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Abstract: Environmental pollution and food safety risks caused by excessive pesticide application have
become increasingly prominent. Developing pesticide-friendly application machinery capable of accom-
modating diverse pesticide formulation properties is therefore considered an important approach to over-
coming current technical bottlenecks in pesticide application. In this review, bibliometric analysis was
employed to quantitatively examine research trends and the evolution of research hotspots in the field of
pesticide application technology. The results indicate a sustained global growth in this research area,
with the annual number of publications indexed in the Web of Science increasing from 14 in 2010 to 60
in 2024, representing a growth rate of 328%. Meanwhile, research focus has gradually shifted from an
early emphasis on individual droplet deposition processes toward system-level synergistic adaptation
between pesticide formulations and application machinery. On this basis, three key technical pathways
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for achieving pesticide-friendly application machinery are summarized, including adaptive machinery
design based on formulation properties, optimization of operating parameters oriented toward formula-
tion compatibility, and formulation-assisted collaboration to address mechanical operation bottlenecks.
Finally, future research directions for pesticide-friendly application machinery are discussed, suggesting
that greater attention should be paid to strengthening native formulation-machinery integrated design
concepts, enhancing intelligent perception and precision application capabilities under complex operat-
ing conditions, and promoting the development of data-driven collaborative optimization and decision-
support systems. These efforts are expected to facilitate the advancement of plant protection spraying
machinery toward intelligence, environmentally sustainability, and precision-oriented development,
thereby providing technical insights and theoretical support for sustainable agriculture.

Key words: pesticide application machinery; pesticide friendliness; pesticide application technology;
pesticide-equipment synergy; bibliometric analysis
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Table 1 Efficient pesticide application machinery, nozzles and spray assist systems

B3 2R ke 275 30k
Type Name Function Reference
EROEZS  FERBTT Rk AR [ BT S ST AT b A BT DR BEIR SN ) AT AN IARLLR TR
B M2 HL BEHAEN F AL RE S A B TAERIR IR B Ji.,2024
High- Self-propelled A plant protection machine in which spray nozzle are mounted on horizontal or ver- Hu & Yu, 2024
efficiency  boom sprayer tical booms, providing its own driving and locomotion power to operate indepen-
pesticide dently without external power sources
application jgrfa e A ML AR IEANLLL L Sh ZHEIHLR Yy &, R RS (1~4 m) ©AT SIS RNIG 2G4 R s, 2023
machinery  pjan & iR i 24 B 2 AR, IR ARIT RTK ER G 5 H F2ikE e R 4, SE 0 S 2= MbJE Chenetal.,
protection B E AT SRR, DO FE /KRS | e B 45 T sl b T LA LAVE L 375 2023
UAV HA RS E PR
Plant protection UAVs are predominantly based on electric multi-rotor platforms.
By combining ultra-low-altitude (1-4 m) flight with ultra-low-volume pesticide
application, they enhance spray coverage efficiency. Moreover, supported by RTK
centimeter-level navigation and autonomous obstacle-avoidance systems, these
UAVs achieve stable flight and precise operations in complex terrains such as paddy
fields and hilly areas where manual or ground-based machinery is difficult to deploy
2Pl K% IR el ALK 55 55 ATLAS S A SR VR ) A 20 25 A S AR EE AL AR R iy 7P 55, 2023
M2 HL Z5 Ik 2 R AL Xu et al., 2023
Orchard air Instead of relying solely on liquid pump pressure for atomization, orchard air spray-
sprayer ers use fans to generate a powerful airflow that conveys droplets to all parts of the
fruit trees
HAEmTZy SETHOE TS LIDAR SHLas IS i 56 4 A MRS, ST IE AL mi%s 5k flifE2s , 2022
GIREIN TR (FEAF AR 8 B2 Sh A 1 i), ZE Bl 5 2R b g st rh B RN Ty i He et al., 2022
Intelligent G AL Ak s RS
spraying A fully autonomous navigation system based on LiDAR and machine vision enables
robot contouring-following variable-rate spraying and precise target application by
dynamically adjusting spray volume according to plant density, gradually replacing
manual labor in facility agriculture and orchard scenarios while reducing operator
exposure risk
M5k JIE v YRR 368 3ok e 4 P LK 25 MRAA B H R I - WRORGE , BB AE 23 OB U0PE ] PSS, 2019
Nozzle 5k RS 5 ST AL W ST, A A 45 Suetal., 2019
Fan spray High-pressure liquid is extruded through a slit orifice to form a flat liquid film,
nozzle which breaks into uniform droplets under air shear to achieve wide-angle coverage,
large spray width and uniform distribution
MBSk R RIS R T T 1 SRR W, 72250 IV E R R AR 1A 155 Zhang et al.,
Conical High-pressure liquid forms a high-speed rotating liquid film in a swirl chamber, 2017
spray nozzle  which disintegrates into annular droplets under centrifugal force
RISk K P A A3 313 ok AN [R5 185 | A3k , A Sk A Rl A MBI &, R FALAR 9 AH - Combellack &
Dual fluid X R JRE RS g 2 S5 A 5 A B/ N Miller, 1999
nozzle Two fluids are introduced into the nozzle through different channels, mixed inter-
nally or externally; atomization is achieved through relative velocity and pressure
differences between the fluids
B FEAEL T R 155 A A B0 IR 25U T R I T I IR RS R O SRKEIAE, 2023
Centrifugal iy AL — U ot — 2D AR, e i ey 55 T B Guoetal.,
atomizer Centrifugal atomizers generate centrifugal force through a high-speed rotating 2023

