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Classification and research status of nanopesticides
SHI Zhenghao
(Plant Protection Research Institute, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China)
Abstract: With the in-depth development of nanotechnology in interdisciplinary fields, it had also made breakthrough
progress in the field of plant protection, especially providing a new way to achieve the goals of reducing pesticide
application, increasing efficiency, and green prevention and control. The characteristics of nanopesticide formulations,
nano drug delivery systems, and their control effects in practical application were reviewed. The problems in the

development of nanopesticides were summarized, with the aim of providing reference for the future research, use, and

promotion of nanopesticides.
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REREAT RS2, It W A0 oK AR 25 78 S (o A b R v ) B
SR S5,

KA I H W] o s (D BUEA R diht
B DI RE R TCHL AN KR 10 B 9K AR 245, 491 2 oK
HRPURR ) AR A AR R R () B 4K A
e BORFNGK BARLT B B @K A 2 R 4K n T
F2 AR ] K J52RL AR AR S A g oK G, A FE T L )
(microemulsion) . 44K F (nanoemulsion) . 4} K 43
A (nanodipersion) &5, 4K A 248044 ) s 2 3ok 8 B
A IEC | B B ik 55 7 U B2 NS W) B, T R
PR R, SCIURE )3k 25 1) B 1, w48
KBARM B HE A RE e N M B L T
REWAE, v 25 299K 14 % (nanocapsule) | 44K 1
BK (nanosphere) . 4 K JIZ K (nanomicelle) . 44 K #t
JB (nanogeD LA M i HEL &7 22 4 2K 4T 4 (electrospun
nanofiber) 254 21| 1

1 R ##

1.1 2 KRR A

2l K B3 (silver nanoparticles, AgNPs) [A H 5%
PR R CREROU AN 2 e R P2 R SRR A 7R
R 994 5 THI S 2] F 224 FH 9, AgNPs] A 2% [ B 1
AT R 2 G O P T A% TR 28R Y, A B YA R A
BRI 5 5 T LA R 2 1R N P T 55 o AgNPs I B AL
RO T (D EFHBAEH T, AgNPs 5
o3 J5 R 4N B B 1 4 G, 3 S0 D B A0 B R 41
HESZ 401, AgNPsHE NG i Jo a5 S0 AR W) oy 1 4544,
H 1 TURIDNA, 9 Ji R 2E 1 A8 T2 675 (D AgNPs5 |
TP (ROS) A8, U IROS 22 il VR 99 it 14 1 4
JBE B 5 R B DNA, 55 i 500800 J5 AT,
R T ARV I AgNPs BE B AICHT IO 1 5 2, W3
FE R BT A B8 7 o FHR R (1 S A
(POD) i A ALY AL T (SOD) 25 4% 3 i /£ AgNPs
Qb PR I R v, R W AgNPs RE % AT 4 4t
7 AR AR T BRI, AR AR G O e DR i
P/ )N B3 G A A A7 [ IS R A A0 AR AR T
1 A0 Bt ) e A A
1.2 R A KB

YK AL AR BURE (TiO, NP LA & 1 R 2%
IV, 3 TR HH vy b 2R T AR v R AR T A% R I AL
1R THT A (PR 38, &6 B U0 7 A e e A Tk R SiE K
A LA B 1695 HUEE 7 A PR BT A AT N Sz
Senbill 25 M 57 & BHL, TiO, NPs A1 44 K 4 Ak B ok
(ZnO NPs) AbFH 8 A~ BE i 1) 7 G 2 K 5 57

G 2 IS TiO, NPsHIZnO NPs/3 ) Ab # — B vt
24 Wi, B R O i AR T A S i D 92.4% il
90.0% , X HELRAT 4 P 25 AL BRIV ZE T 2% 04 98.4% ; TiO,
NPsH1ZnO NPsx B - 1 LCs 70 1 4 5.82F17.09
mg/L, BT 4E 5 25 AL FE72 h i fRILCs 4 4.90 mg/L . It
&k, TiO, NPsHIZnO NPsf — B - it (1 A8 4 25 = LA K
& PR P4/ o Shyam-Sundar%512ER I TiO,
NPsAb BRI S FHsCRI RS k2148 %)) L, 15 2 TiO, NPs
[K)LCso F1LCoo % 51 458.79F1531.01 mg/L, H.TiO,
NPs[1) A% BT P 55 3 BE B IEAH DG, 24 0t 5 9K ik 3]
900 mg/LIN 4 AL T3 85 51, 73 il 4 96% F1194% ; A
[F) 7 B TiO, NPsALHE T, 358 K APHisORI A S0 ik 4y
1) cu- 15 it B- P g A4 2 e H I -S- 2 % Wl 55 ik 73 Wlg i
PESEIN . 55— U7 T, 5 A R O AR R b A ) 3
I T BUPE A L, TiO, NPss R #E bR A= 4 T HE Tl
A 051 6 26 B3R 1 B H A
1.3 Rk =_—RAARBA

gk AR A EE IR (Si0, NPs) B AE k4 5%
), R A A ORI A A BT SR B, SiO,
NPsRLAR /N, X B L) 28 5% 0 J itk . 4 1E H]
F B HUAL I, Si0, NPs & BH AT L du a2 JUR IR
IR HA I, AR SR AR OK Th g, i 5 B0
PET, BTV e B B D70 AR A
T B HAA N I, Si0, NPs2x 153 B HU K 28 fo e I Y,
VA R YN S P o N E N R - S W N 1R
KAGG WA AL, B A 80H R IR & )
YN FEEN, H ATSIO, NPsTE Jy 9K AR 2525440 T 45
H )z AL AR A K URL (mesoporous silica
nanoparticles, MSNs) [ £ 2% & 1] 18 35 3 — 4 A Ak 11
104, I AW A PR R AF, FLA A AT RS o] i, T
TR, 5 T A% W17 1R e 8, S0 2 1) 1)) 3
) ik 5 G R,

