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Atractor-operated automatic gun sprayer was developed for a cotton crop. The unit consists of frame structure,
spray tank, horizontal triplex pump, control valves, spray gun nozzle, pressure gauge, strainer, hydraulic agitator
and actuating mechanism. The power to drive the HTP pump was taken from the tractor power take off (PTO)
through a belt and pulley. The actuating mechanism consists of motor and worm gear reduction. Two motors
with 0.5 kW each (12 V dc) were used to provide oscillation motion to spray guns and motors get power from
the tractor battery. The rotation angle of the spray gun is 30° horizontally. Provision was also made to fold the
spray boom while in transport. The spray pattern could be adjusted based on the application of chemicals. This
study was conducted to determine the suitable nozzle orientation (0° 15° and 30° downwards) to field crops.
The orientation of the spray nozzle was maintained by using the metal protractor. The laboratory experiments
were carried out by using the actual cotton plant. The best nozzle orientation for maximum droplet density
and droplet size as 15° downward. Leaf hopper [Amrasca biguttula (Ishida)] and aphids [Aphis gossypii (Glover)]
control in the cotton crop after 7th day of spraying dinotefuran insecticide from the automatic gun sprayer and
conventional tractor-operated gun sprayer was 87, 86 and 58 %, and 50 %, respectively. The total cost required
to fabricate the sprayer was US$ 1008. The cost of operation of the tractor operated automatic gun sprayer was
found to be US$ 4.7/ ha.

INTRODUCTION

A continuously growing population of the world is putting an increased pressure on the available
agricultural land and demand for more intensive agriculture, especially in many developing
countries. Some of the ways to increase crop yield include protecting the crop from insect pests,
diseases and weeds. Oerke et al. (1994) reported that in the absence of control measures, an average
production loss by pests, disease and weeds are 15, 14 and 13 % respectively in cereals. Among the
various methods of pest control, pesticide application is widely used for controlling disease, insects
and weeds in the crops.

The cotton crop is concentrated in semi-arid regions of the country and is one of the principal
commercial crops in India with a 9.5 million ha cultivated area which is the largest in the world.
Though, the average yield of cotton (440 kg/ha) is low against the world average of 667 kg/ha,
which is due to poor control of pests and dryland farming conditions (Gholap & Mathur (2013)).
The cotton crop is infested by various pests. Among the pests of cotton, sucking pests like leaf
hopper [Amrasca biguttula (Ishida)], aphids [Aphis gossypii (Glover)] and whitefly [Bemisia tabaci
(Gennadius)] are deleterious to crop growth. These start feeding on the cotton plant from the early
stage of crop growth up to maturity causing a significant decline in boll production. Leaf hoppers
impair the photosynthesis of plants by introducing salivary toxins while sucking sap (Mohan et
al. 2014). Heavy infestation on younger plants may cause the death of plants. Dhawan et al. (1988)
reported that the reduction of cotton yield from leaf hopper alone was 11.60 %. Aphids deposit
honey dew on leaves which become darkened due to sooty mould growth (Mohan et al. 2014).
Furthermore, contamination of lint with honeydew and associated fungi leads to poor quality
cotton.

Equipment used to control the pest infestation by Indian farmers are lever operated or power
operated knapsack sprayer, tractor drawn boom sprayer and bullock or tractor operated gun
sprayer. Spraying with a knapsack sprayer is an energy consuming operation because the operator
has to carry the weight of fluid throughout entire covering area. During the spraying operation, the
operator’s body assumes an awkward position giving severe discomfort to the body (Tamilselvi &
Krishnan 2016). Currently, in India tractor-operated boom sprayers have short boom lengths, need
more number of tracks for tractor travelling which leads to less cultivation area and more damage
to rows (Nalavade et al. 2008). In a conventional method of gun spraying, two persons are required
to swing the gun from side to side during operation behind the bullock cart or tractor. A hand-
operated gun sprayer leads to excessive application of chemicals and less uniformity of application
which leads to excessive operational cost and environmental pollution. Uneven distribution is
a major drawback from conventional spraying due to varying swing speed and distance by an
operator. It is impossible to maintain a constant height during swinging of the lance. Availability of
labour for farm work is also decreasing daily. The main drawback of the conventional gun sprayer
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is fatigue to the operator’s hand because of the continuous
swinging of the gun sprayer behind the tractor or bullock cart.
On the other hand, the operator is also affected by the chemical
being sprayed in front of him. To overcome the drawbacks of
the conventional sprayer, the present study was undertaken to
develop a tractor-operated automatic gun sprayer for a cotton
crop and the performance of the sprayer was evaluated in the
laboratory and field conditions. The biological efficacy of the
sprayer was compared with a conventional tractor operated gun
sprayer.

