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Abstract 
Quantify and understand soil nutrient loss under different undulating topography farming bases 

for site-specific management and targeted fertilizer application rates. The study aimed to assess 

the effect of slope positions on soil physicochemical properties at the Danka watershed of 

Dinsho District Bale Highland, Southeastern Ethiopia. Consequent to the reconnaissance 

survey, soil samples were taken from the cultivated land use type in three replications at three 

different soil depths (0-0, 20-40, and 40-60 cm) and three slope positions (upper, middle, and 

lower), analyzed follow standard laboratory procedure and further analyzed using R software 

4.1.1 version. The results showed soil physicochemical properties were significantly (P ≤ 0.05) 

influenced by the interaction between slope positions and soil depth. The results of soil physical 

properties varied from 1.29 -1.73 g cm-3, 2.47 – 2.74 g cm-3, 47.80 - 36.75%, 10.78 – 15.11%, 

12.76 – 18.16%, and 4.06 – 8.16% bulk density, particle density, total porosity, FC, PWP, and 

AWHC, respectively. Selected soil chemical properties varied from 5.91 - 6.45, 0.64 - 3.20%, 

0.04 - 0.25%, 1.14 - 5.60 gm/kg, and 10.24 - 37.24 cmol (+)/kg) soil pH, organic matter, total 

nitrogen, available phosphorus, and CEC, respectively. The values of exchangeable bases were 

concentration increased from the upper slope position toward the lower slope position and with 

increased soil depth. Soil micronutrients were increased with increased slope and decreased 

with increased soil depth. The lowest slope position had relatively better soil nutrient contents 

than other slope positions. It is advised that integrated soil fertility management, biophysical soil 

and water conservation, and slope-based, site-specific fertilizer rating for advance agricultural 

precision and ensure food security. 
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Introduction 

The soil is an essential natural resource that is particularly necessary for human life because of 

its capacity to control Earth's ecosystem functions and to supply a range of food, feed, and fiber 

(Robinson et al., 2017 and Liu et al., 2020).Topography has a major impact on the physical, 

chemical, and biological characteristics of soil as well as plant growth processes that are related 

to ecosystem function (Takoutsinget al., 2016; Liu et al., 2020; Awoonor and Dogbey, 2021; 

Belayneh et al., 2021). Agricultural landscapes with high elevation and hill slopes, mid slopes, 

and foot slopes require different agronomic management and input levels due to their topography 

(Tilahun et al., 2020). 

The terrain of agricultural land varies, which also provides an ideal environment for soil erosion, 

which typically erodes hill slopes, middle slopes, and foot slopes (Hurni et al., 2015 and Tilahun 

et al., 2020). The microclimate and vegetation establishment are influenced by topographic 

variables, which in turn impact the physicochemical qualities of soil through water movement 

and erosion (Khan et al., 2013; Gou et al., 2015 and Maren et al., 2015). 

Slope position is a topographic feature that influence species composition, soil qualities, 

microclimate, and ecosystem processes and functions in many terrestrial ecosystems, such as the 

slope location (Feng et al., 2018). One of the topographic components that influences soil 

genesis, water infiltration, runoff, soil erosion, and sedimentation processes is slope position. 

Different authors Yossif and Ebied( 2015), Mulugeta (2015) and Rezaei et al (2015), Yimer, 

(2017) and Markos (2020) found that slope position had a substantial impact on the 

physicochemical and morphological aspects of the soil, including clay, organic carbon, total 

nitrogen, phosphorus, and potassium.Assessing the physicochemical characteristics of the soil 

along the toposequence is critical for site-specific management (Yao et al., 2014 and Isola et al., 

2020). 

 

 

 



 

 

However, despite the fact, there is no or very limited previous study in the area on the effects of 

slope position on soil physicochemical properties. Although the area needs urgent appropriate 

soil management strategies for sustainable soil productivity and crop production, the basic 

information necessary to implement soil resource management and conservation is very limited. 

Therefore, understanding the effects of slope positions on the physical and chemical properties of 

the soil would have a significant role in planning appropriate management.Therefore, 

understanding the effects  of slope position on soil physicochemical properties is a key step in 

the development soil and water conservation, soil fertility and  other agronomic management 

strategies this mountainous area. However, despite the facts, there are few or not yet studies 

conducted on the effects of slope position on soil physicochemical properties in the study area. 

In the undulating Dinsho District of Bale Mountain, there is generally relatively little baseline 

information available about the impacts of slope positions on soil physicochemical 

characteristics. Because of the study area's steep slope, which accelerates water erosion by 

removing finer soil particles like organic matter and plant nutrients, topography is the primary 

factor that negatively affects the physicochemical properties of the soil as well as crop 

productivity. Consequently, knowledge of the impacts of slope positions, especially for 

cultivated land use type, for planning, decision support, and proper soil nutrient management in 

the study area.Thus, understanding the consequences of slope positions, especially for 

agricultural land use type based on planners, decision-makers, and proper soil nutrient 

management in the area. Thus, this study aimed to assess the effect of slope positions on soil 

physicochemical properties at the Danka watershed of Dinsho District Bale Highland, 

Southeastern Ethiopia. 

 

 

 

  



 

 

Materials and Methods 

Description of the Study Area 

The research was conducted in the Danka watershed in the Bale Highland, 400 km southeast of 

Addis Ababa, 30 kilometers from Robe, the Bale Zone's administrative of Oromia Regional State 

in southeast Ethiopia. Geographically, the Danka watershed is situated between 60 56' 0'' and 70 

6' 0'' N and between 390 44' 30'' and 390 52' 30'' E with an average height of 3066 to 4139 

meters above sea level (masl), the 7,084 ha research area of the Danka watershed is located 

(Figure 1). 

 

Figure 1. Overlaying map of Danka Watershed's contours, elevation, and soil sampled locations. 

  



 

 

Climate  

The study area Dinsho district has two agricultural seasons Ganna (March to June) and Bona 

(December to July). The Dinsho District's rainfall distribution pattern has an eight-month rainy 

season from late March to October. Rainfall in the area is typically between 600 and 1000 mm in 

the lower altitude areas and between 1000 and 1400 mm in the higher altitude areas every year. 

With a minimum temperature of 2°C and a maximum temperature of 20°C, it has a mid-

subtropical highland climate. 

Major soil types  

According to the FAO (1984), the main soil types found in the Dinsho district include 

PellicVertisols, EutricCambisols, Nitisols, and Chromic Luvisols. However, in the Danka 

watershed, only one predominant soil type chromic - Luvisols exist. The Miocene basalt and 

trachyte lavas cover Mesozoic deposits are the primary source of soils found on top of the 

stratigraphically youngest strata. 

