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Herbicide application and weeds resistance in rice field in China

LIU Xing-lin,SUN Tao,FU Sheng-jiao, ZHONG Guo-hua

(Lab of Insect Toxicology ,South China Agricultural University ,Guangzhou,Guangdong 510642 ,China)

Abstract: Weeds in rice field are the biggest influential factor that decreases production,and chemical

weeds control technology had become an important means of weeds control. A variety of herbicides are reg-

istered in China for efficient management of weeds in rice fields. Meanwhile, the frequent,large and contin-

uous use of herbicides gradually increases weeds resistance. Resistant weeds such as Echinochloa crusgalli

(L.) Beauv. , Monochoria korsakowii Regel et Maack, Sagittaria montevidensis and Ammannia arenaria

H. B. K in paddy fields have been reported in recent years. In this paper, the application status of herbicides

and herbicide-resistant weeds in rice fields in China were reviewed, and resistance mechanisms of weeds

were summarized, especially for butachlor,quinclorac and bensulfuron-methyl. In addition,integrated man-

agement strategies for resistant weeds were proposed.
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T g (butachlor) , 1 38 & & 1L #2 &) IF % .
1982 AFEAE 3 E E XA 1 T B 2 BUAE AT 4R e b
DA EZ TP BR A S R AR e 5E . T
W P 1 i (metamifop) o p 5 [ 2R 5 58 o Ak 2 24 A
TER ¥ 5 L B 52 50) , 2010 4F 78 B B XK
it LA = JE 0 2 Ak, R T B BR AR AR 2 L X
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Table 1 Herbicides commonly used in rice field against gramineous weeds
. ; A ' B U B
WHAK  AEER e USERER 25041 R BULIR
. . . Function : . Main susceptible
Common name Mode of action Family S Applying time
characteristics weeds

siibeni: k7NN NGl NN ]
W L AR TS I A W i R T
RO AR RS IR &

through  bud

W Gmdan I 1 A TR] 42 5 i)

- 524 ”j‘ UL ik e Absorbed through the plant hypo-
Rk Systematic % -otyl. mesocotyl and coleoptile
Pretilachlor y“%“.ld.tm Chloroacet- cotyl,mesocoty and co coptile.

(Inhibition of . root absorbed slightly and the
A amides ; .
cell division) weed body protein synthesis was
directly interfered,and photosyn-
thesis and respiration could have
been indirectly affected
T S 4 5 N G
14550 i AR BB AR AR P B A R
T BT % Mainly absorbed through the weed
Systematic .
Butachlor S Chloroacet- shoots and young secondary root,
(Inhibition of . . L.
1l division) amides protein synthesis in the plant body
ce ) can be inhibited
2 B 5 2 A AR R 48 K R
F) K T AL T 2 2% B0 &)y 2F A0 i
i 1 4] R L %
I (40 el 4 b LI B A 5 20 50 2
B KA o s oHLIEA R K
[P poy WS Mainly absorbed
TR GE T g L)) . ) A . 3
. Chloroacet sheath and root, it can be conduc
Mefenacet Systematic .
amides ted to weed

(Inhibition of

cell division)

shoots and leaves
through the xylem and phloem,
preventing cell division and elonga-
tion of weeds growing point

A B 2F AT
BT R
At pre-emer-
gence or ear-
ly post-emer-
gence of
weeds

T3 A W 2
1.5 M3 LU AR
At emer-
gence or 1.5
leaf stage be-
fore of barn-
yard grass

A W 2
&= 2 i

At emer-
gence up to 2
leaf stage of
barnyard
grass

MR S RIPS AL A BRSO B
U RESCE

Echinochloa crusgalli ,Cyperus
dif formis,Eleocharis yokoscen-
sisyMonochoria vaginalis » Alisma
canaliculatum , etc.

MR T & F. 57 8 IF5 ok
AN S SR N L D AN VS VR AR
AN 4

Echinochloa crusgalli ,Leptochloa
chinensis.Cyperus dif formis,
Cyperus iria s Eleocharis yokoscen-
sissMonochoria vaginalis , Equise-
tum ramosissimum , S phenoclea
zeylanica ,Scir pus juncoides ,etc.