atomization disc, tearing the liquid into a film that breaks into droplets at the edge,
with secondary impact further refining droplets; higher rotational speed produces
finer droplets
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& 1 Continued

eSS AR Rl 275 3k
Type Name Function Reference
LR B Sk — i RN, R AR N e R [ AT ORI D EIT N E PR R IR A, 2018
Electrostatic  $IFR/EMIARY & Ik Zhou et al.,
auxiliary A specialized nozzle that applies a high-voltage electrostatic field via induction elec- 2018
nozzle trodes to charge droplets, promoting directional deposition onto target crops under

electrostatic forces

WZGEE)  TEZRIRZG RS SRR ARG RS K, FETHR G 20 D EC 255 B AL A SRR G PRFTSE, 2025

X2 Online mixing Pesticide stock solutions and water are mixed in real time to improve mixing unifor- Chen et al.,

Spray system mity and reduce formulation residues and operator health risks 2025

assist WGESHBIZRGE KGR B HUAE &b 753838 53 5 UM I 55 S8R, i Pl S S R 25 7 RIS #E 7R, 2025

SYSIeM  pirsupply 2, SCBEAR L TR T AR LA T 0 AR R A BB R Cuietal,
auxiliary [i) 1) JRUA L35 4 252 2025
system Air-assisted mechanisms are used to compensate for deficiencies of conventional

spraying machinery in spray effectiveness, coverage, and range; systems can be
directionally modified according to application requirements, such as by adjusting
airflow angles or fan structures

IR ARG BT b7 T X 5B, U/ 25 T A WinrikAs, 2025
Air curtain An air curtain barrier formed above the boom reduces droplet drift during spraying ~ Yang et al.,
anti-floating ~ operations 2025

system

ARy FIH GIS .GPS MLEHLGE  LIDARGE AL il S AR OB 25 0 R A5 & MR RAA 3RIKILS, 2024
Pl R 40 PSRN 025 AN S8, IF A IR B R YIRS (1 Shi BBk (7 Zhai etal,

Variable rate & I I, Ui/ ORI 55 X 35k 2024
spray control ~ GIS, GPS, machine vision, LiDAR/ultrasonic, and microwave technologies are used
system to acquire target information, determine spray necessity and parameters based on

environmental conditions, and automatically adjust nozzle position and angle
according to crop morphology, thereby reducing ineffective spraying areas

A: HERBIZEHLRARRE, 2021) ;B TEOAELRTC AN ; C: F X FEE HL 55 AL (AR L5, 2025) ; D= 2R Fel [ S0 A slxi
M 25 Hlgs A (XU B RS , 2022) 5 E: b TE 25 Wik s B HETE 25 Wi Sk ; G i r il B Mtk (T4 45, 2020) . A Self-propelled sprayer
(Zhang, 2021); B: T60 plant protection UAV; C: automatic target-oriented electrostatic sprayer (Yu et al., 2025); D: autonomous

navigation and target-oriented spraying robot for orchards (Liu et al., 2022); E: fan spray nozzle; F: conical spray nozzle; G:
electrostatic-assisted spray nozzle (Ma et al., 2020).

