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ABSTRACT: Farm mechanization is the main indicator of modernizing the agriculture and use of farm machines that can take the
place of human and animal power in agricultural processes. During field operation the weight of farm machinery compact the
agricultural soil due to the contact with the tires or tracks of tractors. The aim of the article is to study the effects of soil texture and
moisture content on soil compaction. During field experimental test 5 different depth (5, 10, 15, 20 and 25 cm) were selected for
taking soil compaction data and soil samples at three depth range (0-10, 10-20 and 20-30 cm) from Kulumsa Agricultural research
center farm land at two seasons. During compaction test 15 sample point data were taken from 0.6 ha farm land. The result of the
study shows from average of all sample point the maximum and minimum value of soil compaction value where 3.73 Mpa and
3.032 Mpa during harvesting season and 1.37 Mpa and 1.19 Mpa during seeding season respectively. The laboratory result shows
farm land soil is clay with 25.0% of sand, 51% of clay and 24 % silt during both experimental seasons. The maximum and minimum
percentage of soil moisture value where 28.92% and 20.04% during harvesting season and 41.8% and 30.8% at 20 to 30 cm and 0

to 10 cm depth respectively.
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1. INTRODUCTION

Many soil scientists, agricultural engineers, and farmers are
concerned about agricultural soil compaction. There is rising
worry about the impact of soil compaction as agricultural
tractors and field equipment become larger and heavier. In
2010, Ethiopia had an estimated 5,090 tractors in use, a huge
increase from 2004 when there were only about 3,000. When
"walking™ or pedestrian tractors are included, the 2010 count
rises to almost 6,000 [1]. In a mechanization system, farm
machinery is employed for land preparation to harvesting
processes by driving in agricultural land. Da Silva AP, et.al
investigated the effects tillage, wheel traffic, soil texture, and
organic matter concentration on dry bulk density [2]. The
findings show that tillage intensity and wheel activity
increase bulk density, but organic matter decreases bulk
density. The weight of farm machinery compressed
agricultural soil during field operations, resulting in an
increase in soil bulk density and a decrease in soil porosity,
particularly due to contact with tractor tires or tracks [3].
Compacted soil limits crops' access soil water and nutrients,
and also reducing crop yields [4]. Soil compaction is affected
by animal trampling as well as farm machinery. The risk of
compaction is also dependent on the soil tillage and crop
rotations, soil moisture and working depth [5].

The compacted soil is difficult to plow since it increases
strength while compacted and the draft resistance also
increases. Soil physical properties are crucial in determining

a soil's appropriateness for agricultural, environmental, and
engineering applications [6]. Soil strength can be measured
traditionally using a hand operated soil cone penetrometer.
Kumar V.et.al, 2019 designed and developed hydraulically
operated mechanical soil cone penetrometer to measure soil
resistance[7]. A literature review showed that penetration
resistance measurements have been carried out with many
types of cones. For instance, [8], [9], [10] and [11] used
different types of cone shapes in their tests. Excessive
compactness, is detrimental to maintaining a good root
environment but it reduces penetration of water [12]. The
value of the cone index varies depending on the depth of the
soil, the textural parameters, the bulk density, and the
moisture content [13]. Long-term land management has a
significant impact on soil organic carbon (SOC)
concentration, which are valued as climate-resilient systems.
Soil physicochemical properties in Northeast Ethiopia were
studied at soil depths of 0-15 cm and 15-30 cm in open
grazing lands [14]. According to this study the effect of soil
pH and exchangeable sodium percentage were investigated.
The effects of reduced tillage and conventional tillage
practices in row planting and broadcast planting methods on
soil compaction are investigated [15]. The influences of soil
texture, compaction, soil moisture and the resulting air-filled
porosity on the gas permeability were researched by [16].
Effect of soil compaction have negative impact on physical
properties of soil and plant growth [17]. The impact of
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textural and structural parameters on soil strength is
moderated by SOC concentration[11].

The consequences of compaction of agricultural fields have
been studied widely by [18]. Compaction results in reduced
porosity, which implies limitations in oxygen and water
supply with negative consequences for soil productivity [19];
[20]; [21]; [22]. Forest soils have been shown to recover more
slowly than presumed previously [23]. Since ground pressure
is known to correlate positively with soil compaction, many
researchers have focused on analysing how well the choice of
tires or bogie tracks and tire inflation pressure can lower soil
compaction [24]; [25]; [26].

The goals of this study were to use statistical and
geostatistical methods to determine the relationships between
soil texture (clay content, silt content, sand content) and soil
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harvesting and seeding season, which was conventionally
tilled farm land for a long time.

2. MATERIALS AND METHODS

2.1 Description of the study area

Farm sites selected for experiment in this research were
Kulumsa agricultural research center farm land which is
located at Oromia Region of Ethiopia's. This woreda's
elevation varies between 1400 and 2500 meters above sea
level [27].

During soil cone index measurement to study the effect of soil
physiochemical property are shown in cause and effects of
soil compaction flow chart of Figure 1

Plant growth
and Yield

Fig. 1. Cause and effects of soil compaction

The experimental area selection criteria are based on the
tractor density and availability of research center. The field
under study had a size of 0.6ha and tilled since 1989.

