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Abstract

The experiment was conducted at Sire Morise kebele, Hidabu Abote district, to assess soil structural quality of different land
management system (area closure and open grazing land). In this study, area closure land management practice was compared
with open grazing land management practice in similar slope positions for soil structural quality build up. Soil samples were
collected from both land management system at three slope position with three times replication. Totally 36 undisturbed soil
blocks were collected from both land management system at 10 and 20 cm sampling depths. The finding of the study showed that
the average value of volumetric moisture content and saturated hydraulic conductivity of soil were greater at area closure than
open grazing land management system and also higher at bottom slope position than middle and upper slope position. The mean
value of air-filled porosity and bulk density were lower at both area closure management practices and bottom slope position.
Bulk density, volumetric soil moisture content and saturated hydraulic conductivity at 20 cm sampling depth were shows
significantly different with respect to management practices. According to visual assessment in the field, soil physical quality
was unfavourable in open grazing land management system and upper part of landscape position soils and the visual assessment
scores showed that the soils under area closure had a good soil structural quality. There were strong relations among the three
visual field assessment methods and also between visual assessment methods and laboratory determined soil properties of both
land management system. In general, the result of the study showed that physical and structural quality of soil in area closure was
improved due to good land management system. Based on the result of study it can be conclude that area closure improves soil
physical and soil structural qualities and from the technical point of view, open grazing lands in hilly area should be changed to
area closure before soil properties and soil nutrient contents are exhausted more.
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1. Introduction

Soil degradation refers to the deterioration in soil qualities  matter content, loss of soil structure, and poor internal drainage
which encompasses soil erosion, soil compaction, low organic  system, salinization and soil acidity problems [1]. Worldwide,
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declining in soil quality has posed a tremendous challenge to
increasing agricultural productivity, economic growth, and
healthy environment [2, 3]. The fundamental causes for soil
degradation are largely related to unsuitable land use and soil
management, erratic and erosive rainfall, steep terrain, defor-
estation, and overgrazing [3, 4]. In Ethiopia, soil degradation in
the form of soil erosion and soil fertility loss is a serious chal-
lenge to agricultural productivity and economic growth, of
which soil erosion is the most serious problem [5]. Deforesta-
tion and over misuse of vegetation, shifting cultivation, over-
grazing, unselective use of agrochemicals, lack of soil conser-
vation practices, and over withdrawal of ground water are some
anthropogenic causes of soil degradation [6]. Most of the
causes are resulted from a desperate attempt by farmers to
increase production for the growing population which aggra-
vate soil quality depletion more in the developing countries,
which mainly depend on natural resources [2, 4]. Soil quality
degradation by soil erosion such as soil nutrient depletion and
changes in soil physical indicators is largely recognized as a
main cause provoked by the effect of unsuitable land use and
soil management in the developing countries like Ethiopia [7].
Soil management practices can enhance or reduce soil quality,
which in turn can be associated with an increase or decrease in
soil productivity [8, 9].

In normal conditions, the soil can maintain balance by
pedo-genetic procedures [10, 11]. However, this balance is
easily disturbed by anthropogenic activities (e.g., agricultural
practices, deforestation, and overgrazing), and such effects
are mainly observed in the developing countries with poor
technical and financial resources to manage natural resources
[12, 10]. In order to make sound decisions about sustainable
land use systems, information of soil quality interrelated to
different land use scenarios is essential [13]. It is consequently
most important to assess soil quality of different land man-
agement systems using visual soil examination and evaluation
techniques since many of the factors that influence sustainable
productivity are related to soil quality. Visual soil examina-
tion and evaluation techniques are procedures for visually and
tactilely assessing soil structure. Techniques have been de-
signed to examine both the topsoil and subsoil, focusing on
the effect of management practices on soil quality [14, 15].
Visual soil examination and evaluation methods are fast to
conduct, have the ability to holistically examine soil quality
while generating immediate results by means of low-cost and
simple equipment making them accessible to a range of users.
Visual soil evaluation methods are applicable at the farm level
and important for guiding farmers in making soil management
decision [15, 16].

