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Control Efficacy of Aerial Spray using Unmanned Aerial Vehicle
(Drone and Helicopter) against Japanese Pine Sawyer, Monochamus
alternatus (Coleoptera: Cerambycidae) in Pine Forest
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Abstract The Japanese pine sawyer, Monochamus alternatus is a vector of pine wood nematode,
Bersaphlenchus xylophilus in Korea, so there is one of the forest pests to be controlled. Ground control is
limited in forest because of limited accessibility, mobility, and wide area. Therefore, there is a great demand
for aviation control as an alternative control means. In recent years, there has also been a control using an
unmanned aerial vehicle. This study investigated the effect of Japanese pine sawyer control on unmanned
aircrafts, drone and unmanned helicopter which are generally used in Korea. The effect of Japanese pine
sawyer control spray with thiacloprid 10% suspension concentrate in pine forest was higher than that of
drones. The drones showed higher control effect in the middle crown than the upper crown, but unmanned
helicopter was no difference in the position of crown in pine tree. The residual amount of unmanned
helicopter was higher than that of drones after the aerial spraying of two unmanned aircrafts. The residual
amount was more in the surface than on the pine tree. Correlation between thiacloprid detection rate and
Japanese pine sawyer mortality after aerial spraying was higher in unmanned helicopter treatment but lower
in drone treatment. In case of aerial control in forests, treatment according to the characteristics of forests is
considered necessary.
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F21&E7]1(UAV; Unmanned aerial vehicley= Z3A7t
S OFA ‘3}57—, T e A 24 93l H]Eg st H]
Z0)3PA), =2 ZH H|3A|, FolgFA|~
59 = 3ltk(Yanushevsky, 2011). ¥
ga7lole FEolAF7, FHolAF7], HEEHY €

¥ HE #¥, dEFH 5 o
S THEC] AL, ol st FRlaE 7= EA ol A, H
AT Tol wek AlEste] 87| = $Hoh(Hassanalian
and Abdelkefi, 2017).
TheFe Folol] A8 =t Hldtedel
ue} Auje} opelg PR A, YRl wet :rL*FQ“JJr
“lﬂ&i T2 don g mE FFolu & i

A%, W], $5¢ S22 Y5 4 Jrk(Hassanalian

and Abdelkeﬁ, 2017). QM= AR 24, 3lst
B4 3 AL S A A4, A 2EY S 3 A=
A5 mAE A& T4} 2w S ot wof
o Ax, el F B o Fo|u 2HE ZHA] ol Z8-H I 3
tH(Zhang and Kovacs, 2012; Lehmann et al., 2015; Mogili
and Deepak, 2018). F=3 #2138y 7] GYAEE o] &3]
SYAEA ol 8ol w2 A A 2 A,
7Fe AR vlEA RUEE I e 3t 28 7l
AAIE AL D ek(Park et al., 2015).

SHRAT] Hastet yHs) YA okl Hdsket
71718k 7H&5ste] ulet FR13E 7S o8- daiA
8= 72 AR JAEHI glon 59
o] AHA o7 thekdl AES Aulst g)[
g2o] ¥ 22 ATHKu et al., 2006; Kang
He et al., 2017).

SEuetelr = et 59 H% WA E
£ AAsta et 2 sRA AN
ato] 64olx] 8Y Aleloll 1-23] AE AN 0}7 O]C’E‘%(Jm
et al., 2008) AHH Q] 7% A dE e wiEl S5
A3F=2(Monochamus alternatus) WAE 213k 19893+
H Algs] 93 3 (Kweon et al., 2003), &34A1E 5
Eo] 5550 AREE L ATHKCPA, 2019). 2} Zefol
0] ARgo] F7etL e FHEoF FRIAETIE o8¢
SRR AN e 7SN e
AT} EEH TRE 93 TE A% A% FES MY
SRR TFet Walleso] tigk FAIA] A e A
7 o] YA TH(Choi et al., 2018).

