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Effects of UAV spray parameters on pesticide deposition on Zanthoxylum bungeanum
leaves and aphid control efficacy
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Abstract: To enhance the effectiveness of unmanned aerial vehicle (UAV) application for aphid control
on Zanthoxylum bungeanum, the effects of flight height (3.0-5.0 m), flight speed (2—-6 m/s), and spray
flow rate (13.5-21.6 L/min) on pesticide droplet coverage density, deposition and distribution unifor-
mity were systematically evaluated using water-sensitive paper sampling. Field experiments were also
conducted to compare the control efficacy of UAV spraying with that of a knapsack manual sprayer
against the aphids. Results showed that flight height, flight speed, and flow rate significantly influenced
droplet coverage density and deposition, while flight speed and flow rate significantly affected droplet
uniformity. Optimal droplet deposition characteristics were achieved when the UAV operated at a flight
height of 3 m, a flight speed of 2 m/s, and a flow rate of 18.0 L/min. Under these optimized parameters,
UAV application achieved an aphid control efficacy of 84.95% at 7 days after treatment, which was sig-
nificantly higher by 10.60% compared with the knapsack manual spraying treatment. The findings indi-
cate that the optimized UAV spraying parameters identified in this study can be applied for precise field
control of Zanthoxylum bungeanum aphids.
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A-2E Treatment
1~9 H AR SHEH G TG A AT (3.4.5 m =UKF) B RATHUE (2,46 m/s =/KF-) M2 Cfih ittt (13.5.18.0.21.6 L/min
KA ) KRS EALA M A2B1C2,A3B1C3 \A1B3C2,A2B3C3  AIBI1C1 . A2B2C1,A1B2C3  A3B3C1 1 A3B2C2., 1-9
represent different UAV spray parameter combinations, including A flight height (3, 4, 5 m), B flight speed (2, 4, 6 m/s), and C flow
rate (13.5, 18.0, 21.6 L/min). The corresponding parameter combinations are A2B1C2, A3B1C3, A1B3C2, A2B3C3, A1BICI,
A2B2C1, A1B2C3, A3B3CI1 and A3B2C2, respectively.
E1 EANARBEESH TERHALNEFESTE

Fig. 1 Droplet coverage density on Zanthoxylum bungeanum leaf surfaces under different UAV spray parameter treatments
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/N SR e 7R R[] Ak BR8] S 240300 5 1 26 Games-Howell K 56 2% K 5 2% 57+ 1 3 (P<0.05) . Data are mean+SE. * indicates a
significant difference between measurements on the adaxial (front) and abaxial (back) leaf surfaces within the same treatment based
on an independent-sample ¢ test (P<0.05). Different lowercase letters indicate significant differences in the average measurements

among different treatments according to the Games-Howell test (P<0.05).
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Table 1 Analysis of variance of UAV spray parameters on droplet deposition characteristics

AL FWUR L FOEIE
N N Droplet coverage density Droplet deposition Droplet uniformity
WEBH —— — ——
Spray  HUIE gy BT PR i
parameter T Mean F P P Mean F P FIrA Mean F P
Sum of Sum of Sum of
square square square
squares squares squares
AT 961.357  480.679 3.239 0.044  0.052 0.026 12.421 <0.001 1390.892 695.446 2.125 0.126

Flight height

KA 4 603.603 2301.801 15.509 <0.001 0.242 0.121 57.891 <0.001 9976.889 4 988.445 15.241 <0.001
Flight speed

T2 1487819 743910 5.012 0.009 0.046 0.023  10.954 <0.001 3518.481 1759.240 5.375 <0.001
Flow rate

% Eror  12170.524  148.421 0.171  0.002 26838.071  327.294
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Table 2 Droplet deposition characteristics under different UAV spray parameter levels

