3 DTPA
Mortar and pestle Stirrer NaF NaCl
Filter paper Glass funnels NH4 AC N(CH,CH,0OH)3 (TEA)

KH,PO, (triethanolamine)
Instruments
pH meter Flame AAS UV-Vis spectrophotometer
photometer
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3.3. Soil Sampling sites and Preparation

Four major land use types namely natural forest, grazing, fallow and cultivated land were used
for this study. Ten sub soil samples were collected from 0 - 20 and 20 - 40 cm soil depth from
each representative land use type and composite soil sample was made with three replications
and then the soil samples were air dried, ground and passed through a 2 mm sieve to determine
soil physicochemical properties. Additionally three replicates of undisturbed soil samples of
known volume was collected with a sharp-edged steel cylinder forced manually into the soil for
bulk density determination at four sites from each land use types and soil depths. Dead plants,
furrow, old manures, wet spots, areas near trees, roads and compost depths was excluded during
collection of samples. This minimizes differences, which may occur because of the dilution of
SOM due to mixing through cultivation and other factors. To make one composite soil sample
the sub-samples were mixed well and about 1 kg of the mixed sub-samples were properly
labeled. Completely randomized design (CRD) was used to analyze the composite soil samples.
Finally twenty four total composite soil samples was prepared and packed in a plastic bowl, and

transported to soil testing centre for further analysis.

3.4. Soil laboratory analysis

The flame photometer and AAS analysis was carried out in Wolkite soil laboratory and
Arbaminch. But, the other selected soil physicochemical properties was analyzed at Jimma
University College of Agriculture and Veterinary Medicine soil laboratory and Teppi soil
laboratory center. Standard laboratory procedures were followed in the analysis of the selected
physicochemical properties considered in the study.

3.4.1. Analysis of soil physical properties

The soil physical properties was determined in the laboratory include particle size distribution,
bulk density (BD) and total porosity. Determination of particle size distribution was carried out
by the hydrometer (Bouyoucos) method as described by [92], after destroying OM using
hydrogen peroxide (H20,) and dispersing the soils with sodium hexametaphosphate (NaPOs).
The soil was assigned to a textural class based on the USDA soil textural triangle [75], While,
bulk density was determined from undisturbed soil samples by the core method after drying a
defined volume of soil in an oven at 105 °C to constant weight [29]. It was calculated as the ratio
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of mass of oven dried soil to the volume of the sampling core. Finally, total porosity was

estimated from the values of BD and average value of PD [34], as described as:
Total porosity (%) = 1- 55 } x 100

Where,
BD = bulk density in (gcm™) and
PD = particle density (gcm™)

3.4.2. Analysis of soil chemical properties

Soil pH was measured potentiometrically in H,O and 1M KCI solution at the ratio of 1:2.5 for
both soil: H,O and soil: KCI solutions using a digital pH meter [40]. OC contents were
determined by the wet combustion or dichromate oxidation methods [93]. Total N was analyzed
using the Kjeldahl digestion, distillation and titration method as described by [94], by oxidizing
the OM in concentrated sulfuric acid solution (0.1N H,SQO,). Available P was determined using
the Bray Il method by shaking the soil samples with an extracting solution of 0.03 M ammonium
fluoride in 0.01 M hydrochloric acid as described by [95]. Exchangeable basic cations (Ca, Mg,
K and Na) was determined by saturating the soil samples with 1IN NH4OAc solution at pH 7.0
and followed by centrifugation. Then the elemental Ca and Mg was determined by using atomic
absorption spectrophotometer (AAS), while exchangeable Na and K was measured by flame
photometer from the same extract[96]. For the determination of CEC, the soil samples was
leached with 1N ammonium acetate solution and washed with ethanol (97%) to remove excess
salt followed by leaching with sodium chloride to displace the adsorbed (NH,"). Then the
quantity of ammonia was measured by distillation and taken as CEC of the soil [95]. Percent
base saturation was calculated by dividing the sum of the base forming cations (Ca, Mg, Na, and
K) by the CEC of the soil and multiplying by 100 [97]. Exchangeable acidity was determined by
saturating the soil samples with 1 M KCI solution and titrated with 0.02 M NaOH as described
by [73]. Exchangeable Micronutrient cations (Fe, Cu, Zn and Mn) were extracted by DTPA
extraction method [98], and all these micronutrients were measured by atomic absorption

spectrophotometer.
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3.5. Statistical Analysis

The data was analyzed using statistical analysis system software (SAS 9.1.3) by using the
general linear model (GLM) procedure [99] which was used for performing the significance of
differences in soil parameters. A post the separation of means was done by least significant
difference (LSD) test after main effects is found significant at P < 0.05. Correlation analysis was

carried out to determine associations between selected soil physicochemical parameter.

21



4. RESULTS AND DISCUSSION

4.1. Soil physical properties
4.1.1. Soil texture

The particle-size distribution showed that the soil of the study area were clay and clay loam in
texture (Table 2). According to Buol et al. (2003), [100] high clay content is an indication of
complete alteration of weatherable minerals into secondary clays and oxides. The possible reason
for the dominance of clay could be due to the intensive weathering stage of the soil by the high
temperature, rainfall and acidic soil properties. The fraction sand were significantly different (P
< 0.05) by land use type, soil depth and the interaction of land use type with soil depth, while,
the clay fraction was significantly different (P< 0.05) by soil depth but silt was not affected (Table
2). Considering the interaction effects of land use type and soil depth, the lowest (33%) clay
contents were recorded at the surface layer of cultivated lands than the other land use types
(Appendix Table 1). The reason for low clay in surface layers of cultivated lands might be due to
selective removal of clay from the surface by erosion. Relatively higher sand content was
recorded in cultivated land soil followed by that of forest, grazing and fallow lands in the
surface, whereas silt was found to be higher in fallow and cultivated lands soil followed by
grazing and forest lands. Sand was negatively correlated with clay correlation coefficients r = -
0.91" (Appendix Table 6).

4.1.2. Bulk density

Bulk density value was significantly affected (P < 0.05) by land use type and soil depth but not
by their interaction effects (Table 2). The highest (1.31 g/cm®) mean value of bulk density was
recorded on the cultivated land and the lowest (1.16 g/cm®) mean value under the forest land in
the main effect (Table 2). However, bulk density increased slightly from surface to subsurface
layer under all the land use types (Appendix Table 1). Basically, increase in SOM lowers bulk
density while compaction increases bulk density, therefore, the highest bulk density in the
cultivated land is attributed to the soil compaction and organic matter degradation as a result of
continuous and intensive cultivation. This result is in agreement with the research findings

reported by [76] who reported that the highest BD in the cultivated land is due to the soil
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compaction and organic matter degradation. Even though, the average bulk density values of the
soil under different land use types in the study area are found in the acceptable range for plant
growth as suggest by [93] that was for good plant growth bulk density should be less than 1.4
gem™ for clay soil. Soil bulk density was negatively correlated with TP, pH, OC, TN and Av. P
at correlation coefficients r =-1.0", -0.63"", -0.56 , -0.55" and -0.80"" (Appendix Table 6).

