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1. HIZ Ml (Herbicide) &2

(1) M= S0 xdE Z2 &0
HAEESE AHIOH =q31| ol= ok

(2] HIZ=HIC HE: M= M=M= &9
S0 22010 HxEE S0IHLHE

OISOIOI[0HS) AixE =0
HAK M2l > HE > =2 > 0% > YA

=
3) HIERICl M2l HERE ESNAYL BAMAZ 728 £ U=,
Eorjals £2 ME0| HOIHL AX0| T S450 HES
Sl SXOF, Aeials &0 Uit 10l MZME X2lokod
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3. HIZHICl 211X 0|1 kT AL

. MEMO 21 SE AU XEOT(seh XNl NSOl 12t A

2. MElofE: AXE BN ZHAHOST WHIOI =0l QHEOH AKROH| SI0HAL
= £I% @ M0N0} 2.
> TFAI: &, &S, FE0| WKAD|, BUIH, X 5)

3. DO &) MZRIOl QP FADH ZEWHIE HOIME N oFo] HIX
HIE 220D K2l ATOI= 0] EROIH, Aol ‘Es A0 SA0H0]
DUOPH| AL
> TR o, 42|, cE=0l, 5O &, 0I5 &%, U

a. K3 A7l HZER MH21= EAO| ADION M2IOKs 20| Ehx Wi w2 &S
OIMAE TS 4 US

2> 1dAlE: 32 & IEB)|, &Z/A&2 d4FAD|, 2, 2Al
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MZNIE HEOHAl AH20td{™?

1 AETOHseh XIZMO ASHH0I Z0H0] AIBOH, FOIAIE 1 2Kt
Cl.
OIMATE HICA| AIB0H] Ma: HOHZ, WHIE, OAT, TFEUS WEA| &

80t MZENE &t

3. 015 X 82 MAl: =0IU &0l S01Z B SAl WojW, CAAC] XSS &5
£ CHLL AOHZE MXIOHI &=

4. oMl =EJ| MIA: HIZ=ME Malst -‘F— ai)|= €= R0l MASIU(=ZA &
TSI, MAETH 201 Ol==E FELIXl S5 St

0. HIZHI(sef) &2& EX: X=2D &XE 850 Mot 0] H&ota, o
0l, =KL HIs®9 =0 =X == &dotd, HISXU Y32 229

= HOI0 HIJIXcl SHLL.
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4. HIZ Ml (Herbicide) &

(1) HIZHIS ZX0 Helg2 3L &X0 85
HAIZE S S AHIOIH A Ol= olEtES 2

(2) MEH M XXI(Selective herbicides): EM X ZS2 WHIOIHA IHHHOI=
Z=0l= HE 201Xl &Hl Ol= MM

ZIXO| YSMOIL U
(o]

-

=%
X

(3) HIMEH M| X XI(Non-selective herbicides): (AYMIENM S5 ‘AlS
MM’ cia EdH) ST, 4 X HM WA HE 3 EE [EHES
Holol=dl AI2EHH M=ol R AlE2 =0l= M




6. HIZ=HICl FHAl

(1) ITHOIO] HIZRI ALR: BC 164, 2OIOIS0] IIZEH(RO0IZ2ITHE
2UIE|)| 2fo) 238 AS0i0 180l sHES

Il B2 2o gt X 23 S0 AL, M8y
(2) HHOl MIZEXI ALE: 2,4-DO] &
MIAIXHHE D[ 2t A= EI

Al
=, Meiy e oo

(3) MIZHIC 282 = 218t Mo

Agent Orange (2,4-D + 2,4,5-T): 2,4,5-TO| £4t=
oIS &l(TCDD)0l &+

O

A guerrilia in the Mekong Delta padmes
through a mangrove forest defoliated by
Agent Orange (1970). Photograph by Le
Minh Truong @ National Geographic Society




4) QAH HIZHl: 19514 I Monuron, diuron 0] 0]0f] =8t ZetA ol X

(5) EZ|OFAHI MIZ=Hl: 1955H &, Atrazine, simazine, velpar
XOoHAl, 21 ﬂ-?ré;; lx'

6) HUEZ OIS Al MIZ=HI: 1960H =&, OIM| A & (microtubules)0] &S I}
tubulin 0ff 201 MIXEEE SXIAE

(7) 2201 MIOI E(Glyphosate): 1970 24 Jj&E HMI{ AE 2 Roundup,
EPSPS(5-enolpyruvylshikimate-3-

phosphate (EPSP) synthase) X0li, S9¥2FA 00| = At
AHSEA (O] 240], H|ATEHAS

oo —-_"10

(8) ALS XOHMI: 1980 H JHE, IR M2 24O| HIZEXXI=Z &= gtHl JI

oir



Number of Sites of Aclion

Introduction time of new herbicide MOAs

30

15

10

8 - Lipid Inhihitare (thincarhamatae)

25 - Antimicrotubule mitotic disrupter
16 - Lipid InhiBitors (thiocarb

13 - Carotencid biosynthasis (unknown target)

