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Abstract

Background: Land degradation through soil erosion by water is severe in the highlands of Ethiopia. In order to
curb this problem, the government initiated sustainable land management interventions in different parts of the
country since 2008, and in Geda watershed since 2012. However, the impacts of the interventions on soil properties
were not assessed so far. Thus, this study investigated the impacts of sustainable land management interventions
on selected soil properties in Geda watershed. Soil samples were collected from treated and untreated sub-
watersheds at the upper and lower landscape positions, from cropland and grazing lands at two soil depths (0–15
cm and 15–30 cm). Selected soil physicochemical properties were assessed with respect to landscape position,
land-use type, and soil depth in both treated and untreated sub-watersheds.

Results: Generally, most of the soil physicochemical properties differed greatly across sub-watersheds, land-use
types, and soil depths. Clay, electrical conductivity, total N, available P, exchangeable K, and organic carbon were
higher in the treated sub-watershed, whereas sand, silt, bulk density, and pH were higher in the untreated sub-
watershed. The higher sand, silt, and bulk density could be attributed to erosion, while the higher pH could be due
to the higher exchangeable Na in the untreated sub-watershed. Most of the selected soil chemical properties were
not affected by landscape position, but land-use type affected available P and organic carbon with higher mean
values at croplands than at grazing lands, which could be ascribed to the conservation structure and tillage of the
soils in that conservation structures trap and accumulate transported organic materials from the upper slope, while
tillage facilitates aeration and decomposition processes.

Conclusion: Sustainable land management interventions improved soil physicochemical properties and brought a
positive restoration of the soil ecosystem. Maintaining the soil conservation measures and enhancing community
awareness about the benefits, coupled with management of livestock grazing are required to sustain best practices.
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Background
Land degradation is one of the major global challenges
of the twenty-first century that threatens environmental
conservation and sustainable development (Gashaw
et al. 2014; Ebabu et al. 2017). Globally, nearly 5.0 billion
ha (about 43% of the Earth’s vegetated surface) has been

degraded through soil erosion due to the deterioration
of dryland vegetation and tropical moist forests; among
which the tropics share 2.1 billion ha (Gebretsadik 2013;
Gashaw 2015). Currently, the rate of global land degrad-
ation is 10 to 12 million ha year−1 (Thomas et al. 2018).
The problem of land degradation has undermined devel-
opment efforts in agricultural productivity and hinders
environmental sustainability in many countries (Berhanu
et al. 2016; Ademe et al. 2017).
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Soil erosion affects half of Ethiopia’s agricultural land
and results in a soil loss rate of 35 to 42 t ha−1 year−1

and a monetary value of US$1 to 2 billion year−1 (Dessa-
legn et al. 2015). Ayalew (2011) reported that 17% of the
potential annual agricultural income was lost due to
physical and biological soil degradation. In addition, soil
degradation brings about indirect costs such as loss of
environmental services, silting of dams and river beds,
reduced groundwater, and social and community losses
due to malnutrition and poverty. It is estimated that the
cost of land degradation in Ethiopia reaches 23% of the
country’s GDP (Kirui and Mirzabaev 2015).
To curb this severe land degradation, the government

of Ethiopian launched massive rehabilitation programs
starting from the mid-1970s (Ebabu et al. 2017; Adi-
massu et al. 2017). It is estimated that more than 1 bil-
lion US dollars were invested during the years of 1974–
1991. In addition, more than 500 million US dollars have
been invested in the Productive Safety Net Program
since 2005, and huge financial resources have been
invested in the Sustainable Land Management Program
(SLMP) since 2008 for soil and water conservation
(SWC) practices (Adimassu et al. 2017). Due to the low
success rate of restoration works done between 1976
and 1990 (Gashaw 2015), the approach of rehabilitation
works was modified to integrate watershed-based inter-
ventions as of the 1980s (Ebabu et al. 2017; Gashaw
et al. 2017), which has been extensively implemented by
the government and non-government organizations.
The assumption of the watershed-based intervention ap-

proach was that the local communities would take part as
major actors in the process of watershed-based rehabilita-
tion activities (Haregeweyn et al. 2012). Accordingly, dif-
ferent research programs and national and international
organizations contributed their part to implement and
promote SWC and sustainable land management (SLM)
options across different catchments and watersheds in
Ethiopia (Mekuria et al. 2011; Haregeweyn et al. 2012;
Ebabu et al. 2017). However, comparative studies on the
effects of these interventions at watershed levels are lim-
ited in the country. Few studies, such as Mulugeta and
Karl (2010) in Farta district, Amhara Region; Hishe et al.
(2017) in the Middle Silluh Valley of Tigray Region;
Ademe et al. (2017) in the Wonago district of Southern
Nations, Nationalities, and Peoples’ Region; and Tufa et al.
(2019) at Kuyu district in Oromiya Region, have been
undertaken and showed improvements of selected soil
properties at the conserved landscapes relative to the non-
conserved ones. These studies took place in different
agroecological zones, and therefore, this study assessed
the effects of SLM interventions on selected soil physi-
cochemical properties by comparing adjacent sub-
watersheds, whereby one had SLM measures and another
did not have, in Geda watershed, Amhara Region.