ZHOKF- Z5 T i B B/ (> em?) SR Al i)y
Parameter level Droplet coverage density/(droplets/cm®)  Droplet deposition/(uL/cm?)  Droplet uniformity/%
AT Al (3m) 57.2844+2.224 a 0.195+0.008 a 58.7704+3.303 b
Flight height A5 (4 1) 55.796+2.264 ab 0.188+0.008 a 68.245+3.362 a
A3 (5m) 49.719+2.224 b 0.141+0.008 b 65.276+3.303 ab
TRATHE Bl (2 m/s) 63.275+2.264 a 0.244+0.008 a 49.43243.362 b
Flight speed gy (4 pys) 53.92242.224 b 0.164+0.008 b 68.470+3.303 a
B3 (6 m/s) 45.603+2.224 ¢ 0.117+0.008 ¢ 74.391+3.303 a
Tt 243 i 1k C1 (13.5 L/min) 49.045+2.224 b 0.143+0.008 b 68.411+3.303 a
Flow rate

C2 (18.0 L/min)
C3 (21.6 L/min)

59.058+2.264 a
54.697+2.224 ab

0.196+0.008 a
0.186+0.008 a

55.151+£3.362 b
68.730+3.303 a

B AR RR AR . [FIBNERE G A R T R R 2 2 T 2 22 Wik K 56 25 7 1. 3% (P<0.05) . Data are mean+SE.

Different letters within the same column indicate significant differences based on multi-way analysis of variance test (P<0.05).
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=K X S A K h A2B1C2 . A3B1C3 . A1B3C2,A2B3C3 . AIBIC1,A2B2C1 A1B2C3 . A3B3C1 Fl A3B2C2, 1-9
represent different UAV spray parameter combinations, including A flight height (3, 4, 5 m), B flight speed (2, 4, 6 m/s), and C flow
rate (13.5, 18.0, 21.6 L/min). The corresponding parameter combinations are A2B1C2, A3B1C3, A1B3C2, A2B3C3, A1BI1Cl,
A2B2C1, A1B2C3, A3B3C1 and A3B2C2, respectively.
E2 ZTANMAEHRESH TR ELNEBRRE
Fig. 2 Droplet deposition on Zanthoxylum bungeanum leaf surfaces under different UAV spray parameter treatments
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IINE B 2R R O ) A PR RS- 247 0 5 {242 Games-Howell 46 56 725 46 56 22 5% 8 3% (P<0.05) . Data are mean+SE. * indicates a
significant difference between measurements on the adaxial (front) and abaxial (back) leaf surfaces within the same treatment based
on an independent-sample ¢ test (P<0.05). Different lowercase letters indicate significant differences in the average measurements

among different treatments according to the Games-Howell test (P<0.05).
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KA ) KRB E AL A M A2B1C2,A3B1C3  A1B3C2,A2B3C3  AIBI1C1 . A2B2C1,A1B2C3  A3B3C1 Fl1 A3B2C2., 1-9
represent different UAV spray parameter combinations, including A flight height (3, 4, 5 m), B flight speed (2, 4, 6 m/s), and C flow
rate (13.5, 18.0, 21.6 L/min). The corresponding parameter combinations are A2B1C2, A3B1C3, A1B3C2, A2B3C3, A1BICI,
A2B2C1, A1B2C3, A3B3CI1 and A3B2C2, respectively.
B3 TANAEHESH THERHELNEBIHHETE
Fig. 3 Droplet uniformity on Zanthoxylum bungeanum leaf surfaces under different UAV spray parameter treatments
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IINE B 2R R N ) A PR RS- 2470 5 42 Games-Howell 46 56 723 46 56 22 53 8 3% (P<0.05) . Data are mean+SE. * indicates a
significant difference between measurements on the adaxial (front) and abaxial (back) leaf surfaces within the same treatment based
on an independent-sample ¢ test (P<0.05). Different lowercase letters indicate significant differences in the average measurements

among different treatments according to the Games-Howell test (P<0.05).
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R3 AEAIEXTTEHUET B A9 AR CURGR RARERBR

Table 3 Insect population reduction rate and control efficacy of pepper aphids under different treatments %

