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Abstract. The rapid increase in soil deterioration has been a drawback to global development, acting
like a barrier to sustainability of Agriculture and the environment. Biodiversity in soil plays a crucial role
in ecosystem sustainability, but yet there exist a rapid deterioration in soil biodiversity especially due to
increase soil toxins, chemical spills, wind erosion including the rapid down-pour by rainfall which destroys
soil structure and degrade soil biota. Soil compaction reduction manipulation through tillage and applica-
tion of fertilizer plays a major role for food production, apart from being a part of environmental sustaina-
bility strategy. Field studies was conducted, where the status of soil compaction was examined, a replicate
of four (4) soil sample were collected at a twenty (20) points sampling station using the proportionate strat-
ified random sampling technique. Laboratory analysis output indicated high soil compaction. Laboratory
analysis output was ranked with FAO standardize rate for compaction effect on soil biodiversity. Result of
the finding indicated high soil compaction with bulk density value range of 1,56 gcm™ — 2,71 gem™ which
was found to be too compact for sustainable soil biota development. And porosity value range of 1 % — 41 %
was obtained, which indicated tight soil spore that can imped soil biodiversity. Correlation analysis (R*)
revealed a positive correlation between topography and soil compacting, with a ranking output of the soil
been poor in biodiversity (biota load). Outcome of this investigation concluded that proper tillage, appli-
cation of fertilizer including organic matter be carried out for the study area soils and soils of its environs.
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1. Introduction

Humankind has suffered many hazard cause
by nature and anthropogenic elements. Among
soils many disturbances affecting global develop-
ment is the compaction of soils and it current and
anticipated effect on soil biodiversity. Building
upon this, one can quickly say soil biota plays
a crucial role in the ecosystem regulation and
balance. The sealing and compaction of the
topsoil plays a detrimental role in the sustaina-
bility of the environment and for sustainable crop
production.

Soil physical properties pays a curial role in
the regulation of the eco-system and soil biodi-
versity including climatic regulation (Hillel,
2004; Oku et al., 2010; Adiaha et al., 2020). Bulk
density presents the ability of the soil being able
to allow plant root penetration for nutrients and
water absorption. Porosity presents the status of
the space between the different soils layers as it
appear in the peds. These two physical properties
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of the soil presents the status of the soil in regards
to its ability for plant root penetration, growth
and development, soil biodiversity, sustainability
and water the soil ability for water regulation,
aquifer recharge, soil infiltration including the
engineering utilization of the soil.
Understanding the distribution and proper-
ties of soils is necessary to planning and imple-
menting sustainable land use and/or rehabilitation
of degraded lands (Ali et al., 2010). Knowledge
about the properties of soils can be generated
directly through field observation, though soil
properties are extremely variable in space and
time (Korres et al., 2013). A better mechanism
for predicting adequate and yet reproducible soil
information is by using proxy lands’ biophysical
and climatic characteristics that have established
strong relationships with soil properties (Fantaw
et al., 2006; Moore et al., 1993). Several studies
have been conducted to determine dominant
controlling factors of soil properties on the land-
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scape (Brubaker ef al., 1993; Fantaw et al., 2006;
Miller et al., 1988; Mulugeta and Sheleme, 2010;
Sheleme, 2011; Wang et al., 2001). For instance,
Wang et al. (2001) regarded topography as the
dominant factor influencing soil property varia-
tion due to its influence on runoff, drainage, soil
biodiversity, microclimate and soil erosion, and
consequently on soil formation under a hill slope
in semi-arid small catchment of the loess plateau
of China. Similarly, Mulugeta and Sheleme
(2010) recounted that most of the important soil
quality indicators were affected by different land-
scape positions, particularly at the surface hori-
zons. Significant variation in soil properties with
respect to aspect and vegetation communities
were also noticed by Fantaw et al. (2006) in the
highlands of southeastern Ethiopia. Moreover,
many soil properties including particle-size distri-
bution, bulk density, soil biota, pH and organic
matter content vary with slope position (e.g.,
Miller et al., 1988; Mulugeta and Sheleme, 2010;
Sheleme, 2011; Wang et al., 2001). A common
denominator of all these studies is a demon-
strated strong relationship among topographic
positions, soil properties and vegetation compo-
sition, such that the distribution of a particular
soil property may vary with topographic attrib-
utes, soil biota population and vegetation types.
Understanding the dynamics and distribution of
the soil characteristics as influenced by landscape
or topographic features is critical for assessing
the effect of future land use changes on soil use
and management (Kosmas et al., 2000).

Soil biodiversity reflects the variability among
living organisms including a myriad of soil
micro-organisms (FAO, 2000), such micro-or-
ganisms (bacteria, fungi, protozoa including
nematodes) and meso-fauna (e.g. acari and
springtails), as well as the more familiar macro-
fauna (earthworms and termites). Plant roots can
also be considered as soil organisms in view of
their symbiotic relationships and interactions
with other soil components (FAO, 2000). These
diverse organisms interact with one another
and with the various plants and animals in the
ecosystem forming a complex web of biological
activity (FAO, 2000; Adiaha, 2016 b). Ecological
functions and soil biodiversity are important
because of their role in: structure formation,
stability of structure and functions, fertility, buff-
ering and in providing possibilities to have the
soil acting as a carbon sink (Breure, 2004).

Soil organisms contribute a wide range of
essential services to the sustainable function
of all ecosystems (Penn State Extension, PSE,
2003; FAO, 2000). They act as the primary
driving agents of nutrient cycling, regulating the

dynamics of soil organic matter (FAO, 2000), soil
carbon sequestration and greenhouse gas emis-
sion, modifying soil physical structure and water
regimes, enhancing the amount and efficiency
of nutrient acquisition by the vegetation and
enhancing plant health (FAO, 2000; PSE, 2003).
These services are not only essential to the func-
tioning of natural ecosystems but constitute an
important resource for the sustainable manage-
ment of agricultural systems.