Materials and methods
Description of the study area
The study was conducted in Geda watershed, North
Shewa Zone of Amhara National, Regional State,
Ethiopia, geographically located in a Blue Nile basin be-
tween 39° 40′ 40″ and 39° 41′ 20″ east longitude and 9°
48′ 40″ and 9° 49′ 20″ north latitude (Fig. 1). The
watershed has a catchment area of 1056 ha within Gudo
Beret and Adisgie villages (Tamene et al. 2015), situated
in a highland agroecological zone with an elevation of
2865 to 3105masl. The watershed receives an average
annual rainfall of 1277.8–2061.3 mm, and daily mini-
mum temperature is within the range of 0.5 to 19.5 °C.
The maximum daily temperature ranges from 9.5 to
28.5 °C (Tamene 2017). Rainfall in the study area is bi-
modal: short rainy season falls between February and
April, and heavy rainy season is between mid-June and
mid-September.
Geologically, the site is characterized by volcanic rocks

such as rhyolites, trachites, tuffs, and basalts. The major
soils are andosol in the upper parts of the watershed, flu-
visol at the valley bottoms, regosol at the eroded parts,
and liptosol on steep slope areas (Ashagrie 2009; Amare
et al. 2013). The watershed is characterized by the crop–
livestock mixed farming system with more lands allo-
cated for crop production and grazing, while few plots,
especially at the degraded and mountainous areas, are
planted with eucalyptus trees. There is severe land deg-
radation mainly in terms of soil erosion on higher slopes
of the watershed.
In order to rehabilitate the degraded landscape, differ-

ent conservation measures have been implemented on
one side of Geda watershed since 2012 while the other
part was not treated at all. Currently, the untreated sub-
watershed is under intensive crop production growing
mainly barley, wheat, faba bean, and field pea during the
wet season (June to September). After the crop is har-
vested in mid-October, livestock start grazing on stub-
bles and at the plot margins. After the harvesting time,
each farmer transports the produce and hay to home-
steads as quickly as possible in order to protect it from
livestock damage in the field when free gazing starts.
Then, the area is left for free grazing from November to
mid-June until tillage for the next season’s crop planting
will take place. Cattle, sheep, donkeys, and horses freely
graze in the sub-watershed for about 8 months, leaving
hardly any soil cover on the landscape, and the cycle
continues each year.
The other sub-watershed was treated by various SLM

intervention options. Major SLM options practiced at
the treated sub-watershed include soil bunds, also soil
bunds supported by biological interventions mainly with
tree lucerne (Chamaecytisus palmensis) and Phalaris
(Phalaris acquatica, Phalaris arundinacea), percolation
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pits and water collecting ditches, tree lucerne plantations
on highly degraded sections of the landscape, and the
prohibition of free grazing. The SLM interventions cov-
ered more than 80-km soil bund with trenches, 71 m3 of
gabion check dam, 730-m3 wood check dams, 19 perco-
lation pits and some area closures with grass, and tree
lucerne vegetation on highly degraded plots (Tamene
2017). The size of the treated sub-watershed from which
data was collected was about 110 ha while the untreated
sub-watershed was about 100 ha.

Soil samples collection
We followed the judgment sampling method (USEPA
(United State Environmental Protection Agency) 2002)
to locate representative sampling sites for both treated
and control sub-watersheds, landscape positions (upper
(3031–3156masl) and lower (2947–3024masl)), and
land-use types (crop and grazing) at two soil depths (0–
15 cm and 15–30 cm) (Wolka et al. 2011; Mekuria et al.
2018). Consequently, a total of 48 samples were col-
lected (2 sub-watersheds × 2 landscape positions × 2 land
uses × 2 depths × 3 replications).
In order to maximize plots uniformity, fields planted

with cereal crops such as barley and wheat were purposely

selected. Soil samples were collected using an Edelman
auger (Tor-Gunnar et al. 1999) following a triangular sam-
pling pattern. Samples were collected at five sampling
points per plot and mixed to make a composite sample
(Paetz and Wilke 2005; Wolka et al. 2011). After thor-
oughly mixing point samples, about 1 kg composite sam-
ple was packed in a plastic bag and taken to the laboratory
for analysis (Paetz and Wilke 2005; Hishe et al. 2017). For
the determination of bulk density, undisturbed soil sam-
ples were taken using a core sampler having a 5-cm height
and a 5-cm diameter (volume = 98.125 cm3) (Masebo et al.
2014). Samples were analyzed in the Debre Berhan Agri-
cultural Research Center laboratory.