B4 sEVREZGHIM Sk
Fig. 4 Typical pesticide application machinery and nozzles
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Table 2 Typical pesticide formulations and their application compatibility

A i 25 AL L 275 3k
Formulation Applicable machinery Characteristics Reference
gl THEm & HLSIBORHL . RAILIE by 70 2 fie ST A 5 T R A 24 500 B, A 0 o0 1 B (O R34, 2007
Dustable i aE 1%~10%) , i@kt . H95% LU AY ki 42 /N T 45 um, Wu, 2007
powder Hand-cranked dusters, motorized Jifii FH A ™ B4k HMEARRIRR 22 L 203500 26 K, SRt A

dusters, aerial dusting aircraft One of the earliest developed pesticide formulations, character-
ized by a relatively low active ingredient content (typically 1%—
10%) and applied by dusting. Over 95% of its particles are
smaller than 45 pum, leading to significant drift during application
and poor adhesion to targets, resulting in substantial efficacy loss
and adverse environmental risks
FIVEPERNR AR RS A TS 25 T2 6 ml PRy A2 th AR 24 )i 24 AR o) R IE MR AF 2R G . R, 20075
Wettable RS AT i oy A T o] S 14 5T A 245, RAT 5 ) 2 s #£795% ,2008
powder Common sprayers after dilution A solid pesticide formulation prepared by mixing and pulverizing Wu, 2007;
with water pesticide technical material with carriers or fillers, surfactants Hua, 2008
and other components, and it exhibits good biological activity
AIGRHORLA] AR RS A TS 25 T 26 mT 3 FSORLT) A A8 0 HOR) TR Jh&s 700 A5 22 R Blif) ) 252, 2008
Water- S A it TORHH R, HAEK H BTG i A TR i ST . I Hua, 2008
dispersible  Common sprayers after dilution  JCkZE €37, 4tk
granule with water Composed of active ingredients, dispersants, wetting agents,
binders and fillers. The granules rapidly disintegrate in water to
form a homogeneous suspension, enabling dust-free application
and improved safety
IRIEAEHIF KRS R B RS 2 it 2425 7K SEAb R LUK A R B8 AR 30, R TS A PlE #hakEdE, 2021
Water-based 44 ] )it ) ALAE K FLA) TR B LRI AR FLR S 2 A Han, 2021
formulation  Common sprayers after dilution 51 %!
with water Use water as the primary carrier instead of traditional organic sol-
vents, and includes formulations such as emulsions in water,
soluble liquids, suspensions, microemulsions, and suspoemulsions
TR S 5 BT 55 B 2 A7 55 A A IR R 55 (il ) 7902 DA s s AR BTV 00 R R 25 A 80843 5234, 2007 5
OO B A R S5 AL Zr A B, S 2 B AR R IR — R R . BN X3R4, 2020
Ultra-low IR 55 LIBT3 Pk A IR Wu, 2007;
volume (oil) Dedicated spraying equipment for A special oil-based formulation prepared using high-boiling- Liuetal.,
spray atomization, such as ground-based point oily solvents as the dispersion medium for active ingredi- 2020

ULV sprayers, UAV-based ULV
sprayers, electrostatic sprayers

ents, supplemented with appropriate adjuvants. It requires no
water or only a small amount of water

25 LI, S BRI DR ) S B T SR BB 24 51
SHU I LA R BT
AR, 8 i 1o — X AT L A A T 5 A B )
EBERCRE T, HAZ L SR 2 4 Sl it 25 B LB 5 5

P [ B I TR, BRIV A LA S A ) R it
SR SRS R, 2 Sl 1 1 2 R
o U 7/BE A b N TR b5 sk 1 (N VeS|
SRS (RABY s

SR TG AU R 245 AL
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IR

S 2 70 AU R 2 MRS AR AR R S
A2 AR, A SCHE DA = B AR U T
S 25500 R 0t 24 WL S5 F4 B BT | T ) Rk
25Tt 25 MU E ML S B A DL B SR AL
2B T .
4.1 BEFAFSFEREZIAIE N EIZ 1T

ST 2550 e B R 2 AU B TR S Ak 2y
Tl S 2 A URR BE DM I 08k o A% O D e
VHERSRE AT Ml o BBURR 24 7000 1 (R 5 0 (b 4
2024) , fir Pl Gujiti 24 i A R AFTE R AL AR (Y Tl
TAE, 2018) FIIE 24 FRIME (FR4lpk , 2009) A547 AR BEAT
AT 0K 03t 247 5 A i) v 26523 vl T R T ¢ 82 7 1)
BN, DU R E i M SR 0 R ST AR AT R R 2
FURFPERT I & 10 S 25 B LR BT
4.1.1  EERAEME PRI IR BT R B AR R

T A 25 7 BRACAR O v ELAG IG5 (IR B3 F
SIE SR PO T 55 2 A # (Idris et al., 2020 ; 5K &
4,2023) , (HH TR Ak it K0 52 BR 1 R 25 Akt
TR A B SR BT IR FX A T PE O BEER . il e
T S ARIAR 5 TR LR A [R] A SR 25 A b it
XA W e A 0 (X 4 M5, 2018) , X
WA i 2% s BT T i B AR S, RIS —
TP I SIS E 52 A T ) 3 i U 55 AL
FEAI Y V) AR T 250 T 19554k 7 Ok S 24 7]
TR S W2 B = (] B PRI R 1

