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Abstract 

Background: Understanding the effects of landscape positions on soil physicochemical properties is crucial for 
improving the soil productivity and to ensure the environmental sustainability. Three land use types forest land, graz-
ing land and cultivated land all within upper, middle and lower landscape positions were selected to determine the 
effects of landscape positions, land use types and their interaction effects on soil physicochemical properties. Twenty 
seven soil samples were collected from lower landscape, middle landscape and upper landscape positions at the 
depth of 0–20 cm in nine replications. In addition, undisturbed soil samples were taken using core sampler from each 
land use type under upper, middle and lower landscape positions for the ascertainment of bulk density and water 
retentive capacity. The analysis of variance (ANOVA) was applied to determine variations in soil parameters among 
landscape positions and land use types. A Generalized Linear Models (GLMs) analysis was conducted to determine 
the influence of independent (fixed) factors, on the soil properties (response variables). Treatment means comparison 
was determined using the Least Significant Difference (LSD) at 0.05 level of significances.

Results: The result indicated that among the soil properties sand (p < 0.001), silt (p < 0.001), clay (p < 0.001), bulk 
density (p < 0.01), water holding capacity at FC (p < 0.001), water retention at PWP (p < 0.01), Available water content 
(AWC) (p < 0.01), soil reaction (pH) (p < 0.05), Soil organic carbon (SOC%) (p < 0.01), Total nitrogen (TN%) (p < 0.01), 
available phosphorus (p < 0.05) and CEC (p < 0.001) have shown a significant variation among the landscape catego-
ries. Similarly, variation of sand (p < 0.001), silt (p < 0.001), clay (p < 0.001), bulk density (p < 0.01), water holding capac-
ity at FC (p < 0.001), water retention at PWP (p < 0.001), Available water content (AWC) (p < 0.01), soil reaction (pH) 
(p < 0.01), SOC (p < 0.01), TN (p < 0.001) available phosphorus (AP) (p < 0.001) and CEC (p < 0.001) were also statistically 
significant among the land use types. Moreover, lower landscape position and forest land had high mean value of 
SOC, TN, AP, CEC, EB (exchangeable bases), and available micronutrients, whereas upper landscape position and inten-
sively cultivated land had low mean value of SOC, TN, AP, CEC, EB (exchangeable bases), and available micronutrients.

Conclusion: Landscape positions, land use types and interaction effects of landscape position and land use types 
(LSP * LU) significantly affected soil properties. Soil with best quality was found in lower landscape position and for-
est land, while less quality of soil was found in upper landscape position and cultivated land. Thus, efforts should be 
made to improve the quality of soil under upper landscape position and cultivated land using biological and physical 
soil conservation measures.
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Background
Soil’s physical and chemical properties are the result of 
the interaction among the soil forming factors and pro-
cesses, hence, making soil to be heterogeneous (Lawal 
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et  al. 2014). One of the soils forming factors that influ-
encing the distribution soil properties and water erosion 
is topography (Amuyou and Kotingo 2015; Khan et  al. 
2013; Ziadat and Taimeh 2013). As a factor of soil for-
mation, topography has influence on soil chemical and 
physical properties and also affects the pattern of soil dis-
tribution over landscape even when the soils are derived 
from the same parent material (Lawal et al. 2014).

According to (Musa and Gisilanbe 2017) differences 
in soil properties due to slope gradient result in detach-
ment, transportation and accumulation of soil materi-
als. Steepness of slope has great effect on soil properties 
particularly in soil distribution. Aytenew (2015) reported 
that topography had direct and indirect effect on soil 
physicochemical properties. Topography gives rise to 
toposequence of related soils from the same parent 
materials, about the same age and + occupying under 
similar climatic conditions but have differences in their 
characteristics due to change in slope (Osuaku et  al. 
2014). Slope increases the movement of particles of soil 
by means of erosion and influences the soil properties 
considerably (Afshar et al. 2010). As the steepness of the 
slope increases, water not absorbed by soil increases, but 
infiltration decreases. As the result of high runoff the 
accumulation of the clay content decreases with increas-
ing of steepness of slope (Salako et  al. 2006). Coarser 
particles are preferentially accumulated on upper slope 
positions while finer particles are transported to lower 
slope positions. As a consequence of this process, dif-
ferent slope gradients may show different soil properties 
(Wang et al. 2001).

Besides topography, factors enhancing soil loss in 
Ethiopian highlands are cultivation of steep slopes, the 
tendency of soils to be affected; incomplete recycling of 
crop residue, deforestation, overgrazing, and inadequate 
soil and water conservation measures (Hurni et al. 2010). 
This indicates that the change in land use and landscape 
position could able to affect the physicochemical prop-
erties of the soil (Getahun et  al. 2014). Slope gradient 
and LU/LC change contribute significantly to crop yield 
reduction and food insecurity.

There was a rapid soil loss by erosion which is triggered 
by slope gradient at various parts of the country. Much 
research has been done on the effects of slope gradient 
on soil properties in Ethiopia. For example, Asmamaw 
and Mohammed (2013) study in north eastern Ethio-
pia showed that high amount of available phosphorus 
in lower slope positions. Similarly, Selassie et  al. (2015) 
study in the Zikre watershed of northern Ethiopia also 
reported that the occurrence of variation in soil proper-
ties along landscape position. Wubie and Assen (2019) 
study in the Gumara watershed, Lake Tana basin of 
North-West Ethiopia reported that the forestland and 

gentler slopes have lowest bulk density and high total 
porosity and (Taye et  al. 2013) study in Debre-Mewi 
watershed, Northwestern Ethiopia reported that intro-
duction of soil and water conservation technologies 
strongly reduced runoff production and soil loss on both 
land use types and slope gradients. Moreover, Aytenew 
(2015) study in Dawja watershed of Amhara National 
Regional State, in northern highlands of Ethiopia also 
reported that the detrimental effects of slope gradient are 
higher at moderately steep and strongly sloping areas as 
compared to sloping and gently sloping areas. However, 
most studies on the effects of slope gradient on soil prop-
erties were concentrated in specific areas, mainly in the 
Northern highlands of Ethiopia. It is still too limited in 
Omo Gibe river basin of south central Ethiopia. Slope dif-
ference is increasingly recognized as an important cause 
of soil loss and environmental degradation on all spatial 
and temporal scales. In addition, it is also one of the fac-
tors for the disturbance of local environment by influenc-
ing runoff, soil nutrient content and stream flow (Bewket 
and Solomon 2013).

Even though the study area, Shenkolla watershed, is 
known to be the productive area of cereal production in 
the country, the watershed is suffering from soil degrada-
tion. Hence, identifying the effect of landscape gradients 
on the physicochemical properties of soil is fundamen-
tal, which have national significance. However, there 
is no previous study in the area to explain the extent of 
variations in soil property in relation to landscape posi-
tion and land use types. Although, the area needs urgent 
conservation measures, basic information necessary to 
implement soil resource management and conserva-
tion strategies are lacking. Therefore, understanding the 
effects of landscape position, land use types and their 
interactive effects on physical and chemical properties 
of the soil would have a significant advantage on rational 
planning, and appropriate management of soil of the 
area. Thus, this study investigated variations in some 
soil physicochemical properties under different land use 
types along the slope gradients at Shenkolla watershed, 
south central Ethiopia.