MATERIALS and METHODS

A prototype of the tractor-operated automatic gun sprayer for
spraying of chemicals for a cotton crop has been developed
and fabricated by considering crop and machine parameters.
The development of tractor-operated automatic gun sprayer
was carried out in the central workshop, Department of
Farm Machinery and Power Engineering, CAE, University of
Agricultural Sciences, Raichur, Karnataka, India. The essential
components of the sprayer are the frame structure, spray tank,
horizontal triplex pump, control valves, spray boom, pressure
gauge, strainer, hydraulic agitator and actuating mechanism
for spray guns. Rear view of the tractor-operated automatic
gun sprayer is shown in Figure 1. The power to drive the 3 hp
(horsepower) horizontal triplex pump was taken from tractor
PTO through a belt and pulley. For cotton and red gram,
application rate ranges from 125 to 450 1/ha depending on the
equipment used (Shukla et al. 1987). A plastic chemical tank
of 500 I capacity was selected to avoid frequent refilling. The
pressure regulator maintains working pressure on the discharge
end of the system but moves the overflow back into the tank.

Figure 2. Isometric view of the automatic gun sprayer

Table 1. Major specifications of tractor operated automatic sprayer

Power source 40-50 hp

Type of pump Horizontal triplex pump
No. of spray guns 2

Tank capacity 500 litre

Pump speed 950 rpm (rated)

Holes are provided at every 15 cm interval,
maximum height of boomis 1.5 m

74 m

Adjustment of boom

Swath width of spray
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The specification of the developed sprayer is presented in Table 1.
Isometric view of the automatic gun sprayer is shown in Figure 2.

Frame structure

The frame has a box section at the bottom to hold the chemical
tank. A frame of 1000 mm x 630 mm X 920 mm was fabricated
from 50 mm x 50 mm hollow square mild steel. At the front
end of the box, two hitches were provided for attachment to the
tractor lower link. At the top of the front portion of the box, a
rectangular frame was welded rigidly to serve as a support for the
pump. Just below the rectangular frame, top hitch was provided
to attach the tractor top link. The inner section of the box could
accommodate 500 1 chemical tank. Holes were provided at either
side of the rear frame to attach the boom. For support and to
hold the delivery pipes, hooks were provided at the top of the
rear frame. Specifications of the developed frame structure for
the automatic gun sprayer are shown in Figure 3.

Supporting frame for pump

The rectangular frame of 180 x 240 x 50 mm (W x L x H) was
fabricated by using mild steel L-channel. The supporting frame
was welded at the top of the frame structure. The pump was
mounted on the supporting frame by using nuts and bolts.

Spray boom

The boom was attached to the rear portion of the frame structure.
The boom was fabricated using 35 mm X 35 mm hollow square
mild steel with a thickeness of 3 mm. One side of the boom has a
locking arrangement. The boom of 1.7 m was provided on either
side of the frame separately. The actuating mechanism and spray
guns were provided at the ends of the boom. Boom height can be
adjusted to the required height by attaching the boom to holes
provided on the bottom frame structure. Holes were provided
at 150 mm intervals. Provision was also made to fold the spray

Figure 3. Specifications of the developed frame structure for automatic
gun sprayer (dimensions in mm)

Figure 4. Specification of the spray boom (all dimensions in mm)



boom while in transport. Specification of the spray boom is
shown in Figure 4.

