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The effect of flight parameters and nozzle type on the efficacy of
spraying chlorantraniliprole from an unmanned aerial vehicleto
control Spodoptera frugiperda
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Abstract [Objectives] To clarify the effects of different flight parameters and nozzle types of an unmanned aerial vehicle
(UAV) on chlorantraniliprole droplet deposition, and the resultant the efficacy of Spodoptera frugiperda control. [Methods]
A UAV was used to spray 200 g/L chlorantraniliprole suspension concentrate (SC) mixed with the spray adjuvant Yididi-A” on
maize plants at the whorl stage. The effects of flight parameters and nozzle type on droplet deposition, droplet density and
droplet coverage were analyzed. In addition, the effects of the above variables on the control of S. frugiperda were measured 3
and 7 days after treatment. [Results] Using a SX110015VS nozzle at a flight velocity of 4 m/s and at a flight height of 2.5 m
above the maize canopy, the maximum, normalized, average droplet density was 0.47 pL/cm®. However, using a SX11001VS
nozzle at a flight velocity of 4 m/s and a flight height of 1.5 m the maximum average droplet density was 79.39 m/cm?.
Average droplet coverage was the highest using a SX110015VS nozzle at a flight velocity of 5 m/s at a flight height of 1.5 m.
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[Conclusion] Flight velocity and height significantly affected the deposition of pesticide droplets sprayed from a UAV over

a maize canopy. Droplet deposition was best using a SX110015VS nozzle at flight velocities <4 m/s at a flight height of 2.5 m.

With this spraying regime, the corrected control effect was > 85% 3 and 7 days after application.

Key words Spodoptera frugiperda; UAV; chlorantraniliprole; droplet deposition; control efficacy
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Tablel Main parametersof DJI T20 plant protection UAV
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=
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ERPFI AR T L aah s aan
Droplet deposition |
[ iy test area __________________ |
Buffer P e L4
- ] . . o
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Fig. 1 Spray deposition distribution of plant protection UAV in maize canopy

A R ; B, A BRI

A. Test site; B. Schematic diagram of test arrangement.
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Table2 Experiment design

g PO (L) ey i (667 m) WKH R (m) G (ms)
Treatment Spray(I\:;»lume Operating filed area (667 m?)  Nozzle type  Flight altitude (m) Flight velocity (m-s™")
A 1.2 0.4 SX110015VS 1.5 4
B 1.8 0.6 SX110015VS 2.5 4
C 1.5 0.5 SX110015VS 3.5 4
D 1.2 0.4 SX110015VS 1.5 5
E 1 0.3 SX110015VS 1.5 6
F 0.9 0.3 SX11001VS 1.5 4
G 0.5 0.2 XR11002VS 1.5 4

PRI AAUAS R it 25 250 550 1E 1 oKk )2 it
BUMIEOL, Hordr, D8R ERVE R FH B B A 7
A, AKEARER FE LA T2 PR R ER
YRR /N N BEALAR & 9 A SRAE S, BN RER
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TG 3 0 AR A A O TC A AL A Ml M R 3 R
FES, RAER BARE 11 AREES, B RERS
[EFE 0.5 m, BAKERN S m, A REELR 26
mmx76 mm K BECK-F E 7R ECREL
B5EK B RS E ), DURIGSHE K L
FAITTCRRUING O o a8 5 1 0 31 R A R 7K 4R
Fe TS WEE, FFEB— AR R %% 48
7 I SE g = A TR AL B

1.3 #HEaE
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fE%% (Giletal., 2007; 2R, 2017) .
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WRIEAZ (1) F(2) 7t E KRR e
2 N A L T AR S T DR, R A2 (3)
L (4) AU R, AF TS ESs
DURUM A DL AN 3 Bt o 24 RATHE N 4 m/s,
FEN 2.5 m, BELAEEl SX110015VS B, %%
AP TR R, b 047 pl/em® (12
049 uL/em®, FJEH 044 pL/em?®) ; 4 %47k
R 6 m/s, =R 1.5 m, Bk S SX110015VS
i, ZH— PR ERAL, 029 ul/em’
(_ EJEH 027 ullem®, FJZH 0.30 uL/em®)

