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ABSTRACT 

In response to the prevailing low soil pH and associated problems in the highlands of Ethiopia, conversions of 
natural vegetations and agricultural lands to other land use and management systems have been in practice since 
several decades. A study was conducted to compare several soil physical, chemical and biological properties 
under three land use (grassland, cropland, eucalyptus) and two management systems (limed land and fallow 
land) all existing adjacent to each other. Results showed that soil quality indicators were higher under grassland 
than under the other land uses and management systems considered. As compared to grassland a reduction of 
53, 45, 46 and 47% in soil organic carbon (SOC) was observed under cropland, eucalyptus, limed and fallow 
lands, respectively. However, cropland, eucalyptus and limed lands showed similar values for most of the soil 
chemical properties studied. Soil microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) were 
also significantly higher under grassland, and significantly lower under fallow land. Soil depth only affected 
available phosphorus, Mg2+, exchangeable acidity, ratios of MBC to SOC, and MBN to total nitrogen (TN). 
Therefore, our results suggest that SOC, MBC: SOC and MBN:TN could be considered to assess functional 
capacities of soils under soil acidity conditions in the highlands of Ethiopia.  
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INTRODUCTION 

In the Ethiopian highlands, the rapidly growing 
population with heavy reliance on subsistence type 
of agriculture has forced farmers to an unwise use 
of land resources leading to a subsequent 
deterioration of functional capacity of soils. 
Particularly the areas with altitudes >1800 m.a.s.l., 
here after referred to as the highlands of Ethiopia, 
were once majorly covered with tropical type 
meadow vegetation. In the last 50 years, however, 
land use changes have been more rapid due to 
population growth and demand of the local people 
for diverse products with its negative consequence 
on soil resources. When soils come under increasing 
pressure to maintain a range of ecosystem services, 
there is interest in how soils change over time in 
response to factors such as change in land use (Tye 
et al., 2013). For example, due to the prevailing soil 
acidity problem, the highland ecology is known to 
have undergone a series of changes in land 
use/cover types. Land use change (e.g. grassland to 
cropland, infertile cropland to eucalyptus 
plantations) and change in management (fallowing 
croplands and liming of croplands) are being 
practiced as alternative strategies to mitigate the 
negative effects of soil acidity. Fallowing (Szott et 
al., 1999) is commonly practiced due to its cheaper 
practice to restore soil fertility. However, due to 
population pressure in the highlands and their 
demand for diverse products, fallow periods have 
become as short as 18 months in some areas.  

The need for understanding and assessing soil 
quality is getting increasingly important because of 
growing public interest in determining the effect of 
management practices on the sustainability of the 
soil resource base (Rongjiang et al., 2013). Soil 
quality assessment was envisioned as a tool to help 
balance challenges associated with (1) increasing 
world demand for food, feed, and fiber, (2) 
increasing public demand for environmental 
protection, and (3) decreasing supplies of 
nonrenewable energy and mineral resources (Pesek, 
1994; Doran et al., 1996). The capacity of soil to 
function can be evaluated by measuring some 
selected physical, chemical and biological 
properties, also known as soil quality indicators. In 
this context, several soil quality assessment have 
been conducted in different countries under various 
cropping conditions including: organic and 
conventional farming (Fliessbach et al., 2007), tillage 
and residue management (Sharma et al., 2005; Imaz 
et al., 2010), crop rotation (Mubarak et al., 2005; Aziz 
et al., 2011), soil quality around mining areas 
(Shukla et al., 2004), manure application and 
burning Lee et al., (2006). However, concepts of soil 
quality under tropical conditions are still 
insufficient and missing because these concepts 
were mainly developed for temperate climates and 
cannot be applied to tropical conditions Sánchez et 
al. (2007). The most effective soil quality indicators 
will probably vary according to region, climate, and 
cropping systems (Parr et al., 1992).  Therefore, there 