Erdsteae AUPFAIAZS W eRE Seivet

o Y&, T, vk HIEete] 2ese) HEY 54X
ol & EZ3IH(Nakamura-Matori, 2008). $-2luglolA] &
T = T2 FFAA APERAES wive)
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Fig. 1. Experimental site and design of treatment plot in
Yangsan, Gyeongsangnamdo.

D; drone applied plot, H; unmanned helicopter applied plot.
Number is replication.

= mEeE ¢dEA =l (Kweon et al., 2006) ©]E<]
WAE flete] 4Fel $3k1171Q1 5€llA 79 Ale](Kim
et al.,, 2003)°] FFHAZS A S Aot 22U 721 &
ZFHEE ol&sk= old Al 7o
P TR GA Ago] Aol 73R AHA
01]}\115 AR F otoﬂg% _L_'T:—'rg]_ HH‘_ ] 946]— H] E;d x]-%
o 99 ol BAL FEH] BEA ARHOR 285}
2 SIEk WA el G o ﬁAﬁ%ﬁnM

AX ME Y AT iR
£ o] &3k AT wizlE A o)
X2 A P 55 7Y 1321

g o= 747} 2 ha¥ F v‘i—é}a’iz, 2ha
o H2g T 37H4 ploto 2 UrTS\’iE]-(Fig. 1). EEL o
T BEAMEORE AANEE 10~20°01%03

7] 01}l A AEFE WWULE AAEE 15~
20°% EH(Table 1).

HS:I ]1_ 14'—|—ZH tﬂ I’IJ*E;HZ]E o= 7(1]“10] A].\:ﬂ-;(—]
o7 EAE Ao 20129 YFFAPL o] Foizl Lo
2 35T 2 (Pinus densifloray’t $-313HE L 59m

o|she] A=A} o]gie),
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Table 1. Geographical characteristics of survey area
UAV type Latitude Longitude Elevation (m) Azimuth Slope
. 35°18'31.0" 129°00'13" o
Unmanned helicopter 3591835 5" 129°0009" 28~52 SwW 15~20
35°18'38.5" 129°00'07" o
Drone 35°1836.1" 129°00'12" 38-59 NE 10-15
Fig. 2. Tested drone and unmanned helicopter.
Table 2. The characteristics of unmanned aerial vehicle (UAV) for experiment
UAV type Drone Helicopter
Major data (DJI agras MG-1) (YAMAHA FAZER)
Body size (mm) 1,471*471*482 (open) 3,665*770*1078 (with rotor)
Y 780*780*482 (fold) 2,782*770*1078 (without roter)
Tank capacity (/) 10 24~30
Spray speed of nozzle 0.5 //min 6 //min
Number of nozzle 4 4
Spray width (m) 4~6 7.5~10
Sprayed particle size (Lm) 80~190 (model: TXVK-04) 80~150
Max. flight time (Min) 10 (10 / load) 10 (20 / load)
Spray capacity/1 time (ha) 0.4~0.6 1.0
Spray amount/day [area (ha) and time (h)] 8~12,6~8 20~30, 7~8
oNAZE EB Y 2™
FRAGE71E o &3 AT vivls A &
3 7S S8 FHE EAFEATE BREa e
918l 7](Yamaha Fazer, Yamaha)®} ShAHE7|&(F)0A] B
F32 e =EDI agras MG-1, DS °]&3dl3lon
(Fig. 2) #1992 Table 29} 7o)t}
£TH5leL 4& FH(2t YMEY ZAME 2E AU
SAE MR
Aol AR E5deted 4FS S A A
Hho] @ A A4 =4 ‘?:7'01- Fig. 3. Test insect cage for insecticidal efficacy (A) and

dish (SPL, Korea)ol & wj2]4 Hxﬂ /‘]-Irﬁ}m‘/ﬂ &S A
Ak 2B 1-2d4 THIE Hol& AL, AFel A
317 A7kA] 3o & A Holg wAls] F3Ut. oA
AR 29 Aol 712 20 cm, AlE 25 em, =°] 10 cm 2712

installation on a Japanese black pine tree (B) in experimental

294 20 Fsh 55
Qo2 =83 T8 Az
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Table 3. Installation site of tested insect and water sensitive paper for survey of control efficacy of each unmanned aerial vehicle (UAV)