Farming systems and land use 

In the Danka watershed, agriculture is the primary economic engine. Mixed farming, which 

combines livestock and agricultural systems, is the primary farming system covered. Wheat is 

the second most common crop farmed in the region, behind barley. In addition to cabbage, 

potatoes have emerged as main crops in recent years. Other crops are produces in a limited area 

surrounding the rain-fed vegetable garden. Among the fauna: The principal pillars of the 

agricultural structure are cattle, sheep, and horses. In addition to offering extra revenue streams 

for chemical fertilizers and other agricultural inputs purchase, livestock also serves as a means of 

transportation and cultivation. 

As per the findings of Tilahun et al (2017), the research area falls within the category of mixed 

rainwater barley production system. There are 7084 hectares in the Danka basin overall. 

Approximately 1600 hectares (22.59%) of the total basin area are arable land, 1300 ha (18.35%) 

are grassland, and 1400 ha (19.76%) are natural forest land. There are communities and other 

locations occupying the remaining 37.9% of the basin area. 

 

  



 

 

In general, the following is a quick overview of the three forms of land use in the research area: 

One form of land use is natural forest land, which is made up of naturally occurring native tree 

species with closed or mostly closed canopies. It is thick (50–80% crown cover) and mostly 

dominated by alien tree species. There are under-canopy trees on this land unit as well, which are 

made up of low bushes, grass, and shrubs. In the research region, common native tree species 

include Juniperus procera, Olea europea, Hageniaabyssinica, and other shrub and thick grass 

species. Grazing Land is the type of land use when more than 90% of the vegetation is made up 

of grasses. This form of land use includes both private open grazing property and the 

management of Bale Mountain National Park, which have comparable status. Cultivated land is 

defined as land that is used for rain-fed and irrigated crop cultivation, ongoing plowing, cereal 

monoculture, and crop residue clearance for various uses. 

Field Survey and Site Selection  

The Ethiopian Mapping Agency provided the topographic map (1:50 000) contains adequate 

information to distinguish the various landforms in the research area was used. The initial 

reconnaissance study was conducted to get comprehensive technical details on the sample site 

and to acquire a clear visual representation of the topography and watershed history. Experts in 

agriculture and the Bale Mountain National Park Administration Office were involved in the 

field service to seniors. The method of free surveying was applied (Mulla and McBratney, 2000). 

The sample sites were categorized into three slope positions for the three primary land-use types 

based on purposive selection method for stratified sampling sites has been used based on the 

survey. 

Based on the extent of degradation, intervention requirements, limitations, and opportunities, 

watershed selection for baseline assessment and mapping soil fertility status was determined. 

The delineation of the study area was performed using the automatic delineation option of the 

ArcGIS 10.3 software, using the Arc Hydro Extension using Aster's DEM 30 m*30 m resolution. 

The initially outlined boundaries were then verified in the field using GPS technology to 

establish benchmarks for future operations.   



 

 

Lastly, a watershed map was developed using extra data, including elevation range, size, slope, 

and a digitally and geographically defined watershed. According to FAO (206a), slope positions 

were divided into three categories for three different land use types along the toposequence: 

cultivated land, grazing land, and natural forest: lower slope (0 - 10%), middle slope (10 - 15%), 

and upper slope (15 - 30%). Both the Global Positioning System (GPS) and Clinometer were 

used to categorize the slope and pinpoint the precise slope positions of the soil sampled sites. 

The whole area of the study watershed is 7,084 hectares. Subsequently, the watershed was 

divided into three replications to conduct thorough soil sampling throughout the entire 

watershed. 

Soil sampling 

Following, the identification of a representative site, three replicates of a topographic sequence 

were used to choose 10 m x 10 m soil sample plots. Five soil samples were obtained from each 

plot at 0-20 cm depth using the random soil sample technique. Because this is the average depth 

of arable land, a soil sample depth of 0 to 20 cm has been chosen. A total of 54 composite soil 

samples were prepared, collected, labeled with the necessary information, then air-dried, 

removing unnecessary items such as rocks and roots. 

In the end, grind the soil using a mortar and pestle, then sieve for most soil physicochemical 

characteristics through a 2 mm mesh sieve and the organic carbon and total nitrogen through a 

0.5 mm mesh sieve. The analyses were carried out at the Haramaya University, the Melkasa 

Agricultural Research Center, and the Sinana Agricultural Research Center soil laboratory 

following the standard laboratory procedures. 

Soil Laboratory Analysis 

The soil particle size distribution was measured by use of the hydrometer approach (Bouyoucos, 

1962). Lastly, the textural class of the soil was identified using the USDA textural triangle 

categorization method (USDA, 1987). Soil pH was measured using the digital pH meter 

measured in a 1:2.5 (soil: water) solution ratio. The amount of soil organic carbon was 

determined as specified in Walkley and Black (1934). Next, soil organic matter content was 

calculated by multiplying the percent organic carbon content by a factor of 1.724. Soil total 

nitrogen was measured using the micro-Kjeldahl digestion, distillation, and titration technique 



 

 

(Bremner and Mulvaney, 1982). The available phosphorus was determined in the 

spectrophotometer using the Olsen method (Olsen et al., 1954). 

Atomic absorption spectroscopy (AAS) was used to estimate the exchanged Ca
2+

 and Mg
2+

, and 

a flame photometer was used to detect the K
+
 and Na

+
 (Okaleboet al., 2002). Cation exchange 

capacity (CEC) was determined, after leached by ammonium acetate (Chapman, 1965). The 

percent base saturation (PBS) follows the formula (equation 1): 

 

𝐏𝐁𝐒  % =
 𝐂𝐚+𝟐 + 𝐌𝐠+𝟐+ 𝐊+ + 𝐍𝐚+ 

CEC
∗ 𝟏𝟎𝟎 ………………………….. (1) 

 

Diethylenetriamine pentaacetate acid (DTPA) was used to extract the micronutrients (Fe, Mn, 

Cu, and Zn) at their wavelengths using Atomic absorption spectroscopy (Lindsay and Norvell, 

1978). 

Statistical Analysis 

Statistical analyses were conducted using R version 4.1.1 software. Differences in soil fertility 

index among parameters were tested by LSD t-test at a significance level of 5% to see if the test 

results were significant. Finally, ratings (very low, low, moderate, high, and very high) were 

made based on soil fertility nutrient ratings for the state of Ethiopia conditions and soil analysis 

using similar procedures. 

 

 

 

  



 

 

Results and discussion 

Effects of slope positions on Soils physical properties 

Particlesize distribution 

Sand content was significantly different (P ≤ 0.05) as affected by the interaction slope positions 

(Table 1). Accordingly, the highest (47%) mean sand content was observed for soil of the upper 

position at 20-40 cm soil depth and the lowest (24.33%) was observed for soil of the lower and 

middle slope positions of 0-20 cm and 40 – 60 cm soil depths(Table 1).The findings 

demonstrated that the sand concentration increased as one moved toward the upper slope 

position. The buildup of sand in the higher landscape position and the selective removal of fine 

particles such as silt and clay due to faster water erosion are most likely the causes. The findings 

validated the research of multiple authors, including Rezaei et al (2015), Mulugeta (2015), 

Yihenewet al (2015), Eyasu (2017), Kehaliet al (2017), Aweke (2021), and Belayneh et al 

(2021), who documented the removal of finer particles and residual accumulation of coarser 

particles from soils of the upper slope position as a result of water erosion and its deposition in 

the lower slopes. 