Soil analysis
Soil samples were air-dried in the laboratory, crushed,
and sieved by a 2-mm mesh sieve (Descheemaeker et al.
2006). They were passed through a 0.5-mm diameter
sieve to prepare them for organic carbon (OC) and total
nitrogen (TN) analysis. Particle size distribution, pH,
electrical conductivity (EC), exchangeable sodium
(Ex.Na), exchangeable potassium (Ex.K), available phos-
phorus (Av.P), TN, and OC were determined following
standard procedures and methods.

Fig. 1 Map of the study area in Geda watershed
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Particle size analysis (% sand, clay, silt) was carried out
using the hydrometer procedure (van Reeuwijk 2002);
EC (dS/m) and pH (pH meter) were measured in a 1:2.5
soil/water suspension (Tor-Gunnar et al. 1999; Deschee-
maeker et al. 2006); exchangeable cations (Na and K)
were analyzed by adding 1-M ammonium acetate solu-
tion at pH 7 (Rowell 1994; Haldar and Sakar 2005);
available P was determined following Olsen’s extraction
method (Olsen et al. 1954); TN was determined follow-
ing Kjeldahl procedure as described in Wilke (2005); OC
was done based on the Walkley-Black (Tor-Gunnar
et al. 1999) rapid titration method. Bulk densities of the
soils were determined from the mass of oven-dried soil
at 105 °C for 24 h and volume of the core sampler
(Masebo et al. 2014; Tiki et al. 2016) through dividing
the oven-dry mass by the volume of the core sampler
(Wilke 2005; Alemayehu and Fisseha 2018).

Statistical analysis
Analysis of variance (ANOVA) was used to evaluate treat-
ment effects on selected soil physical and chemical prop-
erties. Four ways ANOVA: SLM practice, landscape
position, land use, and soil depth having two levels each,
were performed using the General Linear Model of SAS
version 9.4 statistical software (SAS Institute, 2016). Least
significant differences and Duncan’s mean separation at
P ≤ 0.05 were used to separate treatment means when
there was a significant treatment effect using the
LSMEANS procedure. Excel was used to make bar graphs.

Results
Effects of SLM interventions on soil physical properties
ANOVA revealed highly significant differences (P ≤
0.001) for sand at sub-watersheds, landscape positions,
and soil depths; for clay at sub-watersheds; for silt at
landscape positions; and for bulk density at sub-
watersheds and landscape positions. Statistical differ-
ences (P ≤ 0.05) were observed for clay and bulk density
at soil depths (Table 1).
Furthermore, the interaction effects of land uses on

soil physical characteristics showed statistical differences
(Table 2). In the upper landscape position of the un-
treated sub-watershed, both crop and grazing lands
showed higher sand contents of 53.17% and 51.50%, re-
spectively, whereas, at the lower landscape, both land-
use types showed higher silt content of 35.50% each.
Clay content was higher at both land-use types in the
treated sub-watershed. Regarding soil depths, a higher
mean value of 55.83% sand was observed at 0–15-cm
depth in the upper landscape position, while a higher
mean value of 37.67% silt was recorded at the subsurface
15–30-cm depth of the lower part of the untreated sub-
watershed. Furthermore, Duncan’s mean separation re-
vealed the highest bulk density of 1.36 g cm−3 at the

surface 0–15-cm soil depth in the upper part of the un-
treated sub-watershed (Table 2).
Interaction effects revealed that both croplands and

grazing lands in the upper part of the untreated sub-
watershed showed significantly higher (P ≤ 0.001) bulk
density. Clay content was higher at both land-use types
and soil depths at both landscape positions in the treated
sub-watershed (Table 2). In addition, a balanced distri-
bution of soil particles was observed at both landscape
positions at the treated sub-watershed (Fig. 2). Further-
more, we found a strong positive correlation (r = 0.837)
between bulk density and sand content, whereas strong
negative correlation (r = − 0.679) between bulk density
and clay (Table 3).

