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m ABSTRACT : A tractor operated plastic mulch laying equipment was devel oped to mechanize
authors’ affiliation

the conventional plastic mulching. A plastic mulch roller was mounted on the main frame of
equipment and drip roll carrier assembly also mounted on main frame. The soil covering unit and
presswheel assembly have been attached to it with the help of clamps. A 35 hp tractor was used as
apower unit for both plastic mulching and drip laying operation. Various parameters such as soil
moisture content, draft, fuel consumption and soil temperature were measured. The average soil
moisture of the plastic mulched bedswas 19.20, 19.30 and 19.20 % at forward speed of 2.0, 3.0 and
4.0 km h?, respectively. The average values of draft were 3139, 3193 and 3222 N at forward speed
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ulching is the process or practice of covering
M the soil or ground to make more favorable
conditionsfor plant growth, development and
efficient crop production. Natural mulches such asleaf,
straw, dead leaves and compost have been used for
centuries, during the last 60 yearsthe advent of synthetic
materials has altered the methods and benefits of
mul ching. These new materials have combined features
exhibiting strength, flexibility, light-wei ght, easy and low-
cost production. The technology and practice of using
plasticstoimprove horticultural cropyieldisarelatively
new science commonly referred to as plasticulture.
Plasti cs are man-made long chain polymeric molecules
(Scott and Gilead, 1995). The word plastic comesfrom
the Greek word “plastikos”, which means ‘able to be
molded into different shapes’ (Joel, 1995).

Plasticulture research and documentation largely
focuson theimpact of plasticson horticultural crop plants
and their associated yieldsrather than the science behind
machinery-designed specifically for the planting and
harvesting processes. Mulch helps to prevent the
establishment of weedsin many vegetable crops. Black
sheet mulches prevent most weeds by excluding light.
Intact plastic and other materials control essentially all
annual weeds except at planting holesand mulch edges,
where additional control measures are needed. Along
with enhanced moisture regulation, mulch allows for
greater control of nutrients and fertilizer loss since
leaching isreduced.

Plastic films are laid before crop planting or
transplanting. This includes preparation of seed bed,
spread mul ch film and anchoring of edges of film. Raised
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seed bed has to be prepared for plastic mulching. Two
persons are required for laying the plastic over the soil
bed, while one more person behind them to shovel the
soil onto the edges of the mulch. These operationswhen
done by manually become very time consuming, labour
intensive, tedious and costly. Manual method is
economical for the small fields but not economical for
thelargefields.

In modern agriculture, tractor has become one of
the major sources of power which isgenerally used for
magj ority of theagricultural operationslikeirrigation, land
development, tillage, sowing, harvesting, threshing and
transportation. Tractors helpin reducing thetimerequired
for these operations. Hence, it has become the integral
part of mechanized agriculture. Plastic mulching by
conventional method requires more human labour, more
time and more cost of operation. K eeping the abovefacts
in view, present study has been undertaken to develop
tractor operated plastic mulch laying equipment.

B METHODOLOGY

Tractor operated plastic mulch laying equipment
consist of plastic mulchroller assembly, drip roll carrier
assembly, soil covering deviceand presswheel assembly.
A plastic mulch roll carrier (1.40 meter in length) was
selected based on the width of plastic mulching onraised
soil beds. Thewidth of the plastic roller can be adjusted
as per the mul ching requirement. Plastic mulch used for
thestudy isof two typeviz, silver colour and black colour.
Thickness of the both the material s used are of 30 micron
and or are 80 gauge. Both the plastic mulch used is
selected with three different widthsi.e., 1200 mm, 1000
mmand 900 mm. Thelight absorption (%) of silver colour
plastic mulch is 51 % and light reflection (%) is 49 %
whereas, light absorption (%) of black colour plastic
mulchis100 % and light reflection (%) is0 %. Thedrip
roller isto be slide onto the drip roll carrier so that drip
emitter will be turned up toward plastic mulch. The
plastic mulch and drip lateral was placed under the press
wheel assembly before going to start the plastic mulch
laying operation. The soil covering assembly wasadjusted
properly to lift and through the soil over the edges of the
plastic mulch to makeair tight plastic mulched soil beds.
Press wheels have been made to run at the bottom of
the trench and not on the side to stretch the plastic
properly. The prototype of tractor operated plastic mulch
laying equipment was fabricated based on the design.