The interaction between slope positions and soil depths had a significant (P ≤ 0.05) influence on 

the percent silt contents (Table 1). Consequently, the highest (38%) and lowest (10.67%) mean 

silt fractions were found for soil of the upper slope at 0- 20 cm soil depth and lower slope 

positions at 40 – 60 cm soil depth, respectively. However, the percentage of silt does not follow a 

constant trend with slope positions and soil depths. 

The interaction between slope locations and soil depth significantly (P ≤ 0.05) altered the amount 

of clay present (Table 1). According to Table 1, the positions with the highest mean clay content 

(59.67%) were found on the lower slope at40 – 60 cm soil depth and the lowest mean (25%) clay 

content for soil of the upper slope position at 0- 20 cm soil depth (Table 1). This may be 

explained by the fine fractions being selectively removed by water erosion from the upper slope 

and accumulating at the lower slope position.According to several authors, Nahusenay and 

Kibebew (2016), Ibadullah et al (2017), Tariku et al (2017), Kehaliet al (2017), Yasin and 

Yulnafatmawita (2018), Mesfin and Mohamme (2020), Aweke (2021), Belayneh et al (2021) 

and Magdić et al (2022), the increased clay content in the lower slope may be caused by clay 

particles that become detached due to erosion then carried downward.  



 

 

Unlike sand, clay increased down the slope in this study, with the upper slope < middle slope < 

lower slope position. These might be because fine soil particles wash away from steeper terrain 

and settle at lower gradients in the landscape.The loam, clay loam, sand clay loam, and clay were 

the four main soil textural types found in the watershed (Table 1).These can be due to the 

influence of eluviation and illuviation processes driven by soil water movement, run-off reason 

for the variations seen in textural classes in the three slope positions analyzed. This result was in 

agreement with the findings of Fantawet al(2006), Lawal et al (2014), Yasin and 

Yulnafatmawita (2018), Mesfin and Mohamme (2020), Aweke (2021), Belayneh et al (2021), 

*and Magdić et al (2022) who reported variability in soil texture class due to slope position as 

runoff influenced by topography. The field crops may be grown in loam, clay loam, and clay 

textural soil classes because they can balance well in terms of holding water, forming sturdy 

structures, and providing enough aeration. 

Table 1.Effects of Slope Positions and soil depth on Soil particle size distribution properties of 

Danka watershed  

Soil Depth 

(cm) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Texture 

Upper slope position 

0 – 20 37
b
 38

a
 25

g
 Loam 

20 – 40 47
a
 22

de
 31

f
 Sand Clay Loam 

40 – 60 30.33
c
 31.33

bc
 38.33

e
 Clay Loam 

Middle  slope position 

0 – 20 29
c
 37.33

ab
 33.67

f
 Clay Loam 

20 – 40 35.67
b
 24

d
 40.33

e
 Clay 

40 – 60 24.33
d
 28

cd
 47.67

c
 Clay 

Lower slope position 

0 – 20 24.33
d
 31.33

bc
 44.33

d
 Clay 

20 – 40 27.67
c
 16.67

ef
 55.67

b
 Clay 

40 – 60 29.67
c
 10.67

f
 59.67

a
 Clay 

Mean 31.67 26.59 41.74  

CV 5.05 8.66 4.24 

LSD(0.05) 2.742 6.603 3.0 

Where; Means followed by similar lower case letter(s) indicatecross columns and rows are not 

significantly different (p =0.05) with respect to slope position, and soil depths. 

  



 

 

Soil bulk and particle density 

The interaction between slope positions and soil depth exhibited a significant change in bulk 

density (P ≤ 0.05) indicated in Table 2. The soils at the lower slope position had the lowest bulk 

density value (1.29 g cm
-3

) at 0- 20 cm soil depth, while the soil at the upper slope position had 

the highest (1.73 g cm
-3

) at 40-60 cm soil depth (Table 2). According to the classification system 

developed by Hazelton and Murphy (2007), bulk density was highest at the upper slope position 

and moderate at the middle and lower slope positions (Table 2).  

The soils of the higher slope position may have the highest bulk density due to low organic 

matter content and compaction from repeated cultivation.This result is consistent with the 

findings of multiple authors, including Safadoustet al (2015), Yasin and Yulnafatmawita (2018), 

Isola et al (2020), Aweke (2021), Ogban (2021), and Belayneh et al (2021), who reported that 

variations in the amounts of clay fraction and organic matter were the cause of low and high bulk 

density values observed in the lower and upper slope position, respectively.The coarser material 

and a higher soil bulk density were recorded at the upper slope position due to soil erosion, 

which removes finer particles and transports them down the slope. Thus, it was evident from the 

results that the bulk density of the soil had a direct relationship with the sand content and an 

inverse relationship with the contents of clay and silt in the soil. 

Soil particle density was significantly (P ≤ 0.05) influenced by the interaction of the slope 

positions and soil depth (Table 2). Accordingly, the highest (2.74 g cm
-3

) at 40- 60 cm soil depth 

of the upper slope position and the lowest (2.47 g cm
-3

) at 0- 20 soil depth of the lower slope 

position (Table 2). The reason for increased soil particle density from the lower slope position 

toward the upper slope position and increased with increased soil depth might be due to low 

organic matter content, high sand content, and the presence of heavy minerals such as oxides of 

Fe and Mn. This finding was confirmed by Habtamu et al (2014), Ararsa et al (2015), 

Nahusenay and Kibebew (2016) Berhanu (2016) who reported the highest mean value of soil 

particle density for soils of cultivated land use type due to low soil organic matter. According to 

Hillel (2004), the particle density of the studied soil was in the normal range for most mineral 

soils since the range between 2.50 - 2.75 g cm
-3

 (Table 2). 

  



 

 

Soil Total Porosity 

The interaction between slope positions and soil depth on soil total porosity was significant (P ≤ 

0.05) (Table 2). The lower slope had the highest mean total porosity (47.80%) at 0-20 cm soil 

depth, and the upper slope had the lowest mean total porosity (36.75%) at 40 -60 cm soil depth 

(Table 2). The relatively lower bulk density, high clay content, and high soil organic matter 

contents may be the reason behind the comparatively higher total porosity in the lower slope 

position.In line with this finding Yao et al (2014); Mulugeta (2015); Yasin and Yulnafatmawita 

(2018); Aweke (2021); Ogban (2021) reported soils at lower slope position had highest total pore 

as compared to soils at the upper positions of the slope.The findings of Mulugeta (2015), who 

found that total porosity decreases with increasing bulk density and increases with decreasing 

bulk density, were consistent with this result.There could be differences in bulk density, OM 

contents, clay content, and cultivation intensity as causes of variance in total porosity. The lower 

bulk density values and comparatively high clay fractions and soil organic matter contents may 

be the cause of the comparatively higher total porosity in the lower slope position. The bulk 

density data displayed a decreasing trend with increasing bulk density, while the total porosity 

displayed an inverse pattern (Table 4). 