Materials and methods
Description of the study area
The study area, Shenkolla is found within the Omo Gibe 
river basin of south central Ethiopia. It is situated approx-
imately 260 km southwest of Addis Ababa and in a close 
proximity to the capital city of the Hadiya zone, Hosanna. 
Shenkolla is geographically located in 7°  24′  30″—
7° 27′ 0″ N Latitude and 37° 43′ 30″–37° 46′ 30″ E Longi-
tude (Fig. 1). The altitude in the locality ranges from 2200 
and 2830 m above sea level.
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Soil is a good indicator of the influence of soil parent 
material and the spatial variability in the degree of weath-
ering, geological and other factors are responsible for soil 
formation and development (Elias 2016). The dominant 
soil type of the study area is Nitisols along with Vertisols, 
Cambisols and Planosols that cover extensive areas of 
agricultural fields (Elias 2016).

Study area, Shenkolla is generally described by humid 
climate. The annual long term average precipitation of 
the watershed is 1107 mm. The watershed exhibits a bi-
modal rainfall distribution which includes Meher and 
Belg rainfall. The rainy seasons, locally known as “Meher,” 
extends from June to September and the “Belg,” extends 
from February to May. The long term mean annual tem-
perature of the study area is 17.2 °C (Fig. 2).

The farming system of the study area is predominantly 
subsistence farming based on mixed crop-livestock pro-
duction. Major crops grown in the area include wheat 
(Triticum aestivum L.), maize (Zea mays L.), barley 
(Hordeum vulgare L.), sorghum (Sorghum bicolor (L.) 
Monench) and teff (Eragrostis tef (Zucc.) Trotter). Farm 

animals provide essential inputs required for crop pro-
duction such as ploughing and threshing power in the 
agricultural production system, while crop production 
supports the livestock by providing crop residues that 
supplement the feed required by the livestock. After crop 
harvest, cattle are let to graze on unwanted plants and 
crop stalks on the croplands.

Soil sampling and analysis
On the basis of information obtained from the recon-
naissance survey, the landscape of the study area was 
classified in to three landscape positions according to 
relative slope gradient, which are having upper with 
dominant slope gradients of > 30%, middle with domi-
nant slope gradient 15–30% and lower with dominant 
slope gradient 0–15% and three land use types forest, 
grazing land and cultivated land all under upper, mid-
dle and lower landscape positions were selected for soil 
sampling. Since soils are an integral parts of landscape 
positions that can be influenced differently by geomor-
phic and hydrologic processes of the area (Brunner 

Fig. 1 Location map of the study area, Shenkolla within the South Central Ethiopia
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et  al. 2004). Experimental design and arrangements 
were accomplished using a transect line (Anderson and 
Ingram 1993). Samples were collected at regular inter-
vals along the transect line. A total of 27 composite soil 
samples (3 treatments (landscape positions) × (3 repli-
cations) × (3 land use types) with a soil depth of surface 
layer 0–20  cm were collected by taking 9 representa-
tive samples from each landscape position. Moreover, 
undisturbed soil samples were also collected separately 
using core sampler from each land use type under 
upper, middle and lower landscape positions for the 
determination of soil bulk density and water holding 
capacity. Disturbed soil samples placed in polythene 
bags and undisturbed soil samples in a steel core sam-
pler were well labeled as described by the Soil Survey 
Field and Laboratory Method Manual (Burt 2014) and 
then taken for subsequent laboratory test.

Prior to laboratory analysis, the soil samples were air-
dried, crushed and passed through 2  mm sieve. Analy-
ses of the soil samples for field capacity (FC), permanent 
wilting point (PWP), water holding capacity (WHC), soil 
aggregate stability and texture were conducted at Ethio-
pian Water works Construction Design and Supervision 
Enterprise soil fertility lab following standard labora-
tory procedures as outlined in (van Reeuwijick 2006). 
Analyses of the soil samples for bulk density (BD), total 
porosity (TP), soil pH, organic carbon (OC), total nitro-
gen, available phosphorus (AP), cation exchange capac-
ity (CEC), exchangeable bases, and some available micro 
nutrients (Fe, Mn, Zn and Cu) were conducted at the soil 
fertility laboratory of the Agricultural Bureau of South-
ern Nations Nationalities and People’s Region.

The soil particle size distribution was determined by 
hydrometer method outlined by the simplified proce-
dure of (Day 1965). Soil textural names were determined 
following the textural triangle of USDA system (Rowell 
1994). Bulk density (BD) was estimated from undisturbed 
soil samples collected using a steel core sampler (Black 
1965). Water-holding capacity of the soil was meas-
ured using the pressure plate apparatus (Klute 1965). 
AWC was computed by deducting PWP from FC (Hil-
lel 1980). Water stable aggregate test was carried out by 
the wet sieving method (Kemper and Rosenau 1986). Soil 
pH  (H2O) was measured by using a pH meter in a 1:2.5 
soil:water (Peach 1965). The content of soil organic car-
bon (%) was decided by the method proposed by Walkley 
and Black (1934). After laboratory report, SOC content 
was changed to SOM content using conversion factor 
of 1.724 adopted from Young (1976) and Tan (1996). 
The total nitrogen was estimated by Kjeldahl methods 
(Jackson 1979). Available phosphorus was decided by 
extraction from the soil using sodium carbonate at pH 
equals 8.5 (Olsen et al. 1954). The CEC was determined 
at soil pH 7 after displacement by using 1 N Ammonium 
Acetate method in which it was, thereafter, estimated 
titrimetrically by distillation of ammonium that was dis-
placed by sodium (Chapman 1965). Exchangeable bases 
were determined after leaching the soils with ammo-
nium acetate (Thomas 1990). The exchangeable acidity 
was extracted with 1 M KCl and it can be determined by 
the titration method using 0.01  M NaOH (Sumner and 
Stewart 1992). Extractable micronutrients (Fe, Mn, Zn 
and Cu) were extracted by diethylene triamine penta ace-
tic acid (DTPA) as described in Sertsu and Bekele (2000). 
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Fig. 2 Mean monthly rainfall and temperature of the study area (Ethiopian Metrological Service 2017)
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The amounts of micronutrients were measured by atomic 
absorption spectrophotometer at their respective wave 
lengths.

Statistical analysis
ANOVA was applied to analyze the difference in mean 
values of soil parameters among the slope gradients. A 
Generalized Linear Models (GLMs) analysis was carried 
out to determine the influence of independent (fixed) 
factors, on the response variable. Treatment mean com-
parison was determined using the Least Significant Dif-
ference (LSD) at 0.05 level of significance (Gomez and 
Gomez 1984). Statistical package for SPSS v.16.0 (SPSS, 
2007) for windows was used to carry out ANOVA and 
GLMs.

