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Prospects for the application of nanotechnology in green pest control
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Abstract Agricultural nanotechnology has developed rapidly in recent years, promoting the gradual development of
traditional agriculture as an interdisciplinary field. Nanocarriers have four functions and applications. The first is to deliver
dsRNA to penetrate the body wall, thereby regulating the development and growth of pests. The second is to deliver viral DNA
to kill non-host pests, thereby broadening the host-range of viruses. The third is to deliver Bt toxin to kill non-sensitive pests,
which provides new possibilities for the management of pesticide resistance. The fourth is to deliver pesticides, which can
increase the rate of pesticide use while at the same time, decreasing the amount of pesticides applied and broadening the range
of pests under control. Based on recent researches, this paper reviews progress on the research and application of
nanotechnology in green pest control, and discusses future prospects for research on, and utilization of, this technology.

Key words nanomaterial; RNA interference; Bt toxin; nuclear polyhedrosis virus; nano insecticide

2017

2006-2015

460 -5.08 hm’ El-Shahawi et al. 2010 Power 2010 Gill et al.
1 965.49 9 684.68 2012 Kohler and Triebskorn 2013

2016 2016

* Supported projects 2017YFD0201200 6182020
ok First author E-mail yanshuo@cau.edu.cn
HAE Corresponding author E-mail shenjie@cau.edu.cn

Received 2019-05-27 Accepted 2019-06-04



- 618 - Chinese Journal of Applied Entomology 56

1-100 nm

2013

Cuietal. 2009 2010 2013 Wangetal.
2016 Yuetal. 2017

RNA

1 AIBGHER! RNA RAVA L AR

RNA

Wang et al. 2011 2014 Xueetal. 2014
2015

RNAI

Mutti et al. 2006 Baum etal. 2007 Mao et al.
2007 Whyard et al. 2009 Mao and Zeng 2012
Christiaens and Smagghe 2014 Tang et al.
2016 RNAI

RNAIi
dsRNA

Terenius et al. 2011 Allen and

Walker 2012 Christiaens et al. 2014 Wynant
etal. 2014 Pengetal. 2018 dsRNA
dsRNA
March and Bentley

2007 Sivakumar etal. 2007 Monetal. 2012

dsRNA
Pitino et al.
2011 Zhaetal. 2011 Thakuretal. 2014

Yan et al. 2015
2018 dsRNA

Xu 2014 Gt Perylene diimides

PDI

PDI

v

PDI

PDI

dsRNA
Ostrinia nubilalis



-619 -

Heetal. 2013
dsRNA Aphis

glycines <1lh
hemocytin 48 h

95.4% 5d

80.5%  Zhengetal. 2019
3d 81.67%

3d 78.50%

RNAI dsRNA

RNA

2 BREBERBARBEFREARRHTS
DNA MIEFEHFH

NPV

Bonning and Hammock 1996 Moscardi
1999 Hemiouetal. 2003 Glareetal. 2012
NPV
Helicoverpa armigera Spodoptera
litura

Lymantria monacha

Anticarsia gemmatalis

Steinhaus and Thompson 1949 Fuxa 1987
Shapiro 1992 Chenetal. 2000 Sieqwart et al.

2015 NPV HaNPV
10
hm? Zhangetal. 1995 Sunand Peng 2007
Ye et al. 2014 HaNPV
HaNPV

Steinhaus
and Thompson 1949 Moscardi 1999 Herniou

etal. 2003 2018

32 1
1 NPV
Cheng
and Lynn 2009 Jakubowskaetal. 2010
NPV
DNA HaNPV-DNA
10 nm 100 nm
HaNPV-DNA
S2
HaNPV-DNA S2 HaNPV-DNA
3d 70%
HaNPV-DNA 3d
Agrotis ypsilon
HaNPV-DNA
10 d
70%
40%
Ha-NPV-DNA
10 d
75% Liu et al. 2016
HaNPV-DNA
HaNPV-DNA

DNA



- 620 -

Chinese Journal of Applied Entomology 56

3 EBREMKEHEEA Bt EBSE
1. ERIEHARER

Bacillus thuringiensis

Cry Cyt
Cry
Bt
Lu et al. 2012
2015 2016 Cry
1
cc »> Cry
Grochulski etal. 1995 Bravo
etal. 2004 2 “ i
Cry
Zhang et al. 2006
Cry
Cry
Bt
Bt
Liuetal. 1999 Tabashnik etal. 2008 Wei

etal. 2014 Tabashnik and Carriére 2017
Bt

pH

CrylAb

CrylAb
CrylAb
CrylAb
6 d 0.1 1.0 10.0 pg
66.7%
53.3% 25.0% 53.4%
64.7%  87.2%
CrylAb S2
CrylAb
Zheng et al.
2016 Bt
Bt
Bt
Bt

