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SUMMARY

A manure laying implement was designed to bury the manure under the soil
surface. The main operations of the implement are digging the soil to make a
shallow channel its depth is 30 cm to 60 cm, laying the manure in side the
channel and bury the manure by retaining the dogged soil into the channel.
The three operations are carried out simultaneously. The implement was
designed to reduce the planting operations of the Tomato crop in the desert
soil. The conventiona)l operations of planting tomato ¢rop in the desert soil 18
digging the soil manually by primitive tool to make a channel, the manure is
laid in side the channel bottom and then buried. The purpose of burying the
manure in the soil is to increase the soil ability in retention the water at the
surface layers and to provide the tomato crop with nutrients.

The implement consists of a tine, two soil digging boards and two soil
retaining boards. The tine consists of a shank and foot. The foot is provided
with wings fixed on both sides of the foot. The implement is also provided
with a tank of one tone capacity fixed on the implements frame. The manure
is droped in side the channel mechanically.

After manufacturing the implement, it was tested in the field to evaluate its
performance using different operating depths (20cm , 30cm, 40cm, 50cm, and
60cm). The evaluation was carried out using the implement draft force
requirement, the cross-section width of the channel made by the implement,
the specific resistance and the energy utilization efficiency of the implement.

The results showed that the increase in the operating depth increased the
draft requirement of the implement considerably; increasing the operating
depth from 20cm to 60cm ‘ncreased the draft force from 12.63kN to 31.J6kN
(242%). The soil excavating boards required 4.35kN and 6.47kN at operating
depths of 20cm and 60cm which consists of 35% and 21% from the total draft
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depths of 20em and 60cm which consists of 35% and 21% from the total draft
force of the implement. While the soil retaining boards required draft force of
4.05kN and 6.47kN which consists of 32% to 21% from the total draft force
for the same operating depths respectively. The total draft requirement of the
implement and the draft force of the soil excavating and retaining boards for
the other operating depths are within the draft force range of the operating
depth of 20cm and 60cm. There is great improvement in the implement field
performance when the operating depth was increased from 20 cm to 60 cm ,
the cross-section width of the channel which made by the implement's stem
and soil excavating boards increased from 0.11m* to 0.48m’ (436%) . The
specific resistance deceased considerably from 116.67 to 64.92kN/m* (41%)
which means the draft requirement of the implement to dig out one meter
square of the cross-section width decreased by 41% when the operating depth
was increased from 20cm to 60cm and this reduction is regarded a great
improvement in the field performance. The energy utilization efficiency of the
implement improved appreciably when the operating depth increased, it
increased from 8.57m’/mJ to 15.40m>/mJ (80%) which means the implement
digs 15.40m’ soil out of the channel bottom for one mega Joule of energy
when the operating depth increased from 20cm to 60cm.

1-Introduction

The deep operating implements required the highest draft force among other
soil manipulated implements. The high draft force is related to the greater
volume of soil disturbed by the implement as well as to the high moisture
content at depth and greater soil compaction at deeper soil layers caused by
the weight of upper layers of the soil. The high soil moisture content at depth
increases the soil cohesion which play great roll in increasing the resistance to
the implement during the soil manipulation operation and hence the draft
force. However, despite of the high draft requirement of such implements but
they are necessary to conduct certain fieldworks, such as laying manure under
the soil surface or breaking the soil had pan.

Tomato crop is widely grown in the desert soil. However, the dessert soil can
not hold the irrigation water for long timie which would result in crop planting
failure. To solve or reduce this problem manure should be buried under the
soil surface at certain depth to absorb the irrigation water and to keep it
available to the plants as well as provides the plants with nutrients. The hand
manure laying method in the soil using the primitive tools is costly and time
consuming operation. However, the mechanical subsoil laying method of
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manure by an implement is the suitable method because it can reduce was
design for this purpose. The main implement performance is manipulating the
soil and then digging it out to form a ditch which the manure is dropped in the
bottom of it and then the manure is covered by returning the excavated soil to
the ditch. The implement consists of a subsoiler which, consists of a shank and
a foot fixed at the bottom end of the shank. The subsoiler is to manipulate the
soil. Two movable boards were fixed behind the subsoiler. The angle between
the boards can be changed to obtain different cross-section width of the ditch.
They are used to excavate the soil out form the ditch (soil excavating boards).
Another two movable boards with a diverge angle, they are a part at the front
end and close at the rear end, fixed behind the first two boards. There purpose
is to return the excavated soil to the ditch (soil returning boards).

