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Abstract
This study determines the dynamics in soil aggregate stability within agricultural land in Abia State, Nigeria at three

physiographic positions: Upper, middle and lower slopes. The soil samples were collected at 0—25cm and 25-50cm of soil
depths along the slopes. The parameters assessed were aggregate stability (AS) and mean- weight diameter (MWD), size
distribution of water stable aggregates (WSA): >2.00mm, 2-1mm, 1-0.50mm, 0.50-0.25 mm and <0.25mm. Class and severity
indices were used as critical limits for soil aggregate stability. The results of the physical parameters indicate significant
differences (p<0.05), but there was no significant difference among the chemical parameters (p<0.05) in the gully sites
respectively. MC correlated with hydraulic conductivity (r=-0.490). Clay correlated positively with sand, aggregate stability
and MWS (r=-0.957, r=0.412, r=0.432) respectively. Silt correlated negatively with sand (r=-0.608), sand was negatively
correlated (MWD) (r=-0.552) and aggregate stability correlated positively with MWD (r=0.938). The recorded aggregate
stability status based on 2mm, Imm, 0.5mm and 0.25mm in USL was as follows: stable 17%, moderate 41.7%, unstable
66%, MWD 44.05%, MSL: very unstable 8%, stable 17%, medium 25% and unstable 50%, MWD 54.4% and LSL: severe
moderate 33%, very severe 67% and MWD 59.04% respectively. The soil aggregate stability status along the slope gradients
was the same at the p> 0.05 significant level. Soil aggregate structural deformation is influenced by soil moisture, hydraulic
conductivity, textural characteristics and soil organic matter. It is recommended that the soil surface coverage must be

improved on slopes which could lead to the stabilization of soil aggregates to avert soil erosion problems in the area.
© 2020 Jordan Journal of Earth and Environmental Sciences. All rights reserved
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1. Introduction effective way of increasing soil quality and also preventing

The stability of soil aggregates describes their resistance soil erosion and other environmental problems caused by soil

to breakdown under disruptive forces. It is a key soil degradation (Zhu et al., 2017), associated with the amount

characteristic affecting ecosystem processes, such as carbon
storage (Quanchao et al., 2018), nutrient availability (Wang
et al., 2001), and the resistance of soils to erosion (Barthes
and Roose 2002; Frei et al., 2003). In severely- eroded
ecosystems, such as Badlands characterized by many active
gullies and high level of disturbance, aggregate stability of
soil is an emerging indicator of their ecological restoration
status (Burri et al., 2009). The plant community composition
dynamics through succession change, occurring on the
eroded ecosystems, is a major factor of restoration (Walker
and Del Moral, 2009), and thus can potentially provide
aggregate stability to various soils. Studies showed that
soil aggregate stability generally increases as succession
proceeds (Cheng et al., 2015; Qui et al., 2015); however,
the factors leading to these modifications along succession

gradients are hardly known. Soil aggregate stability is an

and intensity of precipitation and human activities (Ubuoh
and Ogbonna, 2018). Higher amounts of precipitation and
irregular rainfall events can decrease aggregate stability and
increase erosion (Dimoyiannis, 1998). According to Six et
al. (2004), it has also been suggested that the dynamics of
aggregate formation are closely linked to SOM storage in
soils (Golchin et al., 1998; Ubuoh et al., 2016). Soil aggregate
stability is the most appropriate indicator in protecting slopes
from erosion and shallow mass movements (Kalhoro et al.,
2017). The micro aggregates are stabilized against disruption
by several mechanisms wherein organo-mineral complexes
and soil organic matter act as the main cementing agents in
the soil aggregates’ development (Denef and Six, 2005; Singh
et al., 2017).When organic matter in soil reduces, aggregates
breakdown, and the small particles of soils are transferred

during soil erosion by water (Bronick and Lal, 2005).
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In Southeast Nigeria, the soils are naturally prone to
erosion due to their fragile nature and ease of leaching being
mainly ultisols and alfisols (Oguike and Mbagwu, 2009),
especially gully erosion which is predominant in the region
(Adekalu et al., 2007). Hence, erosion is a major cause of soil
degradation leading to reduction in soil’s productivity as the
result of leaching out of the soil organic matter and other
soil cementing agents which bind the soil particles together
(Ubuoh and Ogbonna, 2018), especially in the Southeast
Nigeria due to poor aggregation of soil (Onweremadu et al.,
2010). Most studies have been carried out on agricultural
soils (Idowu, 2003; Milne and Haynes, 2004), and far fewer
on soils on steep slopes affected by erosion using indices
(Gros et al., 2004 ;Canton et al., 2009). The soils in parts
of Abia are particularly not fertile and are prone to leaching
because of heavy rainfall, leading to the ecological problems
such as sheet and gully erosion. Despite soil erosion on
agricultural land, increasing demand for land as a result of
population increase and food scarcity has made farmers to
farm in marginal lands such as lands susceptible to erosion
and flooding (Sanchez et al., 1997; Quansah, 1997; Ubuoh
et al., 2017).

Therefore, the study aimed to investigate the relationships

between the soil aggregate stability and rainfall along the
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slope gradient of agricultural land using aggregate stability
indices in parts of Abia State, Southeastern Nigeria. The
result of the study will reveal environmental conditions that
would promote the stability of soil aggregate, which may
lead to the development of the sustainable agricultural land
to alleviate water erosion and ensure food security for the

teeming population.

