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Abstract  Article Information 
The success of soil management to maintain soil quality depends on an understanding of how 
soils respond to land use and practices over time. As a result, the important soil quality 
indicators were investigated under two land use systems to provide base line data for future 
research in the Fincha’a Valley Sugar Estate (FVSE), within the Nile basin of Western 
Ethiopia. The evidences provided by this study indicated that land use changes caused 
changes on soil bulk density (ρb), soil water content, Particle size distribution (sand, silt and 
clay), soil pH, electrical conductivity (EC), soil organic matter (SOM), total N, carbon to 
nitrogen ratio (C:N) and available phosphorous (Av. P). The study revealed that soil organic 
matter (SOM), sand content and total N decreased with increase in soil depth. While bulk 
density (ρb), EC and clay content increased with soil depth. Particle size distribution (sand, 
silt, and clay) varied with land use, soil depth and soil type. Particle size distribution was 
changed from Sandy clay to clay due to land use change. Bulk density (ρb), EC, soil organic 
matter (SOM) and C:N varied significantly (P<0.01, P<0.05), respectively, with land use and 
soil depth. Land use changes caused bulk density (ρb) to be increased. The study indicated 
that soil pH was higher in irrigated land than the un irrigated land. This attributed to the 
transportation of soluble cations from the upstream to the downstream irrigated land by water 
soil erosion. The different soil fertility management practices also contributed to the variation. 
On the other hands, soil organic matter (SOM) and total N were lower in irrigated land. 
Relatively, the lower soil organic matter (SOM) and total N contents in irrigated land attributed 
to the optimum soil moisture content throughout the year that created favorable environmental 
condition for SOM decomposition. The study also revealed that soil management groups and 
soil water holding capacity at field capacity and permanent wilting point were affected by 
irrigation (land use).It was identified more than 50% of the soil quality indicators increased 
with depth. This might be the influence of irrigation water in accelerating leaching process. 
The main degradation process overcome the study area was waterlogging and soil 
compaction. The irrigation development in the area requires improved drainage network and 
proper land management. Therefore, reducing the intensive mechanized tillage practices and 
use of integrated inorganic and organic fertilizers could replenish the degraded soil quality for 
sustainable agricultural production in the study area. It is therefore, suggested that 
appropriate and integrated land management options for different land use systems together 
with identification of soil management groups and water retention characteristic curves are 
required to sustain agricultural productivity while protecting the environmental degradation. 
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INTRODUCTION 
The complex integration of the primary natural 

resources, soil, water and vegetation, is vital for 
maintaining terrestrial ecosystem functions and 
productivity (Islam and Weil, 2000). Increase in population 
and cultivated land have led to an indiscriminate 
exploitation of natural forests and fragile land for 
agriculture. Soil organic matter (SOM) and soil nutrient 
depletion being among the major forms of soil degradation 

(Golestan, 2005). Land use/land cover changes that 
involve conversion of natural forests to farmland and open 
grazing are widely practiced in the highland of Ethiopia. 
The effects of such landuse/land cover changes on 
natural resources of the country, particularly land 
degradation through soil erosion, have been reported in 
scientific studies (Hajabasi et al., 2007; Yousefifard et al., 
2007; Khormali etal., 2009; Majliwa et al., 2010). Land 
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use/land cover changes have impacts on the atmospheric 
and subsurface-components of the hydrological cycle 
(Scanol et al., 2005). They can alter the balance between 
rainfall, evaporation and infiltration and, consequently, the 
area’s run-off response (Costa et al. 2003; Jiang et al., 
2008). The destruction of tropical natural forests is a 
major concern, as it has a cumulative impact on 
biodiversity, regional and global climate, and soil 
productivity (Lambin et al., 2003). 

 
The massive soil loss in the country is caused by its’ 

susceptibility to erosion due to the mountainous landcape 
coupled with mismanagement, intense rainfall and cultural 
practices of the farming community that leave the soil 
bare after harvest (Tadesse, 2002).  It is usually 
considered to have three main aspects reflecting physical, 
chemical, and biological soil properties and is important 
for assessment of land degradation and for identification 
of sustainable land use practices (Dexter, 2004; Singh et 
al., 2009). The main consequences of inappropriate land 
use changes are land degradation and soil quality 
deterioration through loss of vegetative cover, top soil 
moisture, infiltration capacity, water storage, soil organic 
matter (SOM), agrochemicals chemicals, resilience, 
natural regeneration capacity, and a lower water table, 
factors that are critical for soil health (Khormadali et al., 
2007). Land use and land management effects on soil 
quality have been documented particularly in relation to 
soil degradation and restoration in North West Thailand 
(Vityakon et al., 2007), visitors activities and management 
on the surface soil (Yukesh et al., 2010) and effect of long 
term cultivation (Ozgoz et al., 2011) in Turkey, and the 
influence of culitivated management systems on soil 
biological quality in Spain (Garcia-Orenes et al., 2012). 
Land use and management are influencing soil properties. 
While unsuitable agricultural practices can cause soil 
erosion, on the contrary use of cover can reduce risk of 
erosion (Garcia-Orenes et al., 2009; Garcia-Orenes et al., 
2010). The concept of soil losses due to erosion is closely 
linked with processes of soil chemical (loss of nutrients 
through vegetation removal, erosion, leaching), physical 
and biological degradations (decline in soil organic matter 
(SOM) content) (Eyasu, 2002). Soil degradation in this 
article refers to the reduction in soil quality due to 
irrigation development and various human managements. 
It is this variability of human activities (biomass burning, 
application of fertilizer, transfer of species, plowing the 
land etc.,) that are important immediate sources of the soil 
physical and chemical properties change in Ethiopia 
(Taddesse, 2002).  