Experimental Experimental

UAV type Location

Elevation DBH

Tree height Height of tested insect (m)

plot tree (m) (cm) (m) Upper Middle
N 35°18'38.5"
Drone I 1 E 129°00' 10" 52 32 18 14 10
N 35°18'38.5"
2 E129°00'12" 54 31 18 13 11
N 35°18'38.6"
3 E 129°00' 12" 54 35 18.5 16 13
N 35°18'34.9"
11 1 E 129°0000" 49 41 18 13.5 11
N 35°18'34.9"
2 E 129°00'10" 53 41 18.5 9 13
N 35°18'34.9"
3 E 129°00'10" 51 40 19 7 13
N 35°18'35.1"
1 1 E 129°0007" 46 31 18 8 13
N 35°18'35.2"
2 E 129°00'07" 47 30 16.5 8 13
N 35°18'35.2"
3 E 129°00'07" 42 26 15 8 13
Unmanned N 35°18'31.2"
helicopter ! ! E 129°00/08" 46 30 13 10 8
N 35°1831"
2 E 129°00/08" 38 31 15 13 11.5
N 35°18'31.4"
3 E 129°00108" 47 25 14 10 8
N 35°18'31.5"
1l 1 E 129°00/00" 41 23 17 14 11
N 35°18'32.6"
2 E 129°00'10" 35 32 17 13.5 11
N 35°18'31.9"
3 E 129°00/09" 42 25 16 13 10
N 35°18'34.2"
11 1 E 129°00 10" 41 24 17.5 13.5 11
N 35°18'35.0"
2 E 129°00'11" 47 23 16.5 13.5 10
N 35°18'35.0"
3 E 129°00'12" 33 26 17 13 10
TEF 17 ARAE 3FYeR o] wix|EtaL
(Fig. 1) ZtZFe] A@FelA o= Al 279 YF-E A4 T
_ _ m
AT E5stEa AFol 10mY 59 d= FY Al .
O|AE FH A (12~15m)} FH(8~11 m)e] F F-Ho
- - 12
o]z i AR SThFig. 3). 3 AolA] A -
A el g7t Ao A Alo|A] ERES =E0R
Fol 24 AATHFig. 3). AT AFEL] 92 GPS — =
4] (Explorist 610, Magellan)S- ©|-&-3le] xS YER) 2L
CH(Table 3).
o wz

ElolF22|E 10% NFrsiAol] gk ARS-oFg
ULVAZ]9] 739 308 e & 10 ad 579 ATHKCP, 2019)

Fig. 4. Mimetic diagram of water sensitive paper setting on
pine tree.
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Fig. 5. Spray of thiacloprid 10% SC using drone (left) and unmanned helicopter (right) in experimental field.

oy FIE7e] A2l ofgke 783} wo] A got
2o F1dy] vkl JANA AMESlaL e Yoz 4
et B8 o8& oA AxE EHolERrdgs 9
Al 115 40 o= 3]Astod | haoll 40 /% AaEst
AL, FAA7|E o] &3 AT FUA 115 208)
No g 343l 1 hadll 20/ AESIATHFig. 5).
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Aze| FE2 &

AES tHEEd 7100
50 ml 4]l
phosphate) 33t oI EVEE 10m 1027+
st Al FEgiidlE 4.0 (10.2) g,
HSHFEF 1.0(20.05) g, FAMIEFIFSHE 1.0(20.05) g,
disodium hydrogencitrate sesquihydrate 0.5 (0.03) g= 92,
17 AAskake-E 50 £9¢ &, 94EE(3,000 rpm/
min, 5&)ste] SHEHERLZ I 255 AR & oMl

=2 WO &
= 3w T,

&
T

LC-MS/MS A5FZdog

EUEZHS offje] Agds
A&
Za =N
10,000 pg/l 5] AL FFLAS (1~2) ml o) &

HIgE 5 670<] 2 ml A4
Egog 34sle] 10, 50,
pg/l2 W] ARE-EH.