ME T&F FEBHFR.ME
BN SR AU B BR A R VB
Echinochloa crusgalli ,Leptochloa
chinensis,Eleocharis yokoscensis »
Euphorbia helioscopia s Mono-
choria vaginalis ,Rotala indica »
Cyperus dif formis, Pycreus glo-
bosus,Cyperus iria ,etc.
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&k 1 Continued table 1

- 5’ A 2 2 AR
WAE R %31 s B 2 IR
. . . Function : ; Main susceptible
Common name Mode of action Family C Applying time
characteristics weeds
PA I 4 o) R IO v 0 B AL [ AT [ G RS 205 i BT G R AR R B R
£ B AR i m I 0 2K it R TA] 4 S b AR AR K 32 B i} g 5 5L 45
1Y) A i Sz A RO . Inhibition of leaf sheath epidermal At 2.5 leaf Echinochloa crusgalli s Leptochloa
. . . . Tetrazolino- . . . . . . P .
Fentrazamide  Systematic Hes cell elongation in longitudinal di- stage before chinensis,Cyperus dif formis,
(Inhibition of es rection,so that the leaf,stem.fork of barnyard Eleocharis yokoscensis ,
VLCFAs) and crown root stunted grass Monochoria vaginalis ,etc
R T SRR |
il % CH kil i 7K i Tt A 5 400 L P 0 e 1 ) L 21 PLRE G T 5 KR T R
pas ey
A1 PSIT) 55 b
Rl Contact toxi- [t Tag type. Due to a lack of aryl car- At,l 02 leaf Echinochloa crusgalli s Monochoria
Propanil city(Inhibition Amides boxyl amide hydrolase detoxifica- sta ¢ vaginalis,Oenanthe javanica ,
of photosynth- tion in the body of barnyard grass., l q(rg;le '(1)rd Digitaria sanguinalis ,Setaria
esis at PST]) the cell membrane will be destr- parnya viridis,etc
. grass
oyed first
e 2 ) AR S R &) ZE IR R ) 2
P I 4 ) A1 2E WU e B BRI AR % A
o VE A il R K AR EIER . BT o - Bl 23 it
P 30 4 YT A R 2 1A A X A ) 44 WG 25, Je
B K g2y A 225y WA SR ZL IR VE . ;QKEKE,/Z\W PUEL A B R Y TR B R 20 LK
J A D WAt & ' Absorbed by weed roots and WL 8 o5 A
R R Systematic PR EE 2 shoots, especially after germ ab- ’At 9 Htj 3 leaf Echinochloa crusgalli , Bulbostylis
Thiobencarb (Reduce o- Thiocarbam-  sorption and then transferred it to " (())f S parbata s Monochoria vaginalis ,
amylase ates the plant body and had a strong in- ; Teg;[ qtanze’ Sagittaria pygmaea ,Callitriche
activity, hibitory effect on weeds growing befc reA )fg stagnalis,Cyperus rotundus ,etc
inhibition of point. And hinder «-amylase and )d ¢
protein and protein synthesis,the plant cell mi- weeds
lipid synthesis) tosis also could been strongly in-
hibited
K ( | N - 5 N N
L B AR B R O
) o BURLEA K S oy A 1 41, BH I 2R
g o A T Do 1~4 i
S e P A K 6T 48 B 1) 4 B = B bR A
o 7S IR o B DA T I S e - PR A B IOR B B S5 B 5 B
Jic i o AL R Absorbed by weeds primary roots Hp st =
RELEL Systematic R BiE 2 o o "7 At1 to 4 leaf . . .
. . especially coleoptile,and accumula- Echinochloa crusgalli, Eleocharis
Molinate (Reduce o~ Thiocarbam- ted in th st f the . stage of all Boscensis . Cyperus iria . C )
amylase ates ed in the meristem of the growing W00 0 yokoscensis . Cyperus iria . Cyperus

5 B

Anilofos

ZHIRR
Pendimethal-
in

LN

Quinclorac

activity,
Inhibition of
protein and
lipid synthesis)

PR R i 440
Mo %
Systematic
(Inhibition of
cell division)

PA I 4 o) 40
fi 53 %4
Systematic
(Inhibition of

cell division)

N B A
R A 5D
Systematic
(Synthetic
auxin inhibi-
tor)