 
The rate and extent of soil degradation through human 

influence is situation specific. For instance, soils of a 
given locality, which may have experienced similar 
pedogenic processes, can be differentially affected 
depending on the intensity of land use activities exercised. 
Thus, susceptibility of soils to degradation must be 
separately assessed for each biophysical and 
socioeconomic setting (Mesfin, 1998).  In Ethiopia, very 
few studies (Mulugeta, 2004; Teklu et al., 2004; Wakene 
and Heluf, 2004; Yifru and Taye, 2011; Acahlu et al., 
2012; Fekadu et al., 2012; Tadele et al., 2012) have 
considered the effects of different land use/land cover 
changes, and their associated soil management practices, 
on soil physical and chemical properties. Ethiopia being a 
large country with large biophysical and socio economic 
diversity, these previous studies has been less than 

adequate to describe the extent of soil degradation 
associated to land use/land cover changes in the country.  

 
Productivity of the cultivated land has been reduced as 

a result of declining of soil fertility; poor irrigated land 
management and miss use of water for irrigation. The 
success of soil management to maintain soil quality 
depends on the understanding of how soils respond to 
land use and practices over time (Wakene and Heluf, 
2004). Although, most of the irrigation water sources are 
less likely to have adverse impact on soils in arid and 
semi-arid agro ecosystems, generating scientific 
information has paramount importance for sustaining the 
production and productivity of the irrigation system in 
sugarcane plantation field in the Fincha’a Valley Sugar 
Estate, Nile Basin of western Ethiopia. Therefore, this 
study was carried out with the objective to assess the 
effects of land use change on soil quality attributes and to 
compare the outcomes against the soil properties.  

 
MATERIALS AND METHODS 
Geographical Environment of the Study Area 

Fincha’a watershed is located in the western highland 
of Ethiopia, within the Nile basin, Ethiopia and bounded by 
the Amhara National Regional State in the north, Guduru 
District in the South and East, Horro District in the west 
and Jarte and Amuru District in the North West (Figure 
.1). It lies between 1055000 m and 1109500 m N and 
302000 and 338000 m E. The elevation in the watershed 
varies from 892 to 2520 meters above sea level (masl). 
The littoral and alluvial deposits of recent sediments 
underlie the area (Getahun et al., 2013b). Fincha’a River 
originates from the Chomen and Fincha’a swamps on the 
highland and divides the scheme into west and east 
banks and joins the Nile River of Western Ethiopia. Many 
streams join the Fincha’a River, the main tributaries being 
Agamsa, Korke, Fakaree, and Boye from the western side 
and Sargo-Gobana, Aware, Sombo, and Andode from the 
eastern side (Getahun et al., 2013b).  

 
The thirty two years (1979-2011) climatic data from the 

FVSE Meteorological Station recorded a yearly average 
rainfall of 1315 mm (Figure 2) which is characterized by 
unimodal rainfall pattern. About 80% of the annual rain 
falls between May to September. Its mean annual 
maximum and minimum temperatures are 30.5 and 
14.80C, respectively (Figure 4. 2). The average annual 
relative humidity is about 84 % (Seleshi et al., 2007). The 
FVSE has alternate wet (during May to October) and dry 
(during the rest of the months) seasons. Wind speed in 
the FVSE is low as the surrounding escarpments hinder 
wind movement. However, wind speed is high between 
the months of March to June (Worku, 1995; Ademe, 2001 
and Amhed, 2007). The soils in the FVSE are made of 
alluvia land colluvial materials from the surrounding 
escarpments (Bezuayehu, 2008). Six major soil types 
were identified in the FVSE areas of which Luvisols and 
Vertisols are predominant (Getahun et al., 2013a). These 
soils account for more than 95 % of the cultivated and 
irrigated land.  

 
As indicated in the figure 3, maximum rainfall in the 

area is obtained in July while minimum rainfall is on 
January. Furthermore, the rainy season in the area is 
summer while winter is the dries season.  
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Figure 1: Location Map of the Study Area 

 

Figure 2: Mean, Mean Minimum and Mean maximum Temperature of the Study Area 
 

 
Figure 3: Mean Monthly Rainfall for the year 1979 to 2011. 
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Soil Sampling and Analysis  
 Soil samples from (0–30, 30–60 and 60–90) cm depth 

were collected in April 2011 from ninety (90) randomly 
selected irrigated and unirrigated land, using a hand 
auger for analysis of selected physical and chemical soil 
properties to be used as soil quality indicators under the 
irrigated and unirrigated use types. . In total, 270 samples 
were collected, air-dried and passed through a 2 mm 
sieve to remove stones, roots, and large organic residues 
before conducting analyses for chemical and physical 
characteristics. Both disturbed and undisturbed core soil 
samples were collected. The disturbed soil samples were, 
air dried ground and passed through a 2 mm sieve to 
remove stones, roots, and large organic residues before 
conducting analyses for chemical and physical 
characteristics. The undisturbed soil samples collected 
were using a core sampler which were weighed at field 
moisture and after drying the pre-weighed soil core to 
constant weight in an oven at 105 ºC as per the described 
by (Day,1965). 

 
Soil particle size distribution was carried out following 

the modified sedimentation hydrometer method procedure 
(Bouyoucos, 1951) as described in (Day, 1965). Bulk 
density and particle density were determined by core 
method as described in (Blake and Hartge, 1986a) and 
pycnometer method (Blake and Hartge, 1986b), 
respectively. The soil water holding capacity value was  
measured at -1/3 bar for field capacity and -15 bar for 
permanent wilting point using pressure plate apparatus 
(Klute and Dirksen, 1986), while available water holding 
capacity was  calculated as difference in water content at 
field capacity and permanent wilting point. Total porosity 
was estimated from the bulk and particle densities as 
described as:  

TP (%) = (1- ρb / ρs) x 100 
 

Where, ρb bulk density in (g cm-3) and ρs particle 
density (g cm-3).  

