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Control efficacies of insecticides against the brown planthopper Nilaparvata lugens
under various field operation modes and indoor application patterns
of insecticide spraying
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Abstract: To explore the problem of higher utilization rates of pesticides with unstable control effica-
cies using the agricultural unmanned aerial vehicle (UAV) sprayer, the deposition rates of pesticides on
rice plants were determined with liquid chromatography-tandem mass spectrometry after the field spray-
ing operations by UAV and knapsack power sprayer (KPS), respectively. Four insecticides (nitenpyram,
pymetrozine, dinotefuran and chlorpyrifos) were selected to catry out the laboratory experiments of in-
secticide spraying through various application patterns for the simulation analysis of the effects of off-
target pesticide deposits on the control efficacies of insecticides against the brown planthopper Nilapar-
vata lugens in paddy fields. The results showed that the deposition rate of pesticide on the middle-upper
section of rice plants was 34.83% by UAV application, which was significantly higher than KPS
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(15.30%). However, their corrected control efficacies on the seventh day after treatment (DAT) were
61.4% and 64.4%, respectively, and no significant differences existed between these two operation
modes. In the laboratory simulation applications of insecticide spraying, the maximum pesticide con-
tents assessed in the base samples of rice plant were observed in the direct spraying treatments for all
three systemic insecticides (nitenpyram, dinotefuran and pymetrozine) on both first DAT and fourth
DAT. Their corresponding corrected mortalities were also the highest in all treatments on first DAT
(23.33%-70.00%), fourth DAT (46.67%-80.42%) and seventh DAT (70.00%—-87.50%), respectively.
The spraying with rice stem bottom covered ranked second, while the treatments of spraying leaves and
adding insecticides into water had lower mortalities. For the organophosphate insecticide chlorpyrifos
with contact toxicity and fumigant action, both spraying directly and adding the insecticide into water
resulted in more than 98.33% corrected mortalities on first DAT, second DAT and fourth DAT, respec-
tively, which were remarkably higher than those of the other two treatments. As observed, different in-
secticides had different characteristics of uptake and translocation, which directly influence whether
they could be transferred to the rice stems, thus affecting their control efficacies against N. lugens.

Key words: Nilaparvata lugens; unmanned aerial vehicle; insecticide; pesticide deposition rate; insecti-

cide application pattern; control efficacy
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Fig. 1 Insecticide contents in rice plants under different modes

of operation
P P bR DR . * IR 28 TR I TE P<
0.05 /K V-2 % 2 . Data in the figure are mean+SE. * indi-
cates significant difference at P<0.05 level by ¢ test.
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Table 1 Pesticide deposition rates and corrected control efficacies under different modes of operation

AR 2T Pesticide deposition rate/% K TE B AR
N ti ‘ - t trol
FEl /728 Operation mode KFET L KRR Cor;eﬁcv1 Ce:c c?% 10
Middle-upper section of rice plant Base of rice plant Y
g S s A 15.30+1.65 Ab 0.85+0.15 Ba 61.4+3.06 a
Knapsack power sprayer
ZIERAHRIC AL 34.83+7.42 Aa 1.66+0.58 Ba 64.4+3.20 a

Multi-rotor plant protection UAV

FHRE AR . [RATARIRSE FhE RIS R NG 5B 050 2R 2 50 30 4 P<0.001 Rl P<0.05 K- 22

583 . Data in the table are mean=SE. Different upper letters in the same row, different lowercase letters in the same column indi-

cate significant difference at P<0.001 and P<0.05 levels by ¢ test, respectively.
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Table 2 Contents of three insecticides at the rice stem and their control efficacies against Nilaparvata lugens