Table 2. Main effects of land use type and soil depth on soil selected physical properties of the

study area
LUT Sand (%) Silt (%) Clay (%) STC BD (g/cm®) | TP %
CL 34.17° 27.00° 38.83" Clay loam | 1.31° 50.69°
GL 31.67° 26.00° 42.33%® Clay 1.18° 55.60°
FL 32.50° 22.00° 45,50 Clay 1.16° 56.29°%
Fal 28.33° 27.00° 44.67° clay 1.26° 52.64
LSD(0.05) | 1.41 3.32 3.34 0.03 1.21
SEM (%) 1.29 0.65 1.52 0.16 0.90
CV (%) 3.65 10.65 7.90 2.14 1.85
Soil depth

0-20 cm 36.83° 26° 37.17° Clay loam | 1.19" 54.93°
20-40cm | 26.5 25° 48.5° Clay 1.25° 52.67°
LSD(0.05) | 1.0 NS 2.93 0.02 0.86
SEM(2) 1.29 0.65 1.52 0.02 0.59
CV (%) 3.65 10.65 7.90 2.14 1.85

Main effect means within a column followed by the same letter are not significantly different
from each other at p < 0.05 LSD = least significant difference, SEM = standard error of the
mean, CV = Coefficient of variation, STC= soil textural classification, BD = bulk density, TP=
total porosity, LUT=land use type, CL=Cultivated land GL= Grazing Land, FL= Forest Land
FaL= Fallow Land

4.1.3. Total Porosity

Total porosity value was significantly affected (P < 0.05) by land use type and soil depth but not
by their interaction effects (Table 2). Relatively High values of total porosities (58.87%) were
found at surface soil under the forest land, whereas the lowest values (50.06%) were obtained at
the subsurface soil under cultivated land (Appendix Table 1). These results showed that land use
systems significantly affect soil porosity because intensive cultivation without appropriate soil
management results in organic matter degradation and soil compaction. Porosity decreased with
soil depth which could be attributed to accumulation of organic matter in surface soil under
forest land The results obtained from this study are in agreement with the findings reported by
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other researchers [101,102].Total porosity was inversely related the bulk density of the soil in
the study area (Appendix Table 1 and Table 2). For instance, cultivated land soil is highly
subjected to compaction and subsequently decreased porosity than soil of forest, fallow and
grazing lands. Previous findings indicate that the total porosity value of soil range as low as 25%
in compacted sub soil to more than 60% in well aggregated and high OM surface soil [93]. Thus,
in line with these authors limits, the total porosity values of the soil in the study area are in
acceptable ranges and do not seem to have poisonous effects on plant growth.

Total porosity should negatively correlated with bulk density (r = -1.0"), On the other hand, it
was positive correlated with OC (r = 0.56") (Appendix Table 6).

4.2. Chemical properties

4.2.1. Soil reaction (pH)

Soil pH values measured in a solution of soil to KCI ratio are less than a suspension of soil to
water ratio. The pH (KCI) value of the soil content was significantly affected (P < 0.05) by
land use type and soil depth (Table 3). While pH (H;O) value of the soil content was not
significantly (P > 0.05) affected by soil depth and their interaction effects but affected
by land use types (Appendix Table 2). The highest pH (6.61) in the subsurface (20-40 cm) and
the lowest (5.8) in the surface (0-20 cm) of soil pH (H20) values were recorded under the forest
and cultivated lands, respectively. The lower value of pH under the cultivated land may be due to
the depletion of basic cations in crop harvest and due to its highest microbial oxidation that
produces organic acids, which provide H ions to the soil solution lowers its soil pH value [95].
Soil pH increased constantly with depth in all land use systems. Application of inorganic
fertilizers and continuous cultivation practices and erosion could be some of factors which are
responsible for the variation in pH in the soil [44]. In general, the pH (H,O) values observed in
the study area were within the ranges of slightly acidic (6.24 — 6.37), and pH (KCI) values
ranged moderately acidic (5.25 — 5.48) soil reactions as indicated by [9] (Table 3).

The pH (H,0) of the soil positively correlated with TP, K, Na, Ca, with r = 0.63", 0.85 ,
0.68", 0.57" respectively, and negatively correlated with exchangeable acidity r = -0.53"
(Appendix Table 6).
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4.2.2. Organic carbon

Significant differences (p < 0.05) in OC content of soil were observed among the different land
use types and soil depth. The OC contents at both depths were higher at the forest land than the
other land use types (fallow, cultivated and grass lands) (Appendix Table 2). The reason may be
due to intensive cultivation of the land, burning plant residues practice during field preparation
and total removal of crop residues for animal feed and source of energy [8]. The conversion of
forest ecosystem to other forms of land cover may decrease the stock of OC due to changes in
soil moisture and temperature regimes, and succession of plant species with differences in
quantity and quality of biomass returned to the soil [103]. Considering the two soil depths, the
higher mean value of OC (2.48%) and the lower (2.26%) were observed within the surface (0-
20 cm) layer and the sub surface layer (20- 40 cm) of soil respectively ( Table 3). The relatively
higher OC in soil at upper depth in all land use systems could be due to relatively better return
of biomass for decomposition at the surface. As per the rating of nutrients, Chimdi et al. (2012),
[95] the soil OC can be categorized as high in the soil of forest and moderate in soil of fallow,
grazing and cultivated lands. Studies by Chimdi et al. (2012), [95] indicated the decrease of soil
OC content due to shifting of natural forest to grass, fallow and to cultivated lands.

Soil organic carbon was associated positively with TP, TN, C: N, av. P and CEC with correlation
coefficient r= 0.56", 0.85 , 0.72",0.81" and 0.58" respectively, whereas, negatively correlated

with bulk density with correlation coefficient r=-0.56  (Appendix Table 6).

4.2.3. Total nitrogen

Total N content of soil was significantly (P < 0.05) different by land use type but not affected
by soil depth and the interaction of land use type and soil depth (Table 3). Across the land use
types, distribution of total N followed same patterns to soil OC distribution. It was highest in
forest land (0.19) and lowest in the cultivated land (0.14) (Table 3). As compared to soil of
forest land, TN content in grazing, fallow and cultivated lands, depleted by 26.67%, 26.67%,
and 35.71% respectively (Table 3), were observed due to deforestation and subsequent
cultivation but as suggested by [94], the total N in all land use types rated as medium. The mean
total N content decreased considerably from surface (0.16%) (0-20cm) to subsurface (0.15%)
(20-40 cm) soil layers (Appendix Table 2). The relatively high TN content in the surface layers

indicates that the soil of the study area has potentially high N content to support proper growth
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and development of crops, while Conversion of natural forest to different land use types causes
a decline of SOM and total N in the top soil layer.

The relatively high total N content in soil of the forest land could be associated with the high
organic carbon, available P and CEC contents of this soil. This is confirmed by the positive and
highly significant correlation r = 0.85™, 0.72" and 0.6" respectively, obtained between these

parameters (Appendix Table 6).

4.2.4. Carbon to Nitrogen ratio

Numerically, distribution of C: N followed similar patterns to OC and TN distributions except
slight variation within the land use types. The carbon to nitrogen (C/N) ratio of the soil at the
study area was not significantly (P > 0.05) affected by land use type, soil depth and their
interaction (Table 3). The C: N ratio was higher under forest land as compared to the cultivated,
grazing and fallow lands. The reason obviously could be the higher contents of soil OM in case
of forest land (Appendix Table 2). Based on this, the observed C: N ratio status in the studied,
the forest land can be considered as suitable for plant growth but, the other land use type’s needs
treatment. This is in line with [103], who reported the C: N ratio of 15:1 to 30:1 is assumed as a
favorable condition because nitrogen needs are supplied with minimum oxidation of SOM. C: N
ratio was positively correlated with organic carbon and available phosphorus at correlation

coefficient, r=72"" and 0.54"" respectively (Appendix Table 6).

4.2.5. Exchangeable acid

The exchangeable acidity was not significantly affected (P >0.05) by land use type, soil depth
and their interaction (Table 3). The relatively highest (0.16 cmol(;)/kg) and the lowest (0.12
cmol (+)/kg) exchangeable acidity were recorded under the cultivated land and the forest land
respectively. On average, however, relatively higher exchangeable acidity (0.15) was recorded
in soil of the surface (0 — 20 cm) where relatively lower (0.13) was recorded in soil of the
subsurface (Table 3). These results show intensive cultivation and release of organic acids
during decomposition of organic matter to the relatively higher exchangeable acidity content
under the cultivated land than the other land use types. Exchangeable acidity was negatively
correlated with clay, pH, CEC and exchangeable bases, while sand and silt both positively
correlated by with r=0.55"" (Appendix Table 6).
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Table 3. Main effects of land use type and soil depth on (pH (H.0), pH (KCI), EA, OC, TN, C:
N, Av. P) of soil in the study area

H H EA Av. P
LuT (Hp20) (lECI) OC () | TN | CN | coi)kg | (mg/Kg)
CL 5.89° 4.68° 2.00° 0.14° [13.90° |o0.16 6.11°
GL 6.50° 5.63 2.10° 0.15° [13.91° [0.15° 9.00°
FL 6.54° 5.72° 3.10° 0.19* [16.31* [o0.12° 11.04°
FalL 6.28" 5.42° 2.29° 0.15° [14.97° |0.13b° 7.03°
LSD(0.05) 0.14 0.12 0.11 0.17 1.21 0.02 0.37
SEM () 0.06 0.10 0.10 0.00 0.30 0.00 0.40
CV (%) 1.85 1.86 3.71 9.26 6.55 9.11 3.67
Soil depth (cm)

0-20 6.24° 5.25 2.48° 0.17* |14.93* |0.15° 8.56°
20-40 6.37° 5.48° 2.26° 0.15° [1457° [0.13° 8.03"
LSD(0.05) 0.10 0.09 0.08 0.01 0.86 0.01 0.26
SEM () 0.06 0.10 0.10 0.00 0.29 0.00 0.40
CV (%) 1.85 1.86 3.71 9.26 6.55 9.11 3.67

Main effect means within a column followed by the same letter are not significantly different
from each other at p < 0.05 LSD = least significant difference, SEM = standard error of the
mean, CV = Coefficient of variation, OC = organic carbon, TN = total nitrogen, C:N = carbon to
nitrogen ratio, EA= exchangeable acid, AvP= available phosphorus, LUT= land use type, CL=
Cultivated land GL= Grazing Land, FL= Forest Land FalL= Fallow Land.