B0 S5 AR [ TR = R AR A R 5
AL TT % 2R FH LML sl Sk i e e | 1 1 )
B OB 2SI 2 HAr X0, i Tzt
FEAS LA 2 R G801 58 U 25 Ak, AE SE L5 34 5]
PERY RIS, e — 2 R B LA T R B U0k i
Py 240 JEL 235 4 B 1 IR XUI: (=5 25 1, 2022) . Zhang et
al.(2013) W oe 4 S e W, e S8 g Lo Sk 7 5 B A
L PRl PN AT A M DR R A i R e i . (R 2E
& R B OSSR T T &, Ykt
o IS A 0 Ry R B TR AT AT e S B A M I
BESXTHZ R, A RIS 38 i R A M A B D5
SAMEE R Z B MR, B T RUEAR 2556 5
BN E S ELX ], ST WSk 4% Hh e 384K ) =
B4R ] 5 AR (BEREAE 20185 4R 1F FH4F, 2018) .
i —B05 2B, Wik RGN 5 AH B T TH5
T 2R FEALRCR (X o 5 3t =2 (A

A e A W e e B S s ), b XU ) 72
TR e R 2 M T 3 e S R Ab S B 5K
ST (AR, 20185 AR 1E PHZF,2018) .

FERCIEAE T, BUR AR SN 2035 A AR 38 1 i 2s
Aes i AT 3, ZERRARSS A5 403 1 W] B et T 55 4k
it o AR AR 2595 5 R R AE BT Sk AN
1) 5 B il 46 S 0 25 Ak, b S RIS T 29 AR Sk R
RZ WS 585 ) oy (Sh NS 56, 2024) . 28T
£5(2024) B RURLAR AR 2 T 25 Wk, Sl A AR
B 25 5 1 e (2=0.7:0.2) , ZER 35 R I i 5 )
FPTRRMERE B [RI B, (A A7 16 SR 2 T 22 89.6% .
TR R IR, W S 25 H 5 S AL ML A F A, 1]
TE TR T I AE WAk 24 S o5 A 5 it R 7
D B bR, SR AL G TR mE 55 25 1 T ZAUR 524
g Y 0] Ef

BRTTS B0 F 5 BUR IR AL AR Y 7E—
FE SR T ST I M T R S S ERE I Py
[FLAk, S PR SBUG U AT 3 i ] A
FETE80% L) I (L ELAE, 2018) , H 4 S Fr i FH T
F1o BRI, BUA AT AS 32 B4 v T/ D B0 R R X
FRARREL 25, %o 5 2% FH IR) 3RS T A 1k 30
B ATRRE PR e Z2 A0 ) 390 1 38 AP 84T AN A2
BUAN Tl WA 245 0 AR A vy, Xt 2 G v P B SR
TR 8T (L 24, 2023) , AR E— ARl A AR
N il 24 R A ) 5 XU I ) 900 A M 24
ARl KoK E” i, SCER 25305 AR 9 e
S (8 22745, 2022) o AR SR THIRER 105 55 fh mi i
1438 PP 55 AR83E 1 BB 2 S AR 245 A i T it
AR R R SR B T ]

412 @ FEE B AAE T AT Sk KRR AT

AEIAAE LR, R OBl 350 % 5 Bl TR AL
I W55 1 A8 38 H AR A e A T HE R R B A vk
FEZGWR o SR, i v BE 29 A S B g FH e 5y e B
AR T v S (), i 22 K R K R 22 5 B 5
M, W%k 3 25 JXURG: S 3 38 o, a0 T 5 | 4 e i AN
M5 55 (] W7 T 55 AU NS5 A B4, 7™ 52 M) Mt 55 I A
VERIBT P RCR (T3, 2022) o DRI, Anfe) 76 52 2 25 T
PIvESAE T ARBRE SR e 81 T EL A it 25 LA 2 571
T AT Y B R

B e Sk B FE XU | A% 40 B 47 Ty = 2 AR
PRI BE A BT VR 4R (A ZERE ARV S5 A
LTI T N TR S i i, HLad e s [
B iy r] S I AT B R P IR B SE KT R L, 7RI
TR BT PIRA R B Sh LRI AR 2 i sk
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WFIEE o UEAER, WP N D S5k T n 3 B 3
J E AR AR B A% IR (Gilles, 2006) 37 211 (Aren-
son et al., 2013) Pk K %f Bl #8 B 2 4t (https:/iwww.
landtechnikmagazin. de/duengung-pflanzenschutz/agritech-
nica-neuheiten-2009-dammann-praesentiert-innovative-
spritzkegeldirektbeleuchtung-hd-nightlux-1362? i=10922 )
TR S W 7E — e R 4T TR ISR
ELAEAGINRG B2 PRI N e S 28 B M AT A7 A Jm)
FR. Siebald et al.(2020) A S Frni FH 2Kt &, #2
BT A2 AR B W A g i ek o3 B Sk A
AR R AR S RE , S BBE DIRRIRAS S RS
JEN AN o 7R o i T E A Sy 2 S PR EE T
YU, AP AR, TEBE S iSRG S5 dul e 0 L A
YR T T o