245 3 d 3 d after application

osil

ZjJ5 7 d 7 d after application

Treatment R BEROR ot PR BTARCR
Insect population reduction rate Control efficacy Insect population reduction rate Control efficacy
JEAHLEZS UAV spraying 75.88+3.36 a 78.25+3.03 a 82.51+1.29a 84.95+1.11 a
TS msE Aviti 2y 65.01+7.36 a 68.45+6.64 a 73.05+£2.55 b 76.81+2.19 b

Knapsack sprayer spraying

F PR R R o RISV S AN [R] 5 R R s S ST AR ¢ AR G IR 2 5 12 % (P<0.05) o Data are mean=SE.

Different letters within the same column indicate significant differences based on independent-sample # test (P<0.05).

AT R B AR AU L 2 1 55 T 4 DU A
R, ABFRAS R BN AT S
PR ZG R, S DRI e, JE R AR |
170 BE R 3 m i 23t i 18.0 L/min B, 4EAUE 2
155 R UTRR R PR SR P o kiR 55 (2023) F| FH K g T20
HUAE R TC A WLIE it 2K 48 1148 74 Beauveria bassiana
TR, e AT ey JEE X LA TR A ) 5 R AR
ARERW, AT ERE T 5D,
X TR E R S, TR
A 2 H 55 et J 2 b 8 3 B A7) , 5 B0 T DT e
NS LIRS RS 3 K, TR A R AT & B BB —
LI AE A (Lan et al.,2021) . AN, ARBF5T &
Rt 24 3t s Xk A6 AU 22 55 0 0 A A R S
Wang CL et al.(2022) 1| HL 8l 7S e 3 Jo AHLE T3
SR Pl W53 25 it 24, e I it 24 %o S SR el 2507 7 s A
DU A B2 . RIS (2025 ) il i DU e S Al
TR TC LA TG L )2 25 i DU AR A3 A ik, & B0
Jiti 247 6 300 2 SR 7 2 s T D URR 2 B A et L J2 2577
B, M2 e — & i N 5 55 M 25 R %S
T AR A A IE AR DG, 3 > 48 v it 24 9 et 7T B 25
T S R M TR & (H R R R B UL
FUREIS] s ROR (R 545, 2023) .

H T, A62= Biia AT SR SR AR Pt B 45 1 22
F-Bo Jo AU 25 76 By 75 oK H v 5 b 27 1% 1
Spodoptera frugiperda V.M £ KIE Ostrinia furnaca-
lis 55 7 T80 C A BCEN N, FH 2450 (5 R 55 , 2023 5 60y

45 2024) ., Lou et al.(2018) #F5% T JC A ML Xt i ef
Aphis gossypii FIHH i )45 il 5CR , 2 BT A HLiE 24
Xof A K i 1 B IR SRS 609% LA o AR 4S
REW, T AMLIEZE 5 3 d %k s B VA 8508
78.25%,7 d J5 7 ik 84.95% , W E T AN Ty R e
SIMESE A2 . AL, S TR UE R, JTE AL
it 24 J AR AU 75 T 1) 5 ik 7 2 v T AE I, L
W7 IE T T 550 DURR R A A 2450 B 34 B 2
25 AL Gt 2 X R i = SR AE L, S5 e DL 3]
IR I 2455 5 AR A g ARE 3R R, BT TA AR
Ty (kAR 55, 2025) o T R R ELAE TR R
R, T AU REGEHE N 5 i de A4 i E =S, A
[IEE1 R E