4.2.6. Available phosphorus

The available phosphorus was not significantly different (P > 0.05) by land use type but affected
by soil depth and the interaction of land use type with soil depth (Table 3). Available phosphorus
(P) in all land use systems decreased with increasing soil depth. This is in agreement with the
findings of Sime D. (2014), [93] who reported that top soil phosphorus is usually greater than
subsoil due to sorption of the added phosphorus, greater biological activities and the
accumulation of organic matter on the surface soil. According to Landon (1991), [40] the level of
available phosphorus on the soil of forest land (11.04 mg/kg) can be illustrated as a high,
whereas the other three land use types cultivated, fallow and grazing were described as medium.
Among the land use systems, the natural forest land contained relatively higher concentration of
available phosphorus as a result of high organic matter which released phosphorus during its
mineralization. The other reason for the medium P contents of soil of the study area could be

continuous uptake by crops, crop residue removal and erosion. On the other hand, available
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phosphorus was positively associated with pH, OC, TN and CEC, atr =, 0.75 ", 0.81", 72" and
0.70 "respectively, while negatively correlated with bulk density at r= and -0.80"" respectively
(Appendix Table 6).

4.2.7. Cation exchange capacity

The CEC values of the soil in the study area were significantly different (P< 0.05) by land use
type and soil depth, while not affected by interaction of land use type and soil depth (Table
4). The CEC value of the study area was 17.18, 14.33, 13.77 and 12.72 cmolkg™, for the land
use types of forest, grazing, fallow and cultivated lands respectively, was registered in decreasing
order (Table 4). Based on CEC ratings developed by Mebit K. (2006), [41] the CEC content of
soil was rated a low in cultivated, grazing and fallow lands while, medium in the forest land
(Table 4). The relatively moderate and low CEC values recorded, respectively, in forest and the
three adjacent land use types may attributed to the fact that soil in forest land accumulate high
percent OC and has greater capacity to hold cations thereby resulted greater potential fertility in
the soil. Therefore, soil CEC is expected to increase through improvement of the soil OM
content. However, deforestation, overgrazing and changing of land from forest to crop land
without proper management aggravates soil fertility reduction, like in the cultivated land. The
low CEC in cultivated land was in line with the low organic carbon contents of the soil under this
land use type (Appendix Tables 2 and 3). Soil containing high clay and organic matter contents
have high cation exchange capacity. The soil CEC values in cultivated land use types decreased
mainly due to the reduction in organic matter content [98].CEC values increased from the
(13.68) surface to the (15.32) subsurface in the study area (Table 4). The variation in CEC could
be differences in clay contents, as clay increment would result in increased CEC. Cation
exchange capacity was positively correlated with clay, OC, K, Na, Ca and Mg With correlation
coefficient r=0.63", 0.58, 0.78", 0.68", 0.86" and 0.87" respectively, whereas, negatively
correlated with EAwith r= -0.53" respectively (Appendix Table 6).

4.2.8. Exchangeable bases (K, Na, Ca and Mg)

The content of exchangeable bases was significantly affected (P < 0.05) by land use type but,
it was not significantly (P >0.05) by soil depth and the interaction of land use type with soil
depth (Table 4). Based on the data obtained, relatively highest mean ( 0.52,0.38,6.83 and 2.82
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cmol(+)/Kg ) was recorded in the forest land, where as the lowest (0.26, 0.25, 3.93 and 1.72
cmol (+)/Kg) obtained in the cultivated land, for the exchangeable K, Na, Ca and Mg
respectively (appendix Table 3). As result, the mean relative result of basic cations in the
exchange complex was in the order of Ca > Mg > K > Na. This is in agreement with that of
[93]. In this study, deforestation and continuous cropping mainly contributed to depletion of
basic cations on the cultivated land as compared to the adjacent forest land. In accordance the
ratings of [41] the soil are categorized under low to medium for Ca, medium to Na, K and Mg.
Exchangeable bases was positively correlated with pH, OC, TN, Av. P and CEC While, it was
negatively associated with exchangeable acid (Appendix Table 6).

Table 4. Main effects of land use type and soil depth on (CEC, K, Na, Ca, Mg and PBS) of soil in

the study area.

LUT CEC K Na Ca Mg PBS
(Cmol(+)/Kg (Cmol(.)/Kg | (Cmol(.)/Kg | (Cmol(,)/Kg | (Cmol(.)/Kg | (05)
CL 12.72° 0.26¢ 0.25° 3.93° 1.72° 48.57°
GL 14.33° 0.44° 0.34° 4.20"° 2.23° 50.68"
FL 17.18° 0.52° 0.38° 6.83° 2.82° 61.542
FaL 13.77° 0.35° 0.28° 4.48° 1.78° 50.94°
LSD(0.05) 0.70 0.04 0.04 0.44 0.168 4.73
SEM () 0.42 0.02 0.01 0.26 0.10 1.70
CV (%) 3.94 8.40 9.64 7.36 6.41 7.31
Soil depth
0-20 cm 13.68° 0.38° 0.30° 4.57° 1.98° 572
20-40 cm 15.322 0.40° 0.32° 5.16° 2.3 48.89°
LSD 0.49 NS NS 0.31 0.12 3.35
SEM () 0.42 0.02 0.01 0.26 0.1 1.7
CV (%) 3.94 8.40 0.64 7.36 6.41 7.31

Main effect means within a column followed by the same letter are not significantly different
from each other at p < 0.05 LSD = least significant difference, SEM = standard error of the
mean, CV = Coefficient of variation, CEC= cathion exchange capacity, PBS = percent base
saturation, LUT=land use type, CL=Cultivated land GL=Grazing Land, FL=Forest Land
FaL=Fallow Land.

4.2.9. Percent base saturation

The percent base saturation (PBS) of the soil at the study area was not significantly (P > 0.05)
affected by land use type, soil depth and their interaction (Table 4).The percent base
saturation, which depends on sum of exchangeable bases and CEC. Sime D. (2014), [93] among
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the two soil depths, relatively higher (57%) PBS was observed in the surface layer than the
subsurface layer (48.89%), (Table 4). This is attributed mainly low CEC values recorded under
the surface layer. According to [41], PBS is high when its values are > 60, medium when 20-60,
and low when < 20%. According to this, PBS of the study area was moderate. Percent base
saturation was associated positively with TP, OC and av. P with correlation coefficient r= 0.65
0.71" and 0.59 “respectively. Whereas negatively correlated with bulk density at r=-0.65"
(Appendix Table 6).