Information on soil quality can support to further prioriti-
zation and then device management plans that improve soil
resources sustainably [10]. The use of site-specific soil quality
can help planners and decision makers to evaluate which land
management system is most sustainable and vice-versa in a
given situation [14, 17]. Soil quality can deliver the necessary
information for planners and decision makers to make

up-to-date decisions against soil quality degradation using the
overview of appropriate interventions. The experiment was
initiated with the objectives, to assess and identify soil quality
under both land management system.

2. Materials and Methods

2.1. Description of the Study Area

The study was conducted at Sire Morise kebele in Hidabu
Abote district, North Shewa Zone, Oromia region. Geo-
graphically, the district located in the middle of 948'30"N
and 10°4°40°°N latitude and 38°24'0"E and 38°40'12" E lon-
gitude (figure 1). The distance of the district is around 142 km
in north of Addis Ababa and 30 km from Fitche town. The
area coverage of the district is about 474 Km? (47,400 hec-
tares) [18].
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Figure 1. Map of the study area.

Agroclimatic zones of the district are; Temperate (Baddaa)
lying between 2500 and 2900 meter above sea level, which
accounted about 6% of the whole part of the district,
Sub-tropical (Baddaa daree) lying between 2300 and 2500
meter above sea level is accounting for about 44% of the
whole area of the district and Tropical (Gammoojjii) lying
below 2200 meter above sea level is accounted about 50% of
the entire lands of the district [18]. The mean annual temper-
ature of the district varies between 13<C and 23 <C, while the
annual rainfall ranged between 1400 and 1600mm.

The district has two major kinds of soils, namely red and
black soils. Red soil covers about 35% of the total area of the
district and less fertile compared to black soil. It is more
suitable for crops such as Tef, Wheat, barley, Maize, Beans
and others. Black soil on the other hand found on the flat areas
of the district. The coverage of the black soil in this district is
51%. Other soils cover the remaining 14% of the whole area
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of the district [18].

The remnants of the indigenous forests are observed scat-
tered around farmlands and around churches and eucalyptus
trees around residential areas. However, there are different
types of vegetation species in the district. Some of the major
species are croton macrostachyus, Daylilies Abssynica,
Erythhrina Capenis, Euphorbia Abssynica, Euphorbia tiru-
calli, Ficus sur, Ficus comorus, Junipers, Luciana, Magnifier
indicia, Militia ferruginca and Olea aficana and soon [18].

The major land use/land cover of the district include cul-
tivated lands, forest lands, shrub lands, grazing lands, settle-
ments area, bare lands and other miscellaneous land uses.
According to the District Land Administration and Use Office
(2018) report, the proportion of land under different LULC
ranging from 58.4% (covering 29,428 ha) in cases of culti-
vated lands to 0.7% (that covered 355 ha) in cases miscella-
neous LULC types. The second LULC next to cultivated lands
are settlements that covered 8,446.5 ha or account about 16.8%
of the total LULCs and followed by shrub lands (4,236 ha),
forest lands (4,032 ha), grazing (2,868 ha) and bare lands
(1,016.4 ha).

2.2. Experimental Design and Soil Sampling

The experimental designs of the study containing two land
management system and replicated three times in each land
management system which were systematically situated
across the slope position. The undisturbed soil samples were
collected from both land management system at upper, middle
and bottom part slope position of the land. Soil blocks were
taken from each sampling points at two depths (0.10 <0.15 =
0.10 m), using a straight shovel spade, totally 36 soil sample
were collected from the studied land management practices (2
land management practices > 3 slope position x 2 sampling
depth =3 times replication).

2.3. Soil Laboratory Analysis

Soil bulk density, soil moisture content, air-filled porosity
and saturated hydraulic conductivity of soil were determined
using the collected undisturbed soil samples. Before the de-
termination of those selected soil physical properties, excess
soil was carefully removed by spatula and stored in fridge at
2<C. The cores samplers were covered with nylon cloth from
the underneath, and saturated step by step with capillary water
from beneath. Then, the saturated samples were used for the
measurement of saturated hydraulic conductivity (Ksat) using
constant head method as described in [19]. The measurements
of mean value of water discharge (Q) [mm® hr] collected
after it reached steady state, core sampler length (L) [mm],
cross-sectional area of the core sampler (A) [mm?], and hy-
draulic head (H) [mm], were used to determine the Ksat [mm
hr'] using Darcy’s equation, which is given by:

[QI[L] 1)

Ksar = Cateimm

Soil bulk density was ascertained by using the core method
as described in [20], which calculated by balancing the oven
dried soil samples at 105<C for 24 hours and divided the value
to the volume of core sampler. Soil moisture content of soil
was ascertained gravimetrically and converted to volumetric
basis by multiplying it with bulk density of soil. Air filled
porosity of soil was calculated from total porosity of soil and
volumetric moisture content of soil.

