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Abstract

A tractor mounted air blast sprayer was designed and developed to reduce the drudgery involved
in the manual spraying of pesticide by climbing coconut tree. The sprayer mounted on a small trac-
tor, prime mover, is operated by the power taken from its power take off (PTO). In this study, the
influence of two important parameters viz., blower speed (2250 and 3000 rpm) and tractor speed
(1.5 and 2.5 km h™") at different heights on the spray characteristics such as volume mean diam-
eter (VMD), droplet density, and spray deposition were collected and analysed. The tractor speed
of 1.5 kmh™" and blower speed of 3000 rpm was observed at recommended VMD between 100—
200 um at a height above 21 m. Hence, the tractor speed of 1.5 kmh™' and blower speed of
3000 rpm was selected for field evaluation. The mean height of the coconut tree in the tested
field was 24 m. The mean droplet size and deposition were observed at 124 pm and 7.2 pl
em™2, respectively at 24 m height. The effective field capacity, field efficiency, and fuel consumption
were 0.524 ha.h™', 73.72%, and 4.67 | h™', respectively.
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Introduction

Coconut is one of the commercial value agricultural products in India. Coconut pest
infestation is a serious challenge to farmers. If proper precaution is not taken, pest infest-
ation increases in coconut farms and this may eventually lead to loss of trees even.'
Severe pest infestation may decrease coconut production and reduce the chances of
recovery of coconut trees. Timely application of pesticide/ insecticide material is an
important factor in coconut cultivation. Some farmers use bio-agents to control
coconut pests organically. Spraying is usually done manually by climbing the tree.
However, this method shows less effective in pest control and is a labor-intensive oper-
ation. At present, the availability of tree climbers is reduced drastically because of the
drudgery involved in the operation. Severe injuries, even fatalities, of tree climbers
due to falling from the coconut tree while climbing are also reported. Some types of
hydraulic sprayers with telescopic spraying systems were developed and evaluated in tall-
tree crops like coconut, but this system has limitations such as low spraying height, low
accuracy, and less effectiveness in control of pest attack.’

Pesticide application is a complex process where uniformity of spray deposition is
mainly influenced by target canopy characteristics, type of spray equipment and mode
of operation and properties of spray chemical.® Air-assisted spraying techniques are con-
sidered one of the best pesticide applications for orchard crops. An air-assisted spraying
system could improve the pesticide deposit levels and the coverage rate on leaves,
increase the penetration of the spray droplets into the canopy and reduce the spray
loss.* Many tractor operated air-assisted sprayers were developed for the height of
15 m for better deposition and coverage of pesticide throughout the canopy’® but very
limited work has been reported in the air assisted sprayers above 15 m for tall crops
like coconut field.”® Arecanut (Areca catechu L.) is a profitable plantation crop
widely grown in India and Tropical Asia. Fruit rot disease (Phytophthora meadii)
plays a substantial role in the reduction of palm productivity. Manual spraying of fungi-
cides against fruit rot is unsafe, especially during monsoon season.

In India, only a few attempts have been made in developing sprayers for coconut and
areca nuts that could be operated from the ground and could reach a height of about 25 m.
Hence, an effort has been made to develop an air blast sprayer for coconut and arecanut
farms to control pest infestation by improving spray deposition and spray coverage.

Materials and methods
Development of air blower

An air blower was designed to reach a height of 30 m. The air blower consists of 20 hori-
zontal fins fixed on a circular frame. The whole unit was enclosed in a roto-molded plastic
blower casing with an inlet at one side and an outlet at the top. Detailed drawings and
parts of the blower are given in Figs. 1-6. The blower could blow air to a height of
30 m at a blower speed of 2250 to 3000 rpm. The air blast sprayer was developed to
be attached to a small tractor with a 14.7 kW capacity. Power is taken from the PTO
of a garden tractor to operate the air blower.
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Figure |. Impeller of blower.