2 - ALS inhibitars

1 - ACCase Inhibitors
8 - Cell elonaation Inhibitors

12 . Camntannid hineynthacic

14 - PPO inhibilurs

20 - Cellulnse inhihitors

3 - Mierotubuls inhibitors

1T = Nutlele guid Inhiblilurs

27 - Unknown

24 - Uncouplers

1940

19

o

0

inhihitare

26 Colluloco inhibitorc

21 - Cellulose inhibitors

27 - HPPD inhibitors

U - Llutamine synthase InnInItors

Q- EPSP gynthace inhibitore

18 - DHP synthase inhibitore
" 6 - POl inhibitors
(Nitriles

15 - Long Cgialn latty acid

22 - PSI Electron Diverter

5 - Photogyetem |l inhibitore

20 - LIpid Inhipitors (injocarmamates)
230 - Mitesis inhibitors
4 - synthetic Auxins

19G0

Year

1970

11 . Carotenoid binsynthesis (unknown targat)

T - PSII Innibltor (Ureas and amides)
10 . Auxin transport inhibitors

1900 1990 2000

Dr. lan Heap. WeedScience.org 2015



7. MIZ=H2 EF

(D) HIZMIC] Heldd: HIEXEH= EZMQ ANtz A2 = U=
E 2k 2 (soil application)= F& ZX0| WOIAHIL} ZXO| W |E
S0 EXE U SMo =z, ZAE M (foliar application)= & 9]
ot S0l MIZHE XMelote X E 9y =

2) HIZH H2lAl7]: HiZEdl= &ZX9] &ol/E01 M Xel0l= =01 (PRE-
emergence) X2l HIQt Z=XJ} 018t 0|F X 2lol= S0tF(POST-
emergence) M2ldIZ MelAIJIE 28 = US

(3) HIERIQI Z2: Malg M= 2E0| Bl YO S350 3 S
A2010| AXE SOALESY), HESHURE)Z 01S0H01(0/2 )
AXE 5
HER K2l > B > S5 5 0% > HSHYAO| MEXS

(4) SIIEE 2 Ot E:

1) RIIHER & SIIRHIZEH, 2,4-D L 015 HEEHZERE SIIHIZEH
2) 2AEAZ0 Ol HIEH
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Q2 Hl(urea)

LH =0 H = A

SR

HiOldl =2l S A

ol=it X & BHIE2E
20K Mdl, Pz &=,

S A, =20t
H HIZHI= ALSEHE 94 H,

Siduron2 Q=51 B 2| A1 AL

ANl

°._(P)% TEOHO I Z=HI,

glyphosate, glufosmate =
Ol M= HIZ=Xl
MEHoz M2 AlE

IMI I“JH XOoHHIZEHI=
diquat, paraquat °_I H| M
e HIZEH, 20l ASTH

AZ0| &L

oaiaaol=2H

LIOIEE

FIIHIZ=RI
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8. MIZXIC &=, 01 XX THAL

(1) HIZHIO| 22 HalE MEHE &
=010 A=EE SOHLEE

=
=0

HIZ=Hl X2l = 8= > Z4(absorption) = 0] (translocation to target
site) & 2 M| A{19] ZtL(interaction at target site)

Hz=X %8 8=

eaf cuticle —T—=meras e
epidermis —

Green 2reas represent lipophilic regions: epicuticular wax, cell membrane (plasma membrane).




9. HIZHIC ’—‘.'%JIE.*(Mode of Action)
(1) Z2H0IAM 2 22|

v ABtM(Photosynthesis: food)

v @ &(Respiration: energy)

v O] =24k Amino acids: proteins/growth)

v XI&(Lipids: cell membranes)

v M A (Pigments: energy/light capture)

v HIMIE 2 S (Mitosis: cell division)

— N
> M X EHI(Growth Regulators)
> 0Hd| =4t etA XO0H Ml (Amino Acid Synthesis Inhibitors)

0
> X|& AMetM Ol Ml (Lipid Synthesis Inhibitors)
> MA O HI(Pigment Inhibitors)
> MIIE 2 X{OHXI(Cell Membrane Disruptors)



MOAO IHE MIZ=HXIC| MIE tH X EH

From: Deciphering the evolution of herbicide resistance in weeds. Christophe Delye et. al. 2013, Trends in Genetics.

A, K3, N C,D,EF

Microtubules *

Fatty acid
synthesis

Chloroplast

Photosynthesis

K1, K2

Amino acid
synthesis

Microtubule

organization

Cell wall
synthesis
e S
P \ Tetrahydrofolate
Hormone synthesis \
RN — 7 |
S k Nucleus
itochondh
| Hormone- ATP .
O |==3» | based gene synthesis | " M

regulation

Delye et. al. 2013.



=M oML di=H HES

PSII
_ PS| Chlorophyll
Fatty acids \jitochondria - PPO
- ACCase Carotenoids
Hormones _PDS
Nucleus > - Chigreplast
Y % | Amino acids
‘ -ALS
) BRHR00N) - EPSPS
cytoplasm - Glns
\ Cell membrane
_— vacuole Cofactors
N - HPPD

microtubuli /
Cell wall



=M AGME H=H HES

_ Cofactors
auxq: - folate synth
hormones Sterols

- ObtDM

Cellulose

microtubuli /
tubulin / AN

Cell wall



Herbicide Sites of Action

B - ALS inhibitors

E - PPO inhibitors

K3 - Long chain fatty acid inhibito
C1 - Photosystem Il inhibitors

O - Synthetic Auxins

A - ACCase inhibitors

C2 - PSII inhibitor (Ureas and amid
N - Lipid Inhibitors (thiocarbamat
K1 - Microtubule inhibitors