Effects of SLM interventions on selected soil chemical
properties
There were significant differences for selected soil chem-
ical properties at sub-watersheds and soil depths at P ≤
0.05; furthermore, statistical differences were observed
for exchangeable K at landscape positions, for available
P, and OC at land-use types (Table 4).
According to Duncan’s homogeneity test, significantly

higher values were observed in the treated sub-
watershed for EC, TN, Av.P, Ex.K, and OC, but pH
showed significantly higher values at the untreated sub-
watershed. There were significant differences for Ex.K at
sub-watersheds, landscape positions, and soil depths, but
land-use types did not show significant differences for
Ex.K. Statistically higher mean value of 0.54% Ex.K was
observed in the treated sub-watershed than the mean
value of 0.44% of the untreated sub-watershed.

Table 1 Main effects of sub-watersheds, landscape positions,
and soil depths on selected soil physical properties

BD
(g/
cm3)

Particle size distribution (%)

Sand Clay Silt

Sub-watershed (SW)

Untreated sub-watershed 1.26a 46.63a 22.58b 30.79

Treated sub-watershed 1.07b 31.38b 36.92a 31.71

Landscape position (LP)

Upper 1.22a 41.75a 29.46 28.79b

Lower 1.12b 36.25b 30.04 33.71a

Soil depth (SD)

0–15 cm 1.20a 41.21a 28.23b 30.17

15–30 cm 1.14b 36.79b 30.88a 32.33

P–SW *** *** *** ns

P–LP *** *** ns ***

P–SD * *** * ns

Means within columns under each topic followed by different letters are
significantly different from each other at P ≤ 0.05;*significant at P ≤ 0.05;
***significant at P ≤ 0.001; ns non-significant, BD bulk density
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Moreover, Ex.K showed statistically higher mean values
of 0.57% and 0.56% at the lower landscapes and the top
0–15-cm depth, respectively.
Interaction effects of sub-watersheds with landscape po-

sitions, land-use types, and soil depths also showed signifi-
cant differences in soil chemical properties except for pH
at the sub-watershed by land-use interaction (Table 5).
Significantly higher mean values were observed for pH

and Ex.Na in the untreated sub-watershed at both land-
scape positions. Soil pH and Ex.Na were not affected by

land-use types. EC, TN, and Av.P were significantly higher
at both landscape positions in the treated sub-watershed.
TN was not affected by land-use types and landscape posi-
tions, but for Av.P, a higher mean value was observed in
the cropland for Av.P in the treated sub-watershed.
The mean values of Ex.K and OC were significantly

higher at the lower parts of the treated sub-watershed. Fur-
thermore, land-use types did not affect EC, pH, TN, Ex.K,
and OC at both sub-watersheds, whereas significantly
higher mean value was observed for Av.P in the cropland
than in the grazing land in the treated sub-watershed.
Regarding the sub-watershed by soil depth interac-

tions, statistically higher mean values were observed for
pH and Ex.Na in the untreated sub-watershed at the sur-
face 0–15-cm soil depth compared with the subsurface
15–30-cm depth and all depths in the treated sub-
watershed. Furthermore, statistically higher mean values
were observed for TN, Av.P, Ex.K, and OC in the treated
sub-watershed at the surface 0–15-cm depth compared
with its subsurface 15–30-cm depths and all depths at
the untreated sub-watershed.
Significantly lower mean value of 5.94 was observed

for pH at the upper part of the treated sub-watershed,
and a statistically higher mean value of 6.44 was detected
at the surface 0–15-cm soil depth in the untreated sub-
watershed. The higher mean values of pH at the un-
treated sub-watershed could be attributed to the higher
exchangeable sodium present at this sub-watershed.
Ex.Na showed a statistically higher mean value of 0.522
at the surface 0–15-cm depth of the untreated sub-
watershed and the lowest mean value of 0.388 at the
subsurface 15–30-cm depth in the treated sub-
watershed. TN showed the highest mean value of 0.122
at the surface 0–15-cm depth in the treated sub-
watershed and the lowest mean value of 0.045 at the
subsurface 15–30-cm depth in the untreated sub-
watershed; likewise, Av.P, Ex.K, and OC showed the
highest mean values of 13.31, 0.59, and 1.18, respect-
ively, on the surface 0–15-cm depths in the treated sub-
watershed and the lowest mean values of 5.47, 0.36, and
0.323, respectively, at the subsurface 15–30-cm depth in
the untreated sub-watershed (Table 5).

