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area of the Central Rift Valley of Ethiopia
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Abstract

Background: In Central Rift Valley (CRV) of Ethiopia, renewable land resources are under pressure. Acacia woodland
clearance, frequent cultivation, crop residue removal and mono-cropping are among the major land mis-management
practices in the area. This has largely been affecting the soil quality. The current study is aimed at assessing the impact
of Acacia woodland conversion, and the subsequent mis-managements on selected soil physical properties, and their
relation to the prevailing wind erosion in the area. For this study, four land use/land cover types, namely protected
woodland (PWL), managed pastureland (MPL), parkland agroforestry (PAF) and treeless cropland (TLCL) were considered.

Results: Higher (P < 0.001) macro-aggregates (>0.25 mm) fraction of soil was found under PWL and MPL while higher
fraction of micro-aggregates (0.053–0.25 mm) of soil was found under PAF and TLCL. Soil under PAF and TLCL had
higher (P < 0.001) proportion of aggregates of < 1 mm, implying potential susceptibility of the soil to wind erosion.
Higher soil bulk density (BD) was found in the most top layer (0–15 cm) of TLCL and PAF, and this could be attributed
to the trampling effect by animals freely released to these land use types.

Conclusion: In the study area, conversion of native woodland to PAF and TLCL and the subsequent mismanagements
negatively affected some soil physical properties, thereby enhancing severity of soil erosion by wind. In contrast,
although not commonly practiced by smallholder farmers, soil under MPL is more stable and less susceptible to
wind erosion.
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Background
Soil physical properties could be affected not only by land
use changes but also by land management practices
(Liu et al. 2006; Snyder et al. 2009; Alberti et al. 2010;
Rouw et al. 2010). Soil compaction may occur under culti-
vated lands due to intensive cropping, short crop rotation,
and inappropriate soil management (Quirogaa et al. 1999;
Hamza and Anderson, 2005). Bulk Density (BD) is found
to be decreased significantly in the order of no - tillage >
manual tillage > plough - plough tillage > plough - harrow
(Osunbitana et al. 2005).
Another important factor affecting soil physical pro-

perties is livestock trampling. Releasing cattle to cul-
tivated land for foraging was reported to cause soil
compaction (Hamza and Anderson 2005). This affects
associated soil physical properties such as BD,
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infiltration, and porosity (Siri-Prieto et al. 2007). It sig-
nificantly increases soil BD and decreases porosity in the
upper soil profile (Binkley et al. 2003; Chaichi et al.
2005; Curran-Cournane et al. 2010) and under similar
soil type (Martínez and Zinck 2004; Sharrow 2007). The
premise behind is that cattle can exert pressure up to
0.2 MPa (Mega Pascal), which is significantly greater
than the pressure exerted on the soil surface by tractors,
which can vary from 0.03 to 0.15 MPa, and this may lead
to soil compaction; which in turn could increase BD (Prof-
fitt et al. 1993). But, the impact is mostly pronounced in
the topsoil (Proffitt et al. 1995). This in turn results in loss
of pasture production and quality (Hamza and Anderson
2005).
However, there may be variation even among stock

types like cow, sheep and goats (Curran-Cournane et al.
2010). In Lar-rangeland, Iran, Chaichi et al. (2005) as-
sessed impact of grazing on soil BD, and reported that it
was higher in the upper layer 0–15 cm than in the 15–
30 cm. However, to detect such a significant difference
ticle distributed under the terms of the Creative Commons Attribution License
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.
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in these soil physical properties, the land has to be
allowed to grazing for longer period of time. For
example, an experiment conducted by Radford et al.
(2008) in Central Queensland, on change in soil physical
properties after a land had been allowed to grazing for a
short period of time did not show any significant
difference.
Dry aggregate stability is one of the most important

soil physical parameters that are used to estimate ero-
sion susceptibility of soils (Greeves et al., 2007). On the
other hand, soil aggregate stability is a function of diffe-
rent soil management factors such as tillage frequency
(Masri and Ryan 2006), intensity of grazing (de Souza
et al. 2010) and land use change (Gajić et al. 2013). Loss
of soil aggregate stability could enhance soil erodibility.
Susceptibility to erosion goes higher as aggregate size of
soils decrease. The macro-aggregates that are characte-
rized by higher SOC and N (Wilson et al. 2009) are less
susceptible to wind erosion than the micro-aggregates
(Yang et al. 2007). However, the macro-aggregates are
more prone to management impacts (Ashagrie et al.
2007). This implies that poor land management options
deteriorates these macro-aggregates, and leads to soil
erosion.
Land degradation, a result of land miss-management

