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Sl 0 FAHE Y 2 KL X, SRR AE Sy < AR 3
R 24 °C, A FHFEK 1 780 mm, H I8 4L
1906 h, MG IR Fel o A3 K R b Ry Rl 28 5 R
G E", THEZEM,5 A 8 H R THif =
FEAH , A7 25~30 cm, #kHE 10~12 cm, H ] /K JE 45
Pl H RS CHEAT o A% A 3 X D ] 3 B S
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V/V) ;5 (2) & J5 Frihiim B GE rER R A (136)
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PR B AR (VL R e e R R A B
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) TR

i Bh £ : BSA224S HL T K- (Sartorius AG, 7
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pore, F [E ) \MTN-2800D 2 Wk 45 1 (Kt BLAr 5%
B A A RAFD .
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2) bRk M2 ST . AR AR 25 5% BE 1 K T UL

SR S (1) MR, 43 0 S ST — SR W s W e
RF R AN il HES A

ORZitriEM &, HB 4K H# 0.02.0.05,

0.1.0.5.1.0.1.5 F1 2.0 mg/1L ) = Fi M5 e 55 0 e i
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JHe ZBUARETS IR, IR S 20O (3532 (HPLC) i
. (i fe Agilent 1260 =5 R IA (435X
e, [ Waters C18 2434 (4.6 mm X 150 mm,
5pm) . = FRAR B IE (A U S5 1y < I B AH S - 7K
(30:70,V/V),#ii# 1.0 mL/min, ¥ 25 C, #6003
K 233 nm, #EFE G 100 pl 5 95 BE HLU I 094G I 250
T sh A 2N -7K (45:55, V/ V), Hii# 0.5 mL/min, £
T 25 C, KK 260 nm, #EAEE 20 pL, 7F 0.02~
2.0 mg/L JBT i ¥k FE Y LN, 2 gk 24 1 0 T AR (y
mAU) 5K E (v, mg/L) W R RBIFAME LR, =
SR I E ) 0] )9 )5 B Ol y=334.51r+2.6289 (R*=
0.999 7) , M s iz iy [l )3 75 #h y="75.432+0.4351
(R*=1.0000).

QR EEFIBRAERT L R AR BUA LT 100.0
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R KRB RS 3] 0.5.1.0.2.0.5.0,10.0,25.0 Al
50.0 mg/L W R I TAEW . i H] Gen5 £ DI RERG b
AT 514 nm N DI E A IR WO B, B R
WM 3 W, BOFHE M TG it 2, i
7R y=0.02532+0.0152(R*=0.990 0)
1.5 HiEXE

h ZR GEVTAR AN [R) 55 257 B 751 6] A ) T A ALt 24
G RE I, AW R R TR 2500 H i & b
LA F AR il 25 7] i 5 Bl 2R Y
LHAEM RS WK 1. 2 Rt 25 19 it 25 71
3K 100 %0 (HEFEF &) (8520 F 7050, AR
GEAR 25 0 B (E . B R AL A 4R VE-3(0.1%,
V/V) 5&Z 7RSI (0.5%, V/ V)2 Fl . AR 4
WE5E s ANAE 85% 5 70% FH /K F A hnBh,
100%6 7l 2 2H AN TS i Bl 380, AR Ay 908 o 25020 ) 2 ok
M LB 102G B % 1425 FIXHIR (CK) |, &
ARb R 3 E R . R/ X TR 533~800 m*,

it 24 b BELAN | 4% /N IX [0 45 2Rt A — B0
25 H RN Z =, il 28~34 °C, A X JiE
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WD, B R E R — Bk DR E I E S
FH 1] 7 203 5803 3t ] — T8 AMLARIR [FI2E 58 . T A
BV 2505 2 2% MG ) R nii s F )ik 06 26
B . P2OAHARTC AMLIVENL SHORE AT
FER2m/s, KITE BN 2 m, R4S A 250 pm, W
W& R 2.7 m, Wi i 30 L/hm?,
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et QLA 2 2 B AR 24 T ) 24 550 36 D00 ) o it

