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DEVELOPMENT OF A PLASTIC
MULCHING MACHINE
Y. Y. Ramadan, M. M. Moustafa and M.Cottb*
ABSTRACT
The aim of this study is to develop, construct and evaluate a local plastic-
mulching machine ( mulcher ) to prove beneficial for crop growth by
modifying soil temperature, reduction in evaporation, weed
competition, soil compaction and erosion. The developed mulcher
consists of the main chassis of 1.0 x 1.30 m made of steel with three
hitch-points. A furrow opener, warped steel tube for warping a plastic
sheet, two adjustable wheels and a compressing wheel with manure
hopper were mounted and fixed on the main chassis. Forward speed of
2.4 km/h and tilt angle of 450 with wheel adjusting depth of 20 cm
showed the optimum results under different treatments which can be
summarized in the following points:
Soil covering depth (ridge height, cm) for subsurface mulch was 29 cm.
Tractor wheel slip of 5.1 and 3.2 % for subsurface and surface mulch,
respectively.
Fuel consumptions were 5.1 I/h, for subsurface mulch and 4.60 I/h, for
the surface mulch under the same conditions.
Covering width for surface mulch was 21 cm for both sides of the plastic
sheet.
Uniformity covering efficiency was 98 % for subsurface mulch and 92 %
for surface mulch.
Power requirements and energy were 14.11 kW, 24.75 kiwi. h/fed., and
12.73 kiwi. and 21.70 kiwi. h/fed., respectively for subsurface and
surface mulching.
Total costs decreased totally by 80.4% when applying the new mulcher.
INTRODUCTION

Because of the rapidly increasing population in Egypt and the

urgent need to increase farmland reclamation and cultivation of

new lands with raising the efficiency of farming lands of old in
terms of providing and rationalizing the consumption of water by using
pressurized modern

* Researcher in Agric. Eng. Res. Inst., Giza, Egypt.
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irrigation systems and raise the efficiency of the use of water and
chemicals through them (chemigation) and decrease different factors
losses to maintain the drop of water and food necessary for plants
cultivated. So it was necessary cooperation between the Agricultural
Research of Irrigation Engineering with Agricultural Research of
Mechanization Engineering to develop machines used to gain access to
higher efficiencies in irrigation systems to maintain the greatest amount
of irrigation water by reducing its losses and face the possibilities of
derogation share of Nile water coming to Egypt from their source
countries Nile Basin.

The interest prevailing in the field of environmental pollution from the
agricultural output of burning waste and crop residues and the use of
pesticides and herbicides, which negatively affects the public health, and
because of the high cost in modern irrigation tended studies to develop
new alternatives to mitigate pollution and contribute greatly to solving
the problem of shortage irrigation water and reduce the use of pesticides
and herbicides and preserve the environment.

Through follow-up field in the sandy areas show the farmers an
individual slice of plastic to cover the soil cultivated by hand and known
colloquially in the name of (bottom mulch) or an individual slice the
plastic on the back of the terraces manually (upper mulch) and
agriculture them after the addition of organic fertilizer , or injection layer
of asphalt under the surface of the sandy soil consists insulating layer to
prevent the entry into force of water as to render appropriate moisture
content in the range of roots. Drip irrigation is extended irrigation line up
or down mulch and outfitted on the same distances of agriculture to
eliminate weeds and reduce evaporation and provide irrigation water. It
also leads to the upper mulch a vital role in cold regions save the soil
temperature which stimulates biological processes within the scope of the
roots.

Therefore, this study was conducted to apply the method of automatically
mulch in sandy soil in two phases in the village of sound - Abu Hammad
and a village in the eastern province - in order to develop automation
system of mulch in agriculture soil covered with plastic machine
automatically by the subject of the study are as follows:

Misr J. Ag. Eng., January 2014 - 20 -



FARM MACHINERY AND POWER

1 - Automated mulch bottom lines in the soles of agriculture with the
addition of organic fertilizer and then covered agriculture instead of layer
of asphalt on the bottom surface of the soil, and thus preserve the scope
of the roots moist appropriate degree.

2 - Straighten mulch loft automatic slide the plastic on the back of the
terraces after processing and then holes at distances of agriculture
recommended in order to prevent the growth of weeds and soil surface
heating in winter and in summer to reduce evaporation.