2. Research Methodology
2.1 Study Area
Abia state is located in the southeastern Nigeria and

lies between latitude 5° 31° 59.99” N and Longitude 7° 28’
59.99” E. The state covers an area of about 5,243.7 square
kilometres with a population of 2,833,999 (NPC, 2006). The
area is dominated by flat and low lying land, but it is also
characterized by undulating lands with many hills, generally
less than120m above sea level. The mean annual rainfall
is about 2200mm in average and the mean temperature is
above 27°C (Theanyi, 2016). Relative humidity reaches about
90% throughout the year. The soils of the area fall within
the broad group of ferallitic soils of the coastal plain sand
and escarpment; other soil types includes alluvial soils found

along the low terrace of Cross river and other rivers (Figure
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Figure 1. Soil Map of Abia State, Nigeria Source: Ogbonna, Abia State University, Uturu.
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2.2 Soil Sample Locations
Soil samples were collected based on the chosen agro-

ecological zones (Figure 2) in Abia State as follows:-

i: Bende: Two communities with pronounced gullies
were selected to include:
designated SSP,
designated soil sample point (SSP,)

Ozuitem Ndiagho
and Onulbina-Ukwulgbere
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ii: Ohafia: Ohafia designated SSP, and Ebem- Ohafia
designated SSP,

iii: Umuneoche: Amuada designated and

ObinaoluNgodo designated SSP,
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Figure 2. Map of Abia State Showing Sampling Locations

2.3 Soil Sampling Technique
Soil survey method was used to site points for soil

sampling in each of the selected sites. Forty-eight soil samples
were collected from each site at 0—25 cm, 25-50 cm of soil
depths using an auger. From each of the study locations, soil
samples were collected from the upper slope (USL), middle
slope (MSL) and lower slope (LSL) of the gully and 100m
away as controls. The samples were placed in polythene
bags, labelled and were taken to the National Soil, Plant
and Water Laboratory, Federal Department of Agricultural
Land and Climate Change Management Services, Umudike
for analysis. Handheld Global Positioning System receiver
(Etrex Garmin Ltd. Kansas) was used for the geo-referencing

of the sampling points (Table 1).

Table 1. Coordinates of the study Locations

S/No Agroecological Zones Coordinates of the study locations
| BENDE N 05°36.954 , E 07° 36.423
100 m away from erosion site | N 05°42.569, E 07° 39.174
5 OHAFIA N 05°38.421, , E 07° 50.026
100 m away N 05°38.997, E 07° 49.587
3 UMUNEOCHE N 05°59.477, E 07° 24.145
100 m away N 05°57.902, E 07° 23.398

2.4 Soil Physical Properties and Analysis
The soil physical properties analysed were the factors

presumed to be affecting soil quality. Particle-size
distribution was determined by the hydrometer method
(Gee and Or, 2002). Soil-bulk density was determined using
the core method (Grossman and Reinsch, 2002). Saturated
hydraulic conductivity was determined in the laboratory
using a constant head permeameter (Young, 2000). The soil
moisture content was calculated using the following formula:

mass at saturation—oven dried mass

SMC = x100

mass of dried soil
2.5 Soil Chemical Properties and Analysis

Soil pH was determined with a pH electrode, extracted
from 0.0IM CaCl, with a ratio of 1:2.5 (Bao, 2000; Huang
et al., 2015). Soil organic matter (SOM) was determined by
wet digestion with a mixture of 5 mL of 0.8 mol/L potassium
dichromate (K,Cr,O,
(H,S0,) (Kalembasa and Jenkinson, 1973). Organic C was
determined by the oxidation of organic matter with a hot
mixture of K Cr,0, and H,SO, using the Walkley and Black
procedure (Walkley and Black, 1934). The amount of organic

) and 5SmL of concentrated sulfuric acid

carbon was then determined by titration with 0.05N FeSO,
following the procedure outlined by Nelson and Sommers
(1982).
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2.6 Soil Aggregate Stability Determinations

2.1.2. Percentage Aggregate Stability and Mean Weight Diameter
(MWD)
The percentage of aggregate stability and Mean Weight

Diameter (MWD) were computed from size distribution
of water stable aggregates. The distribution of water stable
aggregates was determined by the wet sieving technique
described by Kemper and Rosenau (1986). To separate the
waterstableaggregate, 25gmofthe>2mmair-dried aggregates
were put on top of a nest of sieves measuring Imm, 0.5mm,
and 0.25mm, and was pre-soaked for ten minutes in water.
The sieves and their contents were oscillated vertically once
per second in water twenty times. The resistant aggregates
on each sieve were oven-dried at 105°C for twenty-four
hours and weighed. The mass of <0.25mm was obtained by
calculating the difference between the initial sample weight
and the sum of sample weight collected on the 2.00mm,
1.00mm, 0.50 mm, and 0.25mm sieve nests respectively. The
percentage ratio of aggregates in each sieve represented the
water stable aggregate of size >2.00mm, 2-Imm, 1-0.50mm,

0. 50-0.25 mm and <0.25mm and was computed as follows:
WSA = —x 100
Mt

Where

WSA = Water stable aggregates

Mr = mass of resistant oven—dry aggregates in the size class
fraction after wet sieving.