MM AT E N 4 m/s B, AJERITE
JEREEN 2.5 m B — LU E N
0.47 pL/em?®, BEES TEAE 1.5 m M 3.5 m; Y4
TR 1.5 m B, ANE AT EUE CRIRA A
D M E) FE#EH 5 m/s B2 0 — 1L FE TR
HRE, N 0.35 uL/cmzo Hip ) RATEHE N 4 m/s
5 m/s B S5 T IH— AP 0T R IR 8k 2
5, A LEMTRA—iREa BEiER,
AT R 4 m/s B RUTR SR T 5 ns;
MURAT R B RA TR B, S RSk S
(54 AL F. G) Hmisk 454 XR11002VS

x3 EXBREEFLGRERABME—HRRIAH
Table3 Spray droplet deposition (actual and normalized) distribution in maize canopy

SEBRUTA S d (UL em?)

H— AL IR dy (uL-em?)

Lby Actual deposit (uL-cm?) Normalized deposit (uL-cm?)

Treatment )z Bz = Nz P {H Wz bz W= T E P {E
Upper layer Lower layer Average Upper layer Lower layer Average

A 0.14b 0.14b 0.14b 0.34¢ 033¢ 0.34¢

B 0.16 ab 0.15b 0.16 ab 0.49 a 044 a 0.47 a

C 0.19a 0.20a 0.20 a 0.39b 0.41 ab 0.40b

D 0.12b 0.18 ab 0.15b 0.28d 0.41 ab 035¢

E 0.13b 0.15b 0.14b 0.27d 030c¢ 0.29d

F 0.15b 0.19 a 0.17 ab 0.34¢ 0.42 ab 0.38Db

G 0.19a 0.16 b 0.18 ab 043 b 0.37b 0.40b

[FIZEER A AR RNG TR R 257 B3 (P<0.05, Tukey’s HSD K338 ), F#E[Fl.

Data followed by the different lowercase letters among the same column indicate significant differences (P < 0.05) by
Tukey’s HSD test. The same as below.
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it 253 I — (6P LR B R . R 0.40 pL/em?’,
22 BENEHEEEZRESRR

FEARTE AHUAS R CAT SO 5510 %5 5 A
SR LR 4, % EFEIE R 21.07-
79.39 4Nem®, MM CITHE N 4 m/s, H5E
1.5 m, WiLHEIEk SX11001VS i, 57 %5
SRR, M 79.39 AMem®s I AML KATHEE
K 5mis, BN 1.5m, BELEIEk SX110015VS
B, PSR R, N 9.35%; 4 WATH A
K am/is, EEHR 3.5 m, BELEE R SX110015VS
BF, 5 8 T 2B RN 550 - 19 7 2 R I A1k
AR 21.07 ANem® F 2.77%, BEAL T HAt it
el

BTN RITHE R 4 m/s B, A ®ITE
B GRIRAL AL BAIC) RN 2.5 m B 257
BRI N 52.14 ANem?, 25T T2 %
FH599%, KATEE 25 5 1.5m EHBEF
KIEME M T E SRR R EEER

(P>0.05) . (HXY ®ATE R 3.5 mit, BT R
718 BEYE R, 25070 % - A R 55 - 340 1 %
BEREAR, RATEE 3.5 m AHELT 2.5 m P
% I T R RN T 147.46%F11 116.24%;
MRATEEN 1.5 m B, ANFECATEE (R4
A. DFE) FEEER 5 m/s BF 5% T340 55 %
R A 2 A RATEREE, O 9.35%, R
FESEHE N 62.84  Aem®, KITHEN 6 m/s

FHAL T 5 m/s B 553 % RT3 o5 e 3 g B FRAIR
Iy BIBEAR T 25.10%F1 26.35%, 1568 WAT 3 i
RGO BN AR e )2 i R 2% 101 19 55 1%
Bowib . Bk 2 xR (TRl — RATHEE A K
17 BE AN — RAT R AR RT3 ) S
. SRR 2.1 ThEREIA— LT A
RWE .