H LB
Organophos-
phates

T R R
ES

Dinitroanili-
nes

Quinoline-
carboxylic
acids

point, hindered protein synthesis,
so that the proliferated cells be-
came embrittlement by the lack of
protein and plasma

F2FE A W) Y 4 2F A b 2K R
WA 10 ) A L 2

Absorbed mainly through plant
shoots and stem in the ground,in-
hibited cell division and elongation

TEFRD 1 Al AR vh 4 28 ZE A
AR e 245 751 3 A 1R P9 ) 245 391
SEUEEASE M s R A U
Jit0 43 4 7R 5 W) 2% Rl 4 o R
Absorbed by shoot, stem and root
in the process of weed seed germi-
nation,entered the body of a plant
as an inhibitor of microtubule as-
sembly and meristem cell division,
and did not affect the germination
of weed seeds

FLA ER YRR R 59 0 R A BE B
KA F0 T AR Bk 5 0% 0 T 2 A
JH 7 R A

With the characteristics of a
synthetic auxin herbicide,it can

be absorbed by germinating
seeds,roots and leaves, but
detailed action were still

unknown

difformis.etc
yard grass 11 ’

biotypes

A BB T & T B
A DN N
B RIIE

JeE 3 M
Piftak 2 i1

LHILLK Echinochloa crusgalli s Echinoch-

At 3 leal stage . .
loa colonum , Leptochloa chinensis ,

before or . . L

. Bulbostylis barbata ,Cyperus iria

within 2 leaf . . . .
(Cyperus dif formis,Monochoria

stage of S : . L
lvaginalis, Fimbristylis dichoto-

weeds .
Ima,Sphenoclea zeylanica ,etc

H 5 R

VERER) PR T & D55 B A ok

Pre-emer- VR E SRS R AR

gence and after Echinochloa crusgalli ,Leptochloa

seeding in chinensis, Digitaria sanguinalis ,

direct seeding  Setaria viridis ,Cyperus iria ,

aerobic rice Cyperus dif formis ,etc

field

M 2.5 0

WILLJR B

1~ 7 nf 9] 8

AR PR G5 R K A

After 2.5 leaf  Echinochloa crusgalli , Monochoria
stage of rice.  wvaginalis ,Oenanthe javanica »etc
1 to 7 leaf stage

