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4+ 3] (Hilton, 1957) - e % £z 5 1968 +# 7 common groundsel
(Senecio vulgaris) #= triazines ,%4 A e+ (Ryan, 1970)-1980 & 12 @
wh 20 AR > AR I WY 24D A2 2 LA EAEHZ
triazines #f f.‘"-f"ﬂ A4 Fu s < S84 AERR Y SehlhE o2 (8D
Tt Ep YRR BHEE &é“ﬁif?ﬂ%wlﬁmﬁ% o FJx r“,%ﬂ;-’??l%’r‘u
78 % i ¢ (Herbicide Resistance Action Committee, HRAC) ; *+ 2010
TR B A TS B4 115 A E2 82 AH I Ef (R
£ 360 &2 AN - At "T IOA L Fuft e AR EA Y 0 ALS
inhibitors #7110 #& % & % > PS Il inhibitors 3 65 &/ =% - # # ACCase
inhibitors 7 40 #& - bipyridyliums (paraquat) 7 25 #& > synthetic auxins
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(24-D) 3 28 f& o 4 g b 2 W E R ¢} 5 % E (atrazine) ~ ¥ £V
(paraquat) ~ &% fi fk % #7 (sulfonylureas) % imidazolinones #f - &4 %
(glyphosate) 7 7 i% & 3 4r 1348 % (HRAC, 2010) -

LAEF AL F et 1960 & %o o b 10 E % 3
o B G RO RBZRF o - ) B2 5 A 1970 E vl o
EHERGERS > ERE0 IS 2 b ngd o id 2
AHWE - GFERS MEFF > HERF I RP 2 FHHE T 30T {8
@&&i#’%v—m\%@*@w°§$%& FERLH A RY M 5
¥ v & 4 i (Chiang et al., 1994) » v FF g2 7 &8 7 2 85 3 (Eleusine
indica (L.) Gaertn.)¥+£.#% % (Yuan et al., 2005)%2 ACCase inhibitors + *
FL 3 1 i % & (Chiang et al., 2007) ~ = & % % %" (Mazus pumilus (Burm. f.)
Steenis) ¥+ = £ V| ~ B Bl £ » L ¥ 4F triazines #F E H| ¥ it © & 24 F i
(Chiang and Chiang, 2006)  $ul 3¢5 e 4 > p % & jbbr 5 4 4R v
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2005) » %% 4 % 15~31 2 (Chiang etal., 2007) - $335 % £ & i#j# 5¢ §
Fulba 4 2 sEfe kg o R R BT T R LpEE - triazines
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2V aEg T EgEIRE BT I i ARG LT
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(susceptible) £ 4= 4] ¥ 5 /& - @ 12 e fh(genus) s ¢F BLAS RE AR T ey 2 48
PoA R P ERERT DT RT #ﬂ e

f At £ g fe 4~ (plants) & @ &7 i BF 4 A4 fR i mxéf 3|
FET R FEEERE AN > - AT LA S E ken
+ i @5 4 (Prather et al., 2000) - f 3A| w5 R fdfe 4~ (Species) o fwx
JoF) - S 2T 2 “fﬂﬁﬂl v A 2 BT gL 4o g4
* &_d & & iE (selection) 2 i & 3 i¥(genetic manipulation)m % » §_p #X
4 ey 4 (Vargas and Wright, 2004) - # = 2 > "f 3] g e 4
Al S %R P eh- AT i i 4 (Menalled and Dyer 2006) - ¥]i $f
AZROE RS SR ORI P A 82 Bk At o &
o kFF e FRE- e W f’?#’ﬂ%"f if‘f‘f' i 2% f g 20
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B R A ERP TR E LG 2 E(EDso) %K CE A A

(Ageratum houstonianum Mill.) ~ ¥ 4 % (Scoparia dU|CIS L)~ & "
(Amaranthus viridis L.) ~ % 4+ % (Bidens pilosa L. var. radiata Sch. Bip.)z. 2
~7 B od W EHB A % B Bl R E4 S ‘*(Dicliptera
chinensis (L.) Juss.) » » & 3 #f A2 & 2. E#H F > &p—r LR 2_ it &
ER: E R 3l La‘m't"_’ EHE S TN Y EE EPSPS i3
% (Yuan et al., 2001) -
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M LehrRp s &G B oo FLfR/RE 57 - imidazolinone fr
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pyrimidinyloxybenzoate #f'; & 32§ &0t pr % B ¢ o FRHIER
(vallne) ~ v Sefg (leucine) ~ £ v s&pi(isoleucine) & % 7 3 A&z ¥ &