2.2 Field Measurement Design and field Test

During field experimental test 5 different depth are selected
for taking soil compaction data (5 cm, 10 cm, 15 cm, 20 cm
and 25 cm). All the depth parameters were replicated fifteen
times at farm field (point A to point O) shown in (Figure 2)
or taking soil compaction data. The experimental design with
fifteen number of replication and five treatment in
experimental farm land with an area of 6000 m? (100 m x60
m) is modeled in (Figure 2).
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Fig. 2. Data sampling plot design and distribution of
replication

The penetration resistance was measured in 10mm depth
intervals using a SpotOn digital compaction meter. In total,
75 measurements were made in field. SpotOn digital soil
compaction meter which meets ASABE S313.3 soil
compaction standard and is equipped with a 12.8 mm steel
cone diameter with 30° included angle is used in compaction
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measurement. For depth reference, the stainless-steel shaft is
marked every 10 cm with a probe length of 76 cm, and when
the probe is retrieved from the soil, it instantly displays the
maximum compaction value. The Dimensions of the digital
soil compaction meter is 89 cm long, 28 cm wide, and 7.6 cm
in diameter.

2.3 Laboratory of soil physiochemical property test

The movement of air, water, and dissolved compounds
through soil, as well as circumstances impacting germination,
root growth, and erosion processes, are all examples of soil
physical characteristics. In this study soil parameters like soil
texture and soil moisture are determined in laboratory for the
farm field soil.

One of the most difficult measures in agriculture is that of soil
moisture [28], [29]. Soil moisture can be measured in a
variety of ways, from feeling the soil to utilizing intricate
electrical equipment that uses radioactive chemicals [16]. The
ratio of the weight of water to the weight of solids in a
particular mass of soil is known as soil moisture content. A
non-corrodible container, a digital weight machine, and an
electric oven are all essential equipment.

soil is grouped on the basis of the grain size of the particles
that constitute the soil which is expressed as soil texture.
Gravel is a term that describes coarse granular material, but
sand is mostly used to describe finer granular material. In
order to have a uniformly applicable terminology it has been
agreed internationally to consider particles larger than 2 mm,
but smaller than 63 mm as gravel. Sand is a substance made
up of particles that are smaller than 2 mm but larger than
0.063 mm in diameter. Silt is defined as particles with a
diameter of less than 0.063 mm but greater than 0.002 mm.
Clay is soil that contains even smaller particles, less than

0.002 mm in size. [30]. Soil parameters like soil texture, soil
pH, soil EC, soil organic content and soil cation exchange
capacity [29] have significant influence on penetration
resistance. Soil texture and moisture content derived from the
farm field were used as spatial input variables for prediction
of penetration resistance. The tillage practices and weight of
tractor during tillage and harvesting are assumed to have the
strongest influence on the penetration resistance.

3. RESULTS AND DISCUSSION

The result of this study covers the relation between soil
compaction and the soil physical properties like soil texture
and soil moisture content of farm field soil. The physical
properties of soil were studied in soil laboratory to identify
soil texture, and soil moisture content.

3.1. Soil compaction results and discussion

The soil compaction with respect to sampling point and depth
are taken and plotted in (Figure 3). During compaction test 15
sample point data were taken from 0.6 ha farm land. The
effect of season on soil compaction were clearly shown in
(Figure 3a and 3b) for harvesting season and seeding season
respectively. Based on the figures a soil compaction value
during harvesting season were higher than seeding season due
to the fact that the higher machinery and animal foot traffic is
higher than seeding season. In addition, during harvesting
season the moisture content of the soil is less which results
the pore size between soil molecule decrease and increases
the density of soil. The highest soil compaction value from
the fifteen-sample point during harvesting and seeding season
were 5.97 Mpa and 2.35 Mpa at sample point D and at depth
of 15cm respectively.
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Fig. 3. Soil cone index of all sample points

The depth profiles of the mean penetration resistance were
summarized in (Figure 4) for a farm field. The cone indices
of experimental farm sites had a general tendency to increase
with soil depth up to 20 cm and start to decrease after 20 cm
during harvesting season. But for the seeding season the mean
penetration resistance was increase with soil depth up to 15

cm and start to decrease after 15 cm. The result of the study
shows from average of all sample point the maximum and
minimum value of soil compaction value where 3.73 Mpa and
3.032 Mpa during harvesting season and 1.37 Mpa and 1.19
Mpa during seeding season at 15 cm and 5 cm respectively.
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Fig. 4. Average value of all sample points soil cone index vs. depth

3.2. Soil compaction correlation of within experimental
field sites

Correlation of soil compaction within Kulumsa experimental
field sites of sampling point in field A to O indicates both
positive and negative correlation (Table 1).