4 PARRGPMATERSH N

2018

Ghormade et al.
2011 2013 Peters et al. 2016
Luksiene 2017 2018



4 : - 621 -

10-100 nm

Frederiksen et al. 2003 1 /
Wang et al. 2007 Aoetal. 2013

2
2017 dsRNA /
2018 dsRNA
3 /
Amory etal. 2002 Teixeira 4 /
etal. 2005 2011 2011
5 /
2017
1
Liu 2015
2
RNAIi dsRNA
3 3
RNAIi
800 nm 10 nm ZE#Ek (References)
Allen ML, Walker WB, 2012. Saliva of Lygus lineolaris digests
double stranded ribonucleic acids. Journal of Insect Physiology,
58(3): 391-396.
Amory JK, Anawalt BD, Blaskovich PD, Gilchriest J, Nuwayser ES,
Matsumoto AM, 2002. Testosterone release from a subcutaneous,

biodegradable microcapsule formulation (viatrel) in hypogonadal
men. Journal of Andrology, 23(1): 84-91.

5 ﬁ'ﬁé Ao MM, Zhu YC, He S, Li DG, Li PL, Li JQ, Cao YS, 2013.
Preparation and characterization of 1-naphthylacetic acid-silica

conjugated nanospheres for enhancement of controlled-release



- 622 -

Chinese Journal of Applied Entomology 56

performance. Nanotechnology, 24(3): 035601.

Baum JA, Bogaert T, Clinton W, Heck GR, Feldmann P, Ilagan O,
Johnson S, Plaetinck G, Munyikwa T, Pleau M, Vaughn T,
Roberts J, 2007. Control of coleopteran insect pests through
RNA interference. Nature Biotechnology, 25(11): 1322-1326.

Bonning BC, Hammock BD, 1996. Development of recombinant
baculoviruses for insect control. Annual Review of Entomology,
41:191-210.

Bravo A, Gomez I, Conde J, Muiloz-Garay C, Sanchez J, Miranda R,
Zhuang M, Gill SS, Soberén M, 2004. Oligomerization triggers
binding of a Bacillus thuringiensis Cry  Ab pore-forming toxin
to aminopeptidase N receptor leading to insertion into membrane
microdomains. Biochimica et Biophysica Acta, 1667(1): 38—46.

Chen X, Sun X, Hu Z, Li M, O’Reilly DR, Zuidema D, Vlak JM,
2000. Genetic engineering of Helicoverpa armigera single-
nucleocapsid nucleopolyhedrovirus as an improved pesticide.
Journal of Invertebrate Pathology, 76(2): 140—146.

Cheng XW, Lynn DE, 2009. Chapter 5 baculovirus interactions: in
vitro and in vivo. Advances in Applied Microbiology, 68:
217-239.

Christiaens O, Smagghe G, 2014. The challenge of RNAi-mediated
control of hemipterans. Current Opinion in Insect Science, 6:
15-21.

Christiaens O, Swevers L, Smagghe G, 2014. DsRNA degradation in
the pea aphid (Acyrthosiphon pisum) associated with lack of
response in RNAi feeding and injection assay. Peptides, 53:
307-314.

Cui H, Jiang J, Gu W, Sun C, Wu D, Yang T, Yang G, 2010.
Photocatalytic inactivation efficiency of anatase nano-TiO, sol
on the HyN, avian influenza virus. Photochemistry and
Photobiology, 86(5): 1135-1139.

Cui H, Yang G, Jiang J, Zhang P, Gu W, 2013. Biological effects of
PAS TiO, sol on disease control and photosynthesis in cucumber
(Cucumis sativus L.). Australian Journal of Crop Science, 7(1):
99-103.

Cui H, Zhang P, Gu W, Jiang J, 2009. Application of anatase TiO,
sol derived from peroxotitannic acid in crop diseases control and
growth regulation. NSTI-Nanotech, 2(4): 286—289.

El-Shahawi MS, Hamza A, Bashammakh AS, Al-Saggaf WT, 2010.
An overview on the accumulation, distribution, transformations,
toxicity and analytical methods for the monitoring of persistent
organic pollutants. Talanta, 80(5): 1587-1597.