Soil organisms act as the primary driving
agents of nutrient cycling, regulating the dynamics
of soil organic matter, soil carbon sequestration
and greenhouse gas emission, modifying soil
physical structure and water regimes, enhancing
the amount and efficiency of nutrient acquisition
by the vegetation and enhancing plant health
(FAO, 2000). The air we breathe, the water we
drink and the food we eat all rely on biodiver-
sity. It is fundamental we produce food in a way
that preserves the environment. That is why safe-
guarding natural resources and biodiversity is
critical to human-livestock health and planetary
wealth (FAO, 2000, FAO, 2006; Barros, 1999;
Hégvar, 1994; McNeely et al., 1995). Sustainable
agriculture is the answer to reverse trends that
lead to biodiversity loss. Soil biodiversity and
soil health can be seen as one measure of envi-
ronmental quality, because the functioning of the
soil system may be the key to understanding the
health of agroecosystems.

The invasion and degradation of pastures due
to biologically created soil compaction results in
negative feedbacks to climate change in methane
emission. Deforested area converted into pasture
are usually degraded due to mismanagement,
phytosanitary problems, poor soil fertility and soil
structural modification (linked to soil macro-in-
vertebrate activity including). When the forest is
converted to pasture, the use of heavy machinery
and, later, cattle trampling lead to severe soil
compaction, particularly in the 5-10 cm layer,
impeding root development and hydrological
processes in the soil (Barros, 1999; Hagvar, 1994;
McNeely et al., 1995). In most deforested lands
and land converted to other uses not fully utilized,
the native soil macro-invertebrate communities
are radically and drastically depleted, i.e. most
of the native taxa (morphospecies) disappear. An
opportunistic invading earthworm (Pontoscolex
corethrurus (Miller); Glossoscolecidae) bene-
fits from anthropic disturbances and occupies the
empty niche left by native earthworms and soil
macrofauna, increasing its biomass to more than
450 kg/ha equivalent to nearly 90 percent of total
soil macro-invertebrate biomass (Juan, 1999).
When P corethrurus is present in the forest
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there is no negative effect on the native species
communities, which have similar or higher densi-
ties in the presence of P. corethrus. (Juan, 1999)
suggests that this invasive species, unlike native
species, is able to feed and develop in environ-
ments where litter resources are decreased.

Juan (1999) showed that P. corethrus can
produces more than 100 t/ha of castings, dramat-
ically decreasing soil macroporosity down to a
level equivalent to that produced by the action
of heavy machinery on soil (2.7 cm®/100 g),
whereby during the rainy season these casts
plug up the soil surface, saturating the soil and
producing a thick muddy layer, where anaerobic
conditions prevail (increasing methane emission
and denitrification). In the dry season, desicca-
tion cracks the surface and the inability of roots
to extract water from the soil causes plants to
wilt and die, leaving bare patches in the field.
The report of (Juan, 1999; FAO, 2000, FAO,
2006; Barros, 1999; Hagvar, 1994; McNeely
et al., 1995) have presenting a view that some
soil invertebrate species may bring catastrophic

consequences to soil ecosystem functioning
by increasing greenhouse gas emissions from
soils and increasing soil compaction, apart from
being a blessing to soil fertility and increase
crop production.

Soil compaction has been reported by Radford
et al (2001) to have impaired soil biodiversity
population, Radford et a/ (2001) data presented
by Radford et al., (2001) including FAO (2006)
indicated a view that with increase in soil
compaction due to certain phenomena that gears
soil compaction, soil diversity could be heavily
depleted, which could stand like a hindrance to
soil fertility and sustainability.

Further report by USDA (1999) indicated
that high bulk density is one of the major factors
gearing depletion of soil biodiversity. The study
of USDA (1999) further stated statistical value
(Table 2) at which bulk density becomes too
compact that inhibit root penetration, which also
gives a view that at this point the soil biodiver-
sity population impaired and almost completely
depleted.

1. Ideal and root-restricting bulk densities with biodiversity impact.

Soil Texture Ideal bulk density | Bulk density restricts Impact on Soil Biodiversity
(g/cm) root growth (g/cm)
Sand, loamy sand <160 ~1.80 Impalred soil biota (blodlversny).
population growth, compacted soil
Sandy loam, loam <140 ~1.80 Impalreq soil biota (blodlversny)'
population growth, compacted soil
Sandy clay loam, Impaired soil biota (biodiversity)
<1.40 > 1.75 . .
clay loam population growth, compacted soil
Silt, silt loam <130 =175 Impalred soil biota (b10d1ver51ty).
population growth, compacted soil
Silty clay loam <1.40 >1.65 Impaired soil biota (biodiversity)
population growth, compacted soil
Sandy clay, silty Impaired soil biota (biodiversity)
<1.10 >1.58 . .
clay population growth, compacted soil
Clay <110 =147 Impalreq soil biota (blOleCrSlty).
population growth, compacted soil

Source: USDA. (1999),; FAO (2006)

2.General Porosity Ranking

Soil porosity status indicator | Rating (%)
Soil very compact <5%
Soil compact 5-10%
Soil moderately porous 10-25%
Soil highly porous 25-40%
Soil extremely porous >40 %

Source: (Pagliai, 1988)

Slope gradient is a key factor in influencing
the relative stability of a slope including soil
biota (USDA, 1999). It determines the degree

2020 « Ne 1 MEJIIOPALILA I BOOHE TOCITOJJAPCTBO

to which gravity acts upon a soil mass. Slopes
are often irregular and complex, with gradients
varying greatly throughout a given shoreline
profile (Greenbelt Consulting, 2014). The Food
and Agricultural Organization of the United
Nations (FAO, 2006) presented a ranking for
slope gradient, as shown in Table 3.