are many factors that affect soil quality indicators in 
tropical regions, including but not limited to, soil 
and vegetation type, socio-economic conditions of 
the users, current and past land use practices. Many 
studies (e.g. Lepsch et al., 1994; Shukla et al., 2006; 
Yimer et al., 2007, 2008) indicate that conversion of 
native vegetation into cultivation in tropical regions 
causes important changes in soil properties, 
including loss of organic matter, increase in soil 
bulk density and decreases in exchangeable cations, 
pH and base saturation. Yimer et al. (2008) reported 
that land use change mainly through converting the 
natural vegetation into cropland and grassland in 
the highlands of Ethiopia influenced many natural 
phenomena and ecological processes, leading to a 
remarkable change in the soil properties. Such 
changes directly affect soil physical, chemical and 
biological processes such as soil water retention and 
availability, nutrient cycling, gas influx, plant root 
growth and soil conservation (Ashagrie et al., 2005; 
Emadi et al., 2008). As a result, apart from many 
development bottlenecks that currently facing the 
highlands of Ethiopia, soil degradation in the form 
of soil acidification, soil salinization and nutrient 
transport through erosion, deteriorates the 
functional capacity of soils. Teklu et al. (2006) 
reported that soil quality degradation and reduced 
agricultural productivity as the main causes of wide 
spread poverty in the highlands of Ethiopia. 

Recently, land use change has become an area of 
particular concern in the highlands of Ethiopia due 
to the rapid land conversion practices and its 
environmental consequences. Therefore, timely 
detection of land use change and its potential effect 
on soil quality parameters is an essential 
prerequisite to take appropriate restorative 
measures, efficient land use planning and resource 
management. To our knowledge, however, there is 
no or insufficient knowledge on soil acidity-
induced land use changes and management 
systems in the highland agro-ecosystems of 
Ethiopia.  Therefore, the objectives of this study 
were: 1) to assess and compare the changes in soil 
biological, chemical and physical properties under 
different land uses (grassland, cropland and 
eucalyptus) and management systems (limed land 
and fallow land); 2) appraise whether short-term 
fallowing would help improve important soil 
quality parameters such as SOC, MBC and MBN 
and; 3) investigate whether the soil quality 
parameters vary with soil depth. 
 

MATERIAL AND METHODS 

Description of the study site 

The study area,Wetabecha Minjaro peasant 
associations, commonly known as Bedi, is located in 
western central highlands of Oromiya regional 
State, Ethiopia. It is situated at (9° 05′ 55″ N, 38° 36′ 

21″ E), at an altitude of 2600 m.a.s.l (Fig. 1). 
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Figure 1. Location map of the study area 

According to the local agro-climatic classifications, 
the study area belongs to moist highland agro-
climatic zone with two rainy periods; the main 
rainy season which occurs from June to mid 

September and the short rainy season extending 
from February to April. The area receives about 
1100 mm of rainfall annually. The mean monthly 
maximum and minimum temperatures are 23.3°C 
and 8.7°C, respectively (Figure 2).  

 

 

Figure 2. Monthly maximum and minimum temperature and mean monthly precipitation for the study site, 
mean of 10 years (1998- 2007) taken from the nearest meteorology station, Holetta Agri. Research 
Center. 

The soils are classified as Nitisols with deep, red, 
well- drained tropical soils (IUSS, 2006)that are 
characterized by thick solum with high contents of 
weathered minerals. In terms of topography, all 
land uses of the study site are located within similar 
topography and altitude. Hence, there was no 
variation in terms of soil types and vegetation cover 
types of the area. However, in the past several 
decades, tropical meadow type grassland 

vegetation and shrub lands were the dominant type 
of vegetation. Now, such types of vegetations are 
gradually replaced by croplands and eucalyptus 
plantations (Temesgen et al., 2014). The grassland 
mainly composed of grasses and very few legumes 
such as, Schizachyrium sp. Paspalum notatum, 
Axonopus sp., Desmodium spcies. Agriculture is the 
main source of livelihood for the community and 
subsistence type mixed crop-livestock systems 
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characterize the farming system. Barley is the only 
major cereal crop grown in the region. 
Communal/private eucalyptus plantations are 
widespread, and literally native forest species is 
non-existent that satisfies the high demand for 
construction and biomass energy. 