Table 2.Effects of slope positions and soil depth on soil bulk and particle density, and soil total 

porosity of Danka Watershed  

Soil Depth (cm) BD (gcm
-3

) PD (gcm
-3

) TP (%) 

Upper slope position 

0 – 20 1.66
b
 2.64

c
 37.18

d
 

20 – 40 1.69
ab

 2.69
b
 39.66

c
 

40 – 60 1.73
a
 2.74

a
 36.75

d
 

Middle  slope position 

0 – 20 1.53
d
 2.54

de
 39.71

c
 

20 – 40 1.55
d
 2.57

d
 39.66

c
 

40 – 60 1.60
c
 2.68

b
 40.13

c
 

Lower slope position 

0 – 20 1.29
g
 2.47

f
 47.80

a
 

20 – 40 1.34
f
 2.52

e
 46.83

a
 

40 – 60 1.45
e
 2.56

d
 43.56

b
 

Mean 1.54 2.601 40.99 

CV 1.90 0.76 2.934 

LSD(0.05) 0.050 0.034 2.036 

Where; BD: Bulk density: PD Particle density, TP: Total Porosity, Means followed by similar 

lower case letter(s) indicate cross columns and rows are not significantly different (p = 0.05) 

with respect to slope position, and soil depths. 



 

 

Soil water characteristic  

The interaction between slope positions and soil depth resulted in significant differences (P ≤ 

0.05) in the water holding capacity at field capacity (FC), water retention at permanent wilting 

point (PWP), and available water holding capacity (AWHC) (Table 3). Consequently, for the FC, 

PWP, and AWHC, the mean values ranged from 15.77–41.92%, 13.42–36.73%, and 2.35–

5.22%, respectively (Table 3). As a result, Table 6 shows that the soil water characteristics, 

specifically FC, PWP, and AWHC, increased from the upper slope position toward the lower 

slope position and increased with increased from 0-20 cm to 40-60 cm soil depths (Table 3). The 

present outcome is consistent with the research conducted by Getachew et al (2012) and 

Belayneh et al (2021), which revealed notable differences in soil water content among the soil 

samples from various slope positions. 

Table 3.Effects of slope positions and soil depth on soil water characteristics 

Soil Depth (cm) FC (%) PWP (%) AWHC (%) 

Upper slope position 

0 – 20 15.77
h
 13.42

h
 2.35

c
 

20 – 40 20.02
g
 16.18

g
 3.84

abc
 

40 – 60 23.85
f
 20.05

f
 3.80

abc
 

Middle  slope position 

0 – 20 25.50
f
 22.82

e
 2.67

bc
 

20 – 40 29.27
e
 24.96

d
 4.31

ab
 

40 – 60 31.26
d
 24.04

d
 5.22

a
 

Lower slope position 

0 – 20 37
c
 31.93

c
 5.07

a
 

20 – 40 39
b
 35.01

b
 3.99

abc
 

40 – 60 41.92
a
 36.73

a
 5.19

a
 

Mean 29.29 25.24 4.05 

CV 3.355 3.79 5.84 

LSD(0.05) 1.663 1.620 1.773 

Where; FC = field capacity, PWP = permanent wilting point, AWHC = available water holding 

capacity, means followed by similar lower case letter(s) indicatecross columns and rows are not 

significantly different (p = 0.05) with respect to slope position, and soil depths. 

 

 

 

  



 

 

Effects of slope positions on selected soil chemical properties  
 

Soil pH  

The amount of percent clay content was significantly (P ≤ 0.05) influenced by the interaction 

between slope position and soil depth (Table 4). The highest mean (6.45) and the lowest (5.91) 

soil pH vale was recorded under soils of lower slope position at 40- 60 cm soil depths and soils 

of the upper slope position at 0-20 cm soil depth (Table 4).As per the rate stated by Jones (2003), 

the soil of the watershed was slightly acidic in the middle and lower slope positions and 

moderately acidic in the upper slope position (Table 4).This might be due to water erosion 

removing the fine particles from the upper slope position and depositing them at the lower slope 

positions. This study's findings are consistent with those of Emiru and Gebrekidan (2013), Tan et 

al (2014), Isola et al (2020), Aweke (2021), and Belayneh et al (2021), who found that enhanced 

erosion-induced runoff and leaching of basic cations lower soil pH and increase soil acidity. 

These might be due to exchangeable base loss brought on by runoff and erosion wearing down 

the surface soil. A decrease in soil bulk density, increased percent clay, and soil organic matter 

content at the lower slope position might be other reasons for somewhat higher soil pH. 

Soil organic matter  

The interaction of slope positions and soil depth had a substantial (P ≤ 0.05) effect on the soil 

organic matter (OM) contents (Table 4). Soil organic matter had the highest mean value (3.20%) 

in the lower slope position at 0- 20 cm soil depth while the lowest mean value (0.64%) for soils 

of the upper slope position at 40 -60 cm soil depth (Table 4). According to the classification 

system developed by Tekalign (1991), soil organic matter content was very low to low at the soil 

of the upper slope position and low to moderate at the soil of the middle and lower slope 

positions (Table 4).The results in line with several authors Khan et al (2013); Dinku et al (2014); 

Ezeaku and Eze (2014); Amuyou and Kotingo (2015); Mulugeta (2015); Fantaw (2017); Yasin 

and Yulnafatmawita (2018); Zhang et al (2018); Aweke, (2021) and Belayneh et al (2021), have 

observed the higher soil OM contents at the lower landscape positions in comparison to the 

medium and the upper slope gradient classes due to downward movement of soil OM by erosion 

from the upper slope and accumulation at the lower slope position. 

  



 

 

Additionally, poor management practices, such as complete removal of crop residues, intensive 

cropping, which promotes oxidation reactions, and not or limited uses of organic fertilizers, 

which could make up for amounts lost to erosion, immobilization, or mineralization, could also 

be the cause of the low mean value of soil organic matter in the majority of the study area's soils. 

In line with these findings, Hailu et al (2015) proposed that the low soil organic matter could be 

given credit for because to intensive farming, limited use of organic fertilizers, and complete 

removal of crop residue. 