200, 500,

OFM| Xt ot AL

EE2 FRIA7)E o] st oAl AxA| Hate= At
o] A9} HHAG YarE AR Sk 52x76
mm 27]2] 7R (Teelet, Switzerland)S o|H 2 A&}
Atk o] 13m AuE o]&ste Eo] 13, 12, 11 mol =
S 3y FEwe 125 md SRR RS 7
P44 B2l ol A Ho| = ek o = 1738 AR ekith
(Fig. 4).

2 7t 7 A 27 A 9225 gPde R wiA|st
A3, AW WA= v i) 14 3ukE 4231t
OFA| A Fdell= Ao W B2 Qlate] AX|g 7R
7} 2ol A A97F BAsle] 89 18Y X

=
%—'—I__

At o Ha 26.8°CHAL, AALEE 23.1°C, HALe
T 32.0°CHTh HAEEL 140 43S 0.3 mm

ot A GAIoE 357t glel G v sk,

SA Xz
AR FAYTY) FFE Edsten
Flo] A= Abbott (1925)°] WHOZ HAPAZES
% Duncan’s multiple range testZ 2] H7} x}o]=
[e]

X 71%H
AIHPROC GLM) 2] Ha7k zpolE& A 248150t
(PROC ANOVA)(SAS Institute, 1999).
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Fig. 6. Correlation between detection amount of thiacloprid
10% SC and mortality of Monochamus alternatus adult in pine
forest. (A); spray with drone and (B); spray with unmanned
helicopter.

E5dokes 43S BoR HolzRzes 10% 9
LA AT 3 5 A2EFE ZAE A3 Ahigo g
A AW oI8 ol HE A 43I
&2 A frede lH
FHGH sl FHE %‘%01]*1 72 A
olHg A =8
SAE oS /I
TH(Table 4).

HolgRrise &
o 7% A2) 385

S]] tiste] FA A A
40008 34 F=ollA 93.3%2]

.h

2AHe-S YERHIAL(Cho et al., 2017), E<rgshisa(M.
saltuarius)?] HSIM T F2) A3 Al 40008 3] SE7HA]
93.3%9] =2 XAMES Kol 2FAlo|th(Han et al., 2008).
e} FOHA| 712 o] 88 WA A Pl A= WA E 7t 7}
& Frsiild A7) oA A 3l e E4dsks
2o g A ZA7} 73.6%E HERHITE o= Jin et al,
(2008)°] B EAol|A Bell 206 AFEHES o] galo] 35
A WA G A Al 93.2%2] WAl a2 S veRd Asjel
AHA v LAY, WAL o e
Ao2 JdEn) T A7 WA A= HF A
oFA| €] AA*HHTQ} i%al of xfo 1 UATE A=A FE
o] U A A&7 7F =& HlF) &
JJr R S s A=
et Sl WAl g Fto) ztol 7t
A3 A} M WA a3he] xpel7t 4

WYY SHAME =2
O FEA|RE oA A
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SOy o AE T R Ok ZREM
ok AETF B4 thiacloprid®] 3]5&& 7|9 7
90.90~90.47%, B4 o] 7% 0.05 ppm (y:6E+07x+
4633.1, R%=0.9995)°] 1T}
A oA AEH

Aol W= 2po]E HYom AlF thadse] wEb =
X}O] HtK(Table 5). +A&d37]