Experimental design and sampling 

A land use/cover survey (Temesgen et al., 2014) 
carried out in 2012 in relation to this work 
identified three major land uses and two 
management practices, namely; grassland (open 
grazing lands dominated by natural tropical 
grasses), cropland (barley monoculture without 

liming), eucalyptus plantations (6-7 years old); 
fallow land (18 months of resting period) and limed 
land (lands reclaimed by liming to counteract the 
negative effect of soil acidity). Descriptions of land 
use and management practices of the area are given 
in Table 1. Identifications and classifications of the 
three land uses were supported by interpretation of 
aerial photographs and satellite images of the study 
area (Temesgen et al., 2014). However, the two 
management practices were identified by collecting 
information from land owners and government 
development agents. The sites had similar altitudes, 
slopes and soil types. 

 

Table 1. Descriptions of land use management systems in the study area 

Land use/management Brief descriptions 
Cropland Areas that were under barley cultivation at the time of soil sampling 
Grassland Huge areas of land with no cropping practice, trees or settlements; totally 

dominated by natural grasses and used for grazing 
Fallow land Abandoned previously croplands from cultivation for a period of 18 months to 

restore soil fertility 
Limed land Lime applied fields to counteract soil acidity and its associated problems 
Eucalyptus plantations Areas occupied by eucalyptus globulus  plantations (6 -7 years of age) 
 

During July to September, 2012, eight sites where 
selected with the following criteria: 1) grassland, 
cropland, eucalyptus plantation, fallow land, and 
limed land that were located in adjacent areas; 2) 
previous land use must grassland based on the 
individual interviews and by comparing satellite 
images between 1986 and 2014; 3) for soil sample 
collection, the area of each land use and 
management practice should be greater or equal to 
half a hectare. Soil samples from limed lands were 
collected after 3 years of liming based on 
exchangeable acidity (EXa) of the area (Kamprath, 
1984). The exchangeable acidity of the area was 1.32 
meq/100 grams of soil, and the corresponding lime 
applied was 1.65 tha-1. Samples were collected from 
two depths; 0-10 cm and 10-20 cm for all land use 
types. Each of the soil samples consisted of ten sub-
samples in a composite, which were collected from 
a 10 x 10 m demarcated plots. A total of 80 soil 
samples (8 sites * 5 land use/management * 2 
depths) were collected for laboratory analysis. 
Samples was gently sieved through a 2 mm mesh to 
remove stones, roots,  and were sealed in plastic 
bags before analysis. Both soil chemical and 
biological parameters were analysed in duplicates. 
Soil biological analyses were done by wetting and 
keeping for one week of acclimatization period at 
room temperature (Vance et al., 1987. 

Soil physical and chemical analysis  

Soil bulk density (BD) of the top layer soil was 
estimated using a 5 cm diameter and 5 cm height 
metal cylinder (Blake, 1965). Field capacity (FC) was 
determined by saturating soil samples with water 

and allowing them to drain for 24 hours. After oven 
drying at 105°C, moisture loss was expressed as 
percentages. Permanent wilting point (PWP) was 
estimated from soil samples equilibrated at a 
pressure of 15 bars on a pressure plate (Cassel and 
Nielsen, 1986).  Hence, plant available water (PAW) 
was determined by the difference between field 
capacity and permanent wilting point in 
percentage. Soil particle size distribution analysis 
was performed using hydrometric method 
(Bouyoucos, 1962). The USDA particle size classes 
viz. sand (2.0–0.05 mm), silt (0.05–0.002 mm) and 
clay (<0.002 mm), were used when classifying 
textural classes. Soil pH was determined by 
potentiometric methods at a 1:2.5 soil to water ratio. 
Soil organic carbon was determined by the 
Walkley-Black oxidation method (Walkley and 
Black, 1934). Total nitrogen (TN) by Kjeldahl 
digestion method (Bremner and Mulvaney, 1982), 
and available phosphorous (AvP) was determined 
using Olsen’s extraction method (Olsen and 
Sommers, 1982). Exchangeable bases (Na+, K+, Ca2+, 
and Mg2+) were measured by atomic absorption 
spectrophotometer after extraction by ammonium 
acetate (Black et al., 1965). The cation exchange 
capacity (CEC) was determined by extraction with 
ammonium acetate (Chapman, 1965). 
Exchangeable-titratable acidity was determined in 1 
M KCl extracts titrated with 0.01 M NaOH.  
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Biological properties 