Against the huge impact of soil compaction
on soil sustainability, the present study seeks to:

1. Assess soil compaction interaction with
topography

2. Assess soil compaction interaction with
soil biodiversity
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3. Slope gradient Class and Rating

Class Description (Rating) %

01 Flat 0-0.2
02 Level 0.2-0.5
03 Nearly Level 0.5-1.0
04 Very gently slopping 1.0-2.0
05 Gently sloping 2-5
06 Sloping 5-10
07 Strongly sloping 10-15
08 Moderately steep 15-30
09 Steep 30-60
10 Very steep > 60

Source: FAO (2006)

2.0 Materials and methods

2.1 Geography of the Study Area

University of Abuja landmass falls within
Gwagwalada. Gwagwalada is a suburb of the
Federal Capital Territory, Nigeria. It is situated
along Abuja-Lokoja road at about 55 kilometers
away from Federal Capital Teeritory main town.
The area lies between latitudes 8°55' N — 9°00'N
and longitudes 7°00' E — 7°04' E (Ishaya, 2013).
The area is bordered by Kuje area council to the
East, Abaji area council to the West, Kwali area
council to the south and Abuja Municipal Area
Council to the Northeast and to the North by
Suleja Local Government Area of Niger State
(Balogun, 2001).

Soils of the Area

The soils of the area is refered to as “hardpan
soils” with crystalline lattice nature (in terms of
minerals) (Balogun, 2001)

Temperature of the Area

Gwagwalada has recorded a mean maximum
monthly temperature ranges between 28°C — 30°C
and the mean minimum monthly temperature
ranges between 25°C — 27°C (Balogun, 2001)

2.2Sampling Techniques

The proportionate stratified random sampling
technique was used to delineate the point where
soil sampling was carried out.

2.3 Soil  compaction  Influence  on
Biodiversity Ranking

Soil compaction indicators was ranked with
the standardized estimates presented by FOA
(2006) and USDA. (1999) to obtain the impact of
soil compaction on soil biodiversity.

2.4 Reconnaissance survey

Reconnaissance survey was carried out,
where sampling points were delineated using
the proportionate stratified random sampling. A

mapping unit was obtained from were interpola-
tion was done using GIS to cover for the whole
of University of Abuja terrain. This was done at a
scale of 1:20000.

2.5 Global Positioning System (GPS) /
Geographic Information System (GIS)
Modelling

Area covered by the study was geo-referenced
using Global Positioning System (GPS) hand
device and further processed using Quantum
Geographic Information System (GIS), where
base map for the study area landmass and study
frame was developed

Soil Biodiversity Studies

Soil samples collected at all the 20 points of
experiment was viewed in a micro-morpholog-
ical microscope and hand lens to examine the
population of soil biota. This was done at moist
condition of the soil.

2.6Soil sampling: A replicate of four (4) soil
sample were collected at a twenty (20) points
sampling station using the proportionate strati-
fied random sampling technique. Sampling was
done using soil core at a depth of 0—30 cm. Soil
samples were oven dried and used for the deter-
mination of bulk density and porosity.

2.7 Laboratory Analysis

* Bulk density Determination

Bulk density (Bd) of the soil was deter-
mined following the core method as described
by Grossman and Reinsch (2002), using the
equation:

Mass of ovendry soil (g)

Bulk Density(Bd ) = 1.1

Volume of soil (cm)

» Total Porosity was calculated from result
of bulk density using equation 1.1 From the
bulk density value obtained, the Porosity of the
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soil was determined following Gee and Bauder
(1986) procedure, using the equation:

TolalPorosity(TP):{l—i—ZXMO}, 2.1

where Pd = particle density (2.65 g/cm?). Value
used for particle density was a standardized
value presented by Oku et al., (2010) for
tropical soils, and soils of Abuja
Bd = Bulk density.
100 = Constant

2.8 Statistical Analysis

The correlation statistics was used to assess
the relationship between soil compaction and
topography, with it implication on biodiversity.
The coefficient of determination (R?) was utilized
to find the statistical relationship. Percentage
analysis was utilized to find the percentage influ-
ence of the interaction among variables.