# % v 4k L2 fEHRE ¥ 5= % % (Chiang and Chiang, 2006) -

it 47 ) mxfjkf;g. FHHRAA R RIE hp el E - e

Dekker and Duke (1995) #-£ ¥ Al Fuit g dites 5 5 4o
- R “f M Fuit (Exclusionary re5|stance)
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i T &g Rk é_i Fufd e

&7 éf.msn At e FH(N)ERS T hL R L d SR
bt K arﬁ PAAES fok TR MT R Eo ey
Bp P E c(QBFERALFBEBENLE D ATREF A AINGEE o
o Al A g g g R AR AL S Pl e 2§ (Ozair et al,
1987) - (3)#.*g 1+ K% A AIEEY R AT RRELEF E fren
9@%*" o Po B8 -2 % [E (compartmentation) © @ & 2 A D iTH R
(Stegink and Vaughn, 1988) o (4) X #24 £ & : fE4~ ¥ b k1L & o ek
e FEZBIE O FAEEEF M BRACKIREY R AR
& ;f’n % 5 @ 21t & 4 (amphophilic) » FFF K E dmie p B H X

£ = (T * (conjugation) £ # % 5 Ak BEe Fla AR )]
'VL__LE\'?Z ﬁ%?ﬁv,%ﬁ#zﬁﬁﬂf’;ﬁl F - S RPEiEr 5 A2 AR
Ep o BB s AR R AREY 0 R A AHwEG 30
PRSI VBT EF P58 (Liu, 2002) o

bR Fr BRI L AR SRR T M 4o
velvetleaf weed (Abutilion theophrasti) m?z p 7 Glutathione-s-transferase
f¥% €3 40 H 3 %% (atrazine) A 2 24 & @ ;= Fui(Anderson and
Gronwald, 1991) o ¢k 3. 5F & S B2 4 X %% > & 5 @ triazines #f «hH
BER RFLIAMERDIR S A HEHIF fff‘?' chisf & & 5 A2 &
g w)(Liu, 2002) o F & 0 =42 (Echinochloa colona)te tkp » F] &
aryl-acylamidase f¥ % 7 £ o 4c > § % & $'F & % (propanil) iz 4 1w
(Leah et al., 1994) - *‘f 3 & en i ¥ s F] 5 Cytochrome P450
monoxygenase £2 p &% % 4 ACCase (Acetyle CoenzymeA-Ccarboxylase),
ALS 2 PS Il (Photsynthetic- e- transport pathway) si2-:¢ i€ * @ 3 ¢ (Ozair,
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=~ fEReniTd ¥ 4 g enguld (Alterations in the target site of the
herbicide)

= ﬁf_‘%% A e N R BT g e feenfE 4 52
A e PHREEEL R §ERGEHAL T G o F Y
FE® o pan L0k o K E in,fif;:‘gumyvia SR ¥ g oo
¢ 3£ triazines #p (dr X % E ~ ¥ B E) -~ ALS-inhibitors (4~ imazaquin,
chlorsulfuron) % ACCase-inhibitors (4od # & ~ M E) o

T % §%“,$ 3R chaT g A T A ol e & R o i
+EREY (e ) L5 ? 25 B 1) ACCasew # A1 H 3 g
(4r2 3k ) Bl ® F - &k F 4] ACCase (Herbert et al., 1996) o — 4548 4~ %+
ACCase-inhibitors #g 4| # & st &2 F > 3 o F #4) ACCase 2 CT #
o T K% 0 B FA] ACCase & #| .7 st e(Delye, 2005) o + & fL
fages ACCase = & ot #fdl'% ¥ A F* 2. p &= % -Zagnitko et al. (2001)
FE A Ay o F IR 138 B ACCase 2 CT # iy & ! fgF 2 iz
% =i fk —isoleucine (lle) » Adrttfe k@ 4% leucine (Leu) B~& » B | &
Fos RIERY B RAR LI G o FI RS F R R 2 AR A
ACCase #r]4] K,éft A E® np &% o484 % ALS inhibitors sha it %k
p @iz E 7% (Carey et al., 1994; Neighbors and Privalle, 1990; Sweetser
et al., 1982) - %t ALS inhibitors et Pl % p P & = & e
(Bernasconi et al., 1995; Creason and Chaleff, 1985; Guttieri et al., 1992;
Saari et al., 1990; Sebastian and Chaleff, 1987) -