4.2.10. Available Micronutrients

The contents of extractable micronutrients (Zn Fe,Mn and Cu) were significantly (P < 0.05)
affected by land use type, and soil depth, but not significantly (P > 0.05) affected by their
interaction (Table 5). Considering the main effects of land use type, the highest contents of Mn
(14.05), Fe (4.33 mg/kg), Cu (4.41 mg/kg) and Zn (0.89 mg/kg) were recorded under the forest
land while the lowest (13.38 3.69, 3.73 and 0.56 mg/kg) contents of Mn, Fe, Cu and Zn were
observed under the cultivated land, respectively (Table 5). The results of the study area also
indicated that the contents of all these micronutrients were higher at the surface (0-20 cm) layer
than in the subsoil (20-40 cm) (Appendix Table 5). From surface (0- 20 cm) to the lower
subsurface (40-60 cm) soil layer, available Mn, Fe, Cu and Zn were decreased by 4.39, 8.75,
9.74 and 11.27%, respectively. This shows that the solubility and availability of micronutrient
was increased with the increase of OM content (Appendix Table 2 and 5), [98]. The
concentration of available micronutrients in studied land use types were found to be Fe > Mn >
Cu > Zn in all land use types and soil depth (Appendix Table 5 and Table 5). As per the critical
rating recommended by [95], the contents of DTPA extractable Mn, Fe, Cu and Zn was found to
be medium in all land use types and soil depths in the study area. Available micronutrients was
positively correlated with TP, OC, Av. P and PBS, however, it was negatively correlated with
bulk density (Appendix Table 6).
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Table 5. Main effects of land use type and soil depth on micronutrients (Mn, Fe, Cu and Zn) of
soil in the study area

LUT Mn Fe Cu Zn
(mg Kg™) (mg Kg™) (mg Kg™) (mg Kg'h)
CL 13.38° 3.69° 3.73° 0.56¢
GL 13.83° 4.00° 3.98% 0.82°
FL 14.05° 433 4.41° 0.89°
FalL 13.68% 3.73¢ 4.24° 0.74°
LSD (0.05) 0.44 0.16 0.45 0.06
SEM (2) 0.11 0.07 0.09 0.03
CV (%) 2.62 3.33 8.91 6.59
Soil depth
0-20 cm 14.02° 4.10° 4.28° 0.79%
20-40 cm 13.43° 3.77° 3.9 0.71°
LSD (0.05) 0.31 0.11 0.32 0.04
SEM (%) 0.11 0.07 0.09 0.03
CV (%) 2.62 3.33 8.91 6.59

Main effect means within a column followed by the same letter are not significantly different
from each other at p < 0.05 LSD = least significant difference, SEM = standard error of the
mean, CV = Coefficient of variation, LUT=land use type, CL=Cultivated land GL = Grazing
Land, FL=Forest Land FalL=Fallow Land.
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5. CONCLUSION AND RECOMMENDATION

5.1. CONCLUSION

The results of this study showed that there are significant differences (p<0.05) among the four
land use types for all soil properties except silt, C/N, exchangeable acidity, PBS, and
micronutrient Mn, Cu were not significantly (P > 0.05) different. Variations in soil
physicochemical properties were observed under soil of selected land use types and soil depth in
the study area. For instance, soil clay, TP, pH-H,O, OC, TN, available P, CEC, PBS and
available Mn contents of forest land was significantly higher than the adjacent cultivated land by
14.66, 9.95, 9.94, 35.48, 26.32, 44.66, 25.96, 21.08 and 4.77% respectively. This variation in soil
physicochemical properties could be related to high rainfall, burning plant residues practice
during field preparation, removal of crop residues for animal feed and conversion of forest land

to the other land use types.

5.2. RECOMMENDATION

From the results of the study conversion of forest lands to cultivate and grass lands had negative
effects on the soil physicochemical properties under subsistence farming systems of the study

area.
It is, therefore, recommended that:-

1. Fertilizers having higher content of phosphorus must be applied to the cultivated land in
order to increase the concentration of available phosphorus.

2. Appropriate and integrated land management options for different land use systems are
required to sustain agricultural productivity while protecting the environment.

3. The government and non-government rural development strategies should emphasize: to
conserve the soil physicochemical properties of the soil of the study area by creating
awareness for farmers to reduce the intensive cultivation and to use locally available
sources of organic fertilizers like compost and animal dung.

4. Lime should be added to the cultivated land to increase the concentration of

exchangeable bases as a result soil acidity can be lowered.

32



6. REFERENCES

[1] Havlin etal. Trends in soil science education and employment. Soil Sci. Soc. Am. J., 2010,
74:1429-1432. doi:10.2136/sssaj.0143,

[2] Six J., E. T. Elliott and Paustian K. “Aggregate and Soil Organic Matter Dynamics under
Conventional and No- Tillage Systems,” Soil Science Society of America Journal, 1999, 63
(5), 1350-1358. doi:10.2136/sssaj.6351350%

[3] Mesfin A. (1998) Nature and management of Ethiopian soils. Alemaya University of

Agriculture, Ethiopia. 272p.

[4] Habtamu A. (2011) Land Use/Land covers change and Impacts of Jatropha on Soil Fertility: The Case
of Mieso and Bati Districts, Ethiopia (M.Sc. Thesis) Haramaya University, Ethiopia. Pp. 11-30.

[5] Achalu C, Heluf G, Kibebew K, Abi T (2012) Response of Barley to liming of acid soils
collected from different land use systems of Western Oromia, Ethiopia. J Bio Env Sci 2: 1.

[6] Nye PH. and Greenland DJ. Changes in soil after clearing tropical forest. Plant soil, 1964,
21:101-120.

[7] Ahh PM. West African Soils, Oxford University Press, Great Britain. 1970;332.

[8] Page JB. Willard CJ. Cropping systems and soil properties. Soil Sci. Am. Proc., 1946, 11:81-88.

[9] Lal R.and Kimble JM. Conservation tillage for carbon sequestration. Nutr. cycl. Agroecosyst,
1997, 49:234-253.

[10] Tisdall J. and Oades, J. Organic matter and water stable aggregates in soils. J. Soil Sci.,
1982, 33:141-163.

[11] Eynard etal. Aggregation size and stability in cultivated South Dakota Prairie Utsills and
Usters. Soil Sci. Am. J., 2004, 68:1360- 1365.

[12] Six J. etal. Soil structure and soil organic matter. I. Distribution of aggregate associated
carbon. Soil Sci Soc. Am. J., 2000a, 64:681- 689.

[13] Koutika LS. etal. (1997). Organic matter dynamics and aggregation in soil under rain and
pastures of increasing age in the eastern Amazon Basin. Geoderma 76, 87-112.

[14] Sisti CPJ. etal. (2004). Change in carbon and nitrogen stocks in soil under 13 years of

conventional or zero tillage in southern Brazil. Soil and Tillage Research 76, 39-58.

33



[15] Alvarez R. and Alvarez CR. (2000). Soil organic matter pools and their associations with
carbon mineralization kinetics. Soil Science Society of American Journal 64(1), 184-189.

[16] Stevenson FJ. (1994). Humus Chemistry: Genesis, Compositions, Reactions, 2nd edition,
John Wiley & Sons, New York.

[17] Barthes B. etal. (1999). Relationships between soil erodibility and topsoil aggregate stability
of carbon content in a cultivated Mediterranean highland (Avey ron, France).
Communication in Soil Science and Plant Analysis 30(13-14), 1929-1938.

[18] Assefa K. (1978). Effects of humus on water retention capacity of the soil, and its role in
fight against desertification. M.Sc. Thesis, Department of Environmental Science, Helsinki

University. 68p.

[19] Foth, H.D. and B.G. Ellis., Soil fertility, an Ed. Lewis CRC Press LLC., USA. 1997,
290p.

[20] FAO, 1983. Guidelines for the control of soil degradation, Rome: United Nations
Environment Programme (UNEP) and Food and Agriculture Organization of the United
Nations (FAO).

[21] Rao, K.S. and R. Pant, 2001. Land use dynamics and landscape change pattern in a typical
micro watershed in the mid elevation zone of central Himalaya, India. Agriculture,
Ecosystems and Environment 86: 113-123.

[22] Eshetu Z. and P. Hogberg, Effects of land use on 15N natural abundance of soils in
Ethiopian highlands. Plant Soil, 2000, 222: 109-117.

[23] EFAP, 1993. Ethiopian forestry action program: the challenge for development (Vol. I).
Ministry of Natural Resources Development and Environmental Protection, Addis Ababa,
Ethiopia.

[24] Solomon, D., J. Lehmann, M. Tekalign, F. Fritzsche and W. Zech. Phosphorus forms and
dynamics as influenced by land use changes in the sub-humid Ethiopian highlands.
Geoderma, 2002, 105: 21-48.