2.4. Soil Quality Assessment

Soil quality assessments were conducted using three ap-
proaches of visual field examination of soil. The first visual
field examination method is visual evaluation soil structure
which described in [21]. The methods of visual evaluation of
soil structure focus on describing soil structure aggregates,
soil porosity and rooting that relate to water holding capacity
of soil and transport, root development and soil nutrient up-
take. These visually assessed soil properties that include soil
structure, rooting depth, soil texture, soil color and mottling
allied to visually assessed location and farm management
information [20, 21]. The scoring scale of soil structure ranges
from 1 — very good soil structure, to 5 — poor soil structure.

The introduced a soil structure evaluation technique that
was further developed by [21] as visual soil structure as-
sessment [22]. This method uses a chart of structural qualities
compared against a block of soil, which is extracted by spade
and operated, in order to differentiate key factors for catego-
rizing soil into one of the five categories and to give it a score
from 1 (good soil structure) to 5 (poor soil structure). Visual
explanations such as size, shape and appearance of soil ag-
gregates, soil porosity, clustering, thickness and resist the
growth of roots and difficulty in extracting the soil block were
considered by the visual soil structure assessment method.

The third visual field examination method is Soil Quality
Scoring Procedure [23] which assess soil physical quality by
focusing on soil surface condition, soil structure and crop
rooting were assessed with reference to descriptive notes. The
assigned score was based on aspects such as difficulty soil
surface, soil aggregate type, size, shape, rupture resistance and
rooting. The collected soil samples were graded on scale from
1-5 which the small score indicate poor soil structural quality
and the large score indicate good soil structural quality.

For these visual field investigation approaches, blocks of
soil samples were carefully dugout of the pulverized and place
on plastic sheet. Then assess soil physical quality structure
using three methods of visual field examination method. Soil
surface condition were determined by looking the soil surface
condition such as surface relief, the presence of living and
non-living mulch, decomposition of biomass and the severity
of soil erosion in the area. Soil aggregates shape and size were
evaluated by seeing the soil blocks and by crumbling frag-
ments. Aggregates can be small, rounded and friable, larger
and more angular on the profile face. Soil porosity was de-
termined by looking the soil blocks and assesses total pore
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space either between sand grains or aggregates or within
fragments, tube-like worm, and/or root channels or vertical
cracks. Root distribution of soil block were evaluated by
seeing the soil blocks and assess the occurrence, amount and
distribution of roots throughout the soil layer with no signs of
restriction of root growth throughout soil profile. The score of
soil quality was obtained by comparing observed soil struc-
ture with VESS score sheet.

The assigned score was based on features such as aggregate
type and occurrence of roots inside and outside of soil ag-
gregates, and number and size of visible pores then the ag-
gregate were graded according to those observation. Visual
Soil Assessment was done after dropping of soil blocks from
one-meter height and evaluates soil structure quality based on
evaluation of soil properties and soil indicators. The assess-
ment of soil structural qualities which gives in a scoring of
soil health and soil erosion activity, type and severity were
used SQSP methods. Each indicator used in this method (soil
texture classes, soil porosity, potential rooting depth and soil
surface crusting and soil particle size proportion) was as-
signed a visual score of 0 (poor), 1 (moderate), 2 (good) and in
between score (0.5 = moderately poor and 1.5 moderately
good).

Revised the scoring criteria of visual soil structure as-
sessment in order to make it more objective as visual evalua-

tion of soil structure by focusing on the gradual decrease of
soil aggregates and assessing their shape [20]. Applied visual
evaluation of soil structure and measured soil physical prop-
erties including bulk density, total porosity, penetration re-
sistance, gravimetric moisture and the aggregate [24].

