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Research status and improvement strategies of uptake ability of pesticide
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Abstract: Uptake ability of pesticide has always been a hot topic in the field of agricultural research.
Reasonable use and improvement of uptake ability of pesticide in plants can greatly increase the
accumulation of pesticides at target sites and reduce pesticide pollution in the environment. The
researches about uptake ability of pesticide have gradually revealed the basic principles of absorption
and translocation of pesticide in plants, which is of great significance for the development of systemic
pesticides. With the transformation of pesticides and the emergence of nanocarriers, the researches
about these two methods to improve the uptake ability of pesticides have gradually increased. This
review will summarize the research progress, methods, and the improving of the uptake ability of
pesticides in plants in order to provide a basis for the development of systemic pesticides.
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Fig. 1 The main routes of pesticides entering plant roots
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Fig. 2 The main routes of pesticides entering plant leaves
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Table 1 Examples of improving pesticide's uptake
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Types of pesticides Types Methods of improving uptake References
5 UK Fipronil F 42 Guided pesticides H&#& Glycine [31]
UL Fipronil Sl 2 Guided pesticides HIE B Glucose [32]
FEFE Fenpiclonil T4 25 Guided pesticides FRVERTAEAL Acidic derivative [33]
= W:E Triadimenol S A4 24 Guided pesticides W5] Wk 2, Indoleacetic acid [34]
F# 1% Fenoxanil KB Nanocarrier AL =5 1LHE Mesoporous Silica [30]
12 2 2, Spirotetramat K# 44 Nanocarrier A FL =4 467E Mesoporous SilicaNanoparticles [35]
Ik i Prochloraz YK B4R Nanocarrier A FL =% b Mesoporous SilicaNanoparticles [36]

3.1 RERAEEVFANFEMNE

— R E] LEEAE A 1 R R S R R R IR 2
PRy A2y, Hodln = o % f 7 i B AR
JIE S ARG B IR ) 3 17 B - AR 2453

P EEW. SRR UAHA L 715
— YY) HE TR ARREG, B0, R, ERR

o 4 W A o 1 R T

W s E R
JR AR 5 R AR 24 7% 218 SR W o R AR

SIS



O AR A AR 2 N IR AOAIT S BIR 55 5 SR 5

A BRI G DRk 2 e A e
YIRS AR R, BN, KB SR FT R B
RGN, DRI T 1) A 240 0] DUOR) IR (1) 45
PELEAR ZG7ERE ) TR E E AL RET

3.1 JEARAGHRNA BRI R A
A W) R A% T Re 7 0B B R U — oA R0
1o Hsu %5 Nt H R 90 03 70 90 % 3 A e
() 2 L F% 2, 1 26 0 I PR AL T (R iEfL B TE
IR BRI RS B0, A& 2 S pE AL DUk S, AT DL
JEATE ) 7 3500 3 P 22 BN R A4 SR 25 B)
AL T CLIE W) B A SIS &4, R VR E
VB pE A% 5 AT DL I R AR 2 45 S T B R I
FAT R0, Wu SR s S M4 S, KI
FIT 15 2] 1) B 258 9 ok I A B AR R 0 1) % 3 e D
FHHmPY. 1E Wang 25 [0 78 8 R 30 B R ) 2
IS 20 L T B A B P 25 Y T 20 W - PR = R AT AR (2-
NBDGTF) W W &= Bl pH E )RR 23 EA, [
B, ZI A EgEmns 5. bR R
R BAEY) R s B LR g 2 SRR
Z B S B A e bl A AR, Dl
P 3 M A 25 RG] B 2 PR ) s B R
W SRR = AR Xie SEERF T T H &R 5 R
HUR L G A I SRR - UG B G A AE B R
WA S, KRIMH AW ReLHT6. RcANTIS .
RcProT2 M1 ReCAT2 WM eiatEEHZ 5 7 HAR-
LB E AWML SR, MR, W EER
FABRVERT AE AL SRR S AR G TE W) B2 S A% S e 10,
Chollet &5 g1 FH F b i B PE AT A2 A 3 vy HAE )
BBt SRE S, R RIS R,
3.1.2 FHARHBGHFENER TR MK
BT AR NI, BN T AR 2 AE RE AR AL R
%, NRIHT T FRSAEY R U= f T RE T
IR S SR, BT X S Y E IR
BRI ThRE MG M RRE T A TR, FHRAEE
N SRR+ o . Sk —
HRX BAALE, MR S P g a5
BRI A o, AR RIS RS2 2 T 52,
Xia SEWFFE R, BRI %0 - RS = A
O-FEH Bl mT A, B-731 40 0 17 B /K T 19 21 5 L i
TEVERCS s AER HOR B PE R A BRI FEAEY)
XSG AR 2P U R R A, — 2 5 S ok 24 5 ]
TR E; TR 03 22 % 7= AR s e Ak /R FHEY . 7
T RR R AT 2 B TR ) AR 24 T - TR I,

