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Abstract
In this study, we aimed to establish a pesticide spraying technique using an unmanned helicopter
in citrus fields because it is necessary to improve the leaf layer coverage of the three-dimensional
structure with sprayed droplets. We used water-sensitive test paper to investigate the droplet
adhesion properties and establish an effective flight route for unmanned helicopter spraying. First,
we sprayed from 3—-4 m above the citrus trees using an unmanned helicopter (.31, Yamaha Motor
Co., Ltd.) and evaluated the coverage area rate of four types of single flight routes. As a result,
the coverage area rate depended on the flight route. The orientation of the water-sensitive test
paper and the installation height also affected the rate. Next, we combined the pluralities of flight
routes, sprayed water over citrus fields at a rate of 160-190 L/ha, and performed the same
evaluation. The difference in the coverage area rate for each composite flight route was significant
but only slightly so, and the interaction between the direction of the water-sensitive test papers
and the installation height was observed. The upper surface of the test papers had a high coverage
rate at a height of 2 m, while the vertical and bottom surfaces had a relatively high coverage at a
position of 0.5 m. The coverage area rate was found to vary greatly depending on the orientation
and height of the surface of the test papers. Furthermore, improving the adhesion of the bottom

surface when heights over 1 m were used was an issue.
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Fig.1. Setting up test plots to study effective spray routes.

The arrows in the figure show the flight routes of the unmanned helicopter, and the thick and thin arrows indicate the four and two

strokes, respectively. The circles indicate citrus trees, and the center of the three rows was surveyed (see fig.2).
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Table 1. Spraying condition for evaluating the effective spraying route

by unmanned helicopter in citrus field

Dat Total Numb Numb
are Starting  Flight Wind o WYY pischarge  Flight ooh
and Route . . " spray Nozzle o of flight
time time condition amount  speed
Weather amount nozzle stroke
2017 A 11:24 3 min S 0-1m/s 10L
Jul. 4 B 11:57 3 min S 0-1m/s 10L TXVKS p 3.3L 8km A
Cloudy C 12:24 4 min S 0-1m/s 10L / min /h
28°C D 12:49 4 min S 2-4m/s 10L
E 10:19 9min 8s E 2-3m/s 22.8L
9017 11:45 9min 1s  NE 2-3m/s 22.2L
11:15 9min 19s N 2-3m/s 26.4L
Oct. 26 F . 3.3L 8km
. 13:57 9min 9s  NE 2-3m/s 2541,  TXVKS8 6 . 12
Fair / min /h
20eC 10:49 9min 1s E 2-3m/s 21.9L
G 13:27 9min 33s E 2-3m/s 26.3L
14:26 9min 2s E 2-3m/s 25.5L
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Fig. 2. Setting of the water sensitivity test paper for field evaluation of aerial spraying by unmanned
helicopter. a: placement of survey trees, b: placement of the pole to fix the water sensitivity test papers in the leaf layer of citrus
trees, ¢! water sensitivity test papers fixed to the pole. Closed circles in the figure show the citrus trees for survey. 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. The arrows

show the movement direction of unmanned helicopter.
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Table 2. Effects of factors on the coverage area
rate of test papers by unmanned helicopter

spraying with single flight route (test 1)

Faclor af IS
Flight moubs (A}

F-yalus ol
Bi&l 18RLGE <@
Dhrecticn of tost goper mar{nos {H) AEAd MME] <@

a
g
Helght of test pagor (03 2 TRil EEAM <6
1
I
4
2

Al LIRS «am
AEI JA&)  4A%7  <6m
B=( LA.71 d284 <M
A= 1 158 495 <0l
Hasxduals L5 053

2 BHORBEHAEHLE-EMERAICKL S
B (GAER 2)

TR 8 A O B TR SR K9 B AT E K o0 4y
BT R % Table 3 \R L7z, B8RRI LT
TATIRES, BOKRBREOH M, REEHORENL S
o (p<0.01), FERX O HAERITROKRBNE O
MIXREEDOHBO I (p<0.01). BRI O
W mEEE Y Figd \In L-. SFIOBELEZRITL
TRk E O BmAEE (PR, 2.38%) 23, #E L
LR A TRAT LR G (P RiE, 1.78) KV bEne
-7z (Tukey ¢ HSD B : p<0.05) 7%, E~G » 3
FEDOTRATREEENC L OWBHRBEROEII NS otz &
FATRIE DT — 2 % F—)L L= LT, BokKERBHE D
Tk R E S S B OWBERERE Figs ([ Uiz, #
BHEEEIL 2m O FJmE (FRAE, 25.57%) Tbm
<, WIZ0.5m OEEE (6.58%), 1m & 0.5m Ok
Fif (5.73%, 5.17%) BE0->72. S HIZ 2m OMEE
i (1.52%), 0.5m @ F 5 (1.17%), 1m OEER
(1.06%) £ 72 Y, 1m, 2m @ F 7 (% 0.21%, 0.03%)
R BN, R OB R RIS E <
THEIMEN -7, £, EFEITEWALE CHEH
FEEN@W—F T, |EH & T HEITROVE CHlE
HAEENEL, TOMEMIETHHE CHEHE THo72



BV PRSI T B EERIEAANY 2 72— OB R LR

27

a) 2.0m

100

10

1

0.1

0.01
0.001

100

10

-

0.1

0.01

0.001

Coverage area rate (%)

1) Upper

e

2) Vertical

T

3) Bottom

*

5]
|

2) Vertical

=t

a
a
Eb %
A B C D
3) Bottom

RS

¢) 0.5m

100

10

1

0.1

0.01

0.001

1) Upper

%é$$

A B C D

2) Vertical

=

3) Bottom

T

A B C D

Flight route

Fig. 3. Distribution of coverage area ratio in citrus canopy by unmanned helicopter spraying with single

routes (test 1). The box plots and whiskers show quartiles and range, respectively. The arrows in the figure point to the evaluated

surface. Ratios with the same letter within each panel are not significantly different by ANOVA and Tukey’s HSD (p < 0.05).
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Table 3. Effects of factors on the coverage area i

rate of test papers by unmanned helicopter ;

spraying with combined flight route (test 2) §
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Fig. 4. Coverage area rate in citrus canopy by

helicopter spraying with each

combined route (test 2). The box plots and whiskers

show quartiles and range, respectively. Ratios with the same

letter are not significantly different by ANOVA and Tukey’ s

HSD (p< 0.05).
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Fig. 5. Effect of direction and height of water sensitive test paper on the coverage rate.

Data from each spray route in test 2 were pooled. See fig.4 for figure description.
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