Fras AR WAL, R 25 AR R Y51
BT [V St 25 ROCR A CRE R 3R . BT X e
245351) 25 Ak RIUE A [ R, AT 2O0LIE 1A s 25 H AR e L
B AR AR e R DA S B O A
IR ARIATE SRR S 9T 3 B /N 3425
AR DT S 25 3R T S OR8N R 6
LA 2590 (25847 , 2019 A1 R 5, 2019) . o5
(2020) 7E 5Bl A 7 FHTR RS 55 A Sk A TR A 4%
KR, BBk A SR AR T %2 86.7%, W b v T
T LB 55 ARV 1 A SR (69.5% ), T B AR
R VRS GT] EANJE TARZ 5] (R 4
e B R | T S ) e VR B O o AR e T VA
R (AR WIMBAE, 2024) , 7R HR s e RRBE SR AT
AESE MR E 25 1k, i — 2P ik T IR OBUR A5 1k
BORTESZ 25 24 W v A3t 1

L5 F TR BT RV B R R R 2 | A R Sk
W FE S AR, H Sk AR AR 5
PR BUR AR S5 AL B S3 0 AIB A IR i 5 551k
HLERPEAL A 4R T 1 i 2 AT LA A ] 24 7510 3
NV AR T 2 VR i St S A M AR
T 2R B A M BRI IXURS: | o) 4 Sl it 24 AT A 24 5%
RAFACEA B o SR, A BT T i AN ]
GV AR R A 2 AR A
BRUA N R G KA TR e e S5 B e B UK A 14
TR, AR FEAT T 2 — D198 A SR 5
G S SR BB ALK, #1RE S A B X AR o )
PEZG WA I RE T L JE IR 2 BOR IR 5 4 i e
REAETE | DASE IR % DR T RS A G R AR it 2452
AR

4.1.3 & ey A4S BT A R 2 KA R R

FEA 2Tt FH 2 B v, 24700 T T 2 DR i it 245 3R
Y EE BT S I, AT S5 2 B3] KSR TR
RV BO8 A F LU IR A 38950 o SR, BR AR 245461 57
TEY AN BRNIE PR PR 2R O T 22 R W (B 48R
247 XA SR ol LSRR A 3 S M S T AR
1o AR GR AU A 25 0 01, s PR oy 5
Bt s} 1] %2 i (Sunjka & Mechora, 2022; 5§ g 4 |
2024) , AR C S FH i AR B B K fE A B R
REEAR, PRI L A A 1 RITC B R U9 24 25 45 1) R e i
Ko HAN IR 2GR Iy St = A i A
B8 B 45 K 2 (Fife et al., 2007 ) 4 AT fe i il 571 1%
PEXE A FIRZ R . B nl W IR 25 RGPk A
P B Y T2 ), T i 5 A 5 it 25 AL
[T rf ) SRR R AT

FEAR LR 77, Lok R TR Ak v R R A 24 1A
IR ZE Ty PR TTRE At i, sk il SRR P P 2
TRZG B AR R T i D ) B S 0 5 . #R&IAR(2009) 7 1E
LR PR TR 20 2RI 5 P e B, LG 2SI 5R0 7 s R B 4
T 5y VAATRIE A0 T K, HTR 24 S5 A4 X LA 52
PFE B S 38 50 A3 H Bk — [ 8, AR 5
(2016) B3t 1 v PEAR 25 i sh i i TR 24 , i ik 44
e IR TR BE EY HUE WA iR I E & 1)
AR SR BRI A LA , AR TIR G, 3
PRI TR A YIS 220 T RR Vs A 25 5Kt LAY
SR IR A

