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Research progress of functional nano pesticide carrier systems
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(1. Institute of Agricultural Environment and Sustainable Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
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Abstract: Duo to their advantages of small particle size, easy size adjustment, rich diversity and good
mobility, nanomaterials have attracted wide attention as effective carriers in pesticide delivery systems
and agricultural pest control. Nanomaterials and technologies have shown great potential in improving
the bioavailability, solubility and slow-release properties of pesticide formulations. This paper
summarized the research progress in the development of functional nanopesticide delivery systems
using nanomaterials and technologies, systematically reviewed the intelligent-responsive pesticide
controlled-release formulations that accurately release pesticide active ingredients, and different
functional nanopesticide delivery systems such as leaf affinity, soil adsorption and pesticide dual

loading systems. The effects of nanopesticide delivery system on pesticide reduction, efficiency
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enhancement and precise application were summarized, and the application scenarios and

industrialization potential of functional nanopesticide delivery system were prospected.

Keywords: nanopesticides; nano carrier systems; controlled-release; smart response; double-loaded

system
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Fig. 1 Nano-based pesticide effectively improved pesticide
bioavailability and control efficiency
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BT, A AR 25 R TRONL ] 55 0 T3 R AR R AR
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Table 1 Structure and response conditions of intelligent response controlled release system of different nano pesticides
L ORI AP WAL K2 54301k
Responding mechanism . . Response triggers Pesticide Reference
Carrier material
A FL = W%W%ﬁégﬁﬂ( U/Hﬂ@‘é-ﬁﬁﬁ?ﬁ?@% — )
Mesoporous silica Glycidyl methacrylate-acrylic acid R4 1 % abamectin [35]
polymer
ZnO@ZIF-8 ZnO /INBETH, berberine [36]
- FL S AFE Mesoporous silica % EJ1% Dopamine I BTG azoxystrobin [37]
pH ML= ALHE Mesoporous silica ZIF-8 DK% prochloraz [38]
IS A HE Mesoporous silica % [ Dopamine 404 dursban [39]
WAL R R B L N IRIR/Fe N
Bimodal mesoporous silica Molymethacrylate /Fe** WREEE % prochloraz (401
% JLIRERES - . . . .
Porousfjk?fﬁkca;bonate &R M i Metallic phenolic resin WK &£ i prochloraz [41]
AL EE Silicon PIEERS Cinnamic acid Z B R pendimethalin [42]
AB-3-E FRE ESle 24-ZHRE LI n
3 Perylene 3-carbinol Fluorescence 2,4-dichlorophenoxyacetic acid [43]
Photo IR @R IEE . -
Biochar@aminosilicon %% Azobenzene fi- HB% glyphosate [44]
#75 B% Cucurbituril HE 4 Azobenzene H ¥Af paraquat [45]
KRR R N-F L L M TR R RS T 46
Hydrogel Poly N-isopropylacrylamide lambda-cyhalothrin (401
R N-F L L I .
UI0-66 Poly N-isopropylacrylamide efi i indoxacarb (471
; - 5 N-S I ARG - P T A IR
R AL RN ; . N
Temperature Mesoporous silica Poly N—1sopropylaz?i/(llamlde-methacryhc M th B2 thiamethoxam [48]
Ji I AR K FE T ] YL/ A th i 49
Liposome nanovesicle Aliphatic acid metretinate/ endinium [49]
PAEIRIIER/S A R T iR 50
Mesoporous selenium nanoparticle Agarose iprodione (501
5 LRE Silicon JIR M Urcase ZH AR R pendimethalin [51]
A-FL 54k TE Mesoporous silica IR Pectase B #E[1% prochloraz [52]
o ths A L U o e 3¢ 5
nzyme Hollow mesoporous silica o-Amylase abamectin (53]
s A AL = SRk a-TER T B 245 B 3% 54
Hollow mesoporous silica o-Amylase abamectin [54]
UI0-66 AR /4T YE Z T Oxalic acid/cellulase NHE A TK R I pyraclostrobin [40]
7N — +
AL SR " . . S .
Hollolw mesoporousj;ilica FRIE/2T 4 3 Acid/cellulase ML ML BE T pyraclostrobin [55]
pH/H AL AL
- — M 7 e T . e :
pH/Enzyme Hollow mesoporous silica T /o-VE K B Alkaline/o-amylase Efi 3% indoxacarb [56]
X/g]farij % £ B Polydopamine ot/ IR B Alkaline/ urease Fif2fE: 76 % abamectin [57]
response ZIF-8 B a-VE R Acid/o-amylase 13 M thiacloprid [58]
P
PHARILIL IR FREVERE Zein A%/ 45 B H K Alkaline/glutathione R4k 7 3% abamectin [59]
pH/Redox
FULIE 3 FeMOF 2 H I/ SR BB Glutathione/pectinase I Pk T i pyraclostrobin [60]