Microbial biomass carbon and microbial biomass 
nitrogen (MBN) were estimated by the classical 
chloroform fumigation extraction method (Brookes 
et al., 1985; Vance et al., 1987). Twenty five grams of 
dry weight-equivalent soil samples were fumigated 
with CHCl3 for 24 hours in a dark in vacuum 
desiccators in two duplicates. After removal of 
chloroform by three repeated evacuations, the soil 
samples were extracted by 0.5 M K2SO4 (using a 
soil:extractant ratio of 1:4). Similarly, the 
unfumigated controls were also subjected to 0.5 M 
K2SO4 extraction. After shaking for 30 minutes in 
automatic shaker, the extracts were filtered through 
Whatman filter paper (No.42). The filtrates were 
analysed for organic C and total N by using 
SKALAR TOC/TN automatic analyzer.  The 
difference in the C content of the extracts from 
fumigated and unfumigated samples was converted 
to biomass-C by dividing the value obtained by a 
factor (KC) of 0.45 (Vance et al., 1987). The results 
were expressed as µg g-1 of oven-dried soil. The 
difference in the content of N of the extractants was 
also converted to biomass nitrogen by dividing the 
value obtained by a factor (KN) of 0.54 (Brookes et 
al., 1985).  

 

Statistical analysis 

Analysis of variance (ANOVA) was performed to 
evaluate the main effects of land use/management, 
depth, and their interactions using SAS (version 
9.0). A linear mixed model analysis with repeated 
measurements, considering two between-subjects 
factors (site with eight levels and land use with five 
levels) in a main effects design, and one within-
subjects factor (depth with two levels). The 
mathematical formulation of the model was given 
by: 

 
with i=1,…,8 for the sites, j=1,…,5 for the land 
use/management and k=1,2 for the two depths, and 
being: 

observed value of the dependent variable 

for the land use j at depth k in the site i. 
 general mean effect;  main effect of the 

site I;  main effect of the land 

use/management  j;  main effect of the depth 

k;  interaction effect of the land use j with 

the depth k;  random error in the 

dependent variable for the land use j at depth k in 
the site i. 
The assumptions for the model were: 

•  , with = random variance for 

errors at depth k. 
 

• 

, with =covariance between errors at different 
depths. Therefore, the model included three variance 
parameters, which were estimated using the 
restricted maximum likelihood method (REML). 
Finally, Tukey´s HSD procedure was used for 
multiple comparisons of mean physical, chemical and 
biological properties of the soil under different land 
use systems.  

RESULTS 

Soil physical properties 

Mean values of percent sand, silt and clay for each of 
the five land use and management under two 
sampling depths are summarized in Table 2. Results 
revealed that the soil was majorly composed of silt 
and clay, clay being the most representative fraction. 
It represents about 46% in the top 0-10 cm and 48% 
in the 10-20 cm soil profile. Relative to the other four 
land uses, soils under fallow land had lower sand 
content. Percent sand under the other four land uses 
(grassland, cropland, eucalyptus and limed lands) 
did not differ from each other. Grassland had lower 
clay content relative to fallow lands, eucalyptus, 
limed lands and croplands. 
Soil samples from 0-10 cm had higher silt content as 

compared 10-20 cm. However, clay content was 
significantly higher (p<0.05) in 10-20 cm soil profile. 
Sand content was not significantly affected by depth 
of soil sampling. Values of BD ranged from 0.99 to 
1.17 g cm-3 (Fig. 3). Bulk density increased with 
increase in soil depth.. Bulk density recorded in 
grassland was significantly lower as compared to the 
other land uses and management. However, 
grassland recorded significantly higher values of FC 
and PWP. Permanent wilting point recorded in 0-20 
cm soil profile ranged from 14.7-19.5%; the highest 
being in grassland. The other land use and 
management systems were not significantly different 
from each other.   
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Table 2. Mean values of sand, silt and clay content (%) for land use and management systems at two depths.  
 Particle size distribution (%)  