Frederiksen HK, Kristensen HG, Pedersen M, 2003. Solid lipid
microparticle formulations of the pyrethroid gamma-
cyhalothrin-incompatibility of the lipid and the pyrethroid and
biological properties of the formulations. Journal of Controlled
Release, 86(2/3): 243-252.

Fuxa JR, 1987. Ecological considerations for the wuse of
entomopathogens in IPM. Annual Review of Entomology, 32(1):
225-251.

Ghormade V, Deshpande MV, Paknikar KM, 2011. Perspectives for

nano-biotechnology enabled protection and nutrition of plants.

Biotechnology Advances, 29(6): 792—-803.

Gill RJ, Ramos-Rodriguez O, Raine NE, 2012. Combined pesticide
exposure severely affects individual-and colony-level traits in
bees. Nature, 491(7422): 105-108.

Glare T, Caradus J, Gelernter W, Jackson T, Keyhani N, Kohl J,
Marrone P, Morin L, Stewart A, 2012. Have biopesticides come
of age? Trends in Biotechnology, 30(5): 250-258.

Grochulski P, Masson L, Borisova S, Pusztai-Carey M, Schwartz JL,
Brousseau R, Cygler M. 1995. Bacillus thuringiensis Cry  A(a)
insecticidal toxin: crystal structure and channel formation.
Journal of Molecular Biology, 254(3): 447-464.

He B, Chu Y, Yin M, Miillen K, An C, Shen J, 2013. Fluorescent
nanoparticle delivered dsSRNA toward genetic control of insect
pests. Advanced Materials, 25(33): 4580—4584.

He BC, An CJ, Yin MZ, Shen J, 2013. The application of nano
materials in entomology. Sciencepaper Online, 1(1): 15-20. [

, 2013.

, 1(1): 15-20.]

Herniou EA, Olszewski JA, Cory JS, O’Reilly DR, 2003. The
genome sequence and evolution of baculoviruses. Annual Review
of Entomology, 48: 211-234.

Jakubowska AK, Caccia S, Gordon KH, Ferré J, Herrero S, 2010.

Downregulation of a chitin deacetylase-like protein in response

5 > >

to baculovirus infection and its application for improving
baculovirus infectivity. Journal of Virology, 84(5): 2547-2555.

Kohler HR, Triebskorn R, 2013. Wildlife ecotoxicology of pesticides:
can we track effects to the population level and beyond? Science,
341(6147): 759-765.

Li M, Li T, Gao HX, Chen JX, 2011. The research of amphiphilic
grafted copolymers and their applications in pesticide.
Agrochemicals Research and Application, 15(5): 1-5. [ R

, , , 2011.
, 15(5): 1-5.]

Liu WC, Liu ZD, Huang C, Lu MH, Liu J, Yang QP, 2016. Statistics
and analysis of crop yield losses caused by main diseases and
insect pests in recent 10 years. Plant Protection, 42(5): 1-9. [

s s s s , , 2016. 10
42(5): 1-9.]

Liu X, He B, Xu Z, Yin M, Yang W, Wei W, Zhang H, Cao J, Shen J,
2015. A functional fluorescent dendrimer as pesticide nanocarrier:
application in pest control. Nanoscale, 7(2): 445-449.

Liu X, Zheng Y, Zhang S, Liu K, Zhang S, Yin M, Zhang L, Shen J,
2016. Perylenediimide-cored cationic nanocarriers deliver virus
DNA to kill insect pest. Polymer Chemistry, 7(22): 3740-3746.

Liu YB, Tabashnik BE, Dennehy TJ, Patin AL, Bartlett AC, 1999.
Development time and resistance to Bt crops. Nature,
400(6744): 519.

Lu Y, Wu K, Jiang Y, Guo Y, Desneux N, 2012. Widespread
adoption of Bt cotton and insecticide decrease promotes
biocontrol services. Nature, 487(487): 362—-365.

Luksiene Z, 2017. Nanoparticles and Their Potential Application as



- 623 -

Antimicrobials in the Food Industry. London: Academic Press
Ltd-Elsevier Science Ltd. 567-601.

Mao J, Zeng F, 2012. Feeding-based RNA interference of a gap gene
is lethal to the pea aphid, Acyrthosiphon pisum. PLoS ONE,
7(11): e48718.

Mao YB, Cai WJ, Wang JW, Hong GJ, Tao XY, Wang LJ, Huang YP,
Chen XY, 2007. Silencing a cotton bollworm P450
monooxygenase gene by plant-mediated RNAi impairs larval
tolerance of gossypol. Nature Biotechnology, 25(11): 1307.