under various patterns of pesticide application

Zi1d Zij4d Zif57d
Sl MRS One /d\a; after a;tpllcatl‘or‘l : Four /d\a;s after af)phcat‘lo‘n' . )BZIE?ZE$1
Insecticide Pesticide application pattern 1@75 aE FESET 1@75 RE BESET 5 Corrected mortality
Pesticide con-  Corrected Pesticide con-  Corrected ~ on seven days after
tent/(mg/kg)  mortality/%  tent/(mg/kg)  mortality/% application/%
IRNERIE  EEW Spraying directly 0.56+0.10a 23.33+11.55a  0.23+0.08a 46.67+17.64a  73.33+6.38a
Nitenpyram - e bt s ity 0.17+40.05b  10.00+15.87a  0.14£0.04b 13.33£11.55b  68.33+9.43 a
Spraying with rice stems covered
KA ngy 0.03£0.01 ¢ 6.67£5.44a  0.110.02b 18.33£333b  43.33+8.39b
Adding insecticide into water
i 2y 0.17+£0.05b 13.33+5.44 a 0.13£0.02b 11.67+6.38 b 50.00+11.39 b
Leaves exposed to insecticide
W i i B HEWEiE Spraying directly 0.87+0.14a 70.00+8.61a  0.69+0.32a 80.42+1449a  87.50+14.69 a
Dinotefuran - jge piy 2 3t s 0.53£0.14b  50.00+11.55b  0.6140.18a 73.33+6.38ab  75.00+8.61 b
Spraying with rice stems covered
Kbngy 0.1940.00c  8.33£6.38d  0.26+0.01 b 53.33+20.64b  55.00+8.61 bc
Adding insecticide into water
M- Hiti 24 0.37£0.16 bc 23.33£11.55¢  0.23+0.02b 35.00£11.55¢  50.00+14.78 ¢
Leaves exposed to insecticide
L A7 T LM Spraying directly 0.29+0.11a 45.00£10.00a  0.26+0.01 a 50.00+12.80 ab  70.00+17.53 a
Pymetrozine jy bty 2 3t ity 0.23£0.08 ab 43.33+8.61a  0.18£0.02b 53.33£5.53ab  56.67+16.67 ab
Spraying with rice stems covered
K gy 0.13£0.01b  33.33+10.89ab 0.11£0.00 ¢ 58.75+24.28a  55.42430.38 a
Adding insecticide into water
- i 2 0.17+0.02 ab 20.00+9.43 b 0.08+0.02d 23.33+5.53 b 25.00+£5.44 b

Leaves exposed to insecticide

PR R AR DR o[RS HGR RIS AS [R) /NG 7 B3 7R 28 Duncan RGBS B 22 154G 30 1 P<0.05 K-F- 2257 3%

Data in the table are mean+SE. Different lowercase letters in the same column of the same insecticide indicate significant difference

at P<0.05 level by Duncan’s new multiple range test.

R3 FRBHEXTEABMAKBEERDHRALERNE CENREFLTE

Table 3 Contents of chlorpyrifos in the rice stem and corrected mortalities of Nilaparvata lugens

under various patterns of pesticide application

25 1d Zjg2d Zifiad
i, One day after application FIEFET 3R Four days after application
Pesticide api)lication pattern ZQ%QE fiEser - Corrected mortalityv on Zzéﬁ/a\ﬁ IESET
Pesticide content/  Corrected two days after applica- Pesticide content/  Corrected
(mg/kg) mortality/% tion/% (mg/kg) mortality/%
Wi Spraying directly 0.37+0.13a  98.33+3.33a 100.00+0.00 a 0.25+0.09a  100.00+£0.00 a
P ZE i 0.05£0.01b  58.33+17.53b 68.33£17.64 b 0.07£0.02b  81.67+15.87b
Spraying with rice stems covered
Ky 0.09+0.04b  100.00+0.00 a 100.000.00 a 0.14+0.03b  100.00+£0.00 a
Adding insecticide into water
M HTiti2h 0.06+0.01 b 41.67+13.74 be 58.33+12.17 b 0.08+0.01 b 63.33+11.39 be

Leaves exposed to insecticide

FPEEE AR bR R . RIS [F)/NG F8ER R 28 Duncan FOBN & 22 AR B0 7E P<0.05 7KV 22 5 2 % . Data in the

table are mean+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new

multiple range test.