The prototype consistsof main frame, plastic mulchroller
assembly, drip roll carrier assembly, soil covering device
and press wheel assembly. A schematic view of tractor
operated plastic mulch laying equipment isshowninFig.

Components of developed tractor operated plastic
laying equipment:

1. Drip lateral assembly; 2. Handle; 3. Main frame;
4. Down pipe; 5. Three point hitch; 6. Plastic roller
assembly; 7. Soil covering device; 8. Press wheel
assembly

Development procedure for tractor operated
plastic mulch laying equipment :

Thetractor operated plastic mulch laying equipment
wasdeveloped by considering the agronomic and machine
parameters. The parameters considered in devel opment
of tractor operated plastic mulch laying equipment are
discussed under thefollowing sub headings. Thetractor
operated plastic mulch laying equi pment was devel oped
by considering thefollowing parameters.

Selection of power source :

Selection of proper power sourceisvery important
while devel oping the machine. According to the power
requirement, commercia 35 hp, (Mahindra sarpanch 595
DI) tractor was selected as the source of power. The
draft was measured by using two tractors and a digital
hydraulic dynamometer.

The power requirement was measured by using
followingformula.

_ Draft (kg) x Speed (m/s)
75

_ 3304000
75x 3600

P=4.889@5.0hp

=]
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So for this equipment the small hp tractor can be
used for operation. The available tractor of 35hp
(Mahindra sarpanch 595 DI) was selected.

Fabrication of tractor operated plastic mulch laying
equipment :

Thetractor operated plastic mulch laying equipment
has been designed for vegetabl es crop like tomato, okra,
cucumber and row crops like mai ze, cotton and having
row spacing of 900 mm. The tractor operated plastic
mulch laying egquipment consists of one plastic mulch
laying unit having aworking width of 900-1200 mm and
one drip pipe laying unit have been developed to cover
singlerow mulchlaying operation. Theoveradl dimensions
of the prototype tractor operated plastic mulch laying
equipment are 2520 mmin length, 2440 mminwidth and
1900 mmin height. The tractor operated plastic mulch
laying equipment gets power for motion from drawbar
of the tractor.

Main frame:

The frame of farm machines must be as light as
possible to reduce cost, soil compaction and propelling
power but strong enough to resist the shocksdueto rough
fields or obstacles. The main frame of mild steel was
made of square cross section. The overall dimensions of
the main frameare 2440 mmin length, 2440 mminwidth
and 1900 mm in height. Main frame made of mild steel
structure of suitable sections to mount various
components.

Plastic roller unit :

The plastic roll hasto be dide onto the plastic roll
carrier provided bel ow the main frame of the equi pment.
The plastic paper hasto be placed under the presswheel
assembly before going to start the plastic mulch laying
operation.

Dripirrigationroll carrier :
Thedriprolleristobedideontothedriproll carrier
so that drip emitter will beturned up toward plastic (for
lessclogging). Feed drip linethrough the down pipe and
adjust down pipeabout 1inch to 2 inch below theplastic
mulch. As the tractor moves forward drip lateral laid
simultaneously with plastic mulch. Lateral will be laid
beneath the plastic mulch and above the soil bed.
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Soil covering unit :

Soil covering unitisused for cutting, lifting, turning
and throwing the soil over the plastic mulch. The M.B.
plough bottom is attached to the soil coveringto cut, lift
and throw the soil on the plastic mulch.

Press wheel assembly :

Presswheelsneed to run at the bottom of thetrench
and not on the sideto stretch the plastic properly. Tilt the
front of the press wheel on an inward angle to stretch
the plastic. The press wheel height and distance can be
adjusted as needed.