FEIR S5 DA 0 mt - , SR 24 o 6 11 52
AR 5 7 i R A DR i 24 22 4 5 25 30 1 G
o NXNR A AR ARSI AT SR AR
25T A HR A 1 EL AT e WSt i T A 4 i 5
F, BEAR R BCAS 5 | & 23 AU . 30 o 5 3
TR AW 3R A S AN & Je T Z2 ke
W7 A4 T i s AR AR Y PR A B (FRRE 5
2020) DA S H e R (RIS, 2024) o Z3GRAL
LG TR ] S, F R T LR H R] i 2 a5
R PR3, 4n Zhang et al. (2025 ) 18 i 43 H7 #E H
TR I SRUE R A R ST L R R I AR AR R f e 1T
HL o8 U I TEIR S P R G0, A Rk 1 i &
Tt 245 | R (R 25K [l R 5 T 8382 45 (2024) i — 20
Wi R RS B A - E S IR A S G
SEER 25 LU R AE L NI 5 R P sh b 4 i T
JE 1R 25 LLIR G 45 i SR, TR 245 3 R ARG B 4
PR TR AR AR

SR, ISR RIG R, &R R EHE A
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BRI S A L T R SRR LR R
PR T S TR 2 RGN EEEART ], kb5
SERORTESR TR 25X 200 R TE PE AR A/ 2
XSy T e B R A IV T o SR, BRAT T
Fe 2B P T RE R s TR A N B A R
) 700 1T I 1 7R 25 A2 Ak 5 14 R 0k C P

FABRAE o FT LI , A SCE X 7 Rk
] R RETRZG H AR ME S UEA T THERS (I 5) . Kok
HE— 254 S i SRR S ) R RETR 25 B R K e (5
KAh4,2022) , i 245 585 SR G 5 2 AR PR
Fasthil, LS B 24 WA 5 2 i 351 ) v 2 1o 5
HERT

RAHI RS

Pesticide mixing detection system
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1 57 A%

1 Agitator impeller type, impact jet nozzle distribution, jet
I mixer contraction and expansion angles, etc.

ES5 HFHFESEMNE

Stirring tank speed, mixing ratio, ultrasonic dispersion time
and intensity, etc.

HHRARESE

PN
BEitE

Fig. 5 Conceptual diagram of formulation property-oriented intelligent mixing technology

4.2 HEEEHSRATURIPEMEZ TR SER

TEARGENE 254008 , LA 25 R B X 5
I, 555 1T 7 WSk SRS RS S LIRS e
JE AR B IR 2 o SR, B T WA 25 70
TN S PR B A0 2E A RIS, ft 25
BB E SR04 2 T T B O B o IS5 7017
B 24 AR I ) RIE S5 S S5 T G
o L BHURR A Gt 25 LA S5 A RCR RV SR RO 1)
A2 B 7 AOME LRI 1 PR R, S 20t
RORATGRE o NI, ARl FE3 2 55 DU 55 B o 2L

SR [T 388 3 A ol 20008 98 i B B e AP
&, B BCH T2 MU S B A TP O 55
EX—T 5 T, TS e A YR 2538 S ARk %
MR AR, it FH 3R 187 v AR T it 24 3 A v O
SECRG AN ], ARG B (JR] 22 755, 2013 J#
FEVE,2017) R D79 (XN A, 2008 ) LA S i Sk 2
RIVERE (1 AT, 2018) 55 . AN A R TR WSS 5
BY YISk A5 34 1T R g P AR Sl AR A5 4
IR B RRAR LA G . EAh , IR R ERE 1)
AR T i85 A SR A VA s B 452 B TR 2 i)
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PR PR S AE R A 8, RS R MRt FH 28R 1 B 2L
FrE R . AT W i S EA A PR R —2
K2 B0, miE BISE T PEfR I B hr i RG2S
K[l gl )

{EARE A AR B BRI AR T AL
Ayt HIE G , (EHAEAUARAE o A o [ 1 e
5 R DURRBSOR S 1 DR M L SR S
I, A SR AR BRI S BAAL DT T A TS

&3 BEIRESHXE R

T FL 1D T8 PR SR it 24 2 5 A ) B B 5
SRS, R AR A SRR T i i e I
BIYIMESk A5 B2 ) i 250 R AL
WO A TR HEAT S %, T A RAERTHBUE WA
oy B A5 2, e 24 0Bk VRl R RS E TR S 3K
R T ARG T AL 5 AR
gt NN B VRS S AR S S O PR N =y
(£3), LI TR SR Bt 2%

B2 T B RS R (5 P Y

Table 3 Effects of spray equipment parameters on active spray media and application recommendations

RS 24 R TR0 THREE T KAt A E= PG

Working parameter  Object Key conclusions and usage recommendations Reference

JEAL 4 A T TRAEIAR Y B TS B0 4y |, 8 R B0 M B AR 5 WOt A~ AR 2 WSk IR BRI T T A R L 45
ek Microbial — fEPIAREY , T WU 24 OISk S80I 224 1l s b e 2018

Worn fan nozzle pesticide

Increased wear of fan nozzles reduces yeast activity. Failure criteria developed for Zhai et al.,

chemical pesticide spraying are not applicable to microbial pesticides; new standards 2018
should be established for evaluating nozzle wear when applying microbial pesticides