2.5. Statistical Data Analysis

The statistical analysis of the experiment was done using
analysis of variance (ANOVA) appropriate to general linear
model (GLM). LSD (Least Significant Difference) test at P <
0.05 was used for mean separation using R-Software. Regres-
sion analysis was used to correlate soil physical properties.

3. Results and Discussion

3.1. Soil Physical Properties of Area Closure and
Open Grazing Land

The result of selected soil physical properties which de-
termined from soil samples collected from both land man-
agement system at three slope position with the interaction
effect of land management system and slope position differ-
ence, are shown in Table 1.

Table 1. Selected soil physical properties under both land management system.

Land management system

(Scor:)depth Soil parameters
Closed Open
10 BD (g/cm®) 1.22° 1.38°
By, (cm/cm®) 0.40° 0.34°
AFP (cm®/cm®) 0.14° 0.16%
Ksat (mm/hr) 58.62° 47.63
20 BD (g/cm?) 1.23° 1.38°
By, (cm/cm®) 0.41% 0.34°
AFP (cm®/cm®) 0.13% 0.14°
Ksat (mm/hr) 55.95% 48.17°

Slope positions

Land manage-
ment system *

Bottom Middle Upper Slope position
1.26° 1.32° 1.34° NS
0.41° 0.39° 0.31° NS
0.12° 0.14°% 0.19° NS
54.93% 53.13°% 51.31° NS
1.26° 1.28° 1.34° NS
0.40° 0.39° 0.32° NS
0.11° 0.12° 0.17° NS
55.13° 54,71 46.34° NS

Means followed by the same letter are not significantly different (P 0.05), NS=non-significant. * indicates the interaction effect of land man-

agement and slope position

The findings of the experiment revealed that the higher
mean value of bulk density was obtained at open grazing land
management system and the lower mean value was bulk
density was obtained at area closure land management system
(Table 1), which might be due to the trampling impact of the
livestock population and direct impact of raindrops on the
area. Overgrazing cause to the degradation of vegetation,

compaction of soil, and wind and water erosion. All through
taking of soil samples, soil crusting and sealing in the open
grazing land management system was observed, which was
caused due to nonexistence of vegetation cover which in turn
increase bulk density. The results of the experiment agree
with the finding of [25] who stated that higher value of soil
bulk density under open grazing land management system
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than area closure.

The result of determined soil bulk density indicated that
statistically significant variation at P<0.05 levels among slope
position at both sampling depths. The highest mean value of
soil bulk density was obtained from upper slope position, the
lowest from bottom slope and the intermediate mean value
was obtained at middle slope position (Table 1). This the
lowest mean value of bulk density at the bottom slope position
might be due to the land slope gradient which caused in de-
creases speed of the runoff and by this means enhanced
sedimentation and organic matter development. The result of
this study inline with the finding of [26] who stated that soil
bulk density has a direct relation with slope gradient of the
land which might be attributed to the corresponding decline in
soil organic carbon content with the increase in slope steep-
ness.

The result of volumetric soil moisture content revealed that
statistically significant variation between area closures and
open grazing land management system and also among slope
positions at both sampling depths. The higher mean values of
volumetric soil moisture content were associated with high
organic matter content of soils under area closure than values
observed in open grazing land soils. The result of this study in
line with the finding of [27] who indicated that the higher field
moisture content of soil was observed through developments
of soil structure in area under area closure land management
system than open grazing land management system. It is also
an established fact that the increasing the content soil organic
matter increases water holding capacity of the soils [28]. The
highest mean value of volumetric moisture content of soil was
obtained at the bottom slope position with intermediate value
at the middle and lowest at the upper slope position for both
sampling depths (Table 1).

The result of the study revealed that, higher mean value of
air-filled porosity was obtained at open grazing land man-
agement system than area closure land management system at
both sampling depths (Table 1). The lower mean value of
air-filled porosity of area closure land management practice
might be due to more pore space of soil was filled by water.
The highest mean value of air-filled porosity was obtained at

upper slope position, intermediate at the middle and the low-
est mean value was obtained at bottom slope position at both
sampling depths (Table 1). The result of lower air-filled po-
rosity at bottom slope position of the land shows that high soil
moisture content of deposited soil at the bottom of slope po-
sition of the land.