 
Soil moisture content was measured after drying at 

105 0C overnight (Gardner, 1986). Saturated hydraulic 
conductivity was measured in situ on the surface layer 
using Guelph permeameter and Double ring infiltrometer 
was used to determine the infiltration rate (Lowery et al., 
1996). Soil pH was determined potentiometrically in 1:2.5 
soils: water suspension using a combined glass electrode 
pH meter. The electrical conductivity (EC) of soil was 
measured from paste extract as described by 
Sahelemedin and Taye (2000). Organic carbon was 
determined by the wet digestion method (Walkley and 
Black, 1934). Total N was determined using the micro-
Kjeldahl digestion, distillation and titration procedure as 
described by Bermer and Mulvaney (1982).  Available P in 
the soil samples was extracted by using Bray II or the 
Olsen (1982) methods (Baruah and Barthakur, 1997) 
depending on the pH of the soil.  
 
Statistical Data Analysis 

 The significance difference of  means of soil quality 
indicators with land use types and soil depth was tested 
using analysis of variance (ANOVA) following the general 
linear model (GLM) procedure at (𝑃𝑃< 0.05) using SAS 9.2 
software (SAS, 2004). Tukey’s honest significance 
difference (HSD) test was used for separation when 
analysis of variance showed statistically significant 
differences (P<0.05).  
 
 

RESULTS AND DISCUSSION 
Implication of Land Uses on Soil Physical Properties 
in the Study Area 

The results of selected soil physical properties under 
different land use are presented in Table 1. Particle size 
distribution is an intrinsic soil property, but intensive 
cultivation contributed to the variations in particle size 
distribution at the surface soil of the irrigated land. This 
could be due to the removal of soil particles through sheet 
and rill erosion, and mixing of the surface and subsurface 
soil layers during deep tillage activities. Generally the 
particle size distribution of the soils in all locations ranged 
from sandyclay to clay. This might be due to long-term 
effect of pedogenesis processes such as erosion; 
deposition, eluviation, weathering and cultivation. 
However, such soils are known to be suitable for irrigated 
sugarcane plantation with cautious soil management.  

 
The sand content was significantly (P<0.01) varied 

with soil type. The difference was statistically significant 
(P<0.05) with land use, soil depth. The proportion of sand 
content was higher for unirrigated land use as compared 
to irrigated land use (Table 1). The higher sand content is 
probably due to high amount of rainfall in the area that 
washes away the finer soil particles leaving behind the 
sand fractions (Table 1).  

 
Silt content was not statistically significant with land 

use, soil type, soil depth (P>0.05). Clay content was 
statistically significant (P<0.01) with soil type, land use. 
However, clay content did not show any significant 
variation with soil depth (P>0.05). The clay content 
increased whilst the sand decreased from the surface to 
the subsurface soil layers in all land use systems (Table 
1). The higher clay content in irrigated than unirrigated 
land use system might be due to the fact that cultivation 
(irrigation) promotes further weathering processes as it 
shears and pulverizes the soil and changes the moisture 
and temperature regimes (Yimer et al., 2006). 

 
The higher clay content in subsurface soil layer than in 

the top soil layer may indicate possible clay translocation 
from the top soil layers to the bottom layer. The increase 
in clay content with increasing depth and the lowest 
overall mean proportion of clay content compared to the 
sand and silt contents concurs with the results of other 
studies (Sintayehu, 2006; Yimer et al., 2006). Considering 
the three soil depth, higher mean clay content (66%) was 
observed within the subsurface soils layers of irrigated 
Vertisols (Table 1). This is implication of effect of irrigation 
on Vertisols. Opposite to clay, higher sand content (40%) 
was found in the top soil layer of unirrigated Luvisols. This 
may be due to the intensive and continuous cultivation 
which might cause compaction on the top soil layer that 
reduces translocation of clay particles within the different 
layers and due to mixing up by tillage activities in 
agreement with the findings reported by (Jaiyeoba, 2001; 
Wakene and Heluf, 2001). The highest values of both 
sand (40%) and silt (11%) contents were recorded at the 
top (0-30 cm) soil layer of the unirrigated land while clay 
content was highest (66%) at the subsurface (60-90 cm) 
soil layers of the irrigated land (Table 1). On the other 
hand, the lowest values of sand and silt contents was 
observed in both the top and subsurface soil layers of the 
irrigated land with the exception of the two soil depth in 
the irrigated land, which had the same clay content the 
clay contents of the remaining treatment combinations 
were significantly different (P≤0.05) from each other due 
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to land use and soil depth. This implies that increase in 
clay content significantly increases the FC, PWP and 
AWHC in the soil, but decreased the proportion of sand, 
silt and soil organic matter analysis of variance of bulk 
density (ρb) of the studied soils showed significant 
variability with respect to land use and soil depth at 
(P<0.01), (Table 1). However, bulk density (ρb) did not 
show any significant variation with soil type (P>0.05).  

 
The bulk density (ρb) of different land uses, varied 

from 1.24 (unirrigated Luvisols) to 1.26 g cm -3 (unirrigated 
Vertisols) for surface soil layers (0-30 cm) depth and 1.29 
(unirrigated Luvisols) to 1.28 g cm-3 (unirrigated Vertisols) 
for (30-60 cm) soil depth. In general, bulk density (ρb) 
increased with soil depth for all land uses. Bulk density 
(ρb) increased from 1.24 to 1.29 g cm-3, 1.26 to 1.28 g cm-

3 for unirrigated (Luvisols and Vertisols) land use, 
respectively. This higher value of bulk density (ρb) at the 
sub surface soil depth for unirrigated (luvisols) and 
(Vertisols) land use may have been due to compaction of 
soil due to higher moisture content down the soil profile. 