2.5 2NEBHAERHKRNX T B CEBARR
TE 53 BESIRIACT 9, Wk HHL 3% AT 307 ) 422 Wit

b PR IE AL T3> 0K foin 2 Ak LAY A I E AL T 58>

Rt 2 4k B R IEAE T3, FLIR]Rb 25 750 76 AH W]t

AT 2N EE MR PHA SR Z R TE B 2 5
FEPR T, I e OB B K hom 2 At it 2y
3R BRI SE T 353 5] R 40.00% . 30.00% F11
33.34%, ¥ 0 FH R T 4r BE AU R IESE T2, 430 oy
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73.30% .43.34% F150.0% ; TF 7K K& 43 BE I 4k 15 1
FEAEM B AW AN K TP 25 b B IESET - R34 R

100.00%, 1M1 I 7 i 245 A 34 4 IE BE T 3R 40 ) Ry
63.33% f148.33% , L& & m TR & (E2),

Spraying directly Adding the insecticide into water Leaves exposed to insecticide
S A B D
< 100 1007 A2 Aa 100 100 g maA
ﬁ 5 80 80 abb 80 80 Ab
AbAp
] g 60 60 60 60
H3g 40 40 40 40
o
g2 20 20 20 20
o
o 0 0 0 0
AW R SN R SR R oy S
Tillering Jointing Tillering Jointing Tillering Jointing Tillering Jointing
stage stage stage stage stage stage stage stage

A~D: JEWEHURE | WA | I EA AN FESERE . A-D: Nitenpyram, dinotefuran, pymetrozine and chlorpyrifos.
2 2N EBHAREAEX T 4F R BB CRNRERTE

Fig. 2 Corrected mortalities of Nilaparvata lugens by four insecticides at two growth stages of rice plant

under various patterns of insecticide application
PR Bl R B R pR R . AN RIRS B3R R 38 BUR R 25 KR 24 A B 0 2 1122 0 36 K 36 7R P<0.05 7K F-22
S35 5 AR/ ING P RE R [ % R [R] AR 7 A [RD it 24485 22 1) 28 Duncan PRS2 M 220 A K50 7 P<0.05 7K-F- 2257+ .3 . Data

in the figure are mean+SE. Different upper letters indicate significant difference between two growth stages of rice plant under the

same pattern of insecticide application for the same insecticide at P<0.05 level by ¢ test. Different lowercase letters indicate signifi-

cant difference among different patterns of insecticide application at the same growth stage for the same insecticide at P<0.05 level

by Duncan’s new multiple range test.

2.6 FREWNECENERSH
AU Tt A PR 5O e i, A B 24 48 NI
72 hif g CERL IEFE T 4853 514 90.83% .97.08% F1
100.00% , ¥4 it 25 755 T [F) b B s [i) JFC A 2 it 2455 =
TR IEFET 5, BEAEIEEZR A0 24 h N4l K EUAS

IESET- 2R 0 28.34% , AW 2. 35 i Tk thom 25 4b B, 17
AbPH 48 h B 2 Pt 25 A IEAE TR T I
2550 TEALFE 72 Wi, K N2 b B A IEAE T3 X
R TR AN, H AL IEAL T 3 7E 50.00%
P E(5k4).

R4 AREHBENX T HREXE CERNS N

Table 4 Toxicity of chlorpyrifos against Nilaparvata lugens under various patterns of insecticide application

a2t BEIEFET 2 Corrected mortality/%

Pesticide application pattern 24 h 48 h 72 h
Wi Spraying directly 90.83+3.44 a 97.0842.92 a 100.00+0.00 a
K HP N2y Adding insecticide into water 9.17+3.44 ¢ 41.66+2.71 b 63.34+6.31 b
HZEAL T Fumigating treatment 28.34+4.20 b 48.34+4.72 b 50.00+5.69 ¢

Pl R Bl SRy - R br ik . RIS R) /NG 7 BE 7R 48 Duncan [T M 227K 30 78 P<0.05 /KF-22 5% . 3% . Data in the

table are mean+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new

multiple range test.
3 itit

VT SEAER M LR T AL 2 A 7K A L
Bl e Y T B 45 T Bez — , RS v A FH AR 24 1] ]
)y R AR EEAE N . A 45 35 41 /K A H A
TR A5 SRR ], H PR T A ML AR 245 1 FIYE
31.3%~72.5%, f T My T W6 55 4R (3 & BR4F
2018b) ; PRERAESE (2017) 1 I 25 % B R AE/K R T
FELE SRS L T 2 Fh L3 JC AALFIE 1 30 rg 3