3.0 Results and discussion

3.1 Topographic and soil compaction indi-
cators Assessment for soil diversity impact

Result of data analysis presented Table 5
indicated that at a slope gradient of 2.84%
(Site 1) the soil compaction indicator using the
bulk density was observed at 2.1 gem” which
indicated that the soil has serious limitation to
enhance the population of microbial in the soils,
presenting a view that such soil needs ecological
including agronomic remedy to function well
for crop production and ecological balance. At
Site 2, a topographic potential (slope gradient)
was obtained at 2.64 % with bulk density value
of 2.0 gecm which presents the soil as been
compact, and as a hindrance to microbial deve-
lopment within its layers. A topographic slope
gradient of 2.61 % was obtained for Site 3, with
a bulk density value of 2.9 gcm, presenting a
view that the soil is compact, hence having the
potential of reducing soil microbial population
and adversely affecting soil biodiversity. A topo-
graphic percentage value of 2.6 was obtained for
Site 5, with a bulk density value of 1.63 gem'!
which indicated a view that the soil is compact
with an impact of impairing soil biodiversity,
increase methane greenhouse gas emission, with
anticipated long term effect on soil hardening,
swollen and contraction. At Site 6 a topographic
influence of 2.52 % was obtained, this followed a
bulk density value of 2.27 gcm™ was found to be
too compact for productive multiplication of soil
biota. Site 7 recorded a soil compaction value at
2.41 gem™! with a topographic gradient of 2.69 %
which indicated a view the point of sampling is a
gentle slope position according to the ranking of
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FAO (20006). Result of data analysis presented in
Table 3 indicated a view that Site 8 has a sloping
class of (05) which is a gentle slope, while
producing a value at 2.75%. It was observed
that Site 8 has a bulk density value of 2.19 gcm'!
which was ranked to be too toxic for soil biodi-
versity development. Site 9 was found to have a
slope gradients value of 2.78 % which presented
the point as a gentle slope, with a slope class of
(Class = 05). Bulk density of the site was found
to be 2.07 which presented the site has been to
compact for soil biodiversity development. Site
10 recorded a topographic value at 2.89 % which
indicated the site as been classified under the
gentle slope class (Class = 05). The bulk density
at Site 10 recorded a value at 2.5 gem™ which
was found to be too toxic for soil biota and biodi-
versity functionality. Site 11 recorded a slope
class at (2.93 % which falls under the Class = 05)
which was ranked to be a gentle slope, with a soil
compaction indicator of 1.73 gem™ , presenting
a view that the soils are toxic and has an imped-
iment for root penetration and soil biodiversity
development. Research data analysis outcome
presented a view that Site 12 is a gentle sloping
terrain with a topographic value of 2.83 % which
was ranked to be under the Class 05 sloping
type. The soil compaction status (bulk density =
2.19 gem™) at

Site indicated a view that the soil is compact
with a hindering potential for soil biota develop-
ment. It was observed that Site 13 produced a
topographic position at a value of 2.75 % , which
was ranked to gentle slope with a slope class of
(C =05), indicating a view that the area is prone
to environmental influence with associated soil
compaction problems due to increase variability
in the climate. This view meets-up with the labo-
ratory analysis outcome which presented the
soil as been compact, hence has a strong poten-
tial in hindering soil biodiversity. However, a
soil compaction indicator using the bulk density
revealed a value of 2.67 gecm™! which was found
to be too toxic for soil biodiversity develop-
ment. A topographic potential at 2.82% was
observed for Site 14, which presented the site as
been a gentle slope, with a slope class (C = 05).
The soil compaction status of the site was found
to 2.45 gecm™ which was ranked to be a limiting
point for root penetration including soil biodiver-
sity development. A statistical value of 2.88%
was recorded as the topographic potential at Site
15, indicating that the area is a gentle slope, which
fall under the slope class of (C = 05), presenting
a view that the area is vulnerable to wind erosion
includingothercommonnaturalandanthropogenic
hazards that affect flat terrain. The soil compac-
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tion status of this site (Site 15) was found to be
1.56 gem! which indicated the soil is very
compact, and hence can immensely impaired
soil biodiversity development. Similar trend
was observed for Site 16 which recorded a
topographic position at 2.84%, with implica-
tion of the site been a gentle slope and falling
under the slope class of C = 05. However, soil
bulk density value of 2.18 gem™ was obtained
for Site 16, with an indication of the Site been
compact, and hindering soil biota development.
Site 17 recorded a value of 2.72 % for the topo-
graphic influence, this result presented the site as
been a gentle slope, with slope class of (C = 05)
indicating a view that the area is prone to envi-
ronmental disturbances. The soil compaction
status at this site was found to be 2.71 gem™,
which indicated view that the site has a strong soil
compaction problem which can adversely hinder
soil biodiversity development. Result outcome
presented Site 18 as been a gentle slope, with
associate slope class of (2.77 %, which is C = 05),
indicating a view that the area is prone to water

and wind erosion. Result output further indicated
the soils at Site 18 to be compact for root pene-
tration, and soil biota development, presenting
a soil compaction indicator (bulk density to be
2.31 gem™). It was observed that Site 19 produced
a slope gradient value of 2.72 %, with the impli-
cation that the site is a gentle slope, with a
05 classification. The soil compaction indicator
(bulk density = 2.34 gcm™, at this site indicated
that the soils are too toxic in compacting status
and can greatly hinder soil biodiversity develop-
ment. Result of data analysis observed for Site
20 indicated that the soils are too toxic in terms
of compaction for root penetration including soil
biodiversity development, while presenting a
bulk density value of 2.29 gcm™. The soil topo-
graphic potential was found to be 2.52 %, which
indicated that the area is a gentle slope, with a
slope class of (C = 0.5) using the FAO (2006)
ranking.

Result obtained for this research outcome
agrees with the finding of FAO (2006), where
her research outcome indicated gentle to undu-

5. Topographic and soil compaction indicators: A measure for soil diversity Assessment

. *Topographic Slope gradient *Bulk density " o
Location code Elevation (m) (%) (gem™) Porosity (%)
1 284 2.84 2.1 21
2 264 2.64 2 25
3 261 2.61 2.19 17
4 260 2.6 1.64 38
5 256 2.56 1.63 38
6 252 2.52 2.27 14
7 269 2.69 241 9
8 275 2.75 2.19 18
9 278 2.78 2.07 22
10 289 2.89 2.5 15
11 293 2.93 1.73 35
12 283 2.83 2.19 17

13 275 2.75 2.67 1
14 282 2.82 245 7
15 288 2.88 1.56 41
16 284 2.84 2.18 18
17 272 2.72 2.71 2
18 277 2.77 2.31 13
19 272 2.72 2.34 12
20 252 2.52 2.29 14
X 273.30 2.73 2.17 18.85
STD 12.11 0.12 0.32 11.24
CV (%) 4 4 15 60
SE 2.71 0.03 0.07 2.51

*Data was obtain from Department of Soil Science Postgraduate Thesis Research Data Reserve, University of Abuja
X =mean, SD = Standard deviation, CV = coefficient of variability, SE = Standard error
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lating slope in sub-Sharan Africa. Findings of
this study confirms the research outcome of Oku
et al. (2010) where the authors reported soil
compaction been a hindrance to physical phase
suitability. Report of Hillel (2004) further vali-
dates the outcome of this research, where the
author reported topography been an influence on
soil formation and sustainability including soil
biodiversity.