March JC, Bentley WE, 2007. RNAi-based tuning of cell cycling in
Drosophila S2 cells-effects on recombinant protein yield.
Applied Microbiology and Biotechnology, 73(5): 1128—1135.

Mon H, Kobayashi I, Ohkubo S, Tomita S, Lee J, Sezutsu H, Tamura
T, Kusakabe T, 2012. Effective RNA interference in cultured
silkworm cells mediated by overexpression of Caenorhabditis
elegans SID-1. RNA Biology, 9(1): 40-46.

Moscardi F, 1999. Assessment of the application of baculoviruses
for control of Lepidoptera. Annual Review of Entomology, 44:
257-289.

Mutti NS, Park Y, Reese JC, Reeck GR, 2006. RNAi knockdown of
a salivary transcript leading to lethality in the pea aphid,
Acyrthosiphon pisum. Journal of Insect Science, 6(38): 1-7.

Peng Q, Zhou ZS, Zhang J, 2015. Research prospects in insecticidal
crystal proteins of Bacillus thuringiensis. Chinese Journal of

Biological Control, 31(5): 712-722. [ s s ,2015.

31(5): 712-722.]

Peng Y, Wang K, Fu W, Sheng C, Han Z, 2018. Biochemical
comparison of dsRNA degrading nucleases in four different
insects. Frontiersin Physiology, 9: 624.

Peters RJB, Bouwmeester H, Gottardo S, Amenta V, Arena M,
Brandhoff P, Marvin HJP, Mech A, Moniz FB, Pesudo LQ,
Rauscher H, Schoonjans R, Undas AK, Vettori MV, Weigel S,
Aschberger K, 2016. Nanomaterials for products and application
in agriculture, feed and food. Trends in Food Science and
Technology, 54: 155-164.

Pitino M, Coleman AD, Maffei ME, Ridout CJ, Hogenhout SA,
2011. Silencing of aphid genes by dsRNA feeding from plants.
PLOSONE, 6(10): €25709.

Power AG, 2010. Ecosystem services and agriculture: tradeoffs and
synergies. Philosophical Transactions of the Royal Society of
London, 365(1554): 2959-2971.

Shapiro M, 1992. Use of optical brighteners as radiation protectants
for gypsy moth (Lepidoptera: Lymantriidae) nuclear polyhedrosis
virus. Journal of Economic Entomology, 85(5): 1682—1686.

Shu CL, Zhang FJ, Huang Y, Li YQ, Zhang J, 2016. Current status
and research trends of Bt insecticidal gene. Scientia Sinica \itae,
46(5): 548-555. [ R R s s , 2016.
Bt . : , 46(5):
548-555.]

Sieqwart M, Graillot B, Blachere-Lopez C, Besse S, Bardin M,

Nicot P, Lopez-Ferber M, 2015. Resistance to bio-insecticides or

how to enhance their sustainability: a review. Frontiers in Plant
Science, 6: 381.

Sivakumar S, Rajagopal R, Venkatesh GR, Srivastava A, Bhatnagar
RK, 2007. Knockdown of aminopeptidase-N from Helicoverpa
armigera larvae and in transfected Sf21 cells by RNA
interference reveals its functional interaction with Bacillus
thuringiensis insecticidal protein CrylAc. Journal of Biological
Chemistry, 282(10): 7312-7319.

Steinhaus EA, Thompson CG, 1949. Preliminary field tests using a
polyhedrosis virus to control the alfalfa caterpillar. Journal of
Economic Entomology, 42(2): 301-305.

Sun XL, Peng HY, 2007. Recent advances in biological control of
pest insects by using viruses in China. Virologica Snica, 22(2):
158-162.

Tabashnik BE, Carriére Y, 2017. Surge in insect resistance to
transgenic crops and prospects for sustainability. Nature
Biotechnology, 35(10): 926-935.

Tabashnik BE, Gassmann AJ, Crowder DW, Carriére Y, 2008. Insect
resistance to Bt crops: evidence versus theory. Nature
Biotechnology, 26(2): 199-202.

Tang B, Ping W, Zhao L, Shi Z, Shen Q, Yang M, Xie G, Wang S,
2016. Knockdown of five trehalase genes using RNA interference
regulates the gene expression of the chitin biosynthesis pathway in
Tribolium castaneum. BMC Biotechnology, 16(1): 67.