ZYHT A BT IR 2 S 3.7 A 14 d 43 A 45 Ak
PEDCAE CEVEGR . R APPATBRERE | /D X BB
WS AN SRR A, B 5 15 em X 40 em & FAATT 5 A
IKFE, SE A 25 Ao ANIXAPFRIZE S Huii | i s S
Beo T A OGRS I Bk
1.7 RHGRBMENE

Ttz 30 min, RE50H A28 T, AR AL IX
AR P9 b S A R FE AL, K GB/T
40331.2—2021 CHEH PR AP DILB R FH A 8 25 T AR
I 56 2 8643 - AR ), AR )2 R
(60~70 cm) . 1 /2 (40~50 em) F1 F J2 (20~30 cm)
AR LR KRR R, B RIS em X1 em XK, 3
15 5 //NX o #E R — ki T &, o B
Peigfhntm . A/ANX 1S Rk R A IR A LA
8%, AP 3 IR, BHOR AR 45 it (34%) .

] B4 16 mL £ 8 5K, ik I R R 8
FERRLTE AV H LB R AN PR o Yk
W 28 0.22 pm 42X JE AR VB , T Genb AR
AT 514 nm AN E WO RE o AR AT A ST bR
W28 (y=0.02532+0.0152, R*=0.990 0) }- 341/ =X
AR5 74 N /N2 Wy o M= R VALY TR AR A=

:QZV (1)

g AT, pg/em?®; Q NVEBI i
WA R E  pg/mL; V PR AR, mL; A N
B A R AR, em?,
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Ry VEAK AN [ b JHO0E A 285 BR 8547 Ry B 52 0, 53 ]
Fiizh )5 1.3.7 1 14 d R4EFR)Z LA 5 (0~10
em) . B/NXCRH A AIRGEL IREGFERHT
fi G fLAE 0.25 mm i, F5R 83 40 #r o

1) = HRBERESR I, FRELS g TR T 50 mL
B0ET I L g & AbEN 2 g TEAKBRERBE K 5 mL
CNE L2135 F 6 000 r/min 5.0 5 min, B 1SR
2 mL, LA 50 mg Jo/K G EE .50 mg PSA F1 50 mg
C18 W B3], 6 000 r/min 5.0 5 min, B 1 ml b ¥
WA 2T, H 1 mL Ai%si O EE %, 4 0.22 pm
A DUAR R RE T U8 5 RE I

2) 4 WE M HR M, FRER 5.0 g + HEFE AL T 50
mL B IMA S mL 4K 10 mL L, ik e
P 1 min; A 1 g S ALENFD 3 g TCoK B B2 B
3000 r/min #5.L> 0 min, M EVEW 21, LA 50 mg 7o
KA R EE .50 mg PSA 1 50 mg Cyg,3 000 r/min &5.0»
5min, B 1 mL BEREAKRET,H 1 mL @ikalis,
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Table I Group-based dose-reduction and efficacy-enhancement experimental design
24 VT ERIENA 2+ Bhl
b3 R BEEE/ Y6 4380/ (mL/L) 5 25 W ) S 7 4341/ (mL/L) Fiht/mL
Treatment Types of pesticides Gradient of pesti-  Pesticide con- Types of spray additives Adjuvant Dosage of pesti-
cide reduction centration concentration  cides and adjuvants
10% = AR WEnE
T1 AR 100 75 £ 0 15.0
10% triflumezopyrim None
109 = A mEE
T2 IR 8 6.4 VF-3 1 12,7542
10% triflumezopyrim
1096 = F AR mENE
T3 SRR 70 5.3 VE-3 1 105+2
10% triflumezopyrim
10% = JEmEnE s gk
T4 A A /E 85 6.4 . ekl L 5 12.75+10
10% triflumezopyrim Compound lemon essential oil
10Y = Gkmsng A= o b ek
T5 IR 70 5.3 R 5 10.5+10
10% triflumezopyrim Compound lemon essential oil
0% M -
T6 1070 Jibi s e 100 15.0 £ 0 30.0
10% nitenpyram None
10%% 45 iz
7 VAR 85 13.0 VF-3 1 25542
10% nitenpyram
0/ il]"‘j i
T8 107 m eI 70 11.0 VF-3 1 21.0+2
10% nitenpyram
10% K
T9 70 M B 85 13.0 _ EorhvResm 5 25,5410
10% nitenpyram Compound lemon essential oil
100 JE I q A= P it e )
T10 % kﬁ% Sl 70 11.0 . St L 5 21.0+10
10% nitenpyram Compound lemon essential oil
CK 57K Water 0 0.0 JC None 0 0