The study thus contribute significantly to rationalize the use of water for
irrigation, fertilizers, chemicals and raise their efficiency and thus
increase production and quality of crop and also with substantially
reducing weeds and environmental pollution resulting from the use of
chemicals. In this context, mulching with plant residues and synthetic
materials is a well-established technique for increasing the
profitability of many horticultural crops (Duranti and Cuocolo, 1989;
Gimenez et al., 2002).

Djigma and Diemkouma (1986) found that the black polyethylene
mulch yielded 3.3times higher than soil without mulch in eggplant and
2.3 times in tomato, when grown during the relatively cool season sown
in September and harvested in January. In a trial carried out during the
hot season, the use of plastic mulch had an adverse effect on vegetables
and decreased their yields significantly. Douglas and Sanders (2001)
stated that the advantages of using plastic mulches are: increasing soil
temperature from 4 to 5 °C under black mulch, 5 to 8 °C with infrared
transmitting mulch (clear green), or 8to 10 °C at a 5 cm depth under clear
mulch, reducing soil compaction, reducing evaporation, reducing weed
problems, earlier crops and increasing growth. Lekasi (2001) used
polyethylene and banana residues as mulches and organic inputs for
cabbage production. Surface mulching with banana residues was not
effective in weed suppression or moisture conservation but increased
earthworm population densities. Plastic mulching, on the other hand,
increased cabbage yields by 14.9 t.ha™* over the un-weeded treatment and
improved soil moisture status.
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Abdulrazzak (2008) mentioned that there are different spray pumps to
spray different materials such as a liquid chemical fertilizer, weed control
herbicide and bacteriological herbicide, but not asphalt materials. Hence
spray equipment was designed to spray or inject asphalt products under
soil surface depend on tractor’s air pump using sweep plow or cutting
plow. The designed equipment consists of tank sitting on the plow frame,
plastic tube, and aluminum tube connected with plow’s wings for
Nozzles, Nozzles and sweep plow. This equipment is connected with
tractor’s air pump to supply the system with pressure to spray asphalt
solution throw nozzles as a spray in order to cover soil. The designed
equipment can also spray liquid fertilizers, weeds and biological
herbicides when the diameter of Nozzles is adjusted. Asphalt product
which used consist of asphalt materials , clay and dissolved materials .1t
used to prevent deep percolation to keep root zone wet for plant .It also
long term used material without any side effect. Asphalt membrane was
product from asphalt materials too.

Mulching may prove beneficial for crop growth because of complex
change in soil environment through modifying soil temperature,
reduction in evaporation, weed competition, soil compaction and erosion.
Plastic mulch is a product used, in a similar fashion to mulch, to suppress
weeds and conserve water in crop production. Under plastic mulch, soil
properties like soil temperature, moisture content, bulk density, aggregate
stability and nutrient availability have been improved. Therefore, the
objective of this study was to apply the mulch mechanically in sandy soil
and investigate the suitable characteristics performance of the developed
unit for mulching subsurface and surface plastic sheet under Egyptian
conditions.

MATERIALS AND METHODS
The developed mulcher was constructed at local workshop in Shargia
Governorate. The filed experiments were conducted during the winter
season at a local farm at Al-Sowa district (3s<ll % %), Shargia
Governorate, Egypt.
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1-Materials

The tractor used: The developed mulcher is carried on a 30 hp (about
22.4 kW) Kubota tractor.

The developed mulcher: The specifications and photographs of
developed mulcher in Fig. 1. The developed mulcher consists of the
following parts:

1-

7-

Chassis: The chassis made of rectangular cross-section steel of 7.0 x
5.0 cm. The dimensions of chassis are 130 cm length, 100 cm width
and 70 cm height. Chassis is provided with standard three-hitch
points.

Furrow opener: The furrow opener 47cm width with 65cm length
made of sheet steel with thickness of 5 mm and rectangular steel-
shank with dimensions of 7 x 2 cm. The furrow opener was connected
to the chassis to set a furrow of 47 cm width which was the bed of
plastic mulch.

Steel bar for warped plastic-sheet: A steel tube of 105 cm fixed on two
ball-bearings to facilitate the motion was used for warping the plastic
sheet on.

A plastic sheet: A plastic sheet of 1.0 x 10 m (for each treatment) was
wrapped on the steel bar (3) to be spread in furrows as a bed of the
ridge.

Adjustable wheels: Two adjustable rubber wheels with different
changeable tilt angles of 28 cm diameter were attached to set plastic
mulch spread and prevent folding.