. HER. AZRMAKNER IR S H
AIR-H G FETS MR, RERNEARS
HE R — R PR, R P =R (4 ) 4
HEZEST B =FEEREY. Hik, £kSR
AR 2y B A g B 5 AR 25 PEIC A 9 R AT R T I
JNEZ 1o
3.2 RAMREBMRSRAEEYPNESMN
YR B ARG AR e 5T REIIEE
A A ) A 2 PR RTE AR A P I B A SR
Mo BARAD TR T AR, @il gk
RFIGKA BRI, AT DA V8 1 AR 24 11K
B BURRPE R R E 40K Ak AT LA B
I AR ZITEAN M P RSO R e 00, R, @
AR KR SR U A 0] AR 2R WSORT AR SR RE T
e AR 2 A ORI BCR 1 5 — MR Jog 2.
32,1 KRB NA 9K L
grkMELE Z M, AfEESE. SRELD. 1T
R A ARESES . o, AL A AR K R
Fi (MSNs) 1E g —Fh =i 2 1) AR ) oy F- B AR A E W 7L )
YIRS S, EESAR, N TIRE
YU Z59 . R AR A R S5 4y F IO R
MSNs A T 363 A 7R AR 28 B Rz
HIERARN, IEER, OKREARTELRIED E—14
N R R A R R RR I AR, R,
AR 7RI MSNs XA LT3 # i H B A R
iRy R s LS AN v & < 3 N 5|
MSNs 238 & 245 N IR (1 B 512 T T 72 1R
7. Chang %I F Zhfgft. MSNs ¥4 DNA T A
PR IFIIR T, I BAEAZ G 4 K I MSNs 7]
R LA 5 24 8 R K B0 i R 20 )32 A 1) D e
7E Zhu ZE R 78 & B MSNs 25 1 /KA X 4%
T 77 B R A S RE 1R A I T R BILBA
MSN's A #0441 K 65 fliz 5 4% 495 1 oK 6 e B0 771 2L
HILVFAHFERAEEYE, I H L MSNs N AR)
I 5 fiiz 56 5 4 20 AR R IR, B B B K RE A
WBS, 7 Zhao SEH 7T H K I L MSNs AMYAE &
BN P XT3 R 28 IR SCRE T, R TR
CBETETE AR N 72 S8 1109, b4k, MSNs ib42
TR SRR MRS R R, (HERE
T AR 24 B AR iR
322 MABEREEMFEA MSNs FIRLAE R
FAEY A KR 2 R R, RAEAR TR
AR AR B () MSNss, A 0] BE 4 FE 4 40 i B¢