WEE %, 28 0.22 pm AU IER S I8 5 18 . 53
B R T e oD RR A0 3, A v itf 2 R 45 A O ik DL AR
4147,
1.9 HELE

i 56 B3R R F SPSS Statistics 19.0 #E47 48114y
B o X AN ) &b B ) A5 1 7 25O iR A7 R R 3R O 254
#r, % A Duncan’s 2 5 M 88 46 06 A0 B[R] #4{H 22 57
M EE . RIRFOK R R 25 0T i S A B
B TR, XTI UEAT Pearson AHCHE T . 433
AL IRAEMIZJS 3.7 A 14 d M TTRR R 55 X6 1 A%
E B BB AR OC R 8 (r) S 3 P (P D) o b,
FET AT G s T S 3= 2 B AN, R AR K
95 It FH 25590 5 Bl 390 0% B Af , T 0R 4 A B A R 67 T AR
250 A OR B TTAMAE M S N T 28 H) |, LATTA ik
ORI 1 TR

2 HBR5HH

M5 35 B 7 %ot 24 i AR T 5K 1 B S
S5 (R 2) MR, AN [ b BN 24 R 2% T 5K T 19 5%
Wil A7 7E S35 22 5 o 2 BT 55 DIy JR) 34 BE A S8R AR 4
ARG R 5K ), (HHAE 5 A 25 28 T U A

2.1

Ko TERBINBHFNET, i nE s R K50 (T6) i 2 18 7k
77 (44.13 mN/m) B I 5 T = FR g e A 1 741 (40.39
mN/m) , F& W J5 25 PRI 300 3 e 55 30 Bl 500 Wi A3 i B A
SR S Atk i VR R

I VE-3(0.1%, V/V) 5, =8 KW E (T2,
T3)85% H1 70% 7l & 1) 2% 1 5K 7 43 5l B % 37.60

®2 HRBAEHREKA

Table 2 Surface tension of each experimental treatment

AbEq 15K J1/(mN/m)
Treatment Surface tension
T1 40.394-0.35ab
T2 37.60+0.02bc
T3 38.84+0.35b
T4 32.90+0.05¢
T5 33.77+0.20c
T6 44.1340.04a
T7 37.96+0.02bc
T8 38.0340.09bc
T9 34.97+0.07¢
T10 35.297+0.28¢

ANTR)/ING B 7R AN [ Ak B H] A7 A5 1235 22 57 (P<<0.05) . Tl
Different letters represent the significant difference among different

treatments at 0.05 level. The same below.
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mN/m Fl 38.84 mN/m, ¥ & Ht iz (‘T7.T8) A K f#
% 37.96 il 38.03 mN/m, Bl R 6.9%~14.2%, 1M
WINE R BAEIh (0.5%, V/V) &, = K W5 E
(T4.T5)85% F1 70% I & 1) 2% 1 5K J1 43 I B 2
32.90 F1 33.77 mN/m , #WE HUHE (T9 . T10) AH R F 2
34.97 F1 35.29 mN/m, PRIk 16.3%0~20.9% . {H1%
HENZ, AR R EE T, SRR mEE 85% 5
709 3 ) By 2 5K 7 25 5 5300 O 1.24 mN/m
(VF-3)F1 0.87 mN/m (FrAG kg ) , 4 e H e AH Ny 2
524 0.07 mN/m 1 0.32 mN/m, ¢ B 2 7K - %) 26
A1 5K 77 B 5% W /N, B ) 3 S T 24 T T R Y
2.2 AREEIKBEHERARBENZM

W 1T AN R A BRI B 25 R A AR AR
BE 25 (P<<0.05), T7(85% Mshe difit+ VF-3) 1
T2(85% = AMENE+ VF-3) Ui E &, 200k
(1.012420.059) #1(0.99140.059) pg/cm?, i & T
HoAth Ak 3 (P<<0.05) . M L2, Jo Bl % B2 T1
H1T6 PLA I A4 51 o~ 0.523.,0.515 pg/cm?, H —
BB EES  FHET AN T, 5 R
TG B ) Ak 3 LA S A BT