Power transmission unit

A power transmission unit to transmit power from the PTO of the tractor to the blower
and the chemical injection pump has been fabricated. Power is transmitted from the
PTO to the blower shaft through a gearbox to attain the required speed, two gear ratios
were used (1:4.18 and 1:5.5) in the present study. The chemical injection pump was dir-
ectly coupled to the PTO i.e. without any gear i.e. without change in rpm.

Chemical injection pump

Two types of pumps such as positive displacement pump and centrifugal pump were tested to
pump chemicals at the required height and rate. Centrifugal pumps are sturdier and require
lesser maintenance compared to positive displacement pumps. However, the centrifugal
pump could reach only up to a height of 1.5 m and the required discharge also could not be
achieved. The positive displacement pump could inject chemicals more accurately and at a
much higher elevation than the centrifugal pump and was selected. The pump gets power
from the power transmission unit and rotates at the same speed as that of the tractor PTO.

Spray lance

When operated in an undulating field and also when there is drift of spray due to wind
the spray needs to be directed to reach the coconut crown. A spray direction
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Figure 2. Blower assembly.

mechanism was designed and developed. The spray lance was made up of two parts.
Each part is a pipe with a 45° bend. The two pipes were joined together using a gear
and could be rotated at 360°. The lower pipe was fixed and the upper pipe was rotated
to tilt the lance from 0° to 90° vertically. A DC motor was provided to rotate the upper
pipe. Power for the DC motor was taken from the battery of the tractor. The direction
of rotation could be reversed by reversing the polarity. Atomizer was fixed inside the
upper pipe. The whole unit, lower pipe, and upper pipe with atomizer fixed inside act
as the lance of the sprayer. The lance was fitted to the outlet of the blower with a gear.
The lance could be rotated at 360° on a vertical axis using the gear. By rotating the
lance fitted to the blower and rotating the upper portion of the lance spray can be direc-
ted to any direction and any angle from 0° to 90° vertically.

Atomization unit

The atomization unit (Fig. 7) was fixed inside the lance (Fig. 8). Insecticide/pesticide,
in liquid form was pumped into the atomizer. The blower creates a strong air current
inside the lance and the atomizer rotates with the help of the fins provided. The chem-
ical comes out of the atomizer first through the bigger holes and then through a wire
mesh into the strong air current. The chemical thus gets atomized and carried along
with the air current.



Pandiselvam et al. 5

A e e i

Blower cover -

& E ] 4 ' 3 2 1

Figure 4. Impeller of blower.

Technical specifications of tractor mounted air blast sprayer

Technical Specifications of the prototype of tractor operated air blast sprayer developed
for coconut tree is given in Table 1.
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Figure 5. Inlet cover.

Technical performance of air blast sprayer

The height of the spray of the chemical injection pump was measured at the overhead tank
of 30 m height. The chemical injection pump (diaphragm pump) is adjusted to deliver a
constant discharge of 1 L.min~" at an operating pressure of 27.5 kg. cm™? at a speed of
540 rpm.

The sprayer was mounted on the prime mover of a small tractor with the help of the
three-point linkage of the tractor. Power was taken from the PTO of the small tractor and
was transmitted to the blower and the chemical injection pump through the power trans-
mission unit. The chemical injection pump was directly connected to the blower through
speed enhancing gear system with two gear ratios of 1:4.18 and 1:5.5. The topmost
sample point was placed at a height of 30 m above ground. Photo sheets made from
Kromekote® were fixed on square pipes to collect the spray material and kept horizon-
tally at constant height intervals of 3 m up to 30 m. The spray material consists of water
and water-soluble methylene blue at 0.75 percent concentration. After spraying, the photo
sheets (Kromekote® paper) were collected and analysed for the spray characteristics viz.,
like volume mean diameter (VMD), droplet density and spray deposition at different ver-
tical heights using Deposit scan software.'®™'? The sprayer mounted on the tractor was
operated at selected tractor speeds of 1.5 (S1) and 2.5 (S2) km.h™! and blower speeds
of 2250 (B1) and 3000 (B2). The spray characteristics were calculated for all selected
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Figure 6. Blower assembly.

combinations of tractor speed (S) and blower speed (B). Three replications were carried
out for each experiment and were recorded. Spraying was done in the early morning to
avoid the drift of spray due to wind. Air velocity was observed as 65 m.s™' and
82 m.s™! at a blower speed of 2250 (B1) and 3000 rpm (B2) above the height of 3 m
from the sprayer outlet. Before the commencement of the experiment, it was assured
that the tractor was set at the selected gear and throttle position to get specified tractor
speed and blower speed.