The result of the study indicated that, higher mean value of
saturated hydraulic conductivity of soil was observed under
area closure land management system than open grazing land
management system at both sampling depths (Table 1). This
might be due to high porosity and organic matter content of
soil at area closure and also open grazing land management
system soil might be compacted due to trampling impact of
livestock.

The result of study showed that, the decrease in soil poros-
ity in the compacted areas, following livestock trampling
effect of soil, was strongly associated with an increase of soil
penetration resistance and a decrease in hydraulic conductiv-
ity [29]. Soil compaction changes the ability of soil saturated
hydraulic conductivity and increases penetration resistance of
soil [30].

The result of soil saturated hydraulic conductivity (Ksat) in
the study shows that, there was no significant variations at
p<0.05 among slope positions. The highest mean value of
saturated hydraulic conductivity was obtained at bottom part
of the slope position at both sampling depths (Table 1). This
might be due to higher organic matter content of soil at bottom
slope position due to the consequence of soil erosion which
removes fertile soil from the upper part of slope position. In
this study there was no significant interaction effect between
land management system and slope position for the examined
soil physical properties at both sampling depths (Table 1).

3.2. Soil Quality of Land Management System

The results of visual field examination of soil structural
qualities assessed using three different techniques are pre-
sented in Table 2. The evaluation was conducted simultane-
ously at the field.

Table 2. Results of visual soil quality assessment using three techniques.

Land man- SQSP
agement sys- Depth
tem & Slope (cm) Surface Structure  Rooting
position condition  score score
10 4.0 4.3 4.1
Avrea closure
20 4.0 3.6
Open grazing 10 2.0 12 2.0
land 20 2.0 16
Bottom 10 4.3 4.0 4.0

VESS VSA

Block  Structure Soil struc- Soil po- Fine

score score tural quality  rosity (%) Soil % age
4.2 1.2 1.6 56 40

4.0 14 1.2 50 38

1.8 2.8 0.6 40 20

2.2 2.8 1.0 44 28

4.0 1 1.6 56 40
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Land man- SQSP
agement sys- Depth
tem & Slope  (cm) Surface Structure  Rooting
position condition  score score
20 4.0 3.8
10 2.4 3.4 3.2
Middle
20 2.6 2.1
10 2.0 2.0 2.3
Upper 20 2.2 2.1

3.3. Soil Quality Score Procedure Method

3.3.1. Surface Condition

Based on the result of the study sticking, neither of visible
nor slight micro relief, but decomposing vegetation was pre-
sent on the soil surface of area closure land management
system, which provides a good surface these score for these
soils (Table 2). In contrast, soils of open grazing land man-
agement system and upper slope position had unfavorable
surface score. The soils surface of open grazing land man-
agement system had some vegetation coverage, overgrown
land, and soil crusting along the plot, which are features pre-
sent in soil with an unfavorable physical soil quality. In this,
the presence overgrazing of high population of cattle on open
grazing land management system results in a compaction of
soil from the trampling effect of cattle. The finding of the
study in line with the finding of [31] who pointed out that
reductions in plant cover caused by open grazing and the
trampling effect can degrade soil structure.

3.3.2. Structure of Soil Block Score

The results in table 2 indicated that the score of soil struc-
ture qualities was favorable in soils of area closure land
management system and bottom slope position. This quality is
attributed to the domination of a fine friable soil structure
underneath. In some blocks of soils, macro-pores were not
observable to the naked eye, but limited number of earthworm
burrows were not present. Unfavorable soil structure score
was given to the soils of open grazing land management sys-
tem and upper slope position because of the domination of
angular blocky soil structure type, the high resistance against
rupture of the field moist soil aggregates, and low soil poros-
ity of open grazing land management system and upper slope
of the land. This could be due to the compaction of soil which
caused by trampling effect of soil by the cattle and removal of
fertile soil from upper part of soil surface.