Discussion
Particle size distribution
The higher sand and silt contents in the upper and lower
landscape positions in the untreated sub-watershed
could be due to the removal of the fine particles from
the upper part by soil erosion, leaving heavier sand parti-
cles behind, while the silts are deposited at the lower
slope of the sub-watershed. On the other hand, higher
clay fraction at the upper landscape in the treated sub-
watershed could be due to the establishment of conser-
vation structures in the treated sub-watershed that

Table 2 Interaction effects of sub-watersheds, landscape
positions, land uses, and soil depths on selected soil physical
properties

BD (g/
cm3)

Particle size distribution (%)

Sand Clay Silt

Sub-watershed (SW) × landscape position (LP) × land use (LU)

Untreated upper Crop 1.32a 53.17a 22.83b 24.00c

Grazing 1.35a 51.50a 20.33b 28.17bc

Untreated lower Crop 1.16bc 41.17b 23.33b 35.50a

Grazing 1.21b 40.67b 23.83b 35.50a

Treated upper Crop 1.05cd 30.83c 36.33a 32.83ab

Grazing 1.15bcd 31.50c 38.33a 30.17ab

Treated lower Crop 1.06cd 31.00c 35.50a 33.50ab

Grazing 1.03d 32.17c 37.50a 30.33ab

SW × LP × soil depth (SD)

Untreated upper 0–15 cm 1.36a 55.83a 19.83b 24.33d

15–30 cm 1.31a 48.83b 23.33b 27.83cd

Untreated lower 0–15 cm 1.19b 43.33c 23.33b 33.33a

15–30 cm 1.18b 38.50d 23.83b 37.67a

Treated upper 0–15 cm 1.142bc 32.17e 36.50a 31.33bc

15–30 cm 1.058cd 30.17e 38.17a 31.67bc

Treated lower 0–15 cm 1.083bcd 33.50e 34.83a 31.67bc

15–30 cm 1.008d 29.67e 38.17a 32.17bc

SW × LU × SD

Untreated crop 0–15 cm 1.28a 50.83a 21.67c 27.50

15–30 cm 1.20ab 43.50b 24.50c 32.00

Untreated grazing 0–15 cm 1.27a 48.33ab 21.50c 30.17

15–30 cm 1.29a 43.83b 22.67c 33.50

Treated crop 0–15 cm 1.09bc 32.17c 34.33b 33.50

15–30 cm 1.02c 29.67c 37.50ab 32.83

Treated grazing 0–15 cm 1.14bc 33.50c 37.00ab 29.50

15–30 cm 1.05c 30.17c 38.83a 31.00

P–SW × LP × LU *** *** *** ***

P–SW × LP × SD *** *** *** ***

P–SW × LU × SD *** *** *** ns

Means within columns under each subtopic followed by different letters are
significantly different from each other at P ≤ 0.05; ***significant at P ≤ 0.001; ns
non-significant, BD bulk density
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protected soil particles from erosive runoff and trapped
them for in situ deposition (Wolka et al. 2011; Adimassu
et al. 2014). Besides, the proportion of soil particles was
relatively well balanced in the treated sub-watershed
than the untreated sub-watershed (Fig. 2).
In the treated sub-watershed, in situ conservation of

soil particles could contribute to the balanced propor-
tion of sand, clay, and silt. Moreover, organic matter in-
puts from the decomposition of supportive biological
interventions such as tree lucerne and Phalaris grass
could contribute to the increase in the clay content of
the soils. More stubble and grass remain in the fields
since free grazing is prohibited in the treated sub-
watershed, whereas these organic sources are continu-
ously exported from the fields in the untreated sub-
watershed through free grazing, making the soil poorer
in clay contents.
Furthermore, the surface soil of cropland showed

lower clay content than the subsurface soil in the treated
sub-watershed. This could be attributed to the preferen-
tial removal of clay particles and its downward

Fig. 2 Particle size distribution by sub-watersheds and landscape positions. Bars with different letters are significantly different for each
soil particle

Table 3 Pearson correlation coefficients, N = 48 Prob>|r| under
HO: Rho = 0

BD Sand Clay Silt

Sand 0.837 1

< 0.0001

Clay − 0.679 − 0.837 1

< 0.0001 < 0.0001

Silt − 0.512 − 0.573 0.031 1

0.0002 < 0.0001 0.835

Table 4 Main effects of sub-watersheds, landscape positions,
land-use types, and soil depths on selected soil chemical
properties

EC pH TN Av.P Ex.K OC

Sub-watershed (SW)