2 BRI B K E AR

2.1 Hh KA
2.1.1 BELH

TICL AR B 5 B R A WA AR 2 AR T PR R
KRN, I 2E LR 0 U & o LA
AW AL T 375 BH BHOZE B AR, LK A A o, A AL
FEA D, S H IR OR P 5 JEAS B BRI (R R P T
A7 B AT B A 2 A BCEL A o BRE AR
IR BHANCFE R, A 2 ki 42 nT Ik 4210~ 100 nm; 7K 53
FCPE ey KA N ARG R A O SRR B ) BE A | %
375 1 T AR, A A S A TS %0 R B A TR K
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U IE %« ORAR 25 19 73 K T wF 78 DR

R 3R ACFL 77 (B LA B 7 280 8] 5 ELAT 5 g 1R T 40
PEFIRERLE , 3~ 14 B ROYTE90% LA 15 5 4% G 7l
RUFH L, 76 AH ) BREARAR &1, BL ) 00 197 2% 4
W 25 0OV M P R R oK 3R 2 R 4, FEXT
FLRAF B 2530 AT VPN, R IR i 30 T 4 I L
(BB 7E B /K e /KRG A0 H 3 b 1 3% 100 )82 fk 1 23
5l R 108° 191, 7 587K M B I 2 1 1) 2 i £ Ay
55, SR T 0] R R B2 Ak A o B2 A A AR T 25T
IR 2 THT 1) B 5 68 0 AV R, /N 1 4 il £ 00
A Ak L A0 A 40 2% T L A S PR AN e v e
BEAL, RS 4 R ST R BRI TR LC s 23 1) g 2
XT 24 71 R 53 % FH 69 %, 1t BH k2L 71U AH BU i 1 551 734
B RE 4T

A 5% PP ML 4 T 2 P
LA B
| 2 FE AR EE

2,12 4PkH

YK FLEER I VER S A AE R T, 2557
TEK AW Y B T, g % 15 3 38 T AN i Bl
RN EZB | RS W A S WA ks o s Wi < A T [ )
AL A KL A F T T AR AR 23 HUAA 2R 20, 48
KILRARRI T E M ARG —, — BN E N 7E20~
200 nm:Z 8], 1AW sA O HORLAR /E20~500 nm 2
] B AR A K L RN B L A AE R AR RS AT 28 4, fH
TE 25 FBURL 25 ¥ 55 300y R se PR D7 T 2 A W B X
SNE iR U I A A 2 R LA g A
RNBIE M, BE U (L HERT M6 245 770 (R W ORI #5 32 5 7
1 2RI K 2 U S T BB 1 3R T 5K 00 R i1
TR, $ETHAR 25 I B HERE YR R 2, Mishra
S P % 1) SUSHUSR TR 4P K FL DR = Ik PR IS 3R
Frse &)y BRI 1) LCso 23 1) 4 0.038.0.047 mg/L Al
0.049.0.063 mg/L, ¥4 . A% 5 B 2L, PRI HE 4
KILFI Rt F HoARREAR A= P i) e M v
Qin 5 P77 I ey 204 S 3k T 20 1B 4 K SLRE AT A
50~150 nm, f5 K224 1[1£40.9%, L E 90%.
35 T AR FLA AL R 9K K Sk 3R i AH B
1 FH SRR R 5 v 280 SR T 4 K FL A 22 B R 5

e R SR A TR P L7

Y HEA R G AR E T, e BRI 5 R
SR ML TN R R o Wed 55126V 31 FF 3 4 Wi 490 oK LA
1 T SO T RSN S/ N L ol w2 s i ARANY OB
FA RIS DR RGP 705 I H R U5 BR 4 oK L R AR
4y UKL Cso SEAIG o b PRI, K FLATE AR 24 1) 7 250R
HFH 2 RO IAEE KA 3] T e, BRAR T AR 25%)
VEV A0 B IR B3k
2.1.3  4ekarHuk