0.991a 1.012a
1.0 —1—0‘895*’0‘886}, 0.903 0.897h
~ 0.8231 -843b
25 1 - RSy
<= 038
0 w
=5 0.523
= © 523 ¢ )
e 0.6 0.515¢
2.2 04
> ®
'\N\ndi
® 0.2
0.0
T™ T2 T3 T4 T5 T6 T7 T8 T9 TI10
AL Treatment

Bl AELEHKGINRE
Fig.1 Pesticide deposition under different treatments.

(B9 T 2 0 2, B A U Bl 3R R DA Ak 3
(T2~T5, T7~T10) JIAUR 4 B3 5 T AL, W i
ik 58.6%~95.0% . Hr, VF-3 B (T2, T7) KM
SR Pt AR B B R AR kT 1 7 0 R 2 - 4 42 T
90.9%6~95.06 , A 52 J7 ¥y BH il B 770 U E 12 35 2
FH UL R & (T4, T5, T9. T10) , {H 3 &k 5wk A% T
VF-3.
2.3 HFIB NSRBI FIHR =18 B

FET ] 1 60 245 2R 2 W, S [) Ak 60 A L 1Y B 42
RORFAERE2ER (K3, EMZE14d, T2 b3
(85% = JR A% W i +VF-3) [ 4% 1E B 2 B &, 38

79.92%, 53 T AR 245 8B R AU in Bh 30 1 45
HEXFIR T1(69.46% ,P<<0.05) , B E L T aH
WE U IR T6(52.62% , P<<0.05) o X T e 1 e
AbBE, T7(85% M WE HUE +VF-3)7E 14 d B 3 =
(66.87%), 3w T T6(52.62% ,P<<0.05).

N i I N T Sl I O =
(T2~T5.T7~T10) 2 )5 3.7.14 d W BH ALY 1 2%
T4 A JE B 45 (T, T6) (P<<0.05) o
Horp, = 2R mEnE 4] T2 78 3.7, 14 d B35 9 M
56.31% .77.41%.79.92% , ¥4 Rz R 25 95T £ B
B s M e OB TT7 AE 3,714 d B R 4 A
54.87% .71.68% .66.87 % , ¥4 K% 4e 252N £ ) Bt
B o (AR R YT, — SR W e A B 1Y B 4 B o
gk EFF, T2 4 56.31% ETH31 79.92% , 1k e
MR BRAE 7 d R TR ESIEA T, 2245
14 d, = F K WEE 25 A0 B (T1~T5) Bl %% (69.46 %5~
79.92%%) i = T 0 WE L X 1 A4k B (T6~T10,
52.62%~66.87%).

g EARRR AT, 5% HEER =R A
VE-3 87 (T2.T7) M4 H AR 25 2 B S L it Ty
%, Hop, T2 A BT 15% 4% 24508 = 1 [ B
14 d Py &80 A ) i = R BEE (T1) 2 7+ 10.46 A 43
JL AR R E U (T6) 32T 27.30 143 1, 2 M
H 2 A IR ROROR
24 RHBMBESHUAHEXER TIERBIE

Pearson A PEA T 45 5 (R 4) W, KA A
A 25 TR i 5 R GRS IE B RCFE i 2 i 0 o B
e B F IEM (i 2y )5 3 d:r=0.968; jiti 24 )5 7 d . r—
0.876, P<<0.001) , ik 55 5 191 iy 8 3 2 ¢l i THI A 280000
TSR, SR, 24 )5 14 d, MR B3 (=
0.396, P=0.257) , #f I 1 19 B % 32 24 570 )N A5 e P
FF,

