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Original Research Article

VARIATION IN SOIL PHYSICAL AND CHEMICAL PROPERTIES AS AFFECTED BY
THREE SLOPE POSITIONS AND THEIR MANAGEMENT INPLICATIONS IN
GANYE, NORTHESTERN NIGERIA

Abstract:

Understanding topography or slopes, identifying physical and chemical properties of soils
improves greatly informed management decisions for agricultural productivity. The study on
variation of some physical and chemical properties of soils as affected by slope positions was
aimed at providing critical fertility status of the soils. Farmers have complained of reduced
output from their farm lands due to leaching activities and erosion hazards. Slope positions were
delineated using the Geographic Information System (GIS) and 3 different slope positions were
identified (SP1, SP2 and SP3), and each slope position was recognized as a unit. Three (3)
profile pits were dug in each unit located at Kugon (SP3), Timdore (SP2) and Sammeri (SP1)
respectively. Soil samples were collected in each identified soil horizon of the pits and soil
samples were collected for laboratory analysis of some physical and chemical soil properties and
One-way analysis of variance was carried out using GraphPad Prism (2007) software, version
5.0 at p<0.05. Soils were slightly acidic to neutral and predominantly sandy in nature (81.00%).
The study revealed that slope position influenced water holding capacity and water retention in
and were significantly different. Soil chemical properties were not significantly affected by slope
positions. The soils were low in nitrogen (0-0.15%), organic carbon (<1%), while AV-P were
generally rated medium (10-20), high Ca** (>5) at the Bt horizon, Mg®* (>1) and %BS were rated
medium to high (50-80, >80) regardless of slope position and are considered fertile with high
potential to support agriculture. Good and improved management practices like use of organic
material and integrated nutrient management (INM) practice will improve the soil texture and
structure; reduce leaching activities and erosion hazards in the area.

Key words: Horizon, Slope position, erosion hazards, Leaching, Pedon

1.0 INTRODUCTION

Soil is a natural body that exist in dynamic equilibrium with factors of soil formation and
plays an important role in supplying plants with the essential nutrients required for crop’s
growth, development and vyield. Therefore, it is expedient to determine soil physical and
chemical properties for fertility analysis as influenced by factors and processes of soil formation.
These factors and processes of soil formation at different developmental stages causes variations
in soil physical and chemical properties as well as the thickness and composition of soil horizon
at different slope position on a landscape. Soil properties are affected at different levels as parent

materials are eroded from the upper slope leaving coarser sand and leaching activities. The lower
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slopes is influenced by deposition and accumulation of nutrient elements and water eroded due
gradient. This action is continues and bring about variations in the soils over a period of time.

Farmers are beginning to crop on marginal lands including farming on slopes in many
tropical countries. It is important to know that different soils occur at different positions on the
landscape (Nuga et al., 2006). This various positions can have effect on yield of crops.
Depending on the location on a slope, physical and chemical properties of soil will also vary
either minimally or maximally. Soil physical and chemical properties are necessary to define and
evaluate soil types, slopes, existing land use or natural cover under given condition of
management.

Slope gradient is the angle of inclination of the soil surface from the horizontal. It is
expressed in percent, which is the number of feet rise or fall in 100 feet of horizontal distance.
Erosion would normally be expected to increase with increase in slope length and slope
steepness, as a result of respective increase in velocity and volume of surface runoff. The spatial
variation of soil properties is significantly influenced by some environmental factors such as
climate, landscape features, including landscape position, topography, slope gradient and
evolution, parent material, and vegetation (Ollinger et al., 2002). It is common knowledge that
topography influences local microclimates by changing the pattern of precipitation, temperature
and relative humidity (Yimer et al., 2006) and significantly affects some soil parameters.

In the course of soil formation the chemical composition of a soil-forming rock changes.
Some substances are carried (washed) out of its thickness, included into (enveloped with) a soil
formation, while others are accumulated. In the course of soil formation, accumulation of a
substance is accounted for by inflow of organic substance of plant and animal residues into a soil
as well as from the hydrosphere (easily soluble salts, gyps, carbonates of alkaline and alkali-earth
metals, compounds of iron, earth silicon, coming from groundwater) and the atmosphere (dust
particles of different sizes and composition, compounds, being contained in the atmospheric
precipitation). Outflow of substance from soil can take place with downward and lateral water
flows in the soil, removal of soil particles from its surface with water and wind flows. A ratio
between the substance accumulation and removal determines the balance of soil formation
(Vladychenskiy, 2005).