- 4 triazines G- E M enE it ¢ DRI A S A
sulfonylureas B & % 3-5 & (Scalla, 1992; Shaner, 1995) - = —“‘Ff%;* 4 PR
£ 3% 3 & & Triazines shfuit 8415 B > Ryt kR 5 D1 protein + %
264 =% - Bz AApLserine ik 5 glycines gt Z k& iFF § 3 Bufar
- BRE BB RFPEIARG S H triazines it o ee BT R E0T
o o HR triazines fhduiE $ 41 IR yield penalty R 32 0 Flpt A
L% triazines EFE RS T o pLE A PR EE B 4 AR o 10

& en triazines il i MBI L Ap ke B g ABL serine FHe:
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glycine X% > Borrid S MAEERFE N FE > &4 P triazines Fuit
REZEREPEFA € NRMaR F o @ Hk ALS inhibitors Fuit i %
A4 A ALS # it =% b end @ % £ i3 & ALS inhibitors & jx & b
fEidta g4l wd 2 B8 ALS hr ¥ i > B #4124
EREHAANLBEAPREALS P 3HF I AR EEOREE T ERT
PARR cful > FIL 2 A R RE O HHRE EETT R e
i P'Ifuﬁﬂii)i:#g ¥t 2-(Bernasconi et al., 1995) - Hager and Refsell, (2008)
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Fulkd ¥ oA~ 5 % 3 Fudt(cross resistance) fr £ ftt (multiple
resistance) e & — BFU e dr ¥ HON A FF % Ap v enfe 5 2 @ ",4rt
Im o R A BRATAL R LRI e FHE- BRI
* g z’ﬂ%wﬁ' A et T S e o

2 I puphad F B4p H - eoduii 4] o 64 - common groundsel #e
f4 44 D1 protein 3 2 & AR F I ® L o 0 Fla T EAE
24 %"n:'l“n‘ PF > ¥t triazines #gend s 2L A LM > F L gt *‘f 3 A
07 Ay 2373 5% 0 D1 protein & & (Ozair, 2008)



26 i P AR

Fo—- ~ R B ‘ A 2 Fu B4 & (%% Hager and Refsell, 2008)
Table 1. Resistance potential of herbicides according to site of action

Higher potential

Lower potential

Inhibitors of acetyl-CoA carboxylase

(ACCase)

Aryloxyphenoxy propionates
fenoxaprop (75 #4%")
fluazifop ([’k’ﬁi‘ﬁ)
quizalofop (T {RE")

Cyclohexanediones
clethodim (fi']% {ﬁJ)
sethoxydim (j"iZ%51)

Inhibitors of acetolactate synthase (ALS)

Sulfonylureas
halosulfuron ( ﬁ )
imazapyr ({*=51)

Inhibitors of photosynthesis at Photosystem 11

Triazines
ametryn (£17839)
atrazine (§1515)
simazine (&17%75)

Triazinones
hexazinone (F74151)
metribuzin (3= *35)

Uracils
bromacil (Fu%T)

Inhibitors of microtubule assembly

Dinitroanilines
pendimethalin (55 #[f)
trifluralin (= f871)

Synthetic auxins—specific site unknown

Phenoxys
2,4-D (= PY-#Y)
MCPA (iz+%")
Benzoic acids
Carboxylic acids
clopyralid (£! L %)
fluroxypyr (f5:i#1)
picloram (£1 7 %)
triclopyr (= #)
Inhibitors of Photosystem |
Bipyridiliums
paraquat (* 14 [
Inhibitors of EPSP synthase
glyphosate (5 t5t4)
Inhibitors of glutamine synthetase
glufosinate ([#Z%51)
Inhibitors of lipid biosynthesis,
not via ACCase
Thiocarbamates
butylate (%t 1)
Bleaching: Inhibitors of diterpene
synthesis
Isoxazolidinones
clomazone (i’ /&%)