Covering blades: For covering plastic mulch with soil, two steel
covering blades made of steel with different changeable tilt angles of
(30 x 30 cm) were mounted.

Compressing wheel: A compressing wheel of 39 cm diameter was
fixed to keep mulch spread in the center of the furrow with different
changeable heights for compressing mulch down.
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8- Manure hopper: A cylindrical hopper of 30 cm diameter and 45 cm
height made of steel was mounted on the main chassis in front of the
compressing wheel and between the two adjustable wheels depth to
buried manure simultaneously while setting the ridge up. An agitator
was added at the bottom of the manure hopper to facilitate manure
motion. The agitator system takes its movement from the compressing
wheel by two sprockets.

9- Most of the attachments could be changeable to adjust the optimum
characteristics for mulcher performance and facilitate the treatments
proceeding under different studied parameters of tilt angles of the
adjustable wheels and compressing wheel. The mulcher has maximum
dimensions of 150 x 110 cm with 135 cm maximum height. The
mulcher dimensions are shown on Fig. 6. This machine is one of the
most popular Plastic Mulch Layers because it is compact, versatile,
and will adjust to fit a wide range of applications and there are many
options available.

2 - Methods

- The experimental procedure and test factors

2.1 The first experiment: It was conducted during the winter season at a
local farm at Al-Sowa district, Shargia Governorate, Egypt. Soil of
experimental site was sandy loam in texture, low in available N, P and K.
Sandy soils are poor in elements and water. Growers in sandy areas are
objected to inject asphalt materials or spread a subsurface plastic layer to
hold water and conserve the manure (subsurface mulch). This action is
manually operated. This manually process is difficult, slow and no
uniform in addition to high cost.

Twenty-seven treatments replicated 4 times were used in split-split plot
design with combination of subsurface and surface mulch for each
experiment as main plots and tilt angles of covering blades scheduling
treatments (20, 30 and 45 degrees) as sub plots with three wheel
adjustable depths of 10, 15 and 20 cm. All these treatments were under
different forward speeds of 1.2, 1.8 and 2.4 km/h.
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Front view Back view

Fig. 1: Photographs of the developed mulcher.
1- Chassis, 2- Three-hitching points, 3- Furrow opener,
4- Steel pipe for warped plastic-mulch, 5- Two adjustable rubber
wheels, 6- Two steel covering-blades,
7- Mulch compressing-wheel, and 8- Manure hopper
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Fig. 2: The mulched Fig. 3: The mulched
furrow before covering furrow after covering.
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Fig. 4: The un-mulched Fig. 5: The mulched
ridge before covering. ridge after covering
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In this experiment the furrow opener was used for setting up furrows then
plastic sheet is spread as shown in Fig. 2. Manure hopper was filled up
with manure which fallen smoothly in a plastic tube directly on the plastic
mulch. In the same time the rear covering blades cover the plastic sheet
and the manure as shown in Fig. 3. It means that the furrows became
ridges and the ridges turned into furrows as shown in Figs. 2 and 3.
2.2 The second experiment: Ridges were firstly set by furrow openers
and the trials were operated as mentioned in the first experiment but the
compressing wheel, manure (fertilizer) hopper and the furrow opener
were removed. Soil height on plastic mulch, mulch cover uniformity,
efficiency of manure adding, tractor wheel slip, fuel consumption and
power needed were measured for all treatments. In this experiment,
firstly, the furrow opener is used for setting up ridges with width of 60
cm. Then mulcher is used for spreading the plastic sheet on the obtained
ridges with width of 100 cm. On both sides of ridge, 20 cm of plastic
sheet covered the ridge sides. Then holes of about 5 cm are made on the
plastic sheet at the recommended distances for planting. Figures 4 and 5
show schematic diagrams for ridge before and after mulching,
respectively.
It was conducted at the same period of the first experiment in the same
site for mulching application on ridges (surface mulch). This surface
mulching is very important nowadays for producing organic food. Soil
surface is covered with a plastic sheet and so that seeds or hills are sown
or cultivated in holes made on the plastic sheet. Therefore, weeds and
herbs are died and prevented to grow. Heat is preserved and water
evaporation could be prevented to save irrigation water consumption.
Soil properties like soil temperature, moisture content, bulk density,
aggregate stability and nutrient availability could be improved. This
research was carried out mainly to apply these operations mechanically
by developing a local mulcher to overcome the mentioned problems and
encourage growers to invest in agricultural field. The developed mulcher
is carried on a 30 hp (22.4 kW) Kubota tractor.
3- Measurements:
- Soil depth (height) on subsurface mulch: It was measured by using a
metal ruler with length of 50 cm.
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- Soil width on surface mulch: It was measured by using a metal ruler
with length of 50 cm.