6 KoY ¥R

Vol. 22

HARUL, E2EEY IR RS, HA PR
WRL IR AR /N T 8% T 50 nm A4 B LA 1 40
FRIZH f BELs-4T SR, 7E Zhao SEHFFL KBRS
£ 200~300 nm 2 [a] f] MSNs 0 A] DLl & TN i
W R A AL SILRES . Zhu S50 78R DK R
BB S B4R 1E 258 nm 1Y MSNsPY, Dietz
Herth X X B G H T #RRE, A AAEY 4
EZENEG . BE. BRAF. IR A R85 b 2
2 I 1 R R R W R RS BRI, T
D5 A [ RE 90 11 5 350 57 5o 0 oK AR A 14D s 4% 22 R I
EE4—3, FEIt 45 & # 1 MSNs £ E
AR 24 P P D

4 INEERE

W FUAR 25 FE A T 0 A W A% 32 S BE AN 7 i
NHARLTT AR G 4t T ERE KR, H
1P 20 Lo G e 2 5 2] B EEX R N
RBUL KBRS MER R E . WA A R BAE
1EHR B R ACEFE R, BRI A—E
He#e RPN R 2R . R, R SR O
WAL ARG, IR SR AR 25 AR
Wi it . fEBATRZ MG B, FEHE R
PESAR BRI KRR M DL, SRR 25 AR
IR ZE BB ET G N . BRI PRl IR AR 1k ik
iR A2 Bk, (X Oy H A S AR 258 F %
FRIE R AIF 7E A S B L TR 17T el f T 5% o

BE #k (References):

[17] FRAFESETEIR () 2020 FALALAEH EFHKATI TR M (
3] 2020 ARG BT KATIIIIR) KA (AR (2015)
2%5),2015.2.17
Ministry of agriculture on printing and distributing the action plan for
zero growth of fertilizer use by 2020 and the action plan for zero
growth of pesticide use by 2020(Nong Nong Fa[2015] No. 2),
February 17, 2015

[2] SICBALDI F, SACCHI G A, TREVISAN M, et al. Root uptake and
xylem translocation of pesticides from different chemical classes[J].
Pesticide Science, 1997, 50(2): 111-119.

[3] BRUCk E, ELBERT A, FISCHER R, et al. An innovative
ambimobile insecticide for sucking insect pest control in agriculture:
Biological profile and field performance[J]. Crop Prot, 2009, 28(10):
838-844.

[4] SUN J, WU Y, JIANG P, et al. Concentration, uptake and human
dietary intake of novel brominated flame retardants in greenhouse and
conventional vegetables[J]. Environ Int, 2019, 123: 436-443.

[5] ZEBROWSKi W, BUSZEWSKI B, LANKMAYR E. Modeling of

[6

—_—

[7

[—

[8

—

[9

—_—

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

uptake of xenobiotics in plants[J]. Crit Rev Anal Chem, 2004, 34(3-
4): 147-164.

KHAIRY A M, NOONAN O G, LOHMANN R. Uptake of
hydrophobic organic compounds, including organochlorine pesticides,
polybrominated diphenyl ethers, and perfluoroalkyl acids in fish and
blue crabs of the lower Passaic River, New Jersey, USA[J]. Environ
Toxicol Chem, 2019, 38(4): 872-882.

CHIOU C T, SHENG G, MANES M. A partition-limited model for
the plant uptake of organic contaminants from soil and water[J].
Environ Sci Technol, 2001, 35(7): 1437-1444.

BURKEN J G, SCHNOOR J L. Predictive relationships for uptake of
organic contaminants by hybrid poplar trees[J]. Environ Sci Technol,
1998, 32(21): 3379-3385.

LIY, LONG L, YAN H Q, et al. Comparison of uptake, translocation
and accumulation of several neonicotinoids in komatsuna (Brassica
rapa var. perviridis) from contaminated soils[J]. Chemosphere, 2018,
200: 603-611.

TRAPP S. Plant uptake and transport models for neutral and ionic
chemicals[J]. Environ Sci Pollut Res Int, 2004, 11(1): 33-39.
CHRISPEELS M J, CRAWFORD N M, SCHROEDER J I. Proteins
for transport of water and mineral nutrients across the membranes of
plant cells[J]. Plant Cell, 1999, 11(4): 661-675.