Eol| vlgte] 3 f X9k dAglol =& A

=FS R
ii_o_b‘r ZA O EEE 3 AM BAE fod4S §9
THTable 6). & W ZAA0 we} HE3Fe] AJol5 B

o F U] AR gEdel dock 9 43

iE)
N
2l
AC)
=
_>L
o]}l‘

oﬂ/\{ 9] okzﬂ 74zak_‘

Table 4. Control efficacy of thiacloprid 10% suspension concentrate on adult of Monochamus altenatus depending on different

unmanned aerial vehicle in pine forest

Mean corrected mortality (%) = SE

Treatment 1 day after treatment 2 days after treatment 3 days after treatment
Upper crown  Middle crown  Uppercrown  Middle crown  Upper crown  Middle crown
Drone 189+16.8 51.1+£232 30.0+16.8 57.1+33.0 37.1+72 63.4+15.1
Unmanned helicopter 46.7+33.0 38.6+21.5 56.6+33.0 60.0+17.9 67.7+23.0 67.0+5.1

Daily data were statistically analyzed by Duncan’s multiple range test but not significant.
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Table 5. Analysis of variance for main effects and interaction of unmanned aerial vehicle (UAV) type, detection location in crown,
and selected tree on detection amount of thiacloprid in pine tree forest

Source of variance df Mean square F value Pr>F
UAV type (T) 1 150.33 25.9 <.0001
Detection location in crown (L) 2 31.04 5.35 0.0096
Selected tree (S) 2 80.25 13.83 <.0001
TxL 2 51.33 8.84 0.0008
TxS 2 13.68 2.36 0.11
LxS 4 34 0.59 0.6756
TxLxS 4 17.05 2.94 0.0345

Table 6. Detection amount of thiacloprid in different location of tree spray with different unmanned aerial vehicle (UAV)

Detection amount (mg/kg) + standard deviation (Min-Max)

UAV type

Upper crown Middle crown Ground surface
Drone 0.44 £ 0.66 (0.02-2.2) 0.51+0.72 (0.04-3.18) 2.63+2.4(0.11-6.04)
Unmanned helicopter 3.01+1.71 (0.74-6.74) 2.62 +1.59 (0.49-4.47) 7.96 + 5.38 (1.29-24.44)

129 mg/kg, Hl 24.44 mgkgS & 188 HEe] xjo]E H
Fom =2 o] 83 oA AEFoM] HEHE A
BoMe 4 0.02 mgkg, A 2.20 mgkgS & 1004 ©]
’% 2ol & B TH Table 6).

T 1] FRd uel opA|e] S vjellA A&
o] QAT oflet A Ul Ul e E B
Az HA= ol M oA e 559 A%

l-'O
e
NN
1o 2
oY I
o 3
4
o
o>
i
1o
o
i
ol
o,
e
rlo
=
i g
[
i
K3
>

[¢]
oloflA] 43 m/seco] Hd| sHFEES YEM T} Eo] &}
2445 sk St fadke A3 Holi(Choi et
al,, 2018), F<1&7]9] 7% 3m Eolol|lA] o 7.8 m/secE
(Kang et al., 2010) =&0l| Blsto] s}aFg2o] £&7t A3
W olgjet 89102 Qlste] A& 2jo|F Hole A
o7 A7hAT ARG FAA| 9} de] RAA A8k,
FEolu A, THE ol YAEE Aelah] wiie] H
73AA| g} o] ek 2710 WAORA AX 2=
2ol 7} 9tk Bell 206L A2 FEZ 0]-§351] acetamipridS
ARl A Al AR 9] S et HakEe] 4.06 mg/m'=
AT A &) A EH Y8k 0.38 mg/m?l s 108)
ol ZJo] & Hod(Kim et al., 2012) 2+ ) A4] 550 9
& A ofAle] mEEe dA S Aot ASITE wEbA
Fa7b =2 WHEEe] 29yH0 e A W dedEs
A g ool 3 Y AT = F Sl W

she Zlo] Badd Fe St we W)t

|

f o H
=2 oo

o
=
L=

Hgto] go] 3 Z1 o= A7her,

okA Az 7IAE AjFsie] 93 7] BARE 7z
st AEE A o A AEEE 4
&A= 440+ 4.3 mgkgel AEHJL, 7= 1.
+ 1.1 mgkgel AEHo] ol gk HEFS £9A
o 7102 Yelgtth(Data did not shown). |23 T4
Al 59| TeFA g HETFO R 7EX|7F &Slof| vlsl) F