- Slip ratio: It was calculated according the distance with and without
load.

- Fuel consumption: They were estimated by refilling the tractor tank
with a slandered flask for the first and second experiments.

- Uniformity of covering mulch: It was evaluated according to the
uncovered edged with mulch.

Equations:

The power and specific energy:

The following formula was used to estimate power consumption (Hunt,

1983):
B FCxp. fxLCVx427x0,,XN,,
B 3600x75x1.36

kW

Where:

FC= fuel consumption, L/h,

p.f= density of fuel, kg / L (for diesel = 0.85),

L.C.V= calorific value of fuel (10000 kcal / kg),
427=thermo-mechanical equivalent, J / kcal,

nth= thermal efficiency of engine (= 35%for diesel engines) and
nmec= mechanical efficiency of engine (=80%).

The specific energy was calculated by using the following equation:

< fi (kW.h/fed) = Power requirement (kW)
peciiceneray rees = Ef fective field capacity(fed/h)

The operation cost.

The hourly cost for machine operation was determined using the
following equation (Awady, 1978):

Hourly cost =P/H (/A + 112+ T +R) + (0.9W.S.F) + M/144

Where:

P = price of machine, L.E, H =yearly working hours, h/year,
A = life expected of machine, year, | = interest rate / year,

T = taxes, over heads ratio, R=repairs and maintenance ration,
0.9 =factor accounting for lubrication, W = power, hp,

S =specific fuel consumption (L/hp.h), F = fuel price, L.E./ L and
M/144 = monthly wage ratio, L.E,
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The operating cost per fed was determined using the following

equation:
hourly cost (LE/h)

actual field capacity (fed/h)

4 - Statistical analysis: All obtained data were tabulated throughout this
study after replicated at least three times for each treatment and was
analyzed statistically by using a computer program (Minitab Release
15) for estimating the probability at levels 1 and 5% while the graphs
were drawn using the Microsoft excel window 2007.

Operating cost =

RESULTS AND DISCUSSION
Effect of forward speed, compressing-wheel depth and tilt-angle of
covering blades on soil-covering depth.
Fig. 7 shows the effect of forward speed, compressing-wheel depth and
tilt angle on soil-covering depth. The soil-covering depth increased by
increasing forward speeds, compressing-wheel depth and tilt angle of
covering blades.
The maximum soil-covering depth of 29 cm was obtained by using
forward speed of 2.4 km/h, compressing-wheel depth of 20 cm and tilt
angle of 45 degree. Meanwhile, the minimum soil-covering depth of 12.7
cm was obtained by using forward speed of 1.2 km/h, compressing-wheel
depth of 10 cm and tilt angle of 20 degree.
These results may be because of the sudden impact of covering blades
which caused sand soil to move quickly over the mulch and consequently
raised the ridge height. After statistical analysis it was found that there
were significant differences between parameters of forward speed and tilt
angles. Also, wheel depth showed a very significant difference according
to ridge height (p < 0.05).
Effect of forward speed compressing-wheel depth and tilt-angle of
covering blades on tractor wheel slip
Fig. 8 shows the effect of forward speed, compressing-wheel depth and
tilt angle on tractor wheel slip. The tractor wheel slip increased by
increasing forward speeds, compressing-wheel depth and tilt angle of
covering blades.
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Fig. 7: Effect of forward speeds and compressing-wheel
depth (D) on soil covering depth under different tilt angles

for subsurface mulch

Misr J. Ag. Eng., January 2014

-30 -



Slip ratio, %

Slip ratio, %

Slip ratio, %

=}

hn

[ S S 'S R

[ww]

h

W

-2

h

W

-2

FARM MACHINERY AND POWER

—— 10D —=— 15D ——cm20D

Tilt angle of 20°

—
N
-3
(B
N

Tilt angle of 45°

 ——

L5 2

-2
N

Forward speed, km/h.