Z - Unknown

F2 - HPPD inhibitors

F1 - Carotenoid biosynthesis inhibi
C3 - PSIl inhibitors (Nitriles)

L - Cellulose inhibitors

K2 - Mitosis inhibitors

Number of Registered Herbicide Actives

10 20 30 40 50 60
' : . L ! 56.
28
26
26
23
21
20
19
16
14
10
7
6
6

Dr. lan Heap, WeedScience.org 2016



LA Kol MRl XtE)|X
(Photosynthesis inhibitor herbicide)

(1) Z2HA XoH HIZHIE A0l % HIUXIE YRS meo}
LBIA S WOk X8S Ol MIZHIE 2

(2) FeS ol Mi=xol= =30l Wk psit KO0 MIZ=XI2t PSI X{0H HIZ=HI=
L
(3) e XoH MI=xICl Ed

v' Bentazone, Propanil, 3 Bromoxynil S& M|t (HE£90] LstAM X0l

HZH= 20 & MAMZE A2 E

=0| 20 2 U= &= X 0I¥0l 0OIF &

rIr

nIEsTd

v )—kué =
v EY s 842 XN et OS
(4) B Mol MIZHMC HEX &

v A JPEXIIOM QB E AlE X0 TH &I H 2o} & W2t £ =
Q| ol gHetE

v 80l 2 Mdll=s &F 2 AF X9 HjE HISE FEE

v 20 2 B Mol =X WS I8 =2 A0 240U S92
gr8 0] LEl=E = U3



Al I KoM 28J159] =S

v CO, 1¥ STIt 2 AUl E0IS

v 2d d30ll= 2EH2 g1t 8ls

v FT SHF0IM 0ldoD| lZ0l O =22 3 ESAME
S 0HA1 T SHIE

v HIZEN Ml & 22 B0 caEkl0l ASE AS0ll MM Al 2 =2
S0l =&kl IS Zet A& H0lS

v EZ U 0ISd2 BHUSUETY




B AL (Reactive oxygen species, ROS)

v 88d S80Il 2ol 33 &

v' (singlet oxide, '0,; superoxide anion, O,; peroxide
anion, O,%; hydroxide radical, -OH; hydroperoxide,
H,0,)

v ®@oHE0Il B2 0] =0 XX EL4E 32010
MESE Mg

Generation of different ROS

: Superoxide  Peroxide Oxene Oxide

Dioxygen ogical jon ion ion ion

0, T O T 02 T 0 R S
102 H02 * H202 Hzo OH- Hz(]
Singlet Perhydroxyl Hydrogen water Hydroxyl water

oxvaen radical peroxide radical



ZAH | ol KIZEXl £ (Paraquat & bipyridylium herbicides)

Paraquat
v AISIEIHIZ20| | B ?_M = (methyl viologen) (1930s)
v HIZEM2 195040 LAHE

v 1970 JHOIl HI S A MIZ=XIE M IH&E(Syngenta)

H,C —N.
Bipyridylium herbicides =N/ N\

v Z2M 9 Ma|stA nHA] OHESt

v 2J19] BTi0L OI22=E A8, RIS X ES EE 8=
250D SA%0 HiEdorE

v AN (&AM XL 1IHS 21 8IS O,0 HiiEH M =01K

S HATHEI0 BH 1 0IM OE HXIE 8E = AS

“CH,

=

=



A Hl | KO0 (Inhibition of PS 1) XL

-1 0O
v' Paraquat= HIYIS&(FA)2EFH HMX}
MYE JHX|1d US
o} 2t3tE: -0.446V
CHOITLE: -0.349V
HYI=SM: -0.420V
Paraquat= FAOIA] MXIE 211 XIs 2t & (free radical)0] UL
Paraquat free radical2 A0 M XK ARHE F0 M AA(ROS)E
AHAMSE 2 AXMOIE W 2719] 0|2 AHZE S0t
v AEHOI =812 S0l Paraquats & Z20IM 012 AEHHE [ X101
ROS= MIESE 34010 AEE IAIIA

Photosynthetic
reduction power

= 3 -
HCNL )—( MN-cH, ———— H&—N@—@lea
- o Oxidation

araquat ion /—\ Paraquat free radical
4 \

; 2H,0, 20,
8 0, + 40H — + + E,=-045v
0y 2H,0

arol

ue
1>
30
[ir
[
o
ot
rio

AN

G
_ Bipyridyliums
2 ERERV
/ -€ /
Diquat ion E,=-035Vv Diquat free radical




HIZH ks A8 =
(

SOI2 Y (2012-06-28)

SMO| Z0H K& £HOoZ S MOl B
Xl) S Paraquat dichloride ME29] HIXH|
11E9] AI28 118 145 H Z2XIgtCi1 27

Paraquat AE M=M= St HOU 201 U MAIMCZE Qe A9 SA0] 20t
OHSHIJF &101 AMdDt RBO0IX]l &1 XAt £HOoZ ALL| )T 0 MAE SHOHO0F SHll= oA
O] UL AAHUIS 19834, SEATKEY) 2722 20073 Paraquat HIXHl AI2E 22X
Ct.