On the earth’s surface, a soil-forming process takes its course under the influence of a great

diversity of combinations of the soil-forming factors that result in a diversity of the soil
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formation types and respective soils. At the same time, the same processes are repeated in
different soils, and they are essentially of the same quality, but different by their intensities and
in details of their manifestation. As an example of such processes can be accumulation of humus,
occurring in all soils, though at different qualitative and quantitative levels. Another example can
be the process of desalting, that is; an outflow of easily soluble salts with downward water flows
from the profile of an initially salted soil. It is important to underline that these processes are
specific soil processes.

Such processes, common for different types of soil formation, are termed as elementary soil-
forming processes (ESP). These processes are complicated in their nature, and the notion
“elementary” should not be interpreted as ‘simple’. At present, the list of these processes cannot
be considered a final one as well as the methodology and criteria for separation of the soil-
forming processes. At present, several tens of elementary soil-forming processes are identified.
All their variety is divided into several groups according to the balance of substances,
determined by these processes, and to qualitative composition of compounds, which are results
of manifestation of these processes (Rozanov, 2004).

Farmers in the study area are experiencing reduction in productivity of the soils in terms of
yields, nutrient decline and losses over the years; and this is not unconnected to erosion hazards.
Furthermore, increase in leaching activities might have resulted in lower yields due to heavy
rains. This study evaluates some physical and chemical properties of soils of the study area,
aimed at improving soil condition and performance in terms of yields for the farmers and
generates data on the soils which will inform best agronomic practices for sustainable
agricultural production. This is crucial due to its importance in reducing environmental
degradation and help use land resource in an eco-friendly manner.

2.0 MATERIALS AND METHODS
2.1 Location and Extent

The study was carried out in Ganye Local Government Area, Southern Part of Adamawa
State, Northeast Nigeria. The study area is located between Longitude 11° 50°0”E and Latitude
8°20° 0”N to Longitude 12° 10’ 0”E and Latitude 8° 30’ 0”N, covering a total area of 7, 452.58
hectares (Figure 1). The study area is within the northern guinea savannah zone which is
characterized by tall grasses with few trees and many shrubs. Temperature in this region is high

throughout the year because of the high radiation influx which is relatively, evenly distributed
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throughout the year. Seasonal change in temperature occurs in this region. There is a gradual
increase in temperature from February to May, the maximum usually occur in April/May and
drops at onset of rains due to cloudiness. Maximum temperature in the state can reach 40°C with
the mean monthly range of 26.70°C in the north eastern part (Adebayo, 1997).
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Figure 1: Map of the Study area
2.1.1 Field work and sample collection

Slope positions were delineated using the Geographic Information System (GIS) where 3
different slope positions were identified (SP1, SP2 and SP3) and each slope position was
recognized as a unit. Three (3) profile pits were dug in each unit located at Kugon (SP3),
Timdore (SP2) and Sammeri (SP1) respectively. Soil samples were collected in each of the
identified soil horizon of the pits dug, placed in well labelled polythene bags as described by the
Soil Survey Field and Laboratory Methods Manual (Burt, 2014).

2.1.2 Preparation of soil samples
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Soil samples collected from the field were air- dried at room temperature, crushed and
passed through a 2mm sieve after a carful removal of plant parts and other unwanted materials
for some soil physical and chemical analysis in the laboratory as described by the Soil Survey
Field and Laboratory Methods Manual (Burt, 2014).

2.1.3 Laboratory analysis

Bouyoucos hydrometer method was used to determined particle size distribution in the
Laboratory by as described by Day (1965). Soil Textural Class was determined using USDA
textural triangle (NSSC, 1995), bulk density was determined using the cylindrical metal core
sampler method according to the Soil Survey Staff (2014), Particle density was determined by
the use of graduated cylinder method as described by International Center for Agricultural
Research in the Dry Areas (Ryan, et al., 2013), soil sample clods were collected in the field and
water retention was determined as described by the Soil Survey Laboratory Information Manual
(Burt, 2011). The result of particle size distribution was used to determine soil textural class by
subjecting the results of the particle size distribution to Marshall’s Textural Triangle as described
by the Soil Survey Laboratory Information Manual (Burt, 2011) and Soil moisture content was
determined by the gravimetric method as described by the Laboratory Testing Procedure for Soil
and Water Sample Analysis (Pawar et al., 2009).