VESS VSA

Block  Structure Soil struc- Soil po- Fine

score score tural quality  rosity (%) Soil % age
4.0 1.3 14 52 32

2.3 2.3 1.2 48 22

33 2.1 1.0 48 32

2.0 2.7 0.6 42 18

23 2.7 0.8 40 20

3.3.3. Rooting of Soil Block Score

In the study area, number of roots, size, distribution and
bending of roots were important features to separate scores in
each soil block (figure 2). Root distribution was constant
along with the soil blocks in area closure land management
system and at the bottom slope position. Moreover, root
growth was not restricted in area closure land management
system whereas; root growth was restricted in the soil blocks
under open grazing land management system due to compac-
tion of soil.

Figure 2. Root distribution in soil blocks of Area closure (left) and
open grazing land (right).

3.3.4. Soil Block Structural Quality Score

From the result of the study, soil structure score and soil root-
ing score observed from block score were good for area closure
land management system and bottom slope position soils; mod-
erate for middle slope position soil and not good for open grazing
land management system soil respectively (Table 2).

This means that interaction between the slope position of
land and management practices/system with the soil structures
predominant in each soil contribute in sustaining a favorable
quality of the soil structure. There were not physical re-
strictions present for plant growth in area closure land man-
agement system soils. In open grazing land soil and upper
slope position, the soil block score indicated that a poor soil
structural quality. The result of this study shows that, soil
compaction, soil erosion and soil crusting were existing on the
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soil of open grazing land management system and upper slop
position. The degradation condition of this soil restricts the
root development of the vegetation. This result suggesting
that, immediate measures should be taken to improve the
proper functioning of soil.

3.4. Visual Evaluation of Soil Structure Method

According to the lower scores in the visual key, soil quality
(Sg) = 1 and Sq =2, indicates high soil quality. Most soil ag-
gregates were cubic shape in the open grazing land manage-
ment system and round shaped in the area closure land soils. In
this soil high observable pores and the cube formed in the ag-
gregate fragments of the soil’s blocks were aspects for in-
creasing and decreasing of the scores. The difference in di-
mensions and appearance of aggregate in soil were the most
crucial features to distinguish soil quality as visual indicators.
In area closure land management system and bottom slope
position soil, the majorities of the aggregates obtained were
fragile and rounded by their shape. Under area closure land
management system soils the clods were not present, most soil
aggregates were porous and roots were well distributed along
the soil blocks, subsequently this soil had favorable soil quality.
According to the classification ranges suggested by [21] soil
structure quality score values of area closure land was catego-
rized under good soil structural quality score and score value of
open grazing land soil structural quality was categorized under
intermediate soil structural quality score (Table 2).

3.5. Visual Soil Assessment Method

Based on the result of the study, (table 2) visual soil as-
sessment provides good soil structural quality score for soil
blocks after dropping of soil blocks. It was concluded that,
soil structure quality, soil porosity, and proportion of soil
particles were the major the indicators of soil quality.

3.5.1. Soil Structural Quality
The abundance of a certain kinds of soil aggregates was

tested after dropping the soil block. The block of soil was used
to visually designate the aggregate size distribution (Table 2).
The soils which have higher proportion of coarsest fraction of
soil have lower soil structure quality. Sub-angular blocky
aggregates and sharper edges were abundant in the open
grazing land management system soil and in contrast rounded
and crumbly aggregates were abundant in area closure land
management system. The overall visual type of aggregates
score showed that area closure has good soil structure than
open grazing land management system and also among slope
position, bottom slope position have good soil structure than
middle and upper part of slope positions.

3.5.2. Soil Porosity

Soil in area closure land management system had been high
porosity and open grazing land management system soils had
been poor porosity and also bottom, middle, upper slope po-
sition showed good, moderate and poor soil porosity respec-
tively (Table 2). This poor soil porosity of open grazing land
soil might be due to the compaction of soils resulted from the
impact of livestock which cause to destabilization of soil
structure as a consequence of decrease in soil porosity and
lower in organic matter content. In area closure land man-
agement system and bottom slope position of the land, the
occurrence of bio-pores in the majority of the soil blocks
contributed to a higher score for soil porosity than other.