Refer to
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PR Y Edp e 7 - B i) o 0 ARM AT D
Lolium rigidum % &) > v ¥+ aryloxyphenoxypropionate, cyclohexanediones,
sulfonylureas, dinitroanilines, s-triazines, triazinones {= phenylurea % -
E -~ "f W E 5 B R it (Burnet et al, 1992, 1993, 1994;;
Cotterman and Saari, 1992) v 2 fsr F I EME S F Fl(Powles et al.,
1998) o FulZF % *‘f ifﬂﬂj*m BoAw %% iE 0 3 Lolium § £ fufh
WHll & EEY 2 F h I R ﬁr; it B2 % Cytochrome P450
(mixed-function oxidase (MFO)) 4+ f B e B 4 R TR o

AL R FFY R A 22 8E s FFHESE(Yuanet
al., 2005)# ACCase inhibitors(Chiang et al., 2007) 2 4 Fuft o Foik F § 2
£ %3 H s ACCase #r|#|7r 5 < 3 Fuft2 3R % (Chiang et al., 2007) -
-+ %7 #2EREME2 282 HEBREEREFL L S £
ZRE P HEAXTFET A R ERFY 2 g o

Fuldse ¥ g B 184

7 OB PR TR E O B84 0 & 35 % %123 (mutation theory ){r
B #X & 1% 72 % ( natural selection theory) (Ozair, 2008) - ® %32 #HiL 5 “f
FAPEH S SldefE W 2 A FIRFATA L bl o LRGP W v ek
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%E",fiﬁ‘d’* A= el 5 et F e R o § f—“rf”i"
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CEAAFG > RPRBHPTFASAY DR RERE G T L 2P
Atk o AR A F AT A AE R AR PR s AR Frm T 0
FHoland B LR o - kI v AP RuddkaE R 30% 0 F pE A T AL
2] $](Scalla, 1992; Shaner, 1995) = § g [+ 323 % #gs > » Fuld 4 F 3] 3% by
B DR BATR AR AL §EIG T A BOEE I LN EEY
& &£ B 4 £ 1 5§ (Duke etal., 1991) -
5*%$ﬂﬁﬁ%iﬁ%%ﬂ%’éﬁﬁiﬁﬁ‘%iﬂ%ﬁig
T £33 § 24 5 (Vargas and Wright, 2004) -
-~ AR A A R e

1L FEEFp L5 B EF T2 5380 RSP R Rah
Wig -

2. —~EAPF LRI BT AOREFRE PRFT A2
A+ e FEARPUFERALL BRERSRBRE S
PRI o Flpt - E 2 e R fRM s R .

LRI BIALEAZ TS @%’mﬁfw@ﬁﬁnw@¢$4
AP TR I EMEF R s RS I bR R B
R A R B R g o

4, H- 2 EF7? B NHfRB 2T 32 b aRs o

S. ‘if’fi’k“ffé" B RATR M2 A L_,%J'_é‘?l X F W iur‘
HoEHEY 90~95%fe i etk T » Flm id 2 F R OB R HER
Ao e RprREAPAERD BF L2 A ER Y o

6. &3 B4 AR FLEA Fleie X 4e Lolium rigidum >+ € i iE 3
WS gt o
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2. ﬁ%‘“ﬁf AT 2 i T A A iR IR R SRR T A
4 et i e

&iﬁﬁﬁﬁ%iW°
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Fo5 i - (ep PR A S AP E L S
B RORPHAER PR R0 6 RS R
LW Eagie B R EASR 5T ARl (Y 2k B -