of barnyard

grass
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N N S AR 4R B
a4 R URENZES HH 4I/*Eu):rrllctjl‘()n I 2575 ) Mfi%?ﬁ%ce;?l;le
Common name Mode of action Family C Applying time o
characteristics weeds
FH AL 420 1) I e R 88 L ) B
e T, BB T AE W) K 19 43 2B 4
X A0 I 12 A A5 Ak . Al i A
M. B 25 KA RARREIE W H#AT RS
AR o oy DRESHBEOIR
(& ™ e
~ T EREER . -
. ?f[l qﬂ] #il AC- i I 2K Absorbed by plént leaves and lea{ %E 5 i T o T AT B Ui 4 i
S LB Case) sheaths, conducting through phlo LA A ] . L
N . Aryloxyph- . . z Leptochloa chinensis . Echinochloa
Cyhalofop- Systematic, . em,and it accumulated in the plant At 5 leaf . .
e enoxypropi- . . crusgalli s Paspalum paspaloides ,
butyl lipid synthe- nates meristem area, so that fatty acid stage before .
sis inhibition C()Fié)i;) synthesis were stopped, and the of weeds cte
(Inhibition of s growth and division of the cells
ACCase) were unable to proceed normally,
also lipid-containing systems such
as plasma membrane could get
structural damage
P, g 29 -
% 2 W OO . H L
SGIH AC- ¥R K AR G IRBR AR A RO B DRGS0
éasw ] @Qg% ) AL AR P9 SO A e R AR T 3~5 iy MR T4 F O AR A 5 5
VIEE s P 5 g Systematic Ar E{ox hen- A broad-spectrum postemergence  After 2 leaf Echinochloa crusgalli s Leptochloa
Metamifop RA - yloxyp herbicide, active ingredients re- stage of rice,  chinensis,Digitaria sanguinalis ,
lipid synthesis oxypropion- ired h th . £ 3105 leaf G .
inhibition ates(FOPs) quired to reach the target action o to ea ramineae , etc
(Inhibition of plants can only play a role stage of
ACCase) weeds
P . ZJM:
FLIR A J5 T R B BE R Ak B R w
S AL B WA
AL Eéi{sdzﬂ%iﬁﬂ&tl&z VY i e T
(Tm?ﬁ‘]iﬁ_ L L KA 2~35 it Echinochloa crusgalli , Heteranthera
SR R AN BB A broad-spectrum post-emergence  ff limosa . Ecli bt ') trat o .
Penoxsulam Systematic, Triazolopyri-  herbicide, which can be taken by At 2 to 3 leaf oS, & 1pta /ro«s‘ rates
T e . Sesbania exaltata Commelina
inhibition of midines leaf, sheath or roots, then conducted stage of rice di f fusa s Monochori vinalis
ALS(Branched it to the meristematic tissue to tl Jusa VIonochona vagmasys -
chain amino stop the growth of weeds ete
acid synthesis)
TR EN T
B I A 5 2 AN FRAN
oA 4 o) Jee ey popes e B EEVREMN EN TR
I ST A R AR, CE
ik ok 5 A Ak A AW 2R W A
I AR S G A JH 19 A IR SR ) Lo o i
Titi) 2~3 M-y Echinochloa crusgalli ,Leptochloa
. . . Jrp—— Mainly absorbed through weed S o Lo
IV ] Systematic A7 hoots. the stems leal . the part At emergence chinensis,Monochoria vaginalis ,
Oxadiazon (Inhibition of  Heterocycles 5DO0ts, the Stems or ‘eal,the par to 2—3 leaf Equisetum ramosissimum , Bulbostylis
absorbed by the ground part can . .
protoporph- . . . stage of barbata,Alisma plantagoaquatica ,
. ) only kill weeds under light condi- s Suvittari . Cvberus
yrmogen tions, but did not affect the Hill "¢ agitara ‘p.y;,W{aeai yperus
oxidase) . . rotundus s Fimbristylis
reaction of photosynthesis ..
miliacea, etc
2B A AR R AL B A I K
P I 1 A3 38 A AR BB AL T I OS2 A R R
JI58 AR M -5 Lt e/ R A IR AR N S o+
b A S0 8 R S35 5 47
S A /‘FAﬁi) T Mainly absorbed by the weeds Applying time AL T4 T4
a;;i;ne Sy:ematic ﬁetej:)cycle% roots,along with the transpiration  is f{lexible, Echinochloa crusgalli, Leptochloa

(Inhibition of
DOXP
synthase)

stream conducted through the
xylem,inhibiting the synthesis of
isoprenoid compounds in susceptible
plants, hindering carotene and
chlorophyll biosynthesis

at preemerg-
ence or post
emergence
of weeds

chinensis ,etc

1.2

M RERFER RERER
WS B % (bensulfuron-methyl) ,
B 2 FR S8 DR R 28w I ) 38 R PN W A R A i
Tk JOR S B B 5] LA A W0 T e X KRR A 1 2
T A | 5 9 5 22 Ty

AN

5 [7-8]