Actuating mechanism for spray guns

The actuating mechanism provides power to the spray guns
to move back and forth. The actuating mechanism consists of
motor and worm gear reduction. A worm gear is attached to the
output shaft of the motor. This worm gear spins around as the
motor turns. The worm gear is connected to a long rod, as the
gear rotates it moves the rod and in turn provides an oscillation
motion to the spray guns. The worm gear and rod convert the
rotational output of the motor into a back and forth motion to
spray guns. Two motors with 0.5 kW each (12 V dc) were selected
based on the power required to move the spray gun. The motors
are powered from the tractor battery. Mounting of the actuating
mechanism on the boom is shown in Figure 5.

Spray guns

Two spray guns are mounted on the boom at either side of the
frame structure. These get a swinging action by the actuating
mechanism. Nozzles are mounted on the 45 cm lance. The spray
pattern can be adjusted as required. The angle of rotation of each
spray gun is 30° horizontally. Pesticide was supplied to each gun
separately to reduce the hydraulic losses.

Control valves

The delivery from the pump is provided with two control valves,
i.e. two-way cock, pressure relief valve. The pressure regulator
maintains working pressure on the discharge end of the system
but moves the overflow back into the tank at lower pressure. The
chemical fluid is supplied to the two spray guns by a two-way
cock.

Laboratory evaluation of the tractor-operated automatic gun
sprayer

The laboratory calibration of the sprayer was carried out in
the same way as prescribed by the BIS code of IS: 11429 (1985):
Methods for calibration of sprayers. The tractor PTO was 400
rpm and speed at the pump was 950 rpm (rated). It was operated
at half throttle as the power required for the HTP pump was
low. The sprayer was calibrated in the laboratory at a pump
speed of 950 rpm and varying supply pressures. Discharge from
individual spray guns was collected separately and analysed for
variation. Length of throw was measured from the nozzle tip
to the last point where the water reaches. Length of throw was
measured by using a steel tape.

A separate study was conducted to determine the suitable
nozzle orientation (0, 15 and 30° downward) to field crops. The
orientation of the spray nozzle was maintained by using a metal
protractor. The operating pressure of 20 kg/cm? was maintained
throughout the experiment. The laboratory experiments were
carried out by using the actual cotton plant. The cotton plants
were raised in polyethylene bags and after a certain age were
placed in pots (Gholap et al. 2012). This was an attempt to
establish an actual plant canopy in the laboratory to get the
correct results. The droplet density and diameter of the spray
with 2 mm nozzle size were measured. Height of the spray nozzle
was maintained at 300 mm above the plant canopy. Methylene
blue MS dye mixed @ 5 g/l in water and glossy paper were the
same as that used by Jassowal et al. (2016). The dye mixed with

Figure 5. Mounting of the actuating mechanism on the boom
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water was sprayed on the crop. When the sprayed material dried,
the glossy paper strips (7.5 x 2.5 cm) were collected for analysis
in the laboratory using DepositScan software.

Biological efficacy of sprayer

The main sucking pests present in cotton were aphids [Aphis
gossypii (Glover)] and leaf hopper [Amrasca biguttula (Ishida)].
Dinotefuran Insecticide was used to spray and it was mixed with
water with a recommended dose of 150 g/5001 (Anon. 2017). For
calculation of biological efficacy of insecticide, the number of
pests in the field was counted from 10 randomly selected plants.
The pests were counted from a total of three leaves of a plant, i.e.,
upper and lower side was recorded before and after the spray.
The pests count was further recorded on 3rd, 5th and 7th day
after spraying. The difference in the number of pests before and
after the spray was noted to calculate the percentage reduction
of pests. The insecticide used (dinotefuran (Osheen)) was mixed
with water with a recommended dose 150 g/ 500 1. Duncan
multiple range tests using the SPSS 9.0 program for significance
and interaction effects.

RESULTS and DISCUSSION

The discharge rate and length of throw from the spray guns and
their variation is presented in Tables 2 and 3. The total discharge
varied from 8.41 to 13.30 I/min as operating pressure was varied
from 20 to 24 kg/cm’. The maximum coeflicient of variation
(2.33) was observed for 24 kg/cm* which was acceptable under
field conditions. The maximum length of throw was 3.40 m from
the tip of the nozzle. The length of throw and pattern of spray
can be changed by adjusting the handle to 180° from shutoft to
maximum flow position. Spray pattern could be changed from
mist or jet depending on the application of chemicals.

