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B/1 smARHe R
Fig.1 Classification of nano-pesticides
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(g-AgNPs) , A B FL RS MR 5002 3 11 B A B i e 410 1)
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Fig.2 Nanometer pesticide application diagram
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Table 1 Classification of nano-pesticide and related application technology
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(DMONSs) NYKER, ABRRIE NI A, L5
TALZE/E DMONs P, Wit T —Foft X0 o) g o7 754
RO R P51k 2 (NES@DMONs@LGN) , figfisf
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20 cm), EB@PEG-GO H ] EB 1 2% F AU A 13.87%1.
X e 4 HLIE B K % EB@PEG-GO B A 50 47 7K 5 1t A
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TE 1) pH 16 55 SEIL 5 oy~ CERE A0 Bz 358 P90 R A Rhas
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(T8 A e AT AR AR 24 /0 PR AR, R R R
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T 53R & M E S Be 3 g oK ok, H g BRI 78
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AbFE 250 h BETLL) 20% I AW, YANG 05 &1t w2k
RAGHHERRIATH I, WETEEZRIKEA, 6
MG T AVM 258, BEEAUKE AR KR, &
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BEM75 4o SRR AR 24 T FL g0 oK RT3 O (17 B 56 (1)
W B, e - A 2 PR P AR A S 9K R 2
AT DL RO IR, AN B AR T A& 24t FH & 5 7T R IR 2R
Beis g, AR S, HRRAGRZUANYHN
FEAKR S, (R G 2 BT R AR SR R R
M FERR I, Z9R0R o TIEA BORIEVE R, TR 2
o AR BAR B G oK AR 25 32 B DL ML N2 ROy, A
AR T A5 B AR R3S gk R 25 R R A
BRI FERY AL ML BRI R R AR E, AT LA
AP R IR R DRI, gRoR AR 24 7E it FH 7 R0 2 3R
SEME EE OB T ARG AR ), T S S IR I AR
FERR L, FLA A
2.2 YRR AR BEND R FE AL

SHEGR G RUL, TERE/ER R — A, 9Kk E
MU B G AR AR m sk, B ERREAT
AT LD R R R TR AR A A o R AR B G R A 2 TT
DASE L Be i LR, T DARRARE pH B R 484 E R B
XS E o FRAT R, LI o TR R
)8 BE 45 25 . NES@DMONs@LGN & $i74 f) pH i |3 ]
PR Z, fEpHE AN 5.7, 7.4 A1 8.0 I, H EFBBH
S EE BN 36.4%. 46.7% A1 79.1%, B pH E IR0,
fUER T NES MR 2. Mk B Y atEE R
vF g (R 26 1F 45 B T LGN@NES@DMON 4K ik 78
TN IR i, A T AR RECR, $em T4
I 2 I U I i 7N = e i o R B 1
AVM@CS-SS-Zein £ 4+ it H K % BZ 5 2 mmol/L B ,
AVM {E 1315 h WHR ORI, RARBEINE AN 97.99%+
0.28%, 4%t H BRI 3 0 £ 8 mmol/L B, AVM [
BRSO FETE TR, 58.5 h I RAVEEE A 99.10%+0.71%,
AR BEE AR, 131.5h J§ AVM FBE i A Ry
54.13%+1.29%. XA A 5 S MRS i 32 B2 T A
HIRBR T his, BESHOR T8k m e B>, [k,
S TR T 1N 2 g oK AR 245 0] DA SIZEILAE B UM A R B A 2
By, AR IRIB ARy, U R RN SRR
A P BRI JEE R S B AR B AR S i, T 58 A R T
TFIERA e BRI, AR AR 24 5 R ma LR TR R e R
TAEGARZ], B R AL AT RS K R I 75 2

3 PRRANEVREMFIMEREMN

NPRIEAURAR IR AT S HYI A E i) %
&, PRRAH) L a2 — DR EEZN R, H
BT X AR AR 2 (PP BT U R B, B R T KRR
SIS s 2, EREERII. AT, 545
WAL, R ZGAE SV P I RR BR800 0 A W Al
i BT, WETUN ST XS 9K AR 253 R 5 i )

PR R SRR, ETYOREL RIFMAEYD
FHAPE. @R, KRR, RPRREE —ERE L
> T XA A KR ER B () S T U kA, g
XK AR 25508 AR VI R B T R I, AR SRR AT AE 2%
XA = AN B, KR 25 R I B R AR
FAFAI), g5 TR, GURR AEAEN S IRB % 48
il WoR AR HS, A TR A TR AT T AR X
Rt .
3.0 HRRANINEN LS M