JaA e 3k AR
ZERy Microbial
Internal structure pesticide
of fan-shaped

TRAEMIAC G Ak AR AL T 25 44 M T , A AR 23 R 2 5 ] IR SR T e e X1 26 4 452
TR A 245 T PR O FAEARG , R LEHC A 2 5300 75 W8Sk P PR A i A 0 P32 ) 2018
BN, WIS RE 25 o3 A 24 S P A 2 4

Greater complexity of internal flow channels leads to reduced microbial activity. 2018

Liuetal.,

nozzle External airflow disturbance further decreases activity; however, compared with

other parameters, the internal nozzle structure has a relatively smaller effect. Priority

should be given to droplet distribution uniformity and spray coverage density
BRI R AEYIRES Rl W R A W T T N2 2 A e — e R EE IR 25 R T . Fife et al,
Temperature rise  Microbial — Z4HEA /N, 2550 A R b B8 T sl e, S b AR 2 TR P 22 2007
of spray tank pesticide Elevated temperature significantly reduces microbial activity, increasing tank

volume can partially suppress temperature rise during mixing. Smaller tank volumes

result in faster temperature rise and lower microbial activity
RAHNRICE  AEWAIR AERSRICLS 15 min 5 AER TG VE W TR, B2 B BB HhIRAE,
st [i] Pollen Pollen viability decreased significantly after 15 min following preparation; therefore, 2024
Holding time of  solution on-site preparation and immediate use are recommended during pollination Han et al.,
mixed solution 2024
%% 151 PEBWL 1£0.3~2.5 MPa IR At DX ] P, F 33084 KRR 16 1 JC fik 25 52 ) 5 el O e e IR Williams et
(FE2E5E) Pollen PSR 55 AR M s 2 i I 55 s T T R B A RS, SR AE T 1 al., 2021;
Spray pressure solution Within the optimal range of 0.3-2.5 MPa, increasing pressure has no significant Hao et al.,
(plunger pump) effect on pollen viability. Diaphragm pumps are recommended to maintain droplet 2023

stability. Excessively high spray pressure may cause pollen grain rupture and reduce

viability
BLOBERAEE BRI B IR T 12 000 r/min AR TR PR IR R 380/ T8 000 r/min IS5 A0 i R AF
Rotational speed  Pollen B2 AR B OB FE X (] 8 8 000~12 000 r/min 2 [&] 2024;
of centrifugal solution Pollen viability decreases markedly at rotational speeds above 12 000 r/min, while Han et al.,
nozzle droplet uniformity is poor below 8 000 r/min. The recommended optimal rotational 2024

speed range is 8 000-12 000 r/min
Gk, TEBTEWE B U NS RLAR , P EEN I 2 R ER TR 23 U s KGR RN s 1 AR 1528 X 2R 1545
Wind assistance  Pollen HH R B 2R XS 2024
and electrostatic ~ solution Electrostatic charging reduces droplet size, increasing pollen exposure to air; wind Liu etal.,

charging

assistance further elevates the risk of pollen rupture during airborne transport 2024

25 LTIk LS MU AL S ks AL, J2 52
BRI IR R AT . R ERIAR
25 AR SRS T B SE AR T A 25 R R T
JRE Rl AHIUAR 142 il 32 4, e S B 28 AR Pl )
Wt Z o R KR TT 1) SR AR A R 24 780 FR Y

REIRIE R GL, [Tt 25 HLIKEE A S LA R o, e
S 07 24 A AR = 103 17 24 79 B AR A
%

o

%I
%

o

4.3 HURAE L mERR 2SI 7 &
T2 HUIRCR A SR THRAS ARG8T [ B4
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SEARMFELLAH DAL bR I R AU A%
1M g R 2 32 B4R P45 5 L 1A R R 1 A B
o X FAELRIC ML | i LIS 55 S R (I 25 R 5 55 L
PRI 5, ASCEEATUMAS (A L S Ml B2 SRR 0T, X 2
R IR R ] TORS A AT BN AR AR TC
NAHILHS R 55 AR R 24 Y B 0 B0 S 1 S R 553
SRS (fR22 R ,2020) , ¥ FE I 55 1) 55Tk i FL AR AL 32
PR T 25 VI R (VA AR N SRR 5 | 1987 5 V5 2444
45 ,2019; Lin et al.,2023) , il 247 (1) FEL SR 0K,
Z5- T PR feT FELRE T B for O LB R . DRI, ZE A4
T B ST, 7538 2 24700 550 -5 BRI e A, DA
SEPXFHUARAE L B 7 R BN FE RSB