Z5 i (R S5 DURRBICR, , 4 R AR WL 2 W i 2517 o 4%
&), RO B0 T AT s AP ai Rt sk
WAL AR IC MU o DR T /KR L e 28 35 1
T AT H AR 2y 5 . KA E R %
ARGUIBORAERTFE 7 1, b 75 45 (2018) R F3h
g2 e ERHIE TIPS S 62 walll WV RN S RTIE77p i
T 55 i 78 B R T K RE AR 1) 23 ) 3 A1, 25 51 3R W]
TEKREAE R Fp L RO AY 7R 25550 203 o 82.58% HI
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82.33%, TN /K F 2 FAL 4 1.17% 1 1.59%; T W]
(2019) F| 75 2RET 45 7R A A5 22 B3 ML PR T AL
A 1 =X Bl 55 25t 24 i i 1 A K AR SERE i e 245
DURR o5 B MR AR 25 TR B 1Y 15.96% F11 17.48% 5 A<
F 75 285 AL I AR AR JE A ML it A A T35 f X
25 J5 ZA R K RS B AR 0 A 25U R A 10 IR T K A
o B, B2 A EE SR KRS S A 25 DTELR T
25 AR T KA B JE AMLVE LA 25 1 FH 2 ]
XA REBH AR AT S R

P % BTt 50, AEHE AR A ) AR 25 17T
RO R LB VA AR 1 2R 5 2% HUR) A B il
SHREE VI OE . FE 4R ORI 0 R 7R K RS
AN R ) iR BB D i, Wyss & Bolsinger(1997)
AF 5 3 AFLAR I o X R P P A A% A A 3K )5
e =X O A HU ) S EUA ; Elbert et al. (2008)
WFFT 2, B AR e RN e e e e sk - 3 m it
XN 2 11 2558 BT B IR AR , (EL 2 I T MBS i 1Y)
BRIARCRAL T 30 25, FLE R b Bz i B i 5%
AT W e B, 5ARRI0 25 R — 8. B AEWLE F
PN TR L T, (A A — 25 A P&
PR LGHERRELEATMRAR N 12 i % R 5l = 5 W 25 B AF
AL e 25 1% 5 FUZR— AN AR & (ke IR RIS
{d,2012) , U Ge et al.(2016) 57 £ BHE AR AR HE M
Jii) R v W WSO RE SRR I AR AR AR N 43T, T B4R
BREE (2000) AF 5T 26 B, 7K e A 2 1T 114) 35 5T ML RE 115
B BK R R, A AR TR AN R
FE o AN rhEE SR K 24 b 38 T A m i A
PEBIARCRAR Y, X AT g 5 B B A G

I A AR S8 U it 24 7 SRt &
B AL Sl T A B K R S HUE AR 2 TR
AT R BUIR , A AR 1R 25 (2019 ) 45 i 3ok R 75 48
55 R I 5 2 7 1 R K R S0 1Y) 55k 2 R BRI
PGS , PETTHE = B IA AR 5 TR, 38 A s 55
Bl R RE . 35 4 v 25 T U R e AN R DT RR (faf 2
,2017), #EEHFE (2012)iR 56 45 R, 7 M8t
FHTFIA 50 B B AR 25 1T, N [ 5 257 1) BT T30
RELE T RS, X EZE TRl ol (25 e
Ly ik BBy i M R LT A 55 2 B R SGR) L A
T i A4 AP AAROR 2R . A, J B )
2O AR T B iR K RG22 3800 U (R 22545,
20165 PRMUT 45, 2019) , ZERUAY 7 28 0 A5 T o 5]
(PR RIAE TI7%,2016) 45 , HHRAE R E , 787K 6 1
Hh it FH i AT PR T BSG THEEE A RE C , AR AR AR 25
WAL BIVRT A% 2538

ALY )0 S R LA 1 /K A A i A
PRICADLANTE 5 2 S35 VRl S A2 TR K
HXE CEUR BIA RO, KRS B 1 25 E L =
B A HFE T 55 R 2R s A TR A T i 5 H
U AT E SR T KR e 2 M 55 i F R AR
BB 25 TR 4 BB IR AR W52, £ J5 i L
Bt Al i VE 3 d — AL Chilo suppressalis | i % T
ZEFF LR Y SO A At E B R T IR A
5%, AP KR B B 2R B R AR R i Ak 25
AR AR 22K

Bigt: b EUKREOFIE TS B S BIUESE O A O T L
DA PR 3 T Pl S il R R VLA AR Bk Be AR L R W5 5 %)
ASCEBERI PR S 15 FRL RO
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