 

Total nitrogen 

The interaction between slope positions and soil depth had a highly significant (P ≤ 0.05) effect 

on the total nitrogen (TN) content (Table 4). As a result, according to Table 4, the lowest 

(0.04%) in the upper slope position at 40 – 60 cm soil depth and highest (0.25%) in the lower 

slope position 0 – 20 cm soil depth(Table 4).The classification system developed by Landon 

(1991) states that the total nitrogen concentration of the soil was low at the lower slope position 

and very low to low at the upper and middle slope positions (Table 4). 

The total N results showed an increasing tendency from the upper slope position toward the 

lower slope position like soil OM contents. This might be due to the relatively high OM contents 

varied from the higher slope position and accumulated total N at the lower slope position due to 

moving downward with runoff water. Supporting this finding, different scholars Dinku et al 

(2014), Belayneh et al (2021), and Aweke (2021) found the highest total nitrogen at lower slope 

positions due to displacement from upper slope positions in connection with soil erosion. 

The low total N content in the study area might be due to leaching of N because of high rainfall, 

soil erosion due to steep slopes, no external input (N containing fertilizer and organic fertilizers), 

nutrient removed by harvested products without nutrient replenishment and mineralization of the 

existing soil OM following cultivation in the study area. The results of studies by researchers 

Abebe and Endalkachew (2012), Nega and Heluf (2013), Alemu et al (2016), Fanuel et al 

(2016), Kehali (2017), and Belayneh et al (2021) who documented a widespread deficiency of N 

in most Ethiopian soils due to complete removal of biomass from the field, lower fertilizer 

application rates, and continuous cultivation that aggravates the rapid rate of mineralization 

support this finding.  



 

 

Soils available phosphorus 

The soil's available phosphorus (av. P) level varied significantly (P ≤ 0.05) as influenced by the 

combination of slope positions and soil depth (Table 4). Thus, the upper slope position had the 

lowest available phosphorus value (1.14 gm/kg) at 40 – 60 cm soil depth, while the lower slope 

position had the highest (5.60 gm/kg) available phosphorus at 0- 20 cm soil depth (Table 4).   

According to the rate Cottenie (1980) reported, the watershed's soil available phosphorus was 

very low at the soil of upper and middle slopes positions whereas very low to low at the soil of 

lower slope position(Table 4).  

This might be due to its removal from the upper slope and deposition in the lower slope, high 

soil organic matter at the lower slope might be the reason for the relatively higher content of 

available phosphorus in the lower slope position. Similar findings by Asmamaw and Mohammed 

(2013), Fantaw (2017), Aweke (2021), and Belayneh et al (2021) reported that the soils on the 

lower slope position had a high level of available phosphorus.This result disagrees with the 

findings of Tellen and Yerima (2018), who reported that at high altitudes, the soils under 

farmland use systems had the highest mean value of soil available phosphorus concentrations.  In 

contradiction to this study, Amuyou and Kotingo (2015) reported the trend of available 

phosphorus is irregular in slope positions. On the other hand, the lower content of available 

phosphorus recorded in the upper slope position might be due to low soil pH, removal of 

phosphorus, and leaching or washing away of exchangeable basic cations by soil erosion.  

In general, low available phosphorus content on cultivated land might be due to phosphorus 

fixation due to the drain away of base-forming cations and subsequent development of acidity. 

This suggestion is in line with several authors (Alemu et al., 2016; Fanuel et al., 2016; Kehaliet 

al., 2017) who reported that most Ethiopian soils are deficient in available phosphorus 

concentration may be due to intensive cropping system, unbalanced use of fertilizer, nutrient 

mining, and erosion. 

  



 

 

Exchangeable Acidity  

Exchangeable acidity (Ex Ac) was significantly (P ≤ 0.05) varied as influenced by the interaction 

of slope positions and soil depths (Table 4).The highest (0.55 Cmol(+) Kg
-1

) at 0- 20 cm soil 

depth and the lowest (0.18 Cmol(+) Kg
-1

) at 40 – 60 cm soil depth were recorded for the soil of 

the upper slope and the lower slope positions, respectively (Table 4). The relatively high soil Ex 

Ac at the upper slope position and surface soil (0- 20 cm) might be due to low soil pH and 

exchangeable bases because of leaching and soil erosion. Similarly, Bierman and Rosen (2005), 

Frimpong et al (2014), and Mohammed et al (2016) reported that intensive cultivation, leaching, 

and plant uptake of basic cations are the possible causes of acidic soils in Ethiopia. 

Cation exchange capacity (CEC) 

The findings showed that the interaction between slope position and soil depths significantly 

affected the concentrations of soil cation exchange capacity (CEC) (P ≤ 0.05) (Table 4). The 

highest (35.24cmol (+)/kg) at 0- 20 cm soil depth and lowest (10.24cmol (+)/kg) CEC values at 

20 – 40 cm soil depth were found at the lower and upper slope positions, respectively (Table 4). 

Hazelton and Murphy (2007) low to moderate, moderate and moderate to high at soil of the 

upper, middle and lower slope positions, respectively (Table 4). 

The high CEC levels in lower slope positions might be due to high clay and organic matter 

concentrations. Similar to this finding, Tan et al (2014); Dinku et al (2014); Mulugeta (2015); 

Fantaw (2017); Yasin and Yulnafatmawita (2018); Mulugeta et al (2019) and Aweke (2021); 

found that there was an increase in CEC values of soil from the upper slope position toward the 

slope lower position might be due to the accumulation of clay, soil OM and basic cations which 

come from the upper slope by erosion.According to the current results, the higher landscape 

position had a significantly lower CEC than the middle and lower landscape sites. Hence, the 

OM and clay particles, particularly in humic form, helped to create soil colloids with charges that 

can hold cations, which has a good effect on the soil's CEC content. In agreement with this, 

Teshome et al (2013) reported that the amount of clay and type of clay mineral present in the 

soils are important controlling factors for CEC.  

 

  



 

 

Table 4.Effects of slope positions and soil depth on selected soil chemical properties of Danka 

Watershed 

Soil Depth 

(cm) 

pH 

(H2O) 

OM TN  Av.P 

(mg/kg) 

EA CEC   

(%) Cmol(+) Kg
-1

 

Upper slope position 

0 – 20 5.91
g
 2.07

c
 0.13

c
 2.83

c
 0.55

a
 14.04

de
 

20 – 40 5.95
fg

 1.49
d
 0.09

d
 2

d
 0.5

b
 10.24

e
 

40 – 60 6.0
ef

 0.64
f
 0.04

e
 1.14

e
 0.47

b
 10.83

de
 

Middle  slope position 

0 – 20 6.05
de

 2.62
b
 0.18

b
 3.86

b
 0.41

c
 20.04

c
 

20 – 40 6.11
cd

 1.83
c
 0.095

d
 3.04

c
 0.35

d
 14.71

d
 

40 – 60 6.17
bc

 1.18
e
 0.06

e
 2.79

c
 0.33

d
 12.84

de
 

Lower slope position 

0 – 20 6.11
cd

 3.20
a
 0.25

a
 5.60

a
 0.22

e
 35.24

a
 

20 – 40 6.21
b
 2.07

c
 0.16

bc
 3.14

bc
 0.2

ef
 27.47

b
 

40 – 60 6.45
a
 1.38

de
 0.11

d
 3.02

c
 0.18

f
 20.71

c
 

Mean 6.11 1.83 0.13 3.05 0.36 18.46 

CV 0.80 8.25 13.48 4.22 6.08 4.02 

LSD(0.05) 0.081 0.256 0.029 0.73 0.037 4.382 

Where; pH (H2O) = soil pH in 1:2.5 soil to water ratio, OM = Soil organic matter, TN = Total 

nitrogen, AV.P = available phosphorus, EA = Exchangeable acidity, CEC = Cation exchange 

capacity, means followed by similar lower case letter(s) indicate cross columns and rows are not 

significantly different (p = 0.05) with respect to slope position, and soil depths. 