[25] Gete Zeleke and H. Hurni, Implications of land use and land cover dynamics for mountain
resources degradation in the north-western Ethiopian highlands. Mountain Research and
Development, 2001, 21(2): 184-191.

[26] Sanchez and P.A., 1976. Properties and Management of Soils in the Tropics. John Wiley
and Sons, Inc., New York, USA. 618p.

34



[27] Chaudhary, B.D., 2002. Fundamentals of Soil Science. Division of Soil Science and
Agricultural Chemistry, Indian Agricultural Institute, New Delhi.

[28] Hillel, D., 2004. Introduction to Environmental Soil Physics. Elsevier Academic Press.

[29] Gupta, P.K., 2004. Soil, plant, water and fertilizer analysis. Shyam Printing Press, Agrobios,
India, 438p.

[30] FAO (Food and Agriculture Organization), 1998. Top Soil Characterization for Sustainable
Land Management. Soil Resources, Management and Solutions Service. FAO, Rome.

[31] Ranst, V., 1991. Land Evaluation: Principles in Land Evaluation and Crop Production
Calculations (Part 1). International Training Center for Post -Graduate Soil Scientists. State
University Gent, Belgium.

[32] Lilienfein, J., W. Wilcke, M.A. Ayarza, L. Vilela, S.D.C. Lima and W. Zech. Chemical
fractionation of phosphorus, sulphur, and molybdenum in Brazilian savannah Oxisols
under different land uses. Geoderma, 2000, 96: 31-46.

[33] Miller, R.W. and D.T. Gardiner, 2001. Soils in our environment, 9th Ed. Prentice-Hall Inc.,
Englewood Cliffs, New Jersey. 671p.

[34] Brady, N.C. and R.R. Weil, 2002. The Nature and Properties of Soils, 13th Ed. Prentice-
Hall Inc., New Jersey, USA, 960p.

[35] Wakene Negasa, 2001. Assessment of Important Physico-Chemical Properties of District
Udalf (District Nitosols) Under Different Management Systems in Bako Area, Western
Ethiopia. MSc. Thesis, Alemaya University.

[36] Mohammed Assen, P.A.L. Le Roux, C.H. Barker and Heluf Gebrekidan. Siols of Jelo
micro-catchment in the Chercher highlands of eastern Ethiopia: I. Morphological and
physicochemical properties. Ethiopian Journal of Natural Resources, 2005, 7(1): 55-81

[37] Belay Tegene, Variabilities of soil catena on degraded hill slopes of Watiya Catchment,
Welo, Ethiopia. Ethiopian journal science, 1997, 20(2): 151-175.

[38] FAO (Food and Agriculture Organization), 2006. Guidelines for soil description. FAO, Rome.

[39] Shiferaw Boke, 2004. Soil phosphorus fractions as influenced by different cropping systems
in Andosols and Nitosols in Kembata Tembaro and Wolaita Zones, SNNPRS, Ethiopia.
MSc thesis, Alemeya University, 126p.

35



[40] Landon, J.R. (ed.), 1991. Booker tropical soil manual: A Handbook for Soil Survey and
Agricultural Land Evaluation in the Tropics and Subtropics. Longman Scientific and
Technical, Essex, New York. 474p.

[41] Mebit Kebede, 2006. Physico-chemical properties and classification of soils along the
toposequence at Woreta Agricultural Technical Vocational Education and Training College
research farm, Ethiopia. MSc Thesis, Alemaya University, Ethiopia. 65p.

[42] Havlin, J.L., S.L. Tisdale, W.L. Nelson, and J.D. Beaton, 2002. Soil fertility and fertilizer.
7th Ed. Prentice-Hall of India, Newdelhi. 633p.

[43] Ahmed Hussein, 2002. Assessment of spatial variability of some physicochemical
properties of soils under different elevations and land use systems in the western slopes of
Mount Chilalo, Arsi. MSc Thesis, Alemaya University, Ethiopia. 111p.

[44] Mokwunye, A.U., 1978. The role of inorganic fertilizers in the chemical degradation of
Nigerian savannah soils. Samaru conference paper 14. Expert consultation on methodology
for assessing soil degradation. FAO, Rome. 16p.

[45] Vance, D.E. Agricultural site productivity: principles derived from long-term experiments
and their implications for intensively managed forests. Forest Ecology and Management,
2000, 138: 369-396.

[46] Roming, D.E., Garlynd, M.J. Harris, and K. Mc Sweeney. How farmers assess soil health
and quality. Journal of Soil and Water Solutions, 1995, 50: 229-236.

[47] Doran, JW., Soil health and global sustainability: translating science into practice. Envi.
Agri., Ecos., 2002, 88: 119-127.

[48] Prasad, R., and J.F. Power, 1997. Soil Fertility Management for Sustainable Agriculture.
Lewis Publishers, CRC Press, LLC. 356p.

[49] Asefa Taa, D.G. Tanner, and A.P. Bennie, 2003. Effects of Straw Management, Tillage and
Cropping Sequence on Soil Chemical Properties in the South Eastern Highlands of
Ethiopia. In: Tilahun Amede and Eylachew Zewdie (eds.), 2003. Challenges of land
Degradation to Agriculture in Ethiopia. Feb. 28- March 1, 2002. Proceedings of the 6th
Ethiopian Society of Soil Science (ESSS) Conference. Addis Ababa, Ethiopia.

[50] Yohannes Gebremichael, 1999. The use, maintenance and development of soil and water

conservation measures by small- scale farming households in different ago-climatic zones

36



of northern Shewa and south Wello, Ethiopia. Soil Conservation Research Programme
Ethiopia. Research Report 44. 188p.

[51] Mitiku Bekele, 2000. Study on some important physico-chemical characteristics of Gnaro
plantation and natural junipers forest soils, Borena, southern Ethiopia. MSc Thesis,
Alemaya University, Ethiopia. 79p.

[52] Burke, I.C., C.M. Yonker, W.J. Parton, C.V. Cole, K. Flach, and D.S. Schimel.
Texture,climate and cultivation effect on soil organic matter in U.S. grassland soil. Am. J.
Soil Sci. Soc., 1988, 53: 800-806.

[53] Yihenew Gebreselassie. Selected chemical and physical characteristics of soils Adet
Research Center and its Testing Sites in North-Western Ethiopia. Ethiopian Journal of
Natural Resources, 2002, 4(2): 199-215.

[54] Mishra, B.B., Heluf Gebrekidan and Kibebew Kibret. Soils of Ethiopia: Perception,
appraisal and constraints in relation to food security. Journal of Food, Agriculture and
Environment, 2004, 2(3 and 4): 269-279

[55] Preez, C.C. and M.E. Toit. Effect of cultivation on the nitrogen fertility of selected
agroecosystems in South Africa. Frt. Res., 1995, 42: 27-32.

[56] Eshett, E.J., J.A.l. Omuti and A.S.R. Juo. Soil property and mineralogy in relation to land use on a
sedimentary toposequence in Southeastern Nigeria. J. Agri. Sci. Camb., 1989, 112: 377- 386.

[57] Murata, T., M.L. Nguyen and K.M. Goh. The effect of long-term super phosphate
application on soil organic matter content and composition from an intensively managed
New Zealand pasture. European J. Soil Sci., 1995, 46: 257-264.

[58] Syers, J.K., P. Nyamudeza, and Y. Ahenkorah, 2001. Sustainable Nutrient Management of
Vetisols, pp. 43-55. In: Syers, K.J., Devaries, P. and Nyamudeza (eds.) (2001). CABI
publishing , New York.

[59] Gregorich, E.G. and D. W. Anderson. Effects of cultivation and erosion on soils of four
toposequence in Canadian prairies. Geoderma, 1985, 36: 343-354.

[60] Fiez, T.E., B.C. Miller and W.L. Pan.. Winter wheat yield and grain protein across varied
landscape positions. Agron. J., 1994, 86:1026-1032.

[61] Lal, R. World cropland soils as a source or sink for atmospheric carbon. Adv. Agron., 2001,
71: 145-191.

37



[62] Anderson, D.W., S. Saggar, J.R. Bettany and J.W.B. Stewart. Particles size fractions and
their use in studies of soil organic matter: The Nature and Distribution of Forms of Carbon,
Nitrogen, and Sulfur. Soil Sci. Soc. Am. J., 1982, 45: 767-772.