Untreated 0.046b 6.30a 0.063b 6.23b 0.44b 0.42b

Treated 0.063a 6.11b 0.107a 11.12a 0.54a 0.98a

Landscape position

Upper 0.056 6.16 0.078 8.79 0.41b 0.68

Lower 0.053 6.24 0.092 8.56 0.57a 0.72

Land use

Crop 0.054 6.23 0.091 9.84a 0.48 0.76a

Grazing 0.055 6.17 0.079 7.51b 0.50 0.65b

Soil depth

0–15 cm 0.047b 6.33a 0.102a 10.15a 0.56a 0.85a

15–30 cm 0.062a 6.07b 0.068b 7.20b 0.42b 0.56b

P–SW *** ** *** *** ** ***

P–LP ns ns ns ns *** ns

P–LU ns ns ns *** ns *

P–SD * *** ** *** *** ***

Interaction means under each heading within columns followed by different
letter(s) are significantly different from each other at P ≤ 0.05; *significant at
P ≤ 0.05; **significant at P ≤ 0.01; ***significant at P ≤ 0.001; ns non-significant,
EC electrical conductivity (dS m−1), pH soil reaction (pH meter), TN total
nitrogen, Av.P available phosphorus (PPM), Ex.K exchangeable potassium (%),
OC organic carbon (%)
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movement into the subsurface soil layer through the
process of clay migration (Tufa et al. 2019) and erosion
impact on the topsoil, although trapped by conservation
structures in the deposition zone.
This finding clearly showed the positive impact of

SLM practices on soil displacement and deposition pro-
cesses. Our finding agrees with those of Ademe et al.
(2017), and Tufa et al. (2019). Ademe et al. (2017) found
higher sand and silt contents, but lower clay content in
the untreated watershed than the treated watershed.
Moreover, Tufa et al. (2019) found no significant differ-
ence in sand particle proportions under land-use types,
soil depths, and in the interaction of land-use types with
soil depth. Both studies found significant differences in
silt and clay proportions at different land-use types, with
higher sand content on the surface and higher clay con-
tent at the subsurface of the soils. However, Demelash
and Karl (2010) and Alemayehu and Fisseha (2018) pre-
sented the highest mean value of clay and the lowest
mean value of sand in the non-conserved compared with
the conserved landscapes. Their explanation was that
tillage exposes the high clay content of subsoil to the
surface, but this might be true for landscapes with deep
clay soils. In highly degraded landscapes, tillage exposes
the thin surface soils for erosion and leaves sand and
stone behind. The watershed in the current study land-
scape had experienced severe soil erosion, especially at

the upper slope, and had thin topsoil depth at most of
the sampling locations which could be the reason for
low clay content at the surface in the untreated sub-
watershed.

Bulk density
The higher bulk density of the untreated sub-watershed
and the lower bulk density of the treated sub-watershed
could be attributed to the relatively higher sand content
of the soil at the untreated sub-watershed than the
treated one. Soil bulk density is significantly influenced
by sand content more than other soil properties (Aşkin
and Özdemir 2010; Chaudhari et al. 2013). These au-
thors found a significant correlation between bulk dens-
ity and sand content, but a negative correlation between
bulk density and clay content. According to Aşkin and
Özdemir (2010), sand content of soils is the most im-
portant soil property that determines the soil bulk dens-
ity. Nevertheless, various factors such as soil texture,
organic matter content, land use, and management that
change the soil physical structure or organic matter con-
tent changes the bulk density (Chaudhari et al. 2013). In
this study, we found a strong positive correlation (r =
0.837) between bulk density and sand content, but a
strong negative correlation (r = − 0.679) between bulk
density and clay (Table 3). Still, the bulk density of the

Table 5 Interaction effects of sub-watersheds with landscape positions, land uses, and soil depths on selected soil chemical
properties

EC pH TN Av.P Ex.K OC Ex.Na

Sub-watershed (SW) × landscape position (LP)

Untreated upper 0.049ab 6.40a 0.059b 6.06b 0.36c 0.442c 0.468a

Untreated lower 0.043b 6.20a 0.068b 6.40b 0.52b 0.400c 0.502a

Treated upper 0.063a 5.94b 0.098a 11.53a 0.46b 0.919b 0.367c

Treated lower 0.063a 6.28a 0.117a 10.71a 0.63a 1.047a 0.415b

Sub-watershed (SW) × land use (LU)

Untreated crop 0.041b 6.36 0.064b 6.69c 0.416b 0.470b 0.506a

Untreated grazing 0.050ab 6.24 0.062b 5.77c 0.466ab 0.372b 0.464ab

Treated crop 0.067a 6.10 0.118a 12.98a 0.549a 1.042a 0.374c

Treated grazing 0.059a 6.12 0.096a 9.26b 0.532a 0.924a 0.407bc

Sub-watershed (SW) × soil depth (SD)