ZHWIAME DDT, DDVT S0l Ol Paraquat AE HMIZEMINIX]I AH20l SXIE0 Wt W 15

d(mwmit) Y2 20| EISRUL



LorA A FOH RIZHIO XS 7|E)

(Photosynthetic pigment inhibitor herbicide)

Glutamate DOXP PEP+Erythrose 4-P

ALA IPP ShlklmIC acid

l Oxyfluorfen l Clomazone

Protogen 4- Hydroxyphenyl pyruvate
Sulcotrione
Proto G A'\
G%PP Norflurazon
Mg-Proto Phytoene Homogentisic acid
Pchlide Phytofluene
l Phytol
Chlide Carotenes Plastoquinone Tocopherol
l__ (PQ)
Chlorophylls Xanthophylls

PQH,

Paraquat

Protox inhibitors:

Inhibit Chlorophylls
biosynthesis
Generate ROS

PTS/PDS inhibitors:

Inhibit Carotene
biosynthesis

HPPD inhibitors:

inhibits Plastoquinone
biosynthesis



(1)AI

AlE9| el 2ool= A9 dS Moo= JIAE JHAladl A0
gas5a = &

AHOHH &
(2) Clomazone, Benzobicyclon, Amitrole, Diflufenica
(3) B A XoH MIZ=HICl =Y.
Ha0) SSE0 SUSE S0 WY XX o)W
v Amitrol2 HIZF0IM SZI0IH 22 St 2 012
v HIZENICl EZ &2d2 Z IHE0

v ULl clomazoneE AI20I2{™ HHoIE "CHMOIAI* OHJ] {100 113 LHOIA
2120 &=HI9t Sl AHZ20H0F &

v A28 EZ0M A2 I 21010 &

=

AN

>
—
N
Nad
— —
e
]
——
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o] Iyt

PPO (Protox) X0l Xl

()

d

ot 2001 211 EZ0 &N S

K

K

ol

=

= ok I LH K 30
morig W B BKH
Kl op D OK 00 = X
= zo of {F OH oK
g0 om0 Wl 5 A0 3o
W o S ol &0
"I = ol S M S

SO S S S S S

48 hours
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Carotenoid M8A TJoH Xl

Phytoene desaturase (PDS)
4-Hydroxyphenyl pyruvate dioxygenase (HPPD)

Bleaching Effects




Carotenoid 9] A¢d|

IF <0
H &0

<] B0
H0 HO
= ml
o K

00 O
SO S

HX o%s: S5 2(400~500 nm
o}
EH

Ul0

==

ol

00

ol

8r

]I =

70 [

= KJ

ol 31

o <
ol oJ
oF % @
< N -
=R X
= ol S
1| <l OHL
{} ©0 {0
S 0SS

v 213 AEYIAN TS M S: ABA, Xanthophyll cycle
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PDS X0oHAI0ll 2l S &

0
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9| 81

(=)
v i

WAL 2 1l Al

v X




OOl ‘= A MStM X0l MI=HIo] £t )| &t

(MoA of Amino acid biosynthesis inhibitor)

(1) A=S0l ANA SHE A0 VIS S0 00| & HSEE Kl =
Al AXE2E8 Ao T|= HIXHIE X|&S

(2) OHO| = A ABEAM (] O Ol= A0 W2t ALS inhibitor, EPSPS inhibitor, GS
inhibitor S & L=

(3) OO ‘= A ASHM T{OH HIZXHICl & X EA

v Glufosinate (HIAED, glyphosate (2AH0]; 2I2E9; HXICIL), imazapyr,
bensulfuron, pyrazosulfuron, flucetosulfuron, pyribenzoxim,
mestsulfuron, chlorosulfuorn

v IR E2 glyphosateQ} glufosinateE M0t £t ZE X 2| 0fl X=X
gds I

v A EH MHIZ 01Fol= Ed& Jid
o

v HIZH0 Tt £ ThE EdE -
v @HHOE Jj|Z 2dS AT A EAE0l RS
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HO\(IDI H
=0 ZEMIOIE (Glyphosate) HO/P\\/N\)J\OH

v 19714 HIXEAM (| YAHE (Bird et al.) N-(phosphonomethyl) glycine

=0

v I+l Bl (Lemma minor)Qjl M 2EE 00| 419] T 0]
XOikl= 2HE &2l(Jaworski, 1972)
v =20 EZMOIEQ HIxE £E& 0] EPSPSE0]

2101 (Steinrucken & Amrhein)

EPSPSO] S=QA

3
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=
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NI NN
iz 0Z 0
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ro

O] 20%J} AlZ M(shikimate) B Z(pathway)E X
F0|E, SdE0|E SS9 &
MM E erythrose-4-phosphate )l M

Ol &t (chorismate) 22| AZ = UE B2 QT UAI AEl S7E
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=cl0IZMIOIE(Glyphosate) Q] HIZE&A

v EPSPS HO{i& =4
= erythrose-4-phosphate(E4P) & PEPE 2 E A2l A 9l AKChorismate)
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ol T
= S E AU 0| E(Glufosinate) oo 7 \l/'\‘
NH,+
v BEM RO 2Z0I Streptomyces viridichromogenes®| IHAIHME (Bialaphos)E
XS g8Ad (1972)

v’ Streptomyces hygroscopicus U 2¥ B XI0I A Tripeptide & (1973)
v' Glutamine synthetase (GS)J} Bialaphos®| BE& 22 80| &
v’ Bialaphos &£29}(1984)