GE J, LU M X, WANG D L, et al. Dissipation and distribution of
chlorpyrifos in selected vegetables through foliage and root uptake[J].
Chemosphere, 2016, 144: 201-206.

GE J, CUI K, YAN H Q, et al. Uptake and translocation of
imidacloprid, thiamethoxam and difenoconazole in rice plants[J].
Environ Pollut, 2017, 226: 479-485.

KADER, Jean-Claude. Lipid-transfer proteins in plants[J]. Annu Rev
Plant Phys, 1996, 47(1): 627-654.

HSU F C, KLEIER D A, MELANDER W R. Phloem mobility of
xenobiotics[J]. Plant Physiol, 1988, 86(3): 1265-1271.

TR AR, BREN, B INTE, S5, s MR e L2 BT e 2 o (K A TR A% SR
[0). A& 25242441, 2018, 20(6): 809-813.

FAN T L, WEI C J, CHEN X J, et al. Uptake and translocation of
flucarbazone-sodium in Avena fatua[J]. Chin J Pestic Sci, 2018,
20(6): 809-813.

DEWEY J E. Pesticide residues, utility of Bioassay in the
determination of pesticide residues[J]. J. Agric Food Chem, 1958,
6(4): 274-281.

OLSON E R, DIVELY C P, NELSON J O. Bioassay determination of
the distribution of imidacloprid in potato plants: implications to
resistance development[J]. J Econ Entomol, 2004, 97(2): 614-620.
BOWMER K, EBERBACH P, MCCORKELLE G. Uptake and
translocation of “C-glyphosate in Alternanthera philoxeroides (Mart.)
Griseb. (alligator weed). I: rhizome concentrations required for
inhibition[J]. Weed Research, 2010, 33(1): 53-57.

XUVHHT, B, Wi, 5. HC-hRic I M & o HAE N2 g b
IR e S RIIE ()] A< 25572741, 2008, 10(1): 23-27.

LIU XL, LUO S, YANG J, et al. Synthesis of "“C-labelled
myclobutanil and the corroboration of its uptake and translocation in
wheat seedling[J]. Chin J Pestic Sci, 2008, 10(1): 23-27.

NAIR R, POULOSE A C, NAGAOKA Y, et al. Uptake of FITC
labeled silica nanoparticles and quantum dots by rice seedlings:
effects on seed germination and their potential as biolabels for
plants[J]. Journal of Fluorescence, 2011, 21(6): 2057-2068.