YK 3 HIOR A 5 M T 7K IR 24 570 38 3 40 K
A A 44 2K 25 ) ) RRORE , R4S 38 7 50 ~200
nm, AEH5LEK A 2 B R TP 4K 2 AR kL
e/ HLECSR AR R, AN A LW 7, e i KR B2
G X PREE AR IA , [ IS e Al o8 A4 ) 751) FK) AN A P
IR/ € NS R A A B N7 s N T B A N N e
FGHK ] 2 73 B o 2 SO S5 VR R 24 3 35 A
2R IR R, Wt B B T R A B A R
A LTI B B 1 B R R 4 R 4 HE T K
o ) 2 s e A TR 2= AN oK K O3 B o SR B, B
TR N, oy BOARRL AR B ), FF HE Y
P i 43 ot B CSGE  #OT ) 20 HURE ) o 3 5 FRUBE
SR Ay HUARL 7 B A AU ERTE (R TE S, Kitt 20~
40 nm, H B ATH w13 O Fe e R R RS e P Bo
SR B FL A A A 2% 10 B 4 B 25 B, ] 444
KAy B B R0A% R TRT5K I3 AR H 38 b 4 flk
14351 735.3 nm ,36.6 mN/mA158°, W4T & BL4K
3 B T 6T /IS SR gl R AR 5 2 1) 7 R 2 K
FLAFAZK 53 HORL A1) 1765 LA s 5 - i g it 28 A
2y, 250 AR R B SR v R AR OG, AR
gk R fd A S AOAH DG . Wang PR H 4 5kl
2t 0B TR T AR gl oK o B, SRR A
(32.7 £ 1.1 nm, 5 B AL HI FIAH L, 942K 73 Huik %
IR HB S 00 3 RO R AR M, JE IR iR
T AR 2, I g K 2 B A A b R
PRI AR 7 T ) R N A 5o
22 WAREAR
22,1 JoblEk

TEHLAN K A 25 38 4k 3 B0 FEMSNs A Ak A7 5
Jfi (graphene oxide, GO) FIF -0 #)5 . MSNs &
IS AL AR e A AR E AT, OF HE A 2 Difg bk
FURST mp i P S BhRs L3, REAs 48 T 25 380F A 4
Pk, O 2 N H T 2 I, 2 AR 2R
FZAREY, Feng %5 PH] H] — 8472 (one-pot method il
% T Huak b 4k 1R 2% FIMSNGs, #5415 25 47 [ MSNs {2 7~
ORI R 3K TR B8 2 R, 1]3546.3% . MSNsX 4t
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WY EA R RTER, BT4E R = 25 T A
IS5 50 AR, ARG S AR 442.7%,
9 A% iR 44 58.6%, 1T MSNs 47 5 14 B 4E 14 22 7F 19 4R
RS AR R A5 10.9%,9 d B R 4 16.0% ,
MSNs 1 25 A58 ] 4 B 25 19 96 At 3l 2 e 1K 52 30% LA
s it S R BMISNs 67 28 P ] &4 B 22 06) /)N S0k 117 3
RCPESS T Bo] o B 257K FLA, AH R I BE 4 () 22 B A
5 29515 d/D SR AR 24K T-30%, RERCPE B A
FKFLA . Zhao 5B IR - K £ 28 0K 6 fi (1)) MISNs
b PRI 4 b, RS B (25 R AR
R RIRE 5 b B 14 d i, 57 280K 65 i (9 MSN's Je L AR
P ALE TS [ 38 1R R B 7K 7 R R B s LT
BAH N, HLTE S B R AR B, I 4 1)U
PEBE s b Ah, BT A BK fef i (1) dp 28 5% B A T L A
KBk B R B AR A, 3X 3 B AE AR 4 b it HI MSNs 471 48¢
2570 B B ARG o A R A0 I, T8 3 e 25 s 1 R
2 T 67 2 7E MSNs L 38 v 1] 73 218 24 11 49 K #4 %)
Bif@MSNs , AT IR A A S 1R, Bif @ MSNsX K
% R ) 4y e A K A 2P A H A R R R R &
HACAER o B20] LUR Y, 5886 2R 46 16 5 I MSNs
BB AN 25 6 R R AR B AR Ak, 0 W MSNs 45 1) 505
SE » R4 6 1) BRI SO SR B 4504

500 nm 500 nm

A MSNsF i g B Bif@MSNs#74i 8%

200 nm 200 nm

C MSNsiZ Hf Hss Pl D Bif@MSNsi 5 14554
2 MSNs AHBREFHEIERAMBEREFBEREILE

GO e Fh L JEH 85744 P — 44 40K T L
Wb, R T HFRTBTRRK HL 4k 3, 2R
B AT R, O N AR 2 AN GO Rl I
o B 5 - BEERR B K A F A SRR ] A 3024,
FEA F A5G 75 R A AR K ) R R 0™, w5
RIL, GO W AR BREE P4 P e i R 24 1k H

TR ] S 2 i 2 RS D B R i v
R L, 38 GO #1251 4 B AU AR AR
W) N A U B 22 AR ORI AR R A A T
Tt 7 RPR LS 1, GO A % B 77 v] DA 35 B
I 5 R A RN e RS, 6E R A Bl T 1R TR B 96 2
FR P, Peng ST U R L : A FH GO Ff itk
Ige ik AT 5 T £ 1R 48 oK R B AR B K B iR T A
87.04%, H.ffi A7 4 Ph 4 s /e £ 25~35°C , pH
S~ 4 N RRERCAE WIIE, v I T Ik e Pk e R R
ST (R e 1575 >4 GO L P i 1 1 LA = L1 2 1
TR FH I, 6 AR 28 Wk R R AZ 5 T 1) AL 8 R A Ik
100, F I H 320 VE o Ak A S5 R BLIN v )2 45
Fa, REAE 0T B AR S g 40 B0 0 3 T 381 1 ] 39
SEAE P A TS e X A A AT B TS A T 1 i A 24
XA bR 1 B 7,