X — G AT\ 5 B B A AT R EIE (K 5) .
SRR AR (T1~T5)7ERi 24 7 14 d 19 13958 81
4 0.60~6.97 pg/kg AL HAN AR EE (25 /5 1 d)
(1 1.1%6~12.5% ; T s B HU i 4k B (T6~T10) [ #1
HRER R 17.16~54.17 pg/kg, i WA 1 6.2 %5~
19.7% o SN WE B e 38 v i 4 X6 5% B T
A 14 d B E LT = ORmE e . X 2B, 257
(AR 0 B 85 32 B e T I N A 9 2 W T S R Ak e
Jy AR R R B A SR AR S SRR
WEAE SR BT LA B8 R SR BT LA s N R L R AF
e TP B A A E R A — B
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Table 3 The efficacy of rice planthopper control under different treatments with reduced pesticide application by UAVs

255 3 d 257 d Ti2)e 14 d
3 days after application 7 days after application 14 days after application
o DRPECmros W Bo/% OB MR/ BRUY% RO WIRR/% BRU/%
Treatment Pre-treatment Insect /% Control Insect Insect Control Insect Insect Control
insect density count Insect efficacy count reduction efficacy count reduction  efficacy
reduction rate rate
rate
CK 26.67£3.93  27.33% 2.73 —2.50 24.33+2.87 8.75 24.33£4.90 8.75
T1 25.60+£4.23  15.3343.20 40.10 41.56b 7.73+1.67 63.02 59.47de  6.67+1.35 72.14 69.46bc
T2 26.2045.20  12.27+£2.22 55.22 56.31a 8.0711.83 79.39 7741a  5.93%+2.15 81.68 79.92a
T3 27.27£5.20  14.07£3.37 51.59 52.77a 6.07£1.71 74.33 71.87abc  5.67£2.31 78.48 76.42ab
T4 29.93£4.00  13.60£2.26 54.57 55.67a 7.074+1.83 76.39 74.13ab  5.80£1.90 78.40 76.32ab
T5 29.87+£3.25  14.67+2.12 50.00 51.22a 8.07+1.16 75.00 72.60abc  7.6741.95 74.78 72.36ab
T6 28.074+6.80  15.00£1.73 39.67 41.14b 8.9342.02 60.57 56.79¢  6.07+1.83 56.77 52.62f
T7 25.80£4.38  11.93£2.22 53.75 54.87a 7.274+1.44 74.16 71.68abc  5.73£2.02 69.77 66.87bed
T8 24.27+£550  12.474+1.96 50.97 52.17a 7.67+1.63 70.91 68.13bc  6.80+£1.90 65.93 62.66cde
T9 24.73+4.83  11.87+£2.45 52.02 53.19a 7.134+2.33 71.70 68.98bc  6.53£2.64 63.34 59.83def
T10 25.20£3.73  12.87%1.85 51.32 52.51a 7.07%1.63 69.05 66.08cd  7.07£1.63 59.52 55.64ef
F4 M RRE S Pearson 18 X 45 # B T6 1 54.17 pg/kg B & 35.37 pg/kg, FEAK T

Table 4 Pearson correlation analysis results of leaf

deposition amount and control efficacy

Jiti 24 7 i 18] /d Days after application FARZAEL - P
3 0.968 <20.001
7 0.876 <20.001
14 0.396 0.257
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I i SRR T I R AR — AR E A 3
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W1 (4.67 pg/kg) FEAR T 32.9%0 ; Js e W Bz ab ¥ e, T7

34.7%6 o ABAFHE R N 7 RS T B 75 9 41
S, R 5 VE-3 & — 3, T4 HURBEIE + i
K ) 5% B R 4.43 pg/kg, 38 T1 %A 36.5% ; T (s
WE HU i -+ by RS Tl ) SR 35.61 pg/kg, B T6 FEAIG
34.3% . X —LEREKH], A 25k B i /b 25 T8l
FRXF 245 Y0 A T A SO )i A TR R TS S R Y
ER . 456 M Ui AEdE , T2. T4, T7 5 TI I
S 4 R TR I X R 2B S B R o T A
i 22 T B RE T, A 0 T 25 WA B, DTS
PRIRARIA BTG YL H b o
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Table 5 Comparison of pesticide residue levels among different treatment groups ng/kg
K% e HiZi)E 1d HiZ)5 3 d HiZi)E 7 d HiZh)5 14 d
= s - 1 day after 3 days after 7 days after 14 days after
Types of pesticides Treatment T . L s
application application application application
T1 55.94 26.13 13.16 6.97
T2 45.29 19.35 9.12 4.67
0f = AL I
104. A E T3 40.36 13.43 3.14 0.60
10% triflumezopyrim
T4 43.56 19.44 7.60 4.43
T5 39.11 15.61 4.91 1.17
T6 275.03 119.82 61.36 54.17
N T7 246.50 84.91 49.53 35.37
1096 i HL e
0/ T8 139.08 67.97 34.79 17.16
10% nitenpyram
T9 271.32 111.12 55.09 35.61
T10 131.31 71.33 40.48 25.17