 
 The bulk density (ρb) value increased from 1.32 to 

1.38 g cm-3 and 1.32 to 1.39 g cm-3 for irrigated (Luvisols 
and Vertisols) land use, respectively. The high bulk 
density (ρb) under cultivated/irrigated land was due to the 
trampling effects and irrigation/land use change. This 
result is in harmony with the research findings reported by 
(Wakene and Heluf, 2004; Yihenew and Getachew, 
2013). The bulk density (ρb) of irrigated Vertisols was 
1.39 g cm-3 greater than that of irrigated Luvisols 1.38 g 
cm-3 at the subsurface soil layer (60-90 cm).  

 
This is the implication of the effect of moisture content, 

clay content and soil organic matter on bulk density (ρb) 
of irrigated soils. This might be due to the softy nature of 
Vertisols as compared to Luvisols at the subsurface soil 
layer. The bulk density value of irrigated land was greater 
than the value for unirrigated land. In unirrigated land, 
there was relatively higher soil organic matter making the 
soil loose, porous and surface compaction due to use of 
heavy trucks and machinery on undisturbed cohesive 
soils that were not under irrigation that might have 
reduced the bulk density. The lower bulk density (ρb) 
value for unirrigated land use can be attributed to high soil 
organic matter content, high sand content, high total 
porosity and less disturbance of the land under unirrigated 
land. Compaction of soil surface caused by intensive field 
traffic and deforestation also increases the soil bulk 
density (ρb) in the irrigated land use. Soils having low and 
high bulk density (ρb) respectively exhibit favorable and 
poor soil physical conditions (Hajabbasi et al., 1997; Patil 
and Jagdish, 2004). The highest bulk density (ρb) in the 
irrigated land can be attributed to the soil compaction and 
soil organic matter degradation as a result of continuous 
and intensive irrigation with heavy farm machinery. The 
highest bulk density (ρb) noted under the irrigated land 
could limit root growth, gas exchange and availability of 
less mobile plant nutrients (Dolan et al., 1992). Vertisols 
retained very high AWHC (>20%), while Luvisols retained 
moderate to high (7-10.9%). Thus, Vertisols is less 
susceptible to sealing of the surface pores during the 
rains and irrigation as compared to Luvisols. Therefore, 
Vertisols not only store more plant available water, but 
also allows more water entry to the soil reducing surface 
runoff. The reason for the lowest soil physical properties, 
such as bulk density (ρb) on top soil surface for the two 
land use could be due to the low clay content, AWHC and 

high sand content, pore spaces and soil organic matter 
content (Table 1). The bulk density (ρb) increased with 
soil depth for all land use system. Similar results were 
reported by Yihenew and Getachew (2013).  

 
 Results of laboratory analyses for particle density (ρs) 

of the studied soils showed significant variability with 
respect to land use and soil depth (P<0.01), (Table 1). 
However, particle density (ρs) did not show any significant 
variation with soil type (P>0.05). The highest particle 
density (ρs) of 2.79 g cm-3 was recorded at sub surface 
soil layer (60-90 cm) in irrigated land use. In unirrigated 
land, the finer soil particles will be selectively removed by 
erosion, thereby increasing the proportion of the total 
porosity in the soil which leaves more sand particles 
(Ayoubi et al., 2011) that increases particle density (ρs). 
In similar soil types, keeping other things constant, soils 
with higher proportion of sand particles have higher 
particle densities (ρs) than soils with high clay proportion.  

 
The particle density (ρs) increased with depth at (60-

90) for irrigated land use system, which could be due to 
the reduction of soil organic matter and increase in clay 
content. The particle density (ρs) under the different land 
uses increased with increasing soil depth (Table 1), which 
was in harmony to the findings reported by Ahmed (2002). 
These higher particle density (ρs) values on the 
subsurface soil layers might be due to the presence of 
heavy minerals of Fe and Mn in the sub surface soil 
(Wakene and Heluf, 2001). 

 
 The particle density increased with soil depth for all 

land use system. Similar results were reported by 
Yihenew and Getachew (2013). Results of laboratory 
analyses for total porosity of the studied soils showed 
significant variability with respect to soil depth (p < 0.01). 
The highest and the lowest total porosity observed in the 
irrigated (vertisols) land use were 53 and 46%, 
respectively, (Table 1). An increase in total porosity in the 
soils of irrigated land use as compared to unirrigated land 
use attributed to a reduction in pore size distribution and 
sand content, increase in clay content and bulk density 
(ρb). It is also closely related to the magnitude of soil 
organic matter loss which depends on the intensity of soil 
management practices. For instance, soil of irrigated land 
is highly subjected to soil compaction and subsequently 
decreased total porosity than soils of un-irrigated land. 
Higher bulk density (ρb) and a concomitant lower total 
porosity due to change in land use also reported by (Celik, 
2005) which is in agreement with the results of the 
present study. 

 
Intensive cultivation (irrigation) without appropriate soil 

management might result in soil organic matter 
degradation. The decreased total porosity value with soil 
depth under un-irrigated land use attributed to 
accumulation of soil organic matter in top soil. This is 
apparently due to increasing ρb and clay content with 
depth. The results obtained from this study are in 
agreement with the findings reported by other researchers 
(Teklu et al., 2004; Yihenew and Getachew, 2013). The 
total porosity values of the soil samples were in the range 
of values that adversely affect soil properties and, hence, 
root growth. The ranges of total porosity to affect soil 
properties and root growth depends on texture, sands with 
a total porosity space less than about 40% were able to 
restrict root growth due to excessive strength. Whilst, in 
clay soils, total porosity less than 50% were able to 
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restrict root growth. Unlike soil bulk density (ρb), total 
porosity was significantly (P<0.05) but inversely 
associated with the silt fraction of the soils in the study 
area (Table 1). 