3.2 Correlation between topography and
soil compaction (Bulk density)

Data analysis output presented in Figure 1
and Table 6 indicated a view that there exist
a positive correlation between topography and
soil compaction, as field data output indicated
a R? value of (0.0568) for topographic influ-
ence and (R? = 0.1345) for bulk density influ-
ence. It was observed that percentage inter-
action influence of (5.68 %) was observed for
topography and (13.45%) obtained for bulk
density as a soil compaction indicator. It could
be stated that following the percentage analysis
output soil compaction influence has a greater
influence on topography. Result of this analysis

agrees with the findings of FAO (2006) which
stated soil compaction been a hindrance to soil
physical and chemical sustainability, and also
playing a curtail factor in a topographic influ-
ence of an area.

3.3 Correlation between topography and
soil compaction (Porosity)

Result presented in Figure 2 and Table 7
indicated a view that there exist a positive corre-
lation between topography and soil porosity
(compaction indicator), as correlation anal-
ysis result indicated a R? value of (0.0568) for
topographic influence and (R? = 0.135) for soil
porosity influence. Percentage interaction influ-
ence of (5.68 %) was obtained for topography
and (13.45%) obtained for porosity as a soil
compaction indicator. Following percentage
analysis result, soil compaction (porosity) has
a greater influence on topography. Result of
this analysis agrees with the findings of FAO
(2006) which indicated soil compaction acting
like a hindrance to soil biological functionality,
while playing a curtail role in topographic and
environmental interaction

Correlation between topography and soil compaction
® Slope gradient @ Bulk density (gcm-1)
3,5 y = 0,005x + 2,6804
3 R?=0,0568
o0
.... ......... P ®.......... .‘ 9. [ ] ‘90 ¢
2 [ ] o @ ceeeeeeen @ o o 0@
'; 2 ,_... ...................... ®
o
£ {
B15 o0 °
£ y = 0,0203x + 1,9581
S 1 R?=0,1345
0,5
0
0 5 10 15 20 25
Site of investigation

Fig. 1. Correlation between topography and soil compaction

6. Influence of Topography and soil Bulk density as a soil compaction indicator

Topography Bd (Soil Compaction Indicator)
Coefﬁc'lent.of r % Influence Coefﬁc.lent.of r % Influence
Determination Determination
0.0568 0.24 5.68 0.1345 0.37 13.45

r = Correlation

2020 « Ne 1 MEJIIOPALILA I BOOHE TOCITOJJAPCTBO



MEJIIOPALIA I BOJHE I'OCIHIOHAPCTBO, Ne 1+ 2020

138
Correlation between Topography and porsoty
® Slope gradient
45
40 o
o0
35 o
=
g 30 y = -0,7165x + 26,374
€25 e R2=0,135
8 T e °
®20 © 0 velT
E . . ..... . ...... .
e 15 e Tt
8 o '...._..
10 ° y = 0,005x + 2,6804
5 ¢ R?=0,0568
‘.........................:................
0
0 5 10 15 20 25
Site of investigation

Fig. 2. Correlation between topography and soil compaction (Porosity)

7. Influence of Topography and soil porosity as a soil compaction indicator

Topography Porosity (Soil Compaction Indicator)
Coefﬁc.lent.of r % Influence Coefﬁc'lent.of r % Influence
Determination Determination
0.0568 0.24 5.68 0.135 0.37 13.5

r = Correlation

3.4 Influence of Soil Compaction on Soil
Biodiversity

Outcome of data analysis presented in
Table 8, indicated a view that soil compac-
tion adversely impaired soil biodiversity deve-
lopment. Following the standardized porosity
ranking by Pagliai (1988), Site 1 soils (porosity =
21%) was found to be moderately porous, with
an implication of impaired soil biota population
growth, which is an hindrance to productive
crop production. A porosity value of 25% was
obtained for Site 2, this site soil was ranked to be
a moderately porous soil with implication of been
an hindrance to soil biodiversity development.
A porosity value of 17% was found to be associ-
ated with soils of Site 3, which also presented the
soil as been moderately porous with an ability of
impaired soil biota population growth. At Site 4.
A porosity value of 17% presented the soil to be
moderately porous, with an ability to adversely
impaired soil biodiversity. Site 4 and Site 5 soils
recorded a porosity value 38 % which indicated
the soil as been highly porous with implication

of bee fair in biodiversity development, but still
possess characteristics that could inhibit soil
biodiversity development. At Site 6 a porosity
value of 14% was obtained which indicated the
soil as been moderately porous with soil biodi-
versity limiting tendency. At

