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SUMMARY

A subsoiler of single tine was designed and provided with two shallow tines
fixed in front of it. The shallow tines lateral distance between them can be
changed. The leg of the subsoiler was provided with foot and the foot was
provided with wings at one stage of the experiments. The subsoiler was tested
in silty clay soil using four operating depths 30, 40, 50 and 60cm. Three
lateral distances were used between the shallow tines 40 , 50, and 60 cm.
Wings were also used at one stage of the experiments. The subsoiler
combinations are S, S+sh40, S+sh50 and S+sh60.

The draft force of the subsoiler combinations increased as the operating
depth increased. The increase was between 15.82 to 17.88kN for four
subsoiler combinations when the operating depth increased from 30 to 60cm.
The draft force requirement of each centimeter of depth on average is
0.560kN. Using shallow tines with subsoiler increased the draft force
requirement and it increased with lateral distance between the shallow tines.
The draft force requirement with shallow tines increased as the operating
depth increased. The draft force requirement of each centimeter of shallow
tines lateral distance for the shallow tines (30cm) is 0.062kN it increased to
0.091kN (91N=9.3kg). Providing the subsoiler with wings increased its draft
requirement especially at greater depths. The highest draft requirement was
recorded to deeper operating depth (60cm), wider lateral distance (60cm) and
with wings on the foot of the subsoiler.

Introduction

The subsoiler is used in the heavy soils which their bulk densities are high
as well as it is used where a hard pan exist in the soil [1, 2, 3, 4, 5]. The high
bulk density accomplished with low soil porosity which reduces the soil
ability to infiltrate the water downward and that resulted in a salt
accumulation in the soil profile which reduces the organism's activity. The
hard pan existence is severely affecting the soil physical and chemical
properties. It prevents the water movement downward and that some time
lead to soil logging which stops all the soil biological activities.

However, the subsoiler gives bad performance when unsuitable conditions
available. These conditions include suitable moisture content (14-18%) and
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the mechanical modification of the subsoiler [4, 5]. When the suitable
moisture content is available the soil is easily disturbed with less draft
requirement [3, 4]. The mechanical modification of the subsoiler includes the
addition of shallow tines in front of the subsoiler and wings to its foot [1, 8
and9]. The shallow tines disturb the surface solil in the front of the subsoiler
leaving the soil at depth to the subsoiler [10 and11]. The wings causes many
cracks at depth develop from their edges up to the soil surface and that
increase the volume of disturb soil [4 and 5]. The draft force of the subsoiler,
the shallow tines and the wings increases as the operating depth increases and
it is higher in the heavy soil than the light soil [11, 12, 13, 14]. The wings
draft requirement is higher than the shallow tines because the wings operating
in wetter soil, higher shear strength and expose to heavy weight of the soil
exists above them [3, 4]. To obtain high field performance the forward angle
(rake angle) of the subsoiler leg is 45 to 60°and the wings effective width and
inclination angle are 30 to 35cm and 25° respectively [2,5]. The shallow
tines depth relative to the subsoiler depth is 50% and 75% in the light and
heavy soils respectively [8, 9]. The forward distance of the shallow tines
relative to the subsoiler position is 35 to 40cm [9,15]. The lateral distance
between the shallow tines has great effect on the subsoiler field performance.
Their lateral distance either increases the disturbed area through the
interfering with the subsoiler operation or the distance great enough that lead
to separate their action from the subsoiler and that reduces the disturbed area
and that means the addition of the shallow tines is not useful [4,15]. The
forward speed increases the draft force of the subsoiler [16]. This research
was conducted to determine the best lateral distance between the shallow
tines giving the highest ssubsoiler field performance. The field performance is
evaluated by the draft force, disturbed area, specific resistance and energy
utilization efficiency. In this paper the draft force requirement being
discussed. The experiment parameters are four operating depths (30 40, 50
and 60cm), three lateral distances between the shallow tines (40,50 and 60cm)
and with and without wings on the subsoiler foot and shallow tines. The
experiments were carried out in silty clay soil.
2.0 Materials and methods