Soil pH was determined by the use of Electrode method. Electrical conductivity (EC) was
determined as described by the Soil Survey Field and Laboratory Methods Manual (Burt, 2014),
Titration method was used to determine Extractable acidity, Total Nitrogen was determined
using Sulphuric Acid (H,SO,), concentrated (98 %, sp. gr. 1.84) and Potassium Permanganate
Solution (KMnQ,) as described by International Centre for Agricultural Research in the Dry
Areas (Ryan, et al., 2013). Available Phosphorus was determined by extraction method using
Spectrophotometer, Base saturation was determined by Sum of NH,OAc Extractable Bases + 1N
KCI Extractable method as described by the Soil Survey Laboratory Information Manual (Burt,
2011).

2.1.4 Data analysis
Result from the laboratory analysis of some soil physical and chemical test were

subjected to descriptive statistical analyses and One-way analysis of variance (ANOVA) was
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carried out using GraphPad Prism (2007) software, version 5.0 at p<0.05 to test for difference
between the slope positions. Means were separated using Bonferroni's Multiple Comparison
Test.

3.1 Result and Discussion

3.1.1 Particle size analysis

The result showed %sand, %slit and %clay did not vary significantly at p<0.05 (Figure 2
3 and 4). Pedon SP1 showed %sand decrease with depth ranging between 81% to 69%, %Silt
varied with increase in depth within the profile however and %clay increased with increase in
depth. The textural class of pedon SP2 showed 0-14cm depth were loamysand while, sandyloam
dominated the lower horizons. Pedon SP3 indicated %sand at the surface were 71% (0-13cm)
while %silt and %clay recorded 24% and 5% (Table 1) respectively.

The soils of Sammeri (SP1) were observed with trend of increasing %sand at the
upperslope to the lowerslope positions as confirmed by Ogeh and Ukodo (2012). The %silt was
not significantly different as reported by Ezeaku and Eze (2014). The %sand at Kugon recorded
a mean value of 69.40 lower than Sammeri with mean value of 75.00 which indicates increase in
%sand down the slope position. This is contrary to the reported by Farmanullah et al. (2013)
where upperslope position had the highest sand content followed by the midslope while the
lowerslope position had the lowest sand content. This trend might be due to the activities of
farmers and tillage practices which exposed the soils to heavy erosion leaving coarse sand in the
slope positions.

3.1.2 Bulk density, particle density and porosity

The analysis indicated BD, PD and porosity were not significantly different (Figure 5, 6
and 7). Pedon SP1 showed BD varied with increase in depth, ranging between 1.71g/cm?® to
1.46g/cm®, PD showed mean value of 2.53 and ranged between 2.63 g/cm® to 2.39g/cm® and
%porosity showed mean value of 37.73 respectively. Pedon SP2 showed mean values of 1.60,
2.59 and 38.14 for BD, PD and %Porosity respectively. The %porosity increased with increase in
soil depth, with the highest at 37-54cm (40.61%) depth. Pedon SP3 was characterized by varying
BD values, ranging between 1.69g/cm® to 1.45g/cm®. The %porosity of the soils were lowest
(29.29%) at the depth of 13-25cm and highest (44.44%) at 49-63cm depth respectively. The BD
showed an increase at the sub surface than the surface horizons and this might be due to cultural

practices of the farmers in the study area who disturb the soil and hence increase soil porosity
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and reduce the soil bulk density of the area. These results are in line with the work of Shafiq et
al. (1988) and Brady (1984).
3.1.3 Water holding capacity and water retention

Pedon SP1 revealed WHC and WR did not show a particular pattern but varied with
depth, ranging between 0.27% to 0.24% and 8.18% to 7.91% respectively. Pedon SP2 recorded
the lowest WHC of 0.19% at the depth of 26-37cm and 37-54cm depth, while the WR varied
between 14.25% to 13.11%. Pedon SP3 showed WHC ranging between 0.15% to 0.24% and the
WR recorded the highest of 13.21% at the depth of 63-105cm. These results might be due to
more grasses at Kugon (SP3) which reduces water loss through evapotranspiration than in the
soils of Sammeri (SP1). Lesley (1993) observed similar trend of grass cover, less evaporation
and higher moisture at higher slopes. The analysis showed SP1 (Sammeri) varied significantly
with SP2 (Timdore) and SP3 (Kugon) for WHC and WR (Figure 8 and 9) respectively. This
result might be due to evapotranspiration and sandy or kaolinatic fractions responsible for water
loses and promoted by cultural practices of the farmers, reducing soil texture and structure which
affects the soil water holding capacity and moisture content in the study area.
3.2 Some Chemical Properties of Soils of the Study Area
3.2.1 Soil pH and electrical conductivity