Fig. 8: Effect of forward speed and compressing-wheel

depth, (D) on tractor wheel slip under different tilt angles

for subsurface mulch

Misr J. Ag. Eng., January 2014

-31-



FARM MACHINERY AND POWER

0 —— 10D —=—15D ——cm20D
5 -
S Tilt angle of 20°
‘é 3 ]
S 2 A
vl 1 _ . __.__._____,_._.—-—-—.
() T T 1
1 1.5 2 2.5
6 -
i 0
5 Tilt angle of 30
8?0 4 4
£ 5
89 /”"
7 -/4/4.
1 - e
(} T T 1

6 -
5 7 Tilt angle of 45°
= 4 A
g3
B
=2
1 -
(} T T 1

-2
N

| L5 2

Forward speed, km/h.
Fig. 9: Effect of forward and compressed wheel depth (D)

on tractor wheel slip under different tilt angles, degrees for
surface mulch

Misr J. Ag. Eng., January 2014 -32-



FARM MACHINERY AND POWER

For subsurface mulching, the maximum tractor wheel slip of 5.9 % cm
was obtained by using forward speed of 2.4 km/h, compressing-wheel
depth of 20 cm and tilt angle of 45 degree. Meanwhile, the minimum
tractor wheel slip of 2.2 % was obtained by using forward speed of 1.2
km/h, compressing-wheel depth of 10 cm and tilt angle of 20 degree.
These results may be due to using furrow opener and the high amount of
soil raised on the plastic sheet according to the high wheel depth of 20
cm which resulted in increasing tractor wheel slip to the mentioned
results.

Meanwhile, for surface mulching (Fig. 9), the maximum tractor wheel
slip of 2.7 % cm was obtained by using forward speed of 2.4 km/h,
compressing-wheel depth of 20 cm and tilt angle of 45 degree.
Meanwhile, the minimum tractor wheel slip of 1.8 % was obtained by
using forward speed of 1.2 km/h, compressing-wheel depth of 10 cm and
tilt angle of 20 degree. It was noticed that slip ratio were lower in case of
surface mulching which may be attributed to the absence of furrow
opener and also the manure (fertilizers) hopper. It was found that there
were significant differences between parameters of forward speed and tilt
angles. Also, wheel depth showed a very significant difference according
to ridge height (p < 0.05).

Effect of forward speed, compressing-wheel depth and tilt-angle of
covering blades on fuel consumption

Fig. 10 shows the effect of forward speed, compressing-wheel depth and
tilt angle on fuel consumption. The fuel consumption increased by
increasing forward speeds, compressing-wheel depth and tilt angle of
covering blades.

For subsurface mulching, the maximum fuel consumption of 5.1 I/h was
obtained by using forward speed of 2.4 km/h, compressing-wheel depth
of 20 cm and tilt angle of 45 degree. Meanwhile, the minimum fuel
consumption of 3.21, I/h was obtained by using forward speed of 1.2
km/h, compressing-wheel depth of 10 cm and tilt angle of 20 degree.
These results may be due to using furrow opener and the rear covering
blades had to push a high amount of soil raised on the plastic sheet
according to the high wheel depth of 20 cm which consequently resulted
in increasing fuel consumption to the mentioned results.

Misr J. Ag. Eng., January 2014 -33-



FARM MACHINERY AND POWER

07 —— 10D —#—15D —&—cm20D
=
g 54
8=
= .
3 Tilt angle of 20°
g 4
S
o
= 3 T T 1
1 15 2 25
6 -
=
S 5
S
(=
= H 0
= Tilt angle of 30
woooq |
= 4
3
o
E 3 T T 1
1 1.5 2 2.5
6 -
g 5
2 Tilt angle of 45°
=
noooq
= 4
3
o
E 3 T T 1
1 1.5 2 2.5

Forward speed, kiv/h.

Fig. 10: Effect of forward speed and compressed wheel
depth (D) on fuel consumption under different tilt
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Meanwhile, for surface mulching (Fig.11), the maximum fuel
consumption of 4.6 1/h was obtained by using forward speed of 2.4 km/h,
compressing-wheel depth of 20 cm and tilt angle of 45 degree.
Meanwhile, the minimum fuel consumption of 3.0 I/h was obtained by
using forward speed of 1.2 km/h, compressing-wheel depth of 10 cm and
tilt angle of 20 degree. The increment of results may be because of the
increase of tractor wheel slip under high forward speeds and the increase
of wheel depth which led to the excessive fuel consumption. Also, it was
noticed that fuel consumption were lower in case of surface mulching
which may be attributed to the absence of furrow opener and also the rear
covering blades were adjusted to cover only both sides of the plastic
sheet. It was found that there were significant differences between
parameters of forward speed and tilt angles (p < 0.05).