 

Exchangeable bases and Percent base saturation 

The interaction between slope positions and soil depth resulted significantly(P ≤ 0.05) influenced 

soil exchangeable base concentrations (Ca, Mg, Na, and K) (Table 5).  As a result, Table 6 shows 

that the mean values of the exchangeable bases (Ca, Mg, Na, and K) were lowest in upper slope 

positions at 0- 20 cm soil depth and highest in lower slope positions at 40–60 cm soil depth. 

Specifically, the highest values of 10.53, 1.18, 0.95, and 0.49cmol (+) kg
-1

) were found under the 

soil at lower slope positions at 40 – 60 cm soil depth, while the lowest mean values of 2.37, 0.26, 

0.22, and 0.05cmol (+) kg
-1

) were found at upper slope position at 0- 20 cm soil depth (Table 5). 

 

 

 

 

Exchangeable base (Ca, Mg, K, and Na) concentration increased from the upper slope position 

toward the lower slope position (Table 5). This could be because they are lost in the upper slope 



 

 

position due to runoff, leaching, and soil erosion, and they accumulate in the lower slope 

position.Consistent with the findings of other scholars, Tadele et al (2013), Mulugeta (2015), 

Amuyou and Kotingo (2015), Kehaliet al (2017), Fantaw (2017), Belayneh et al (2021), and 

(Aweke, 2021) show an increasing tendency of the content of exchangeable bases from upper 

slope position toward the lower slope position, potentially as a result of higher accumulation and 

lower erosion at lower slope positions.The percent base saturation (PBS) was significantly (P ≤ 

0.05) influenced by the interaction between slope positions and soil depth (Table 5).  The soil 

PBS inconsistence with slope position and soil depth but somewhat it follows the trends of soil 

exchangeable bases.  

Table 5. Effects of slope positions and soil depth on exchangeable base and percent base 

saturation of Danka Watershed  

Soil Depth 

(cm) 

Ca Mg K Na PBS  

(%) Cmol(+) Kg
-1

 

Upper slope position 

0 – 20 2.37
d
 0.26

d
 0.22

f
 0.05

f
 20.75

e
 

20 – 40 3.22
cd

 0.38
cd

 0.32
ef

 0.08
ef

 40.58
cd

 

40 – 60 4.41
c
 0.51

c
 0.54

c
 0.12

def
 51.50

bc
 

Middle  slope position 

0 – 20 4.10
c
 0.43

c
 0.39

de
 0.12

def
 25.31

e
 

20 – 40 6.22
b
 0.70

b
 0.54

c
 0.17

cde
 52.58

bc
 

40 – 60 9.26
a
 0.80

b
 0.69

b
 0.19

cd
 85.38

a
 

Lower slope position 

0 – 20 6.12
b
 0.80

b
 0.41

cde
 0.28

bc
 21.60

e
 

20 – 40 6.68
b
 1.17

a
 0.51

cd
 0.31

b
 31.59

de
 

40 – 60 10.53
a
 1.18

a
 0.95

a
 0.49

a
 63.46

b
 

Mean 5.88 0.69 0.508 0.20 43.64 

CV 7.79 5.63 6.41 8.54 7.67 

LSD(0.05) 1.37 0.136 0.139 0.111 13.056 

Where: PBS = percent base saturation, means followed by similar lower case letter(s) 

indicatecross columns and rows are not significantly different (p = 0.05) with respect to slope 

position, and soil depths. 

  



 

 

Micronutrients (Fe, Mn, Cu and Zn) 

The interaction between slope positions and soil depth resulted in significant (p < 0.05) 

micronutrients (Fe, Mn, Cu and Zn) (Table 6).  As a result, Table 6 shows that the mean values 

of the exchangeable bases micronutrients (Fe, Mn, Cu and Zn) were lowest in upper slope 

positions at 0- 20 cm soil depth and highest in lower slope positions at 40–60 cm. Specifically, 

the highest values of 8.12, 14.41, 2.65, and 2.29mg/kg were found under the soil at upper slope 

positions at 0 – 20 cm soil depth, while the lowest mean values of 5.19, 8.09, 0.31, and 

0.30mg/kg were found at upper slope position at 0- 20 cm soil depth (Table 6).According to the 

corresponding slope position and soil depth, the micronutrient concentration of the watershed's 

soil is Mn > Fe > Cu > Zn. Likewise, Kedir et al (2016) showed similar results for 

micronutrients that could be extracted using EDTA. 

The increased soil micronutrients from the lower slope position toward the upper slope position 

might be due to the low soil pH's strong binding micronutrients to the soil. Likewise, Havlin et al 

(2010), Yadav (2011), Diatta et al (2014), and Dinesh and Sushil (2016) stated that the increase 

in soil pH decreases the available micronutrients. The soil Fe and Mn of the study area might be 

because the parent material contains minerals like Feldspar, Magnetite, Hematite, and Limonite. 

Similarly, Sheleme (2011), Wondwosen and Sheleme (2011), Vijaya et al (2013), Eyob et al 

(2015), and Hiletteet al (2015) reported adequate Mn and Fe for most Ethiopia soils. In 

contradiction, the soils Cu and Zn were relatively deficient for soils of the study area. 

Correspondingly, Samuel (2014), Hillette et al (2015), Berhanu (2016), and Mohammed et al 

(2016) also reported low Cu and Zn under cultivated land for most Ethiopian soils. 