Soil pH is a “master variable” and it regulates almost all biological and chemical
reactions in soils (Brady and Weil, 2007). Pedon SP1 showed varying soil pH ranging between
6.31 to 7.10 (10-18cm and 18-29cm) and recorded a mean value of 6.62. The EC showed a trend
of decreasing values with soil depth, ranging between 0.16ds/m (0-10cm) to 0.06ds/m (29-
51cm). However, the EC slightly increased at the last horizon (51-110cm) of the pedon. Pedon
SP2 revealed a decreasing pattern for pH values, ranging between 6.58 (0-14cm) to 6.10 (26-
37cm). Pedon SP3 recorded mean values of 6.33 and 0.10 for pH and EC respectively. The pH
and EC did not show significant difference (Figure 10 and 11) and this might be due to
similarities in the nature of soils of the study area ranging between slightly acidic to neutral (6.1-
6.5 to 6.6-7.3). Abolghasem et al. (2014) recorded similar result with no significant difference in
soil pH in Eastern Iran.

The pH slightly increased at the lowerslope position than the upperslope position. The
result might be due to presence of Ca in the area which might have accounted for the trend of pH

in the area. Hendershot et al. (1992) also reported slightly higher pH at the lower slope positions.
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The increase in soil pH down the profile could be attributed to the downward movement of Ca
and accumulation down the profile. Webb and Dowling (1990), and Khan et al. (2004) also
reported increase in pH with increasing soil depth.

3.2.2 Soil organic carbon, total nitrogen and available phosphorus

Analysis of the chemical properties were not significantly different at p<0.05 in the study
area (Figures 12-22). The OC of the study area were rated low (<1%) according to Babalola et
al. (1998). Pedon SP1 showed varying values of OC, TN and AV-P and recorded mean values of
0.62, 0.06 and 11.65 respectively. Pedon SP2 revealed a decreasing pattern of values for OC
from 0.59% to 0.32% between horizon 0-14cm, 14-26cm and 26-37cm depth respectively. This
trend of varying values could be attributed to management practices carried out by farmers in the
study area, distribution of soil OC and the effect of soil erosion and deposition on the slope
positions. This result is supported by Gregorich et al. (1998). The result indicated an increasing
trend of OC at the lowerslope position with mean value of 0.62 followed by the upperslope
position (0.57) and the lowest recorded a mean value of 0.51 at the middleslope position. This
trend was also observed by Guzman and Al-Kaisi (2011). The TN of the study area were rated
low (0-0.15%) according to Babalola et al. (1998).

The low TN observed in the study area might be due to continues cultivation by farmers
over the years and crop removal. Also, low OC and the effect of erosion and deposition on the
slopes might have contributed to the trend. Similar findings were recorded by Bahilu et al.
(2014) and Hawando (1997). The AV-P were generally rated medium (10-20) according to
Babalola et al. (1998) and this might be attributed to weathering of P-rich parent rock releasing
phosphorus into the soils of the slope positions. There was slight increase of AV-P with increase
in soil depth and this might be due to leaching activities in the area. This is supported by Yacob
et al. (2014).

3.2.3 Soil calcium, magnesium, sodium and potassium

Pedon SP1 showed varying Ca** ranging between 1.60cmol/kg (18-29cm) to 3.20cmol/kg
(29-51cm), with a mean value of 2.49. The Mg”* varied with depth and recorded mean value of
2.18, Na?* also varied with depth and recorded the highest value of 0.30cmol/kg at 10-18cm and
51-110cm depths, and the lowest value recorded was 0.10cmol/kg at 29-51cm depth. K*
indicated at 0-10cm and 10-18cm depths values were 0.50cmol/kg. Pedon 2SP showed a trend of
varying values for Ca?*, Mg”*, Na** and K* with mean values of 2.52, 3.30, 0.30 and 0.40
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respectively. Pedon SP3 (Kugon) recorded high Ca®* (>5) at the Bt horizon (49-63cm) according
to Babalola et al. (1998), Mg?* for all slope positions were rated high (>1). This might be due to
the dominance of Mg bearing minerals in the area. This result is supported by the work done in
Ethiopia where High Mg content were recorded (Yacob et al., 2014). The high Ca Mg trend in
this study is comparable to a study report by Sheleme (2011). Result indicated that Ca was the
dominant cation in the exchangeable complex, followed by Mg and K, this is supported by the
findings of Wild (1993). High soil Na?* (>0.3) were recorded at the Bt horizons in Kugon
0.50cmol/kg (49-63cm) and Sammeri 0.40cmol/kg (26-40cm). This decreasing trend down the
profile might be due to leaching of minerals activities as a result of sandy loam nature of the soils
of the study area. Similar result was reported by Amalu (1997).
3.2.4 Soil TEB, TEA, ECEC and %BS