I AML AT A AT — g i, R[]
Wk ME (R AL F Al G) FBELRISh
SX11001VS i 251 2 J8 - 2418 R 2515 ~F- 2408 2
iy, 010 79.39 Nem® Fl 6.32%, SGHEsLE
54 XR11002VS o E 25, {H SX11001VS
W5 Sk 25T 46 55 1Y A8 S R BCH XR11002VS Wik
1 3.5 1%

gE LRI K T20 BUAE AR TC ABLIE Sk 55
i SX110015VS, CATEESE 4 m/s, ¥ATRIE 2.5 m
i SRR E TR R 2 (AT 5 s,
AT 1.5 m B S I 5 R

R TC A AL il S H A% P e 77 ¥ R b %
T H ) 258 2 SRR WL 5, S5 3RW, itidh
J& 3 d, MARTC AN TS EO 5 b 57 1% ik
IR IERT AN 65.09%-86.43%, Tizh)s 7 d, #%
EBZCH 51.05%-86.46%, 4 KATHE K 4 m/s,
N 2.5 m, BELAIS R SX110015VS B, itz
JG 3d 17 d RERRG At 24 AT HUE
4m/s, N 1.5 m, BELIESN XR11002VS B,
JEZi )5 3 d F1 7 d R IE B R M A

T4 FEABEERTENEEER

Table4 Density and coverage of dropletsin maize canopy

%% % Droplet density

% %% 55 2 Droplet coverage

Il (dem?)  fREER ERREC(%) gy, PRl BREN (%)
Treatment . FHE (%) )

Average Standard Coefficient of Average (%) Standard Coefficient of

(droplet-cm™) deviation variation (%) ge o deviation variation (%)
A 48.57 ¢ 50.47 103.92 5.75¢ 3.99 69.47
B 52.14 ¢ 64.78 124.24 5.99¢ 4.71 78.57
C 21.07d 26.58 126.18 2.77d 1.47 52.99
D 62.84 b 52.06 82.85 935a 10.60 113.36
E 50.23 ¢ 59.82 119.08 7.40b 5.33 71.97
F 79.39 a 105.18 132.48 6.32 be 7.73 122.29
G 78.10 a 81.34 104.15 6.25 be 2.16 34.59
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Table5 Result of field trial test
3d 7d
A . — , —
Treatment EE Dﬁi@% ( % ) V)CIEBJ??& ( % ) EE E”}ﬁi%% ( % ) &J—_Elsjj‘ﬁ?‘i ( % )

Demoralization rate (%)

Correcting effect (%)

Demoralization rate (%) Correcting effect (%)

CK - 46.67+13.08 ¢ 0

- 15.24+6.54 d 0

Q ™ m U o @@ >

50.39+10.90 b
80.82+10.84 a
71.08+6.58 ab
75.48+12.78 ab
79.2249.23 a
62.62+10.84 ab
48.37+14.02 b

65.90+8.25 b
86.43+8.66 a
80.40+3.01 ab
83.55+£7.45 ab
86.10+5.49 a
73.96+9.68 ab
65.09+6.89 b

57.5248.03 ab
84.38+2.11 a
66.04+8.57 abc
69.76+7.84 ab
79.66+8.27 ab
75.9547.15 ab
43.88+£10.29 ¢

63.20+6.09 be
86.46+1.42 a
70.33+£8.61 abc
73.5348.05 ab
82.40+7.16 ab
79.1446.26 ab
51.05£10.69 ¢

MM RITHEE N 4 n/s BF, AFEKITE
E G4 AL BRIC) TEERN 2.5 mBf A
MU G U P I e %o B b SR ROt 24 /5 3 N 7 d
KIER A BT 1.5 m R ERR, 5
3.5 m G REEZESR (P>0.05) ; ¥ ITHEE
1.5 m i, R[ETRATEEE (IA54H AL DFE)
R 6 m/s B J5 3 M1 7 d B AE B st =
390 86.10%411 82.40%, 5 KATHE 5 m/s G
WEE2RE R (P>0.05) 5 4 AT FEA RATHUEE
— R, AFEWESLEYS GRRA AL FAMG)
SRS XR11001VS By s 3 A1 7 d BEF
Bl Rk E i, AR 73.96% 1 79.14%, 4¢ FRTIR,
KR T20 BIREARTCANL RITHERE 4 /s, KATM
JEH 2.5 m i, 2GS 3 M7 d BB IE B R AE
85%A I, it FH 40 U R R 77 1 7 1 57 7 e P
IR Al AR

3 HFHit5ig

FLORTC ML AT B L RAT RS R S5 A2
PR 2525 I DU 2R R, DATERRF
GEAEREM, TN ATRE 1-3 m, 1Rk
HRPE 5-7 m/s B S5 T UTBUSCRAR X BLF (Hewitt,
2008; AR, 2014; £185%, 2021 ) . Zhang
55 (2016 ) WF5E ZHERAE R TC AN CAT =
Xt G5 R TE TR L 2 TORR A3 A (52 ), 25 R R R
A7 R XS 55 T 3 A S M B, R A it 2 1 BE

