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Abstract

To establish a pesticide spraying technology paired with an unmanned industrial helicopter in citrus orchards, we developed
and evaluated an electrostatic sprayer for the purpose of improving the coverage area ratio to the three-dimensional leaf layer.
The electrostatic sprayer constituted of “TVXKS' nozzles and a high-voltage power supply for applying +4 kV to the electrode,
with a discharge of 0.55 L/min per nozzle at a pressure of 0.3 MPa. When the pesticide was sprayed downwards from 4.7 m
above the ground in an indoor facility, the electrostatic sprayer improved the coverage area ratio of the water-sensitive test
papers installed 1-2 m above the ground. This sprayer was mounted on the Fazer-R' helicopter (Yamaha Motor Co., Ltd), and
aerial application tests were performed from 3-4 m above the citrus trees to evaluate the coverage area rate. The results showed
that the electrostatic spraying improved the coverage area ratio of the bottom and vertical sides of the test paper placed in the
leaf layer of citrus trees. Since the other test conducted in citrus orchards did not show an improvement in the coverage area

ratio by electrostatic spraying, it is considered necessary to set highly reproducible spraying conditions.
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Fig.1 Prototype of electrostatic spraying system for

unmanned industrial helicopter. a: Electrostatic spray
nozzle, b: High voltage power supply

Table 1 Specifications of the prototype electrostatic spray nozzle
Main material Polyamide
Size Outer diameter 63mm X Maximum size 80 mm

Charging method Inductive charging

Electrode shape Ring

Electrode polarity Positive electrode

Electrode applied voltage +4kV

Shape of the nozzle infection port TXVKS8

Spray particle diameter (VMD) * 107.3um

Spray pattern Hollow cone, apex angle 80 degree
Discharge amount* 1.1L/min.

Droplet charge amount* 0.34mC/kg

*Numerical value at discharge pressure of 1.5 MPa
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Fig. 2 Indoor evaluation method of electrostatic sprayer performance for unmanned industrial helicopter. a: Sprayer mounted
in an insulated state on the rail 4.7m above the ground, b: Water sensitivity test papers fixed to the pole, ¢: Placement of the
pole to fix the water sensitivity test papers. The test papers were fixed at 2 m above the ground on the pole of A and C, and 1Im

above on the pole Band D.

Table 2 Electorostatic spray nozzle combinations
for indoor evalution test

Plot Charge of spray mist
Left nozzle  Right nozzle

Ground wire

A (=) Negative (+) Positive No connected
B (=) Negative (—) Negative No connected
C (=) Negative (—) Negative Connected
D No No No connected
Three nozzles were attached to each of the left and

right sides, and spraying was performed under the
conditions of a discharge amount of 2.7 L./ min and a
moving speed of the spraver of 4 km / h.
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Table 3 Spraying conditions for evaluating the performance of electrostatic spraying by the unmanned

indusitrial helicopter in the citrus field.

Plot Charge of Sprayed Spray  Number Discharge! Flight Number Wind Temper-
© spray mist material volume of speed of flight conditio ature
1/10a nozzle L/min. km/h  stroke n degree
Testl
A (=) Negative =~ Water 20 2 1.1 8 12 SE,2-3m 28.7-29.4
B (—) Negative ~ Water 10 2 1.1 8 6  SE,0-3m 29.0-29.2
C No Water 20 2 1.1 8 12 SE,2-3m 29.8-30.2
D No Water 10 2 1.1 8 6 SE,0-3m 29.3-29.9
Test2
AW (=) Negative Fungicide? 20 6 3.3 8 4 SE,2-4m 11.7-12.2
X (=) Negative =~ Water 20 6 3.3 8 4  SE.2-4m 13.4-13.7
Y No Fungicide? 20 6 3.3 8 4  SE,23m 11.1
7 No Water 20 6 3.3 8 4 SE,4-5m  13.7
1) The value at discharge pressure of 0.3MPa with the helicopter
2) Thiophanate-methyl aqueous solution 8000ppm
a) Test1 b) Test2
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Fig.3  Placement of survey trees in the experimental field.. Arrows in the figure show planting row sprayed with fungicide or
water, and closed circles with number show citrus trees for survey. In the X and the Y plot in the test 2 (Table 3), spraying was