Investigation revealed Pedon SP1 recorded between 4.7cmol/kg to 6.40cmol/kg for TEB,
TEA varied with depth ranging between 0.80cmol/kg (18-29cm) to 2.40cmol/kg (51-110cm)
respectively. The ECEC decreased with increase in depth from 8.00 to 5.90cmol/kg at 0-10cm to
29-59cm depths. In pedon SP1 (Sammeri), the ECEC were rated low to medium (<6, 6-12)
according to Esu (1991). This might be attributed to weathering activities and little of the
weathered materials in the sand dominated soils with kaolinite fractions in the study area. This
report is supported by Ogeh and Ukodo (2012) in Benin, Nigeria. However, the ECEC in pedon
SP3 (Kugon) were rated medium to high (4-10, >10) according to Babalola et al. (1998). Similar
results were reported by Lawal et al. (2012) in Mina, Nigeria and agrees with the finding of
Lawal et al. (2014).

The %BS also varied with depth ranging between 66.44% to 87.85%. The result showed
%BS did not vary significantly in the study area. Similar result was reported by Bahilu et al.
(2014). The %BS in all the locations in the study area regardless of slope position were rated
medium to high (50-80, >80) according to Babalola et al. (1998). Similar work was reported by
Lawal et al. (2014). These soils are considered fertile soils due to the high %BS developed from
basaltic parent material in the study area and might support agricultural cultivation and
productivity. This result is supported by similar findings of Lodon (1991).
4.0 Summary and Conclusion

The soils were slightly acidic to neutral and predominantly sandy in nature. The study

revealed that slope position influenced water holding capacity and water retention in the study



UNDER PEER REVI EW

273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301

area and were significantly different which might have been contributed by the management
practices of the farmers and the evaportranspiration rate of the slope positions. The soils were
low in nitrogen and organic carbon which could be attributed to continuous cultivation over the
years and crop removal. Soil chemical properties were not significantly affected by the slope
positions in the study area. The surface horizon recorded low exchangeable base and increased
down the profile due to kaolinatic fraction which are easily leached. However the soils have
potential to support agricultural cultivation and productivity owing to the high %base saturation
and are considered fertile lands. Good and improved management practices like use of organic
material and integrated nutrient management (INM) practice will improve the soil texture and
structure and reduce leaching activities in the area. Soil erosion hazards can be controlled by
planting of economic trees and by the use of animal dung and compost which is available in the
study area. This will improve the physical condition of the soils through humification and

cementation processes and reduce erosion effects.

10
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302  Source: Field Survey, 2015
303 Key: HD = Horizon Designation, Txs Cls = Textural Class, BD = Bulk Density, PD = Particle Density, WHC = Water Holding

Pedon HD Depth %Sand %Silt %Clay Txs B.D P.D Porosity WHC WR
(cm) Classes | (glem®) | (g/em®) (%) (%) (%)
SP1 Ap 0-10 81 16 3 LS 151 2.63 42.59 0.27 7.91
SP1 E 10-18 7 20 3 LS 171 2.52 32.14 0.24 8.18
SP1 Eg 18-29 7 18 5 LS 1.68 2.39 29.71 0.24 8.14
SP1 Bt 29-51 71 14 15 SL 151 2.62 42.37 0.27 8.17
SP1 o 51-110 69 10 21 SCL 1.46 251 41.83 0.26 8.15
Mean 75 15.6 9.4 1.57 2.53 37.73 0.26 8.11
SP2 Ap 0-14 7 20 3 LS 1.66 2.53 34.39 0.21 14.25
SP2 E 14-26 75 18 7 SL 1.63 2.6 37.31 0.2 13.34
SP2 Bt 26-40 73 16 11 SL 1.56 2.61 40.23 0.19 13.33
SP2 C 40-100 71 18 11 SL 1.55 2.61 40.61 0.19 13.11
Mean 74 18 8 16 2.59 38.14 0.2 1351
SP3 Ap 0-13 71 24 5 SL 1.68 2.48 32.26 0.18 11.57
SP3 E 13-25 79 16 5 LS 1.69 2.39 29.29 0.15 13.16
SP3 Bs 25-49 61 20 19 SL 1.46 2.59 43.63 0.24 13.12
SP3 Bt 49-63 59 22 19 SL 1.45 2.61 44.44 0.22 13.14
Cc 63-105 77 2 21 SCL 1.45 2.63 44.11 0.23 13.21
Mean 69.4 16.8 13.8 1.55 2.54 38.75 0.2 12.84
304 Capacity, WR = Water Retention
305
306 Table 1: Some Physical Properties of Soils of the Study Area
307
Figure 2: %Sand of the Study Area Figure 3: %Silt of the Study Area Figure 4: %Clay of the Study Area
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Figure 8: %Water Holding Capacity