 
Similarly, the Water content at permanent wilting point 

(PWP) was found to be significantly affected by soil type 
and soil depth (P<0.01). However, PWP did not show any 
significant variation with land use (P>0.05), (Table 1). The 
variation in water content at FC with respect to land use, 
soil type and soil depth was statistically significant (P< 
0.05). In line with this, (Oriola, 2004) reported that the 
water content of the soil at different matric potentials 
depends on the soil organic matter content of the soil. 
Considering the main effects of land use, the highest 
(40%) and lowest (22%) water content at FC were found 
in the subsurface soil layer of unirrigated (Vertisols) land 
and unirrigated (Luvisols) land, respectively. The available 
water holding capacity (AWHC) was found to be 
significantly (P<0.01) affected by land use, soil type, soil 
depth and the interaction effect. The highest (19%) and 
lowest (13%) water content at PWP were recorded in the 
irrigated (Luvisols) and Vertisols) land use, respectively. 
Accordingly, the highest AWHC of 22% among the land 
use types was obtained in the un-irrigated (vertisols) land 
and the lowest (8%) in the un-irrigated (Luvisols) land use. 
This might have resulted from the low bulk density (ρb), 
relatively higher clay content as well as from high soil 
organic matter content that are caused by microclimate 
differences induced by litter. Soil water content was the 
highest at the surface layer of the irrigated (Vertisols) land 
use system but the lowest for the un-irrigated (Luvisols) 
land use (Table 1). Moreover, the lowest FC in the 
Cultivation (irrigation) deteriorates soil structural 

aggregation reducing the soil water retention capacity 
(Wakene and Heluf, 2001).  

 
The AWHC was the highest in unirrigated land use 

system. The mean value of AWHC for unirrigated 
Vertisols at surface soil layer (0-30 cm) was 18.86 % 
and10.92 % for unirrigated Luvisols in both soil sampling 
depth and sites. Higher clay content and soil organic 
matter provided large surface area required for absorption 
and retention of water molecules (Materechera and 
Mkhabela, 2001). Un-irrigated land use system has more 
AWHC compared to the irrigated land use (Ayoubi et al., 
2011). It is apparent, however, that soils with clayey 
content have high moisture retention at FC and at PWP 
making the available water to crops to be lower than loam 
textured soils. 

 
The variation in water content both at FC and PWP 

may be due to differences in their sand, silt and clay 
content (Table 1). The lower FC, PWP and AWHC in 
irrigated land use system was due to lower moisture 
contents which reduces AWHC of irrigated land use 
system through its adverse effects on both FC and PWP; 
however, the higher values of FC, PWP and AWHC of the 
irrigated land use system may be due to its higher clay 
content. This is in agreement with the finding of (Emerson, 
1995) who concluded that increase in clay content 
increased both the FC and the PWP. Changes in soil 
water content and its possible effect on AWHC, FC and 
PWP indicated that, the soil water retention properties of 
the study area has been disturbed by changes in land 
use. This could be attributable to the variations in soil 
organic matter and clay contents with the land use 
system. 

 
Table 1:  Soil Physical properties under the different land use systems and soil depth and soil type 

Soil 
Type 

Depth 
(cm) 

Particle size (%) Textural ρb ρs TP Moisture content (%) 
Sand Silit Clay class g cm-3 (%) FC PWP AWHC 

Land Use (Unirrigated) 

Luvisols 
0-30 40 12 47.3 Sandy clay 1.24 2.64 48.40f 24.67a 13.75a 10.92d 
30-60 36 11 53.3 Sandy clay 1.29 2.41 47.86h 21.37b 13.88a 7.48e 
60-90 36 11 53.0 Sandy clay 1.25 2.31 46.99j 22.34b 13.95a 8.38e 

Vertisols 
0-30 25 11 64.0 Clay 1.26 2.59 48.80d 37.20c 18.43b 18.86c 
30-60 26 9 64.2 Clay 1.28 2.59 48.04g 39.82c 18.27b 21.54a 
60-90 24 11 65.3 Clay 1.27 2.61 47.47i 39.98c 18.14c 21.83a 

Land Use (Irrigated) 

Luvisols 
0-30 30 12 58.0 Clay 1.32 2.59 49.96a 20.59e 12.69b 7.90e 
30-60 29 11 60.3 Clay 1.36 2.70 49.37b 22.67d 14.51b 8.15e 
60-90 28 11 61.0 Clay 1.38 2.79 48.18c 24.36d 14.27b 10.08d 

Vertisols 
0-30 24 10 65.4 Clay 1.32 2.62 53.38b 35.35c 17.70b 17.64c 
30-60 25 10 64.3 Clay 1.34 2.69 48.81d 38.18a 18.44b 19.74b 
60-90 23 11 66.0 Clay 1.39 2.78 46.13e 38.70c 18.48b 20.16b 

Overall means within rows and columns followed by different letters are significantly different (𝑃𝑃< 0.05) with land use  
and soil depth. Separation when the analysis of variance showed statistically significant differences (𝑃𝑃< 0.05).  