Site 7 a 9% porosity value was obtained, were
it was ranked to be a compacted soil that strongly
impaired soil biota population growth. Site 8
recoded a porosity value of 18 %, a soil compac-
tion ranking revealed that the soils at this site is
moderately porous, still with a limiting ability for
soil biodiversity development. Porosity value of
22 % was obtained for Site 9, which presented a
view that the site has a moderately porous soil,
with a limiting tendency for soil biota develop-
ment. Result of soil porosity analysis indicated
that Site 10 soils are moderately porous, which
was obtained at a value of 15%. The implica-
tion of this view hold that the soils are hindrance
to soil biodiversity development due to the
compacted nature of the soils. A porosity value
of 35% was obtained for Site 11 soils, this value
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obtained indicated a view that soils of the site are
highly porous, and has a compaction problem,
with associated biodiversity limiting factor. At
Site 12, the soils were ranked to be moderately
compact (porosity = 17%), with soil biota inhib-
iting factor due to the associated compacted
status of its bulk density in the site. The soils at
Site 13 where found to be very compact, and been
a very poor soil in regards to soil biodiversity
support and sustainable crop production. At Site
14 a porosity value of 7% was obtained, which
revealed that the soil is a compacted soil with
implication of been a hindrance to soil biodi-
versity development, environmental sustaina-
bility and crop production. A value at (porosity
=41%) was obtained at Site 15, which indicated
that the soil is extremely porous revealed that the
soil can to some extend support microbial deve-
lopment, but the compaction indices using bulk
density gave a deep in-look where the soils of
this site was found to be compact, and having
characteristics that can inhibit the growth and
development of soil biota. A porosity value of
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18 % was obtained for Site 16, which indicated
that the soil is moderately porous, this indication
presents a view that the soil could at least support
microbial development, but it could be stated
here that since an advance view into the level of
compaction using the soil bulk density revealed
that the soil is compact, then a valid statement
that the soil has limiting characteristics for soil
biodiversity development could be made. Soils
at Site 17 was found to be extremely compact,
with a porosity value of 2% been obtained, the
implication of this finding is that the soils of
this site could be a hindrSance to sustainable
food production, environmental sustainability,
including soil diversity development. Porosity
value at (Porosity = 13 % for Site 18, Porosity =
12 % for Site 19 and Porosity = 14 % for Site 20)
was obtained, the range of this output indicated
that the soils in these sites are moderately porous.
Although a moderately porous soil can support
certain threshold of soil microbial population and
biodiversity, but it was found that since the bulk
density of these soils indicated that the soils were

8. Influence of Soil Compaction on Soil Biodiversity

Location | *Porosity *Bu}k o 1 .
o density Impact on Soil Biodiversity
code (%) (gem™)
1 21 2.1 Impaired soil biota (biodiversity) population growth, compacted soil
2 25 2 Impaired soil biota (biodiversity) population growth, compacted soil
3 17 2.19 | Impaired soil biota (biodiversity) population growth, compacted soil
4 38 1.64 | Impaired soil biota (biodiversity) population growth, compacted soil
5 38 1.63 | Impaired soil biota (biodiversity) population growth, compacted soil
6 14 2.27 | Impaired soil biota (biodiversity) population growth, compacted soil
7 9 2.41 Impaired soil biota (biodiversity) population growth, compacted soil
8 18 2.19 | Impaired soil biota (biodiversity) population growth, compacted soil
9 22 2.07 | Impaired soil biota (biodiversity) population growth, compacted soil
10 15 2.5 Impaired soil biota (biodiversity) population growth, compacted soil
11 35 1.73 | Impaired soil biota (biodiversity) population growth, compacted soil
12 17 2.19 | Impaired soil biota (biodiversity) population growth, compacted soil
13 1 2.67 | Impaired soil biota (biodiversity) population growth, compacted soil
14 7 2.45 | Impaired soil biota (biodiversity) population growth, compacted soil
15 41 1.56 | Impaired soil biota (biodiversity) population growth, compacted soil
16 18 2.18 | Impaired soil biota (biodiversity) population growth, compacted soil
17 2 2.71 | Impaired soil biota (biodiversity) population growth, compacted soil
18 13 2.31 | Impaired soil biota (biodiversity) population growth, compacted soil
19 12 2.34 | Impaired soil biota (biodiversity) population growth, compacted soil
20 14 2.29 | Impaired soil biota (biodiversity) population growth, compacted soil
X 18.85 2.17
STD 11.24 0.32
CV (%) 60 15
SE 2.51 0.07

*Data was obtain from Department of Soil Science Postgraduate Thesis Research Data Reserve, University of Abuja
X=mean, SD = Standard deviation, CV = coefficient of variability, SE = Standard error
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compact then it could be stated that the soil has
a limitation for increase biodiversity population,
and for soil sustainable development in relation to
agricultural usage and for environmental sustain-
ability. The outcome of this study confirms the
work of Pagliai (1988) who presented a view that
soil with physical impairment like soil compac-
tion could be an hindrance to soil microbial and
soil biodiversity among other agrian uses of soil.
The report of FAO (2006) indicated a view that
with the increasing soil compaction soils become
weak and vulnerable to biodiversity loss, with
a grave impact on agricultural production, and
playing a major in global food shortage and inse-
curity. Findings of this report further confirms
the research of USDA (1999) who reported soil
biodiversity been greatly hampered in compacted
soils. Views of this finding also confirms the
research outcome of Juan (1999) who reported

decrease in soil microbes in compacted soils due
to limited nutrient, air including moisture that is
essential for biodiversity improvement.

Interaction of Soil Compaction on Soil
Biodiversity

Data presented in Table 9.0 indicated that soil
compaction inhibited the availability of earth-
worm which was used as a test microbes in the
soil sample at the various locations. Although the
Crystalline lattice nature of the soil compaction
status showed that the area is poor in housing
soil biota. But Site 11 and Site 15 presented
Earthworm count of one (1). The poor microbial
holding capacity of the soil could be linked to
the compaction status of the soils. This finding
agrees with the work of FAO (2006) which stated
soil compaction as n hindrance to soil biodiver-
sity and soil physical sustainability.