H

ETEA A

5

B 2

=X

3 A

B K R

77 3% 1] - 2 T A R ) B

FR AR T DR 2K

— S B A 2k R R b R R 2R R

T % B0 TR B i R 2R . 5340, Y
IR AL KR AR RIS T SR A ] 2 2
HOR SRR (R 2)
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Table 2 Main herbicides used in rice field against broadleaf and cyperaceae weeds
i 44 YE 7k e E 5 a5 Jiti 245 1 41 F B
Common name Mode of action Family Function characteristics Applying time Main susceptible weeds
N e » S Y P K P L S R
M. ALS T 2 B0 A5 U £ 5 B A bR PR SR R
il 78] il S PP BELTG K R 1 A R ) 2% # ﬁ@%ﬁﬁm‘ - e
AR i S 0 2 TR A 1) i e KRG 1~3 C ‘[J/eﬂru\':;iffnrmi\' Juncellus
L 1% it [ A D N After that being absorbed by weed H yperu: ! IR
. . Ttk P IR 2 K X H- 1Y serotinus,Scirpus juncoides ,
Pyrazosulfu- Systematic, roots and conducted in the vivo . o
R Sulfonylureas . . . . At 1 to 3 leaf  Monochoria vaginalis ,Oenanthe
ronethyl ALS inhibition plants, which hindered amino acids . . . o
. C stage of rice javanicasRotala indica ,
(Branched synthesis and inhibited the growth L. . S
. . Sagittaria trifolia s Potamogeton
chain amino of weeds stem and leaf and stretc- . .
. . . franchetii , Lemna minor ,
acid synthesis) hing of roots .
Eclipta prostrate setc
YEW 2 )5 s 2%
G Aot e pesm gt BT AL
EHAL AR ERERAEY S VD\] . LR AR N U N SR AN
g W% ALS LI AL 52 7 B o e o R K
R A5 31 Ttk ok JU 2 After that being absorbed by weed . P Monochoria vaginalis , Potamoge-
Bensulfuron- . budding, pree . . L
methyl Systematic, Sulfonylureas  roots and leaves and transferred to mergence or ton franchetii ,Rotala indica » Bul-
ALS inhibitor its site of action, which hindered a- bostylis barbata s Cyperus dif for-
mino acids biosynthesis and pre- post-emerg- mis , Juncellus serotinus ,etc
nted li di i;iyn '1n‘d> T wlhp ence within e
vented cell division and gro 2 leaf stage
of weeds
KA 1 mk 1
DA 2 M,
M 1.5 M
WILLHT e FF
e R A T g b T
WA S BILAS 5E 2R . 5 5 I Zr;luﬁ'u‘ln PR mAT R B AR ETE
T4 PR 5 S S SRR 1Y B L i A (LA AN/ AN - ¥ N PSR aE
P, ALS i e At 1 to 2 leaf Echinochloa crusealli - Seirbus
B IR 1 N ) 5 stage of rice, chinochloa crusgalli, (l)p%t.\
. i Pk ik 25 It can be absorbed by weeds root planiculmis, Scirpus nip ponicus ,
Cyclosulfa- Systematic, 9/1\111' onylureas  and leal and conduct in plant 1.5 leaf stage Alisma plantago-aquatica s Mon
muron ALS R h i) d 1(nd , T m) branched ph(qin before of h ria ; ? “Zf’” (;Vf"‘“ l'(ha i (;e (rf
inhibitor ody.and prevent branched cha barnyard choria vaginalis,Monochoria kor
amino acids synthesis such as leu- grass sakowii,Sagittaria tri folia , Pota-
fln;;izliﬁzlizﬁ \;i(ljmccii;t;i.nFmal* Sc'ir/)us mogeton franchetii ,etc
. stop g planiculmis
and Scirpus
nipponicus
(less than
10 cm tall)
F T o AR A 2K I A
LA GUE K B 43 A 2 4L, S S BETS EME E OIRo 2E E
M. ALS #) SRR £ I KRG 2~a 0f
Tk s [ il 551 il o R 2% Mainly absorbed by the root and 1 Alisma plantagoaquatica ,Cyperus
Cinosulfuron Systematic., Sulfonylureas  stem and transmitted to meristem At 2 to 4 leaf  rotundus,Marsilea,Potamogeton
ALS inhibitor tissue through conducting tissue, stage of rice franchetii ,Sagittaria sagitti folia ,
and inhibited branched-chain ami- Monochoria vaginalis etc
no acid biosynthesis
FOL5 0 -
S M AT A PR T
g DA R E NN o
. It Bt e N =¥
7 ke N U& JALS A ) ,%Ej_ S Z—,%EJFE - % Wi A% S Aff%grﬁul. 5 Scir_/)z_t.\“])Z.ani('ulmi.\' s Sggiz‘turia
il 551 Tl Pk JI 2 High toxicity, it can be absorbed sagitti folia  Monochoria korsako-
Ethoxysulfu- . . - leaf stage A .
Systematic, Sulfonylureas  and conducted by the weed roots . wii,Alisma plantago-aquatica .
ron I of rice, . I .
ALS inhibitor and leaves 3 leaf stage Potamogeton franchetii ,Rotala in-
b fLOd SO?gL dica,Cyperus rotundus ,
weeesf Monochoria vaginalis ,etc
P (A PR I A% T L B I A AR -
KZMHFD v s BBRAC KRG 4y BEOR MY B RS HF ARG AE
HE RN
P Systematic, Phenoxycar- It can be absorbed and conducted H#j Monochoria vaginalis » Alisma
MCPA synthetic oxyca by the weed roots and leaves,and At late tille- plantagoaquatica,Sagittaria
. boxylic acids . . . . L
auxins destroy metabolism in the plant ring of rice trifolia,etc
inhibitor body
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i A 44 YER Ik i [BEEET Jiti 24 15 47 F B
Common name Mode of action Family Function characteristics Applying time Main susceptible weeds
B RuNL W TR R s N N ]
Hl6A VR A Al T 5E s AR R,
LU R ERAR S ey S .
A 08 L L AL i W B 35 48 5 M B L
a e Conducted by foli tration in-  Zui 35 o mHFE
e Contact toxi- A< FFWEMR & -onducted by foliar penetration in R J Commelina communis , Arenaria
KB v inhibiti Benzothindia.  © the chloroplast, the active ingre- 1 ) Li folia, Xanthium sibiric
Bentazone leyilml 1‘ 171()n ) enzothiadia dient inhibited photosynthesis, At 3 to 5 leaf s[grp}?/ 1_ »0 za,“ m/l\;”;.);l sorreunt s
Othp <(‘)<osy znone which also can be absorbed by the stage of weeds thw z]a ’“_(;Pasizm”’ out OZ_
nt ;;ﬁ roots and conducted to stems and c cop ln_“ It’ 5 .ar:z‘me e
a leaves to strongly inhibit weeds yperus rotundus s ete
photosynthesis and water metabo-
lism
1.3 JKFEHT EERER FF T A ) v B R RO A ok B L ) B K L B