  



 

 

Table 6. Effects of slope positions and soil depth on soil Micronutrients of Danka Watershed 

Soil Depth (cm) Fe Mn Cu Zn 

mg/kg  

Upper slope position 

0 – 20 8.12
a
 14.41

a
 2.65

a
 2.29

a
 

20 – 40 7.72
b
 13.89

b
 2.17

b
 1.98

b
 

40 – 60 7.42
c
 12.96

c
 1.73

d
 1.59

c
 

Middle  slope position 

0 – 20 7.26
c
 12.51

d
 1.98

bc
 1.40

d
 

20 – 40 6.90
d
 11.70

e
 1.61

d
 1.16

e
 

40 – 60 6.28
e
 11.07

f
 1.10

e
 0.95

f
 

Lower slope position 

0 – 20 5.88
f
 10.52

g
 1.73

cd
 0.93

f
 

20 – 40 5.54
g
 9.29

h
 0.82

f
 0.35

g
 

40 – 60 5.19
h
 8.09

i
 0.31

g
 0.30

g
 

Mean 6.70 11.60 1.57 1.22 

CV 2.49 2.07 6.38 8.18 

LSD(0.05) 0.28 0.406 0.249 0.169 

Where: means followed by similar lower case letter(s) indicatecross columns and rows are not 

significantly different (p = 0.05) with respect to slope position, and soil depths. 

 

 

  



 

 

Conclusion and Recommendation 

As a result, the lower slope position had higher levels of clay, TP, pH, OM, TN, Av. P, 

exchangeable bases, CEC, and PBS than the other slope positions. In contrast, the upper slope 

position had higher sand, BD, and extractable micronutrients (Fe, Mn, and Cu) than other slope 

positions.It is advised that integrated soil fertility management, biophysical soil and water 

conservation techniques, and slope-based, site-specific fertilizer rating should be used to 

sustainably minimize soil erosion and soil nutrient loss. 

Validating the slope position of site-specific fertilizer recommendations can help to advance 

agricultural precision and ensure food security. More investigation is needed into crop response 

fertilizer rates based on slope positions. 

 

  



 

 

References 

Alemu Lelago, Tekalign Mamo, Wassie Haile and Hailu Shiferaw. 2016. Assessment and Mapping 

of Status and Spatial Distribution of Soil Macronutrients in KambataTembaro Zone, Southern 

Ethiopia. Advances in Plants and Agriculture Research, 4(4):144. 

Amuyou, U.A. and Kotingo, K.E., 2015. Toposequence analysis of soil properties of an agricultural 

field in the Obudu Mountain slopes, Cross River State-Nigeria. European Journal of Physical 

Agricultural Sciences, 3(1), 1-11. 

Asmamaw LB, Mohammed AA .2013. Effects of slope gradient and changes in land use/cover on 

selected soil physico-biochemical properties of the Gerado catchment, north-eastern Ethiopia. 

Int J Environ Stud: 70:111–125. 

AwekeEndalewAssaye. 2021. Effect of Slope Position and Aspect on Selected Soil Physicochemical 

Properties in Agricultural Land of Mesk Watershed Northwest Ethiopia (Doctoral 

dissertation). 

Awoonor, J.K. and Dogbey, B.F., 2021. An Assessment of Soil Variability along a Toposequence in 

the Tropical Moist Semi-Deciduous Forest of Ghana. Open Journal of Soil Science, 11(9), 

448-477. 

Belayneh Bufebo, Eyasu Elias and Getachew Agegnehu. 2021. Effects of landscape positions on soil 

physicochemical properties at Shenkolla Watershed, South Central Ethiopia, Environmental 

System Research Journal, 10(1):14. 

Bouyoucos, G.J., 1962. Hydrometer method improved for making particle size analyses of soils 1. 

Agronomy journal, 54(5):464-465. 

Bremner JL and Mulveny CS., 1982. Nitrogen Total, In: AL Page (ed). Methods of Soil Analysis, 

Part Two, Chemical and Microbiological properties, 2nd ed. Am. Soc. Agron. Wisconsin pp. 

595-624. 

Chapman, H.D., 1965. Cation exchange capacity. In: Black, C.A. (Ed.), Methods of Soil Analysis. 

American Society of Agronomy, Madison 9: 891-901. 

Cottenie, A., 1980. Soil and plant testing as a basis of fertilizer recommendations. FAO soil bulletin 

38/2. Food and Agricultural Organization of the United Nations, Rome. 

Dinku Dessalegna, Sheleme Beyenea, Nand Ram, Fran Walley, Tekleab S. Gala. 2014. Effects of 

topography and land use on soil characteristics along the toposequence of Ele watershed in 

southern Ethiopia. Catena, 115: 47–54. 

Emiru N, Gebrekidan H .2013. Effect of land use changes and soil depth on soil organic matter, total 

nitrogen and available phosphorus contents of soils in senbat Watershed, Western Ethiopia. 

Asian Res PublNetw J Agric Biol Sci 8(3):206–212. 

Eyasu Elias. 2017. Characteristics of Nitisol profiles as affected by land use type and slope class in 

some Ethiopian highlands. Environmental Systems Research, 6(1):20. 

Ezeaku, P. I., and Eze, F. U., 2014. Effect of land use in relation to slope position on soil properties 

in a semi-humid Nsukka area, Southeastern Nigeria. Journal Agricultural Research, 52(3):369–

381. 

FAO (Food and Agriculture Organization). 1984. Provisional soil map of Ethiopia. Land Use 

Planning Project, Addis Ababa. 

Hazelton, P. and Murphy, B. 2007. Interpreting Soil Test Results: What Do All the Numbers Mean? 

2ndEdition.CSIRO Publishing. 

Hillette Hailu, Tekalign Mamo, Riikka Keskinen, Erik Karltun, Heluf Gebrekidan, and Taye Bekele. 

2015. Soil fertility status and wheat nutrient content in Vertisol cropping systems of central 

highlands of Ethiopia. Agriculture and Food Security, 4(1):19.  

Hurni K, Zeleke G, Kassie M, Tegegne B, Kassawmar T, Teferi E, Moges A, Tadesse D, Ahmed M, 

Kebebew Z, Hodel E, Amdihun A, Mekuriaw A, Debele B, Deichert G and Hurni H .2015. 

http://refhub.elsevier.com/S0341-8162(13)00277-4/rf0180


 

 

Economics of land degradation, Ethiopia case study. Soil degradation and sustainable land 

management in the rainfed agricultural areas of Ethiopia: An assessment of the economic 

implications. Report of the Economics of land Degradation Initiative. 94. 

Isola, J.O., Asunlegan, O.A., Abiodun, F.O. and Smart, M.O., 2020. Effect of soil depth and 

topography on physical and chemical properties of soil along federal college of forestry, 

Ibadan North West, Oyo State. Journal of Research in Forestry, Wildlife and Environment, 

12(2). 

Jones, J. Benton. 2003. Agronomic Hand Book: Management of crops, soils and their fertility. CRC 

Press, Washington, USA. 

Kehali Jembere, Tekalign Mamo and KibebewKibret. 2017. Characteristics of agricultural landscape 

features and local soil fertility management practices in Northwestern Amhara, Ethiopia. Journal 

of Agronomy, 16(4):180-195. 