Results and discussion
Particle‑size distribution
Sand showed highly significant variation along landscape 
positions and among the land use types (p < 0.001). The 
mean values of sand content also showed significant dif-
ference with interaction effect of landscape position and 
land use types (LSP * LU) (P < 0.001) (Table  1). The soils 
at upper landscape position had high mean value of sand 
content (40.00%) while the soils at middle landscape was 
intermediate (32.67%) and the lower landscape posi-
tion had the lowest mean (27.33%) with sand content 
(Table 2). The results showed that sand content increased 
towards upper landscape position, and this is most prob-
ably resulting from the accelerated water erosion which 
selectively removes fine particles (silt and clay) and left-
over accumulation of sand in upper landscape position. 

Table 1 ANOVA for particle size distribution and BD as affected by landscape positions and land use types

MS is the mean square, PV is the p-value, DgFr is the degree of freedom

Source of variation DgFr Sand Silt Clay BD

MS PV MS PV MS PV MS PV

LSP 2 364 0.001 27.815 0.044 230.481 0.003 1.000 0.008

LU 2 404.333 0.000 58.926 0.000 256.926 0.001 1.000 0.008

LSP * LU 5 201.167 0.000 27.426 0.000 140.093 0.002 12.653 0.000

Error 24 4.630 0.778 5.778 0.047

Total 26

Table 2 Interaction effects of  landscape positions and  land use types on  particle sizes distribution and  bulk density 
(mean ± SE)

Means in the same row for land use and in the same column for landscape position followed by the similar letters are not significantly different at (p = 0.05)

Soil property Landscape Land use types Total

Position Cultivated land Grazing land Forest

Sand Lower 32.67 ± 0.333 30.03 ± 1.856 21.00 ± 0.577 27.9 ± 1.795a

Medium 41.67 ± 3.383 30.31 ± 0.577 26 ± 0.882 32.66 ± 2.528abc

Upper 46.00 ± 0.577 36.00 ± 0.577 35.25 ± 0.577 39.08 ± 2.021bc

Total 40.78 ± 2.437a 32.11 ± 1.303bc 27.78 ± 2.222c

Silt Lower 32. 00a ± 0.577 33.63 ± 0.577 36.00 ± 1.155 33.87 ± 1.167a

Medium 30.70 ± 0.000 34.38 ± 0.577 35.00 ± 1.202 33.36 ± 0.747abc

Upper 30.00 ± 0.000 32.33 ± 0.333 33.04 ± 0.333 31.79 ± 2.638c

Total 30.9 ± 0.745a 33.00 ± 0.878b 35.078 ± 0.645c

Clay Lower 35.33 ± 0.882 36.34 ± 0.882 44.00 ± 1.528 38.55 ± 2.242a

Medium 27.67 ± 3.180 35.31b ± 0.000 39.00 ± 0.577 33.99 ± 1.904abc

Upper 24.00 ± 0.577 31.67 ± 0.882 31.71 ± 0.000 29.12 ± 1.341c

Total 29.00 ± 1.929ab 33.78 ± 0.641bc 39.67 ± 2.363c

Bulk density Lower 1.52 ± 0.333 1.28 ± 0.000 1.11 ± 0.005 1.30 ± 0.000a

Medium 1.57 ± 0.025 1.32 ± 0.092 1.13 ± 0.005 1.34 ± 0.167abc

Upper 1.72 ± 0.015 1.38 ± 0.010 1.21 ± 0.020 1.44 ± 0.167c

Total 1.60 ± 0.167ab 1.33 ± 0.167bc 1.15 ± 0.000c
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These results are in agreement with the findings of Ayele 
et al. (2013), who reported that high mean value of sand 
under soils of upper landscape positions. High mean 
value of sand (40.78%) was found on soils under the cul-
tivated land. Grazing land soil had the intermediate value 
of sand (31.44%) while the forest land had low sand con-
tent (27.78%) (Table  2). This result disagrees with the 
studies by Habtamu et al. (2014) who reported the high-
est, mean value of bulk density under grazing land as 
compared to cultivated land. Moreover, Least Significant 
Difference (LSD) test revealed that lower landscape posi-
tion showed significantly lower sand content than upper 
landscape position and forest land had significantly lower 
sand content than cultivated lands. High sand content in 
the soil of cultivated and grazing lands might be due to 
the removal of fine particles by water erosion and leaving 
coarse fractions in cultivated and grazing lands. These 
results are in agreement with Tsehaye and Mohammed 
(2013), who explained that cultivated and grazing lands 
are extremely susceptible to erosion, because they have 
less vegetation cover.

Silt showed significant variation along landscape posi-
tions (p < 0.05). Silt fraction also showed significant vari-
ation among the land use types (p < 0.001). Landscape 
position and land use types (LSP * LU) had a significant 
interactive effect (P < 0.001) on silt content (Table 1). The 
soils at upper landscape position had low mean value of 
silt (31.22%) while the lower landscape position had the 
highest (34.67%) and the soils at middle landscape had 
intermediate (33.56%) with silt content. The soils of for-
est land had the high mean value of silt (35.78%), but the 
soils of grazing land had intermediate (33.00%) and culti-
vated land had low percentage of silt (30.67%) (Table 2). 
Least Significant Difference (LSD) test also revealed that 
lower landscape position had significantly higher silt con-
tent than upper landscape position and cultivated land 
had significantly lower silt content than grazing and for-
est lands.

Clay fraction varied significantly along landscape posi-
tions (p < 0.01). Clay had showed substantial variation 
among the land use types (p < 0.001). The results of this 
study also showed significant variation of clay content 
with interaction effects of landscape position and land 
use types (LSP * LU) (P < 0.01) (Table 1). The mean value 
of clay was comparatively higher as compared to the val-
ues of sand and silt in lower landscape positions across all 
land use types.

The entire area where clay is found along landscape 
positions was in order: lower landscape (39.33) > mid-
dle landscape (33.89) > upper landscape positions (29.22) 
(Table 2), indicating that clay content increases towards 
lower landscape. This might be due to the washing 
away of fine soil particles from steeper landscapes and 

their deposition at lower landscape gradient. The result 
also shows that the forest soils had the high mean value 
of clay (39.67%) but the crop land soils had the lowest 
mean value of clay (29.00%) and the grazing land soils 
had intermediate mean value of clay content (33.78%) 
(Table  2). Least Significant Difference (LSD) test also 
revealed that lower landscape position had significantly 
higher clay content than upper landscape position and 
cultivated land had significantly lower clay content than 
forest lands.