Mt = the total mass of the initial material (25gm)

Percentage of aggregate stability was calculated using

this Formula:

e1s wt.of WSA>0.50 mm - wt.of sandx100
% Aggregate stability = wtofsample - wtofsand Eq 3
Where
Wt= weight

The mean weighted diameter (MWD) was calculated
using the following equation (Oguike and Mbagwu, 2009).

MWD= WiXi oo esees e Eq. 4
Where
W, =weight of aggregate in the ith aggregate size range as fraction
of dry weight of sample.

w; = Mean diameter of any particular size range of aggregates
separated by sieving.

The larger MWD value is a manifestation of a higher
distribution of macro-aggregates and, therefore, a higher

stability to erosion by water. The aggregation stability index
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is the ratio between the mass of the total sample and the mass
of the sample retained in the 0.212 mm sieve mesh, expressed

as a percentage.

2.6.2. Soil Aggregate Stability Index (ASI)
Aggregate stability was determined using the method

described by Le Bissonnais (1996). This method included
three disruptive tests that correspond to various wetting
conditions and energies. Five classes of the soil aggregate
stability were identified according to the values of MWD
(Table 2).

Table 2. Soil aggregate stability based on the values of MWD

NA Classes of MWD/mm  Stability

1 <0.4 Very unstable
2 0.4-0.8 Unstable

3 0..8-1.3 Medium

4 1.3-2.0 Stable

5 >2.0 Very stable

Source: (Le Bissonnais, 1996).
2.6.3. Severity Index (SI).
Lal (1986) has classified the critical levels of aggregate

stability based on the levels of MWD as follows:
a. 0.5<0.1-5 : designating very severe

b. 1- 2 : designating severe moderate
c. 2-2.5: designating low
d. 2.5<designating no limitation respectively.

2.7 Statistical Analysis
The interrelations between the wet and dry stable

aggregate indices were determined through a correlation
matrix using the SYSTATY statistical program (SPSS,
1999) computer package. Also the relationships between the
macro-aggregates stability indices along the gully slopes:
upper slope (USL), middle slope (MSL), and lower slope
(LSL), and soil properties were determined in a correlation
matrix.
3. Results and Discussion

Table 3 demonstrates the soil physical properties in the
gully affecting the agricultural sites along the three slope
profiles. The slope types exhibited significant differences in
soil properties (P<0.05).
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Table 3. Soil Physical Characteristics in Gully Erosion Prone Sites at the different Slope
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Gradients in the study area

denls}iltl;'k(%) coMntoel:flttu(l:’Z) condlﬂii(i};?; 1(lccm/ hr) L) SE) CE37(0)
Upper slope(USL) 1.77+0.13 5.9441.58 18.95+2.38 63.58+11.67 10.5+£2.90 25.67+8.95
Middle slope(MSL) | 1.66+0.04 6.39 +1.58 10.63+£16.2 78.5+ 478 4.25+1.53 2.92+3.42
Lower slope (LSL) 1.68+0.06 7.70+3.46 22.36+10.20 81.83+4.0 4.58+0.82 12.5+3.56
Control (Ctrl) 1.94+0.05 13.05+3.36 6.28+1.67 75.08+7.54 6.67+3.07 1946.13
F-LSD, 0.1742 1.3117 11.7308 11.593 4.583 6.667
Cv 10.49 81.61 93.20 18.16 70.74 61.26
Sig. SD SD SD SD SD SD

Data are expressed as Mean £ SD

From Table 3, the mean bulk density ranged between
the mean value of 1.66+0.04 and 1.77+0.13 g/cm’ with the
upper slope being more compacted than the middle slope; the
lower slope being the least compacted, but it was found less
compacted than the control with 1.94+0.05, having 10.5%
of CV more than the mean bulk density values of 1.14 and
1.26 g/cm?® in the gully sites in Ideato, Imo State (Oyegun et
al., 2016). The results of bulk density are also far above the
value of 1.0-1.3 g/cm® considered for a well-aggregated forest
(Ibitoye et al., 2008). The high bulk density suggests that soil
erosion is very evident in the selected communities. Ubuoh et
al. (2013) reported that dry bulk density and moisture content

lead to gully formation in the southeastern part of Nigeria.

The mean moisture content ranged between 5.94+1.58
and 7.70+3.46% with the upper slope having the lowest mean
value, followed by the middle slope and the lower slope
recording the highest moisture content, but it was less than
control with a 13.05+3.36 % moisture content, having 81.61%
CV respectively. The present results of moisture content are
greater than the results of soil moisture content at the field
capacity that ranged from 0.23 to 0.31% in the gully site,
Kano (Mallam et al., 2016). Robinson and Dean (1993) and
Nyberg (1996) all found that moisture content is inversely

proportional to relative elevation.