n LUM* Sand Silt Clay 
Grassland  14.69a 43.75a 41.56b 16 
Cropland  13.59a 39.22a 47.19a 16 
Eucalyptus 10.94ª 38.12b 50.94a 16 
Limed land 13.90ª 39.38ª 46.72a 16 
Fallow land 8.59b 41.41ª 50.00a 16 
S.e 0.94 1.18 1.16  
Depth     
0 -10 cm 11.81ns 41.75a ± 0.62 46.44b ± 0.51 40 
10 -20 cm 12.88ns 39.00b ± 0.69 48.12a ± 0.76 40 
ANOVA 
LUM *** * *** 

 

Depth Ns ** *  
LUM*depth Ns Ns ns  
*LUM= land use/management, different letters within a column represent significant differences between different land use 
and management systems (Tukey’s HSD procedure). The analysis of variance for each factor and their interaction is reported, p 
<0.001***, p <0.01** and p <0.05, n= number of samples, S.e= standard error, ns= not significant 
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Figure 3. Effects of land use and management systems on soil bulk density, field capacity, permanent wilting 
point and plant available water (n=8). Different letters represent significant differences between different land 
use and management systems (Tukey’s HSD procedure). 
 
Soil chemical properties 
Mean values of soil chemical properties as affected 
by different land uses and management systems at 
two sampling depths are presented in Table 3. Soil 
pH ranged from 4.3 to 4.9 indicating strongly acidic 
nature of the soils.  

The soils under cropland, eucalyptus, limed and 
fallow lands contained 48, 43, 45 and 48% less SOC 
than grassland soils.  On average a decrease of 50% 
in TN concentration was also observed by land 
conversions from grassland to other land use types. 
However, land use change did not affect the 
concentrations of Na+ in the soil. Statistically, 
cropland, eucalyptus and limed lands were similar 
for most of the soil chemical properties. However, 
EXa was significantly higher under eucalyptus 
plantations as compared to the other land uses and 
management systems. Similarly, concentrations of 

Ca2+ and Mg2+ were higher in grassland as 
compared to cropland, eucalyptus, limed land and 
fallow land. 

The mean values of Ca2+ concentration in limed 
land, cropland, eucalyptus plantation and fallow 
land were comparable, though slightly higher 
values of Ca2+ were observed in limed land. Mean 
values of K+ from fallow land were higher than the 
other land uses and management systems. Among 
soil chemical properties, depth of sampling only 
affected AvP, EXa and Mg2+ Available phosphorus 
was considerably higher in the surface soil (0- 
10cm). Contrary to this, EXa and Mg2+ 
concentrations were found to be higher in 10-20 cm 
soil profile. Analysis of variance revealed no 
significant interaction between land use and depth 
of sampling for soil chemical properties. 
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Table 3. Mean values of soil chemical properties affected by different land uses and management systems (n=16) 
at two sampling depths (n=40). 

LUM* pH (H2O) 

SOC TN AvP  K+  Na+  Ca2+ Mg2+ CEC EXa 

------%---- - mg kg-1-                                            --(cmol+ kg-1)- 