Test location and crop characterization

Field tests were performed in areca nut plantations (Cultivar: Sreemangala; Area:
0.55 ha) at ICAR-CPCRI Regional Station, Vittal, Karnataka, India experimental
farm where areca nut is cultivated as mono-crop. Eighteen years old areca nut
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Figure 7. Atomizer.

Figure 8. Atomizer inside lance.

palms were planted at 2.7 X 2.7 m spacing and average palm height was about 21 m.
Two prophylactic sprays (first spray just before the onset of monsoon and second
spray 45 days after the first spray) of four different fungicides namely Bordeaux
mixture (1% and 2%), copper oxychloride (COC) (0.3%), Mandipropamid 23.3SC
(0.5%) and Fenamidonel0% + Mancozeb 50% w/w WG (0.5%) was undertaken
and the fruit rot disease incidence and severity were regularly monitored during
the monsoon season from June to September 2019 and calculated using the following
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Table |. Technical specifications of the prototype of tractor driven air blast sprayer.

Prime Mover Small Tractor > 14.7 kW/PTO — 540 rpm
Type of Nozzle Rotary Nozzle

Type of chemical injection Pump Diaphragm Pump

Blower No. of fins-20

Blower speed - 2250 / 3000 rpm
Blower casing: Roto-mould plastic

Power Transmission Unit Universal Coupling with a three-point linkage of the tractor
Gear ratio-1:4.18 and 1:6

Specifications of Chemical Diaphragm pump

Injection Pump Discharge rate: Variable discharge

Pressure-27.5 bar at 540 rpm

Atomization Unit Centrifugal atomization

Spray Targeting Mechanism Motorized Universal Coupling (Long Lance adjustable in two

dimensions)

Capacity of chemical Tank 200 L

Size 1270 mm %1219 mm X198 mm

Weight 290 kg

equation (1).
Disease severity = Total number of nuts infected

/ Total number of nuts harvested * 100 @))]

Result and discussion

The spray characteristics viz., VMD (um), droplet density (no. cm™2) and spray depos-
ition (ul cm™?) were measured for two selected blower speeds of 2250 (S1) and
3000 rpm (S2) and tractor speeds of 1.5 (B1) and 2.5 (B2) km h™! at different levels
of height (3-30 m).

Effect of blower speed and operating speed on VMD (um)

The droplet size (VMD) moderately decreased with an increase in blower speed for all
selected heights (Fig. 9), this might be due to the increase in blower speed increasing the
air velocity and hence, air discharge breaks the larger droplets into smaller droplets.
However, the droplet size (VMD) was not much affected up to 9 m height for the selected
blower speed. The reason might be spray spectrum emitted from the atomizer remain at the
primary atomization stage for bigger size droplets. Therefore, the effect of blower speed on
droplet size was not pronounced up to 9 m in height. At a height of 12 m, the droplet size
showed smaller in droplet size compared to 9 m height which could be due to secondary
atomization. From 12 m to 30 m height, the droplet size had shown decreased trend with
the increase in height at all conditions. The smaller droplets produced are transported
easily by air current produced by the powerful blower to greater heights, up to 30 m,
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Figure 9. Effect of the combined effect of tractor speed (S| and S2) and blower speed (Bl and
B2) on droplet size (um).