1 me RMATEE (2019) XF NIY-1206 BIAELETC A
PULEAS IR 3 2 8 . 855 1 B | B 0o Sk i TG
O 55 UURR A A AT T R 53 9 X R s
PEAT IRIA 34T, 25 5 2 B IS 55 w3 3 X IO AR it 5 i
W3, AR, CATHE—EWELT, R
W RATREE EREZ R EE R B, 5 Fik
T2 RAAT . SRR ANL AT v, e
I IB 3N 19) A AR KO, SRR )2
07 R 08 55 B T S e R R DL 2 i e 2
(RIS, 2021) ; BEE “ATE RN, FHETE
23 W32 S s () B 5 AR T 3, 553 SRS 11 XL
S, SECEAR_ LSS UTRUE D . SR ANL K
A B IR, R BIRAN T EXG S BB EK
FEREBILR, s et i LRl ik, Xt
FHK ., HEESEEAEY, NEia% IR T4 e
MR G HE, W@ B AT R (kS
B4, 2020 ).

AT TR X 5 7 R R, AL
KATEEN 15 m BT, ©ATEEE 5 my/s B
A R E N 9.35%, HEZY)E 3 d KeE By
aTik 80 %Lk b ERFARSE (2013) BF9E TG
NEFHLCATHRE | A7 B S R 22 B) 9 28 B
VEFAXTUURHR B AT AR S M s, &5 SR 2R B
AT R B R T B X 25 TR AT 1 R e
W, RS (2020) #F58 %M, HAETAL
RATHE AP, o AMUERE T 7 KMIRE I 1
TR A, K3g AR X R 2 7 A 5E
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I15 i o Z R NI K L R VR g &
SR, HTRATHE MR 6 m/s, KNS
TR R HEVE B A R o ARIF5E P Y ATk
FER 6 m/s 5 5 m/s B ITR 25T 7 1 R 1 25
SRE, VITHE 6.0 m/s AHET 5 m/s 23 B0
20.69%7%1 26.35%.

FAR T MR RS RSB AN WEE HR
Tic, B4 114) st T 25 W S B i R AR IR R R AR B8 /N, — i
4 100-200 pm ( EE KRS, 2017) o A5,
MURATER AT R, WSSy
SX11001VS I 55 1% %5 B V- B {H e = 0 79.39
Aem®, WEZGJE 7 d BRI 80 %, iGN
BA( TR 5T R AT LN SR R Y I AR
TR R E TR, [R5 R B R R A
A ELYREAORER . ABFSAE 667 m’ iz i
R EET , B B RKF IO R 5 R ER L
) RATSE— 2, 0538 31 e R 25 0 2% o ol 7
FERT ) C AT SHOR—2, HERAE TV HEAGE
564 RV TR A M ELSC I O, YE BT e
HABHEA 2R, B a2 h &
JEE S-S5 R 2530 740 i R e e, (HSE B 250
AR /NS ) 32 To A HUE 3 XU S iy 3 7= A 2%
IR, SEOTRAEREREZ DT A 5
% (E3fifE%:, 2017; Creechetal., 2018) .

25 LA, AW R T KR T20 BURE ARG
MHUARF CITSECT (CRITHIE 4-6 m/s, AT
& 1.5-3.5 m FImE Sk A4S SX11001VS |
SX110015VS. XR11002VS) Wit 200 g/L 44
% M 7 R R 1% 5 T T - A KB B )R
A 257 izt 3 L/667 m*) 1E F K2 i1
TUAR A1 LA KON e b 27 13 8 7 L T] IR R0OR © 1k
Yo gk R, TRAT R RN A T B XA AR T AL
Wit A 24 55 E ORI 2 DT B3 B,
MIANL KITHEE N 4m/s, ITEEN 2.5m,
Wik RIS SX110015VS B, S5 Ui~ B dpe ok H.
Wiz 3 d F1 7 d BIRCIE PR 7 85% A 1. BiF
GE 25 S AT A AR AR TC AN ML it A% 24 7 ¥ B K B
PRI FR AL — 2 R LS M0 A
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