practice, is commonly observed in Central Rift Valley
(CRV) of Ethiopia. Among all, Acacia woodland conver-
sion to different land uses is the most common practice
in this area. On the other hand, the Acacia are the main
means of livelihood for the rural economy of the area.
This is sometimes reflected by the use of these trees for
fuel wood, fodder, nitrogen fixation, and shade (Getachew
and Ståhl 1998). In spite of its environmental, ecological and
socio-economic importance, it has been under pressure
(Getachew and Ståhl 1998; Jansen et al. 2007; Yimer and
Abdelkadir 2010). Following the conversion, some common
land uses, which have been conventionally managed, have
evolved.
A few studies have been conducted on the impact of

cultivated and grazing lands, without distinguishing be-
tween cultivated land with trees and cultivated land
without trees, on soil properties. These studies have also
not considered the alternative land use option to free
grazing, the managed pastureland (MPL). The current
study is therefore aimed at evaluating the impact of the
two distinct conventional farming systems, the TLCL
and the PAF as well as the MPL on BD, porosity, mois-
ture content (MC) and aggregate stability.

Methods
Site description
This study was conducted in the Central Rift Valley (CRV)
of Ethiopia (Fig. 1). The area receives an average annual
rainfall of 760 mm (Fig. 2). The mean monthly temperature
varies from 18.5 °C to 21.6 °C with mean annual
temperature of 20 °C. The soil type of the study site is
Haplic Andosols, Typic Haploxerands (Zewdie 2004; Itanna
2005), and it is of sandy loam texture. The vegetation of the
area is characterized as tropical savannah (Getachew and
Ståhl 1998) dominated by Acacia species, shrub and
bushes. Acacia trees are dominant and important means of
livelihood for the local people.
Land uses considered for the study were parkland agro-

forestry (PAF), treeless crop land (TLCL), Managed pas-
tureland (MPL) (Fig. 3c) and protected woodland (PWL).
The MPL is practiced in Adami Tulu Agricultural Research
Center (ATARC) (Fig. 3d). But, this practice is confined to
the large compound of the center, and is rarely practiced by
the smallholder farmers. Crop residues are continuously re-
moved from the PAF and TLCL to feed Livestock during
the dry season. These two land use types were formed 25
years ago, and have been cultivated for this long time with-
out fallowing. Mono-cropping (for up to 10 years) is com-
monly practiced under the PAF and TLCL. During the dry
season, it is common to see wind erosion on these two land
uses (Fig. 3b). In this area, crop residue is regularly removed
for animal feed soon after crop is harvested (Fig. 3a). Cattle
are freely released to the croplands before and after the
cropping period. Herd of Camels of the semi-pastoralists is
also freely released into the evergreen Cacti, which are
found on the boundaries of land parcels and look green,
and which are mostly the main source of feed for camels
during the dry season.

Sampling and laboratory analysis
The PWL was used as a reference since the other land uses
were formed by converting this land use type. The design
was pseudo-completely randomized design with three repli-
cations. Per replicate, five 20*20 m random plots were con-
sidered. Soil samples were collected at the center and four
corners of each plot along the soil depth of 0–15 cm, 15–
30 cm, 30–45 cm and 45–60 cm using riverside auger.
Hence, a total of 100 samples (5 samples × 5 plots × 4
depths) were collected for each replicate. Then, the 25 sam-
ples from each respective depth range were thoroughly
mixed, and one composite soil sample weighing 1 kg was
taken. A total of 48 (3 replicates × 4 depth range × 4 land
use) composite soil samples were taken to the Zeway Soil
Testing Laboratory for the analysis of texture, gravimetric
moisture content (MC) and porosity (P). Additionally,
nine separate core samples were taken from the middle of
each of the 20 × 20 m random plots for bulk density (BD)
analysis at the depth ranges of 0–15 cm, 15–30 cm, 30–45
cm and 45–60 cm. Then, a total of 540 core samples i.e.
(9 sample × 5 plot × 3 rep × 4 land uses) were collected.
From each of the 20 × 20 m random plots, a total of 300
i.e. (5 samples × 5 plot × 3 rep × 4 land uses) undisturbed
soil samples were collected from the top 0–15 cm depth



Fig. 1 Map of the study area showing the land uses considered for the study
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only for dry aggregate stability test. All the five samples
per plot were composited to one sample with little dis-
turbance, and only 60 (5 sample × 3 rep × 4 land use)
samples were taken for sieving.
Soil texture was estimated using Hydrometer method.