The mean hydraulic conductivity in the study area
ranged between 10.63£16.2 and 22.36+10.20 with the lower
slope recording the highest value and the middle slope being
the lowest followed by the upper slope being greater than
the control with a value of 6.28+1.67 having 93.20 % CV
respectively. In soil, Hu (2008) reported that, along the slope,
hydraulic conductivities generally decreased downwards,
and the soil in this portion of the slope had a higher number
of bio pores. Based on the soil particle analyses at the study
area, sand ranged between 63.58+11.67 % to 81.83+4.0% with

the lower slope having the highest mean value and the upper

slope having the least values followed by the middle slope
along with the control having 75.08+7.54% with18.16% of CV
respectively; this is greater than the gully sand in Umueshi,
Imo State with 62.44 -74.05% (Oyegun et al., 2016), within
74.1% reported by Ubuoh et al. (2013) in the Ukpor gully
erosion site in Anambra State. Various authors (Ukaegbu et
al., 2015; Nwite and Okolo, 2017) have previously reported
predominance of sand fraction in soils of different land uses
in southeast Nigeria. Accordingly, authors including Liu et
al. (2013), Xu et al. (2016) reported that the southeastern part
of Nigeria soils are predominantly sandy and is >70%, as a
result, this region is more prone to erosion especially with
the presence of high rainfall. There was significantly more
sand in gully sites than non-gully site. This could be the
result of the loss of organic binding agents under the effect
of rain, leading to the loss of finer soil particles carried away
by the force of erosion and flood water (Olusegun et al., 2011;
Uwanuruochi and Nwachukwu, 2012). The clay content in
the soil in the study area ranged between 2.92+3.42 and
25.67+8.95 percentage, with the middle slope recording the
lowest value to be followed second by the lower slope. The
upper slope has the highest clay content along with the control
recording 19+6.13 percentage of clay. Silt and clay ranged
between 4.25+1.53 to 10.5+2.90 and 2.92+3.42 to 25.67+8.95
respectively, with the middle slope recording the least mean
values along with the control at 6.67+3.07, 19+£6.13 showing
CV70.74% and 61.26% respectively, which is suspected to
be due to erosion processes down the slopes Soil physical
parameters along the three slopes indicated significant
differences at p>0.05 level. The result was in tandem with
the finding of Hossein et al. (2015) who reported that textural
classifications were significantly different among the slope
positions and control site (p>0.05). This is different from
the findings of Salako et al. (2006) who reported a high clay
content down the slope of the gully.
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Table 4. Correlation between soil physical properties and soil aggregate indicators in the study area.

Parameters MC BD Clay Silt Sand HC AST. MWD
Moisture Content 1
Bulk Density 0.027 1
Clay -0.008 -0.386 1
Silt -0.352 -0.224 0.304 1
Sand 0.214 0.368 0.957" -0.608™ 1
Hydraulic C -0.490° -0.096 0.059 0.337 -0.195 1
Aggregate Stab (AST). 0.255 0.140 0.412" 0.167 -0.441 0.124 1
MWD 0.190 -0.001 0.432" 0.174 -0.552" 0.208 0.938™ 1

**0.01 level (2-tailed). *. 0.05 level (2-tailed).

Table 4 reveals that MC, correlated negatively, but
also weakly, with hydraulic conductivity ( r = -0.490) at
the significant level p <0.05. This inverse relationship
may be attributed to the low soil infiltration rates due to
soil compaction. Accordingly, Infiltration rates decreased
with an increase in the bulk density and with a reduction
in the air-filled porosity. Clay correlated positively, but
strongly, with sand fraction (r=-0.957) at the significant
level p<0.01. The relationship may be attributed to the fact
that sand soils of humid tropical southeastern Nigeria will
effectively depend on reliability of determination of clay and
coarse sand contents of the soils (Chinedu et al., 2012). Clay
correlated positively, but weakly, with aggregate stability
and MWD (r=0.412, 0.432) at the p<0.05 significant level

respectively. This implies that clay content increased with

the decrease in aggregate stability/ MWD respectively. Since
clay in the soil is weakly correlated with aggregate stability
(MWD), hence aggregate stability is highly susceptible to
erosion. Therefore, aggregate formation and stabilization are
affected by different factors such as clay content (Denef and
Six, 2005). The indication was that mean weight diameter
increased as clay contents increased resulting in a better
aggregation of the soil (Uzoma and Onwuka, 2018). Silt
correlated negatively, but strongly, with sand (r=-0.608) at
the significant level p<0.01, Sand correlated negatively, but
moderately, with weight diameter (MWD) (r=-0.552) at the p<
0.05 significant level. This indicates that the increase in sand
particles decreased the soil micro aggregation. Aggregate
stability correlated positively with MWD (r=0.938) at the
significant level p<0.01.

Table 5. Soil Chemical Characteristics in Gully Erosion Prone Sites at the study Area

Slope Profile pH (H,0) E/C (ds/cm) OM(%) OC (%)
Upper Slope (USL) 5.43+0.25 0.97+0.23 4.25+1.02 3.65+0.14
Middle slope (MSL) 5.59+0.25 10.0+0.23 4.18+1.09 3.05+0.58
Lower slope (LSL) 5.60+0.23 1.08+0.28 4.28+1.33 3.04+0.50
control (Ctrl ) 5.68+0.30 0.89+0.24 4.37+1.42 2.68+0.53
F.LSD, 0.925 0.865 0.1935 0.3696
(6\% 4.804 29.167 25.293 20
Sig NSD NSD NSD NSD