Redox/Enzyme
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o3 S PR RIS B R R R g, e A b
KRB RIER . ZAKIERE R 9 R AR I %
RO, 13 dWE R ERE RN 12.48%,
MANBRRE G, 2 21d, H AR RE RS
74.55%. NGRS BRI, REEIZ 9K
PR RGATE 7 d AT 14 d 19 5% B RURAR T R e

FLt K525 . Gao 508 I FR N EELF4E % (hydroxy
propyl cellulose, HPC) 25 & A 2 fL S A RELIK
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8 187%, FF Hiz# ki BA R R MR,
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WA T AT - T R P R AE B FEAE AR RE M B
FF & A 62.81%. 69.14% 1 75.50%, 1E H
() b7 96 6 A8 B I, 55 0 B 2 9K i 2R 90% AH
BE, bk o T I - L2 T Tl B 1 V& 3R AR 5%,
V%, R TR 76 2R .

B SO AR A TR R P, e 2 B AT 32
AWM A IR RS B va . SR, YEAI
T AR A A A B M Ak B O ) 8, A5 a1 e
1R LR BB LA A 50 A B 0 0 iR R 1)
R G MAT B M B T . AR T T W 25 4
EH WA, AL 2wk, T H T E fE
HaSBREABIK, ERARAIRBMAES
Yoo NfpUOX— M, RN RKRI, FIHAET
M b B8 55 07 a8 & 90K PPRH R Thise, Ref
A RSB0 R TS T R ) 4% ] P Zhang
S8 DURR T SR /BH B 1 2 T 7% 14 75148 3R A4 H 4 2
Bk, RENESCILZG AR I T A TR, A
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3 TIERANKRBARS

IR R 40RO AR E]EE
V&) e AR R AN ZE A A, R AR AR W 1 B K
e, HET, B W RIIGe T g g2, R
AR AE L K o A 52 2 IR PR, &7 Kk

L LIRRE AR, S A2 1%
AL T AR YIIR R G5 K 22 50, 38 AR 2 AE
TIEP R AR HELIEIE = R
sz, T3 B0k 3 1 550 () B v ROR A fE
I FH ZRAR A i) 100 TR b o R A i 2 R
P& e 29 WA 3 b IR BN 1t A BTG AR B
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Fig. 2 Preparation process of double-loaded pesticide system in nanocapsules
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Bacillus-based microbial agents can effectively control plant diseases. In this study, the 2024

PHEERT D

antagonistic and inhibitory effects of B. atrophicus ZY 1825 on Fusarium wilt of cabbage and the
optimal fermentation conditions were revealed. Moreover, using ZY 1825 as the active ingredient of the seed treatment agent, the
optimum mass fractions of the dispersant, film-forming agent, stabilizer, and anti-freezing agent were selected as sodium
lignosulfonate 4%, carboxymethyl cellulose 0.25%, bentonite 1%, and ethylene glycol 0.5%. The biocontrol agent WS20 was
prepared by homogenizing the fermentation broth (9.28 x 10° cfu/mL) of B. astrophile ZY 1825 with the mixed adjuvants at a volume
ratio of 2 : 1. The film-forming time of WS20 was 1.45 min, the coating uniformity was 93.06% and its shelf life was up to 150 days.
The stability of heat storage and low temperature followed the national standards of seed treatment suspension agents and microbial
formulations. The control effect on cabbage wilt was 64.94% when the cabbage seeds were coated with WS20 at a mass ratio of 1 :
30. The results can provide a reference for the preparation of seed treatment agents and biological control of soil-borne diseases by
Bacillus.
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LIANG Yuting, REN Xingping, LI Huixia, GAO Youjun, ZHANG Haiying", LIU Yonggang’. Development of biocontrol Bacillus
seed treatment agent WS20 and control efficacy against cabbage Fusarium wilt[J]. Chin J Pestic Sci, 2024, 26(3): 482-491.
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