ρb = Bulk density, ρs= Particle density , TP = Total porosity, FC = field capacity, PWP = permanent wilting point,  
AWHC = available water holding capacity 

 
The saturated hydraulic conductivity (Ksat) varied from 

0.68 to 4.71μm s-1for Luvisols and 0.24 to 4.85 μm s-1 for 
Vertisols. The highest Ksat at the surface soil layer 
(depth) must have been caused by increased total 
porosity in soil or tillage. Previous researches indicated 
that Ksat can be greater for tilled than untilled soil. The 
general decline in Ksat with soil depth could be the result 
of decrease in the proportion of macro pores in the lower 
soil depth. As a result, high Ksat was recorded in the 

saturated Luvisols soils than the Vertisols soils. In 
waterlogged areas of the irrigated sugarcane plantation of 
FVSE soils where Vertisols are found, shallow water table 
accompanied with low Ksat were already identified giving 
some indications of drainage needs. On the basis of Ksat 
ratings established by (Guildhall and Tripathi, 1987), the 
two major soils can be categorized in to slow to 
moderately slow.  
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These results suggested that when frequently 
irrigated, the Vertisols may generate extremely high runoff 
and deep drainage losses hence very good prospects of 
harvesting runoff water. This is because under extremely 
wet soil conditions, the internal profile drainage of the 
Vertisols is poor due to very low Ksat of different soil 
layers. High runoff on both soils results in serious soil 
erosion and water logging problems. The basic infiltration 
rate, alike the Ksat values, showed a decreasing trend 
with both soil types with increased in soil depth down the 
profile. 
 
Selected Soil Chemical Properties under Different 
Land use in the Study Area 

The analytical data of selected soil chemical properties 
under irrigated and un-irrigated land use of dominant soil 
types (Luvisols and Vertisols) are presented in table 2. 
The analysis of variance revealed that soil pH was 
significantly (P<0.01) affected by soil type and the 
interaction. The highest soil pH values of 6.80 and 5.95 in 
surface soil layer were found under the un-irrigated 
(Luvisols and Vertisols) land; whereas, the lowest soil pH 
values of 6.20 and 6.26 were registered under the 
irrigated (Luvisols and Vertisols) land, respectively (Table 
2). The higher soil pH in the lower soil layer than in the top 
soil layer (Table 2) might be due to the presence of 
relatively higher soil OM in the top surface soil. This result 
was in agreement with the finding of (Hajabasi et al., 
2007; Asadi et al., 2010; Tadele et al., 2013) who found a 
non-significant difference in soil pH between soils on 
conserved dry farm land and degraded rangeland of 
semiarid region of Iran, Soil Properties and Crop yields 
along the terraces and toposequence in the Anjeni 
Watershed, Central Highland of Ethiopia. Mulugeta and 
Stahr (2010) also indicated that tropical soils are deficient 
in soil pH. Soil pH could also be associated with the type 
of parent material and extent of soil erosion. Therefore, 
the relatively lower soil pH value for the surface top soil 
layer could be attributed to the relatively lower soil organic 
matter content while the highest soil pH value in the sub 
surface layer could be attributed to the presence of higher 
exchangeable cations due to reduced erosion. 

 
 The overall soil pH rating of the studied soils revealed 

that the soils are found to be moderately acidic. 
Unirrigated Vertisols were more acidic, owing to more 
uptakes of basic cations by the irrigation and high AWHC. 
The relative decline in soil pH at the surface soil of 
unirrigated land could be also due to oblong shaped 
canopy leading the rain to form big drops consequently 
enhancing leaching of basic cations as well by releasing 
organic acids associated with mineralization of soil 
organic matter content (Mohammed et al., 2005). This 
pattern of variability in soil pH could be associated with 
the increase in depth that could be attributed to the 
downward movement of solutes by leaching within a 
profile (Mohammed et al., 2005). Malo et al. (2005) also 
reported, the increase in soil pH with soil depth could be 
associated with enhanced carbonate levels and less 
weathering rates.  

 
Electrical conductivity (EC) of soils was significantly 

(P<0.01) affected by land use, soil type and soil depth 
(Table 2). The highest (210 µS cm-1) but (50 µS cm-1) 
occurs also in un irrigated Vertisols. The highest EC value 
under the un irrigated (Luvisols) land might be due to its 
highest exchangeable Na content, whereas the lowest soil 
EC value under the irrigated (Vertisols) land can be 

associated with the loss of  cations (Ca2+ and Mg2+) after 
deforestation and intensive cultivation. As indicated in 
Table 2, relatively, higher EC values were recorded in the 
surface than in the subsurface soils. The mean EC values 
of the land use and soil types by subsoil layer treatment 
combinations were significantly different (P<0.01) from 
each other (Table 2). Considering the land use and soil 
depth, the highest value of EC (210 µS cm-11) was 
obtained in the surface soil layer (0-30 cm) layer of the un 
irrigated (Luvisols) land. The EC reduced gradually with 
depth. This low salt concentration and low variation with 
depth indicated that salts in these fields were leached 
uniformly throughout the soil profile by frequent irrigations 
that applied water in excess of crop requirement. This 
ensured an environment that sustained sugarcane 
production in the scheme during most months of the year.  

 
The study also revealed that the available P in the soil 

varied significantly (P<0.05) with soil depth. The overall 
available P was not statistically significant (P>0.05) with 
land use and soil type (Table 2). The higher available P in 
the top soil layer was (19.35 and 17.93 mg kg−1), 
respectively for irrigated (Luvisols) and irrigated (Vertisols) 
land use type (Table 2), which may be related to the 
application of Diammonium phosphate (DAP) fertilizer for 
soil fertility improvement. Yimer et al. (2006) also reported 
similar results. The overall available P was lower in the 
lower soil layer.  

 
 It is apparent that with higher available P 

concentration in the top layer there will be relatively higher 
biomass production and in turn produces higher soil 
organic matter which is the store of P. According to 
Landon (1991) rating available P across the land use was 
low except in the top soil layer of irrigated land. The 
available P deficiency in soils of the study area may be 
due to the inherent low-P status. Other studies 
(Sintayehu, 2006; Wakene and Heluf, 2003) also reported 
that the available P in most soils of Ethiopia is lowdue to 
P- fixation, crop harvest, and erosion by water. 
 