B — I KRR R R B R R R
Yy, 5 WAERR h R/ L WA e A S A I A
A RIS, A AL R O & A8 S B A T
R, Uk BRI 245 ) 28AAR L A st
)R AR A B2 1T 95 325 130 N A0 1 40 I A 4 R T
OB D 2355 T8 e O 1 R 1 LA ] S AR R AR A A
)5 I R SR, HIE 30 % 16 R 25 7 s R L
3K 5 FLAURF (19 B0 45 7 T 4 v e v AR 1k LA RO R
BOBR A=) 1) 22 A P, T R 2t o BB 8 L RE RO
(RN K AR 24 3 AR He S5 WA P VAF 55 B . 58 T 945 Tk
Jiiz F1 5 it 41 (montmorillonite, MMT) 4% i i Jpk 44
KT A KB I, " MMTHs I A 1 5%
AT DL P A 45 e LR 2 1 7 5K 3 A 2 4 2k
o M MMTER N N 5.0%0 , BB I A 24 6 g%
13.32%; W1 MMT N 12 4k 22384 i, A& 24 471 2 6 )
SRR A K BE I (1 B K AR R TR I 97 %, %
MMT 8 G /KB A 2 B TR 20 0 76%, 2 I
Tl , Bk I 1) 2 R4 G A v 7 BORE 2, i B
MMT AT DL 2 38 s K I IR R R Pk 8 o Zhi 5592
257K 47 (layered double hydroxide, LDH) &% 8%
PRI, 7 25 T A 2500 XE CABFG I 1 (1 ) 8 1
T-LDHZR [ I (1) ¥ 56 38 3o 5 fp A e R J5i A
U (i A5 R S i T A AR
fiff 750 B 5 - LDH 2K 25 22 45 1T LAAR 4 b 5 B 25 Fol
VEIW: Fr 2R 10T BB 24230 70% 5 [R] I LDH R ) F i
I3 AL AR 2 I FIAE 7K T B AT R G o) B R Rk
222 HHLEAK
2221 KRR\ TR

S¢S B (chitosan, CS) /& —F KR & 40 4L &
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U IE 3%« IRAR 25 1 43 K T wF 5 DR

W, LT RS O A 2, B R
W AR 2 R T R AR e SR AT K I -NHL A
-~OH'E g M1, AL S HIVE R )2 . e BB a8 R
AR A0 B D e T A 2 00 ) AR, A WA F
T WD A R, SR PUIY B PR, I 42 i 4
PUPER, Fe SRR S R R LR PR SRR K
A SN ) % 0 DK A B N R A, AR R DA Dk v
AL AR AR 24 1) 4 AR 25 R REARIS), Hou 5 HR ] O-1&
FH L 52 SR Bl (O-CMCS) 7 3 i 3 S Bl 4 1 (LO
JELC/O-CMCS, 2X J5 R 2 e (PU) 7 1% , Hil#3PU
Kk (LC@O-CMCS/PU) . LC@O-CMCS/PU
UL T ) I B T DA R R T TR R R AR R AR
AL RE, S5 FLAT E, LC@O-CMCS/PUZE H 44X
ZAF Nt FH 48 hm , A 31 B /K ThLC it R 2 Bk
4.54 mg/kg, FLMIMLCIT =4 200 11.33 mg/kg, W&
BREAR T 8 /K IR B3 s RS0 26 LU LC L B £095%
2550 it FHAE H BN, LCHLI 5 386.66% [ 4
b AW 5 B 5 (Harmonia axyridis) %) UAET, T
LC@O-CMCS/PU BIEHAN 1 16.66%, WFHLT
LCFL, A3 258 i T LOX S (o R () 22 4 1k

IR I £h (alginate, ALG) A& —Fh a3 BB 110
KRG T2, 52N EHE 1 RAEE T
6, A i8R 8l (sodium alginate, SA) [ K =2
SRR FE AT B A e 1, W] i) 26 B A AN A B4k 1 g
(1) 2538 . Kaur 5@ 3 ALGRICS [ 3 7 A2 B A
IR LR T 4% 5 20 1K AR LR N R AR M 107.58 ~
173.07 nmffJCS-ALGZKERH , 405 R 1] 7576.19%,
FEANRES N R IIIA30 d. A 40 oK 3 A s 7 1 2%
BERF IR, BB AT R0 PR A A R0 ) Tl FH 400 26, e X
INBE A F 52w o Kumar 55 U £ 6 20me de ik 1)
CS-ALGERIR B K I #e . 7E AN R pHE&HF T,
CS—ALGHH K B FE (1) B JEUH AN ], 5 pH 10.pH 7
FIpH 454 N RIS e vy o WEAE, BRBFLFIA W] LA
e BB CS-ALGHI K UKL Y , Maruyama 25 L HI
K I 1K 22 T IR A 0K 192 2B N CS—ALG 4 K Bk v, 44
KSR R4 4400 nm, HLAZE %I N i £730 dfE
BEARFFPEARFR E o BEBX 2P 24 7 UKL, 5 B R
H50%~T70% . X AR AR AL ) 40 o 5 MR 06 &5 SR R
B, 5 R AR L, 3525 CS-ALGEN K ik (1 5t 4%
BEPE PR, 70 52 2 BT 2 800 [ B AR T 0 A B A
AR A 5 A ) b SRR WA VR ) 20 B I
CS—ALGHYH KUkt T 18 v 40 17 75 M [F) A B AT
BEAk, B-ERRIRS (AR 43R SE R ORI B S5
FHAEAR 24 28 0 (M) 3344