Teixeira M, Alonso MIJ, Pinto MMM, Barbosa CM, 2005.
Development and characterization of PLGA nanospheres and
nanocapsules containing xanthone and 3-methoxyxanthone.
European Journal of Pharmaceutics and Biopharmaceutics,
59(3): 491-500.

Terenius O, Papanicolaou A, Garbutt JS, Eleftherianos I, Huvenne H,
Kanginakudru S, Albrechtsen M, An C, Aymeric JL, Barthel A,
2011. RNA interference in Lepidoptera: an overview of successful
and unsuccessful studies and implications for experimental
design. Journal of Insect Physiology, 57(2): 231- 245.

Thakur N, Upadhyay SK, Verma PC, Chandrashekar K, Tuli R,
Singh PK, 2014. Enhanced whitefly resistance in transgenic
tobacco plants expressing double stranded RNA of v-ATPase A
gene. PLOSONE, 9(3): €87235.

Wang AQ, Wang Y, Wang CX, Cui B, Sun CJ, Zhao X, Zeng ZH,
Yao JW, Liu GQ, Cui HX, 2018. Research progress on
nanocapsules formulations of pesticides. Journal of Agricultural
Science and Technology, 20(2): 10-18. [ R R R

s s s s s s , 2018.
, 20(2):
10-18.]

Wang JX, Li Y, Wang XD, Wang YC, 2017. Status quo of pesticide
use in China and its outlook. Agricultural Outlook, 13(2): 56—60.
[ , , R , 2017.

, 13(2): 56-60.]

Wang LJ, Li XF, Zhang GY, Dong JF, Eastoe J, 2007. Oil-in-water
nanoemulsions for pesticide formulations. Journal of Colloid
and Interface Science, 314(1): 230-235.



- 624 -

Chinese Journal of Applied Entomology 56

Wang X, Fang X, Yang P, Jiang X, Jiang F, Zhao D, Li B, Cui F, Wei
J,Ma C, Wang Y, He J, Luo Y, Wang Z, Guo X, Guo W, Wang X,
Zhang Y, Yang M, Hao S, Chen B, Ma Z, Yu D, Xiong Z, Zhu Y,
Fan D, Han L, Wang B, Chen Y, Wang J, Yang L, Zhao W, Feng
Y, Chen G, Lian J, Li Q, Huang Z, Yao X, Lv N, Zhang G, Li Y,
Wang J, Wang J, Zhu B, Kang L, 2014. The locust genome
provides insight into swarm formation and long-distance flight.
Nature Communications, 5(5): 2957.

Wang Y, Sun C, Zhao X, Cui B, Zeng Z, Wang A, Liu G, Cui H,
2016. The application of nano-TiO, photo semiconductors in
agriculture. Nanoscale Research Letters, 11(1): 529.

Wang Y, Zhang H, Li H, Miao X, 2011. Second-generation
sequencing supply an effective way to screen RNAI targets in
large scale for potential application in pest insect control. PLOS
ONE, 6(4): e18644.

Wei J, Guo Y, Liang G, Wu K, Zhang J, Tabashnik BE, Li X, 2014.
Cross-resistance and interactions between Bt toxins CrylAc and
Cry2Ab against the cotton bollworm. Scientific Reports, 5: 7714.

Whyard S, Singh AD, Wong S, 2009. Ingested double-stranded
RNAS can act as species-specific insecticides. Insect Biochemistry
and Molecular Biology, 39(11): 824-832.

Wynant N, Santos D, Verdonck R, Spit J, Wielendaele PV, Broeck JV,
2014. Identification, functional characterization and phylogenetic
analysis of double stranded RNA degrading enzymes present in
the gut of the desert locust, Schistocerca gregaria. Insect
Biochemistry and Molecular Biology, 46(2): 1-8.

Xu Z, He B, Wei W, Liu K, Yin M, Yang W, Shen J, 2014. Highly
water-soluble perylenediimide-cored poly (amido amine) vector
for efficient gene transfection. Journal of Materials Chemistry B,
2(20): 3079-3086.