Untreated 0–15 cm 0.036b 6.44a 0.082b 6.99c 0.53ab 0.514c 0.522a

Untreated 15–30 cm 0.056a 6.16bc 0.045c 5.47c 0.36c 0.323d 0.448b

Treated 0–15 cm 0.058a 6.23b 0.122a 13.31a 0.59a 1.181a 0.394c

Treated 15–30 cm 0.068a 5.99c 0.092b 8.93b 0.49b 0.785b 0.388bc

P–SW × LP * ** ** ** *** *** ***

P–SW × LU * ns ** *** * *** ***

P–SW × SD ** ** ** *** ** *** ***

Interaction means under each heading within columns followed by different letters are significantly different from each other at P ≤ 0.05; *significant at P ≤ 0.05;
**significant at P ≤ 0.01; ***significant at P ≤ 0.001; ns non-significant; EC electrical conductivity (dS m−1); pH soil reaction (pH meter); Ex.K exchangeable potassium;
Av.P available phosphorus; TN total nitrogen; OC organic carbon; Ex.Na exchangeable sodium

Terefe et al. Ecological Processes            (2020) 9:14 Page 7 of 11



soil in both sub-watersheds is ideal for plant growth
(Kaufmann et al. 2010).
Soil bulk density is also an indicator of soil compac-

tion (Houlbrooke et al. 1997; Kaufmann et al. 2010). It
indicates the status of aeration and permeability and var-
ies with the structural conditions of the soil (Wilke
2005). Thus, compaction due to livestock trampling in
the free grazing system could have contributed to the
higher bulk density. The current finding agrees with the
findings of Demelash and Karl (2010) and Alemayehu
and Fisseha (2018) who found higher bulk density in
non-conserved landscapes than the conserved land-
scapes. Furthermore, Tufa et al. (2019) reported higher
bulk density on the surface 0–20-cm soil depth in a
cropland.

Electrical conductivity
EC is an important indicator of soil health (USDA NRCS
(United States Department of Agriculture Natural Re-
source Conservation Services) 2012). It is a measure of
the ability of the solution to carry electric current; the
more dissolved ionic solutes present in the soil, the
greater is its electrical conductivity (Rhoades and Corwin
1990; Provin and Pitt 2012). EC is the sum total of an-
ions and cations, and roughly equivalent to the total dis-
solved solids (Rhoades and Corwin 1990).
Thus, the source of higher dissolved solutes for the

higher EC in the treated sub-watershed might be from
cations and anions in the higher TN, available P, ex-
changeable K, and OC. Furthermore, the relatively
higher clay particles in the treated sub-watershed and on
the subsurface soil (15–30 cm) (Table 1) could have con-
tributed to the increase of the EC of the soil, because
soil particles affect the EC of the soil (Rhoades and Cor-
win 1990). Nevertheless, the EC of the study area is low.

Soil pH
Generally, the soils in the study area were slightly acidic;
yet, it is in the preferred range for most of the agricul-
tural practices (Alemayehu and Fisseha 2018). The pH
in the study area was not affected by the interaction of
the sub-watersheds and land use, but it was affected by
the interaction of sub-watersheds and landscape posi-
tions, and sub-watersheds and soil depths. Accordingly,
the upper landscape and the subsurface soil (15–30 cm)
in the treated sub-watershed showed statistically lower
mean values of 5.94 and 5.99, respectively.
This finding is in line with Wolka et al. (2011) and

Tufa et al. (2019). Wolka et al. (2011) found a lower pH
at the treated sub-watershed than the untreated one. In
the study of Tufa et al. (2019), pH was not affected by
land use but a lower mean value was observed in the
subsurface soil. However, Demelash and Karl (2010),
Ademe et al. (2017), and Alemayehu and Fisseha (2018)

found higher pH values on conserved plots than the
non-conserved plots. Nevertheless, pH is affected by the
constituents of organic materials (Wilke 2005). The rea-
son for the higher pH at the untreated sub-watershed in
the current study could be due to the higher exchange-
able sodium in the sub-watershed (Table 5), linked to
the parent material which is one of the factors affecting
the pH of soils (Demelash and Karl 2010).
The release of hydrogen ions or by nitrification in an

open system might be another reason. Ritchie and Dol-
ling (1985) reported that pH increases if mineralization
of organic anions to CO2 and water happen or because
of the alkaline nature of organic materials. While pH
decreases if hydrogen ions are released from the or-
ganic anions or by nitrification in an open system, no
net change happens in soil pH if the anions released by
the decaying plant materials are in the vicinity of the
H+ ions.
Besides, subsequent plants grown in the area and the

type of fertilizer applied affect soil pH (Ritchie and Dol-
ling 1985). Furthermore, historical land-use practices
and subsequent soil erosion in the treated sub-
watershed might cause losses of more base cations be-
fore the conservation intervention are installed; and the
landscapes are not restored within a short period of time
(Wolka et al. 2011).