9. Interaction of Soil Compaction on Soil Biodiversity

Soil compaction Interaction with Soil Biodiversity (Biota)
Location Bulk density Mli\(/:[r.o-Morpholqgical Magnifying hand-lens
icroscope View View
Code (gem?) Earthworm count Earthworm count
(length=1 cm) (length=1 cm)
1 2.1 0 0
2 2 0 0
3 2.19 0 0
4 1.64 0 0
5 1.63 0 0
6 2.27 0 0
7 2.41 0 0
8 2.19 0 0
9 2.07 0 0
10 2.5 0 0
11 1.73 1 0
12 2.19 0 0
13 2.67 0 0
14 2.45 0 0
15 1.56 1 0
16 2.18 0 0
17 2.71 0 0
18 2.31 0 0
19 2.34 0 0
20 2.29 0 0
X 0.10 0.00
STD 0.30 0.00
CV (%) 300.00 0.00
SE 0.07 0.00

*Earthworm was used as the basis for assessment of soil biota

X=mean, SD = Standard deviation, CV = coefficient of variability, SE = Standard error
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3.5 Digital Terrain Modeling (base map of
the study location)

Data analysis output for the geo-referenced
data (coordinates of the sites investigated)
were modelled using the Quantum Geographic
Information System (GIS) is presented in
Figure 3, data analysis presents a view that the
topography of University of Abuja ranges from
gentle slope to undulating slope with some
contour points and elevation reaches as high
as > 564 m above sea level. Result of this finding
confirms the research of FAO (2006) where her
report indicated undulating slope points and
high elevation in sub-Sharan Africa. The Digital
Terrain Modeling presented a view that the
University of Abuja landmass fall into different
topo-sequence, hence collaborates the research of
FCDA (2000) who reported the area been on a
different topo-unit among other locations of the
Federal Capital of Nigeria.

Conclusions. The outcome of the study
revealed that soil compaction negatively affect
the population of soil biota, thereby reducing soil
biodiversity. The result of the study indicated

that soil biota population reduces, as the impact
in soil compaction increases. The coefficient of
determination value of 13.5% indicated that the
soil is compact which is an indication that root
penetration could be hindered. Bulk density value
range of 1.56 gcm™ —2.71 gecm was found to be
too compact for sustainable soil biota develop-
ment, while porosity value range of 1% — 41%
indicated tight soil spore that can imped soil
biodiversity, and contribute food shortages and
food insecurity. Outcome of this investigation
concluded that proper tillage, application of ferti-
lizer including organic matter be carried out for
the study area soils and soils of its environs for
sustainable crop production, and as a strategy for
meeting food security.
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Fig. 3. Digital Terrain Modeling (base map of the study location)
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B.O. Yyne, E.E. Oky, I''I.C. Hpaka, M.C. Aniaxa
Ouinka ymiibHeHHs IPYHTIB sIK MaHiNyJSITHBHA CTPaTerif AJs MOKpauleHHs ix Oiopi3Homa-
HiTTA: miaxig 1o Buxkonanus Hineit Cranoro Po3zsurky (SDG) nBa Ta wictb

Anomayia Llleuoxe 3pocmants nozipuleHHs CMawy IpyHmy cmano He2amusHUM HACTIOKOM 2100a1bHO20
PO3BUMKY, BUCHYNAIOYU NEPEUKo00I0 OISl CIAN020 PO3BUMKY CIIbCbKO2O 20CHO0ApCMEa ma 00K
bBiopisnomanimmsi tpynmie idiepac Upiuiaivbiy poib Y CMIUKOCMI eKoCucmem, aie 6ce Jic CHocmepiea-
€MbCsA 1020 WBUOKE NO2IPUIEHHS, 0CODIUBO Yepe3 30iNbuieHHs MOKCUUHO20 Ma XIMIuHO020 3a0pyOHeHHs
2PYHMIB, 8IMPO6OI epo3ii, 6KNI0UAIOUU CUNbHI 3TUBU, WO PYUHYE CIPYKIMYPY IPYHMY Ma RO2IPULYE TPYHINOGY
oiomy. [[ii, siKi cnpusiioms 3MEeHUWEHHIO YWITbHEHHS IPYHMIE 3d paXyHOK 00pOOImMKY IPYHMY ma 3acmocy-
8aHHs 000pUB Gidiepalomv 201081 POlb V SUPOOHUYME] NPOOYKMIE XaAPUYBAHHS, KPIM MO20, € YACMUHOIO
cmpamezii ekonoeiunoi cmiiikocmi. Bynu nposedeni nonvosi 00ciodicents, 0e 6yio O00CTIONCEHO CMaH
yuinoHenus ipyumy. Ha 0eaoysamu (20) mouxax 6iobopy npoo 3i0pano 3pasku ipyHmy 8 Yomupuxpamuii (4)
NOBMOPIOBAHOCI, BUKOPUCIMOBYIOUU NPONOPYIIHY CIPAMUGIKOBAHY MEMOOUKY BUNAOKOBO20 8I000PY NPoo.
Pezynomamu nabopamopnozo ananizy noxasanu 8ucoxe ywjinonenns rpynmy. Pesynomamu nabopamopnozo
ananizy oyinweanu 3a Hopmor cmanoapmuzayii PAO wooo eniugy yujinbHeHHs HA OIOPIHOMAHIMMSL
Ipynmie. Pe3zynemamu noxazanu 8Ucoke YwjiibHeHHsl IPYHMY 3 Oiana3oHoM 3HAYeHb 00EMHOI WiTbHOCHI
ckaadenns 1,56 e e’ — 2,71 e e, wo 6yno 3anaomo winbhum 0s1 Cmano2o po3sumiy pyHmogoi oiomu.
byno ompumano oianazon snavens nopucmocmi 1% — 41 %, wo 6xazy8ano Ha winvbhy cnoposy cmpykmypy
IPYHIY, AKa Modce nepewkooxcamu diopisnomanimmio tpynmy. Kopensyitinuii ananiz (R?) eussus nosu-
MUBHY 3A71eACHICMb (KOPENAYiI0) Midic penbehom ma YWiNbHEHHAM IPYHINIG, NPUYOMY Pe3yabmamu PaHicy-
6aHHsL 2pyHmMIE Oyiu docums OiOHUMU w000 OiopizHomaHimmst (Hasanmadicentst 6iomu). Pezynomamu
Yb020 OOCTIONHCEHHS AU MONCTUBICINL 3POOUNU BUCHOBOK, WO 01 OOCTIONCYBAHUX | NPULE2IUX TPYHMIG
€0 NPOBOOUMU HATLEHCHY 0OPOOKY TPYHNLY, 6HOCUMU 00OPUBA, BKIIOUAIOYU OPSAHIYUHT PEUOBUHI.
Kniouogi cnosa: diopisnomanimmsi;, CmMitikicme IpyHmy, YulibHeH sl [DYHMIG, 2100alIbHULL PO3GUMOK, Yili
CMano2o po3eumxy.

