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Advances in Smart Controlled-Release Pesticide Formulations
YUAN Huizhu, YAN Xiaojing, CHEN Shuning, YANG Daibin”

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of
Agricultural Sciences, Beijing 100193, China)

Abstract: How to reduce the dosage of pesticides and alleviating the toxicity of pesticides to nontarget organisms is one
of the challenges that scientists have to solve. Smart controlled-release pesticide formulations have been developed on the
basis of conventional controlled-release pesticide formulations. The active ingredients generally stay in smart
controlled-release pesticide formulations, whereas they are released when the environmental condition meets the
requirements of the stimuli-responsive system. It summarized the stimuli of smart controlled-release pesticide formulations,
including enzymes, pH values, temperature, light in this study. In addition, the single stimulus-responsive, dual
stimuli-responsive, and multi-responsive smart controlled-release pesticide formulations and their characteristics were
introduced in order to provide a guidance for the development of smart controlled-release pesticide formulations in future.
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IRIRE A0 A P02, g- R RS (B-CD) # H T4
B AR 5>, FonT LAY Z2 2EBRUE R Wi BT 23 A4, 4
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T 141 1) PR A4 B B- AR K S JR ] T8 1 A 00 g 52
RUHE M LI 5040, 4 PRIR - [di(ethylene
glycol) ethyl ether acrylate, DEGA ] Fll A 4% iR -2- #£ 5t
£, lig (2-hydroxyethyl acrylate, HEA) 5 B-CDH: 5 13
R TEILER Y B AT BN, AE /K T L 41
$E T AN A AT, Sof A0 78 1) AR 24 R0 1 24 3% P 70 R
JECEA A ) I R P 00 e 33351,
2.3 A BE/RIE w5 w AR

B H AT R 1k, CHIE I B AT A/ 6N i Y,
DI RE A% 24 2 BERE TR SR AR A8 /b 9 A 2508
FHAT AW RATE RGN 7 TSR SR
HIRE P B 48 250K -4- 2K R [4-(Phenylazo) benzoic
acid, PBA] 73 73l iof 15 8 34 122 21 2 £ I R 1
[Poly (ethylene glycol) monomethyl ether] 73 ¥ I /&
Jl EL AT W SRR AE 1 mPEG-PBA, mPEG-PBA 7E /K ¥
W RE A ALRTE AT 5 5 M K IO, 244

KR BE AL R IR IX (B B A o ssg v ok, th B
AR HETD , BT 1 SR IX A 58 40 0 RS
FRIRIRREEF] T BEROR I,
2.4 SB/pHR F vé o 35 4 Bk

W A 6 N T (8 A pH I Y. T 5 1 95 F ) fig
FARE R IS 5 1N 380 458 B T804 & v ) DU 8 T A
RO pHOBUHL Wi WY D) fi¢ o 451 4n i VK 27 38X 4 3 141 A
£ 1 G RT pHURU R Mg )& (14 A W14 e i 28 e 2 R
YK BRI PD@ZIF-8 o 12 40 K RURE A FH 4 ik 1l
3, 43 ) LK £ 1% (prochloraz, Pro) F12,4- — fiff 3& 2%
[ (2,4-dinitrobenzaldehyde, Da) 4 7% & 7145 %% 1%,
I RGO, 7 AN IR AT T 2,4- A AR
REREBCTHY, M ZIF-8/E MR ME ST T R A B AR AR T L
BKAEHZ (6 o BBAk, iR AT AN, ZIF-8 A S 11
P M A e A A B T R TR K fr . DRI
PD@ZIF-8 4 X 't FE Rp FXU L 1 [ (1) 44 K s 187,

6 HAXEM PD@ZIF-8 M Kz 2250 (UV) S R B M & 4 TR BUKR A E R S0

2.5 R/BEIE R AR R A

W B DGR A 1) Ak 5 SO [T P qA 3
TRTT LA 31 40k 00T M 2 P 1 23 ARk ik S
SPEEESR T 1 R SRR A i TN I A R A
A (AAAB) 5 N-53 U2k U M 9t i (NIPAMD JL 2§, il
T R B A R R R AR e 0 g N P P
(NIPAM-co-AAAB) HL 3B, %58 IR [ LCST 5 3t
B A B B (NIPAM/AAAB) 7 56, JLERECEE
98 : 2H195 o 511 LR EE K I LCST 73 il 29 430 ~
32°CHI27~29°C . 5 LR, ¥ £ 0 2 Py Ik fix