performed on the A row, and in the W and the Z plot, spraying was performed on the B row.
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Fig. 4 Setting of the water sensitivity test paper for field evaluation of electrostatic sprayer performance on unmanned
industrial helicopter. a: Placement of the pole to fix the water sensitivity test papers in the leaf layer of citrus trees, b: water
sensitivity test papers fixed to the pole. The test papers were fixed at 2 m above the ground on the pole of A and B, 1m above on
the pole C and D, 0.5m above on the pole E and F.  Cixcles in the figure show the citrus trees for survey (see Fig. 3). The arrows
show the movement direction of unmanned industrial helicopter.
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Table 4 Effects of three factors on the coverage area rate of test paper
by spray water (Indoor test)
Factor dr MS F-value p-value
Charge of spray mist (A) 3 0.074 3246 < 0.01
Direction of test paper surface (B) 4 13.743 6021.13 < 0.01
Height of test paper (C) 1 0.004 1.84 0.18
AxB 12 0.019 8.15 < 0.01
AxC 3 0.000 0.19 0.90
BxC 4 0.026 11.33 < 0.01
AxXBxC 12 0.002 1.03 0.42
Residuals 1112 0.002
a) Left and right side b) Front side ¢) Back side
6 r 6 r 6
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b b b
2t c 2 2t
)
=
g o L = L0 —L . N - . . .
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Spray nozzle conbination (see Table 2)

Tig. 5 Distribution of coverage area rate by electrostatically sprayed mist in each side of test paper (Indoor evaluation test).
Values with different letter are significantly different by Tukey's HSD test (p < 0.05) following ANOVA.
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Table 5 Effects of three factors on the coverage area rate in each side of test paper by sprayed water (Field test 1)

Fact Upper side Bottom side Vertical side
actor df _MS_F-value pvalue __df __MS_ F-value pvalue _df _MS__ F-value pvalue
Charge of spray mist (A) 1 0072 239 0.12 1 0068 224 <0.01 1 0.065 213 0.02
Sprayed water volume B) 1 2.822 93.19 <0.01 1 0118 3.91 <0.01 1 1.084 3580 <0.01
Height of test paper (C) 2 2328 76.88 <0.01 2 0.0561 1.68 <0.01 2 0.449 14.81 <0.01
AxB 1 0049 1.62 0.21 1 0.003 0.09 0.52 1 0.010 032 038
AxC 2 0012 0.38 0.68 2 0017 0.57 0.07 2 0015 051 029
BxC 2 0194 6.41 <0.01 2 0019 0.62 0.06 2 0024 079 0.15
AxBxC 2 0.001 0.03 0.97 2 0.013 0.42 0.15 2 0.00l 003 0093
Residuals 148 0.030 148 0.007 308 0.012
(a) Upper side (b) Bottom side (c) Vertical side
1) 20L/10a  2) 10L/10a 1) 20L/10a  2) 10L/10a 1) 20L/10a  2) 10L/10a
% 100 10 1 80 1
(] L L
£ 80 8 60 -
g 60f 6
&' 40 -
% 40t 4t
§ ol é il % “l é #
3
O T 1 T T 1 O T 1 T T 1 0 T 1 T T 1
E ¢ E ¢ E ¢ E C E ¢ E ¢

Fig. 6 Distribution of coverage area rate by electrostatically sprayed mist in each side of the test paper (Field test 1).
E: Electrostatical spray, C: Control
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Fig. 7 Distribution of coverage area rate by aerial sprayed mist in each side of the test paper by installation height (Field test 1).
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Table 6 Effects of three factors on the coverage area rate in each side of test paper by sprayed water (Field test 2)

Factor Upper side Bottom side Vertical side
df MS F-value p-value df MS F-value p-value df MS F-value p-value
Charge of spray mist (A) 1 0.011 0.22 0.64 1 0.000 0.51 0.48 1 0.001 0.07 0.79
Sprayed solution (B) 1 1249 24.04 <0.01 1 0.010 31.02 <0.01 1 0176 20.96 <0.01
Height of test paper (C) 2 4208 80.98 <0.01 2 0.043 129.63 <0.01 2 0354 42.14 <0.01
AxB 1 0.096 1.84 0.18 1 0.001 2.31 0.13 1 0.024 2.84 0.09
AxC 2 0.009 0.18 0.84 2 0.000 0.82 0.44 2 0.001 0.11 0.89
BxC 2 0319 6.14 <0.01 2 0.000 0.35 0.70 2 0.018 2.18 0.12
AxXBxC 2 0.267 5.14 <0.01 2 0.001 2.81 0.06 2 0.006 0.69 0.50
Residuals 180 0.052 180 0.000 308 0.008
(a) Upper side (b) Bottom side (c) Vertical side
1) Thiophanate 2) Water 1) Thiophanate 2) Water 1) Thiophanate 2) Water
-methyl -methyl -methyl
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Fig. 8 Distribution of coverage area rate by electrostatically sprayed mist in each side of the test paper (Field test 2).
E: Electrostatical spray, C: Control
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