This work was conducted to study the field performance of the designed
~ implement which includes the draft force, cross-section area of the ditch,
specific resistance and energy utilization efficiency. The implement was tested
in silty clay soil at operation depths of 20,30,40,50 and 60cm with and without
soil returning boards.
2-Materials and methods

2-1- the subsoil manure laying implements ( figure 1-abc)

An implement was designed to lay the manure under the soil surface to
increase the desert soil water retention ability. It consists of a single subsoiler.
The subsoiler consists of a shank and foot. The shank forward angle (rake
angle) is 60°. The foot is fixed at the lower end of the shank at angle of 150°
from the shank front edge. The attack angle of the front of the foot is 30°. The
attack angle is to facilitate the soil penetration by the subsoiler. The subsoiler
was mounted on a frame provided with three hitching pints.

Two movable boards were fixed be behind the shank. The angle between them
can be changed to obtained different ditches of cross-section area which can
be done by a length-changeable bar fixed between them. These two boards are
used to excavate the loosening soil by the subsoiler to form the ditch,
thereupon called soil excavating boards. They are concave and there faces are
opposite and diverge from the rear end to the front to increase its ability in
retaining the soil into the ditch bottom. There purpose is to bury the manure in
the ditch by returning the excavated to the ditch again, thereupon called soil
returning boards. The angle between the soil returning boards can be changed
by two length-changeable bars, one for each board and they are also used for
supporting the boards from the side force created by the soil sliding into the
ditch. The soil returning boards are fixed on the implement frame so that there
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lower edges are close to the soil surface to clean most of the excavated soil up
and returning it to the ditch.
2-2- Procedures

After designing and manufacturing the implement, it was tested in the field
to determined there performance. The experiments were carried in a silty clay
soil using five operating depths 20¢m,30cm,40¢m,50cm and 60cm. The soil
moisture content was 23.2%. The implement was attached to a tractor. The
tractor-implement combination was towed by another tractor. A hydraulic
dynamometer was used to measure the draft force of the tractor from one end
to a flexible cable from the other end which was connected to the front of the
towed tractor-implement combination. The hydraulic dynamometer was
connected to the towing tractor from one end and to a flexible cable from the
other end which was connected to the front of the towed tractor-implement
combination. The experiments were conducted by predetermining the
operating depth of the implement at one of previously mentioned operating
depths. The speed of the engine of the towing tractor was set at 1500 rpm
and the forward speed was
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0.489m/sec. The towing tractor was left to 5Sm forward to approach the
maximum forward speed and the depth of the implement stabilized the chosen
operating depth. The towing tractor was left to move another 20m and the
draft force was measured along the distance. The time taken to move this
distance was also measured. The ditch depth, width at the soil surface and
width of the base were measured at three positions along the ditch length
20m). Each run was repeated three times.
The cross-section area of the ditch is calculated by equation (1).