From Table 5, the results of the soil pH ranged between
5.434+0.25 at the upper slope indicating strong acid
conditions and 5.60+0.23; this is lesser than the control
5.68+0.30 which indicates moderate acid conditions (5.6-6.0)
respectively (Shehu et al., 2015). Soil pH distribution in the
study area was in the increasing order of: USL (5.43+0.25)
< MSL (5.59+0.25) < LSL (5.60+0.23) <Ctrl: (5.68+0.30)
indicating strong acid conditions (5.0-5.5), moderate acid
conditions (5.6-6.0) for the middle slopes, the lower slopes,
and the control respectively, and these values were similar
to the overall mean values of soil pH (5.4) obtained from the
three gully profiles in Kano State (Mallam et al., 2016). The
mean value of soil electrical conductivity (EC) ranged from
0.97+0.23 to 10.0+0.23, which is greater than the control
with 0.89+0.24 mm/S. However, the present results of EC

are in tandem with the results of EC obtained by Ubuoh
and Ogbonna (2018) from soils affected by human-induced
environmental hazards in Imo State. The mean values of
soil organic matter obtained in this study were between
4.1841.09% for MSL and 4.28+1.33% for LSL which are
less than control with the value of4.37+1.42%. The overall
results of OM were at the decreasing order starting with
the control with the values of 4.37+1.42> LSL: 4.28+1.33>
USL: 4.25+1.02> and MSL: 4.1841.09 with CV of about
25.3 indicating no significant difference in the level of OM
along the three slopes and the control at the p>0.05 level.
The significantly lower values of SOM along the slopes
may have been caused by the removal of plant residues by
water erosion (Shinjo et al., 2000). The ecreased aggregate

stability in this study is suspected to be mainly driven by the
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lack of the soil organic-matter accumulation along the three
slopes sequence as confirmed by Obalum et al. (2011). The
soil Organic carbon ranged between 3.04+0.58 and 3.65+0.14
which is greater than the control value 2.68+0.53. The
SOC was in the decreasing order of USL: 3.65+0.14>MSL:
3.05+0.58> LSL: 3.04+0.50 > and Ctrl: 2.68+0.53 showing a
CV value of 20%, with no significant difference. The results
are higher than the SOC values of (0.22% and 0.96%) in part
of Imo State (Oyegun et al., 2016). The result from this study
is different from the finding of Erktan et al. (2015), who
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observed that soil aggregate stability increased along the
succession gradient, which is mainly driven by soil organic
carbon accumulation. Thus, rainfall might have initiated the
extent of the gully erosion (Ajaero and Mozie, 2011). Authors
believed that the emphasis on high rainfall and topography
can be attributed to the high rainfall in the humid tropics
while the steep slopes in the area might have also aided the
high speed of surface runoff leading to the rapid washing

away of the soil surface and the weakening of soil strata.

Table 6. Correlation of the selected soil chemical properties with MWD and aggregate stability in the study area.

Variables pH (H,0) E/C Soil organic carbon Soil organic matter Agg. Stab.
pH (H,0) 1
IBJC 0.233 1
ocC -0.362 -0.134 1
OM -0.261 -0.295 0.022 1
MWD 0.394 0.319 0. 757" 0.691%* 1
Agg. Stab. 0.555™ 0.369 0.302 -211 -0.938™ 1

**0.01 level (2-tailed). * 0.05 level (2-tailed).

According to table 6, pH (H,0) correlated positively,
but moderately, with soil aggregate stability ((r= 0.56) at
the significant level p<0.01. The weak positive association
could be attributed to the moderate acidic pH level of the soil
due to human activities such that accelerated soil erosion.
Soil organic carbon correlated negatively, but strongly, with
MWD (r= -0.76.). This implies that the decrease in soil
organic carbon also led to the decrease in MWD leading to
the susceptibility of the soil along with erosion by constant
rainfall. This result is in line with the report by FAO (2019)
which shows that most tropical soils are structurally fragile
and are easily susceptible to many forms of erosion. Soil
organic matter (SOM) correlated positively, but strongly, with
MWD at r=0.69. This implies that reduction in soil organic
matter leads to a decrease in the mean weighted diameter.
MWD correlated negatively, but strongly, with aggregate
stability (r=-0.94), signifying a low value of MWD. These
low values of MWD could lead to quick dispersion of the
soil during rainfall events leading to severe rill or inter-

rill erosion and finally gully. In line with these results,

it was suggested that wetting by rapid immersion for the
measurement of dried aggregate stability had led to aggregate
breakdown by slaking, while the slaking process may not
occur in the measurement of wetting aggregate stability. As
Ternan et al. (1996) and Unger (1997) suggested, the slaking
process played a major role in the breakdown of surface soil
aggregates in a semiarid region where intermittent rainfall
causes rapid wetting of the relatively dry soil surface (Shinjo
etal., 2000). However, Amezketa et al. (1996) showed that the
combined use of MWD in various forms and the soil-slaking
index could be useful in assessing soil erosive behavior. The
results have further proven the important contributions of
SOM and SOC in binding soil particles together into large
macro aggregates to improve the aggregate stability of the
soil (Yang, 2017). Oguike and Mbagwu (2009) observed that
soils with low MWD have the potential to erode faster than
those with higher MWD, and soils with good structures and
high MWD resist aggregate breakdown during rainstorms
(Ubuoh et al., 2013; Okon et al., 2016).
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Table 7. MWD and Soil Aggregate Stability classes in Upper Slope in Gully Erosion Site regarding soil depth and particle size