Grassland 4.9a 4.4a 0.4a 5.1 0.8b 0.2ns 12.6a 2.6a 23.2 1.2b 
Crop land  4.6b 2.3b 0.2b 5.6 0.9ab 0.2 8.9b 2.0b 17.5 1.2b 
Eucalyptus 4.5b 2.5b 0.2b 6.0 0.8b 0.2 8.6b 2.3b 18.0 2.3a 
Limed land 4.7ab 2.4b 0.2b 4.9 0.7b 0.3 9.6ab 1.9b 18.6 0.9b 
Fallow land 4.3c 2.3b 0.2b 4.4 1.0a 0.1 0.18c 1.2c 18.9 1.5b 
S.e 0.06 0.13 0.01 0.73 0.05 0.03 0.96 0.23 0.82 0.26 
Depth           
0 -10 cm 4.6 ± 0.02ns 2.8ns 0.26ns 5.6a ± 0.33 0.9ns 0.22ns 8.0ns 1.9b ± 0.11 19.1 ± 0.41 1.3b ± 0.11 
10 -20 cm 4.6 ± 0.35ns 2.7ns 0.25ns 4.8b ± 0.35 0.8ns 0.19ns 7.9ns 2.1a ± 0.11 19.4 ± 0.42 1.5.a ± 0.13 
ANOVA 
LUM *** *** *** Ns ** ns *** ** *** * 
Depth Ns Ns Ns *** ns ns ns * ns * 
LUM*depth Ns Ns Ns Ns ns ns ns ns ns ns 

*LUM= land use/ management, SOC= soil organic carbon, TN= total nitrogen, AvP= available phosphorus, CEC= cation 
exchange capacity, EXa= exchangeable acidity. Mean values with different letters within the same column indicate significant 
differences (Tukey’s HSD procedure). The analysis of variance for each land use is reported, p <0.001***, p <0.01** and p <0.05, 
S.e= standard error, ns= not significant 

 

Soil biological properties 

Microbial biomass carbon, MBN, MBC/MBN, 
MBC/SOC and MBN/TN were also affected by 
land use and management systems (Table 4). The 
highest values of MBC (763.7 µg g-1) and MBN (87.8 
µg g-1) were recorded under grassland soils as 
compared to cropland, eucalyptus, limed land and 
fallow land. Soils under fallows had the lowest 
MBC (190.8 µg g-1) and MBN (23.1 µg g-1). The mean 
values of MBC recorded under cropland, 
eucalyptus plantations and limed land did not 
show significant differences. However, the MBN in 

grassland and cropland was comparable, and 
significantly superior to the other land uses. The 
lowest values of MBN were observed in Euclayptus 
and fallow land. Depth wise, MBC and MBN values 
were significantly higher in 0 -10 cm relative to 10 -
20 cm. In this study, changes in the ratios of 
MBC/SOC and MBN/TN due to land use changes 
were quite considerable.   

 
Table 4. Mean values of microbial biomass carbon 
(MBC), microbial biomass nitrogen (MBN), 
MBC/MBN, MBC/SOC and MBN/TN as affected 
by different land uses and management systems 
(n=16) at two sampling depths (n=40). 

 

LUM* 
MBC  MBN  

MBC/MBN 
MBC/SOC  MBN/TN 

------------µg g-1 soil--------------- ------------%------------- 
Grassland 763.7a† 87.8a 9.0ab 2.56a 2.89a 
Cropland  342.6b 71.28a 5.7c 1.03cd 2.30b 
Eucalyptus 345.0b 37.9bc 10.2a 1.44bc 1.69c 
Limed land 335.7b 47.2b 7.4b 1.54b 2.31b 
Fallow land 190.8c 23.1c 8.8ab 0.80d 1.06d 
S.e 35.25 4.16 0.40 0.14 0.16 
Depth      
0 -10 cm 485.4a  ± 21.48 67.2a  ± 2.99 8.00ns 1.62a±0.09 2.31a ±0.10 
10 -20 cm 305.8b  ± 15.45 39.7b  ± 2.40 8.42ns 1.32b ±0.09 1.78b ±0.10 
ANOVA 
LUM *** *** *** *** *** 
Depth *** *** ns * ** 
LUM*depth Ns ns ns ns ns 
*LUM= land use/ management.Means within a column with different letters between different land 
uses and management systems indicate significant differences ((Tukey’s HSD procedure). The analysis 
of variance for each land use and management is reported, p <0.001***, S.e= standard error, ns= not 
significant 
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Accordingly, the values of MBC/SOC were in the 
following order: grassland >limed land >eucalyptus 
> cropland >fallow land. Whereas, MBN/TN 
followed the order: grassland >limed land >cropland 
>eucalyptus >fallow land. As expected, the mean 
values of MBC/SOC and MBN/ TN were 
significantly higher in 0-10 cm as compared to 10-20 
cm soil profile.  