PURA LG N AAE D B F BT IR A RO7 %, o
FEAR 0 HoA Sh P ) B BIAE 3R s 4ok AR 25 i Fe e A
TR MR R R B CEE . A A A BT AYK
B ] A& g oK A 25 [T BT IR B Wi (Tetranychus
uurticae Koch), T 753 B 4R K AR 25 1) 2 B 3000 & B 24K
T B AR 2, TR B AR AR 2ok R N EE PR U
GIRAFEL, 2 REHARBEYN, PRI RER R
255y TR UL A BRSO R, SR m R 25 23 00 %1, 3
R PR AR 2 8 B AT 1 B e %1, TR A 3 W) 6 7%
RIVER, EESE A g K AR 245 1) it T AS SR B 3 KA
F, 38508 it P X8 ) Fe A sh DA R, B9 U R
HORFLAbh Y. AR UEZZE R, YANG 205 i 70 R 1
BRGSO IR E S B A B ks pe A,
B IRk £ HOAE B RS BRI ME RN 2.33 $2 & 5
3.23, $RTIFZ139%, A F Tk AR 0 il £ 2 I AT R 0
T I A o R R R, BRARCORT R HROR B B R AR
FH CASEELRE 47 008 AR B YE - H RTA K AR 255 B B V6 1
WEFRIAS 7B M RBUR, (HRPUKRRZNZNY), Rl
W FLR BN ) 22 A VAL AT e ik — D BRI
32 PRRANEINEN LM

B R 2 RN AE ) 2 A VERE T, ZHAO %5
N AR T 20 2 23 B SR A B g0 oK AR 255 A3 (Lactuca
sativa) [PEEA, RIVAAFRAEM B (823 ~ 1 111mg/kg)
PR e SR A 40 (1353 ~ 2008 mg/kg) ., &
FH X 28 A4 S ) AT RE 2 S8 I AE AR N Cu I R AR, R B BF
I I 21 T e FH S S A AR 4 oK AR 2 T DL A
A AL (6% ~ T%) FIEE AL (21% ~
28%) HERRIREE, hAh, X A E VAT R
3 B s 2 0 it FH S AU AR 20 DK A 24 1 X 6 L 1 0 4R A
e EREEK SPREIRE BE TR, sk, il
XA R B AR K BURLAE 38 X (Cumis sativus) T
FEAT R R R B, SR A BN K AR BURL X 28 TR
W TEVE T A B, AL S R SRR AN R T 3
SRR, Rk, G A IR AR 255
KT R M4, A Lt R PR AR A H AR
HEWAEKKIEIN R, B8k SRR T 4
JRE TR T, AT RN R A,
300 mg/L B8k ARG BURLAL #E 21 d /N FE bk L
2R 3.4 em (18%) @), Rk, MRk
Refm AR AR, XA THEDAKKPIRR L AR
YR KSR TT 1] o



250 flk TR (http:/www.tcsae.org)

2025 4F

3.3 RRAMWEVNENR SN

Bl toF 4 oK AR 24 o AR B0 B A 0 1 9 R F T R
YK STORL AT LA S 7 A TR, oK i A B 2 SR B B
P 19260 BRI AT of 44K 4 245 568 Sh A 40 i 5 33 s i)
S0 DU A 9 52>, MAHAPATRA 25029 38 3 ) 4% 368 48 4
Bl CuO R ITRE, A B o 4 A PP 0 7 25 40 o 7 kR
B TR A, EHE X b g K R F T X Hela 40 g Rt
AT A A AU, R K R B R B T 4n
MREEE . X A X3 P A A, IR A,
PEIXOTO %550 it S S AL 0 g 2K Ak 24 2 2 ) 3 E
BEVE KA m R IFIE 7, W ARG R 2N S
HAMEH M EEBE S A AT BESL, BEEE
BRI IBARERE, Ea2 el st:; BRE
HRIH BRI Z R MR . ik, FeKkRZP0H 1
R ST A R E ) 2 A M B R B,
3.4 HRRATIEMNLZ LM

YK AR 24 % 8 22 4 M I B 5 9K AR 2 (R R S
P 5, 1 UnmIF 7t 2% WA 3 40 2K A 24 1) i ) 4 ok —
SER R, B I 2 4 M VAl RO 9T R IR SR g oK
R NREE, X YN T A AR S A7 T B
HX R Al Ao IR R 2. IR M ThRg s, [
B SR 2 a5 B % el m— gk
mi 3280 B TR GRAR 2, RN R AR 24 B A A
WAE I A e RARZGIR R, Rk g K R 2 R R 245t
AL RIS AR - I MR TS AN e A= 47 iy %1,
EExt R AR T3, ALK HIFR S M R S A
P HEE AN A R E R KR 24 PR
AR E RN, AR AKRERTE ., HESEE.
TBIE IR UL R IR 8 R ) HA IS e S A R K R
IR A TEE, TP DR 2R g K AR 24 (1 AR A B T 2N
IS FRIAR SCIIE e AT e 3 = U4, R sk B ] R gt K AR 24 31 35
RS IR BEA G FERE, A R 88 A R gk
YR — R P ) B B