WANG J, LEI Z W, WEN Y J, et al. A Novel fluorescent conjugate


http://dx.doi.org/10.1002/(SICI)1096-9063(199706)50:2&lt;111::AID-PS573&gt;3.0.CO;2-3
http://dx.doi.org/10.1016/j.cropro.2009.06.015
http://dx.doi.org/10.1016/j.envint.2018.12.008
http://dx.doi.org/10.1080/10408340490888607
http://dx.doi.org/10.1002/etc.4354
http://dx.doi.org/10.1002/etc.4354
http://dx.doi.org/10.1021/es0017561
http://dx.doi.org/10.1021/es9706817
http://dx.doi.org/10.1016/j.chemosphere.2018.02.104
http://dx.doi.org/10.1065/espr2003.08.169
http://dx.doi.org/10.1105/tpc.11.4.661
http://dx.doi.org/10.1016/j.chemosphere.2015.08.072
http://dx.doi.org/10.1016/j.envpol.2017.04.043
http://dx.doi.org/10.1146/annurev.arplant.47.1.627
http://dx.doi.org/10.1146/annurev.arplant.47.1.627
http://dx.doi.org/10.1021/jf60086a001
http://dx.doi.org/10.1093/jee/97.2.614
http://dx.doi.org/10.3321/j.issn:1008-7303.2008.01.004
http://dx.doi.org/10.3321/j.issn:1008-7303.2008.01.004
http://dx.doi.org/10.1007/s10895-011-0904-5
http://dx.doi.org/10.1002/(SICI)1096-9063(199706)50:2&lt;111::AID-PS573&gt;3.0.CO;2-3
http://dx.doi.org/10.1016/j.cropro.2009.06.015
http://dx.doi.org/10.1016/j.envint.2018.12.008
http://dx.doi.org/10.1080/10408340490888607
http://dx.doi.org/10.1002/etc.4354
http://dx.doi.org/10.1002/etc.4354
http://dx.doi.org/10.1021/es0017561
http://dx.doi.org/10.1021/es9706817
http://dx.doi.org/10.1016/j.chemosphere.2018.02.104
http://dx.doi.org/10.1065/espr2003.08.169
http://dx.doi.org/10.1105/tpc.11.4.661
http://dx.doi.org/10.1016/j.chemosphere.2015.08.072
http://dx.doi.org/10.1016/j.envpol.2017.04.043
http://dx.doi.org/10.1146/annurev.arplant.47.1.627
http://dx.doi.org/10.1146/annurev.arplant.47.1.627
http://dx.doi.org/10.1021/jf60086a001
http://dx.doi.org/10.1093/jee/97.2.614
http://dx.doi.org/10.3321/j.issn:1008-7303.2008.01.004
http://dx.doi.org/10.3321/j.issn:1008-7303.2008.01.004
http://dx.doi.org/10.1007/s10895-011-0904-5

TS SR A2 A R T FE IR S e SR 7

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

applicable to visualize the translocation of glucose-fipronil[J]. J.
Agric Food Chem, 2014, 62(35): 8791-8798.

JIAJL,JIN XY, ZHU L, et al. Enhanced intracellular uptake in vitro
by glucose-functionalized nanopesticides[J]. New J Chem, 2017,
41(19): 11398-11404.

KANG F X, CHEN D S, GAO Y Z, et al. Distribution of polycyclic
aromatic hydrocarbons in subcellular root tissues of ryegrass (Lolium
multiflorum Lam.)[J]. BMC Plant Biol, 2010, 10: 210.

COLLINS C, FRYER M, GROSSO A. Plant uptake of non ionic
organic chemicals[J]. Environ Sci Technol, 2006, 40(1): 45-52.

JU C, ZHANG H C, WU R L, et al. Upward translocation of
acetochlor and atrazine in wheat plants depends on their distribution
in roots[J]. Sci Total Environ, 2020, 703: 135636.

JU C, ZHANG H C, YAO S J, et al. Uptake, translocation, and
subcellular distribution of azoxystrobin in wheat plant (Triticum
aestivum L.)[J]. J. Agric Food Chem, 2019, 67(24): 6691-6699.

XIZ, YU Z H, NIU C W, et al. Development of a general quantum-
chemical descriptor for steric effects: Density functional theory based
QSAR study of herbicidal sulfonylurea analogues[J]. J Comput
Chem, 2006, 27(13): 1571-1576.

Wu H X, Xu H H, Marivingt-Mounir Cécile, Bonnemain Jean-Louis,
Chollet
bioavailability via carrier-mediated transport[J]. Pest Manag Sci,
2018, 75: 1507-1516.

ZHU F, LIU X, CAO L, et al. Uptake and distribution of fenoxanil-
loaded mesoporous silica nanoparticles in rice plants[J]. Int J Mol Sci,
2018, 19(10): 2854-2867.

XIE Y, ZHAO J L, WANG C W, et al. Glycinergic-fipronil uptake is

mediated by an amino acid carrier system and induces the expression

Jean-Frangois. Vectorizing agrochemicals: enhancing

of amino acid transporter genes in Ricinus communis seedlings[J]. J.
Agric Food Chem, 2016, 64(19): 3810-3818.