The effect of three different nozzle orientations on the droplet
characteristics (droplet size, density and uniformity) is shown
in Table 4. The droplet density received on the lower side of the
leaves at 0° orientation of nozzle was less compared to other
angles. This is because the spray nozzle was over the plant canopy.
Most of the spray droplets fall on the top surface of the plant
than the lower surface. Plant leaves also offer some resistance
of the spray to penetrate deep into the canopy when the spray
nozzle was over the plant. The droplet deposition on both the
upper and lower surfaces of the plant canopy was maximum
when the orientation of the nozzle was 15°. Good deposition of
droplets was attributed to nozzle orientation. The nozzle was
inclined to the plant and height between the crop and nozzle was
less. Both upper and lower leaves were directly exposed to spray
deposition. Spray droplets penetrated to the various positions
of the plant canopy due to the hydraulic energy of the spray

Table 2. Discharge of spray guns

Operating Discharge (I/min) Total Coefficient of
pressure discharge variation
(kg/cm?) Spraygun1 Spraygun2 (I/min) between two guns

20 423 418 8.41 0.84

22 6.32 6.48 12.80 1.76

24 6.54 6.76 13.30 233
Table 3. Length of throw of spray guns

Operating Length of throw (m) Coefficient of
pressure Average variation
(kg/cm?) Spraygun 1 Spray gun 2 (M) petween two guns

20 210 210 210 0
22 2.85 296 290 267
24 335 345 340 2.07




droplets. As the orientation of the spray nozzle changed from 15
to 30° most of the spray was directed to the middle and bottom
positions of the plant. It was also observed that most of the spray
solution reached the ground surface. For mobile insects, the
droplet densities of 20-30/cm? and in most cases sedentary pests
would co-exist with other pests, a threshold limit of droplet
density of 40/cm* was considered necessary (Gupta et al. 2011).
It may be seen that droplet densities obtained were sufficient to
kill the pests and insects, except at the bottom of the canopy.
Keeping in view of droplet density throughout the canopy, 15°
orientation of the spray nozzle was chosen for field studies.

The orientation of the spray nozzle did affect the droplet size
and uniformity of droplets (Table 4) but they largely affected the
deposition on different positions of the plant canopy. The droplet
size produced at different nozzle orientations varied from
128-183 um which is recommended size for suppressing most
of the insect pests in cotton crop. Jain et al. (2006) stated that
recommended droplet size for control of most pests and diseases
in the cotton crop is 100-200 um. The droplet size observed at
15° orientation of the spray nozzle was within the recommended
values. Uniformity of coefficient of spray droplets ranged from
1.15-1.55 indicates sprayer produces a narrow droplet spectrum.

The performance of the tractor-operated automatic gun
sprayer was carried out in the farmer’s field by considering
the 15° orientation of the spray nozzle. The field capacity, field
efficiency, application rate and fuel consumption of the tractor
was 1.25 ha/h, 80 %, 435 1/ha and 3.2 1/h, respectively.

Biological efficacy of the sprayer for control of leaf hopper and
aphids in cotton

The biological efficacy of dinotefuran recommended dose of
150 g/500 1 for control of leaf hopper and aphids in cotton by
using two sprayers are shown in Tables 5 and 6. The leaf hoppers
ranged from 11.5, 10, and 13 per leaf a day before spraying and
there was no significant difference among treatments. All the
sprayers were effective in reducing the population of aphids
and leaf hoppers of cotton over control. There was a significant
decrease in the population of leaf hopper and aphids that were
recorded in automatic tractor-operated gun sprayer compared
to a conventional gun sprayer. Leaf hopper and aphids control in
the cotton crop after 7 days of spraying from the automatic gun
sprayer and conventional tractor-operated gun sprayer was 87
%, 86% and 58%, 50%, respectively. Nageshkumar et al. (2018)
reported that the highest decrease of population of leaf hopper
and aphids was found from the automatic gun sprayer compared
to a conventional gun sprayer due to higher level of deposition
on the leaves. The deposition of spray on the leaves depends
on the orientation, type of nozzle, spray volume and speed of
operation. Other important spray characteristics influencing
the efficacy of spray particle is spray angle, spray shape and

Table 4. Droplet density, droplet size and uniformity coefficient of
droplets produced from the sprayer at different nozzle orientation