4 RESRE

20K AR 20 AR AT 3 8 O e R L Y KT
AT IR 4 T IR GPUR AR R, BiEgK
RAFE G, e U] TGk sy, JREia
ARA LRI RGO AR LI X T3] 9K AR 25100 R
MG PRI R RS R E LS, FIaRy &
KRR R e B, e TR AR AR
T H AT 9K AR 25 1R R LB AR O F 7. Bk, ah
KA X PRI M AT B A5 B2 (N ), 75 2 AT &
G IR AR ZPABAT N S R R R, THEK
W1 EE Tt R REE . AREEAR AR ek B 2O
L AR . S5 N DR RERE R T 409 K A4 R34
SR, Ao R R A0 TR . Hk, RaERgk
A IR B AR, o sl b AR 24 (0 kT B O 4 ST
ARG 2GRV B B S AR AR B R
AT ma MIEAEE RIS (o pH AL BB JGHD 1R AR

BEARACLY, SLHUmE R AN LR B S5 AT AL
W5 R AR BOR, W ORGSR 2" — il
24, #E— B MAR. &a, BAMETESRK
2, GIRRAGRIE m R R S RS R R
P, (HAGPRAR L BT fE i Em, Bl d iReon
o T RE R, 8 KR AR E Vg KA 2y
RIBARAERE LER R . — AN TTRERI MR D 7 SRR R AW
GURMEL (e dEsR . S23MD 18k, RIAARLE
FEVNE RANRAC L, AR R SA I A0 1 84k 27 ] 4%
ML, HEsh T E MR EE S8R Bk,
PR R A 2 R RSCA, ST A R AR 245 R RS A 7 A
VB BE DT A ERIE X 9K A 24 (1 AT 3
RIS BEAT A5G, DUIHESI 9K AR 25 BOAH R BOR
FEAO )R TN -
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Research progress on the advanced technologies of nano pesticides in plant
pest control

ZHANG Yezhuo , ZHANG Zhun, LIN Jinxing , LI Ye*

(1. State Key Laboratory of Tree Genetics and Breeding, College of Biological Sciences and Technology, Beijing Forestry University, Beijing
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Ornamental Plants, Ministry of Education, College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083,
China)

Abstract: High-efficiency and low-toxicity pesticides can play a vital role in plant pest control and food safety. Traditional
pesticides cannot fully meet the production needs of modern agriculture in recent years, due to the different degrees of pollution
and environmental issues. It is very necessary to replace traditional pesticides with more efficient and environmentally friendly
pesticides. Nanopesticides can be expected to serve as the promising potential candidate in the development of nanotechnology.
The high efficiency and low residue can greatly contribute to agricultural pest control. In this review, the two types of
nanopesticides were first introduced and processed using function nanotechnology, in order to obtain the nanoscale particles.
The first type was to directly process the active ingredients of the pesticides into the nanoscale particles, which belonged to the
non-carrier nanopesticides. Among them, the direct and indirect types were divided from the non-carrier nanopesticides, in
terms of their action. The direct type of nanopesticides was used to directly control the pests or microorganisms in the form of
direct death, while the indirect type of nanopesticides was to indirectly control the diseases and pests after stimulating the plant
metabolism and resistance. The second type was to use the nanocarriers, such as the organic polymers and liposomes, to load
the pesticide-active components. The carrier-type nanometer pesticides were prepared after adsorption, coupling, and
encapsulation. Non-carrier nanopesticides included metal and metal oxide particles, inorganic particles, nano-gels, nano-
micelles, and nano-dispersions. Carrier nano pesticides include carrier drugs that are prepared from different nanomaterials,
such as polymers, and liposomes. Secondly, one summary was made on the application and behaviors of different types of nano-
pesticides. In addition, a comparison was also made between the advanced nanopesticides over the traditional pesticides in
agricultural applications. The nanopesticides were characterized by the slow-release and intelligent drug delivery response to
the controlled release. The short efficacy and easy dispersion in the use of traditional pesticides were solved for the long-term
and large-scale production under the controllable release. Thirdly, the biosafety of the nanopesticides and environmental safety
were also evaluated as the agricultural drugs. A critical review was then made on the biosafety effects of the nano pesticides on
animals, plants, microorganisms, and the environment, especially the soil environment from multiple perspectives. In theory,
the nanopesticides normally share small or insignificant biosafety effects on different organisms, indicating better biosafety, or
excellent selective toxicity, compared with traditional pesticides. Only lethal toxicity was observed on the target
microorganisms or pests. There was no significant toxicity to other organisms. Nevertheless, there were still some gaps in the
biosafety research of nanopesticides. Finally, the outlook was given for the prospects of the nanopesticides. Development
standards were also required to evaluate the biosafety of nanopesticides for the safe dosage in industry. More importantly, the
current research on the nanopesticides was mostly in the laboratory stage. The large-scale production and application of
nanopesticides were then realized to balance the advantages and biosafety of nanopesticides, compared with traditional
pesticides. The practical development of the current nanopesticide industry was summarized to provide theoretical and
technical support for the design of efficient nanopesticides. The advanced technologies of nanopesticides can greatly contribute
to sustainable and modern agriculture.
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