= Bialaphos= MIZX A0| SiXITH HAI ME2 HIX A HY

HALAE 0] 22 EAIHI0IEL
SEU IEH FAH

v GS MUl X2 E =FELHL RAFE

0

I I i I | HN 4

Xy » : L - W - - 1
HO™ m._|,_.. ~OH H.C }"a j ~OH M I':iH | JEl I|l___ \‘ ~ L:\-{
OH it _
MFL, MNE, = |'_|_._
Glutamate Glufosinate Methionine sulfoximine  Tabtoximine B-lactam
8] ‘ CH . Q
NP S ¢ .
T T N Y T Y Bialaphos

NH, O CcH



SRAIYI0IE0] OJBt Wa|X HiE
QAL Ok(NH,)Qt ROS9| =X
(NO;) & o= 218t 2420 =H
OlAl S A1-MIE ME2 X0l
S0 M A= =
ATL0l= Ect0|E o & KT A Ok
[ 25 M JISIIE D2 A7
OOl = AtO] & i}

v' Glutamine synthetase/glutamate synthase cycle X{0H = 918t Zt4
v QIRL|0IR 0] MEH EXI(0|DIXIR)OZ 018t A

v HA0IE aa: SFEID, STEHHOIE, OFAIEH2), OLAIZH|OIE,
gad, =48, Mg

v SEE aa: 0ISHAE0] =8 2E, 7Y, 0|2FY, EHEYM EEES,
HE&cd

v 440 0H0l &0 SEE N 2Tt *|=: SFEAMUI0IEI M E
AE9| 40%Jt 215 E

o rZ

NN
18 M 19 oH muX

e 12 4>
mio r& op mo 08



=c|SAYI0|E-=2 & ME&o] Mgt
22| =2 41| 0] E(Glyoxylate)= ribulose-bisphosphate carboxylase(RuBP

carboxylase)& X

> 20|24YI0|ET} 22| M(glysine)CE MBHE|X| S0l HHT|MH X
=dS4Y0|EJI RuBP Carboxylaseg OIXIOI0] ZUID|Z O] EHARIOCE

1
ol

glyoxylate 7@\—‘ glycine

glutamate 2-ketoglutarate
(inhibited by
glufosinate)
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MY 2Y OKsulfonylurea) HIZ=XI

198240]| X

| —
| -

v A= <dI0HA M=H

QuIE H0F= HIE2 M=l
—

9|
HHHY & OtLEC] &=0IlAM T

=
.
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Penoxulam

v HI=S=&2 Dow Agroscience 0llA] J1 &St EC|OIESZE2I0IY H
HIZH

HNEZ ZIG X ES NI HEHZE SSF(ASHAXUHE)
v dlllE = &% WHIS A0l 52 OKAIOF =10l SEE
v 20094 0| =

2-(2,2-difluoroethoxy)—6-(trifluoromethyl-N-(5,8-
dimethoxy[ 1,2,4] triazolo[1,5,-c]pyrimidin-2-yl))
benzenesulfonamide
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X HIEO ] 1y 24
v NIZ22 EHHE HOIM g EX 2 42 EX HES S
v M SE0A MIZSO 22 ME HE0 IR SQOIE=E
0l FJ0l= XN&9 FJE Moot =Y AESS
g g&ll 9 E H*I'AI ;EI J—F QAI% Animal cells, yeast cells Plant cells
Mitochondria
* No fatty acid
oxidation
,_‘ « Fatty acid oxidation
* Acetyl-CoA production
* Ketone body synthesis
* Fatty acid elongation
Endoplasmic reticulum
* Phospholipid synthesis
« Sterol synthesis (late stages)
« Fatty acid elongation
« Fatty acid desaturation
Cytosol Chloroplasts Peroxisomes

* NADPH production (pentose phosphate

! +NADPH, ATP * Fatty acid
pathway; malic inz;(me) production oxidation

*[NADPH]/[NADP™] high « [INADPH]/[NADP*] (——H,0,)

* Isoprenoid and sterol synthesis igh « Catalase,
(early stages) « Fatty acid peroxidase:

« Fatty acid synthesis synthesis H,0, ——H,0
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ACCase inhibitor9] &£ J|4}

v Mdl: g1 20t £ 2gXd
v 0|d: 212 S0l E4+% 0 symplast pathway= MEHEOZ ()
v 32 7~108 HZ MK0| HE, ME2 0] DAL

o
v H2I|%: QULUNHSAS BRIAITIE IR WA HON

oH
o

[0 0
B 0

-ACCaseJl HIZHI2 2&0IH XIE2E S J0I
MESIS FA0tHU /X1 = 8lS

UIA ACCaseldt HELIN MZXII E&LIX B8

al
Pt el

v SN JIE &

Aryloxyphenoxy- / . ¢
propionates (FOPs) { G &7



ATt SXH &= AL0I2] ACCase XOHMI MEf J| &}

=o AT % (BICOT CHLOROPAST
v MIIHAIS 2 ACCase 22 HIZHIO

ATHOHX] 241 =0l ACCase X{O0H I
0l XIHXOZ HAIQ] Y2

v B X1 Al A X1 AlE ACCase 8
A dE2MOZ CI=M 0128t X10IJ}
HIEH MEHAIO] J| X2 OIS

v EIHY AZ0IMEH RAT]= ACCase)
[HS SH9 HEY= ACCase HOHHO
ol S LOHH 20| K

v X ZZ (WU B2l 50| FAS X

EUKARYOTE FORM co,

XO| ACCase 84 ALOIO] O|F Bt X10]  (cRasscHiororLasT)