Figure 9: %Water Retension

0.31
a
151 b
b
S e 104
= G & a
S e z
0y e S
e I
e
e
0.0 ! ! ! 0 T T
%Q” @Qq’ &> ézw %Qw {OQ%
Slope Position Slope Position
310
311
312
313  Table 2: Some Chemical Properties of Soils of the Study Area
Pedon HD | Depth pH EC o.c ™ AV-P ca” Mg | Na** K TEB TEA ECEC BS
(cm) H,0 (dS/m) (%) (%) (ppm)  [€ cmol/kg > (%)
1B Ap 0-10 6.42 0.16 0.74 | 0.07 10.89 2.40 3.20 | 0.20 0.50 6.40 1.60 8.00 79.89
1B E 10-18 6.31 0.15 0.49 | 0.05 12.33 2.80 1.84 | 0.30 0.50 5.50 2.00 7.50 73.24
1B Eg 18-29 7.10 0.07 0.68 | 0.07 11.13 1.60 3.20 | 0.20 0.80 5.80 0.80 6.60 87.85
1B Bt 29-51 6.88 0.06 0.63 | 0.06 11.13 3.20 1.04 | 0.10 0.30 4.70 1.20 5.90 79.59
1B C 51-110 6.38 0.08 0.58 | 0.06 12.80 2.48 1.60 | 0.30 0.40 4.80 2.40 7.20 66.44
Mean 6.62 0.10 0.62 | 0.06 11.65 2.49 218 | 0.22 0.50 5.44 1.60 7.04 | 77.40
2B Ap 0-14 6.58 0.10 0.59 | 0.06 12.80 1.60 4.00 | 0.30 0.40 6.20 2.40 8.60 72.16
2B E 14-26 6.21 0.09 0.52 | 0.05 11.37 1.28 4.00 | 0.30 0.60 6.10 3.20 9.30 65.61
2B Bt 26-40 6.10 0.09 0.32 | 0.03 11.13 4.80 2.40 | 0.40 0.30 8.00 1.60 9.60 83.28
2B C 40-100 6.58 0.10 0.60 | 0.06 13.28 2.40 2.80 | 0.20 0.30 5.80 2.40 8.20 70.55
Mean 6.36 0.095 | 0.51 | 0.05 12.15 2.52 3.30 | 0.30 0.40 6.53 2.40 8.93 72.90
3B Ap 0-13 6.65 0.10 0.50 | 0.05 14.24 2.40 1.60 | 0.20 0.80 5.00 2.80 7.80 63.96
3B E 13-25 6.32 0.10 0.66 | 0.07 12.09 2.40 5.60 | 0.30 0.30 8.60 2.00 10.60 | 81.08
3B Bs 25-49 6.12 0.12 0.57 | 0.06 10.65 1.52 3.20 | 0.20 0.60 5.50 0.80 6.30 87.27
3B Bt 49-63 6.20 0.09 0.46 | 0.05 14.00 5.60 2.40 | 0.50 0.50 9.00 1.20 10.20 | 88.28
C 63-105 6.34 0.08 0.67 | 0.07 13.28 0.80 4.00 | 030 1.10 6.30 1.20 7.50 83.95
Mean 6.33 0.10 0.57 | 0.06 12.85 2.54 3.36 | 0.30 0.66 6.88 1.60 8.48 80.91
314
315  Source: Field Survey, 2015
316 Key: HD= Horizon Designation, EC= Electrical Conductivity, O.C= Organic Carbon, TN= Total Nitrogen, AV-P= Available
317 Phosphorus, Ca= Calcium, Mg= Magnesium, Na= Sodium, K= Potassium, TEB= Total Exchangeable Bases, TEA= Total
318 Exchangeable Acidity, ECEC= Effective Cation Exchange Capacity, BS= Base Saturation.
319
320
321
322
323
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Figure 10: pH of the Study Area Figure 11: EC of the Study Area
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Figure 12: OC of the Study Area Figure 13: %Total Nitrogen Figure 14: AV-P (ppt)
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Figure 15: Ca (cmol/kg) Figure 16: Mg (cmol/kg) Figure 17: Na (cmol/kg)
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Figure 19: TEB (cmol/kg) Figure 20: TEA (cmol/kg)
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Figure 21: ECEC (cmol/kg)