e Stability
LGA/ COMMUNITY SLOPE Depth 2mm 1mm !
(US) (cm) Status
BENDE: OZUITEM NDIAGHO | US 025 | 1426 |13.07 |824 |4496 |141 |13-20 | Stable
BENDE: OZUITEM NDIAGHO | US 2550 |43 | 1019 |162 |548 |06l |04-0.8 | Unstable
R ONUIBINA-UKWU Us 025  [323 [872 |1004 [5534 |051 |04-0.8 | Unstable
onEnE O Us 2550|374 | 161 |1666 |52.55 |0.68 |04-0.8 | Unstable
OHAFIA: ELU OHAFIA Us 025  |285 |1L1 |1584 |5836 |0.53 |04-08 | Unstable
OHAFIA: ELU OHAFIA Us 2550 | 134 | 1063 | 1974 |5782 |056 |04-0.8 | Unstable
OHAFIA: EBEM OHAFIA US 025 | 199 |2581 1713 [3232 |123 | 0..8-13 | Medium
OHAFIA: EBEMOHAFIA Us 2550 2686 |3582 | 1641 |1837 |153 |13-20 |Stable
UMUNEOCHE: AMUODA Us 025 292 |142 |1614 |5066 |0.61 | 04-0.8 | Unstable
UMUNEOCHE: AMUODA Us 25-50 |291 |2009 | 1614 |4622 |068 |04-0.8 | Unstable
OO G OCHE: OBINAOLY Us 025 | 1204 |3122 [1937 [31L19 109 | 0..8-13 | Medium
Noong CHE OBINAOLU Us 2550  |049 | 1585 2088 |5631 [062 |04-0.8 | Unstable
F-LSD, . 2120 |20 |791  |3275 |o0s4 |-
cv 10696 | 50.84 | 2271 | 2744 | 4405 |-
Sig. NSD |NSD | NSD |NSD |NSD |-

The summary of results and classes of soil aggregate
stability in the upper slope in the gully erosion sites are
presented in Table 7. At 2mm, aggregate stability ranged
from 1.34 - 26.86 mm, at lmm, aggregate stability ranged
from 8.72 - 35.82 mm, at 0.5mm, aggregate stability ranged
from 8.24 to 20.88 mm and at Omm, aggregate stability
ranged from 18.37 - 58.36mm respectively. The results imply
that the smaller the particle size of the aggregate, the larger
the specific surface area, and the greater the adsorption of
organic matter. The results of this study demonstrated that
the SOC contents of small-sized aggregate fractions were
higher than those of coarse grain. This result also confirmed
former reports by Arrouays et al. (1995). F-LSD
between 7.91- 32.75, CV 22.71-106.96 with MWD 0.84+0.37,

0.84, 44.05 respectively. However, a non-significant (p<

ranged

0.05) effect was observed in the upper slope between Imm
— 0.25mm WSA alongside MWD mm. According to these
results, land uses had little effect on dry aggregates in this
study. Based on MWD, soil aggregate stability recorded
stability constituting 17%, medium stability 17% and
unstable 66% in the upper slope of the gully site. The result of
unstable soil aggregates is explained by Hitoshi et al. (2012)
that as the slope gradient increased, the amount of eroded
soil assumed to increase, resulting in the relative increase of
sand/ gravel in the soil surface coverage. The increase in the
amount of eroded soil, in turn, would reduce the soil rooting
depth, which is not suitable for the growth of shrub species
whose tap root penetrates very deeply, sometimes 1 m or

more, to exploit the limited amount of water (Thalen, 1979).
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Table 8. MWD and Soil Aggregate Stability classes at the Middle Slope in the Gully Erosion Site regarding soil depth and particles size

LOCAL GOVERNMENT ey voy If&t‘)h i vsmn  osmm MWD Stabiy
I%EDI}’E(%%ZUITEM g’g‘:)‘ilst) 025 | 1426 13.07 8.24 44.96 1.41 Stable
OZUITEM NDIAGHO: MS 25-50 | 1.26 58 56 61.28 0.13 ey
ONU IBINA-UKWU IGBERE | MS 025 |3.23 872 10.04 5534 0.51 Unstable
ONU IBINA-UKWU IGBERE | MS 2550 | 138 1371 16.04 54.61 0.46 Unstable
OHAFIA: ELU OHAFIA MS 025 | 285 1.1 15.84 58.36 0.53 Unstable
ELU OHAFIA MS 2550 | 061 872 12.26 s2.12 0.47 Unstable
EBEM OHAFIA MS 025 | 199 2581 17.13 32.32 1.23 Medium
EBEM OHAFIA MS 25-50 | 22.66 33.93 1875 2182 1.41 Stable
UMUNEOCHE: AMUODA | MS 025|292 14.2 16.14 50.66 0.61 Unstable
AMUODA MS 25-50 | 1171 33.22 157 30,31 1.08 Medium
OBINAOLU NGODO MS 025 | 12.04 3122 19.37 3119 1.09 Medium
OBINAOLU NGODO MS 25-50 | 1.38 152 14.33 50.74 0.57 Unstable
MEAN 7855791 | 17.64+10.61 | 13.96:4.63 | 4531+13.01 | 0.79+0.43
F-LSD0.05 196 22 12.01 28.17 0.84
cv 1007643 | 60.14739 | 33.16619 | 2871331 | 5443038
Significant NSD NSD NSD NSD NSD