3.5.3. Fine Soil Percentage of the Block

Aggregate size distribution was visually described by soil
fragments obtained after dropping the soil block and the con-
trasting layers existing on soil block might not be observed.
Accordingly, the coarsest fraction of soil aggregates was
larger than the finest fraction in soils, open grazing land
management system soil and upper slope position. Therefore,
the lower quality of the soil structure might be due to the
higher proportion of the coarsest fraction in the soil and one
can concluded that, structure in open grazing land soil was
poor.

Table 3. Comparison of indicators and indices of soil using three visual field assessment methods.

SQSP
Land manage-
ment system & Soil
Slope position  Soil surface o Rooting

structure
. . No
Avrea closure No relief/ smooth Friable -
restriction

Open grazing Rough/ irregular F_rlable/ Restriction
land surface firm
Uppgr slope S_mooth with Friable Restriction
position ridges

VESS VSA
Soil structure structure Structure Soil
quality score quality score  quality score  structure
Well str ral .

ell structura Unbroken/firm  Well Well

development
Poor structure de-

compact Poor Poor
velopment
Moderate structural

compact Poor Poor

development
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SQSP

Land manage-
ment system & .

.. . Soil .
Slope position  Soil surface Rooting

structure

Middle slope No relief/ smooth  Friable No re-
position striction
Bottom slope No relief/ smooth  Friable No re-
position striction

In this study, it was concluded that humble indicators per-
mit the evaluation of soil compaction. Based on the result
obtained; the presence of clods, high rupture resistance, lower
soil porosity in to aggregate’s faces, limited root growth,
variation resulted in aggregate shape, difficult extractable soil
block and disruption of soil aggregates as well. Therefore, the
three visual soil assessments were accomplished to differen-
tiate the compacted soils and well-structured soil properties in
the study area (Table 3). This supports that the identification
of soil compaction can be conducted directly in the field [32].

According to visual assessment in the field, soil physical
qualities were unfavorable in open grazing land management
system and upper part of slope position soils, where the scores
of soil quality score procedure extended between 1(poor
structural development) to 3 (moderate structural development),
visual evaluation of soil structure score vary between 2 (com-
pact) to 3 (very compact) and visual soil assessment scores
were between 0.5 (moderately poor) and 1.5 (moderately good)
Table 3. The poor soil quality was found on an open grazing
land and upper slope position soils, characterized by trampling
effect and low soil organic carbon (Table 3).

In general, the visual evaluation of soil structure and visual

VESS VSA
Soil structure structure Structure Soil
quality score quality score  quality score  structure
Well structural Unbroken/firm  Good Good
development
Well structural Unbroken/firm  Well Well

development

soil assessment scores indicated that the soils under area
closure had a well soil structural quality (Tables 2 and 3). On
the other hand, soils under open grazing land showed that a
damaging impact on soil structure. This is dependable with a
general understanding of the influence of the livestock activ-
ities on soil structural quality.

3.6. Relationship Between Visual Field
Assessment Methods

Since field assessment methods are relatively inexpensive
and produce instant results that correlate well with guantita-
tive measurements of physical and chemical soil properties as
well as easily understood methods even by farmers and mid-
dle level professionals, it is worthwhile to establish relation-
ships with already proven methods of assessing soil physical
qualities that is variables determined from laboratory meas-
urements. To this end, a simple regression analysis was used
to develop relationships of laboratory measured properties
and field obtained scores through three visual assessment
method.

y=0.057x+4.51 =0 [ 25%-1 =] 306x+5 612
R0 5TH y=0.]25x-I y=-I3kfx+3 611
30
4
L *
w =
w w .
w = ]
= w
2
13
»
1 T 1 T 1
1 i % ¥ 3 0 4 w2 & ¥ 040 45 11
VA VEA VESS

Figure 3. Simple regression of the visual field assessments methods.

Based on the result displayed on figure 3 can be conclude
that there were strong relationships among these assessment
methods. In VESS method, low score indicates better soil

quality than with high score. In other two methods the oppo-
site trend holds true. Thus, the relationships between VESS
and two other methods had decreasing trends (Figure 3) and
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strong as well as significant (VESS=-1.396 SQSP+5.912,
p<0.05, R’=0.98; VESS=-0.087VSA+4.81, p<0.05,
R?=0.876). The relationship between SQSP and VSA was
positive and strong (R*=0.949, p<0.05; Figure 3). Similarly,
[33] conducted visual assessment for structural quality of
tropical soils and concluded the positive and strong (R?=0.949,
p<0.05; Figure 3) correlation between SQSP and VSA.