from the sprayer outlet. It also shows that the maximum mean value of droplet size was
found at a blower speed of 3000 rpm with an operating speed of 1.5 kmh™" whereas, the
minimum mean valve of droplet size was found at a blower speed of 2250 rpm with
tractor speed of 2.5 kmh™'. According to the American Society of Agricultural and
Biological Engineers (ASABE) S572.1 standard, the fine (106235 pm) and medium size
(236-340 um) spray class is the most commonly used spray type and used for insecticides,
herbicides, and systematic-acting fungicides. The droplet size of 155, 133 and 109 pm was
measured at the height of 24 m, 27 m and 30 m for the tractor speed of 1.5 km h™"' with a
blower speed of 3000 rpm. The droplet size at a tractor speed of 1.5 kmh™" with a blower
speed of 3000 rpm was found within the recommended range. Hence, this parameter was
selected to evaluate the developed prototype at field conditions. This confirms the recom-
mendation for effective droplets of 100 to 200 pm reduced drift losses and pest
control.’*"> It was also observed that increased tractor speed decreased the droplet size.

Effect of blower speed and tractor speed on droplet density (no. cm™?)

The droplet density increased with an increase in blower speed (Fig. 10). The reason
might be due to the increase in blower speed increased the air velocity and simultan-
eously, the droplet density also increases by breaking the larger droplets into smaller
sizes. The gradual increase in droplet density was observed at different heights above
the sprayer and reached a peak at 12 m vertical height and dropped gradually and
further increased at heights up to 30 m height. The highest droplet density was observed
at 12 m, was due to a greater number of smaller size droplets generated during secondary
atomization. After 12 m, the droplet density gradually decreased, this may be due to the
completion of secondary atomization of droplets and further, the droplets are only carried
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Figure 10. Combined effect of blower speed (Bl and B2) and tractor speed (S| and S2) on
droplet density (no. cm™).

out to the target with the help of an air jet produced by the blower. The average spray
droplet density (no.cm_z) for the selected combination of S1BI, S1B2, S2B1 and
S2B2 at different heights were 98.46 (SD=50.2), 121.81 (SD=54.71), 67.2 (SD=
38.14) and 75.5 (SD =38.3), respectively. The maximum and minimum value of droplet
density was observed at 210 and 11 no.cm™? for the tractor speed of 1.5 kmh™' with a
blower speed of 3000 rpm at height of 21 m and tractor speed of 2.5 kmh™" with a
blower speed of 2250 rpm at a height of 30 m. The droplet density of 86, 55 and 31
no cm~2 was observed for the height of 24 m, 27 m and 30 m at a tractor speed of
1.5 kmh™" with a blower speed of 3000 rpm. Syngenta Crop Protection AG, recom-
mends that satisfactory results can be obtained by a number of spray droplets of at
least 20-30 no cm ™~ for insecticide, 30—40 no cm™ for contact post-emergence herbi-
cide applications and 5070 no cm™? for fungicide applications. Hence, the droplet
density at maximum height was found within recommended range at a tractor speed
of 1.5 kmh™" with a blower speed of 3000 rpm for control of insecticide.

It was also observed that the droplet density was decreased with an increase in the
operating speed of the sprayer for all the selected heights. The reason might be due to
the increase in operating speed of the sprayer and reduced time of exposure of spray
material to the target. A similar result was reported by.'*

Effect of blower speed and tractor speed on spray deposition (uL cm™?)

Spray deposition was highest near the sprayer for all blower speeds and it decreased with
an increase in height (Fig. 11). This was because the energy of the air jet decreased with
an increase in the target distance. This confirms that the rate of change of air-assist
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Figure I 1. Combined effect of blower speed (Bl and B2) and tractor speed (S| and S2) on spray
deposition (ul cm™?).