B.O. Yypne, E.E. Oky, I.1.C. HBaka, M.C. Annaxa
OneHkKa YIUIOTHEHHSI TPYHTOB KaK MAHUILYJISITUBHASI CTPaTerusi AJisl yJay4llleHus: ux omopas-
HOOOpa3usi: noaxoa K BoinojiHenuio Heseii Yeroituusoro Pazsutus (SDG) ABa u mecTh

Annomauua Bvicmpuiii pocm yxyouleHus cOCMOSHUA NOYBbL CIAI He2AMUBHbIM NOCIe0CBUEM 2l100aTb-
HO20 pazeumusl, GbICMYNAs Npensimemeuem OJis YCMOUYUBO20 DA3GUMUSL CEelbCKO20 XO3AUCMBA U OKpY-
arcaroweli cpeovl. buopasnoobpasue noug uepaem pewiarouyio poisb 8 yYCmoudueoCcmu dKOCUCIeEM, HO 6Ce
Jice nabmooaemes e2o bvicmpoe yXyouleHue, 0COOEHHO U3-3d Y8eaudeHus MOKCUUECKO20 U XUMUYECKO2O
3aepASHEHUs. NOY8, empPOBOll IPO3UU, BKIIOUASL CUTbHLIE JUSHU, paspyuidem CMmpyKmypy nouebl u yxyo-
waem nougenuyro ouomy. Jleticmeus, Komopvie cnocoocmeyiom yMeHbUEeHU0 YIIOMHeHUs 2PYHMO8 3a
cuem obpabomKu u npuUMeHeHUs: YOobpenull ueparom iasHylo poib 8 NPoU3800CMEe NPOOYKMOo8 NUManusl,
Kpome moeo, AGIAeMmcs Yacmulo cmpameuy 9KoN02u4eckol ycmouuusocmu. bviiu nposedenvt noneguvie
uccnedosarus, 20e OblIO UCCTeO08AHO COCMOsHUEe YniomHeHus nousvl. Ha osaoyamu (20) mouxax ombopa
npob cobpamvl 06pa3ybl NOYELL 8 YeMbIPeXKPAmHoU (4) noemopsaemocmu, UCHONb3Y NPONOPYUOHATILHYIO
Hecmpamu@uyuposanuyio Memoouxy cay4aiinoco omoéopa npobd. Pe3ynsmamsl n1abopamopHoeo ananusa
NOKA3anU 8blCOKOE YNIomHeHue noygel. Pezynomamuol nabopamopnoeo ananusa oyeHusanu no Hopme cmanu-
oapmusayuu PAO o erusnuu yniomuenus Ha ouopasnoobpasue nous. Pesynomamul nokasanu evicokoe
VIIOMHEHUEe NOY8bL ¢ OUANA3OHOM 3HAYEHUI 00beMHOU niomuocmu ciovcenus 1,56 2 cw! — 2,71 2 em,
ObLILO CIUUKOM NIOMHBIM OJ151 Y CIMOUHUB020 PA3BUMUSL NOYEEHHOU OUOmMbL. bbli0 nonyueno Ouanazon sHauyeHul
nopucmocmu 1% —41%, umo yKkaszvleano Ha NiOMHYIO CHOPOBYIO CIPYKNYPY NOUGbl, KOMOPAs MOlcem
npensmcmeosams buopazHoodpazuio nousvl. Koppensyuonnwlii ananus (R2) 06HApY’CUT NOLONCUMETLHYIO
3a8ucUMOCmb (KOppenayuio) mexncoy penveghom u yniomueHuem spyHmos, npuiem pe3ynvmamol paHicupo-
BaHUS NOUG OBLIU OOCMAMOYHO OEOHBIMU NO OUOPA3HO0OPA3UI0 (Haspy3Ka no buome). Pezynomamoi 5moeo
UCcIed08aHUst NO36OIUNU COENAMb 861800, YMO OJisl UCCTIE0YEeMbIX U NPUNe2aOWUX NoY8 ciedyem nposoouns
Haonexcauyio oopabomxy nouswl, GHOCUMb YOOOPEHIUs, 8KII0UAs OpeaHUYecKUe 8eujecmed.
Knrwouegwie cnosa: 6uopasznoobpasue; yCmouuusocms nousvl, YHIOMHeHUs. no4g,; 2100anbloe pazsumue,
yenu ycmouyuso20 pazeumusl.
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