Effect of forward speed and tilt angle of adjustable-wheel depth on
soil covering width under different tilt angles of covering blades

In case of surface mulching, the compressing -wheel, manure hopper and
the furrow opener were removed. The mulch width was 100 cm which is
spread on the ridge by developed mulcher. Ridge 60 cm width and
therefore 40 cm from plastic mulch is covered with soil on the two sides
of plastic mulch. The two adjustable wheels hold 20 cm for both sides.
This measurement depended on the width of plastic sheet covered with
soil on both sides.

Fig. 12 shows the effect of forward speed, adjustable-wheel depth and tilt
angle on soil covering width. The fuel consumption increased by
increasing forward speeds, compressing-wheel depth and tilt angle of
covering blades. The lowest value of covering width 7 cm was obtained
with forward speed of 1.2 km/h and rear covering angle of 20 degree.
While the highest value of 21 cm were obtained under forward speed of
2.4 km/h with rear covering blades angle of 45 degree. The sudden
impact of covering blades with high forward speed of 2.4 km/h may be
the main reason for achieving these results. It was observed that under
forward speed of 2.4 km/h caused more mulcher vibration than under
forward speed of 1.8 or 1.2 km/s with different tilt angles and adjustable
wheel depth. This action resulted in some uncovering sides of plastic
sheet. Data analyzed showed significant effect on all parameters (p <
0.05).
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Uniformity of covering mulch (subsurface mulch) and Uniformity of
spreading mulch (surface mulch):
Uniformity of covering mulch (subsurface mulch) and uniformity of
spreading mulch (surface mulch) was evaluated by using calculating the
covering and uncovering plastic sheet for the subsurface mulch and
estimating the covering and uncovering the ridges for surface mulch. It
was found that under forward speed of 2.4 km/h with 45 degree of tilt
angle of covering blades 98% uniformity efficiency of the plastic sheet
was achieved by covering with soil. Meanwhile, for the surface mulch it
was illustrated that the uniformity efficiency of 92 % was obtained under
the same operating conditions of 2.4 km/h of forward speed and 45
degree of tilt angle. The previous results for the two measurements were
under adjusting wheel depth of 20 cm. similar trends were illustrated
under forward speeds of 1.2 and 1.8 km/s under different test factors of
10 and 15 cm wheel depth and also under tilt angles of 20 and 30
degrees. However, the best results were shown with forward speed of 2.4
km/h with covering tilt angle of 45 degree under adjusting wheel depth of
20 cm.

Effect of forward speed, compressing-wheel depth and tilt-angle of
covering blades on power requirements and energy
The effect of forward speed, compressing-wheel depth and tilt angle on
power requirements and energy were calculated according to the
mentioned equations. Power requirements and specific energy increased
by increasing forward speeds, compressing-wheel depth and tilt angle of
covering blades.
For subsurface mulching, power requirements and energy (14.11 kW and
24.75 kW.h/fed., respectively was obtained by using forward speed of 2.4
km/h, compressing-wheel depth of 20 cm and tilt angle of 45 degree.
Meanwhile, power requirements and energy of 8.88 kW, 31.71
kW.h/fed., respectively were obtained by using forward speed of 1.2
km/h, compressing-wheel depth of 10 cm and tilt angle of 20 degree. All
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other tested parameters showed similar trends. These results may be due
to using furrow opener and the rear covering blades had to push a high
amount of soil raised on the plastic sheet according to the high wheel
depth of 20 cm which consequently resulted in increasing fuel
consumption to the mentioned results. Meanwhile, for surface mulching,
power requirements and energy of 12.73 kW and 21.70 kW.h/fed.,
respectively were obtained by using forward speed of 2.4 km/h,
compressing-wheel depth of 20 cm and tilt angle of 45 degree.
Meanwhile, power requirements and energy of 8.30 kW and 29.64
kW.h/fed., respectively were obtained by using forward speed of 1.2
km/h, compressing-wheel depth of 10 cm and tilt angle of 20 degree. The
increment of results may be because of the increase of tractor wheel slip
under high forward speeds and the increase of wheel depth which led to
the excessive fuel consumption.