3.7. Relationships of Laboratory Analyzed
Parameters and Field Assessment Methods

From the figure 4, Shows that there were strong and posi-
tive correlation among visual evaluation methods and labor-
atory determined soil physical properties of both land man-
agement system. Hence, the relationships between saturated

hydraulic conductivity and VESS had decreasing trends but
relationships between saturated hydraulic with other two
methods (SQSP and VSA) had increasing trends (Figure 4)
and strong as well as significant (Ksat= 4.452 SQSP+39.01,
p<0.05, R’=0.974; Ksat=0.562VSA+34.88, p<0.05,
R?=0.812). The relationship between Ksat and VESS was
negative and strong (R?=0.987, p<0.05 Figure 4). The higher
mean value of saturated hydraulic conductivity of soils indi-
cate good soil structural quality due to small structural quality
score whereas; the lower mean value of saturated hydraulic
conductivity of soils indicate poor soil structural quality due
to larger soil structural quality score under visual evaluation
soil structure. There was a positive and strong correlation
between saturated hydraulic conductivity and SQSP and VSA.

» L

V=4 453000
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Figure 4. Relationship between visual field assessments and laboratory determination method.

In contrast, the relationships between bulk density and VESS
had increasing trends and relationships among bulk density and
other two methods (SQSP and VSA) had decreasing trends
(Figure 4) and strong as well as significant (BD=
-0.071SQSP+1.517, p<0.05, R?=0.973; BD=-0.008VSA+1.578,
p<0.05, R?=0.857 respectively). The correlation of bulk Den-
sity and VESS was positive and strong (R*=0.991, p<0.05;
Figure 4). This might be due to small structural quality score
indicate good soil structural quality and lower mean value of
bulk density which indicates good bulk density of soil and large
score indicates poor soil structural quality and higher mean

value of bulk density of soil which indicates poor bulk density
of soil under visual evaluation soil structure. Whereas, the
relationship between bulk density of soil and two other meth-
ods (SQSP and VSA) indicates there were negative and strong
relationships. This might be due to large score indicate good
soil structural quality and lower mean value of bulk density
which indicates good soil bulk density and small score indicate
poor soil structural quality and also higher mean value of soil
bulk density which indicates poor soil bulk density under the
two methods.

Based on visual soil results, the interaction effect of visual
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soil scores and soil properties were presented in (Figure 4).
These relationships were developed from the mean values of
soil physical property analysis with visual soil structural
quality score. Accordingly, significant differences were ob-
served between visual scores and saturated hydraulic con-
ductivity and bulk density of soil in the study area.

Visual field survey provides more evidences as quantitative
research approaches (i.e. saturated hydraulic conductivity and
bulk density) of soil. Furthermore, determination of these soil
physical properties helps to have a quantitative data at specific
depths, then having visual evaluation alone. One can argue
that using both methods is better than sticking to the classical
laboratory methods.

4. Conclusions and Recommendations

The results of the study revealed that, area closures land
management practice and bottom slope position are effective
in restoring of soil quality. Based on the result obtained at
surveyed site, soil quality improvement was observed on area
closure than any other land management systems. The estab-
lishment of area closure was concluded in enhancement of
soil properties and preservation of all living things within
the soil in the study area.

From the technical point of view, depletion of soil
properties and soil nutrients are more observable on open
grazing areas in hilly lands before changing them to area
closure. Since the emphasis of the current research was lim-
ited on few soil properties, further studies are required to
evaluate the effect of area closure on the other soil properties
and soil structural qualities not considered in the study to have
a comprehensive knowledge of the change as impacted by
area closure establishment.

Abbreviations

ANOVA  Analysis of Variance

< Degree Centigrade

GLM General Linear Model

Ksat Saturated Hydraulic Conductivity
LULC Land Use/Land Cover
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Sq Soil Quality
VSA Visual Soil Assessment
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