From the results of MWD in Table 8, it is observed that
Ozuitem Ndiagho at the soil depth of 25-50cm (middle slope)
recorded the lowest value of 0.13 and at 0.25cm recorded the
highest value of 1.41 (Ozuitem Ndiagho) and Ebem Ohafia at
the depth of 25-50cm respectively . From these results, all the
study locations were affected by gully erosion on aggregate
stability with an intensity ranging between severe moderate
constituting 41.7% to very severe constituting values up to
58.3%. This implies that the aggregate stability of the soil
has contributed to gully erosion ranging between 41.7 -58.3%
in the selected communities. Table 8 shows the summary of
the gully erosion on aggregate stability at the middle slope
at the depths 0-25 and 25-50cm respectively. At 2mm, soil
aggregates ranged from 0.61 to 22.66 where Elu (0-25cm)
recorded the lowest value while Ebem recorded the highest

value with the overall mean value of 7.85+7.91, at Imm,

soil aggregates ranged from 2.73 to 33.93 where Ndiagho
recording the lowest value, while Ebem (0-25cm) recorded
the highest mean value of 17.64+10.61. At 0.5mm, soil
aggregates ranged from 8.24 to 19.37 with Ndiagho recording
the lowest and highest values at 0-25cm respectively at
the mean value of 13.96+4.63. At 0.25mm, soil aggregates
ranged from 21.82 to 61.28 with Ngodo recording the lowest
value at 0-25cm and Ndiagho showing the highest value at
25-50cm with a mean of 45.31+13.01 respectively. There was
no significant difference existing between aggregate stability
and MWD of the soil in the middle slope at p>0.05 at the
different soil depths and various locations. Based on MWD,
the recorded soil aggregate stability was as follows: stable
at 17%, very unstable at 8%, medium at 25% and unstable
at 50% with unstable soil aggregate stability showing the
highest percentage.

Table 9. Critical levels for aggregate stability based on levels of Mean weighted diameter in the middle slope

Soil Depth

S/No  Local Government Area/Community ) MWD (mm) Critical limit Description Symbol

0-25 1.41 1-2 severe moderate SM
1 BENDE: Ozuitem Ndiagho

25-50 0.13 0.5<0.1-5 Very severe VS

0-25 0.51 0.5<0.1-5 Very severe VS
2 Onu Ibina-Ukwu Igbere

25-50 0.46 0.5<0.1-5 Very severe VS

0-25 0.53 0.5<0.1-5 Very severe VS
3 OHAFIA: Elu Ohafia

25-50 0.47 0.5<0.1-5 Very severe VS

0-25 1.23 1-2 severe moderate SM
4 Ebem Ohafia

25-50 1.41 1-2 severe moderate SM

0-25 0.61 0.5<0.1-5 Very severe VS
5 UMUNEOCHE: Amuoda

25-50 1.08 1-2 severe moderate SM

0-25 1.09 1-2 severe moderate SM
6 Obinaolu Ngodo

25-50 0.57 0.5<0.1-5 Very severe VS
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According to the results of the MWD in Table 9, Ndiagho
recorded the lowest value of 0.128955 at the soil depth of 0-25
cm, while at the depth of (25-50 cm), Ndiagho recorded the
highest value of 1.41045 with the mean value of 0.79+0.43.
The levels for aggregate stability based on levels of MWD

Attah et al. / JJEES (2020) 11 (3): 211-224

ranged from severe moderate (41.7%) to very severe (58.3%),
indicating that locations situated in the middle slope are
affected by gully erosion that ranges between severe

moderate to very severe.

Table 10. MWD and Soil Aggregate Stability classes at the Lower Slope in Gully Erosion Site regarding soil depth and particle size

Soil
LOCAL GOVERNMENT AREA/ MWD  Stability
COMMUNITY D(cel‘::)h A oty | b2 i) Status
025 | 1426 13.07 8.24 44.96 1.4 Stable
BENDE: OZUITEM NDIAGHO
2550 | 1.89 1434 6.55 55.62 0.52 U
025|323 872 10.04 55.34 0.51 Unstable
ONU IBINA-UKWU IGBERE
2550 | 2.06 6.39 8.98 5151 0.42 Uil
025 | 285 1.1 15.84 58.36 0.53 Unstable
OHAFIA: ELU OHAFIA
2550 | 0.56 9.38 15.24 55.82 0.48 Unstablo
025 | 199 2581 17.13 32.32 1.23 Medium
EBEM OHAFIA
2550 | 278 9.92 16.12 58.95 0.57 Unstable
025 |29 142 16.14 50.66 0.61 Unstable
UMUNEOCHE: AMUODA
2550 | 2.59 12.82 18.79 5417 0.61 Unstable
025 | 1204|3122 1937 3119 1.09 Medium
OBINAOLU NGODO
2550 | 2886 | 22.82 9.35 2436 2.00 Stable
Mean 7839.00 | 14.9847.61 | 13.48+4.51 | 4777411.89 | 0.83£0.49
cv 11494 | 508 33.46 0.25 59.04
F-LSD 18.75 195 10.07 29.4 1.042
REMARK NSD NSD NSD NSD NSD