Glossy paper position on plant canopy

Nozzle

Particulars orientation Top Middle Bottom
Upper Lower Upper Lower Upper Lower
Droplet 0° 63.8 114 584 83 15.2 0
density 15° 659 283 61 211 29.1 5.2
’ 2
(nos/cm?) 300 0 0 619 313 366 14
0° 183 169 171 148 151 0
Droplet size o
(VMD) (urm) 15 171 155 162 145 149 128
30° 0 0 167 159 154 142
‘ 0° 1.55 1.51 148 145 145 0
Uniformity o
Coefficient 15 142 1.38 1.39 1.29 1.25 1.15
30° 0 0 1.51 148 149 1.59

volume distribution pattern (Minov et al. 2014). The degree
of coverage on the target with individual droplets determines
biological efficacy. The more droplets per unit area, the better
will be the efficacy of the spray. The developed sprayer produced
recommended droplets for suppressing pests compared to the
conventional tractor-operated sprayer.

Cost of operation

Cost for material and construction of the tractor-operated
automatic gun sprayer was estimated (Table 7) as around US$
1008 (1 US$ = 74.95 INR). The cost of operation of the tractor-
operated automatic gun sprayer was found to be US$ 4.7/ha. The
breakeven point and payback period of the sprayer in cotton was
87.8 hours per annum and 1.48 years, respectively.

CONCLUSION

The best nozzle orientation for maximum deposition was

Table 5. Bio-efficacy of spraying against leaf hopper in cotton (mean + SE)

Population of leaf hopper (No. of hoppers/leaf)

Treatment

Pre count 3 DAS 5 DAS 7 DAS
Control 11.5+065 102+036° 11.2+052¢ 10.5+0.35¢
Automatic gun ) a a a
sprayer 10+0.25 72+043 41+0.24 1.3+0.23
Conventional " b b b
gun sprayer 13.1+£020° 8.6+040 6.3+0.19 55+0.26
P-value 0.08 0.0001 0.001 0.002

Means in each column followed by the same letter are not significantly different P
< 0.05); DAS: Days after spraying

Table 6. Bio-efficacy of spraying against aphids in cotton (mean + SE)

Population of aphids (No. of aphids/leaf)

Treatment

Pre count 3 DAS 5 DAS 7 DAS
Control 142+045 1344+062° 1534+041° 141 +051¢
Automatic gun
sprayer 15+£115% 65+£012°  42+0.29 21+£017°
Conventional
gun sprayer 13+031°  11.2+049° 91+042° 64+0.25°
P-value 0.06 0.002 0.001 0.002

Means in each column followed by the same letter are not significantly different
P < 0.05); DAS: Days after spraying

Table 7. Details of the cost of tractor operated gun sprayer

Particular Material Quantity Cost (US$)
Main frame Mild steel 1 333
Hitch assembly Mild steel 1 16
Pump Castiron 1 60.04
Propeller shaft Mild steel 1 20.01
V groove pulley Castiron 2 40.03
V- belt Type-B 2 6.7
Spray tank Plastic 1 60
Pressure gauge Steel 1 3.5
Hose pipes Rubber 4 13.5
Spray guns Stainless steel 2 20
Motor (12 V dc) Steel 2 16
Spray boom Mild steel 2 16
Clamps Steel 6 334
Total cost of material 650.5
Labour charges @ 25 % 162.62
Production materials cost @ 30 % 195.14
Total 1008
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optimised as 15°. The droplet size and droplet density produced
were maximum when nozzle orientation as 15°. By adjusting the
control valve position, the quantity of chemical can be varied.
The coeflicient of variation of discharge and length of throw was
in an acceptable range. The droplet size produced satisfies the
requirement for maximum deposition. The leaf hopper control in
the cotton crop, in contrast to conventional tractor operated gun
sprayer 7 days after spraying by using dinotefuran insecticide had
a biological efficacy of 87 %. It was also observed from the study
that bioefficacy not only depends on the sprayer parameters but
also depends on the type of Insecticide and concentration. The
cost of operation of the tractor-operated automatic gun sprayer
was found to be US$ 4.7/ ha. The developed sprayer could be
used for spraying orchard crops by mounting the spray boom
vertically
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