2222 HHEEHMEL

RIRIEN TR IR & — K& TR AWK,
JZAEAE T A b, AR 2 B E S < 104~2 % 107,
A R AR 2 PERUE A n] B ARk 25 1, R
i3 FH A 2 10 90 R4 TR B, Cao S DL 2R
FRIET BRI A Ak, R LA 7R 25 RV 4% T 3
IR RIRRE AR S0 % 50T, I 2 W 2802 3 A0 )
K54 16.50%H190.65% . 544 G I LA L,
SR AT AT RS TR D6 RS PR R 7 B
TR B P o MRARAEER ] S R 2T R e i ik
VO ) 285 SRV ) 5% TR o VAT P 2 24 Tl 0, T o R 4 L B
M L i K AR AR L LA TR A S BY 1) A AR
FUT L 2N I B MR R 5 e, P ik 2 B AR
UF (RS2 REIE B, W] S K TR At B M 1) D A~ 26 38 Lu
G I FLRR RNk R B AL SR 4 1T 111 2R LI
SR CIRIR D AT RAF I AW B L AN i
R, B I 2 70 3 2R A B iy, RV R B
223 HEHMK

% JE A Ml H 42 (metal organic frameworks ,
MOFs) J& UL J& Jil 1 Ry oty , 5 —Fh el 2 Fi A HLES
AT I RO AV B T B — 4 L 4B 4E T 4L, MOFs
A T TCRIA AL TG SRR, BAA LR T
FRUR CALAR m I AN 25 4 22 AR AL S5 R A 35, 7215 2
BRIz N T

AT 4K, MOFs A by #4145 4% 2 22 8 1%
SRR B8, AR 23326 B FH Y MOFs i 41k 2 FhoARs
7 5 S (R P 67 AL 3 AR 290 1, 2 AL A5 K AT AT 2L
W B AR 245, 0 A 25 B IR it 2 B AE . HMOFsH
(4 J B 1 TR E FR o0 R, M TR R K, Liang
EEE OO o — A 3k Tl % B 28K fr R pHLB AR K 7 1Y)
3 i A K P 1 SR 6 RL (PD@ZIF-8) FH T B 428 B A%
(K13 . pHERAR IR 1) v] AR F 584165 2 ZIF-8 &
P T 1 A A SIS TR DK 5 fe 1 42 IR ik, B RIS
N, PD@ZIF-8 W 7E =% |14 dJiF , W A% i 2 4y
N FAC T IR EF K FI AR BEA . 164, PD@ZIF-8 1]
DA AE A0 et Py W AT, 7 R s T P i 2% 380 ik S5 1) %
ANERAL, HAHE A Hep G241 J M X 2242

Meng %5 O3 JoF 5 71 F0i 1) 2% £ 28w 28 U
41 (LO [IMOFs (Ui0-66) , 13 2 [f) LC@Ui0-66 %
HIERT.T1%, % E G R AL BARYLC, By 1l
RIS R o0, [ B T LC R s bk,
e TRAMAIHE, LC@UIO-665LCIR 2 TitE
TCHE = A B, St e R I B S P R T DL
YT RSINESIE R
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400 nm

A FAHHLEE (400 nm)

B 14 H1BE (200 nm)

100 nm

200 nm 200 nm

C IES BT (200 nm

3 PD@ZIF-8 AR R ES BEE

3 RE

KA 2y CAERL ) DR P SR B Y R4
P 5%, BRI A 0He AR 2581 F 2, 38 21 i 338 2%
R H R, 2 SEBUR 5 (0 R g A FH AR R A
PR EERAE . BT, AR R 57 FH AW iE )
AT TN 2 A T AR g KA 24 1 ) 26 A BRI 9
ANTRI AT ALK 25 2 D e VRO 5 T, A S5 I 4 T
T AT 5 A e LR U R ), (D 2K AR
L0 RG22 A I, AR AR 25 ] BRSO K A
R B IR 4 1 PR DY A TR) W i 37 357 1 1E A 40
KA 252 55 KRR IR BEAT g KU s Al oK oAk 24 3
NIKARFN -8 5 5 I AR i TR DT ISR e S5 AT
s B KA TR A AR R e FA 5, DA K 3 pH
WA A A AR i 5 R A 5 B T RS 2K AT B A 3 i
TEIR A 5L M, () KA 20 A=) 22 4 R 52
YR AR 2 AE SR TR A N WA T B T B A e ) Y
I, S 10 23t AR 2 (e R A AR A LA R R A FH A7
Rk B IR 32 0 T AR AR 25 e A 22 4 vho] gy
K, BE T 5 2R 11 R TR B N A% 7 AR 1)
BEAARY) R, T A0 K URL AR A A P e AR
(A=) & R I, () e J 4K AR 24 R FUASEAL 1l
AR o H T, KA SCHR T B 28 K AR 25 9 A2 7E 5K
6= T 5, A% B0 A PR L DA ORAIE T £ T2
FRTE 1 PRI, A R A S T 28 1) 4 K AR 2 KB
AL A T2 R AR AN FHZE IR IT 1),

S % 3k
[1] B2, R 55 AR 2 B9 1 25 I S A7k 550 B 3 G 4 [ D).