Table 10 shows the summary of the gully erosion on
aggregate stability at the lower slope at the depths 0-25
and 25-50 cm respectively. At 2 mm, soil aggregates at the
lower slope ranged from 0.56 to 14.26 with Elu (25-50cm)
recording the lowest value and Ndiagho (25-50) recording
the highest values with the overall mean value of 7.8349.00.
At 1mm, soil aggregates at the lower slope ranged from
6.39 to 31.22 and Ukwulgbere recorded the lowest value
while Ngodo (0-25cm) recorded the highest values with the
mean value of 14.98+7.61. At 0.5 mm. Soil aggregates at the
lower slope ranged from 6.55 to 19.37 with Ndiagho (25-50)
recording the lowest value and Ngodo recording the highest
at 0-25cm respectively with the mean value of 13.48+4.51,
and at 0.25mm. Soil aggregates at the lower slope ranged
from 24.36 to 58.95 with Ngodo recording the lowest value at
0-25cm and Ebem having the highest value at 25-50cm with
the mean value of 47.77+11.89 respectively. The coefficient of
variance ranged from 0.25 to 114.94 (0.25-2 mm), and F-LSD
ranged from 10.07 to 19.5 (0.5-1 mm) at 0.05%. Statistically,
there was no significant difference at (p-value <0.05),
indicating that soil aggregate stability in the lower course of
the slope has no significance differences existing among the

sampled communities. There was no significant difference

existing between aggregate stability and MWD of the soil in
the three sampled slopes at p>0.05 of the different soil depths
at various locations. Uwanuruochi and Nwachukwu (2012)
reported that when comparing aggregate stability of eroded
and non-eroded soils, there was no statistical difference at 0.6
mm and 1.0mm, but there was a highly significant reduction
of aggregate stability in eroded soils at 2mm aggregate size.
Based on MWD, the recorded soil aggregate stability was
shown as stable in Ndiagho and Ngodo constituting 17%,
there was medium stability in Ebem and Ngodo with 17%,
while the rest of the locations being unstable recording 66%
of soil aggregate stability in the lower slope of the study
area (Table 11). Above all, aggregate stability decreases with
increasing the water content at aggregates with a diameter
of 0.25mm fraction and affecting the three slopes within the

agricultural land leading to a very poor soil quality (Figure 3).

|—— m Upper Slope
[~ = Middle Slope
Lower slope

0.25mm

Figure 3. Water content at soil aggregate mean diameter fractions
along the slopes.

Mean value of soil aggregate

0.5mm

2mm
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Table 11. Critical levels for aggregate stability based on levels of Mean weighted diameter in the lower slope

Local Government Area/Community Soil Depth(cm) MWD (mm) Critical limit Description

0-25 1.41 1-2 Severe moderate SM
BENDE: Ozuitem Ndiagho

25-50 0.53 0.5<0.1-5 very severe VS

0-25 0.51 0.5<0.1-5 very severe VS
Onu Ibina-Ukwu Igbere

25-50 0.42 0.5<0.1-5 very severe VS

0-25 0.53 0.5<0.1-5 very severe VS
OHAFIA: Elu Ohafia

25-50 0.48 0.5<0.1-5 very severe VS

0-25 1.23 1-2 Severe moderate SM
Ebem Ohafia

25-50 0.57 0.5<0.1-5 very severe VS

0-25 0.61 0.5<0.1-5 very severe VS
UMUNEOCHE: Amuoda

25-50 0.61 0.5<0.1-5 very severe VS

0-25 1.09 1-2 Severe moderate SM
Obinaolu- Ngodo

25-50 2.00 1-2 Severe moderate SM

The effect of location on the MWD revealed no significant
difference from the results of mean weight diameter. Elu at
the soil depth of 25-50cm recorded the lowest value of 0.48,
while Ndiagho (25-50cm) recorded the highest value of 2.00
with the mean value of 0.83+0.49, with 59.04 CV and F-LSD
1.042 signifying that there is no significance difference
among the communities in terms of mean weight diameter
(MWD) in the lower slope at a 0.05% significance level.
From the results obtained, the three studied slopes were
susceptible to gully erosion leading to severe moderate (33%)
to very severe (67%) based on the critical limit suggested
by Lal (1986), implying that the sampled location recorded
low aggregate stability with intensity ranging between
severe moderate to very severe stability based on levels of
Mean weighted diameter in the three slopes. Above all, the
indices of macro aggregate stability in the gully sites and
control showed that stability was lower, though lesser than
control, which is thought to be decreasing the OC content
and dominant sand in the gully-affected agricultural lands.
The result is in agreement with Olusegun et al. (2011), who
explained that the loss of organic binding agents through
rain action resulted in the loss of finer soil particles to
erosion and floodwater respectively. The low MWD values
of the soils were attributed to low clay and organic-matter
contents resulting in the weak aggregation of the soils
along the slopes. The continued wetting and drying at the
lower landscape position could lead to a decreased macro-
aggregate stability, which is supported by Caron and Kay
(1992), and Malgwi and Abu (2011). In addition, considering
the translocation of the disintegrated aggregates along the
slopes, the gentler the lower slopes, the larger the amount of
disintegrated aggregates on the upper slopes can be added
to the lower slopes, resulting in the increase of the amount
of unstable aggregates on gentler slopes. This assumption
was supported by previous results by Shinjo et al. (2000),
showing that the gentler slope yielded a soil loss comparable
to that on the steeper slope during the monitoring of water

erosion over two rainy seasons.

4. Conclusions

The results of the soil physical and chemical parameters
along the three slopes show high soil moisture and high
bulk density which cause excessive drainage. The higher
bulk density recorded along the three slopes were attributed
to the coarse texture, low soil organic-matter content, and
poorly-structured coarse particles dominated by the sand
content, and low soil pH indicating acidity along the slopes.
This finding suggests that the soil surface coverage can
enhance the soil aggregate stability through the increasing
of the organic-matter content, and that the slope gradient can
increase the translocation of unstable aggregates, leading to

the stabilization of soil in gully prone sites.
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