The study also revealed that the calcium carbonate 
(CaCO3) content varied significantly (P<0.05) with land 
and soil depth. The values of CaCO3 for the soil in the 
study site varied from 1.97 to 2.87 and 1.44 to 1.47 mg/kg 
for unirrigated Luvisols and Vertisols, respectively and 
1.82 to 1.83 and 1.87 to 2.10 for irrigated Luvisols and 
Vertisols, respectively. The highest value of soil CaCO3 
was 2.87 for un irrigated Luvisols. This can be due to in 
appropriate management practices including tillage or 
severe soil erosion that cause the underlying soil 
containing more soil CaCO3, to move to the surface. 
However, the high CaCO3 contents in the irrigated 
Vertisols may be attributed to the clay content proportion 
of the soil layer (Reid and Dirou, 2004). 

 
The overall soil organic matter content with land use 

type, soil depth and soil type was not statistically 
significant (P>0.05). Though not significant, the soil 
organic matter showed a general decreasing trend. The 
depletion of soil organic matter was higher in irrigated 
land than unirrigated land. This is attributed with the fact 
that, cultivation increases soil aeration which enhances 
decompositions of soil organic matter and most of the 
percent soil organic matter produced in soils of cultivated 
land are removed with harvest causing for its reduction in 
values of soil organic matter content which in turn an 
increased soil bulk density (ρb) and decreased soil total 
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porosity Across soil depth soil organic matter content was 
higher in the top soil layer than in the lower layer. In the 
top soil layer soil organic matter content was higher in 
unirrigated land than in irrigated land use type (Table 2). 
 

The higher overall soil organic matter content in the 
unirrigated land than in irrigated for Vretisols may also be 
attributed to the higher accumulation of soil organic matter 
due to high inputs from root biomass and above ground 
biomass. This is in line with the findings of  (Hajabasi et 
al., 2009; Khormali et al., 2009; Yimer et al., 2006).The 
lower soil organic matter content under irrigated land than 
in unirrigated land use system could be due to the 
reduced amount soil organic matter being returned to the 
soil system and high rate of oxidation of soil organic 
matter as a result of continuous irrigation for long period 
of time without fallowing, loss of soil organic matter by 
water erosion, and removal of green materials (Yimer et 
al., 2006; Girmay et al., 2008). Irrigation promotes soil 

organic matter loss due to exposure of micro-aggregate 
soil organic matter to microbial decomposition by 
changing the moisture and temperature regimes 
(Reicosky et al., 1998). As per the rating of nutrients 
suggested by (Tekalign, 1991) for Ethiopian soils soil 
organic matter content was found to be very low in all land 
uses (Table 2), indicating that soils of the study area were 
threatened by the continuous human interference, 
mechanical effect of heavy machines use and intensive 
agricultural production systems. Results of laboratory 
analyses for total N content and C: N of soil under 
different land use system are shown in Table 2.The  
difference in total N was not statistically significant with 
land use, Soil type,soil depth and the interaction effect 
(P>0.05). However, the distribution of total N content 
followed a similar pattern to soil organic matter distribution 
and was relatively higher in the in irrigated land at the 
subsurface layer (30-60 cm). Such result is expected 
since most soil total N is bound in soil organic matter.  

  
Table 2: Mean values of pH, EC, CaCO3, Av. P, OM, TN, and C: N in relation to land use, soil type and soil depth (cm) 

Soil 
Type 

depth 
(cm) 

pH EC    Ca CO3 Available P Soil  OM Total N      C: N 
 (µS cm-11) (mg kg-1)              (mg kg-1)        (%)                         (%) 

Land use (Un-irrigated) 

UL 
0-30 6.3 (+0.28)abcd 210  (+0.02)a 1.97 ( + 0.50)b 19.13 (+11.0)a 2.12 (+ 0.2)a 0.123 (+ 0.011)a  10 (+ 0.15) 
30-60 6.5 ( +0.28)abc 110  (+ 0.02 )b 2.87 ( + 0.50)a 8.12 (+11.0)e 1.99 (+ 0.2)a 0.120 (+ 0.011)a  9.7 ( + 0.15) 
60-90 6.8 (+ 0.28) a 100  (+ 0.02 )b 1.87 ( + 0.50)b  6.26 (+11.00)g 1.76 (+ 0.2)a 0.123 (+ 0.011)a   8.3  (  + 0.15) 

UV 
0-30 6.0 (+ 0.16)bcd 90   (+ 0.02)b 1.47 (+ 0.29)b 14.23 ( + 6.3)c 2.12 (+ 0.2)a 0.121 ( + 0.006)a   10.2 (+ 0.02) 
30-60 5.8 ( + 0.16)cd 80  (+ 0.02)b 1.19 (+ 0.29)c 4.12 ( + 6.3)i 2.05 (+ 0.2)a 0.113 (+ 0.006)a   9.2  ( + 0.02) 
60-90 5.9 (+ 0.16)d 60 (+ 0.02 )b 1.44 (+ 0.29)b 3.45 ( + 6.3)j 1.80 ( +0.2)a 0.113 (+ 0.006)a   10.5 (+ 0.02) 

Land use (Irrigated) 

IL 
0-30 6.2 (+0.11)bcd 90  (+ 0.01)b 1.83 (+ 0.21)b 19.35(+4.5)a 2.14 (+0.08)a 0.123 (+ 0.004)a     10 (+0.12) 
30-60 6.2 (+ 0.11)bcd 80  (+ 0.01)b 1.89 ( + 0.21)b 11.71( +4.5)d 2.12 (+0.08)a 0.125 (+ 0.004)a     10  (+ 0.12) 
60-90 6.2 (+ 0.11)bcd 90  (+ 0.11)b 1.82 ( + 0.21)b 5.10 (+ 4.5)h 2.06 (+0.08)a 0.116  (+ 0.004)a      9.9 (+ 0.12) 