Total nitrogen
The higher TN at the treated sub-watershed compared
with the untreated sub-watershed might be from two
underlying sources. The first could be a decomposition
of higher amount of organic materials; this is true be-
cause there was higher plant biomass production, but
less exports of this biomass from the field by free grazing
at the treated sub-watershed (unpublished data). The
second could be an atmospheric fixation of N through
tree lucerne plant (Mekonen et al. 2006), which was in-
troduced as a supportive biological reinforcement of the
soil bunds and terraces in the treated sub-watershed.
This finding is in agreement with Demelash and Karl

(2010), Ademe et al. (2017), and Alemayehu and Fisseha
(2018), who found significantly higher TN at the con-
served plots than the non-conserved plots. Furthermore,
Tufa et al. (2019) found higher TN at forest land than
the grazing land, and it decreased as soil depth
increased.

Available phosphorus
The higher soil Av.P at the treated sub-watershed could
be attributed to the release of phosphorus from the de-
composition of organic materials. The higher Av.P in
the croplands could be associated to the adequate aer-
ation brought about by tillage as P release is faster in
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good aerated soils (Brdjanovic et al. 1998; Kwabiah
et al. 2001).
This finding is in agreement with other researchers

(Ademe et al. 2017; Aytenew and Kibret 2016; Tufa
et al. 2019). Ademe et al. (2017) found higher P at con-
served landscape than the non-conserved one, Aytenew
and Kibret (2016) found higher P on cropland com-
pared with the adjacent grassland, and Tufa et al.
(2019) reported higher P on the surface 0–20 cm than
the subsurface soil.

Exchangeable potassium
The higher Ex.K at the treated lower landscape positions
could be due to the erosion from the top and deposition
of K mineral down the slope. Conservation practices in
the treated sub-watershed might have contributed to the
higher Ex.K through increasing organic matter, improving
the clay content, and reducing leaching of weathered K as
opposed to the untreated sub-watershed in the study area.
Potassium availability is highly correlated with clay con-
tent and the OC of soils (Zhang et al. 2009).
The potassium content of soils depends on various

factors such as clay mineral types, pH, soil organic mat-
ter, aluminium hydroxide, soil moisture status, cation
exchange capacity, fertilizer application and tillage sys-
tem (Zhang et al. 2009). Furthermore, weathering of
potassium-containing minerals and leaching of weath-
ered potassium minerals also affect soil K content
(Schroedeer 1980). Our results agree with Ademe et al.
(2017) who found higher K values in the treated land-
scapes and the downslope parts in contrast to the un-
treated landscapes and upper parts; however, it differs
from the findings of Tufa et al. (2019) who reported
that soil K content was affected by land use but not by
soil depth.

Soil organic carbon
The higher OC content in the lower section of the
treated sub-watershed and at the surface 0–15 cm of the
cropland could be due to the accumulation of relatively
higher organic matter (Ademe et al. 2017). Furthermore,
higher OC at the lower section of the treated sub-
watershed (Table 5) can be explained by the transport of
organic materials from upper slope to the lower slope
through runoff and erosion as well as relatively better
moisture availability in the lower landscape to favor de-
composition of organic materials and release of OC
(Alemayehu and Fisseha 2018). The soil moisture con-
tent was higher in the lower landscape compared with
the upper section (unpublished data). Our results agree
with the findings of Demelash and Karl (2010) and
Ademe et al. (2017), who reported higher organic matter
and OC in the treated watersheds than the untreated

ones, and at the lower landscape positions than the
upper landscape positions.

Conclusions
Soil bulk density, sand and silt proportions, and pH were
significantly higher in the untreated sub-watershed,
while clay content, EC, N, P, K, and OC were signifi-
cantly higher in the treated sub-watershed. Landscape
positions did not show statistical differences for most of
the selected soil chemical properties, but land-use types
affected Av.P and OC, with higher mean values for crop-
lands than grazing lands, which could be due to accu-
mulation and decomposition of organic materials, and
the contribution of conservation structures in trapping
transported organic materials by runoff from the upper
slopes. Therefore, watershed-based SLM interventions at
Geda watershed were effective in improving the soil
physicochemical properties and restoration of soil eco-
system functions. Thus, it is of paramount importance
to enhance the awareness of the community in main-
taining watershed management intervention options, in-
cluding adequate grazing management to reduce
landscape degradation and increase the accumulation of
organic matter for improving soil health and thus eco-
system balance.
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