Bulk density
Bulk density had shown substantial variation with land-
scape positions and land use types (P < 0.01). The result 
also indicated that bulk density significantly varied with 
interaction effects of landscape position and land use 
classes (LSP * LU) (P < 0.001) (Table  1). With regard to 
distribution of bulk density along landscape position, 
lower landscape (1.30 g/cm3) < middle landscape (1.34 g/
cm3) < upper landscape positions (1.44  g/cm3) (Table  2), 
indicating that bulk density decreases towards down 
landscape position. Least Significant Difference (LSD) 
test also revealed that upper landscape position had sig-
nificantly higher bulk density than lower landscape posi-
tion. Low bulk density of the lower landscape position 
might be attributable to the high quantity of organic mat-
ter and clay content. Similarly, this result is in agreement 
with the findings of (Safadoust et al. 2015) who reported 
that low and high bulk density values were observed in 
lower slope and upper slope, respectively, caused by 
variation in contents of clay fraction and organic mat-
ter. Low bulk density (1.15  g/cm3) was found in forest 
soil followed by the soil under grazing land (1.33), while 
soil under crop land had a high bulk density (1.60 g/cm3) 
(Table 2). Higher bulk density of cultivated land is caused 
by continuous tillage operations, which in turn lower 
SOC (through rapid mineralization of SOM) and thereby 
an increase in soil bulk density. Tillage practices in cul-
tivated land contribute for the reduction of soil organic 
carbon by disaggregating soil structure, thereby expos-
ing organic matter for decomposing agent. It implies that 
tillage in cultivated land led to compaction of soil which 
enhanced soil bulk density. High bulk density values in 
grazing land might be attributed to compaction by live-
stock and low organic matter content. Least Significant 
Difference (LSD) test also revealed that upper slopes had 
significantly higher bulk density than lower landscape 
position and cultivated land had significantly higher bulk 
density than grazing and forest lands. This result is simi-
lar with the findings of Kakaire et al. (2015), that reported 
significantly higher bulk density under the soils of upper 
landscape position and cultivated land.
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Water holding capacity and water stable aggregates
Water holding capacity at FC had shown significant vari-
ation with landscape positions, with land use types and 
with interaction effects of landscape positions and land 
use types (LSP * LU) (P < 0.001) (Table  3). Lower land-
scape position had the highest mean value of water 
holding capacity at FC (34.56%) followed by middle 
landscape positions (29.11%). Those soils under upper 
landscape position had the lowest mean values of water 
holding capacity at FC (23.22%) (Table  4). Water reten-
tion at FC of the soil increased towards lower landscape 
positions. The higher water retention at FC (34.89%) was 
recorded under soils of forest land, while the lower con-
tent (23.78%) was under crop land. Least Significant Dif-
ference (LSD) test revealed that upper landscape position 
had significantly lower water retention capacity at FC 
than lower and middle landscape positions and cultivated 
and grazing lands had significantly lower water retention 
at FC than forest land (Table 4).

Water retention at PWP also influenced significantly 
with landscape positions (p < 0.01). Water retention at 
PWP had shown significant difference with land use 
types (P < 0.001). The result showed that the water reten-
tion at PWP substantially varied with interaction effects 
of landscape position and land use types (LSP * LU) 
(P < 0.001) (Table  3). Lower landscape position had the 
highest mean value of water retention at PWP (19.22%) 
followed by middle landscape positions (15.44%). Those 
soils under upper landscape position had the low-
est mean values of water retention at PWP (12.33%). 
Higher mean value of water retention at PWP (19.89%) 
was recorded under soils of forest land, while the lower 
content (12.67%) was under the soils of crop land. Least 
Significant Difference (LSD) test revealed that lower 
landscape position had significantly higher water hold-
ing capacity at PWP than upper landscape position and 
cultivated and grazing lands had significantly lower water 
retention capacity at PWP than forest land (Table 4).

Available water content (AWC) significantly varied 
with landscape position and land use types (P < 0.01). 

The results also shown that soil available water content 
significantly varied with interaction effects of land-
scape position and land use types (LSP * LU) (P < 0.001) 
(Table  3). Lower landscape position had the highest 
mean value of available water content (15.11%) fol-
lowed by middle landscape positions (13.67%). Those 
soils under upper landscape position had the lowest 
mean value of available water content (10.78%). This 
result showed that available water content of the soil 
increased down landscape positions (Table  4). The 
higher mean value of soil water content (14.78%) was 
recorded under soils of forest land, while the lower 
content (11.00%) under the soils of crop land (Table 4). 
The mean value of available water content on forest 
land use was found to be higher as compared to cul-
tivated and grazing land uses. This result agrees with 
the findings of (Getachew et  al. 2012) who reported 
that soil moisture content showed significant varia-
tions between the soils of the different land use types 
and landscape positions. LSD test revealed that upper 
landscape position had significantly lower available 
water content than middle and lower landscape posi-
tions and forest land had significantly higher avail-
able water content than cultivated and grazing lands 
(Table 4).

Water stable aggregates (STA) hadn’t shown sig-
nificant variation with landscape position but showed 
significant variation with land use types (P < 0.01). 
The results also shown that water stable aggregates 
significantly varied with interaction effects of land-
scape position and land use types (LSP * LU) (P < 0.001) 
(Table  3). Lower landscape position had the highest 
mean value of water stable aggregates (74.86%) fol-
lowed by middle landscape positions (73.67%). Those 
soils under upper landscape position had the lowest 
mean value of water stable aggregates (72.90%). This 
result showed that water stable aggregates of the soil 
increased down landscape positions (Table  4). Water 
stable aggregate was the highest (80.70%) and interme-
diate (72.27%) in forest and grazing land respectively, 

Table 3 ANOVA for FC, PWP AWC and STA as affected by landscape positions and land use types

MS is the mean square, PV is p-value, DgFr is the degree of freedom

Source of variation DgFr FC PWP AWC STA

MS PV MS PV MS PV MS PV

LSP 2 289.148 0.000 107.111 0.002 43.815 0.002 8.829 0.746

LU 2 281.481 0.000 127.444 0.000 34.481 0.010 352.669 0.000

LSP * LU 5 138.17 0.000 61.667 0.000 24.897 0.000 78.767 0.000

Error 24 0.967 0.97 0.056 1.08

Total 26
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showing high amount of organic matter that served 
as binding agents making the soils stick together 
(Table  4). However, the lower content of water stable 
aggregates (68.46.00%) was recorded under the soils 
of crop land. Agricultural technologies and inten-
sive cultivation make the soil structural aggregation 
worse under cultivated lands which are indicated by a 
reduced stable aggregate. This result is in agreement 
with the findings of Safadoust et  al. (2015). LSD test 
revealed that significantly high available water content 
was found in forest land as compared to grazing and 
cultivated lands (Table 4).

pH  (H2O), SOC, total nitrogen, C/N ratio and available 
phosphorus
The results of the study showed significant variation of 
soil pH  (H2O) with landscape categories (P < 0.05) and 
across land use types (P < 0.01). Soil pH  (H2O) signifi-
cantly varied with interaction effects of landscape posi-
tions and land use types (LSP * LU) (P < 0.001) (Table 5). 
The mean value of soil pH is higher (5.84) in the lower 
landscape position than in the upper landscape (5.39) 
(Table  6). This suggests that pH increases as the slope 
of landscape decreases. The lowest pH in soils of upper 
landscape position might be due to the loss of exchange-
able bases caused by wearing away of the surface soil via 
runoff and erosion. These conditions increase the activ-
ity of  H+ ion in the soil and reduce the soil pH. The 
result of this study in lines with the finding of Emiru and 
Gebrekidan (2013), who reported that loss of basic cati-
ons by means of runoff generated from severe erosion 
reduces soil pH in cultivated land which in turn increases 
soil acidity. Moreover, this result is in agreement with 
studies by Alemayehu and Sheleme (2013), who reported 
that lower pH values under cultivated land than agrofor-
estry land use types. But, this result disagrees with find-
ings of Kotingo (2015), who gave detail information that 
a higher pH values at upper slope position as compared 
to middle and lower slope positions. Cultivated land had 
the lowest mean value of pH (5.35) as compared to for-
est land (6.03) which had the highest pH value (Table 6). 
Low mean value of soil pH under the cultivated land 
might be due to depletion and removal of basic cations. 
This result is not in agreement with the findings of Yimer 
et al. (2007), who reported high pH values for cultivated 
land as compared to other land use types. Similarly, this 
result disagrees with the findings of Kizilkaya and Den-
giz (2010), who reported a significant increase of pH in 
soils under cultivated land. Least Significant Difference 
(LSD) test revealed that pH value in upper landscape 
position was significantly higher than lower landscape 
position and the pH value of soil in cultivated land was 
significantly lower than the pH value of soil in forest land. 