101 a a
804
? ] m
= 604
%
g ® Q
S X i
O 41 40
|
o, 20
0 0-
Y 12 %]
S S S : § S
Slope Position Slope Position
References

Abolghasem A, Reyhane A, Noram I, Bin R (2014). Influence of Slope Aspects and Depth on
Soil Properties in a Cultivated Ecosystem. Faculty of Range Land and Watershed
Management Gorgan University of Agricultural Sciences and Natural Resources, Gorgan,
Iran Corresponding Author’s E-mail: akbariinbox@yahoo.com

Adebayo AA (1997). Agro Climatology of rice production in Adamawa State. Unpublished Ph.
D thesis, Department of Geography, FUT, Minna, Nigeria. In: Adamawa State in Maps. Pp
20-24.

Amalu, UC (1997). Evaluation of properties of selected soils of Cross River State area and their
Management for increased cassava yields. Global Journal of Pure and Applied Science,
4(3): 243 — 249.

Babalola O, Babaji GA, Mustapha S (1998). Soil Management for Sustainable Agriculture and
Environmental Harmony. Pro. (24) Annual Conference of the Soil Sci. Soci. of Nigeria held
at the Abubakar Tafawa Balewa University, Bauchi.

Bahilu B, Mulugeta L, Alemayehu R (2014). Soil Fertility Status as Affected by Different Land

Use Types and Topographic Positions: A Case of Delta Sub-Watershed, Southwestern
Ethiopia. International Centre for Tropical Agriculture (CIAT), P.O.Box 5689, Addis

14



UNDER PEER REVI EW

357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401

Ababa, Ethiopia. E-mail of the corresponding author: bahilubezabih@ju.edu.et J. of Bio.
Agri. and Healthcare ISSN 2224-3208 4(27).

Brady NC, Weil RR (2007). Nature and properties of soil. Pearson Education, Inc. and Dorling
Kindersley publishing. (nc. Pp 56, 857).

Burt R (2011). Soil Survey Staff. Soil Survey Laboratory Information Manual. Soil Survey
Investigations Report 45(2.0) ed. U.S. Department of Agri. Natural Resources Conservation
Service.

Burt R (2014). Soil Survey Staff. Soil Survey Field and Laboratory Methods Manual. Soil
Survey Investigations Report 51(2.0) Soil Survey Staff (ed.). U.S. Department of Agri.
Natural Resources Conservation Service.

Day PR (1965). Particle Fractionation and Particle Size Analysis. In. C.B. Black (Ed), Mtd, Soil
Agron. Amer. Soc. Agron, Madison.

Esu, IE (1991). Detailed soil survey of NIHORT Farm at Bunkure, Kano State, Nigeria. Institute
for Agricultural Research, Ahmadu Bello University, Zaria, Nigeria. 72pp.

Ezeaku PI, Eze FU (2014). Effect of Land use in Relation to Slope Position on Soil Properties in
a Semi-Humid Nsukka Area, Southeastern Nigeria. J. Agric. Res. 52(3).

Farmanullah K, Zubair H, Wagar A, Muhammad R, Zahir S, Muhammad S, Ishaq AM,
Muhammad H (2013). Effect of slope position on physico-chemical properties of eroded
soil. Department of Soil and Environmental Sciences, Agricultural University Peshawar.
Soil Environ. 32(1): 22-28 www.se.org.pk Online ISSN: 2075-1141 Print ISSN: 2074-
9546.

GraphPad Prism (2007). GraphPad Prism, version 5.00 for Windows, GraphPad Software, San
Diego California USA, www.graphpad.com.

Gregorich EG, Greer KJ, Anderson DW, Liang BC (1998). Carbon distribution and losses:
erosion and deposition effects. Soil Tillag. Resea. 47:291-302.

Hawando T (1997). Desertification in Ethiopian Highlands, RALA Report No 200, Norwegian
Church AID, Addis Ababa. www.rala.is/rade/ralareport/Hawando.pdf

Hendershot WH, Courchesne F, Schemenauer RS (1992). Soil acidification along a topographic
gradient on roundtop Mountain, Quebec, Canada. Water, Air, and Soil Pollution 61(3-
4):235-242.

Khan F, Ahmad W, Bhatti AU, Khattak RA, Shafiq M (2004). Effect of soil erosion on chemical
properties of some soil series in NWFP. Sci. Techno. and Develop. 23(4): 31-35.