/IR AR TC AL AR ey b T2 10 fi8 7 AIG
23 WG RE 7, FEA M Az 7 v R A TR B R T
Sto AR AR R, AT B AT At 25 3
U TC AL 55 FE AL 2 1 25 T TR E A
ES AR SECT AT AR R i, 245
7 dBFIARCR T Ik 84.95% , W E LT N T35 faalH
SIMESE ARt Zh . X TC AMLLELR A U B G
FUA W PSRN 1. Aok, T AW S5 |
N AR KRB SR AN — LIRS i
ANt 25 Ab 7 (5 EAL B X G 25 ARG VE it 2 B
AU A SIS 3R A B e A Mt
B HEAL T MU 2R R |, I [FHESI AL A= 7 A
UK 250U PR RS A Ak R RE AL IR R4S FRAR X
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A O RBEA R 4 MR T sl Kk R
FER R 3 580380 71 (Saleh et al., 2022, Raouhi et
al.,2023),

2 % 3 Wk (References)

Chen G, Liao K, Xiao T, Guo KF, Zhou YY, Jin CZ, Ni XZ. 2025.
Effects of operating parameters of plant protection UAV on depo-
sition and distribution of droplets in citrus canopy. China Plant
Protection, 45(2): 74-78 (in Chinese) [#4:h, BEHL, 1441, BHT &,
2528, &R, filp% . 2025, FARTC AR L S 4806 % ik 1
FAB U A A (s . rp A LR 510, 45(2): 74-78]

Chen J, He XK, Shan HD, Han L, Su WB, Zhang X. 2025. Research
progress on the deposition effect of plant protection UAV droplets.
Agricultural Science & Technology and Equipment, (3): 67-68 (in
Chinese) [W&7, {4z, 1I5AGE, #, 253CH, 5KkA0. 2025, figfR
TN B TURRBCR IR . RO BHE 554, (3): 67-68]

Chen SD, Lan YB, Bradley KF, Li JY, Liu AM, Mao YD. 2017. Effect
of wind field below rotor on distribution of aerial spraying droplet
deposition by using multi-rotor UAV. Transactions of the Chinese
Society for Agricultural Machinery, 48(8): 105-113 (in Chinese)
[ R 78, >~ T M, Bradley KF, 224k, X Z R, BHA . 2017. £
TEFLICNNLIERL T T3 3%t 2 Wt 5 i OB 52 . Al AL
W2FAR, 48(8): 105-113]

Chen SD, Lan YB, Zhou ZY, Ouyang F, Wang GB, Huang XY, Deng
XL, Cheng SN. 2020. Effect of droplet size parameters on droplet
deposition and drift of aerial spraying by using plant protection
UAV. Agronomy, 10(2): 195

Deng ZW, Yu P, Chen L. 2009. Application of SPSS software in
orthogonal design and result analysis. Computer Study, (5): 15-17
(in Chinese) [XSIRF, T, 434 . 2009. SPSS # 4 78 1E 281X 5
B AR R . HUAE 2, (5): 15-17]

Gao XQ, Wang D, Li XD, Chen GP, Jiang ZL. 2023. Structure optimi-
zation and droplet deposition characteristics of centrifugal atomiz-
ing nozzles. Journal of Drainage and Irrigation Machinery Engi-
neering, 41(7): 749-756 (in Chinese) [ 5 G, LI, 228578, Bi
I, 22850 . 2023, #5055 AL S5 4 I A6 X S5 i DT RURA:
HRFEHUI TR, 41(7): 749-756]

Guo J, Liu CM, Hou QQ, Wang XM, Shan SL, He JZ, Yang YG, Long
YS, Huang K, Yan XJ. 2024. Effects of aircraft type and flight
parameters on tobacco plant under pesticide spraying scenario by
plant protection UAV. Plant Protection, 50(4): 283-288, 309 (in
Chinese) [F84E, XIIFMH, (ERkER, EHEHT, BAXLE, il &, ik
NI, Je Az, b, FEBei . 2024, A FZSAELLIC N CHLIEZ51E
AP XTRAFARL AR A0 . RO, 50(4): 283-288, 309]

Guo S, Li JY, Yao WX, Hu XD, Wei X, Long B, Wu H, Li HF. 2021.
Optimization of the factors affecting droplet deposition in rice
fields by rotary unmanned aerial vehicles (UAVs). Precision Agri-
culture, 22(6): 1918-1935

He XK. 2022. Research and development of efficient plant protection
equipment and precision spraying technology in China: a review.
Journal of Plant Protection, 49(1): 389-397 (in Chinese) [{i] /2 .