= 2o US=ET 22 A T A
= ALZ2010] 01248t £&9] 0Fd HdS

HOIZ 3= U2



SA @A HIERIO X T|E

ML =20
(MoA of Auxin action herbicide)

(1) ME0 FIHA IE2EZ AYS 2= HIZHZE ME S, MIE E&, s
SiN 2 Szl 22 Oa AE IR0l QS NAH, AREHE) Nl
HZH2ilE: E8

(2) 2,4-D, 2,4-DB, MCPA, MCPP, Dicamba, Quniclorac, Florpyrauxifen-benzyl

(3) S EY H=HIC £
v 19403 0H S} 01=9] dketXLE ALOIOIA] JH&E x| k0] MEHA] S ] HIZH|

v SHIMOT HMHACIS2F AIZ0IH J&E HE0AM Y &= SHl&E A0l Al
EY IS @0l ACH ES FH0I= HIZHI0| Wt OHE

v HEH0] A= HIZEHE AS>Dicamba

v AOILE 0N $TE FA= 01w

v HIZE Ed2 HZEH0I Tt GEU =3 B & SHIOHH SF0ll Dt
oIl BES &+ ‘Rla

v Ild& 18 StE1H0]| Tt MEH A2 K|St
H=EOF 018 (| Y012, %Q—I%OIIM
HALED] S

AN

IO



(4) SAM &M HIZHol HEXN sS4
v 39 AE9 EJJHUHISUHXIH 11 S40] LIEHS (stem curling)
v &g AF9| A2 ZE(cupping), FE 0| &(crinkling), 2 Hi(strapping),
X Ectli=(drawstring) T8t S&& LIEEUL
v Q21 A EQ S0l= 20| 2E, FE& g, 28I SAIHU
0] %= 40l LEHS
v oL 29 3 FXI gl= 38 " (O1E;blasting)

Pﬁ'éhoxy,drﬁibn tomato

Ohio State )
)

x5 “/‘ /' ;.;‘ -
Phenoxyion Red Oak = |
\ ! University.of mi);és',é&i)enﬁdon “"‘;‘w .‘4\1
curling ' v~
: - N Pyrdine on
Benzoic oc\l\dp tomato

soybeting

g -
uppiﬁg & curlin

I T e
rPhofo: HMOARING Crop Injury Symptoms S Washington State University
Uniy..of Minf 1!\[)(1(3nsioﬁ o Extension



translocation to
growing point

S0IRM3E el

callus formation
on roots

swollen
hypocotyl

lack of root

'a development




SA &M HZEHO] MEHM
oIt &2 2 SA MM LHA O] AXISHOI2{BH HIZHIDI HHE MI T
=HEY, ehH E= HE YMg(12 X =2 EY 2) S0 H25H
Z=&0| LUEIE == US

v 220 = E)l= SM XM Ml 2 24X HE

v 2} &2 2 4-D N 2| F buggy-whipped 20l1, EXIJI J|@C =

aE

29l W T SO| WHAXE L2 2 4-D, 2,4-DB X triclopyr Tt FHOIM X2l E
W dl&kdrift)0ll 0] S 4T

v 232 E1 20| N2 Z0) UEDE H2l IS

v 3(HF), T2, 2= 2,4-DB0jl LHAIE J1XI1 Y=l 0
AMENE 24-D2 MK &) HE
v 14U 5= 2,4-DB ANdl 2, Y20l FEX1] SEZACE 3
a

LIEFLEZ! OFXI2 O] ZZH0IAN SE20| Ys8

rIr

AL
eIESY

02
(=]
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=&z gt

OISR H2-Sclerotinia

tini
M &x010 MZ=HIX S

OIS HIZH 591 Sclero

=9

>
>

| Untreated control

Treated with Sclerotinia spp.

(Ol =S H=H A 2l)




1) HIZHIC] M8 (selectivity)

NPT or R RO

=S o

(0/\1 Yo ﬂ_u
ol <
= B _ :
— O .Im -= =
2 M3 J
B0 H 3 . P
nala
o 5 3 :
m < .
o A A N
70 m._ < Kio

ol p M

o

HIZEXIol ME

ol
0l0

|LL
=X
ol

2ol

d
IT| OH (2F0H) S

=,

Ol 51l

v HIZ=HI0 4{=0] & 20
v HIZHI0O 41=0] H0] HHSE LHEHHX] = H-> W S(tolerance) EE=

Ki0

zDI'
—
[

)

=0
S

il

Kl

MEHYZ2 MM et AS2 2+ X2 A0l
3

X2 M (resistance)