Table 4 Interaction effects of  landscape positions 
and land use types on water retentive capacity and water 
stable aggregates (mean ± SE)

Means in the same row for land use and in the same column for landscape 
position followed by the similar letters are not significantly different at (p = 0.05)

Water holding capacity at FC

 Lower 29.00 ± 0.000 33.67 ± 0.333 41.00 ± 0.000 34.56 ± 1.749a

 Medium 23.67 ± 0.333 28.33 ± 0.235 35.33 ± 0.667 29.11 ± 1.584ab

 Upper 18.67 ± 0.333 22.67 ± 0.333 28.33 ± 2.400 23.22 ± 1.711c

 Total 23.78 ± 1.498a 28.22 ± 1.597ab 34.89 ± 1.889c

Water holding capacity at PWP

 Lower 17.00 ± 0.203 18.67 ± 0.882 22.00 ± 1.000 19.22 ± 0.830a

 Medium 12.67 ± 0.230 14.33 ± 0.333 19.33 ± 0.882 15.44 ± 1.042abc

 Upper 8.33 ± 0.333 10.33 ± 0.318 18.33 ± 0.667 12.33 ± 1.546c

 Total 12.67 ± 1.258a 14.44 ± 1.237ab 19.89 ± 0.696c

AWC 

 Lower 12.00 ± 0.000 15.00 ± 1.000 18.33 ± 0.882 15.11 ± 0.992a

 Medium 11.00 ± 0.000 14.00 ± 0.000 16.00 ± 0.577 13.67 ± 0.745ab

 Upper 10.00 ± 0.095 12.33 ± 0.333 10.00 ± 1.000 10.78 ± 0.494c

 Total 11.00 ± 0.289a 13.78 ± 0.494abc 14.78 ± 1.310c

STA

 Lower 69.50 ± 0.500 73.67 ± 0.333 81.33 ± 0.333 74.86 ± 1.724

 Medium 68.33 ± 0.882 72.00 ± 0.000 80.67 ± 0.333 73.67 ± 1.869

 Upper 67.67 ± 0.333 71.33 ± 0.667 80.00 ± 0.577 72.90 ± 1.855

 Total 68.46 ± 0.366a 72.27 ± 0.402b 80.70 ± 0.254bc

Table 5 ANOVA for pH (H2O), SOC, TN, C/N ratio and AP as affected by landscape positions and land use types

MS is the mean square, PV is the p-value, DgFr is the degree of freedom

Source of variation DgFr pH  (H2O) SOC TN C/N AP

MS PV MS PV MS PV MS PV MS PV

LSP 2 0.149 0.033 0.06 0.009 0.498 0.010 2.838 0.000 2.003 0.016

LU 2 1.132 0.000 0.303 0.002 0.587 0.000 11.251 0.029 53.126 0.000

LSP * LU 5 0.336 0.000 0.104 0.000 0.51 0.004 4.063 0.000 0.240 0.000

Error 24 0.026 0.001 0.112 0.140 0.001

Total 26
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According to Landon (1991) rating, the pH of the studied 
soil under upper landscape position was strongly acidic 
and lower landscape position was moderately acidic 
while, forest, grazing and cultivated land was found to 
be slightly acidic, moderately acidic and strongly acidic 
respectively.

The soil organic carbon (SOC%) was significantly 
affected by landscape positions and land use types 
(p < 0.01). Landscape positions and land use classes 
(LSP * LU) also had a significant interaction effect on soil 
organic carbon (p < 0.001) (Table  5). Lower landscape 
position had the highest mean value (2.06%) of SOC 
followed by middle landscape positions (1.63%). Low-
est mean value (0.87%) of soil organic carbon was found 
under upper landscape position (Table  6). Soil organic 
carbon content increases down landscape because lower 
landscape positions receive high surface soil materi-
als taken from the upper landscape positions. The mean 
value of SOC was higher in forest soils (2.14%), on the 
contrary, SOC was lower (0.81%) under cultivated land 
of the study area (Table  6). Least Significant Difference 
(LSD) test indicated that lower landscape position had 
significantly higher SOC value than upper landscape 
position and the SOC of soil of cultivated land signifi-
cantly varied from the soil of forest and grazing land. 
SOC was rated as very low in upper landscape position 

and cultivated land, medium in middle landscape posi-
tion and grazing land and high in lower landscape posi-
tion and forest land (Hazelton and Murphy 2007). 
Relatively higher mean value of SOC in forest land use 
might likely be due to the lower rate of organic carbon 
turnover as a consequence of lowest possible amount of 
soil disturbance and continuous addition of OM in for-
est land. On the other hand, lower mean value of SOC in 
cultivated land is due to high oxidation of organic mat-
ter and total removal of crop residues. Similar result was 
reported by Worku et al. (2014) who conducted research 
in Ameleke micro-watershed.

Total nitrogen had shown significant variation among 
the landscape positions (p < 0.01) and land uses types 
(p < 0.001). Landscape positions and land use types 
(LSP * LU) had a significant interaction influence on 
total nitrogen (p < 0.01) (Table 5). Lower landscape posi-
tion had the highest mean (0.17) value of total nitrogen 
content followed by middle landscape positions (0.15). 
Those soils under upper landscape position had the low-
est mean (0.12%) value of total nitrogen (Table 6). High 
total nitrogen deposition at lower slope position was 
connected to the displacing of total nitrogen from upper 
slope positions. Higher mean value of total nitrogen 
(0.18%) was recorded in forest land use followed by graz-
ing land (0.14%). Lower mean of total nitrogen (0.11%) 

Table 6 Interaction effects of landscape positions and land use types on soil properties (mean ± SE)

Means in the same row for land use and in the same column for landscape position followed by the same letters are not significantly different at (p = 0.05)