ICT R OB TR, 2022,

[2] ARAAE, Wb, BR1, A% & 25 S ERTIN THK SHEAT b J 4

FORWFFRERE[T]. AR 2525244, 2019, 21(HE T)): 895-907.

[3] MASSINON M, COCK N D, FORSTER W A, et al. Spray droplet

impaction outcomes for different plant species and spray

formulations[J]. Crop Protection, 2017, 99: 65-75.

[4] 2858, S, TIEAR, 55 ARALXT 2 R A3 s 131 1) 4001 2 2R
WA FEICY/ T A A B8 27 2 R0 SRR B 3 5 2 .
PP E R A 2202 VAR AR AR 218 SR bt P K
MR RO R, 2021: 1.

[5] ACHARYA D, SINGHA K M, PANDEY P, et al. Shape dependent

physical mutilation and lethal effects of silver nanoparticles on
bacteria[J]. Scientific Reports, 2018(1): 201.

[6] SALLEH A, NAOMI R, UTAMI N D, et al. The potential of silver
nanoparticles for antiviral and antibacterial applications: a
mechanism of action[J]. Nanomaterials, 2020, 10(8): 1566.

[7]1 MOH T, NAZIMA K M, BILAL A, et al. Biological synthesis of
silver nanoparticles and prospects in plant disease management[J].
Molecules, 2022, 27(15): 4754-4754.

[8] ZHAO X, DRLICA K. Reactive oxygen species and the bacterial
response to lethal stress[J]. Current Opinion in Microbiology, 2014,
21: 1-6.

[91 HEEMT, MM, TSR, 45, QAN K AR BT 08 995 B
BT[], B RN RHE T, 2022, 24(11): 137-147.

[10] T fi by 20K 2l AR 5 T < J 0 775 W 2 HL ) 2 45 R A HEL

HIFTIEID]. AL H ERFE AR, 2018.

[11] SENBILL H, HASSAN S M, ELDESOUKY S E. Acaricidal and
biological activities of titanium dioxide and zinc oxide
nanoparticles on the two-spotted spider mite, Tetranychus urticae
Koch (Acari: Tetranychidae) and their side effects on the predatory
mite, Neoseiulus californicus (Acari: Phytoseiidae)[J]. Journal of
Asia-Pacific Entomology, 2023, 26(1): 102207.

[12] SHYAM-SUNDAR N, KARTHI S, SENTHIL-NATHAN 8, et al.
Eco-friendly biosynthesis of TiO, nanoparticles using Desmostachya
bipinnata extract: larvicidal and pupicidal potential against Aedes
aegypti and Spodoptera litura and acute toxicity in non-target or-
ganisms[J]. Science of the Total Environment, 2023, 858(1):
159512.

[13] ZAKLADNOY G A. Response of insect pests of stored grain to sili-
con dioxide treatment[J]. Entomological Review, 2019, 99(8):
1125-1127.

[14] SHAHZAD K, MANZOOR F. Nanoformulations and their mode of

_38_

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2024 4£ 6 H

U IE 3%« IRAR 25 1 43 K T wF 5 DR

action in insects: a review of biological interactions[J]. Drug &
Chemical Toxicology, 2021(1): 1-11.

[15] XU C, LEI C, WANGY, et al. Dendritic mesoporous nanoparticles:
structure, synthesis and properties[J]. Angewandte Chemie, 2022,
61(12): 202115764

[16] i K, FHHTHA. A 2 il e & R e A 7= I vh A £ T B A
[J]. A 2524243, 2007, 9(2): 110-116.

[17] Bt R, BSR4 5. AR LA FLBR e AT A )], R 24
22244, 2005, 7(1): 63-68.

(18] ABIGEXK, Ent, BVLIL, 45, =T oRGERE R 200 28080 1 () H 1)
AT )] PRI R AR, 2022, 44(1): 244-249.

[19] B 23Tt ZHRHivs M 5% ORI 4K 302 R G 3 R AE S 25200
BEVPAA[D]. ALt AL AL 225, 2017.

[20] KAH M, BEULKE S, TIEDE K, et al. Nanopesticides: state of
knowledge, environmental fate, and exposure modeling[J]. Critical
Reviews in Environmental Science & Technology, 2013, 43 (16):
1823-1867.

[21] PAGAR R K, DAREKAR B A. Nanoemulsion: a new concept of
delivery system[J]. Asian Journal of Research in Pharmaceutical
Science, 2019, 9(1): 39-46

[22] MCCLEMENTS D J. Nanoemulsions versus microemulsions:
terminology, differences, and similarities[J]. Soft Matter, 2012, 8:
1719-1729.

(23] SKAUIL, B S, b, 55 AR ZG AR FLAIT FEdt e ()], K A
i, 2022, 24(6): 1340-1357.

[24] MISHRA P, DUTTA S, HALDAR M, et al. Enhanced
mosquitocidal efficacy of colloidal dispersion of pyrethroid
nanometric emulsion with benignity towards non-target species[J].
Ecotoxicology and Environmental Safety, 2019, 178: 258-269.

[25] QIN H, ZHOU X, GU D, et al. Preparation and characterization of a
novel waterborne [ambda-cyhalothrin/alkyd nanoemulsion [J].
Journal of Agricultural and Food Chemistry, 2019, 67 (38):
10587-10594.