o

o] Ao 7 FHetE )

oHAl HE S AFEHe] duAAE 24T A

a

I =29 AL R%ro] 0.120.2 W AXRALE RO}
ol 7)o AL R%Zo] 0438 =& ARAS - Bt
O~

(Fig. 6). 77| Hz|o] A5 M HETFel 5 =
AEEC] EoAE ZFIAUARE =20 AS FR1d7]9
Hlgl] oFA| AETo] HulHoR Ay, v ok HEH
A= 10-100%2] thdet ASEE Bl HdEF| Aoof u}
& AZaHe a7k AA Yebk=t (Fig. 6). °le £
dsleas A AL & e Il F7] wiEog A7t

o RS shishe F 3ol e 2ol WAlvlE
4% AFAM A (Choi et al,, 2018) E5HoFes T3
AL A AL o 71ZoNt A oF /1Zo o AT

& 372 SaEolor & Aoz Az,

o 4ot = X HSIARE 27| AL

TES 0|83l ElolFRE|E dAsiA Ax & oF
Aol vt 4t oF YAAE AR A3 A2 E o
sl Y 7= & AolE HATH(Table 7).

TS o83 oA AE MHE HEte Agole Ha
20, Hdl 53R, 28HE Ao Ao A 0ofA]
Hol 4570k e 39k Melte] Aol 1, 279
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Table 7. Number of spots on water sensitive paper according to different setting location in pine tree forest spray with drone

Number of spot in each height/40 cm* water sensitive paper

Experimental

plot Rep. Horizontal face in different height (m) Vertical face (m) Ground (m)
11 12 13 12.5 0
1 2-10 6-7 4-10 1 27
Ip 2 3-39 25-53 6-13 2 31
3 7-33 12-45 21-21 10 -
1 0-4 3-18 27-29 10 10
2p 2 0-4 3-9 5-13 1 2
3 5-41 23-45 6-14 8 76
1 427-467 402-411 413-450 54 108
3p 2 113-300 263-338 113-263 112 22
3 41-70 75-133 165-168 1 1
- Missing data.

Table 8. Percentage by spot size falling on water sensitive paper after pesticide spray using drone in pine tree forest

Minimum and maximum percentage by spot size (mean percentage)

0.2 mm > spot size
0~18.2 (11.6)

0.2 mm £ spot size < 0.5 mm
63.6~72.7 (67.7)

0.5 mm < spot size
16.7~27.3 (20.7)

92 A2 4v), Ao 46712 T A 50l 2 Aol g
Bt W 54 olo] W2 vl ol 2 FolE Kol
-

T+ FAAE A=A ek dAF ok AW Hek YAk vt
B A0 2 YERITHTable 7).

TES o] 8e AR § HatHe YA 2] o
£ 0.2~0.5 mm% 3, 0.5 mm °]’g°] 20.7%, 0.2 mm °|3}7}
11.6% ZA} EI1THTable 8).

TEofA A g oAl QA ATy = EEe] oA
A Folu Ax £xd wet xe]S BolH(Choi et al,
2018) F1@7|9] A4 wEe] FEt I o) TR
ol whet Al UErdth(Kang et al., 2010). B¢k 54
AZAA WM e Halgel Aols Biler < FF
HE o]83}9 imidacloprid A% A] &UF-E UFHT} 7)
Al Al ofA|e] Halgo] o BWekoH acetamiprid &
E A AEW 4-5mel Hlste] 1-3m =olollA] o B2 I
BYTHKim et al, 2012). Wb A Welld At
& A5 3719 71AA Zpolewt okt ]
A0l oM E i alFel MA Il HelEe
oA €] Yotk ztol7h & Ao® AzbEr J2e
H WollA Al ol EAES L d AAA
FA QI A7} o] FofxjoF & Zlo g Aztdrt
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