Soil property Landscape Land use types Total

Position Cultivated land Grazing land Forest

pH (H2O) Lower 5.51 ± 0.008 5.64 ± 0.020 6.37 ± 0.023 5.84 ± 0.134a

Medium 5.42 ± 0.012 5.59 ± 0.038 6.00 ± 0.271 5.67 ± 0.117abc

Upper 5.32 ± 0.017 5.32 ± 0.020 5.92 ± 0.014 5.39 ± 0.088c

Total 5.35 ± 0.058a 5.52 ± 0.051abc 6.03 ± 0.123c

SOC Lower 0.52 ± 0.005 2.63 ± 0.005 3.05 ± 0.044 2.06 ± 0.392a

Medium 0.49 ± 0.008 1.62 ± 0.021 1.77 ± 0.008 1.63 ± 0.041abc

Upper 1.42 ± 0.012 0.59 ± 0.008 1.60 ± 0.005 0.87 ± 0.183c

Total 0.81 ± 0.170a 1.61 ± 0.888bc 2.14 ± 0.230c

Total nitrogen Lower 0.13 ± 0.003 0.17 ± 0.003 0.21 ± 0.003 0.17 ± 0.012a

Medium 0.11 ± 0.003 0.15 ± 0.003 0.19 ± 0.006 0.15 ± 0.011a

Upper 0.09 ± 0.006 0.11 ± 0.005 0.15 ± 0.008 0.12 ± .009a

Total 0.11 ± 0.005a 0.14 ± 0.009a 0.18 ± 0.009a

C/N ratio Lower 12.51 ± 0.005 13.45 ± 0.008 15.94 ± 0.172 13.97 ± 0.514a

Medium 10.25 ± 0.008 11.12 ± 0.008 11.89 ± 0.371 11.09 ± 0.260bc

Upper 10.13 ± 0.005 10.25 ± 0.011 11.58 ± 0.502 10.65 ± 0.274c

Total 10.96 ± 0.386a 11.61 ± 0.478ab 13.14 ± 0.726c

AP Lower 9.61 ± 0.005 12.60 ± 0.005 15.19 ± 0.005 12.46 ± 0.806a

Medium 7.54 ± 0.007 10.14 ± 0.005 12.36 ± 0.005 10.01 ± 0.696bc

Upper 7.32 ± 0.005 9.78 ± 0.005 11.47 ± 0.005 9.52 ± 0.602c

Total 8.15 ± 0.364a 10.84 ± 0.443bc 13.00 ± 0.26c
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was recorded on cultivated land use (Table  6). The low 
total nitrogen content on cultivated land might be due to 
a regular harvesting in which case the crops continuously 
remove the nutrients from the soil. This result agrees with 
Alemayehu and Sheleme (2013), who reported that total 
nitrogen under forest land was higher than cultivated and 
grazing lands. Similar study conducted by Yimer et  al. 
(2008) found that higher total nitrogen in pasturelands 
than cultivated lands. Least Significant Difference (LSD) 
revealed that the total nitrogen value of soils under all 
landscape positions and all land use types hadn’t showed 
significant difference. Total nitrogen content of the soils 
were rated as low (deficient) under upper landscape, mid-
dle landscape, cultivated and grazing land while, medium 
(sufficient) within lower landscape positions and forest 
land (Hazelton and Murphy 2007). Moreover, notice-
able losses of total nitrogen in the intensively cultivated 
lands might be attributed to fast mineralization of SOM 
following cultivation and inadequate supply of organic 
and inorganic fertilizers (Emiru and Gebrekidan 2013). 
Land preparation in cultivated land increases soil air, and 
improves decomposition of SOM, facilitating the fast 
degradation and mineralization of the available organic 
matter by means of that reducing soil organic carbon and 
nitrogen.

The results of ANOVA indicted that the C/N ratio had 
shown a significant difference with landscape position 
(P < 0.001). Carbon to nitrogen (C/N) ratio also varied 
significantly with land use types (P < 0.05). Landscape 
position and land use types (LSP * LU) had a significant 
interactive effect on C/N ratio (p < 0.001) (Table  5). The 
mean values of C/N ratio under soils of upper land-
scape position (10.65) < middle landscape position 
(11.09) < lower landscape position (13.97) (Table  6). The 
results indicated that as slope of landscape increases, 
C/N ratio of the soils under all land use types decreases. 
Low mean value of C/N ratio (10.96) was recorded on 
cultivated land. Higher mean value of C/N ratio (13.14) 
was recorded on forest land use type followed by grazing 
land (11.61) (Table 6). LSD test also revealed that upper 
and middle landscape positions had significantly lower 
C/N ratio than lower landscape position and forest land 
had significantly higher C/N ratio than cultivated and 
grazing land.

The result indicates that available phosphorus varied 
substantially with landscape positions (p < 0.05), land 
use types (P < 0.001) and landscape position and land 
use types (LSP * LU) had an influential interaction effect 
on available phosphorus (p < 0.001) (Table 5). High mean 
value (12.46 ppm) of available phosphorus was found in 
lower landscape position followed by middle landscape 
positions (10.01  ppm). Those soils under upper land-
scape position had the lowest mean value (9.52 ppm) of 

available phosphorus (Table  6). This is because of the 
removal of available phosphorus from higher slope gra-
dient. In similar way, Asmamaw and Mohammed (2013) 
and Wolde et  al. (2007) reported that high amount of 
available phosphorus was recorded in lower slope posi-
tions. This result disagrees with the findings of Tellen 
and Yerima (2018), who reported that at high altitude, 
the soils under farmland use systems had the high-
est mean value of soil available phosphorus concen-
trations. Higher mean value of available phosphorus 
(13.00 ppm) was found in forest land followed by grazing 
land (10.01  ppm). Lower mean value of available phos-
phorus (9.52  ppm) was recorded on cultivated land use 
types (Table 6). This result is in agreement with findings 
of (Yimer et al. 2008) who reported that higher available 
phosphorus in natural forest soils than crop and grazing 
land. On the other hand, this result contradicts with the 
findings of Awdenegest et  al. (2013), who reported that 
available phosphorus showed no significant difference 
between the soils under all the land use/land cover sys-
tems. LSD test also indicated that lower landscape posi-
tion had significantly higher available phosphorus than 
middle and upper landscape positions and cultivated 
land had significantly lower available phosphorus than 
grazing and forest lands. Available phosphorus content 
of the soils was rated as medium under forest, grazing 
land, lower and middle landscape positions while rated as 
low under cultivated land and upper landscape position 
(Hazelton and Murphy 2007). The low available phospho-
rus content on cultivated land might be due to phospho-
rus fixation occurred as the result of drain away of base 
forming cations and subsequent development of acidity. 
High organic matter content in forest soils contributed to 
the release of organic phosphorus. This is the reason why 
forest had relatively higher available phosphorus mean 
values as compared to grazing and cultivated land soils.