Samples were oven dried at 105 (°C) for 24 h, and BD
was calculated as oven dried mass per core volume.
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Fig. 2 Mean monthly rainfall of the study area in the past 10 years
Gravimetric moisture content was calculated as the ratio
of weight of water to weight of oven dry soil. It is a
weight fraction calculated as subtracting weight of oven
dried soil from initial fresh sample weight divided by dry
weight of the sample. Following the methods described
by Hao et al. (2008), for dry aggregate stability estima-
tion, each undisturbed sample was air dried for seven
ne July Aug Sept Oct Nov Dec



Fig. 3 Farming system in the study area, showing piled maize Stover collected from TLCL and PAF for animal feed (a), wind erosion in the study
area (b), the PWL composition (c) and the Rhodes grass straw in MPL (d)
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days, and carefully added to nests of sieves, with a pan
underneath, having 2 mm, 1 mm, 0.5 mm, 0.25, and
0.053 mm size arranged from top to bottom, respect-
ively, on the shaker apparatus. Each sample was added
to the top sieve and subjected to shaking for 30 s (Hao
et al. 2008). The remained fraction on each sieve was
weighed using sensitive digital balance.

Measurements, calculations and data analysis
The percent aggregate fraction was calculated following
Lal and Shukla (2006) as follows:

% Aggregate on Xi ¼ Wxi �Wsxi=Wtss �Wstð Þ
� 100 ð1Þ

Where X stands for sieve size and i is from 1–6 (repre-
senting the fraction sizes considered for this study), Wxi is
weight of soil retained on Xi, Wsxi is weight of sand frac-
tion on Xi, Wtss is total soil sample, and Wst is sand frac-
tion in total soil sample.
Geometric Mean Diameter (GMD) and Mean Weight

Diameter (MWD) were the two dry aggregate stability
indices calculated as described in Lal and Shukla (2006).

GMD ¼ Exp
X6

i¼l

ri log di ð2Þ
MWD ¼
X6

i¼l

ridi ð3Þ

Where: GMD is Geometric Mean Diameter, MWD is
Mean Weight Diameter, i is the aggregate classes (>2, 2–
1, 1–0.5, 0.5–0.25, 0.25–0.053 and <0.053), ri is the ratio
of aggregate mass of each class to the total aggregates,
and di is the mean diameter for class i. Total Porosity
was calculated using BD and Particle Density (PD) as de-
scribed in Hao et al. (2008).

P ¼ 1� BD=PDð Þ � 100 ð4Þ

Where, P is total porosity, BD is bulk density and
PD is particle density.
Data were subjected to two way Analysis of Variance

(ANOVA) using SAS version 9 (SAS Institute 2002).
Tukey’s HSD mean separation technique was employed to
separate means, where significant difference (p < 0.05)
was found between means.

Results and discussion
Soil texture
The difference in the proportion of sand content among the
different land uses was statistically significant (P < 0.001).
The highest proportion was observed under TLCL and
PAF (58.3 %, Table 1) whereas; the lowest sand proportion
was recorded under PWL, followed by MPL. However, silt
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and clay contents were found to be similar among the
land uses. The overall textural class of the soil under the
different land uses was sandy loam (Table 1).
In this study, the observed similar textural class of soil

under the different land uses minimized differences in
soil physical and chemical properties that could have
been observed due to the difference in soil texture.
Therefore, it is more likely that differences in soil phy-
sical and chemical properties among the different land
uses in the study area could be due to other land use
change and land management factors.
Dry aggregate stability
Soil dry aggregate stable size distribution
Percent soil dry aggregate stable size distribution (DASD)
under the four land uses was very highly different (p <
0.001) at aggregate size classes of > 2, 0.5–1, 0.25–0.5 and
<1 mm (Fig. 4). However, there was no difference in aggre-
gate size classes of 1 2, 0.053 0.25 and < 0.053 mm under
the four land use/cover types. Dry aggregate fraction of >
2 mm was higher under PWL and MPL than PAF and
TLCL. On the other hand, DASD < 1 mm was lower
under PWL and MPL than PAF and TLCL (Fig. 4).
Macro-aggregate class (>0.25 mm) was higher (P < 0.001)