2.1 The subsoiler

The subsoiler was designed and manufactured in the agriculture
mechanization dept., Agriculture College, Basra University (Figure 1 (A) and
(B)). Itconsists of single tine. The length, width and the thickness of the tine
are 95, 12 and 3cm respectively. The leg of the tine is attached to the frame at
forward angle (rake angle) of 60°. The tine is provided with foot fixed at the
lower end of the leg at angle 120°. The attack angle of the front of the foot is
35°. The foot was provided with wings fixed on both sides at inclination angle



of 25°. The effective width of the wings is 30cm. The subsoiler was provided
with two shallow tines. They were fixed at forward distance of 36cm relative
to the subsoiler. Their lateral distance (distance between them) can be
changed. The subsoiler and the shallow tines were fixed on frame made from
square section steel of high carbon. The frame was provided with three
attachment points. The lower two points attach to the lower links of the
hydraulic system of the tractor and the top one for the third link of the
hydraulic system.

(A) side view
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(B) Front view

Figure (1) The subsoiler with shallow tines.
2.2 The draft force measurement
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The subsoiler under test was attached to 2WD tractor. This tractor is a
Massy-Ferguson (285s)and was used to rise and lower the subsoiler and to be
towed by another tractor to measure the draft force. This method was used
because the draft force measuring system is of towing type. Another tractor
(4WD) was used to tow the tractor- subsoiler combination. The tractor is
Massy-Ferguson type (2680). The rate power of the tractor is 96.98kW. In the
field the tractor subsoiler combination was towed by tractor 2680 through
flexible cable which was attached to the tractor-subsoiler combination from
one and the hydraulic system from the other end. The hydraulic system was
linked to the tractor of 2680. The draft force was measured by
predetermining the operating depth of the subsoiler (e.g 30cm). The towed
tractor gear box left on neutral and the towing tractor gear box was engaged
on the first heavy gear ratio. The tractor engine speed was set at speed of
1500rpm. The tractor-subsoiler combination left to move 5m to approach the
higher forward speed the readings were taken a long distance of 20m. The
number of readings for each run is about 5 to 6. Each run was repeated three
times. These runs were conducted for each operating depth, lateral distance
between the shallow tines with and without wings. The average of the
readings for each run was calculated. The total draft force (the draft force of
the tractor-subsoiler combination) was calculated using the following
equation which represents the calibration equation of the draft force
measuring hydraulic system.

Fe=08+A*X ..., (1)

Where F,= the total draft force of the tractor-susoiler combination (kN)
A= the internal area of the cylinder of the hydraulic system
(0.0044516 m?).
X= the reading of the hydraulic system in bar (the bar should be
changed to kN by multiplying X by 100).

The rolling resistance of the tractor MF 285S of the combination was also
measured by towing the tractor-subsoiler combination by the tractor
MF2680. The tractor-subsoiler combination was pulled on the surface of field
surface and the subsoiler is out of the soil.

The draft force of the subsoiler is calculated from the following equation.
FeF-R o (2)

Where F= The draft force of the subsoiler (kN).
R= the rolling resistance of the tractor-subsoiler combination (kN)

Soil physical and mechanical properties

The soil texture was measured by the pipette method as mentioned in [6].
The results are shown in table (1). The bulk density was measured by Core
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method for depths 0-10, 10-20, 20-30, 30-40, 40-50 and 50-60cm. The bulk
density is calculated by the following equation after the samples were dried in
oven at temperature of 105C° for 24hours (Black et al 1983). The results are
shown in table (2).

Where py= the bulk density of soil (Mg.m®)
Ms= mass of the soil (Mg)
V= The volume of the soil (m®)

The soil cohesion and angle of internal friction was measured for the soil
using the disk method as it is mentioned in (7). The measurements were
carried out for depths 0, 20, 30, 40 and 50cm. The soil shear strength was
calculated by the following equation.

3m
S E e @)

1= soil shear strength (kN.m?)

m= moment of the torque meter (kN.m)
r=radius of the annulus ring.