The developed mulcher operating cost:

In manually methods, one feddan needs approximately 15 workers for
applying mulch with wages of 50 LE for each worker with total costs of
about 850 LE including the tractor and workers. While the calculation of
the operating costs included fixed and variable costs were made for the
tractor and the developed mulcher. The total fabrication cost of the
modification in the developed mulcher including workshop cost was
1200 LE at 2013 price level. The developed mulcher needs a tractor of 30
hp if the furrow opener is used for setting furrows. The total operating
costs for a 30 hp tractor and original mulcher were 90.14 LE/h and 5.04
LE/h, respectively. One feddan needs about 105 minutes (0.57 fed/h.)
according to the actual field capacity under the chosen desirable forward
speed of 2.4 km/h. It means that the total cost for preparing one feddan
was about 166.55 LE. Comparing the total costs between manually and
mechanically methods, it is clear that there is a great decrease in total
costs by 80.4% when applying the new mulcher.
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CONCLUSION AND RECOMMENDATIONS
It was concluded that using the mulcher under forward speed of 2.4 km/h
with tilt angle of covering blades of 45 degree with the optimum
adjustable wheel depth of 20 cm represented the optimum operating
parameters which showed soil covering depth (ridge height, cm) of 29
cm , tractor wheel slip, for subsurface mulch, of 5.1 %, fuel consumption
of 5.1 I/h, for subsurface mulch, 2.4 km/h and 4.60 I/h, for the surface
mulch under the same conditions, covering width for surface mulch of 21

cm for both sides and uniformity covering efficiency of 98 % and 92

%for the surface mulch, respectively. Power requirements and specific

energy of 14.11 kW, 24.75 kW.h/fed., and 12.73 kW and 21.70

kW.h/fed., respectively for subsurface and surface mulching were

obtained under forward speed of 2.4 km/h. Total costs decreased totally
by 80.4% when applying the new mulcher. So, in nutshell, plastic mulch
may have an important application in boosting producing the organic
food especially in water hunger areas or for those areas, which suffer
from weeds.

REFERENCES

Abdulrazza, A. J. (2008). Design an equipment used to spray asphalt
products under soil surface depend on tractors air pump, The 15th.
Annual Conference of the Misr Society of Ag. Eng., 12-13 March,
2008, Misr J. Ag. Eng., 25 (2):195-204.

Awady, M. N. (1978): Tractors and farm machines, in Arabic, text. Col.
Ag., A. Shams U.: 164-167.

Djigma, A. and D. Diemkouma (1986): Plastic mulch in dry tropical
zones. Trials on vegetable crops in Burkina Faso .Plasticulture 69,
1:19-24.

Douglas, C. and G. Sanders (2001): Using Plastic Mulches and Drip

Irrigation for Vegetable Gardens Published by the North Carolina
Cooperative Extension Service. Reviewed 1/01 HIL-8033

Misr J. Ag. Eng., January 2014 -40 -



FARM MACHINERY AND POWER

Duranti A, L. Cuocolo (1989). Chemical weed control and mulching
in onion (Allium cepa L.) and garlic (Allium sativum L.).
Advances in Horticultural Science. 37: 338-342.

Gimenez C; . R. F. Otto; N. Castilla (2002): Productivity of leaf and
root vegetable crops under direct cover. Scientia Hort. 94: 1-11.

Hunt, R. D. (1983): Farm power and machinery management, lowa State
Univ. Press Ames, 8" Ed. 28 — 29.

Lekasi, J. K.; P. L. Woomer; Tenywa J.S. and M. A. Bekunda
(2001): Effect of Mulching cabbage with banana residues on
cabbage yield, The journal of tropical crop science and production
V.9 (3)

) gadld)
(Sedll) Ay il pUid Ay ghat
*aaal ulad Ui *gihmé‘gmgihm FOuda ) e gt i 52

el 3l Axd N 5ol daldl Aalally jae A OSull e o agudl gl ks

DB Cua e il ol W) ) Sl B6liS @) e Banan (ol gl ) sl 5 Dby

slaall aladin) 3eUS ad s Apaall lawaall ) alu aladiuly el @IMgiu) by

D) elaall 5 olaal) Alais e Jaliall Aakiadl) sidl) Jalse ity WINA e il slesll

Caga qo lindl (5l alai o ket Aueia gy gl LY 1Y e Sl il

Clas ol & el el J g ol Lariivaddl YY)y ghail Al 5 ASpl) dia

slae duan (palii] Ci¥lain) gl so 5 Lo 5 JalE (5 1) olaa (e a8 ST e Llaall g )