under MPL (73.7 %) and PWL (72.6 %) as compared to
PAF and TLCL (Fig. 4). On the other hand, micro-
aggregate class (0.053–0.25) was higher under TLCL (35.4
%) followed by PAF (27.6 %). Macro-aggregates are re-
ported to contain higher amount of SOC and N over
micro-aggregates (Jiao et al. 2006).
On the other hand, macro-aggregates are more prone

to management (Ashagrie et al. 2007) than micro-
aggregates which are relatively stable. The result of this
study could imply that the higher sensitivity of soil
under PWL and MPL to abrupt loss of aggregate sta-
bility if they are converted to TLCL and PAF.
Land use type affects soil wind erodiblity by affecting

percent DASD. Resistance to wind erosion of soil, has
been evaluated towards the percent DASD of ≥ 0.84 mm
(Chepil 1952; Lyles and Tatarko 1988; Díaz-Zorita et al.
2002; Greeves et al. 2007), and aggregates less than 0.84
mm are highly susceptible to wind erosion; whereas,
those above this range are less susceptible to wind
Table 1 Soil pH and textural class of the land use and land cover ty

Land use pH % sand

TLCL 7.5 (0.1)a 58.3 (0.8)a

MPL 7.0 (0.1)a 53.5 (0.6)b

PWL 7.1 (0.1)a 54.3 (0.3)b

PAF 7.0 (0.1)a 58.3 (0.5)a

Values indicated by different letters across the land uses, along the column, are sta
(n = 3). PWL = protected woodland, MPL = managed pastureland, PAF = parkland a
erosion. However, Woodruff and Siddoway (1965) found
that soil aggregates < 1 mm are also potentially erodible
by wind, of which the micro-aggregates (0.05–0.25 mm)
are the most erodible soil fraction (Yang et al., 2007).
Therefore, this implies soil under TLCL and PAF is po-
tentially more erodible than soil under PWL and MPL.
This could be attributed to the lands under TLCL and
PAF have been tilled for more than 25 years continu-
ously, crop residues are removed and mono-cropping is
practiced under these land use types. Thus, these might
have lost aggregate forming substances such as organic
matter (OM).
Intensive grazing (de Souza et al. 2010), absence of till-

age (PWL) and periodic tillage (MPL) resulted in lower
fraction of soil that are potentially susceptible to wind
erosion (Masri and Ryan 2006). The higher organic mat-
ter from litter-falls, root death of the Acacia trees and
absence of tillage under the PWL enhanced fraction of
coarse aggregates. In case of the MPL, however, the re-
sult could be attributed to the existence of Rhodes grass
straw and the less tillage frequency on the land use
(Børresen 1999). This could also be attributable to the
existence of high SOC, moisture content and porosity
that might have created suitable environment for micro-
organisms such as the arbuscular mycorrhizal fungi,
which of their hyphae might have created strong binding
effect (Hartmann, 2008). Wilson et al. (2009) conducted
long term experiment at the Konza Prairie Biological
Station, Kansas, and found that there was strong rela-
tionship between aggregation stability, SOC and N se-
questration, and abundance of arbuscular mycorrhizal
fungi.
Geometric mean diameter and mean weight diameter
Both GMD and MWD under PWL and MPL were
higher (P < 0.001) than that of PAF and TLCL (Fig. 5).
This implies that, soil under PWL and MPL was rela-
tively more stable, and less susceptible to wind erosion
than PAF and TLCL. GMD was strongly associated
(R2 = 0.71) with SOC (Fig. 6). The higher GMD of soil
under PWL and MPL could therefore be associated to
the relatively higher respective SOC concentration under
these land uses.
pes considered for the study

% silt % clay Textural class

28.1 (0.8)a 13.7 (0.6)a Sandy loam

30.8 (1.6)a 16.3 (1.0)a Sandy loam

31.3 (0.6)a 14.0 (0.6)a Sandy loam

27.5 (0.9)a 14.3 (0.6)a Sandy loam

tistically different (p < 0.001). Numbers in the parenthesis are standard errors
groforestry, TLCL = treeless cropland