A=W*d +S*d ...l (D)
Where A= cross-section area (mz)
W= ditch base width (m)
d= ditch depth (m)
b= ditch width at the soil surface (m)
S= side width of the ditch (m)

The specific resistance was calculated as follows:

SR=F/A ....cccevinn. (2)
Where SR= specific resistance (kN/mz)
F= draft force (kN)
A= cross-section area {m’)
The energy utilization efficiency of the implement which is defined as the
number of the cubic meter disturbed by the implement when on mega Joule of
the energy consumed by the implement can be calculated by equation (3 ).

n= 1/SR= (A/F)*(m/m) *1000 .......... (3)
Where 1) is energy utilization efficiency (m’/mJ)

3-Results and Discussion

3.1-Draft force

The draft force of the implement increased as the plowing depth increased
(Fig 2) and that was because the subsoiler of the implement manipulate greater
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volume of soil and the increase in moisture content of the soil with depth. The
moisture content increased the cohesion and the adhesion of the soil which
both increased the draft force. As well as the soil excavated by the soil
excavating boards and the soil returned to the ditch by the returning boards
required great deal of force. The results showed that the draft force increased
from 12.63 to 31.16kN (242%) when the operating depth increased from 20cm
to 60cm (300%). This means each centimeter of the operating depth required
0.52kN to be manipulated excavated and returned to the ditch.

However, when the soil returning boards were removed from the implement
the draft force decreased appreciable. The reduction in draft force (the draft
requirements of the soil returning boards) was between 4.35 to 6.47kN for
operating depths 20cm and 60cm respectively. However, for other operating
depth the draft requirements are within the previous draft range. This means
that both soil returning boards required 39.5kN and 13.48kN to return one
cubic meter of soil to the ditch which was dogged out by the soil excavating
boards (39.5kN/m> and 13.48kN/m’) for the operating depths of 20cm and
60cm respectively. The results of the other operating depths are in between
also. The high reduction in draft requirement to return one cubic meter of soil
as the operating depth increased ( lower by 2.93 times) can be related to
the easiness of soil sliding in the ditch bottom due to its grater height as the
operating depth increases and its accumulation near the ditch edges. This
means the draft force is more efficiently consumed as the operating depth
increases.

The results showed that the soil returning boards required greater draft force
than the operating depth. For example increasing the operating depth from
20cm to 30cm the draft force increased by 3.0kN while the soil returning
boards draft force by 4.1kN for the same increase in operating depth. This is
related to the high resistance of the excavated soil which lay on the soil
surface to the forward movement created by the implement movement before
returning to the ditch bottom and due to the soil sliding resistance on the soil
returning boards faces. However, when the operating depth increased to 60cm
the contrary occurred, the soil returning boards required lower draft force than
the operating depth. For example, the draft force increased by 16.21kN when
the operating depth increased from 20cm to 60cm while, the draft force
requirement of the soil returning boards increased by only 6.47kN for the
same increased in operating.
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Figure (2). Draft force and versus the operating depth for the implement with and
without the soil returning board .

The results of the cross-section area of the ditch formed by the soil excavating
boards of the implement for different operating are shown in (3).

The cross-section area of the ditch increased as the operating depth
increased and that was due to the increase in the operating depth and the effect
of the angle between the soil excavating boards. The operating depth increased
the ditch depth and the cross-section width. The increase in the operating
depth accomplished with an increase in the disturbed area in the soil surface
resulted in wider ditch at the soil surface and also an increase in the ditch base.
So increasing the operating depth from 20cm to 60cm increased the ditch
width at soil surface and at the base from 85cm to 130cm and 25cm to 30 cm
respectively. However, the width of ditch is widening further by the edges of
the soil excavating boards which cut the ditch sides during the operation. The
effect of the excavating boards edges render the increase in the ditch width
was greater than the increase in the operating depth of the implement. For
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example increasing the operating depth from 20cm to 60cm (300%), the cross-
section area of the ditch increased from 0.11m? to 0,48m’ (436%). The greater
cross-section width area is to accommodate the manure which broadcast
before returning the soil to the ditch.