WU H X, YANG W, ZHANG Z X, et al. Uptake and phloem
transport of glucose-fipronil conjugate in Ricinus communis involve a
carrier-mediated mechanism[J]. J. Agric Food Chem, 2012, 62(24):
6088-6094.

CHOLLET J F, ROCHER F, JOUSSE C, et al. Acidic derivatives of
the fungicide fenpiclonil: effect of adding a methyl group to the N-
substituted chain on systemicity and fungicidal activity[J]. Pest
Manag Sci, 2005, 61(4): 377-382.

BRI, ARDUL, VL5E L, 5. B LER GG N = MR A R A Ak
WA SR BT UVIHR [T]. AR 2524244, 2005(3): 259-263.

LI J K, XU H H, JIANG D X, et al. The preliminary study of
transportation and accumulation of triadimenol in soybean seedlings
induced by indoleacetic acid[J]. Chin J Pestic Sci, 2005(3): 259-263.
ZHAO P Y, YUAN W L, XU C L, et al. Enhancement of

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

spirotetramat transfer in cucumber plant using mesoporous silica
nanoparticles as carriers[J]. J. Agric Food Chem, 2018, 66(44):
11592-11600.

ZHAO P Y, CAO L D, MA D K, et al. Translocation, distribution and
degradation of prochloraz-loaded mesoporous silica nanoparticles in
cucumber plant[J]. Nanoscale, 2017, 10(4): 1798-1806.

PRDUIL, JRAEFE, BARR, 55 FIRA]. HEAAL, 2004(5): 3-9.
XU H H, ZHANG Z X, CHENG D M, et al. Guided pesticides[J].
World Pesticides, 2004(5): 3-9.

HSU F C, SUN K, KLEIER D A, et al. Phloem mobility of
xenobiotics VI. A phloem-mobile pro-nematicide based on oxamyl
exhibiting root-specific activation in transgenic tobacco[J]. Pest
Manag Sci, 1995, 44(1): 9-19.

XIA Q, WEN Y J, WANG H, et al. B-Glucosidase Involvement in the
bioactivation of glycosyl conjugates in plants: synthesis and
metabolism of four glycosidic bond conjugates in vitro and in vivo[J].
J. Agric Food Chem, 2014, 62(46): 11037-11046.

CHEN Y, YAN Y, REN Z F, et al. AtLHT1 transporter can facilitate
the uptake and translocation of a glycinergic-chlorantraniliprole
conjugate in Arabidopsis thaliana[J]. J. Agric Food Chem, 2018,
66(47): 12527-12535.

YANG W, WU H X, XU H H, et al. Synthesis of glucose-fipronil
conjugate and its phloem mobility[J]. J. Agric Food Chem, 2011,
59(23): 12534-12542.

PETER J. Propesticides and their use as agrochemicals[J]. Pest
Manag Sci, 2016, 72(2): 210-225.

ILARIA S, ANTONIETTA L, ALFREDO A. Nanotechnology in
plant science: to make a long story short[J]. Front Bioeng Biotech,
2019, 7: 120.

KEASBERRY N A, YAPP C W, IDRIS A. Mesoporous silica
nanoparticles as a carrier platform for intracellular delivery of nucleic
acids[J]. Biochemistry, 2017, 82(6): 655-662.

SLOMBERG D L, SCHOENFISCH M H. Silica nanoparticle
phytotoxicity to Arabidopsis thaliana[J]. Environ Sci Technol, 2012,
46(18): 10247-10254.

POPAT A, LIU J, HU Q, et al. Adsorption and release of biocides
with mesoporous silica nanoparticles[J]. Nanoscale, 2012, 4(3): 970-
975.

CHANG F P, KUANG L Y, HUANG C A, et al. A simple plant gene
delivery system using mesoporous silica nanoparticles as carriers[J]. J
Mater Chem B, 2013, 1(39): 5279-5287.

DIETZ K J, HERTH S. Plant nanotoxicology[J]. Trends Plant Sci,
2011, 16(11): 582-589.