2022. FRAE GRS KT 2G BOAR HE RS . AR, 49(1):
389-397]

Jiang W. 2025. Analysis of research progress and influencing factors of
plant protection UAV in China. China Agricultural Machinery
Equipment, (6): 123-125 (in Chinese) [ ¥ . 2025. #1 [E 4 £ To
BB R K i R 225347 . AL AR, (6): 123-125]

Lan YB, Qian SC, Chen SD, Zhao YJ, Deng XL, Wang GB, Zang Y,
Wang J, Qiu XY. 2021. Influence of the downwash wind field of
plant protection UAV on droplet deposition distribution character-
istics at different flight heights. Agronomy, 11(12): 2399

Li LL, Hu ZH, Liu QJ, Yi TC, Han P, Zhang RR, Pan LG. 2022. Effect
of flight velocity on droplet deposition and drift of combined pes-
ticides sprayed using an unmanned aerial vehicle sprayer in a
peach orchard. Frontiers in Plant Science, 13: 981494

Li RF, Han SK, Su Y, Zhang X, Li JF. 2025. Research on the down-
wash flow field and spray droplet distribution of single-rotor plant
protection drone. Chinese Journal of Computational Mechanics,
42(2): 264-270 (in Chinese) [ZF{ R, FEIEL, 955, 5K A, SE42
25 . 2025, FRREEAECRIC AN T Beini s 52 55 oAb oY . it
TS24, 42(2): 264-270]

Liao J, Zang Y, Zhou ZY, Luo XW. 2015. Quality evaluation method
and optimization of operating parameters in crop aerial spraying
technology. Transactions of the Chinese Society of Agricultural
Engineering, 31(Suppl.2): 38-46 (in Chinese) [BE U, i2L, & &
Ha, B 83C. 2015, FEWHLAS WO VR BT B 3P B S EU I T
B Al TAR2EIR, 310081 2): 38-46]

Liu F, He YC, Zhang JP, Li DS, Zhao BJ. 2024. Study on the influence
of operation parameters of plant protection drones on the distribu-
tion of droplets deposition in walnut canopy. China Fruits, (12):
102-106 (in Chinese) [XIHA, ZUAT 4, SRR, 2244, X 4.
2024 FH B TC AMUEMY 206 55 LA AR R D LRG3 A (R 52 0
5T . o ESRA, (12): 102-106]

Lou ZX, Xin F, Han XQ, Lan YB, Duan TZ, Fu W. 2018. Effect of
unmanned aerial vehicle flight height on droplet distribution, drift
and control of cotton aphids and spider mites. Agronomy, 8(9): 187

Luo YJ, Chen X, Wu CQ, Hu JY, Zhang YG, Cheng YQ, Huang M,
Xie YH. 2025. Differential analysis on heavy metal cadmium
accumulation of Zanthoxylum armatum germplasm resources.
Journal of Southern Agriculture, 56(2): 343-354 (in Chinese) [
Kt BRI, SRR, WA, ok SCNI, FEING, BT, kAL
2025. T AEHSURR T U T 4 AR AR S 25 AT . e O ARl 2
%, 56(2): 343-354]

Ma Y, Gong CW, Zhang YZ, Li B, Wang XG. 2021. Effects of spray
nozzles and spray adjuvant on the deposition of droplets of plant
protection unmanned aerial vehicle (UAV) in paddy fields and the
control efficacy against Asiatic rice borer Chilo suppressalis. Jour-
nal of Plant Protection, 48(3): 518-527 (in Chinese) [ & £E, 51 %
7z, TRHRIEL, 25, F2 5. 2021 WS RN RE AR T AMLAR A 1
WE 55 25 T 1A TR S0 CRR O3 A K B IR AR RS2 . A R 4P
i, 48(3): 518-527]