[26] WEL N, HOU C Q, LIU Z R, et al. Preparation of fenpropathrin
nanoemulsions for eco-friendly management of Helicoverpa
armigera: improved insecticidal activity and biocompatibility [J].
Colloids and Surfaces A-Physicochemical and Engineering
Aspects, 2023, 656(b): 130442.

[27] KAH M, HOFMANN T. Nanopesticide research: current trends and
future priorities[J]. Environment International, 2014, 63: 224-235.

[28] BO C, FEI G, ZHANG H Z, et al. Construction and characterization
of avermectin Bsub2/sub solid nanodispersion[J]. Scientific reports,
2020, 10(1): 9096.

[20] % SCHH, M5, S0, A5, TR R UK 2 BUA I 46 . RAE
KRE VR[], R 22 223, 2015, 36(6): 1208-1212.

[30] WANG C X, CUI B, ZHAO X, et al. Optimization and
characterization of lambda-cyhalothrin solid nanodispersion by

self-dispersing method[J]. Pest Management Science, 2018, 75(2):

380-389.

[31] KONG X P, ZHANG B H, WANG J. Multiple roles of mesoporous
silica in safe pesticide application by nanotechnology: a review[J].
Journal of Agricultural and Food Chemistry, 2021, 69(24): 6735-
6754.

[32] FENG J, YANG J, SHEN Y, et al. Mesoporous silica nanoparticles
prepared via a one-pot method for controlled release of abamectin:
properties and applications [J]. Microporous and Mesoporous
Materials, 2021, 311: 110688.

[33] ZHAO P, CAO L, MA D, et al. Translocation, distribution and
degradation of prochloraz-loaded mesoporous silica nanoparticles
in cucumber plants[J]. Nanoscale, 2018:10(4): 1798-1806.

[34] WK, K5, VEAE 2, 45, SUBIBRAGRE I A AL AL T 44 K ok
XA ROE A= )& PE I B[], 25 4R, 2022, 29(6):
557-563.

[35] VIR, Z IR 582G PR R et B M B REWT ST (D). b
A B AR BE, 2021

[36] WANG X P, PENG F, CHENG C H, et al. Synergistic antifungal
activity of graphene oxide and fungicides against Fusarium head
blight in vitro and in vivo[J]. Nanomaterials, 2021, 11: 2393.

[37] PENG F, WANG X P, ZHANG W J, et al. Nanopesticide
formulation from pyraclostrobin and graphene oxide as a
nanocarrier and application in controlling plant fungal pathogens
[J]. Nanomaterials, 2022, 12: 1112.

[38] WANG X, XIE H, WANG Z, et al. Graphene oxide as a
multifunctional synergist of insecticides against lepidopteran insect
[J]. Environmental Science Nano, 2023, 6(1): 75-84.

[39] PN, = Mt, M. B M BB A R R W R D). #4
RESR, 2022, 36(2): 56-65.

[40] &7 k&, 5k, WAL, 45, REIR 3 L0 WAE DUy W sTat e
[7]. ¥ KL FL, 2018, 46(4): 23-30.

[41]1 HE F R, ZHOU Q F, WANG L Z, et al. Fabrication of a sustained
release delivery system for pesticides using interpenetrating
polyacrylamide/alginate/montmorillonite nanocomposite hydrogels
[J]. Applied Clay Science, 2019, 183: 105347.

[42] ZHI H, CHEN H Y, YU M L, et al. Layered double hydroxide
nanosheets improve the adhesion of fungicides to leaves and the
antifungal performance[J]. ACS Applied Nano Materials, 2022, 5
(4): 5316-5325.

[43] BAKSHIA P S, SELVAKUMARA D, KADIRVELUB K, et al.
Chitosan as an environment friendly biomaterial-a review on recent
modifications and applications[J]. International Journal of Biolo-
gical Macromolecules, 2020, 150: 1072-1083.

[44]LIUY T, XU R X, TIAN Y C, et al. Exogenous chitosan enhances
the resistance of apple to Glomerella leaf spot[J]. Scientia Horticul-
turae, 2023, 309: 111611.

[45] KASHYAP P L, XIANG X, HEIDEN P. Chitosan nanoparticle

based delivery systems for sustainable agriculture[J]. International

_39_

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



ARk

23 H3M

Journal of Biological Macromolecules Structure Function &
Interactions, 2015, 77: 36-51.

[46] HOU R Q, ZHOU J T, SONG Z X, et al. pH-responsive
lambda-cyhalothrin nanopesticides for effective pest control and
reduced toxicity to Harmonia axyridis[J]. Carbohydrate Polymers,
2023, 302: 120373.

[47] KAUR I, AGNIHORTI S, GOYAL D. Fabrication of chitosan -
alginate nanospheres for controlled release of cartap hydrochloride
[J]. Nanotechnology 2021, 33(2), 025701.

[48] KUMAR S, CHAUHAN N, GOPAL M, et al. Development and
evaluation of alginate-chitosan nanocapsules for controlled release
of acetamiprid[J]. International Journal of Biological Macromole-
cules, 2015, 81: 631-637.

[49] MARUYAMA C R, GUILGER M, PASCOLI, M, et al.
Nanoparticles based on chitosan as carriers for the combined
herbicides imazapic and imazapyr[J]. Scientific Reports, 2016, 6:
23854.