[63] Walker, B.D. and C. Wang, 1994. Benchmark site documentation: 05-AB (Provost,
Alberta). Centre for Land and Biological Resources Research, Agriculture and Agri-Food
Canada, Edmonton, AB. CLBRR Contrib. No. 95-03. 22 p.

[64] Jones, J.B.Jr., 1998. Plant Nutrition Manual. Lewis Publishers, CRC Press, LLC. 149p. Juo,
AS.R. and R.L. Kemper, W.D. and Rosenau, R.C. 1986. Aggregate stability and size
distribution. In A. Klute et al. (eds.), Methods of Soil Analysis, Part I, Physical and
Mineralogical Methods, pp. 425-442. Agronomy Monograph 9. Soil Science Society of
America, Madison.

[65] Pal, U.R., O.0. Olufajo, L.A. Nnadi and L. Singh, Response of soybean (Glycine max) to
phosphorus, potassium, molybdenum applications. J. Agri. Sci. Camb, 1989.

[66] Mullen, M.D., 1998. Transformation of other elements. pp. 369-386. In R. Wu. The effect
of land use on soil fertility and phosphorus dynamics in sub-Alpine grassland soils of
Gansu China. Department of soil science, University of Saskatchewan, Saskatoon.

[67] Tekalign Mamo and I. Haque. Phosphorus of some Ethiopian soils. 111. Evaluation of some
soil test methods for available phosphorus. Tropical Agriculture, 1991, 68(1): 51-56.

[68] Murphy, H.F., 1968. A report on the fertility status and other data on some soils of Ethiopia,
Experiment Station Bulletin No. 44, College of Agriculture Haile Sellassie | University,
Dire Dawa, Ethiopia. 551p.

[69] Eylachew Zewdie, 1987. Study on phosphorus status of different soil types of Chercher
highlands, south-eastern Ethiopia. PhD Dissertation, University of Jestus Liebig,
Germany.168p.

[70] Mulongey, K. and R. Merck (Eds.), 1993. Soil organic matter dynamics and sustainability of
tropical agriculture. John Wiley and Sons, Inc., New York. 392p.

[71] Nuga, B.O., N.C. Eluwa and G.E. Akinbola. Characterization and Classification of Soils
along a Toposequence in lkwuano Local Government Area of Abia State Nigeria.
Electronic Journal of Environmental, Agricultural and Food Chemistry, 2008, 7 (3): pp.
2779-2788.

38



[72] Muller-Samann, K.M. and J. Kotschi (eds.), 1994. Sustaining Growth. Soil Fertility
management in Tropical Smallholdings. CTA; GTZ. Trans. Christine Ernsting and
SimonCharter, WeikerSheim, Margraf. 486p.

[73] Rowell, D.L., 1994. Soil science: Methods & Applications. Addison Wesley Longman
Singapore Publishers (Pte) Ltd., England, UK. 350p.

[74] Nair, K.M. and G.S. Chamuah. Exchangeable aluminum in soils of Meghlaya and management
of AI3" related productive constraints. J. Indian Soc. Soil Sci., 1993, 4(1/2): 331-334.

[75] Buol, S\W., F.D. Hole and R.J. McCracken, 1989. Soil genesis and classification, 3rd Ed.
Ames, IA: The lowa State University Press. Xiv, New Delhi. 446p.

[76] Wakene NC, Heluf G (2003). The impact of different land use systems on soil quality of
Western Ethiopian Alfisols. Bako Agricultural Research Center, West Shoa, Ethiopia. Pp
2-6.

[77] Tisdale, S.L., W.L. Nelson, J.D. Beaton and J.L. Havlin, 1995. Soil fertility and fertilizer,
5th Ed. Prentice-Hall of India, New Delhi. 684p.

[78] Mesfin Abebe, 1996. The challenges and future prospects of soil chemistry in Ethiopia. pp.
78-96. In: Teshome Yizengaw, Eyasu Mekonnen and Mintesinot Behailu (Eds.).
Proceedings of the 3rd Conference of the Ethiopian Society of Soil Science (ESSS). Feb.
28-29, 1996. Ethiopian Science and Technology Commission. Addis Ababa, Ethiopia.
272p.

[79] Alemayehu Tadesse. Soil and irrigation management in the state farms. pp. 47-52. In:
Proceedings of the First Natural Resources Conservation Conference. Natural Resource
Degradation: A Challenge to Ethiopia. Institute of Agricultural Research (IAR), 1990, 7-8
Feb 1989. Addis Ababa, Ethiopia.

[80] Szabolcs, I. (Editor), 1969. The influence of sodium carbonate on soil forming processes
and on soil properties. Symposium on the Reclamation of Sodic and Soda-Saline Soils,
Yerevan 1969. Agrochemistry and Soil Science. TOM. 18: 392p.

[81] Sposito, G. (Ed.), 1989. The Chemistry of Soils. pp. 226-245. Oxford Uni. Press, New York.

[82] Jordan, C.F., 1993. Ecology of tropical forests. pp.165-195. In: L. Panxel (Ed.). Tropical
forestry handbook.

[83] Dudal, R. and J. Decaers, 1993. Soil organic matter in relation to soil productivity. pp. 377-
380. In: Mulongoy J. and R. Marcks (Eds.). Soil Organic Matter Dynamics and

39



Sustainability of Tropical Agriculture. Proceeding of International Symposium Organized
by the Laboratory of Soil Fertility and Soil Biology, Ktholeke University Leuven (K.U.
Leuven) and the International Institute of Tropical Agriculture (IITA) and Held in Leuven,
Belgium, 4-6 November 1991. John Wiley and Sons Ltd., UK.

[84] Bohn, H.L, B.L. McNeal and G.A. O'Connor,. Soil chemistry 3rd Ed. John Wiley and Sons,
Inc., New York., 2001, 307p.

[85] Dereje Tilahun, 2004. Soil Fertility Status with Emphasis on Some Micronutrients in
Vegetable Growing Area of Kolfe, Addis Ababa, Ethiopia. MSc Thesis, Alemaya
University.

[86] Getachew Fisseha and Heluf Gebrekidan. Characterization and fertility status of the soils of
Ayehu Research Substation, northwestern highlands of Ethiopia. East African Journal of
Sciences, 2007, 1(2): 160-1609.

[87] Haque, 1., 1988. Biblography on Micronutrients in Soils, Plants and Animals in Sub-Saharan
Africa. Plant Science Division Working Document Number B8. International Livestock
Centre for Africa (ILCA), Addis Ababa, Ethiopia. 138p.

[88] Krauskopf, K.B., 1972. Geochemistry of micronutrients. pp. 7-35. In: J.J. Mortvedt, P.M.
Giordano and W.L. Lindsay (eds.). Micronutrients in Agriculture. Soil Sci. Soc. Amer.
Madison, Wisconsin.

[89] Fisseha Itana, 1992. Macro and micronutrients distributions in Ethiopian Vertisols
landscapes. PhD Dissertation, University of Hohenheim, Germany. 201p.

[90] Gambella region agricultural and rural development office, field report, Gambella Ethiopia,
2016.

[91] Federal Democratic Republic of Ethiopia — Majang Forest Biosphere reserve nomination
form — August, 2015

[92] Bouyoucos, G.J.Hydrometer method improvement for making particle size analysis of soils.
Agron. J, 1962, 54: 179-186.

[93] Sime Deressa, 2014. Spatial variability of selected physicochemical properties of soils of
Gelesha sub-watershed in Mejengir Zone of Gambella regional state, Southwestern
Ethiopia. Thesis Submitted to School of Graduate Studies, Haramaya University.

[94] Jackson, M.L. 1958. Soil Chemical Analysis. Prentice Hall, Inc., Engle Wood Cliffs. New
Jersey. 183-204p.

40



[95] Chimdi et al. (2012) Status of selected physicochemical properties of soils under different
land use systems of Western Oromia, Ethiopia, J Bio Env Sci 2:57-71.