0.67

20 30 40 50 60
Operating depth (cm )

Figure (3).Cross — section width of the ditch versus the operating depth

3-3-Specific Resistance

The specific resistance is defined as the ratio of the draft force to the cross-
section area of the ditch formed by the implement thereupon the values of the
specific resistance depends on the rate increase in the draft force relative to

that of the cross-section area.
The results showed that the specific resistance of the implement decreased

considerable as the operating depth increased, figure (4). It decreased from
116.67kN/m? to 64.92kN/m? (41%) when the operating depth increased from
452
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20cm to 60cm.This means the rate of increase in the soil disturbance and
therefore the cross-section area of the ditch was greater than the increase in
draft force which on the other hand the draft force is more efficiently used
with deeper operating depth than the shallow depths and this regarded good
improve in the implement field performance. However removing the soil
returning boards reduced the specific resistance of the implement appreciably,
it decreased from 116.67 KN/m’ to 77.14 kN/m® (34%) and from 64.92kN/m’
to 51.44kN/m? (21%) for operating depths of 20 and 60cm respectively. The
reduction in the specific resistance due to the removal of the soil returning
boards was because the draft force of the implement decreased while the
cross-section area remained unchanged.

However, the operating depth of the implement surpassed the removing the
returning boards in reducing the specific resistance, for example the specific
resistance decreased by 5 1.71kN/m? when the operating depth increased from
20cm to 60cm but it decreased by 39.51 kN/m? and 13.48 kN/m’ when the soil
returning boards were removed for operating depth of 20 cm and 60cm.

Speciic resistance (KN/m )

Figure (4) . Specific resistance versil%the operating depth soil of the implement




3-4- Energy utilization efficiency

The energy utilization efficiency is the most important parameter to evaluate
the field performance of the implement. It shows the ability of the implement
to use the energy to do the useful work and the amount of the energy
dissipated. The energy utilization efficiency is defined as the number of cubic
meter of manipulated soil which includes cutting and disturbing the soil and
the excavated soil to form a ditch for this implement when one mega Joules of
energy is consumed. The energy utilization efficiency of the implement with
soil returning boards improved considerably as the operating depth increased.
It increased from 8.57 to 15.40m’/mJ when the operating depth increased from
20 to 60cm respectively. At the shallow depths there was surplus energy
which was not used by the implement (wasted) which resulted in lower energy
utilization efficiency. However, at the deeper operating depths the surplus
energy was used to manipulate and excavated future volume of soil reducing
the energy losses causing higher energy utilization efficiency. The deep
operating depth was also reduced the implement forward speed due to the
greater volume of manipulated soil and this resulted in transferring the energy
which was consumed to accelerate the soil particles for cutting and excavating
the soil.

The subsoiler and the soil excavating boards are both manipulate and
excavate the soil to form the ditch and this means they share the same volume
of soil dogged out to create the ditch and hence they share same energy
utilization efficiency. However, the soil returning boards return the excavated
soil to the ditch to bury the manure and spent extra energy form this action.
The field observation showed that about 5% of the excavated soil remained on
the soil surface while 95% returned to the ditch bottom. The energy utilization
efficiency of the returning boards is considerably higher than that for the
implement without soil returning boards (subsoiler and soil excavated boards).
It was greater by three times for the shallow operating depths to four times and
half for 20 to 60cm respectively, the values of the remaining operating depth
being medium. The high energy utilization efficiency for the soil returning
boards was because the soil on the ditch sides was loose and very near to the
ditch side edges and that greatly reduced the soil resistance to return to the
ditch bottom. As well as the diverge angle of the soil returning boards
facilitate the soil sliding into the ditch bottom which reduced the energy
consumed in overcome the friction (wasted energy) between the soil and the
boards.
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4- conclusion

The following conclusions are drawn from the implement design and the

experiments which were carried out on it :

1-

1- The implement was durable and efficient in digging the soil out to form
ditch and retaining the sot! back to the ditch .

2- The draft force requirement increased by 2.4 when the operation depth
increased 3 times.

3- The draft force of the excavating boards is only 35 % of total draft force
the implement.

4- The cross-section area of the ditch made by the implement increased
considerably when the operating depth increased while the specific
resistance decreased appreciable.

5- The energy utilization efficiency increased by 80% when the operating
depth increased from 20 ¢cm to 60 cm .
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