(FrtEhdh: 2R L)


http://dx.doi.org/10.1021/jf502838m
http://dx.doi.org/10.1021/jf502838m
http://dx.doi.org/10.1039/C7NJ02571H
http://dx.doi.org/10.1186/1471-2229-10-210
http://dx.doi.org/10.1021/es0508166
http://dx.doi.org/10.1016/j.scitotenv.2019.135636
http://dx.doi.org/10.1021/acs.jafc.9b00361
http://dx.doi.org/10.1002/jcc.20464
http://dx.doi.org/10.1002/jcc.20464
http://dx.doi.org/10.3390/ijms19102854
http://dx.doi.org/10.1021/acs.jafc.5b06042
http://dx.doi.org/10.1021/acs.jafc.5b06042
http://dx.doi.org/10.1002/ps.977
http://dx.doi.org/10.1002/ps.977
http://dx.doi.org/10.3321/j.issn:1008-7303.2005.03.012
http://dx.doi.org/10.3321/j.issn:1008-7303.2005.03.012
http://dx.doi.org/10.1021/acs.jafc.8b04415
http://dx.doi.org/10.3969/j.issn.1009-6485.2004.05.002
http://dx.doi.org/10.3969/j.issn.1009-6485.2004.05.002
http://dx.doi.org/10.1002/ps.2780440103
http://dx.doi.org/10.1002/ps.2780440103
http://dx.doi.org/10.1021/jf5034575
http://dx.doi.org/10.1021/acs.jafc.8b03591
http://dx.doi.org/10.1021/jf2031154
http://dx.doi.org/10.1002/ps.4170
http://dx.doi.org/10.1002/ps.4170
http://dx.doi.org/10.3389/fbioe.2019.00120
http://dx.doi.org/10.1039/C2NR11691J
http://dx.doi.org/10.1039/c3tb20529k
http://dx.doi.org/10.1039/c3tb20529k
http://dx.doi.org/10.1016/j.tplants.2011.08.003
http://dx.doi.org/10.1021/jf502838m
http://dx.doi.org/10.1021/jf502838m
http://dx.doi.org/10.1039/C7NJ02571H
http://dx.doi.org/10.1186/1471-2229-10-210
http://dx.doi.org/10.1021/es0508166
http://dx.doi.org/10.1016/j.scitotenv.2019.135636
http://dx.doi.org/10.1021/acs.jafc.9b00361
http://dx.doi.org/10.1002/jcc.20464
http://dx.doi.org/10.1002/jcc.20464
http://dx.doi.org/10.3390/ijms19102854
http://dx.doi.org/10.1021/acs.jafc.5b06042
http://dx.doi.org/10.1021/acs.jafc.5b06042
http://dx.doi.org/10.1002/ps.977
http://dx.doi.org/10.1002/ps.977
http://dx.doi.org/10.3321/j.issn:1008-7303.2005.03.012
http://dx.doi.org/10.3321/j.issn:1008-7303.2005.03.012
http://dx.doi.org/10.1021/acs.jafc.8b04415
http://dx.doi.org/10.3969/j.issn.1009-6485.2004.05.002
http://dx.doi.org/10.3969/j.issn.1009-6485.2004.05.002
http://dx.doi.org/10.1002/ps.2780440103
http://dx.doi.org/10.1002/ps.2780440103
http://dx.doi.org/10.1021/jf5034575
http://dx.doi.org/10.1021/acs.jafc.8b03591
http://dx.doi.org/10.1021/jf2031154
http://dx.doi.org/10.1002/ps.4170
http://dx.doi.org/10.1002/ps.4170
http://dx.doi.org/10.3389/fbioe.2019.00120
http://dx.doi.org/10.1039/C2NR11691J
http://dx.doi.org/10.1039/c3tb20529k
http://dx.doi.org/10.1039/c3tb20529k
http://dx.doi.org/10.1016/j.tplants.2011.08.003