Khan, F., Hayat, Z., Ahmad, W., Ramzan, M., Shah, Z., Sharif, M., Mian, I.A. and Hanif, M., 2013. 

Effect of slope position on physicochemical properties of eroded soil. Soil Environ, 32(1), 

22-28. 

Landon, J.R., 1991. Booker Tropical Soil Manual: A Handbook for Soil Survey and Agricultural 

Land Evaluation in the Tropics and Sub Tropics. Longman Scientific and Technical, Essex, New 

York, USA, 474. 

Lawal BA, Tsado PA, Eze PC, Idefoh KK, Zaki AA, Kolawole S. 2014. Effect of slope positions on 

some properties of soils under a Tectona grandis plantation in Minna, Southern Guinea 

Savanna of Nigeria. Int J Res Agric For 2014(1):37–43. 

Lindsay, W.L., Norvell, W.L., 1978. Development of a DTPA soil test for zinc, iron, manganese and 

copper. Soil science society of America journal, 42(3):421-428. 

Liu, R., Pan, Y., Bao, H., Liang, S., Jiang, Y., Tu, H., Nong, J. and Huang, W., 2020. Variations in 

soil physicochemical properties along slope position gradient in secondary vegetation of the 

hilly region, Guilin, Southwest China. Sustainability, 12(4), 1303. 

Magdić, I., Safner, T., Rubinić, V., Rutić, F., Husnjak, S. and Filipović, V., 2022. Effect of slope 

position on soil properties and soil moisture regime of Stagnosol in the vineyard. Journal of 

Hydrology and Hydromechanics, 70(1), 62-73. 

Markos Mathewos. 2020. Assessment of selected soil physicochemical properties on different land 

use systems and landscape positions at Hamesa watershed, Wolayita zone, Southern Ethiopia. 

Journal of Soil Science and Environmental Management, 11(3), 122-130. 

Mesfin Anteneh Wubie and Mohammed Assen .2020. Effects of land cover changes and slope 

gradient on soil quality in the Gumara watershed, Lake Tana basin of North–West Ethiopia. 

Modeling Earth Systems and Environment 6, 85–97. 

Mulla D.J. and McBratrey A.B., 2000, Soil spatial variability. In: Sumner, M.E. (Ed), Handbook of 

Soil Science. CRC Books, New York. 

Mulugeta Aytenew. 2015. Effect of slope gradient on selected soil physicochemical properties of 

Dawja watershed in Enebse Sar Midir District, Amhara National Regional State. American 

Journal of Scientific and Industrial Research, 6(4):74-81. 

Musa H, and Gisilanbe SA. 2017. Differences in physical and chemical properties of soils on Yelwa 

Doboratoposequence in Ganye local government area, Adamawa State, Nigeria. Sky J Soil 

Sci Environ Manag 6(1):011–018. 

Nahusenay Abate and KibebewKibret. 2016. Effects of land use, soil depth and topography on soil 

physicochemical properties along the toposequence at the Wadla Delanta Massif, North central 

Highlands of Ethiopia. Environ Pollut. 5(2):57–71. 

Ogban, P.I., 2021. Influence of slope aspect and position on soil physical quality and management 

implications at University of Uyo Teaching and Research Farm, Akwa Ibom State, Nigeria. 

Agro-Science, 20(3), 37-48. 



 

 

Okalebo, J.R., K.W. Gathua and P.L. Womer, 2002. Laboratory Methods of Soil and Plant Analyses: 

A Working Manual, 2nd Ed. TSBF-CIAT and SACRED Africa, Nairobi, Kenya. 128. 

Olsen, S. R., Cole, C. V., Watanabe, F. S., and Dean, L. A.1954. Estimation of available 

phosphorous in soils by extraction with Sodium Bicarbonate. USDA Circular, 939:1-19. 

Rezaei, H., Jafarzadeh, A.A., Alijanpour, A., Shahbazi, F. and Kamran, K.V., 2015. Effect of slope 

position on soil properties and types along an elevation gradient of Arasbaran forest, Iran. 

International Journal on Advanced Science, Engineering and Information Technology, 5(6), 

pp.449-456. 

Robinson, D.A., Panagos, P., Borrelli, P., Jones, A., Montanarella, L., Tye, A. and Obst, C.G., 2017. 

Soil natural capital in Europe; a framework for state and change assessment. Scientific reports, 

7(1), p.6706. 

Safadoust A, Doaei N, Mahboubi AA, Mosaddeghi MR, Gharabaghi B, Voroney P, Ahrens B.2015. 

Long-term cultivation and landscape position effects on aggregate size and organic carbon 

fractionation on surface soil properties in semi-arid region of Iran. Arid Land Res Manag 

30(4):345–361. 

Tan, N. P., Wong, M. K., Yusuyin, Y., Abdu, A., Iwasaki, K., and Tanaka, S. 2014. Soil 

characteristics in an oil palm field, Central Pahang, Malaysia with special reference to micro 

sites under different managements and slope positions. Tropical Agriculture Development, 

4(58), 146–154. 

Tekalign Tadese. 1991. Soil, plant, water, fertilizer, animal manure and compost analysis. Working 

Document No. 13. International Livestock Research Center for Africa, Addis Ababa. 

Tellen VA, Yerima BPK.2018. Effects of land use change on soil physicochemical properties in 

selected areas in the North West region of Cameroon Environ Syst Res 7:3. 

Tilahun Amede , Tadesse Gashaw, Gizachew Legesse, Lulseged Tamene, Kindu Mekonen, Peter 

Thorne  and Steffen Schultz. 2020. Landscape positions dictating crop fertilizer responses in 

wheat-based farming systems of East African Highlands. Renewable Agriculture and Food 

Systems 1–13. 

Tilahun Amede, Christopher Auricht, Jean-Marc Boffa, John Dixon, Thilak Mallawaarachchi, Mandi 

Rukuni and TilayeTeklewold-Deneke. 2017. A farming system framework for investment 

planning and priority setting in Ethiopia. ACIAR. Aciar.gov.au; 

USDA (United States Department of Agriculture). 1987. Soil Mechanics Level I-Module 3: USDA 

Textural Classification Study Guide. National Employee Development Staff, Soil Conservation 

Service, USDA. 

Walkley, A., and Black, T. A., 1934. An examination of digestion Jarett method for determining soil 

organic matter and proposed modification of the chromic acid titration method. Soil Science 

Society of American journal, 37: 29-38.  

Yasin S. and Yulnafatmawita Y. 2018. Effects of slope position on soil physicochemical 

characteristics under oil palm plantation in wet tropical area, West Sumatra Indonesia. 

AGRIVITA, Journal of Agricultural Science, 40(2), 328-337. 

Yihenew Gebreselassie and Getachew Ayanna. 2015. Effects of different land use systems on 

selected physicochemical properties of soils in northwestern Ethiopia. Journal of Agricultural 

Science (Toronto) 5 (4): 112-120. 

 

  