Cation exchange capacity and exchangeable bases
The results indicated that concentrations of soil cation 
exchange capacity varied significantly with landscape 
positions and land use types (p < 0.001). Landscape posi-
tions and land use types (LSP * LU) showed a signifi-
cant interactive influence on cation exchange capacity 
(p < 0.001) (Table  7). Lower landscape position had the 
highest CEC (37.56  cmol (+)/kg), followed by middle 
(31.56  cmol ( +)/kg) and upper landscapes (24.78  cmol 
(+)/kg) (Table 8). High clay and organic matter contents 
in lower landscapes contributed to the high amount of 
CEC. Similarly, Selassie et  al. (2015) reported that the 
occurrence of variation in soil properties along landscape 
position. Higher mean value of cation exchange capac-
ity (36.67 cmol (+)/kg soil) was found on forest land fol-
lowed by grazing land (32.33  cmol (+)/kg soil). Lower 
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mean value of cation exchange capacity (24.89 cmol (+)/
kg soil) was found in cultivated land (Table 8). This result 
disagrees with the findings of Tellen and Yerima (2018), 
who reported that CEC did not show a clear picture of 
the variation under soils of different land use/land cover 
systems. LSD test indicated that upper landscape posi-
tion had significantly lower CEC than middle and lower 
landscape positions and cultivated land had substantially 
lower CEC than grazing and forest lands. CEC content of 
the soils were rated as medium under upper landscape 
position and cultivated land, while, high under lower 
landscape positions, middle landscape position, forest 
and grazing lands (Hazelton and Murphy 2007).

ANOVA indicated that concentrations of exchangeable 
bases (Ca, Mg, Na, and K) were significantly (p < 0.001), 
(p < 0.01), (p < 0.001) and (p < 0.05) affected by landscape 
positions respectively. Exchangeable bases (Ca, Mg, Na, 
and K) were significantly (p < 0.01), (p < 0.001), (p < 0.001) 
and (p < 0.05) affected by land use types respectively. 
Moreover, exchangeable bases (Ca, Mg, Na, and K) were 
significantly (p < 0.001) affected by interaction effects 
of landscape positions and land use types (LSP * LU) 
(Table  7). Highest mean values of exchangeable bases 
(Ca, Mg, Na, and K) were recorded in lower landscape 
positions and the lowest values were in upper landscapes 
(Table  8). LSD test also indicated that upper landscape 

Table 7 ANOVA of CEC and exchangeable bases as affected by landscape positions and land use types

MS is the mean square, PV is p-value, DgFr is the degree of freedom

Source of variation DgFr CEC ExcNa Exc K ExcCa Exc Mg

MS PV MS PV MS PV MS PV MS PV

LSP 2 367.815 0.000 0.002 0.034 11.444 0.000 66.704 0.000 30.259

LU 2 3319.37 0.001 0.019 0.000 5.444 0.013 44.481 0.003 46.704 0.000

LSP * LU 5 86.127 0.000 0.005 0.000 1.57 0.004 12.751 0.000 4.186 0.005

Error 24 0.245 0.002 0.022 0.043 0.001

Total 26

Table 8 Interaction effects of landscape positions and land use types on CEC and exchangeable bases (mean ± SE)

Means in the same row for land use and in the same column for landscape position followed by the similar letters are not significantly different at (p = 0.05)

Soil property Landscape position Land use types Total

Cultivated land Grazing land Forest

CEC Lower 31.33 ± 0.333 38.67 ± 0.202 42.67 ± 0.333 37.56 ± 1.668b

Medium 24.67 ± 0.333 33.33 ± 0.352 36.67 ± 0.333 31.56 ± 1.796bc

Upper 18.67 ± 0.333 25.00 ± 0.577 30.67 ± 0.333 24.78 ± 1.746c

Total 24.89 ± 1.837a 32.33 ± 2.000bc 36.67 ± 1.740c

Ex Ca Lower 13.67 ± 0.115 16.00 ± 0.000 17.33 ± 0.115 15.67 ± 0.553a

Medium 10.33 ± 0.145 13.00 ± 0.000 15.33 ± 0.333 12.89 ± 0.735b

Upper 8.00 ± 0.115 12.40 ± 0.115 12,67 ± 0.882 10.22 ± 0.722c

Total 10.67 ± 0.833ab 13.80 ± 0.000bc 15.11 ± 0.735c

Ex Mg Lower 6.00 ± 0.006 10.00 ± 0.014 10.33 ± 0.015 8.78 ± 0.703ab

Medium 5.00 ± 0.008 6.00 ± 0.001 10.00 ± 0.020 7.00 ± 0.764ab

Upper 3.00 ± 0.011 5.00 ± 0.008 7.33 ± 0.012 5.11 ± 0.633c

Total 4.67 ± 0.441a 7.00 ± 0.764b 9.22 ± 0.494c

Ex K Lower 4.00 ± 0.020 4.00 ± 0.020 5.67 ± 0.230 4.56 ± 0.294a

Medium 2.33 ± 0.333 3.00 ± 0.011 4.00 ± 0.041 3.11 ± 0.261bc

Upper 2.00 ± 0.014 2.00 ± 0.034 3.00 ± 0.087 2.33 ± 0.167c

Total 2.78 ± 0.324ab 3.00 ± 0.289ab 4.22 ± 0.401c

Ex Na Lower 0.13 ± 0.012 0.14 ± 0.006 0.22 ± 0.005 0.16 ± .014a

Medium 0.12 ± 0.008 0.13 ± 0.005 0.21 ± 0.005 0.15 ± .014a

Upper 0.10 ± 0.006 0.12 ± 0.005 0.18 ± 0.003 0.13 ± .012a

Total 0.12 ± 0.006ab 0.13 ± 0.004ab 0.20 ± 0.005c



Page 12 of 15Bufebo et al. Environ Syst Res           (2021) 10:14 

position had substantially lower exchangeable cations 
(Ca, Mg and K) than lower landscape position. However, 
LSD test revealed that exchangeable Na hadn’t showed 
significant variation among the landscape positions. 
High content of exchangeable bases in lower landscape 
position might be due to the washing down of cations 
by erosion from the upper slope and deposited in lower 
landscapes. This result is supported by previous find-
ings of Tadele et al. (2013) and Wolde et al. (2007), who 
reported that an increasing tendency of the content of 
exchangeable bases, as the slope of landscape decreases, 
which could be the result of lower erosion and higher 
accumulation at lower landscape position. Calcium was 
a distinguished dominant exchangeable base among 
landscape positions and land use types in the following 
sequence of Ca > Mg > K > Na, however, the concentration 
of sodium had the smallest component on the exchange 
complex (Table  8). Furthermore, in association with 
landscape position, the content of exchangeable bases 
(Ca, Mg, K, and Na) took the way in which lower land-
scape > middle landscape > upper landscape. High mean 
values of exchangeable bases (Ca, Mg, Na, and K) were 
recorded in forest land and low values were in culti-
vated lands (Table 8). This result confirms the findings of 
Yimer et al. (2008), who reported that the concentration 
of soil exchangeable  Na+ was lower in cropland than in 
the grazing and native forest. LSD test also indicated that 
significantly lower exchangeable cations (Ca, Mg, K, and 
Na) were found in cultivated land than forest lands. This 
is because deforestation, limited recycling of crop resi-
due and wearing away of soil by erosion caused reduction 
of exchangeable bases on cultivated land (Lechisa et  al. 
2014).