Ll G s sl lemlie (e eaal daalall ol

Ly 5 clalaall (3 e gl dae ) )3 Aalill (e Al Eglill Jlae 8 i) SlaiaYl

dalall daall e Ule i Lee (ailiall Gilapay 4y pdall Gilapall aladind 5 Jualadll

Cre iid 3aaa Jilay Galasinl ) b jall Cagad) Suaall (g 1) 8 dalil) ¢l jY ) jlas

Y Claae aladiul e IS5 (1 olae (i A Ja (A S S agusi g Bl A

Al o Bdlas ) (Blial) Gl

SO (e g 55 5 cpe ) 3l S (Al 1 (3l (3 Aglasall Aaiall JYA (e g

GO Ay )8 28 sl () Galal) sl Liale 85 paall 5 g G ) Jiall & il didasil

S essmmall slendl dila) aay Ll Aol )35 (sbell Galll) Lgw clbadll el e

Ao el A pidh Ajle Ak (S dlal) A il s it i) e Ak (s

o el ol ba say Tl (gl Sy sl Ui 8 Lulie sk 1) (s simall Jaas

raa- B3l — (B de 3l &igaal 38 e — Aue ) 3 Autigh Gigag agaa A Galy ¥

Misr J. Ag. Eng., January 2014 -41 -



FARM MACHINERY AND POWER

Al Qg (ailaall e oLl (g yi A0 il (i e o Jaeats QAL Jaud
Aa s Jaday sl Ghbal b Ggs 150 bl Gl g2t o WS 50 ela Ldsig
sl Gl (4 sadl Clleall Jadiy Lae 40 il 5 )
LA G il e e Ada ) ol DY) G AT L A8yl (Sl A all s2a el el
o8 Cilal) ol Ay 5kt gy - 4858 Adadlae 5 8 san)s den sl S e — 5 el
IS Al ) g gaim g AV Adansl 5 LT sl & i) Adarsy Ae ) ) 3))

& Lgihard g 4y gazaed) 300n) A8la) aw del 3l dasha ol & T Jlie ile -
Ly saall s Jadas iy ¢ 4l mdan Jiud 4lauY) Akl e Shas del )3l
Analic da

dao & L jpead 2y cabliad) el o dliudlll dag pd o 1 gsle il Y
(& Al has 4085 5 (BLEa]) gad aie Chage @l L (uasall Ao il e s
L o) s folas
s Sl s s2euV s (gl ol aladiu) 20k i b S IS Al all pgust il
Giliall e S S QI g asay WS Jgeanall daliY) sal3l) il Ledels
Al sbassll aladin) e gl Jll & k)
YY,6x) ghas Yo UgsS el Gle yu &6 die 5 shall Y1 olal jlis) o5 S
i) e Akl Aalu Ul 3 O ae Go/aS Y, € ¢ VA )Y Gl e (@l gsls
Glael e hanzall dae See Tk e @l g — Jaall oladl — 8Y) padn 3 €0 ¢ Y0 (Y
e Yo ro o
GY Y Ay il Gl 358 4 plin)) Leaal Clul@l) (e aaey AV 4
Oile 38 Apaldaiil 5 5 slall Qilall il g (o Apdanill daus (b a5 XS 5 0 48 ) Al
bl die 5 ghaall AV aladin) ey il Zandl 508 S5 ¢ cpllall 8 claudll
REEON
Loy Juadl QIS5 (/aS ¥, 8 A Qi de yud daws gie ol (o) il Cana ) B
i) Jumdl e o Yo Jasall dae e o LS An 50 €0 Gaa sl ) Gallall 3 4kt
) Jumdl il Jaall Ay 5 Sl Aoy (g Hh i Cand Adlisal) COLrall pa
@bl Gl il dandlly 95 Y, Y 50,0 (@Y ) Ay s YA A 3 el (alll
4 slladll 5 a8l G g deluy/ i €, 5 deble/ 1 0, a8 ol elginl o LS s il e
¢ Qg€ VY,V g (GAclu Gl sl YE, Vo ¢ S 1 E,))) dpe gl ddlall
@ stad) Gallall 5 el Galall Apily Jdil) gyl i s (Al 5 5L YV, Y
Ael/aS ¥, € Ao o o an ¥ (g shed) (L) il gl elae Juadl IS SIS i i) e
il e gslall (alall i) Galall dually 04 9Y 5 AA AL ddazill seliS cuilS
Cad OpA +, € Ay (sl sulal) AUail) e ATV sl 4K Callal) cuasds) SIS
bl Gl

Misr J. Ag. Eng., January 2014 -42 -