velocity was reported to decrease with increasing distances from the sprayer outlet.”'®
The average spray deposition (ul cm™2) for the selected combination of S1BI, S1B2,
S2B1 and S2B2 on height wasl6. 27 (SD=5.66), 15.41 (SD=5.77), 12.56 (SD=
5.11) and 11.35 (SD=4.74), respectively. The maximum value of spray deposition
was observed 25.3 uL cm™? for the tractor speed of 1.5 kmph with a blower speed of
3000 rpm at a height of 3 m and a minimum value of 3.8 uL cm™> was observed at a
tractor speed of 2.5 kmph with blower speed of 2250 rpm at a height of 30 m. The
spray deposition at heights above 21 m shows in the range of 13.2-3.8 uL cm™2. The
spray deposition of 9.4, 8.4 and 7.2 uL cm™> was observed for the height of 24 m,
27 m and 30 m at tractor speed of 1.5 kmh™" with a blower speed of 3000 rpm. This
range was an acceptable limit for the best control of pesticide application.'’

The spray deposition on the target decreased by increased tractor speed. The
maximum spray deposit was obtained 25.3 uL cm™ at a tractor speed of 1.5km h™'
and blower speed of 2250 rpm and the minimum value of the deposit was obtained
3.8uL cm™? at a tractor speed of 2.5km h™' and blower speed of 3000 rpm. The
average spray deposition (uL cm™?) for the selected combination of SIBI, S1B2, S2B1
and S2B2 on height were 16.27 (SD =5.66), 15.41 (SD=5.77), 12.56 (SD=5.11) and
11.35 (SD =4.74), respectively.

Field evaluation of the developed system

In evaluation, the combination of tractor speed of 1.5 km h™" (S1) and blower speed of
3000 rpm (B1l) was optimized and selected for field evaluation at ICAR-CPCRI,
Kasaragod (Fig. 12) and ICAR-CPCRI, Vittal (Fig. 13). The mean height of the
coconut crop was observed as 26 m. The mean droplet size, droplet density and
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deposition were observed 124 pum, 32 no cm™2 and 7.2 ul cm ™2 respectively. The effect-
ive field capacity, field efficiency and fuel consumption were 0.524 ha.h™', 73.72% and
4.671h7"

The lowest percentage of disease severity (20.55%) was recorded in the palms sprayed
manually with 1% Bordeaux mixture, followed by 36.287% in 2% Bordeaux mixture,
and 47.285% in 0.5% Mandipropamid 23.3SC. Disease severity in all the treatments
applied with tractor mounted air-blast sprayer was comparatively higher than with
manual spray (Fig. 14). This could be due to the quantity of chemical sprayers on the
target point. Manual spraying required~1.0—1.5 liters of spray solutions per areca nut
palm for a single spray. Whereas, in the case of tractor mounted air-blast sprayer the
spray solution used was 300 ml. During July-August, the pathogen population could
be built up due to climatic conditions and the second spray should effectively cover
the entire bunch. Since the quantity of the spray solution used in manual spray is on
the higher side, it could have covered evenly on the fruits. But the spray solutions
from tractor-mounted air-blast sprayers might not have evenly covered the fruits,
which could be the main reason for the less effectiveness under field conditions. Two
to three passes in the same field may enhance the efficiency of the developed air blast
sprayer or static spraying under the tree also enhances the efficiency.

Figure 12. Air blast sprayers evaluated for coconut gardens.
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Figure 13. Air blast sprayers evaluated for areca nut gardens.
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Figure 14. Comparison of performance of manual spray and air blast sprayer.
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Conclusion

A small tractor-mounted air blast sprayer, operated by the PTO, was developed to spray
the pesticide in coconut trees. With this machine, spraying could be done from the ground
and the spray could reach up to a height of 30 m. The effective field capacity, field effi-
ciency and fuel consumption were 0.524 ha.h™', 73.72% and 4.67 1 h™'. The spray char-
acteristics such as mean droplet size, droplet density and deposition were observed
124 um, 32 no.cm™2 and 7.2 ul cm™', respectively, which are in acceptable limits.
Considering the prevailing high labor charges, the air blast sprayer developed would
be economically viable and much faster than any other spraying method currently avail-
able. The developed technology reduced the drudgery involved in spraying coconut trees
and increased work efficiency and safety. In the future, the developed sprayer may be
tested and adopted for other tall trees such as palmyrah.
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