15


http://www.graphpad.com/

UNDER PEER REVI EW

402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447

Landon LR (1991). Booker Tropical Soil Manual. A Handbook for soil survey and agricultural
land evaluation in the Tropics and Subtropics. Longm. Sci. and Technic. Grou. U.K. Ltd,
Essex, England, 474 pp.

Lawal BA, Adeboye MKA, Tsado PA, Elebiyo MG Nwajoku CR (2012). “Properties,
classification and agricultural potentials of lateritic soils of Minna in sub-humid
agroecological zone, Nigeria”. Internat. J. of Develop. and Sustain. 1(3) pp. 903-911.

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. Depart. of Soil Sci. Sch. of Agric. and Agricul.
Techno. Fed. Uni. of Techn. Minna, Nigeria. Intern. J. of Resea. in Agricul. and Forestry 1.
PP 37-43 ISSN 2394-5907 (Print) ISSN 2394-5915 (Online).

Lesley R (1993). Study of Soil Properties Along a Hillslope in Parson's Parcel Boulder, Co For:
Professor. Susan W. Beatty Department of Geography University of Colorado Boulder, CO
80309-0260.

National Soil Service Center (NSSC). (1995). Soil Survey Investigations Report 45 (2.0) R. Burt
(ed.). U.S. Department of Agriculture, Natural Resources Conservation Service.

Nuga BO, Eluwa NC, Akinbola GE, Wokocha CC (2006). Characterization and classification of
soils along a toposequence in Ikwuano Local Government area of Abia State. Agric. J. 1(4):
192 -197.

Ollinger S, Smith M, Martin M, Hallett R, Goodale C, Aber J (2002). Regional Variation in
Foliar Chemistry and N Cycling among forests of diverse history and composition. Ecology.
83: 339-355.

Ogeh JS, Ukodo E (2012). Profile Distribution of Physical and Chemical Properties in Soils of a
Toposequence in Benin. Department of Soil Science, Faculty of Agriculture, University of
Benin, Benin City, Edo State, Nigeria. Nigerian J. of Basic and Appli. Sci. 20(1):68-72ISSN
0794-5698. http://www.ajol.info/index.php/njbas/index.

Pawar DR, Shah KM (2009). Laboratory Testing Procedure for Soil and Water Sample Analysis.
Government of Maharashtra Water Resources Department, Directorate of Irrigation
Research and Development, Pune.

Rozanov, BG (2004). Morphology of Soils, Moscow, Publ. Akademichesky proekt. Unique
analysis of morphologic features of the soil in relation to a character of its formation,
composition, and properties.

Ryan J, Sommer R, Estefan G (2013). Methods of Soil, Plant and Water Analysis: A Manual for

the West Asia and North Africa Region. International Center for Agricultural Research in
the Dry Areas (3 Ed.).

16



UNDER PEER REVI EW

448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472

473
474
475
476

477

Shafig M, Zafar MI and Ikarm MZ (1988). The influence of simulated soil erosion and
restorative fertilization on maize and wheat production. Pakistan Journal of Science and
Industrial Research 31: 502-505.

Sheleme B (2011). Characterization of soils along a Toposequence in Gununo area, southern
Ethiopia. J. Sci. Dev. 1(1):31-41.

Soil Survey Staff (2014). in press. R. Burt and Soil Survey Staff (eds.). Kellogg soil survey
laboratory methods manual. Soil survey investigations report. 42(5). USDA-NRCS. GPO,
Washington, DC.

Vladychenskiy AS (2005). Genesis of Soils and Factors of the Soil Formation. Environment
Structure and Function: Earth System. Lomonosov Moscow State University, Department of
Soil Science, Moscow, Russia. http://www.eolss.net/Eolss-sampleAllChapter.aspx

Webb AA, Dowling AJ (1990). Characterization of basaltic clay soils (Vertisols) from the
Oxford Land System in central Queensland. Australian J. of Soil Resea. 28(6): p841-856.

Wild A (1993). Soils and the Environment: An introduction. Cambridge University Press,
Cambridge.

Yacob A, Heluf G, Sheleme B (2014). Pedological characteristics and classification of soils
along landscapes at Abobo, southwestern lowlands of Ethiopia. Soil and Water Research
Section, Gambella Agricultural Research Center, P. O. Box 62, Gambella, Ethiopia. J. of
soil sci. and enviro. manag.

Yimer F, Ledin S, Abdelkadir A (2006). Soil property variations in relation to topographic aspect
and vegetation community in the south-eastern highlands of Ethiopia. Forest Ecology and
Management. 232. p90-99.

17