=
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(1) ME| A MEH M (ecological selectivity)>=c] & MEH M

v A0 &X 210] AI2HA-Z2HA K10]0f] ot MEf

v AZi HEO| AL Mz OE ™2 0128 BN

v =0IM B 01 2, 20t M HIZHIE A

v i3 20] XIE® =0] 4Z0l= di==2 XIS JRAAH| E&0ot=
& 29| =0[ XH01Jt 2 U AI20l= M

AzA UA

3 A
. * ’/,, ’l’/”
. 2," 7y !
£ s A} 2
. | lJ_-"
% .' : ES-3 O W W W MW NY
A=A AHe . x PALEY )
124 Aol = o) ol oAzt 25
ARy H222 Eof WS st o] Felnt F2HAF)

HIZ=EHIS] Al-82HH ME Y



(2) SEHH &

=
1>
[z
IE

M (morphological selectivity)>So|X MEHM

v AZ9| 4ZE, = A X010 Clof 2P El= MY

v OlZ1t Al=1t 38 A= A0l HIZ=Hl &y X0l

v ZYAS0 E2 dEE0I DAl ==50 Hx2d0l =3, 2=t
AMS2 HE =M &0H oI ALl 8l

v Q1210 BRI = J10l= oIt AN 32101 OF

A P . ;
G/ A
U &y @
Frragag AzA = ] = :

| *ﬂ‘_;?:x'“' e :
‘ (’4/:/‘\\\\\ ; 4 § . 5

|

s FEFEFS

a8 8-3 AxAe & HAol(2F F AMzA9 9Ad uz}
Aol zte]7} 9l-3)<Asuton & Monaco, 1991)
Al AZAH AEL £ EW6 AZA7} dol Qo FFE
A @3 2<F £9 7hrtelel 3ol e Atz A E e
B! AZA &L Td AxAZ 2AE ZA L2222 o] F3d
HIZH2 SHA 58S Abol 31, Al A HAT Fxe Az2A EF AFoE
42y g}t Fe=o
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OF S Mt £ NE if = 2 oY

AN
H1 02 4> 40 r& & H 02 08

(morphological selectivity)
FOil X2l MiZERIC &=,
[0f] 2|00 2R E|= MEd

2 0x

0=
(I
R 12
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H S

rir
0

P
=
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= A& SRl Wt
XtO10il 2loH
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~
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A 53] ) A
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o
AL obo N>

(Glyphosate: EOIE 1&-94% S,
£ EE UF9 Ua-1~6%ET

0I% O|HS Ol= 3<%, S0 Wt
X
X

B

= Lo

01D I8 HE 0 ==0l=

9| XtOI101l 2loH MEH 80| 2HE




11. HIZHIO] Al

v HIZ=NIC] E=BH 21t
20103 HEOH &£ Z 20l Mdot=JHl Wet =ctE

=0t0| 1A

v 38 d8E (active ingredient): SATN QIUIE A= dE

v #HHl: 3% RRdE0 =0 VA= SEZ sAMNL HEs

v HIHl: R2d20 220 52 dIHIE 20 0ld 82 HSE tt== 1S
v HIE: MIXICl EEH ex) HHl, M, EXl S

OHF| A| 2| M FH|, |, AT, FE, O
(g_iJuM-g?gxﬂ) = &, |
s OlAF OIAFABLY|
HO- 0T

HAl H =
T ARH| 240 &5, 0] 2X|
(m;ﬁ»im) &g uHl, oIEA|
e 2|Ef A H|, SHEY U




1) HIZ M2 M3 (formulation)

v HIE: 1) &Ml A0 Ao &I S28 MIEM HE - 81 W 2=
HES(REYE X JIEt HXH )
2) X0 IOt MIEE 2HE0) IE AbS (KM (2A)) - S K0l &l
HHeotal TS0t 23T FHE A

| W

>

0
I'E
I'|I' 0

/ HIZO| S&: TREA O MlokI| &, JHEIQJ.}% =NV T

0} OHMOL0] B0 0] M1, HEN, HE0] o, 01y
M0l BSHT K5, IS T 271 HID} A2 weros JHy
ex) HIMEAH SO ST IO HIX RS SX,

Al R2dES RISl =01 HU

aS)|
S| 70l SELU 22 EEY SEU 2T

e



v Mgl EF:
1) HHIAIZH (HH): HHSE L= DEOIX| T HYO = Xlkl=
(1) 8HMl(emulsifiable concentrate; EC, E): H|=3A HAH . A QO ME.
I8, X |RIANMZE Fd. A0 S0 ST =
&XM=2 == OIAL (0 RRUAES JHE IH ES
ulHHOH OF &. 12t |RMI(DC), E&5FAUHF AN (G), sZTREMHMI(EW),
OISH(ME), R SH(SE)
(2) =Ml (wettable powder; WP, P): S, HIZXl X E&HHIE & IHIS
10 ~20 ymQ| AXITIIZ MIES}. S0 2H S4E
2AE0l IS =) 0HS2 B Ot
S XIS HI=S ulBHHOF S &2 EH2 FSHIQ 20
SHOIH 25 EZXNAE OHXIB BEMAE S e s2HIEE
E."—FQ}HI(WDG/DF) -.-CJEE.*HI(FL/SC) S ddEHI(OF

—

FE=r = = = = _‘_. e -
P T —Y ‘ R B F--:;'
(™4 ;

O I"='=|

=]




(3) =2 Ml(water soluble powder; SP): &0l 24T SQME(0| +2M
T8d =29 STHS 0/201¢H Tt= HIM= =0 3|20t 4EHO| £3.
SXNA X IS o HIHSSHOL &Il 0{0F &