DISCUSSION 

A basic assumption in this comparative study was 
that initially the soils were similar in each ecosystem. 
Change in land use and management markedly 
affected several soil physical, chemical and biological 
properties. Soil textural class is a permanent 
characteristic of a soil that gives a general picture of 
soil’s physical properties. However, in this study the 
change in particle size distribution due to land use 
change might be related to frequent tiling of 
cropland, fallow land and limed lands, where there is 
a chance of soil profile mixing as compared to 
grassland. In Transmexican Volcanic Belt, Covaleda et 
al. (2011) also reported that land use changes affect 
the particle size distribution. The lower bulk density 
in grassland indicates increased pore space, allowing 
for increased aeration necessary for biological 
activity. Generally, soil quality was higher in 
grassland than the other land uses and management. 
The high amount of SOC (4.3%) observed relative to 
other land uses or management systems contributed 
to the higher CEC in grassland. In the highlands of 
Ethiopia, deforestation and subsequent unsustainable 
agricultural management, as well as use of dung and 
crop residues for energy, have resulted in soil organic 
matter and nutrient depletion, hydrological 
instability, reduced primary productivity, and low 
biological diversity (Solomon et al., 2002; Mulugeta et 
al., 2005). 

Grassland in our study area includes tropical type 
grasses and herbaceous vegetations which resulted in 
a higher litter input compared to the other land uses 
and management systems. In grassland soils, much of 
the litter input is from root biomass (Tate et al., 2000). 
Therefore, greater return of plant litter to soils and 
high root biomass of grasses could be the reason for 
the higher SOC in grassland. For example, in 
managed grasslands, between 60% and 90% of the 
ingested plant biomass is returned to soil in the form 
of manure (Haynes & Williams, 1993; Wells & 
Dougherty, 1997). Thus, grazed grasslands contain 
little plant litter (thatch), but a significant amount of 
SOC and TN in the soil (Bardgett et al., 1996). The 
lower values of SOC in other land use systems could 
be due to less physical protection, because tillage 
periodically breaks up macro-aggregates and exposes 
previously protected organic matter (Islam & Weil, 
2000). Tripathi & Singh (2009) also showed 
cultivation of soil previously supporting natural 
vegetation could lead to considerable losses of soil 
organic matter and microbial biomass.  

Soil physical, chemical and biological parameters 
showed that the lowest soil quality was observed in 
fallow land, and it might be attributed to the current 

management practices in the study area. Fallow fields 
are considered as grazing grounds for different 
species of livestock even though the primary purpose 
of fallowing by individual farmers is to restore soil 
fertility. In addition, crop residues are removed for 
domestic use, either as a source of fuel or animal feed. 
Such practice leaves the land bare and exposes it to 
surface run-off during rainy season. Many studies 
(e.g. Cai & Qin, 2006; Hati et al., 2007; Lemke et al., 
2010) have shown that increases in SOC levels was 
directly related to the amount of organic residues 
added to soils. Therefore, the lowest soil fertility 
status (low values of pH, SOC, AvP, Mg2+, Ca2+, MBC 
and MBN) in fallow land was due to removal of crop 
residues and the washing away of nutrients by 
intense rainfall during fallow period.  
The study clearly demonstrated that applications of 
lime significantly raised soil pH, and drastically 
reduced exchangeable aluminum. When lime is 
added to acid soils that contain high aluminum and 
H+ concentrations, it dissociates into Ca+2 and OH- 
ions. The hydroxyl ions will react with hydrogen and 
aluminum ions forming aluminum hydroxide and 
water, thereby increase soil pH in the soil solution. 
Numerous authors have reported decreases of Al in 
the soil solution as well as in the exchange complex 
upon (Prado et al., 2007; Álvarez & Fernández, 2009). 
However, highly weathered acid soils in the study 
area would not recover rapidly after short-term 
fallow periods of 18 months. Similar to this finding, 
short-term fallow (four years) in Senegal did not 
increase SOC or nutrient content (Masse et al., 2004). 
On the other hand, even though, it is generally 
believed that plantations of eucalyptus bring about a 
decrease in soil fertility, the absence of significant 
variation between eucalyptus and cropland/limed 
lands in most of the soil physical and chemical 
parameters is not clear, and needs further 
investigation. However, Danju et al. (2012) reported 
restoration of soil fertility following plantation of 
Eucalyptus grandis in south-western China. In their 
study, they found that SOC content, C to N ratio, and 
MBC and MBN concentrations showed an initial 
phase of decline and then increased significantly over 
time in the upper soil layers of E. grandis plantations 
aged from 1 to 4 or 5 years. Similarly, Tilashwork 
(2009) also reported that soils under cropland and 
eucalyptus did not vary significantly in texture, bulk 
density, organic matter, pH, exchangeable K and 
AWC in the highland of north western Ethiopia. 