(vinylcaprolactam , VCL) 5 N- 2 H & 4 4 9t fi%
(N-hydroxymethyl acrylamide, NHMA) 3t 3 15 21 1]
HE R K P (VCL-co-NHMA) it 48 7 Al B AT
RUER M) AR PR

W6 A, ) FL AT WO 35 R A8 Dt ORI T )
P VRS TR 28 b AT LR 8 D /i S8 U0 B i B 478 1 R
TR Z o 417, 73 51 LACaCOHT 22 B4 Ay A AR Rk
PR A T 23 ) B i ER (hollow carbon microspheres
HCMSs) , 1K it s 7 2 2 HCMs, 48 Ji5 1 PEG A
a-CD¥f G35 7 Lk sk 1 HCMs ) 26 T2 142 B 4 R
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HCMs/IMUPEG/aCD ., X Flidf 55 7 H A& i1 T PEGIH
KBERE N a-CD % I J5 AE HCMs 36 1 B iU IR 2 » Tk
J1 2 T LI bk P AEHC M £EJEBRAC AT, 78
IR R & T 1 22 RO 34, fFPEG I a-CDJE
JS P58 P 2 T R TR, AT S S i ERLBRLT

7 BEWRABHHMEA HCMs/IMI/PEG/a-CD =R &
T 5 0 R L P L WKL)

2.6 iR E/pHME vk i Bk

L5 (p HUORLER i) J3: 290 KR 75 i 25 ) it 5
ARG 32 s D DRIAE T e 5 5 e R A S A i 8
Tt e R pH AR B LA ek 5 /pHOUU T Mg 1. F 290 2K i
Je 24549 TR T L AT AR 5 PR A g R 7 B 2 45U 1)
T 55 ApHOR TR Wi I8 49 KA 3 8 e e L A 3k 5 e 1,
Ly e A pH 3 Uy g (5 MR e 8 [/ — N 7 b o Ak
25 AU P A AL o A9, R T e e
ik BT TR X 6 AN RS2 AN K AR 2R B P o 4 ) B, 3R
B A K T L AR R -2- (NLN- L) i B 1
(2-dimethylaminoethylmethacrylate, DMAEMA) 5 5%
ZE Bk (chitosan, CS) 3L 5 JE J# CS-g-PDMAEMA, L)
CS-g-PDMAEMA J 2 B i £ 1Lk W Tk BR7 PR 122, 120
TP KT EE A T T S )RS T80 L AT Ul 5 /p HOXUEE W 1. 24
N, J5U K E T CS-g-PDMAEMA )1 1 5 45 1 58 S8 bl
B4y FLAT pHI N 3N, T PDMAEMA F#4) [A] if AT
Uk FEE R pH g [ 255 7 12431

FEAR 28 U o A U /pHOX R i)
IS 1) 42 T R TR AR 2R e 7 45 RS R & b A il B I
o U P AT p HEBUAE A 6k, DT I 37 B ol 542 1l 4R %
5ot ¥k JEE T p R S AR AR o 481 G oA 1 AT AR FH 5
T At R 2% A7 R HUE (1) 5 SROBE - W IR AR, 0k
Bk F B R EAG YL e V2K, 7E 10~30°C [ 1Y
B 5 il B T s, W S %) B TSI s Bk v 1 e 2R
Bl H AT pHI N BN, £EpH A 5~ 1078 Bl Y, Bfi % pH
B v W ERL e [ TS A 1 4
2.7 A BrR A ) B

U=y g i 1 928 S B TR 3R 2 i 428 TR T A
FON AR 0 1 53 IR RE TBCRT LA E P e AN 5] 11 A2 4
Pt T ik A o v L AR R 27 (1 8 7K R T A A LA oK

A ACRERER p g LN XUBR B PR B Bl A e 5%, AE
R ERER T I D R AL e b B o R U S
Bi 4k 11 3R 1K) 9K BER i > B RS P9 45 D6 T Ok % i
XU BEE » oo A7) I A AR AT » AN TSI I AM K Bl et o]
2 TR 2R R RERE I R, 2 B UK A S L
K "R ACRE R RE 5 R IAE , b (e b 2
PR TR R R TR TR R T LAE A e H T
SRt PR 1 Y RS T,