R ZEME AR U A0, 25750 15705 T RE vk
BIFI A AR RE A 25850 RS AR KNS . K
A 2y AR AN S B R ko, WA AR TE A
HILIE Sk b S IKUBS: (A 215 55, 2022a) , FF 76 K Bl B 71
PR B2 T 55 i TR AR AR IO RE ) (W2
4 ,2022b;2023; #5Z2 BK 4, 2025) , SR [R] 45 i 1A AN
T R 2D . AR IS5 HEOR 40, 3
i 1 e P S 238 24 30 sl B2 i i B R0 AN AN G5 T g
55 25 1 I far B ), A BSR T T B 24 IR EE T 554 1)
DURRICR . 4N, Wk s i) Hia 5 2387 vy T BT 4 1 32
X HAE AR [RIVE ML 451 2 B S0 00 B DO AR 1
(A7 H65F,2018) . ULAb, St BRI ALE n] i —25
PETF 25 FLRE T, TR LSS R R E 2
FERE RIS J7 . 225 MR S AR S
B AR AR AR S 0 ml s 1 R ) 56 2%, ol 370 A
R0 R At el T L BSR4 4t 24 T2 25 TR B 1
FB

25 b ARSI St 2 AU P %) SR 0, 3R
Ll RE T 255005 B A A ST &AL PR e 7 TH
FIVER . SR H, 25570 5 Bh AL RE S 2L TR A ML
PEAAE LA e IR I AR JE I8 ARG U R R S e
T2y HAE T R R A [, S AT S LA
[ HLHIAT A 95 5836 , AR5 1 2 A F B[R] S50k
b S FRIE AR, HE B 25500 5 MUAE AU T 25 LA
FARMZ TR BE RS, AT SE BT BE R R 24 71
TR AR R . X — R F IR ARl
AR R SRR AR BT AT S IS B

5 it 5REE

SRR TR, A BRAH SE ST £ S E B
2l 1) 25 DR X 1) 25 WP ) 2 G P 4 8, T
% SCHREUBRAE o 25 15 4F I 1G4 T 328%, SCHRIFSY

RS, S HUBRASF QTR AR S BoR a2 K 2
70 B VA B A — S B, AT B DR BN H 4
A PEAN VEBC AT 25 IR BC A , (A AR 245 47 3%
R $E T2 80% LA b o W 25 B IE B St T
[ B AE = Sl 1 C A D 1) R, 3K B R S Tl
L IRIEHE 45 N A 2 IR I RS ARl T8 K
JER B IR SN T
5.1 M [a#K 5hidE R 2 25 — R 4L 948K Bl

PR AR ARACKS D24 B 2 0L 1) 35 107 14 e A
2, R B BT RO A . AR
SRAGH ALY IR AL S 5K ) 55 2 R
Wy BRAT g, LA 2l DT Be R AR Ot 25 1R 45
55 G RI il 245 o 7 A 0 v B A W i 70 S Rk
L, S TTT R AR BT V55 4k By b 2 ik K25 2%
PP B OB AL D B R . IR T SRR
TR EE MR R, A SRS 0 g B sl R
Uinidi T, B2 O T B R Gt
5.2 HEEFMEHKEREEMSHEEELRRE

TGP LI | o A T 4552 2 TS, 4 247t
LG HIRIBATPEZE (2R A AN A R A S
[l R RN 0 ST A 1 10 (14 R 2
RGEIIIE I, 3K HERE A MHUAHCIES I P 16 R — Bk
W AT — A B T B R , AT A 2 T 24 Ik
fel S IO R IR E) 1Y Rl e A 3 S
1, LB A5 A A PRI B0 S Ih = 4 AR S o %
PR 5 K n] SR ) BT T R, X R RE
AR SEI R M e SR 25 5 OB S, Zh 254
BBELERS iR S E NS R T IHMER T
2y, LA AR AT A it 25 A 7 1] . X — A
EPRFHEA L SR RAE S 2 2 HUE T AR ORI AR
N ZE I By 1 429 2 WS i) 530 9K 0 PO ) RS HE Tt 24
A e AR T 25 R R i [l A fR Al A B
HHE BB T4
53 MEAMUSERREEM

AR A PRAN LA S5 7] T T A BEAS:
0, i B LA 2GS e ) R R A R
8 L RN o S SR A
TSR YIS BCSHINGET TS B0 Bl 4, A
Wi B ROt SRR SR, L 2P R B B KRG
MPEALSR L AP 51 5, 1L 1 P RESAR IR A2
B R HCEXTR RS B REHERE R AL
AW T ORI o Rl 2557 AUy B
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P AEAE T AR = BORT TR e A I R A 2y .
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