Soil microbial biomass and its related parameters 
such as MBC/SOC and MBN/TN have been used in 
comparing different land use types and are 
considered as early indicators of soil quality 
attributes, particularly when comparing lands under 
different agricultural uses (Chen et al., 2010; Kaschuk 
et al., 2010). In this study, differences in MBC, SOC, 
MBC/SOC, MBN and TN for the five land use and 
management systems were observed. The most 
important biological soil properties such as 
MBC/SOC and MBN/TN showed lower values in 
fallow lands and croplands relative to grasslands or 
limed lands. Similar to this result, cultivation of soils 
in the central highlands of Mexico with maize 
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reduced MBC, and Reyes-Reyes et al. (2007) reported 
that converting soil under natural vegetation to 
arable soil was not only detrimental for soil quality, 
but also unsustainable when organic matter input is 
limited. The ratios of MBC to SOC has been 
suggested as a sensitive indicator of soil organic 
matter changes (Anderson & Domsch, 1989; Sparling, 
1992), partly because the ratio will normalize some of 
the variability caused by temporal fluctuations in 
microbial biomass (Rice, et al., 1996). A low 
MBC/SOC indicates a reduced pool of available 
carbon in soil (Klose et al., 2004).  Therefore, this work 
suggested that the ratio of MBC to SOC and MBN to 
TN could be useful tools to assess biological soil 
quality differences due to the conversion of 
grasslands to other land use and management 
systems in highly weathered acidic soils of the central 
highlands of Ethiopia. However, we cannot ascertain 
the universality of these results across a wide range 
of acidic soils due to variation in climate, soil types 
and land use and management systems.  

 
CONCLUSIONS 

As evidenced from soil physical, chemical and 
biological properties, conversions of grasslands to 
either cropland or eucalyptus plantations or 
fallowing in the central highlands of Ethiopia 
deteriorate the functional capacities of soils. 
Particularly, the lower values of biological attributes 
observed in these land uses and management system 
could be an early indication of soil quality 
deterioration. Soil organic carbon, the ratio of MBC to 
SOC and MBN to TN could be considered as the 
three most important bio-chemical parameters to 
assess functional capacities of soils for soil acidity 
affected areas in the central highlands of Ethiopia. 
Therefore, integration of these parameters with soil 
chemical properties is considered to be more useful 
than only chemical/physical properties in describing 
soil quality of the area. The traditional way of 
restoring soil fertility by fallowing land after a 
cropping period of 18 months would jeopardize 
further the functional capacities of soils to irrevocable 
levels in the long-term. These results, therefore, 
seriously dispute the current short-term fallowing 
practice by small-scale farmers in the study area. 
Hence, improving soils conditions in the current land 
use system in sustainable way requires improving 
and maintaining soil productivity. This includes crop 
residues retention in crop fields after harvesting, 
avoiding bare fallows and judicious application of 
lime along with phosphate fertilizers and/manure 
would be sustainable options for the current soil 
acidity problem that has resulted in land use change. 
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