Micronutrients
Landscape positions significantly affected micronutrients 
(Mn, Zn and Cu) (p < 0.001) and Fe (p < 0.05). The results 
also showed that soil micronutrients (Fe, Mn, and Zn) 
varied significantly (P < 0.001), while copper differed sig-
nificantly (P < 0.01) with land use types. The combination 

of landscape position and land use types (LSP * LU) 
showed a significant interaction effect on micronutrients 
(p < 0.001) (Table  9). Lower landscapes had the highest 
concentration of micronutrients, followed by middle and 
upper landscapes (Table  10). High micronutrient values 
at lower landscapes might be attributed to higher organic 
matter contents. Higher mean values of micronutri-
ents (Fe, Mn, Zn and Cu) were recorded on forest land 
followed by grazing land. Lower mean values of micro-
nutrients were found on cultivated land (Table  10). The 
LSD test also revealed that upper landscape position had 
significantly lower micronutrients (Fe, Mn, Zn and Cu) 
than lower landscape position and cultivated land had 
significantly lower micronutrients (Fe, Mn, Zn, and Cu) 
than the forest and grazing land. SOM may promote the 
availability of such nutrients by supplying soluble organic 
acids that interfere with their fixation (Blair et al. 1991). 
This result was also supported by the findings of Aluko 
and Fagbenro (2000) who stated that micronutrients 
increased with the increase in SOM and total nitrogen.

Generally, the results of this study indicated that at 
upper slopes, soils under forest, grazing land and culti-
vated land showed low potential plant nutrients. Our 
results seem to indicate that severe erosion at upper 
slope position negatively affected soil quality as com-
pared to middle and lower slope positions. The physical 
features of the land in the study area contributed to soil 
erosion. Land with a steep slope facilitated the process 
of rainwater flow rate and washing away of nutrients in 
the area, particularly due to the faster movement of the 
water toward lower slope. Severe soil erosion played a 
significant role in removing soil nutrients from upper 
landscape position to lower landscape position is a major 
environmental problem. If there are no efforts to check 
the potential danger of erosion, it will have implications 
on increasing soil loss in particular and environmen-
tal degradation in general. Therefore, proper manage-
ment of soil in different landscape is important to ensure 
environmental sustainability, since soils are in the front 
line of environmental change. Moreover, Landscape 

Table 9 ANOVA for micronutrients as influenced by landscape positions and land use types

MS is mean square, PV is p-value, DgFr is the degree of freedom

Source of variation DgFr Fe Mn Zn Cu

MS PV MS PV MS PV MS PV

LSP 2 8575.148 0.031 20,967.37 0.003 56.259 0.005 1.037 0.008

LU 2 23,814.04 0.000 29,130.48 0.000 97.926 0.000 1.037 0.008

LSP * LU 5 8255.898 0.000 13,135.51 0.000 39.12 0.000 0.704 0.000

Error 24 26.551 7.57 26.551 7.57

Total 26



Page 13 of 15Bufebo et al. Environ Syst Res           (2021) 10:14  

management could play a significant role in the restor-
ing productivity to soils that have previously experienced 
productivity losses and protection of the rich variety of 
biological and physical resources that are available in 
the environment. Importantly, land restoration activi-
ties with particular attention to upper landscape posi-
tion help to increase soil fertility, thus enhancing crop 
production and reducing food insecurity. Finally, the 
result of this study could be used as input to show a clear 
pathway to ensure productivity of land, while providing 
opportunities to support achievement of the sustainable 
development.

Conclusion
The results of the study indicated that landscape posi-
tions, land use types and interaction effects of landscape 
positions and land use types (LSP * LU) significantly 
affected soil texture (sand, silt and clay), bulk density, 
water holding capacity at FC and PWP, water stable 
aggregate, soil pH, SOC, TN, AP, CEC, EB (Ca, Mg, Na 
and K) and micronutrients. Lower landscape position 
and forest land had the highest mean values of soil qual-
ity indicators (organic carbon, total nitrogen, C/N ratio, 
available phosphorus, CEC, exchangeable bases and 
available micronutrients), while upper landscape posi-
tion and cultivated land had the lowest mean values. This 
shows that the soil with best quality was found in lower 
landscape position and forest land, while less quality of 
soil was found in upper landscape position and cultivated 
land. Therefore, immediate application of appropriate 

sustainable land management practices focused on soil 
conservation that lead to improved biodiversity, resto-
ration of degraded lands, minimizing soil erosion and 
increasing productivity are very crucial in upper land-
scape position and cultivated land to increase the regula-
tion and provision of ecosystem services.

The scope of this research was limited to only evaluat-
ing the effects of landscape positions and land use types 
on soil physicochemical properties with a soil depth of 
surface layer 0–20 cm. Thus, further research should be 
carried out in detail on identifying the combined effects 
of landscape positions, land management practices and 
different soil depths.

Recommendations
It is recommended that encouraging the integration of 
experts specialized with different subjects or skills are 
required to develop a plan for sustainable resource man-
agement and restoration of the degraded landscapes of 
the area to ensure its functions for the next generations.
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Table 10 Interaction effects of landscape positions and land use types on micronutrients (mean ± SE)

Means in the same row for land use and in the same column for landscape position followed by similar letters are not significantly different at (p = 0.05)

Soil property Landscape Land use types Total

Position Cultivated land Grazing land Forest

Fe Lower 194.33 ± 8.686 225.00 ± 0.000 292.67 ± 13.860 237.33 ± 15.273ab

Medium 175.33 ± 0.882 221.67 ± 0.333 266.67 ± 0.333 221.22 ± 13.186abc

Upper 116.33 ± 9.871 181.67 ± 1.155 235.00 ± 0.577 177.67 ± 17.393bc

Total 162.00 ± 12.342a 209.44 ± 6.962b 264.78 ± 9.249c

Mn Lower 157.67 ± 0.333 260.33 ± 0.333 270.33 ± 22.303 229.44 ± 19.120ab

Medium 113.33 ± 0.333 188.12 ± 1.076 226.33 ± 0.882 175.89 ± 16.594abc

Upper 84.67 ± 0.333 117.67 ± 2.603 197.00 ± 3.055 133.11 ± 16.708bc

Total 118.56 ± 10.619a 188.67 ± 20.609b 231.22 ± 12.483c

Zn Lower 5.00 ± 0.000 6.67 ± 0.333 12.00 ± 0.000 7.89 ± 1.060ab

Medium 2.00 ± 0.000 5.00 ± 0.000 9.00 ± 0.000 5.33 ± 1.014abc

Upper 0.67 ± 0.458 2.00 ± 0.000 6.00 ± 0.000 2.89 ± 0.807bc

Total 2.56 ± 0.648a 4.56 ± 0.689b 9.00 ± 0.866c

Cu Lower 0.46 ± 0.011 0.57 ± 0.028 0.75 ± 0.017 0.67 ± 0.167ab

Medium 0.34 ± 0.021 0.44 ± 0.049 0.60 ± 0.005 0.44 ± 0.176abc

Upper 0.22 ± 0.012 0.29 ± 0.014 0.45 ± 0.024 0.32 ± 0.000bc

Total 0.34 ± 0.010a 0.44 ± 0.176b 0.67 ± 0.167c
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