[50] 4= 74, w4E 1, AxMin, &5, SRFRIEI T MR I A ) e S 0]. 2B
PITRE2AR, 2018, 34(10): 1531-1542.

[51] BRHK, VRN, fi, 45, SRR SLHR I RIS 1 A 25 B AR I T Tk
JE[J]. AR 2552441, 2019, 21 (B8 F)): 871-882.

[52ICAO L D, LIU Y J, XU C L, et al. Biodegradable poly
(3-hydroxybutyrate-co-4-hydroxybutyrate) ~ microcapsules  for
controlled release of trifluralin with improved photostability and
herbicidal activity[J]. Materials Science & Engineering, 2019, 102:
134-141.

(53] WAl TATR T WAL ol S8 S 7 0 v WA J70 v A ) o 6 2 HL P REAT
FE[D]. bt E R RFEABE, 2021.

[S4]LUBT, LV X K, LE Y. Chitosan-modified PLGA nanoparticles for

control-released drug delivery[J]. Polymers, 2019, 11(2): 304.

[55] LI B, WEN H M, CUI Y, et al. Emerging multifunctional
metal-organic framework materials[J]. Advanced Materials, 2016,
28(40): 8819-8860.

[56] WANG P L, XIE L H, JOSEPH E A, et al. Metal-organic
frameworks for food safety[J]. Chemical Reviews, 2019, 119(18):
10638-10690.

[57] CAI W, WANG J Q, CHU C C, et al. Metal-organic
framework-based stimuli-responsive systems for drug delivery [J].
Advanced Science, 2018, 6(1): 1801526.

[58] WRGEEME, LA, VRARIN, 45, SR AN ZEM R TR 2 i A0
T T RE[)]. A2, 2021, 20(1): 13-18; 25.

[591 W1, 2530, AL, A5, B AR AR 25 BRI AA R BT 7Tk
JE[I]. RS, 2020, 34038 1)2): 1099-1103.

[60] LIANG W L, XIE Z G, CHENG J L, et al. A light-triggered
pH-responsive metal-organic framework for smart delivery of
fungicide to control Sclerotinia diseases of oilseed rape[J]. ACS
Nano, 2021, 15(4): 6987-6997.

[61] MENG W Y, TIAN Z F, YAO P J, et al. Preparation of a novel
sustained-release system for pyrethroids by using metal-organic
frameworks (MOFs) nanoparticle[J]. Colloids Surf A Physicochem
Eng Aspects, 2020, 604: 125266.

[62] £5 2, B, MU, 45 ARR TIN5 R BT A IBTFL
HERE[D]. P EROR T, 2021, 41(12): 14-18.

[63] KLU, EUTHY, BRJE, 4%, 49K AR 2 (RIAR 3515 PR 358 XU F 70k g
[7]. BARAR 24, 2023, 22(2): 28-35.

[64] 5K ICHH, WEME, SR, A5 GORARZRS PR AT 78t i [7]. B
R4 2, 2023, 22(2): 36-39; 44.

(%% k)

i e S L i e T S e T L o e s S S e e et S Sy

2344721-61-3; {1225 C,HbFN;O,.

(dsRNA) , F & 3724 e X

: C-HLCIFNOSS .

x

EBISORR L& SAHFAKS

2024551426 1, 84T A5 43 (1) 9 3038 H 44 3845 [ PR bR fEAL A 2R ASO) R 25T H A4 BERZ: By Skt . 84N A R 73
W, BRI R AT cinflubrolin CGRUYR BERE , A% H57 /i B cybenzoxasulfyl , tiapyrachlor, 7% B 71 i #f 47 fenopyramid (i fiik 14 i
Jli) . feneptamidoquin, %7 5 Fl 47 vadescana . bentioflumin CESIEEEZ) , A% B A28 A& AT galquin.,

Cinflubroliny 7 & JAR et T A (19T B 551, o SCIB T 44 iR ik . CAS XT3 5 : 2892524-04-6; 165X C,;H,BrFO,.

Cybenzoxasulfyli H AR AL S 4L FF R BN AR A, CASEF 35 :2128706-04-5; 44253 : CgH sFN,O,S

Tiapyrachlor A BHBAETE R I di7], CASE 5 : 1255091-74-7; 442430 C\,H,(CIN;O5S,0

Fenopyramid 24 th 4= W AR 16 A AR W0 B I 0 A B2 W1 T 180 2% B 70, G o S 4% R Tk M T i . CAS B sk 5

Feneptamidoquin Ay 4G IEIA TF & (IR B ) . CASEE T :2132414-06-1; 1h2230: CH,EN,O.
Vadescana A 32 [ 2% Yo A4 Bl 2% 8 5] R I RNALR 71, CAS % 56 5 4 2643947-26-4., Vadescana A XU 1% M 4% 1R

Bentiofluminsz 1 2 BEFR A MRS AT IR 22 WA DR L3 ), Hh S P A2 2R R e . CASHE 3Kk 51 2566451-67-8; 165

Galquin Ay 75 KRAE A A TFR IR R Al CASE S5 :2644770-30-7

e oo e

(R B :http://www.bepepesticidecompendium.org/ )

e S S T S

S G G G G O G G G G G P G O G S i e

_40_

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