Fig. 4 Soil aggregate size class distribution to 15 cm depth under the four land uses. Bars with different letters with similar texture across the
different land uses are significantly different (P < 0.001; n = 3). Bars indicated by different letters are significantly different at P < 0.001 across the
different land uses. PWL = protected woodland, MPL = managed pastureland, PAF = parkland agroforestry, TLCL = treeless cropland
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Bulk density, total porosity and moisture content
Soil under TLCL has got the highest BD, followed by the
PAF. In all land use types, the highest soil BD was ob-
served in the upper soil depth range, 0–15 cm, followed
by the 15–30 cm depth. The least soil BD was observed
in the 30–45 depth range (Fig. 7).
In the study area, free grazing is very common, and

this might have caused trampling effect, and that might
be accounted for the increase in soil BD in the upper
soil layer. Animal trampling effect in most cases resulted
in high BD (Proffitt et al. 1993, 1995; Chaichi et al. 2005;
Bell et al. 2011). Chaichi et al. (2005) found similar result
in Lar rangeland of Iran, and reported higher BD in the
top 0–15 cm depth than the 15–30 cm. The lowest soil
BD was observed in the top 0–15 cm under MPL, when
compared to the other three land uses. This could be at-
tributable to pasture under MPL is protected from direct
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Fig. 5 Geometric Mean Diameter (GMD) and Mean Weight Diameter (MWD
significantly different at p < 0.001 across the different land uses. PWL = pro
agroforestry, TLCL = treeless cropland
grazing by cattle, and the grass is used in a cut and carry
system.
Increase in BD reduces soil quality in such a way that

it affects associated soil parameters such as soil infiltra-
tion, porosity and moisture content thereby reducing
crop productivity at large (Bell et al. 2011). Soil with
high BD enhances erosion and limits optimum crop root
growth which in turn has negative impact on total
plant’s biomass production and yield. Therefore, in order
to sustain soil productivity, protecting the land from free
grazing and appropriate crop residue management
should be taken in to account.
Gravimetric soil moisture content (MC) was signifi-

cantly higher (P < 0.001) under PWL and MPL than
PAF and TLCL (Fig. 7). This may be attributable to
the presence of trees and shrub in the PWL, and the
presence of straw on the MPL that covers the soil
MPL PWL

GMD
MWD

a

a

a
a

) across the different land uses. Bars indicated by different letters are
tected woodland, MPL = managed pastureland, PAF = parkland



Fig. 6 GMD as a function of SOC concentration. SOC data were used from Biyensa (2011, unpublished) Status of soil properties under different
land use/land cover types in Adami Tulu, MSc thesis, Hawassa University, College of Agriculture
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from direct sun-light and which keeps the soil cool
(Lal 2004). Børresen (1999) compared different straw
managements such as chopping, direct incorporation,
burning and removing on soil physical and chemical
properties and found that a straw cover maintained
soil moisture and increased crop yield during the
dry seasons.
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The relatively higher MC content in MPL than PWL
may be due to the impact of the incorporated Rhodes grass
straw and the addition of N and P containing fertilizers to
the MPL to enhance biomass production of the Rhodes
grass. Zeleke et al. (2004) found that incorporating residue
with fertilizer, in CRV of Ethiopia, improved soil properties
when compared to application of crop residue alone. The
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highest soil mean porosity under MPL may be attributed
to the relatively lower animal trampling in the MPL. The
relatively more porosity of soil under MPL as compared to
the PAF and TLCL could be also owing to the contribution
of the organic matter added to the soil from Rhodes grass
straw and root (Børresen 1999; Singh et al. 2005).
Conclusion
Land degradation in CRV of Ethiopia is frequently reported
to be severe, and has been negatively affecting the ecosys-
tem. The need for extra land for agriculture by farmers in
the area is posing pressure on Acacia woodlands. Farmers
are converting these woodlands to cultivated lands. Subse-
quently, these evolved cultivated lands are used to grow
mainly a single crop for many years. Since feed shortage is
so severe, due to the long drought season in the area,
farmers almost totally remove the crop residues and feed
their cattle or sell it to the nearby semi-urban small dairy
farms, keeping the soil bare. This has negative impact on
the soil organic matter thereby disrupting the aggregate sta-
bility of soil. It has been so common to see severe soil wind
erosion in the area during the dry season. This study was
therefore aimed at evaluating some soil properties effect on
indicators for soil wind erosion in this rift valley. Soil aggre-
gate stability significantly decreased following conversion of
native Acacia woodland to conventional cultivated lands
such as the TLCL and PAF. This could be associated with
the loss of SOC under the respective land uses. In all land
use types considered, animal free grazing caused tramp-
ling effect thereby increasing soil bulk density in the top
0–15 cm. In the study area, loss of soil moisture, lower
porosity and higher bulk density were highly pronounced
under TLCL and PAF than under MPL and PWL.
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