b RITH Y ST XA L LR RR A

Moo b

"% AR Pk el

g%m%iﬁ%ﬁiﬁﬂﬁﬁ%’?@%Tﬂﬁﬂw%ﬁ%%’ﬁ
%vaﬁﬂﬁ%iﬁ%z%ﬁw&ﬂ’UEﬁ{@éﬁﬁ%i%ﬁ
(Beckie, et al., 2000; Gunsolus, 2002; Menalled and Dyer, 2007) -
- ~v%HE
1 omf heg “fﬁfﬁ?déﬁﬁ Tred oo ¥ - Hw R o8
€3 - BRI G OT R EE o TR I - R LARE SE
BRFEFIFioETPR G 2 B Y g ERRITIHE T i
i AR FF o derf e S N E R D TR A o e
SR F LS
2. A BFE AR F A K EFRY - BT WS AT
B GV AFEE SRS o g0 FETAT R R iyt
%0 i3 BEFERTEUBE L T N A S % o
SR RAPARES MERE R
1 ixdpn REEZFLWES  HHT TR ﬂz",éf APz 4 A
FERude s B2 P A2 A o
2. RREEENEEEF o FAT > AR HRDET > A3
FEHORBERZfERRDE F P2 LR o L APRT 6§ 20%5AF
MER S S RAF R ROREERE - R AR RS
o pipfrs gk ERY o
ZCEEY EFRREERR T
Lodi 2 fi+ A S 2 P i FRWASTE THE 0 P
HERG T F o RIEDNEANA S A PR L BB
2. % PR EANRE 2P HEBRILE TS "frf FOWEH vk £ B e
e
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SRBIBERGLE T A AR PR L RRE A
o~ FEF R

Lo ks BB 0 R * G n® e FUEERE DR b e * 1

FEPOREFA L AR F AT E AR vt B (4 EDso, GRso, LDso

2 150 ) * AT Al dn Bic(resistance index; RI) » 17 5 fli AR R o0

ﬁﬁﬁwow#%%%?wﬂ’ﬁﬂaiﬁ@ﬁwﬂ W4 Jo

2R BciE 50~T70%"F MR U AR R o & B FiE § e EDg 7 B 0

3 'J?émﬁfllﬂ%%l)@#ﬁﬁmﬁ’ TR 6 BAE WA kA

B g 2 @ end pe(de 10, 20, 40, 80, 160, 320 g ai/ha). - A £
FIE e 450 B4 & 4 F12 5 112 5% £ (Moss, 1999) -

2. H- R EFlbiep] L L Y WIAEF Ralidyis 0 EH

H-B& 2~3 BARAHE > N Y F5HTE- H g

B e

3 E-MAFaRKR I FIHKBE,ITIE o B
TR EEEE L EF P RFIoREF SR (75 P
L- MR FAaOR o

g R Rt AL EY RN
(Ozair, 2008) -
- TIPS EREE L E R R E R LT R
oo IF R IETRURE 4 Sk A R
1. %#,gwrfjré’ ] r%’*?fﬁ}‘frﬂ“]c N UE L TR
mzw$4€ A GRRIEL L o3 e Y g
FARE R AR EE Y o g O PR B A A
2. EH BT L A %”é T g %5 Jal’ﬁm*‘f‘ SR SR
$n B AR N HEA A b o %IFE% o (4 Hh P
S L ﬁ?*””ﬁ*?fm’gﬁiﬁ
WEPEH LS eGP o b e Rl W T g e
P P R 6
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Development and management of herbicide resistance

Chiang, Yeong- Jene
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Agriculture

Abstract

Herbicide resistance is an inherited ability of a weed to survive a dose
of herbicide that would normally give effective control. This inherited ability
contrasts with poor herbicide activity resulting from incorrect application or
adverse environmental conditions. Any weed population may contain a small
proportion of plants resistant to a specific herbicide. Herbicide resistant
biotype usually exists in weed population with very low proportion.
Repeated use of one single herbicide, or of herbicides with the same mode of
action, removes susceptible plants, allowing the resistant individuals to
survive and multiply, and eventually dominate the population.
Herbicide-resistant weeds are an increasing problem. At least 197 weed
species have been documented with biotypes resistant to herbicides. Paraquat
resistance has evolved in Erigeron sumatrensis in Taiwan. The time required
for a weed population to develop resistance depends on several factors,
include the frequency of resistant individuals exist naturally in the population,
the relative fitness of the resistant biotype, the intensity of the selection
pressure, the frequency with which the selection pressure is applied, the
number of annual generations of the plant, and the number of seeds supplied
yearly by the weed to the soil seed bank. Resistance builds up more rapidly if
the selection pressure is continually present. For the management strategy of
herbicide-resistance, the principle rule is to minimizing the selection pressure
giving by any specific herbicide. To apply herbicides in right way is the only
way to ensure and to last the effectiveness of herbicide.

Keywords: herbicide, resistance, tolerance, cross resistance, multiple
resistance.
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