The results are shown in table (2).

T=

Table(1) soil texture and consistency limits

Liquid limit Lowe_r plastlc Clay Silt sand
% limit K 21 K 1 K 1

% g-Kg g-Kg g-Kg

50.62 27.56 543.6 385 71.6

Table (2): Soil physical and mechanical properties

Moisture Bulk Cone index Cohesion Angle of F{l;inc;:gn Adhesion
depth conte_qt densﬂz/ Cn_2 C mter?al between KN
99 Mgm- kNm KNm- @ metal
0-10 0.1329 1.26 1576.44 0.73 32 31.93 0.1592
10-20 0.1426 1.29 2364.68 5.29 30
20-30 0.1480 1.30 2702.49 15.50 22
30-40 0.2320 1.35 3040.30 18.85 20
40-50 0.2690 1.48 2646.19 20.88 31
50-60 0.2845 1.29 1914.63 13.70 36

The experiment procedure
The experiments were conducted in silty clay soil. The Randomize Block
Design of three factors was used. The factors are subsoiler with and without
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wings, three lateral distances between the shallow tines (40, 50 and 60cm)
and four operating depths (30, 40, 50 and 60cm), (2x3x4). The results were
analyzed using SPSS. The Revise Least Significant Difference (RLSD) was
used for comparison between the means at property level of 5%.
3.0 Results and Discussions
3.1 The effect of the operating depth on the subsoiler draft force
Requirement

Figure (2) shows the effect of the operating depths on the draft force
requirement of the subsoiler combinations S, S+sh40, S+sh50 and S+sh60.
The draft force requirement of the four subsoiler combinations increased as
the operating depth increased and that can be related to the increase in the
volume of the manipulated soil, soil bulk density, soil strength and the soil
moisture content (table 2). The results showed that the draft force increased
with adding shallow tines and with increasing the lateral distance between
them. For single tine subsoiler (S) the draft force is 13.75kN while for
S+sh40, S+sh50 and S+sh60 is 15.19, 17.58 and 18.19 at operating depth of
30cm respectively. The increase in the draft force due to the lateral distance
40, 50 and 60cm is 1.44, 3.83 and 4.44 respectively. The average of the draft
force of each centimeter of the lateral distance is 0.062kN.

When the operating depth increased to 60cm the draft force of S, S+sh40,
S+sh50 and S+sh60 increased to 29.57, 32.34, 34.31 and 36.07kN
respectively. The increase in the draft force due to the operating depth is
15.82, 17.15, 16.73 and 17.88kN respectively, the increase is almost double.
This was due to the increase in the soil physical properties as it can be seen
from table (2). The results showed that each centimeter of depth required on
average 0.56kN and that is greater by nine times of the lateral distance.
However, the draft force requirement of one centimeter of lateral distance
increased with operating to 0.091kN and related to increase in the soil
physical properties, Table (2). The domination of the operating depth on the
lateral distance in draft requirement is related to that the increase in the
manipulated volume of soil is greater with operating depth than the lateral
distance. As well as the soil bulk density, the shear strength and the moisture
content are higher at depth than shallow depth where the shallow tines
operate. The soil hard pan existed within depth 40-50cm and that can be seen
from the high bulk density (1.48Mg.m?) and that positively affected the draft
force requirement of the subsoiler combinations. This depth required higher
draft force than depth 50-60cm of bulk density of 1.29 Mg.m°. The draft force
requirement of S, S+sh40, S+sh50 and S+sh60 increased by 7.51, 7.98,
7.01kN when the operating depth increased from 40 to 50cm while it
increased only by 3.29, 4.74, 4.68 and 4.94kN when the operating depth
increased from 50 to 60cm respectively.
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Figure(2): The draft force versus the operating depth for different
subsoiler combinations.