IV 
0-30 6.3 ( + 0.09)abc 80  (+ 0.01)b 1.87 (+ 0.16)b 17.93 (+3.6)b 2.03 (+0.06)a   0.125 (+ 0.003)a       9.0 ( + 0.06) 
30-60 6.3( +0.09)abc 70  (+ 0.01)b 1.73 (+ 0.16)b 6.26 (+ 3.6)g 1.99 (+0.06)a 0.114 (+ 0.003)a      10  (+ 0.06) 

 60-90 6.5 ( + 0.09)abc 50   (+ 0.01)b 2.10 (+ 0.16)b 7.44 (+ 3.6)f 1.95 (+0.06 )a  0.112 (+ 0.003)a      10  (+ 0.06) 
Overall means within rows and columns followed by different letters are significantly different (𝑃𝑃< 0.05) with land use 

and soil depth. Separation when the analysis of variance showed statistically significant differences (𝑃𝑃< 0.05). 
pH = Negative logarithms of hydrogen ion, EC = Electrical conductivity of a soil solution, CaCO3 = Calcium carbonate, 

Av. P = Available phosphorus, OM = Organic matter, C: N = Carbon to nitrogen ratio 
 

Though not statistically significant, the relatively higher 
total N in the un irrigated land than in the irrigated land 
could be associated with the relatively higher soil organic 
matter which in turn resulted from plant and root biomass 
as well as residues being returned to the soil system. The 
principal cause for lower contents of total N comes from 
biomass removal during crop harvest and insufficient 
replenishment through fertilizers. The difference between 
the surface and subsurface soil layer for total N was not 
statistically significant (P>0.05) and the highest content 
was found from the irrigated (Luvisols) sub surface soil 
layer (Table 2). The total N content for sub surface soil 
layer is rated as medium while surface soil layers of the 
irrigated plots rated low according to the rating by Landon 
(1991). Siriri et al. (2005) also noted lower total N values 
on the upper layers and moderately increased on the 
lower layers.  

 
Million (2003) and Tadele et al. (2013) also found that 

the total N content of the terraced site compared to their 
corresponding non-terraced sloping areas. The decline in 
soil organic matter and total N due to land use change 
concurs with the findings of (Jaiyeoba, 2003; Heluf and 
Wakene, 2006; Abbasi et al., 2007). Exposure of the top 
soil to rainfall and irrigation water brings about erosion, 
rapid decomposition of soil organic matter and intense 

leaching of basic nutrients rendering the soil infertile and 
the agricultural production unsustainable. This is obvious 
as the contents of total N in the soil area function of the 
amount of soil organic matter and vice versa. Peaceful 
Valley Farm Supply (Technical Booklet, 2004) noted that 
the higher the soil organic matter content, the higher the 
potential N released in the soil. In addition, it implies that 
both are influenced by the accumulation of biomass in the 
soil layer. Numerically, distribution of C: N followed similar 
patterns to soil organic matter and total N distributions 
except slight variation within the land uses. Relative to 
unirrigated land use, the irrigated (Vertisols) land recorded 
narrow C: N at the surface layer.  Aeration during tillage 
and increased temperature that enhance mineralization 
rates of soil organic matter than organic nitrogen could 
probably be the causes for the lower level of C: N in 
irrigated land. The narrow C: N in soil of irrigated land 
concurs with the study of (Abbasi et al., 2007) who 
concluded higher microbial activity and more CO2 
evolution and its loss to the atmosphere in the top (0-30 
cm) soil layer resulted to the narrow C: N. The C: N an 
index of nutrient mineralization and immobilization 
whereby low C: N indicated higher rate of mineralization. 
The C: N ofthe studied soil did not show any significant 
variation with land use types, soil type and soil depth, (p > 
0.05), (Table 2). Yet, the numerical values for land uses 
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were highest for irrigated soils and lowest for unirrigated 
soils which can be due to the rapid loss of nitrogen (the 
denominator) in the former.  

 
Thus, one can understand that the impact of land use 

and associated management was more pronounced in 
total N than soil organic matter. Similarly, Khresat et al. 
(2008) and Nega and Heluf (2013) reported that C: N did 
not show a significant variation with land uses. The overall 
C: N was higher in the top surface soil layer than in the 
layer below. In the study area, the C: N was found to be 
higher (Table 2) than the normal range 10:1 on average 
(Landon, 1991) expected in mineral soils. However, 
Tadele et al. (2012) reported higher C:N indicating that 
nitrogen is immobilized at higher C:N values because of 
the formation of only slightly biodegradable complexes 
which are low in total N content of the parent material and 
erosion loss. This implies that increase in soil organic 
matter content significantly increased the C:N. 
 
CONCLUSIONS 

Variations in soil quality indicators with respect to land 
use, soil type and soil depth were investigated in the study 
area. Particle size distribution varied with land use, while 
silt, clay, and bulk density (ρb) differed with soil depth. 
There was a significant difference for bulk density, particle 
size distribution, and clay content and soil pH among the 
two land uses. In general, the continuous intensive 
cultivation and mismanagement of land, irrigation water as 
well as misuse of fertilizers for sugarcane crop production 
without appropriate soil management has degraded most 
of the important soil quality indicators. This consequently 
led to loss of available nutrient for plant production as well 
as to global warming by affecting soil reserve of carbon as 
a result of burning of cane residue. Such practices may 
also disturb soil structure and result in variations and even 
deterioration of soil quality attributes among land use 
types of same soil type (Luvisols and Vertisols). 
Therefore, reducing intensive cultivation, and integrated 
use of inorganic and organic fertilizers could replenish the 
degraded soil quality parameters for sustainable 
agricultural production and productivity in the study area. 
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