[96] Van Reeuwijk L.P..Procedures fo r Soil Analysis. 3rd Edition International Soil Reference
and Information Centre Wageningen (ISRIC). The Netherlands. 1993 P.O. Box 353. 6700
AJ Wageningen

[97] Sahlemedhin Sertsu and Taye Bekele, 2000. Procrdures for soil and plant anlysis. National
Soil Research Centre, Ethiopian Agricultural Research Organization, Addis Ababa,
Ethiopia.110p

[98] Teshome Yitbarek et al. 2013. Impacts of Land Use on Selected Physicochemical Properties
of Soils of Abobo Area, Western Ethiopia. Agriculture, Forestry and Fisheries. Vol. 2, No.
5, pp. 177-183.

[99] Offiong, R. A., Atu, J. E., Njar, G. N., & lwara, A. I. (2009). Effects of Land Use Change
on Soil Physico-Chemical Properties in a South-Southern Nigeria. African Journal of
environment, Pollution and Health, 7(2), 47-51.

[100] Buol, SW., RJ. Southard, R.C. Graham and P.A. McDaniel, 2003. Soil genesis and
classification. 5th edition. lowa State Press, Ames. 117p. Buol, S.W., R.J. Southard, R.C.
Graham and P.A. McDaniel, 2003. Soil genesis and classification. 5th edition. lowa State

Press, Ames. 117p.

[101] Singh, H., K.N. Sharma and B.S. Arora. 1995. Influence of continuous fertilization to a
maize system on the changes in soil fertility. Fert. Res 40: 7-19.

[102] Maddonni, G. A, S. Urricariet, C.M. Ghersa and R.S. Lavado. 1999. Assessing soil fertility
in the rolling Pampa, using soil properties and maize characteristics. J. Agri. Res. Sci.,
91:280-286.

[103] Ramesh, V., S.P. Wani, T.J. Rego, K.L. Sharma, T. Bhattacharyya, K.L. Sahrawat, K.V.
Padmaja, R.D. Gangadhar, B. Venkateswarlu, M. Vanaja, M.C. Manna, K. Srinivas and
V. Maruthi, 2007. Chemical characterization of selected benchmark spots for C
sequestration in the semi-arid tropics, India. Global Theme on Agroecosystem. Report
No. 32. Andhra Pradesh, India.106 p.

41



7. APPENDICES

7.1. LIST OF FIGURE IN THE APPENDIX
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Appendix Figure 1. Soil samples collected from the study area

7.2. LIST OF TABLES IN THE APPENDIX

Appendix Table 1. Interaction effect of land use type and soil depth on soil selected physical

properties of the studyarea
Sand % Silt% Clay% BD g/cm3 TP% Soil texture
LUT Soil depth(cm) | Soil depth(cm) | Soil depth(cm) | Soil depth(cm) | Soil depth(cm) Classification
0-20 20-40 | 0-20 20-40 | 0-20 20-40 | 0-20 | 20-40 | 0-20 20-40 0-20 20-40
CL 39.00° | 29.33% | 28.00%° | 26.00° | 33.00° | 44.67%° | 1.29%° | 1.32% | 51.32° | 50.06° | Clay loam | clay
GL 40.33* | 23.00° | 26.00° | 26.00° | 33.67°° | 51.00° | 1.18° | 1.18° | 55.60° | 55.60° | Clayloam | clay
FL 34.00° | 31.00° | 22.00° |22.00° |44.00% | 47.00*® |1.09° | 1.23" |58.87% | 53.71° | Clay loam
FaL Clay loam | Silt
34.00° | 22.67° | 28.00% | 26.00° | 38.00° | 51.33% | 1.22° | 1.29% | 53.96° | 51.32° Y |
oam
LSD
2.17 2.03 3.99 6.03 455 7.63 006 |0.04 |214 1.52
(0.05)
SEM (3) | 2.62 2.62 4.42 7.06 4.43 9.35 006 |159 |207 1.64
CV (%) | 3.13 4.07 8.16 12.81 | 650 8.35 252 | 159 |214 1.43

Interaction effect means within a column followed by the same letter are not significantly different from
each other at p < 0.05 LSD = least significant difference, SEM = standard error of the mean, CV =
Coefficient of variation, BD = bulk density; STC= soil textural classification, TP= total porosity,
LUT=land use type, CL=Cultivated land, GL= Grazing Land, FL= Forest Land FalL= Fallow Land
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Appendix Table 2. Interaction effects land use type and soil depth on (pH (H20), pH (KCI), OC,
TN, C: N) of soil in the study area

pH (H,0) pH (KCI) OC% TN% C:N
LUT Soil depth(cm) | Soil depth(cm) Soil depth(cm) Soil depth(cm) Soil depth(cm)
0-20 | 20-40 | 0-20 | 20-40 | 0-20 | 20-40 | 0-20 | 20-40 0-20 20-40
CL 5.80° | 5.98° | 4.27° | 5.10° | 2.05° 1.93° | 0.15° | 0.14° | 14.00° | 13.82°
GL 6.45* | 6.56° | 557° | 5.70° | 2.30° 1.90° | 0.15° | 015" | 15.00®° | 12.81°
FL 6.48" | 6.61° | 580° | 563" | 3.12° | 3.08 | 020" | 0.8 | 15.64° | 16.80%
FalL 6.23* | 6.33° | 537° | 547" | 246" | 2.12° | 016° | 0.14° | 15.09® | 14.85°
LSD(0.05) | 029 | 010 | 023 | 0.13 0.17 0.16 0.02 0.03 1.30 1.15
SEM () 0274 | 012 | 027 | 015 0.20 0.14 0.02 0.04 1.52 2.79
CV (%) 250 | 085 | 233 | 1.26 3.54 3.90 6.03 10.08 4.64 7.85

Interaction effect means within a column followed by the same letter are not significantly
different from each other at p < 0.05 LSD = least significant difference, SEM = standard error of
the mean, CV = Coefficient of variation, OC = organic carbon, TN = total nitrogen, C:N =
carbon to nitrogen ratio, LUT= land use type, CL= Cultivated land GL= Grazing Land, FL=
Forest Land FalL= Fallow Land.

Appendix Table 3. Interaction effects land use type and soil depth on some chemical properties
(EA, Av. P, CEC) of soil in the study area.

EA (Cmol (4)/Kg Av. P (mg/Kg) CEC (Cmol(+)/Kg
LUT Soil depth(cm) Soil depth(cm) Soil depth(cm)

0-20 20-40 0-20 20-40 0-20 20-40
CL 0.19° 0.14° 6.21° 6.00° 12.84° 12.60°
GL 0.15° 0.14° 9.42° 8.55° 1257 16.10°
FL 0.13° 0.12° 11.34° 10.75° 16.70° 17.67°
Fal 0.15™ 0.12° 7.25° 6.81° 12.60° 14.93°
LSD(0.05) 0.02 NS 0.37 0.72 0.77 1.31
SEM () 0.02 0.03 0.42 0.82 0.91 1.38
CV (%) 5.92 12.24 2.30 4.76 3.01 454

Interaction effect means within a column followed by the same letter are not significantly
different from each other at p < 0.05 LSD = least significant difference, SEM = standard error of
the mean, CV = Coefficient of variation, EA = exchangeable acidity, AvP = available
phosphorus, CEC= cathion exchange capacity, LUT=land use type, CL=Cultivated land
GL=Grazing Land, FL=Forest Land FalL=Fallow Land.
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Appendix Table 4. Interaction effects of land use type and soil depth on (K, Na, Mg, Ca, and
PBS) of soil in the study area

K ( cmol/Kg) Na ( cmol/Kg) Ca ( cmol/Kg) Mg ( cmol/Kg) PBS%
LUT Soil depth(cm) | Soil depth(cm) Soil depth(cm) Soil depth(cm) Soil depth(cm)

0-20 [ 20-40 | 0-20 | 20-40 | 0-20 0-20 | 2040 | 0-20 20-40 0-20
CL 0.25° | 0277 | 0.24° | 0.26" | 4.07° | 025° | 0.27° 0.24° 0.26° 4.07°
GL 0.41° | 0.46° | 033" | 035" | 387° | 041° | 046° | 033° 0.35° 3.87°
FL 0.50° | 0.53* | 039" | 0.37° | 6.43 | 0.50° | 053 | 0.39° 0.37° 6.43°
FalL 0.35° | 0.35° | 0.26° | 0.29° | 3.90° | 0.35° | 0.35° 0.26° 0.29° 3.90°
LSD (0.05) | 0.07 | 0.06 | 0.06 | 0.05 0.63 0.07 0.06 0.06 0.05 0.63
SEM () 0.08 | 006 | 007 | 017 0.47 0.08 0.06 0.07 0.17 0.47
CV (%) 931 | 749 [ 1024 | 9.05 7.34 9.31 7.49 10.24 9.05 7.34

Interaction effect means within a column followed by the same letter are not significantly
different from each other at p < 0.05 LSD = least significant difference, SEM = standard error of
the mean, CV = Coefficient of variation, PBS = percent base saturation, LUT=land use type,
CL=Cultivated land GL=Grazing Land, FL=Forest Land FalL=Fallow Land.