Perfor mance evaluation of tractor operated plastic
mulch laying equipment :

The performance of tractor operated plastic mulch
laying equipment was analyzed in terms of moisture
content of soil, draft, fuel consumption and soil
temperature. Tractor operated plastic mulch laying
equipment was operated under optimized conditions.

Soil moisture :

The plastic mulch laying operation was carried out
at optimum soil moisture content in order to minimize
field timelossesand energy input. Soil samplesat 10 cm
depth during plastic mulchlayinginten different locations
were randomly collected in the field, weighed and then
ovendriedat 105°C for 8 hours. Theweight of thedried
samples was recorded using electronic balance. The
moisture content on dry basis was calculated using
followingformula.

Wy -W,

Soil moistur econtent (% by weight basis) = x100

1
where,

w, - Weight of wet soil sample, kg
w, - Weight of the oven dried soil, kg

Draft of equipment :
Total draft exerted on the equi pment was computed
using theformula.

D=D,D,
where,
D = Draft of equipment, kgor N
D, = Draft of equipment when equipment in
operating condition, kgor N
D, = Draft of equipment when equipment in not
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Table1: Effect of forward speed, width of material with black colour plastic mulch on field parameters

Forward speed (km h™) Width of mulch (mm) Soil moisture (%) Draft (N) Fuel consumption (I %) Soil temperature (°C)
2 1200 20.00 3141 4.00 36.40
1000 19.20 3139 3.80 36.40
900 18.50 3138 3.50 36.40
3 1200 20.10 3195 4.30 36.40
1000 19.30 3193 4.10 36.40
900 18.70 3192 3.80 36.40
4 1200 20.00 3224 4.60 36.40
1000 19.20 3222 4.40 36.40
900 18.60 3221 4.10 36.40

operating condition, kgor N

Fuel consumption :

Fuel consumption is the amount of fuel used per
unit distance. Thefud tank isfilled toits capacity before
and after the operation. Amount of refilling after the
operation is measured which is the actual fuel
consumption.

Soil temperature :

Soil temperature is an important parameter in crop
production. The plantsrequire optimum soil temperature
for their growthin soil. The plastic mulch laying operation
was carried out at optimum soil moisture content.
Thermometer was used to determine the soil
temperature.

B RESULTS AND DISCUSSION
Fieldtrialsof tractor operated plastic mulchlaying
equipment were conducted at research farm of UAS,
Raichur. Fromtheresults(Table 1) it isobserved that as
forward speed increases, soil moisture sightly increased
and then decreased. It was found that when forward
. . L " the soil moisture
content increases from 18.50 to 20.10 %. It was found
to be higher soil moisture content when operating at a
forward speed of 3 km h. Thisisbecause of soil thrown
over the plastic mulch was optimum and at higher forward
speed the soil moisture reduced as because of the soil
thrown over plastic mulch was higher and formed some
openings at the bottom edges of plastic mulch (Heipner
et al., 2005).
When forward speed increases from 2 to 4 km h!
the average draft increases from 3138 to 3224 N. As
the forward speed increases draft increases this is

because of increase in acceleration forces between the
soil and machine (Kepner et al., 2005).

The fuel consumption for operating plastic mulch
laying equipment increases with increase in forward
speed of the equipment. When forward speed increases
from 2 to 4 km h? the average fuel consumption
increases from 3.50t04.60 | h*. Thisisdueto increase
in draft, which leads to increase in acceleration. The
acceleration forces increases it increases the normal
loads on soil engaging surfaces (Kepner et al., 2005).

The soil temperature was found constant at all the
forward speeds with three different width of material.
Thisis because of forward speed does not significantly
affect the soil temperature (Jimenez et al., 2004 and
Tarara, 2000).

Conclusion:

A tractor operated plastic mulch laying equipment
was developed to mechanize the conventional plastic
mul ching. It savestime, labour and increasestimeliness
of operation. By using plastic mulch of black colour, it
maintains the soil moisture and soil temperature. From
the study, it was found that as forward speed increased
draft also increased. For satisfactory operation of plastic
mulch laying equipment, 3 km h? speed is found to be
better.
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