http://dx.doi.org/10.1021/jf502838m
http://dx.doi.org/10.1021/jf502838m
http://dx.doi.org/10.1039/C7NJ02571H
http://dx.doi.org/10.1186/1471-2229-10-210
http://dx.doi.org/10.1021/es0508166
http://dx.doi.org/10.1016/j.scitotenv.2019.135636
http://dx.doi.org/10.1021/acs.jafc.9b00361
http://dx.doi.org/10.1002/jcc.20464
http://dx.doi.org/10.1002/jcc.20464
http://dx.doi.org/10.3390/ijms19102854
http://dx.doi.org/10.1021/acs.jafc.5b06042
http://dx.doi.org/10.1021/acs.jafc.5b06042
http://dx.doi.org/10.1002/ps.977
http://dx.doi.org/10.1002/ps.977
http://dx.doi.org/10.3321/j.issn:1008-7303.2005.03.012
http://dx.doi.org/10.3321/j.issn:1008-7303.2005.03.012
http://dx.doi.org/10.1021/jf502838m
http://dx.doi.org/10.1021/jf502838m
http://dx.doi.org/10.1039/C7NJ02571H
http://dx.doi.org/10.1186/1471-2229-10-210
http://dx.doi.org/10.1021/es0508166
http://dx.doi.org/10.1016/j.scitotenv.2019.135636
http://dx.doi.org/10.1021/acs.jafc.9b00361
http://dx.doi.org/10.1002/jcc.20464
http://dx.doi.org/10.1002/jcc.20464
http://dx.doi.org/10.3390/ijms19102854
http://dx.doi.org/10.1021/acs.jafc.5b06042
http://dx.doi.org/10.1021/acs.jafc.5b06042
http://dx.doi.org/10.1002/ps.977
http://dx.doi.org/10.1002/ps.977
http://dx.doi.org/10.3321/j.issn:1008-7303.2005.03.012
http://dx.doi.org/10.3321/j.issn:1008-7303.2005.03.012
http://dx.doi.org/10.1021/acs.jafc.8b04415
http://dx.doi.org/10.3969/j.issn.1009-6485.2004.05.002
http://dx.doi.org/10.3969/j.issn.1009-6485.2004.05.002
http://dx.doi.org/10.1002/ps.2780440103
http://dx.doi.org/10.1002/ps.2780440103
http://dx.doi.org/10.1021/jf5034575
http://dx.doi.org/10.1021/acs.jafc.8b03591
http://dx.doi.org/10.1021/jf2031154
http://dx.doi.org/10.1002/ps.4170
http://dx.doi.org/10.1002/ps.4170
http://dx.doi.org/10.3389/fbioe.2019.00120
http://dx.doi.org/10.1039/C2NR11691J
http://dx.doi.org/10.1039/c3tb20529k
http://dx.doi.org/10.1039/c3tb20529k
http://dx.doi.org/10.1016/j.tplants.2011.08.003
http://dx.doi.org/10.1021/acs.jafc.8b04415
http://dx.doi.org/10.3969/j.issn.1009-6485.2004.05.002
http://dx.doi.org/10.3969/j.issn.1009-6485.2004.05.002
http://dx.doi.org/10.1002/ps.2780440103
http://dx.doi.org/10.1002/ps.2780440103
http://dx.doi.org/10.1021/jf5034575
http://dx.doi.org/10.1021/acs.jafc.8b03591
http://dx.doi.org/10.1021/jf2031154
http://dx.doi.org/10.1002/ps.4170
http://dx.doi.org/10.1002/ps.4170
http://dx.doi.org/10.3389/fbioe.2019.00120
http://dx.doi.org/10.1039/C2NR11691J
http://dx.doi.org/10.1039/c3tb20529k
http://dx.doi.org/10.1039/c3tb20529k
http://dx.doi.org/10.1016/j.tplants.2011.08.003