Appendix Table 5. Interaction effects of land use type and soil depth on micronutrients (Mn, Fe,

Cu and Zn) of soil in the study area

Mn (mg/kg) Fe (mg/kg) Cu (mg/kg) Zn(mg/kg)
LUT Soil depth(cm) Soil depth(cm) Soil depth(cm) Soil depth(cm)

0-20 20-40 0-20 20-40 0-20 0-20 20-40 0-20
CL 13.69° 13.07° 3.96" 3.42° 3.97° 3.49° 0.62° 0.49°
GL 13.91° 13.69° 4.14% 3.86° 3.98° 3.98° 0.88° 0.75°
FL 14.70° 13.39° 4.38° 4.28° 4.71° 4.11° 0.92° 0.86°
FalL 13.79° 13.58° 3.92° 3.53° 4.44 4.04° 0.75° 0.73°
LSD (0.05) 0.56 NS 0.27 0.22 0.58 NS 2.30 0.05
SEM () 0.66 0.93 0.30 0.25 0.67 0.79 0.12 0.06
CV (%) 2.13 3.06 3.50 3.12 7.20 10.58 8.18 3.74

Interaction effect means within a column followed by the same letter are not significantly
different from each other at p < 0.05 LSD = least significant difference, SEM = standard error
of the mean, CV = Coefficient of variation, LUT=land use type, CL=Cultivated land
GL=Grazing Land, FL=Forest Land FalL=Fallow Land
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Appendix Table 6. Pearson's correlation matrix for various soil physicochemical parameters

sand silt clay Bd TP pHH pHK EA oC TN CN AvP CEC K Na Ca Mg PBS Mn Fe Cu
sand | 1 0.12 -0.917 | -0.19 0.19 -0.29 -0.36 0.55" 0.25 0.10 0.33 0.14 -0.44" -0.14 0.11 -0.17 -0.23 0.43" 0.28 0.517 0.12
silt 0.12 1 -0.53" | 0.44" -0.44" | -0.40 042" | 055 -0.59” | -062" | -027 | -0.61” | -060" | -0.47" | -055" | -0.63” | -0.61" | -0.28 -0.29 -0.30 -0.33
clay | -0.91™ 053" | 1 -0.03 0.03 0.42" 0.49" -0.70" | 0.04 0.18 -0.16 | 0.14 0.63" 0.32 0.33 0.41" 0.46" -0.25 -0.11 -0.31 0.04
Bd -0.19 0.44 -0.03 1 -1.0™ -0.63" | 065" | 0.16 -0.56™ | -055" | -0.30 | -0.80™ | -0.44" 077 0.697 | -0.4 -0.55™ | -0.65” | -0.72" | -0.717 | -0.6™
P 0.19 -0.44" | 0.03 -1.007 | 1 0.63" 0.65" | -0.16 0.56™ | 0.55™ 0.30 0.80" 0.44" 0.70" | 0.69™ | 04 055" | 065" | 072" | 071" | 0.60™
pPHH | .0.29 0.4 0.42" -0.63" | 0637 |1 0.86™ | -0.53" | 047" 0.41" 0.34 0.75" 0.65™ 0.85" | 0.68™ | 057" | 073" | 0.28 0.20 0.48" 0.25
PHK | .0.36 042" | 049 -0.65" | 0657 | 0.86™ 1 -0.69” | 0.45 0.42" 029 | 0.7 056 | 0.78" | 073" | 0.48" 0.66™ | 0.36 0.31 0.30 0.28
EA ] 055™ 055" | -0.70" | 0.16 -0.16 -0.53" | 069" | 1 0.4 -0.44" -0.16 | -0.35 -0.53" | -0.49" | -044" | 053" | -054" | -0.12 0.05 0.08 -0.16
OC | 025 -0.59 | 0.04 056" | 0567 | 0.47 0.45" -0.40 1 085" | 0.72” | 0.81™ | 058 | 0.68” | 0.60™ | 0.787 | 0.64” | 0.717 | 045 0.73™ | 053"
TN 0.10 -0.62™ | 0.18 -0.55™ | 0557 | 041 0.42" -0.44" 085" |1 0.26 0.72" 0.60™ 0.66™ | 0.61™ | 068" | 063" | 0.59” | 0.36 057" | 0.59™
CN ] 033 -0.27 -0.16 -0.30 0.30 0.34 0.29 -0.16 072" | 0.26 1 0.54™ | 0.26 0.39 0.30 0.54™ | 0.33 052" | 0.36 0.60™ | 0.20
AVP 1 0.14 0617 | 0.14 -0.80” | 080" | 075" | 0.70" | -0.35 0.81™ | 0727 | 0547 | 1 070" | 097 0.84™ | 072" | 0.83™ | 059" | 0527 | 0.80" | 0.44"
CEC | -0.44 -0.60" | 0.63" 044" | 044" 0.65" 056" | -0.53" | 0.58™ | 0.60™ 0.26 0.70™ 1 078" | 0.68™ | 0.86™ | 0877 | 0.18 0.19 0.42" 0.34
K -0.14 047" | 032 -0.70" | 0.70" | 0.85" | 0.78" | -0.49" | 0.68” | 066 | 039 | 0907 | 078" |1 0.84™ | 0727 | 0.86™ | 0.46 0.39 0.69™ | 0.38
Na -0.11 -0.55™ | 0.33 -0.69” | 0.69™ | 0.68™ 073" | -0.44" 0.60" | 0.61" 0.30 0.84"™ 0.68™ 084" | 1 068" | 0.82" | 0.47 0.41" 057" | 0.22
Ca -0.17 0637 | 041 -0.40 0.40 0.56™ | 0.48" -0.53" | 078" | 068" | 0547 | 072" | 0867 | 0727 | 068" |1 085" | 043 0.18 0.56™ | 0.36
Mg | -0.23 -0.61" | 046" -0.55™ | 0557 | 0.73" 0.66™ | -0.54" | 0.64™ | 0.63™ 0.33 0.83" 0.87" 0.86” | 0.82™ | 085" |1 0.39 0.20 0.56™ | 0.28
PBS | 0.43" -0.28 -0.25 -0.65™ | 065" | 0.28 0.36 -0.12 071" | 0.59™ 052" | 0.59™ 0.18 0.46 0.47" 0.43" 0.39 1 0.41 0.7 0.48"
Mn | 0.28 -0.29 -0.11 0727 | 0727 | 0.20 0.31 0.05 0.45" 0.36 036 | 0527 | 0.19 0.39 0.41" 0.18 0.20 0.41" 1 052" | 0.63”
Fe 0.51" -0.30 -0.31 0717 | 071" | 0.48" 0.30 0.08 073" | 057" 0.60" | 0.80™ 0.42" 0.69” | 057" | 056 | 056" | 070" | 052" |1 0.48"
Cu 0.12 -0.33 0.04 -0.60" | 0.6™ 0.25 0.28 -0.16 053" | 059™ | 020 | 0.44 0.34 0.38 0.22 0.36 0.28 0.48" 0.63™ | 048 1
Zn 0.19 043" | 0.02 -0.81™ | 0817 | 0.72” 065" | -0.31 0.69" | 0.58™ 054 | 0.84™ 0.52" 0.80" | 0.68™ | 055" | 0.62™ | 0.48" 062" | 078" | 058"

**significant at P=0.01 level, * significant at P =0.05 level, BD = bulk density, TP=total porosity OC = organic carbon; Total N = total nitrogen;
C:N = carbon to nitrogen ratio; EA = exchangeable acidity, AvP = available Phosphorous, CEC = cation exchange capacity, PBS = percent base
saturation.
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