Meng YH, Ma Y, Wang ZG, Hu HY. 2022. Droplet distribution in

cotton canopy using single-rotor and four-rotor unmanned aerial



1 SR AR RTINS 2O 2 AL TRITCAR M Bl 7 U8R ) 32 119

vehicles. PeerJ, 10: e13572

Qin WC, Chen PY. 2023. Analysis of the research progress on the depo-
sition and drift of spray droplets by plant protection UAVs. Scien-
tific Reports, 13: 14935

Qin WC, Chen PY, Yan XJ. 2024. Effect of spray parameters of a large-
load oil-operated plant protection UAV on the distribution of drop-
let deposition in the palm canopy. Plant Protection, 50(3): 227-
233 (in Chinese) [Z4ERS, Brlbr B, FIET . 2024, K2l S HE
PRIE AU 25 SR AR R 76 22 25 T DU A 520 . A 1
1, 50(3): 227-233]

Raouhi EM, Lachgar M, Hrimech H, Kartit A. 2023. Unmanned aerial
vehicle-based applications in smart farming: a systematic review.
International Journal of Advanced Computer Science and Applica-
tions, 14(6): 1150-1165

Saleh A, Joshi P, Rathore RS, Sengar SS. 2022. Trust-aware routing
mechanism through an edge node for loT-enabled sensor net-
works. Sensors, 22(20): 7820

Shan CF, Xue C, Zhang LC, Song CC, Kaousar R, Wang GB, Lan YB.
2024. Effects of different spray parameters of plant protection
UAV on the deposition characteristics of droplets in apple trees.
Crop Protection, 184: 106835

Sun Z, Gu W, Cui LF, Cai C, Chen C, Zhou QQ, Ding SM, Lan YB,
Xue XY. 2024. Research status and development trends of key
technologies for intelligent plant protection equipment. Journal of
Intelligent Agricultural Mechanization (in Chinese and English),
5(4): 1-23 (in Chinese) [#MT, Bifh, # J8 K, 25)2, B, JE G
W, TRWL, 22 B, BEHTT. 2024 2 A1 4 e R AR BT
BUIRS S a3 B REAAO R A A (TP 30), 5(4): 1-23]

Wang B, Zhang Y, Wang CS, Teng GF. 2022. Droplet deposition distri-
bution prediction method for a six-rotor plant protection UAV
based on inverse distance weighting. Sensors, 22(19): 7425

Wang CL, Liu Y, Zhang ZH, Han L, Li YF, Zhang H, Wongsuk S, Li
YY, Wu XM, He XK. 2022. Spray performance evaluation of a
six-rotor unmanned aerial vehicle sprayer for pesticide application
using an orchard operation mode in apple orchards. Pest Manage-
ment Science, 78(6): 2449-2466

Wang M, Wei ZZ, Guo JW, Xiao M, Dai Y, Yuan FK, He C, Tang MS,
Chen QD, Liu X. 2023. Harm of Sichuan pepper aphid and its con-
trol countermeasures. Sichuan Agricultural Science and Technol-
ogy, (6): 41-43 (in Chinese) [ T, BLFLEL, ZREL, 1 fif, 103,
ST AL, IR, BRPCAR, XA . 2023, AR Ht iy 16 5 B
Ba s 5. Ul RHY, (6): 41-43]

Wang XN, Wang SW, Lei CM, Liu YP, Chang H, Xiao Y, Li ZY. 2023.
The effect of flight parameters and nozzle type on the efficacy of
spraying chlorantraniliprole from an unmanned aerial vehicle to
control Spodoptera frugiperda. Chinese Journal of Applied Ento-
mology, 60(4): 1244-1253 (in Chinese) [ T jf i, T B, & H
U, XHERE, BT, M I, 2R 2023, A ORJE AL SR A
FH B fHe 7 T K e 22 v AR 3 A B ORT et S R B VA RCR . i
JHES 24412, 60(4): 1244-1253]