25 BEEMEFAZSN
i 1o 4 B T 3 JT AR e 2 AL R A, B

FIEIEZ 5, ol AT AR SEI6 B I 28 550 1 T S 0 A
e A& 25 1006 e e K R B9 A 4 10



A A WESE BRI AR DR IS AMUIGE 25 B 6 R R Iel S5 PR 5T 231

1 3 5 7 9 I 3
Jiti 24 )5 i fE)/d Time after application
B2 VF-3BFIxt 2 K ERAK B
Fig.2 Effect of FTRT® VF-3 adjuvant on soil
residues of the two pesticides
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160 J6/180 mLs & J7 A7 15 K v Bl 770 14 4 4% hy
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Fig.3 Costs of each treatment group
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Dose-reduction and efficacy-enhancement effects of spray adjuvants
on controlling rice planthopper in plant protection drone spraying

ZHANG Jiantao"**,ZHANG Haodong"*, LI Junjie"*,LIU Wen*

1.College of Mathematics and Informatics ,South China Agricultural University, Guangzhou 510642 ,China;
2.National Center for International Collaboration Research on Precision Agricultural Aviation
Pesticides Spraying Technology , Guangzhou 510642, China ;
3.Key Laboratory of Smart Agricultural Technology in Tropical South China , Guangzhou 510642, China ;
4.College of Resources and Environment ,Zhongkai Agricultural Engineering College , Guangzhou 510550, China

Abstract Indoor measurement of surface tension was combined with field experiments to solve the prob-
lems including the low utilization of pesticide and severe drift of droplet in the application of crop protection
drone spraying. A comprehensive analysis was conducted on indexes including the physical and chemical proper-
ties of the pesticide solution, deposition of droplet, control efficacy in field, residue in soil, and economic costs.
The dose -reduction and efficacy-enhancement effects of two spray adjuvants-FTRT® VF-3 (a specialized ad-
juvant for drone spraying) and a compound lemon essential oil-on the novel mesoionic insecticide 10% triflu-
mezopyrim suspension concentrate and the conventional neonicotinoid 10% nitenpyram aqueous solution for rice
planthopper control were systematically evaluated. Results showed that both adjuvants significantly reduced solu-
tion surface tension and enhanced leaf deposition (the increase ranging from 58.6% to 95.0% ) , with VF-3 out-
performing lemon essential oil. The optimal dose-reduction strategy was achieved at 85% of the recommended
dose combined with VF-3: treatment T2 (triflumezopyrim+VF-3) and T7 (nitenpyram-+VF-3). T2 reduced
application of pesticide by 15% while achieving a 14-day corrected control efficacy of 79.92%, representing a
10.46 % improvement over the full-dose control and a 32.9% reduction of residue in soil. The result of Pearson
correlation analysis showed that there was a strong positive relationship between early-stage efficacy (3-7 days
post-application) and deposition of droplet (77>0.87,P<C0.001) , whereas long-term efficacy (14 days) was pri-
marily governed by the intrinsic persistence of the active ingredient. Economic analysis confirmed that T2 offered
an optimal balance, achieving high efficacy at a cost of ¥ 172.35 yuan/hm®. The efficacy of adjuvants was not
solely determined by the reduction of surface tension but rather by their integrated effects on the deposition of
droplet and the partitioning of pesticide within the plant-soil system. It will provide both theoretical insights and a
practical, scalable approach for the precision application of drone spraying and the green reduction of pesticide in
rice production.

Keywords plant protection drone; green prevention and control; reduced application of pesticide ;
droplet deposition ; rice planthopper; spray adjuvants
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