Xue J, Zhou X, Zhang CX, Yu LL, Fan HW, Wang Z, Xu HJ, Xi Y,
Zhu ZR, Zhou WW, Pan PL, Li BL, Colbourne JK, Noda H,
Suetsugu Y, Kobayashi T, Zheng Y, Liu S, Zhang R, Liu Y, Luo
YD, Fang DM, Chen Y, Zhan DL, Lv XD, Cai Y, Wang ZB,
Huang HJ, Cheng RL, Zhang XC, Lou YH, Yu B, Zhuo JC, Ye
YX, Zhang WQ, Shen ZC, Yang HM, Wang J, Wang J, Bao YY,
Cheng JA, 2014. Genomes of the rice pest brown planthopper
and its endosymbionts reveal complex complementary
contributions for host adaptation. Genome Biology, 15(12): 521.

Yan S, Zhu J, Zhu W, Li Z, Shelton AM, Luo J, Cui J, Zhang Q, Liu
X, 2015. Pollen-mediated gene flow from transgenic cotton
under greenhouse condition is dependent on different pollinators.
Scientific Reports, 5: 15917.

Yan S, Zhu W, Zhang B, Zhang X, Zhu J, Shi J, Wu P, Wu F, Li X,
Zhang Q, Liu X, 2018. Pollen-mediated gene flow from
transgenic cotton is constrained by physical isolation measures.
Scientific Reports, 8: 2862.

Yang D, Cui B, Zhao X, Zeng Z, Wang Y, Sun C, Liu G, Cui H, 2018.

Comparative study on characterization and field efficacy
evaluation of new pesticide nanodispersion. Journal of
Agricultural Science and Technology, 20(1): 103—-112. [ s
, 2018.

s > 5 > > 5

,20(1): 103-112.]

Ye GY, Xiao Q, Chen M, Chen XX, Yuan ZJ, Stanley DW, Hu C,
2014. Tea: biological control of insect and mite pests in China.
Biological Control, 68(1): 73-91.

Yu M, Yao J, Liang J, Zeng Z, Cui B, Zhao X, Sun C, Wang Y, Liu G,
Cui H, 2017. Development of functionalized abamectin poly
(lactic acid) nanoparticles with regulatable adhesion to enhance
foliar retention. RSC Advances, 19(7): 11271-11280.

Yu ML, 2017. Development and characterization of pesticide
nanoparticles delivery systems with targeted adhesion. Doctoral
dissertation. Beijing: Chinese Academy of Agricultural Sciences.
[ , 2017.

. : B

Zha W, Peng X, Chen R, Du B, Zhu L, He G, 2011. Knockdown of
midgut genes by dsRNA-transgenic plant-mediated RNA
interference in the hemipteran insect Nilaparvata lugens. PLOS
ONE, 6(5): €20504.

Zhang CX, 2015. Current research status and prospects of genomes
of insects important to agriculture in China. Scientia Agricultura
Snica, 48(17): 3454-3462. [ , 2015.

. ,48(17): 3454-3462.]

Zhang G, Sun X, Zhang Z, Zhang Z, Wan F, 1995. Production and
effectiveness on the new form ulation of Heliothis virus (NPV)
pesticide emulsifiabie suspension. Mirologica Snica, 10: 242—
247.

Zhang S, Ma Y, Min H, Yu XQ, Li N, Rui CH, Gao XW, 2016.
Insecticide resistance monitoring and management demonstration
of major insect pests in the main cotton-growing areas of northern
China. Acta Entomologica Sinica, 59(11): 1238-1245. [ s

s s , s s , 2016.
, 59(11):
1238-1245.]

Zhang X, Candas M, Griko NB, Taussig R, Bulla LA, 2006. A
mechanism of cell death involving an adenylyl cyclase/PKA
signaling pathway is induced by the CrylAb toxin of Bacillus
thuringiensis. Proceedings of the National Academy of Sciences
of the United Sates of America, 103(26): 9897-9902.

Zheng HT, Zhang Y, 2011. The preparation and field efficacy trials
of abermectin aqueous suspension concentrate. Agrochemicals,
50(1): 38-40. [ s , 2011.

,50(1): 38-40.]

Zheng Y, Hu Y, Yan S, Zhou H, Song D, Yin M, Shen J, 2019. A
polymer/detergent formulation improves dsRNA penetration
through the body wall and RNAi-induced mortality in the
soybean aphid Aphis glycines. Pest Management Science, doi:
10.1002/ps.5313.

Zheng Y, You S, Ji C, Yin M, Yang W, Shen J, 2016. Development of
an amino acid-functionalized fluorescent nanocarrier to deliver a
toxin to kill insect pests. Advanced Materials, 28(7): 1375—1380.

Zheng Y, 2018. The nanocarrier-based novel strategy for pest control.
Doctoral dissertation. Beijing: China Agricultural University. [

, 2018.