Table 1. Soil compaction correlation of within Kulumsa experimental field sites

A B C D E F H | J K L M N O
A 1
B 0655 1
C 0476 0933° 1
D -087 -0589 -0402 1
E 0306 0.328 0.546 0.011 1
F -080 -0.716 -0.700 0.481 -0.75 1
G -079 -097" -0.88" 0.655 -0.42 084 1
H -058 -0568 -0512 -0.212 -0.16 038 052 1
I -051  0.249 0.509 0.516 0337 0.04 -0.09 -0.468 1
J 0.668 0.585 0.355 -0.344  0.158 -0.7 -068 -027 1
K -413 0.347 0.451 0.523 0.110 -0.01 -0.20 -083 085 015 1
L 0577 -128 -422 -0.531 -0.324 -0.14 -0.04 029 -98" 045 -074 1
M .849 .582 597 -0.706 0693 -08 -0.71 010 -021 035 -038 022 1
N  .458 .770 .566 -0.296 -0.045 -048 -0.75 -085 009 085 05 0.1 013 1
O .526 943" 987" -0.379 0586 -0.78 -092" -06 046 049 047 -035 062 064 1

* At the 0.05 level (2-tailed), the correlation is significant; ** at the 0.01 level, correlation is significant (2-tailed), ‘A to O letters

indicates sampling point in field.

Correlation of soil compaction within Kulumsa experimental
field sites of sampling point in field A to O indicates both
positive and negative correlation. Field points between O and
B, C and B have strongly positive correlation significant at
the 0.05 level. Field points between G and C, O and G have
strongly negative correlation significant at the 0.05 level.
Field points O and C have a substantial positive connection
at the 0.01 level. Field points between L and I, G and B have
strongly negative correlation significant at the 0.01 level.

3.3. Soil texture and moisture content results and
discussion

soil parameters like soil texture have significant influence on
penetration resistance [29]. Soil texture class based on
laboratory result and soil texture triangle for farm field is clay
with 24% silt, 51% clay and 25% sand (average values)
during both experimental seasons as indicated in (Table 2)
and (Figure 5).
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Table 2. Soil texture, and moisture content for the farm field

Depth % Sand % Clay % Silt Textural % Moisture

(mm) Harvesting |Seeding Harvesting |Seeding | Harvesting | Seeding class Harvesting | Seeding
season season | season season season season season season

0-10 25 24 51 50 24 26 20.04 30.82

10-20 27 25 54 55 19 20 Clay 24.13 36.45

20-30 23 25 48 49 29 26 28.92 41.83

Average | 25 24.7 51 51.3 24 24 24.36 36.4

Soil texture triangle for farm field soil is drawn in (Figure 5) for identifying the soil texture class.
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Fig. 5. Soil texture triangle

Soil moisture content: The maximum and minimum
percentage of soil moisture value where 28.92% and 20.04%
during harvesting season and 41.8% and 30.8% during
seeding season at 20 to 30 cm and O to 10 cm depth
respectively.

The relation between soil moisture content and depth is
plotted in (Figure 6¢) shows as depth increases percent of soil
moisture content also increases for both experimental seasons
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Fig. 6. soil cone index vs. a) Soil moisture during seeding season b) harvesting season, c) soil moisture content vs. depth

As illustrated on (Figure 6a) as soil moisture increases, soil
compaction decreases for the seeding season. In case of
harvesting season as the soil moisture increases up to certain

24% the soil compaction also increased, but after the 24%
moisture content the compaction value starts to decline as
indicated in (figure 6b).
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Soil texture: As illustrated in the (Figure 7) as the depth
increases up 20 cm percent of sand and clay increased and

percent of silt decreased. After 20 cm percent of sand and clay

decreased and percent of silt increased.
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Fig. 7. Sand soil, Clay soil and Silt soil percent vs depth

As illustrated in the soil texture triangle (Figure 5) the
experimental field soil where under clay so, as illustrated in
the (Figure 8b) the relationship between soil compaction and
soil clay percentage shows as soil clay percentage increases,
soil compaction also increased for the fharvesting season. In

case of seeding season as the soil clay percentage increases
up to certain 52% the soil compaction also increased, but after
the 52% soil clay percentage the compaction value starts to
decline little bet as indicated in (figure 8).
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Fig. 8. Soil cone index vs. Clay soil percent

4. CONCLUSIONS

The result of this study covers the effects of soil compaction
moisture content and soil texture at different depth and
farming season. The result of study taken from fifteen sample
point indicates the highest soil compaction value from the
fifteen-sample point during harvesting and seeding season
were 5.97 Mpa and 2.35 Mpa at sample point D and at depth
of 20cm respectively. From average of all sample point the
maximum and minimum value of soil compaction value
where 3.73 Mpa and 3.032 Mpa during harvesting season and
1.37 Mpa and 1.19 Mpa during seeding season at 20 cm and
5 cm respectively. Soil texture class based on laboratory

result and soil texture triangle for farm field is clay with 24%
silt, 51% clay and 25% sand (average values) during both
experimental seasons. Soil compaction and soil moisture
content both rise as soil depth increases. The highest clay
percentage of soil has the highest value of soil compaction
value in general. As soil clay percentage increases, soil
compaction also increased for the harvesting season. In case
of seeding season as the soil clay percentage increases up to
certain 52% the soil compaction also increased, but after the
52% soil clay percentage the compaction value starts to
decline little bet
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