3.2 The effect of the lateral distance between shallow tines on the
subsoiler draft force requirement.

The aim of increasing the lateral distance between the shallow tines is to
increase the cross-sectional width of disturbed soil and therefore increasing
the manipulated soil but that required extra draft force. The draft force for the
four subsoiler combinations are S+sh60> S+sh50> S+sh60> S (figure 3). The
increase in the draft force was limited with increasing the distance between
the shallow tines. It was 1.32, 3.35 and 4.85kN for the distance 40, 50 and
60cm for operating depth of 50cm respectively. The difference in the draft
requirement between the subsoiler combinations S+sh40, S+sh50 and
S+sh60cm dimensioned with operating depth. The draft force of S+sh40,
S+sh50 and S+sh60cm increased by 17.15, 16.74 and 17.88kN when the
operating depth increased from 30 to 60cm. The reason was that when the



operating depth increased the subsoiler combinations manipulate greater
volume of soil, however, with narrow lateral distance (40cm) the soil could
not pass easily through the gap between the two shallow tines and that
resulted in accumulation of the soil in front the subsoiler which increased the
draft force requirement. This problem is limited with lateral distance of 50cm.

40“
30
- |
=
8 201 §
: 5
= 5 g
= N
E L7 S+she0 § &
b/ S+sh50 &
N & S+sh40 @&
30 S T e ;; S '§§°
Q
40 50 g 8%
Operating depth (cm)

Figure (3): The draft force versus the operating depth for different lateral
distance between the shallow tines.

3.3 The effect of the wings on the foot of the subsoiler on its draft
requirement.
The addition of wings to the foot of the subsoiler increased the draft
requirement of the subsoiler significantly (p<0.5), figure 4. This can be
related to the great volume of soil disturbed by the subsoiler, the increase in
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the soil strength and the moisture content of the soil with depth ( 2). The draft
requirement of the wings (on average) is 1.86kN. Adding wings to the
shallow tines increased the draft force of the subsoiler further and that was
because the wings increased the disturbed soil volume further.
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Figure (4): The draft force requirement of the subsoiler with wings versus the
lateral distance between the shallow tines

3.4 The interaction effect of the lateral distance between the shallow
tines, the wings on subsoiler foot and the operating depth on the

draft force requirement

Increasing the operating depth and the lateral distance between shallow
tines and adding wings to the subsoilers foot increased the draft force
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Draft force (kN )

requirement of the subsoiler, figure 5. At the shallow operating depth of 30cm
the draft requirement of SW is 15.2kN. When the operating depth increased
to 60cm the draft requirement of SW increased to 24.3kN. When SW was
proved with shallow tine at lateral distance 40cm (SW+sh40) the draft
requirement increased from 24.3 to 31.6kN. When the operating depth
increased to 60cm the draft force requirement of SW+sh60 increased to
38kN. The operating depth had greater effect on the draft force than the
lateral distance and the lateral distance had greater effect than the wings. The
operating depth increased the volume of the disturbed soil more than the other
parameters and the soil moisture content and soil strength were higher at
depth than the soil surface.

40 "/ =

30_/ 1l

- )
20 1 fé:“\
g9
58
104" N
swished &
S
Q
SW+sh502 €
L Operating depth (cm) > Q%

O_

S I v hor
30 40 S Tl
(cm) 60

Figure (5): the draft force requirement versus the operating depth for different
subsoiler combinations.
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4.0 Conclusions

(1) The draft force increased as the operating depth increased.

(2) The draft force increased as the lateral distance between the shallow tines

Increased.

(3) Using wings on the subsoiler foot increased the draft force requirement.

(4) Draft force requirement of each centimeter of depth was 560N while for

the lateral distance was 62N but increased to 92N with depth.

(5)The most effective soil physical parameters on the draft force of the
subsoiler are the soil cohesion and the bulk density while the moisture

content was less effective.

Abbreviations:

S=subsoiler only: S+sh40= subsoiler+ shallow tines the distance between
40cm.: S+sh50= subsoiler+shallow tines the distance between 50cm.:
S+sh60= subsoiler+ shallow tines the distance between 60cm.: S+W=
subsoiler+ Wings
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