Xu M, Zhou QQ, Yang RM, Xu YF, Gao P. 2024. Analysis of meteoro-

logical factors affecting the droplets deposition in the prevention
and control of wheat scab by unmanned aerial vehicle and con-
struction of deposition prediction models. Plant Protection, 50(3):
70-79, 87 (in Chinese) [#R#L, WG, W, tR1Z3E, &3 .
2024, FEIRTEN RHLIBESE BT /N AR50 55 i TR I U
W R 1A B TR U L . AR, 50(3): 70-79, 87]

Yuan HZ, Yang DB, Yan XJ, Zhang LN. 2011. Pesticide efficiency and
the way to optimize the spray application. Plant Protection, 37(5):
14-20 (in Chinese) [ 22k, 1O, [FIBE#E, SKRARME. 2011. &
A RUORI A S5 BRI . AR, 37(5): 14-20]

Zang Y, Gu XY, Lin SQ, Zi L, Li CL, Chen QL, Zang Y. 2024. Effects
of mode of operating agricultural unmanned aerial vehicles on
deposition of droplet and prevention and control of corn borer.
Journal of Huazhong Agricultural University, 43(6): 325-332 (in
Chinese) [J(F, 4+ 75, MW, ¥ ok, K08, BRHIE, 3t .
2024. AHLRIC BRIy 200 T KU i6 14 55 DRI B 1R

R . ARl K2R, 43(6): 325-332)

Zeeshan M, Li HR, Yousaf G, Ren H, Liu YP, Arshad M, Dou ZC, Han
XQ. 2024. Effect of formulations and adjuvants on the properties
of acetamiprid solution and droplet deposition characteristics
sprayed by UAV. Frontiers in Plant Science, 15: 1441193

Zhang LS, Yu XQ, Shao YL, Jin ZT, Zhou JM, Chang HH, Xie YJ,
Han XW, He C, Tian XH. 2025. Droplets deposition of herbicide
by plant-protection UAV and control effect in soybean-maize strip
intercropping after sowing and before seedling. Plant Protection,
51(1): 327-333 (in Chinese) [5K#A4E, TR, HEF W, 4555,
JELEA, 8 SRLL, WA, wh/MT, 1, SRR 2025 AR TEA
AN R R ORAPR T A RIS TS 25 119 25 T 0B 4tk &
BRACCR . AR, 51(1): 327-333]

Zhang Q, Zhu XM, He SC, Gao Y, Li QY, Tian ZL. 2023. Screening of
flight parameters of plant protection UAV spraying Beauveria
bassiana formulation to control Chilo suppressalis (Walker). Chi-
nese Journal of Biological Control, 39(4): 789-796 (in Chinese)
[5K58, ARBERL, BRI, Wb, 208 =, A5k . 2023, fERTEA
WL IR A AR R Bl vA KR AL AT S8 i . 2k
YIBIGRFR, 39(4): 789-796]

Zhu JY, Hu RP, Xu XT, Fan ZH, Chen S, Chen QH. 2024. Research
progress on green control technologies for diseases and pests in
Zanthoxylum bungeanum. South-Central Agricultural Science and
Technology, 45(1): 241-244 (in Chinese) [ #: X, $12F, #3Hl
12, JU PR, WA, BRIRAE . 2024, FEARUR HUE S @ B R AR BT ST
HERE. ROl RHY, 45(1): 241-244]

Zi L, Zang Y, Huang JH, Bao RF, Zhou ZY. 2023. Influence of adju-
vants and pesticides on the control efficacy against rice caseworm
Cnaphalocrocis medinalis using crop protection unmanned air-
craft system. Journal of Plant Protection, 50(2): 538-544 (in Chi-
nese) [FE4K, A, BN, fEmld, JHH . 2023, MR IC AL K
5 B3] 5 2% BRI AT )7 20 BRI R ACR AR .
YR, 50(2): 538-544]

(e 4k £ 40)