T2 MAHH(SL/SP), M2 (WSG)

1

A

=
12
0
1>
0x
g -
12
(1}

) =@l (flowable; FL): Ol O|&@t= M & X1(0.5~2.3 um)J}
S50 A= HH. X8 TP +2HEH S, SIMAIZE T =0
o FHQL AN S SEE Wit aXM2 S T30

CQFH U0l . sIMa0l MSE S0l MlE

re

10 2 &£
10 =

02

(5) M (Solution): HIXH
HZXEl= gH. E2
é

=0l HIE%‘




2) JHIAI2HI(&HI; granule; GR, G):

v
v

UHIOl HZESH MEHC HIE2ZE =0IA 8]241810] HIZ Xl

SR 2HH AL S0| EQX %2, A0 EX S SAHXID| LE0l
o0l )t 81 S

MMOE 2Tt &HIL 0", HIZ0ILE =0 2JoH Al 0l=0tH, M= L
S0 30= A 22 gHo A4FS S0l= MEHDE &Sl AS
STH=c= HS EEJ0I25H I 510l M2, AX HIS = SME AN
st 0|88

Dok Wt Y, 2y

=0IA 2HIC A9} =

e S0l AS

2HI(GR), =N,

MY (Jumbo/Tablet)m =




(ATR) SEd S SRy A

http://newsam.co.kr/data/photos/200907/pp_1359_2_1246516476.bmp

https://cdn.aflnews.co.kr/news/photo/first/201103/img_76987_1.jpg



3) = Ml(dust):

SH X AZO| HXHIQ =80tk

KI0

Ulo

Bl
Ik

ol

ol

D

} 1~5%, 22T} 250~300mesh(Y A 46~61 um)°] O JIF

=7
HOl AHREIX
CHHZE 50| A

rHdE S
. E

v

E!-
—_

v X9

§
&
3
@
4
*
°
M 4




4) B X HMl(additive, adjuvant): MIZ2 12| ST = MZ=H AHEE E0I0Hl ObJ|
¢0t} AlE0l= E&

(1) IRl (surfactant): 21, AN, BAN, 284 S8 SHAIFIHL AR
HEAZS U0 T2 S2. HENC FA20 SHT L QN0 SX. MY
OrF X210 &AM 1S 2PN =2 2 Hal 0|

19| SlH. O E S&ES 19
S 0l1d. ER0lc 19r
- S8l (emulsifier): OHLIO| 2
=0l 71E0l =IMEl.-. el =1l JIgY
H

- ©
2_-'-'
>
o
=
L
rx
ik
=
i~
30
mlo

EIE I-I_II:_E %IIA'?I_ Oll:ll_l-I-IQE

I'I J=
J..".
rin
12
=
=
rg
Jm

rr o
bt
g
=
=
all
=
1111
K*
b
2
A4

Ol =2 JIE W0l 20 2 20| &= AUE EUX

- 52 Ml(wetting agent): ME HHEDl= ALOIC] BEHAEHSE LA NAHAF=E S2. +84
AT SSHIE HII0IH AISHIO &A B 20 Al ¥=E

- ME I (sticker): MSHIQ ZH0 MM SATIEE Ol= X Ml. HIZEX kU0l

200 21010 WA Wl= 2
- SSHIEAN): 20 FdE22 558 R0 28
- M FHIel RRdES EMAIII= 4N, E
(2) HiEdHol =4: HiKlCl =d ety

AL EHE0 2AHE L2HME 24

HS AN

30
e
=
mo <y
2 sy

0Z Hl
HI Hu
()
FOk
JH

J
>
30
EOF Ol



(3) HIEEEHICl £4: 20I2d, 20I2y, HIOl

Ol
M

HHESHDIL AR 1

OF
o

al
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HIZ=Ho MZdE LEH=E A

0

July. 2021
153 Dicots 113 Monocots

TOtaI ' - Resistant Weeds
266 species, : " by# Sonpes.
21 of 31 SoA, A
164 herbicide
95 crops
71 country
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Scientific Guesstimates

ALS -1in 100,000?

ACCase - 1in 1,000,000?

Many herbicides - 1 in 10,000,000?
2.4-D, glyphosate — 1 in 100,000,000

. Herbicide Miss
Resistant

— Late Emergence A

Weed Seeds in Soil often > 100 million seeds'acre s < il i $Y % Also Seed Bank
Weed Seedling Populations often = 1 million seedlings/acre 4B,

Proportion of resistant to susceptible still quite low for many years (between 5 and 50 Resistance detected when a high proportion (usually = 30%) of the population are
years depending on many factors) — resistance not suspected but may be evolving. resistant to the herbicide.
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X&A(Target site resistance; TSR)

(=¥

1Toc
» X2X0| EMH(|: single amino acid substitution/deletion
= HIZXH Z2H0AMO| L& genel] LIS (over expression)

v Hl HIZH &3 XA (Non target site resistance; NTSR)

= [HAIEFE (metabolism): HIZXXIC| HIMESSM SEZT 9| E0H->(p450s, GSTs)
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Target-site and metabolic resistance

HERBICIDE binds to and inhibits target -> WEED dies

HERBICIDE

HERBICIDE can NOT bind to target properly -> WEED stays alive

Metabolism
of herbicide

Target-site mutation
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