3 ZEMMEFEEERRER

%2 T N DR TR e s RS MR R B AR 2
IR DR 7l R R TBOAR 23 T 2y AT A 42 R
TR A RS R ) AR T IR A R 2
(1 fi 2 2 P 0 R 38 T = i ) ) 2 2R S A
BN TRA . A5 5T ok, — AR Uk &
BAT = F a2 R Rema B N7 1 A 2% o LT
IR B R 4R R TR R, M AN AR 2 2
I )8 PR] - 4 R 45 R R B0 AR v ) — A i . T
BV AT fid e RE T o Zhao S5 UM 2 FH L £ 4 32 5 Ik ke (4
T AT SN AE P A AU Rl B R AT
Ye AT, SRIGHE TS BEATAE 4 F T 5 R kR
i) S SRR T s . A= s 0, 7 A ) o 3R TR, I
VA SVRGHUE 27 B X R SR DR ks N 8 S S k2 o
2, NS I N B (FE20.1°C R RER A AR,
N 25 AR by A 3002 R Tg0m I IR - BT B
P25 I T UK e e U B, DR T T A A A DR S, £F
Yl LI T LA AR LT 4 2R, MR 4 SRR 0, TP K i
FEEA e H KA 48 hpy ] A A 43 5 2 1) 2
REZLME, IR 22 BR G 2546 DA T O 6 78 110 Bl 2 B
FU, Shan§HLIR G il T W - 8 s HAT — H M Y,
FEPE ) 570 1 2R G WIP2 SRS WIPAE K W m] A
I 20 2 A K R B, 499 K SRR B 44 B 35 11 £ 7
2932%, 10,78 1) B 4E TR 38 A8 A7 1L B o SR AR 6
ERIEE . BAYP2h & XA AR, B
U A PR DR DR 522 I T I w2 i) % e L
BERVRRERSE . 78 ML IEAE L, RSP R IR I
Bl vl DATEBIE S5 A T /KRR . 59— A2 T Y,
P 0B TR B T K FesO, F A 97 42 CP [S]A
(carboxylatopillar[5]arene ammonium) 1% 1fi 15 £ CP
[5]A-Fe;0,, PR AL S AL AE AR FER (HMSN)
CP[5]A-Fe;0, %} i 75 #HMSN/CP[5]A-Fe,0, 4% B 14
R, A AR5 R GAS PR A& R GA-HMSN/CP[5]
A-Fe;O, 1] LAAEpH>55kpH <4 . 1,4- T Jle Il 7 4
R GAS®, GA-HMSN/CP[5]A-Fe,0,/13 75

_24_



2023 4£ 10 H

HRBR, E ARG BRI IR O Sk

JE S FesOu W LIAERLIZVE T T 25 BR B o), Bt

el P AR RE A A I Tl It i S M A R G A

8 EFAZEMMN BMER BRESR.HD BESHTFRESY P2 SR KEN

4 BESRE

AR 25 78 A A TR TR AR 24 1 5] A5 1) BF 5
MR BAEGUR st G IR BOR 25 I LE
A2 REAL A2 TR JBOMR 28 v 1R AR 2 o A0 A T 2R
SErb A pHAE LRGSR AL E IR
G I A ORI, DRI T LA 2803/ AR 24 ] A
R AR 2 AR bR M A RUSE N o A% 255 e il
i QL RN VARSI Sl e O s R YA
J7 D] 60 25 i N R 347 SR T, A5 A 25 R e A
TR AT B R A N I St {HH AT AR 22 e
TRRE TR R 22 45 B AE S0 == B B, 77 i T 4 11
P17 AR 2D, BT IR 22w L IR IR TR R 2
T BRI AR R R R T e el 72—, i
A2 BERE RO P K LRI . AR 25 B e
TR JBCHI 700 7 ol T Sz A A )R] RE S LA R i T2 12
BRI T EA R Wy o AEASR I A2 REFE RIS
R A — 0 2 BN L Z AR R RE AN
JRATE T R AT 2 AR 2428 A A7 TR TR )7 i
M. AR BEFE BRI Al 54k
DR g A DR A R TR ik e 2% A AE S TR
A MRS Dy i AL (BAE IR 2 AR AR Al R A
AR AR, 2R 77 A b R A AR AT BEAS
HE S5 402 3 A B BERE TR i A 2% A S 3K AR 46 Ak
AR T AR 2GR R ST N s 7 BE AN B A
AP SRR P AT ORAR 2 A RERETEUI J R, $ETT 28 AR
X BEAR 24 HOA T BEANE R RE L, DALl AR 245
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