KRG ) R ) o A SR N L RO
ik | s 0 fi5 w0 ik S (R 3) . SRS (penoxsu-
lam) , 2008 4F7E B [ 1E 890 . B 98 [ B G 25 4 2
A IF R RO R )M B R 6 B RE AL
H A F R B 500 b o K RS 4 L R R IR T
PO 3 R B O BLRE 2~ 3 L 7E A K
e FH ¥ e 0 IR B R PR L 2 T L R
B BUBE CALS) M 0] o 7™ Az Bt 245 P 0 AU 35 e o [ 41
5% & BT T S e 5 e L 2 gy R R L e
WRER = A T A A PE Y N E A B . R
WE Ji5 7 fik (pyribenzoxim) , F it 44 4Kk K. Hy & &
LG {28 BB &, B Tk bk i 4 Ak i (PPO) R

B Yethe /N AT B bR 1 & 6 np A AL
K (bispyribac-sodium) , B 3 FF M K H &2
(s = 2 Sy i S | AP A € T e = M L o/ A
T4 8 A A4 B N i S B AT A U Y B
TR ARG 7= A 25 F D R i s . 5 4
258 ¥ Coxyfluorfen) | XA il B [l (benzobicy-
clon) 2 3 14 5 A% FERE 0 K A BR =R L HL XL
A it e Xof ik P D 2 0 P 2 B A ) AL AR AT 1Y B
AR BT R 5 5 B kA TR . 2 %
ST T A A% e BT U0 W R B e AR 24 L X R
AR T e 0 T L R T L) R
He

F 3 KEHIZUERERER A
Table 3 Broad-spectrum herbicides used in rice field
i 44 B S ERTr it 24 ) 44 URGERIES
Common name Family Mode of action Applying time Target weeds
X,
IR 104+ S R U,
e S W% I K A7 R 2K N 6.5 i PR R 22 0PI 46 45 ol 2% R
5 I Ji B ik O ) Contact and - L. . .
: . Pyrimidinyl(thio) . At 1.5t06.5 Echinochloa crusgalli, Alopecurus myosuroides, Polygonum
Pyribenzoxim systematic . .
benzoates toxicity leaf stage of flaccidum and other weeds
ALS inhibitor barnyard grass
8 R B JE A AR A B2 B e O 22 S5 I 4t T T — 2 9
B s B OB B R 2R IOOR L S5 A9 B | RO B
T AL VHT 2 KA A O R TR A
PATY r - - 288 7 ami S S .7 S
I Z&¥ 30 1.00%  Barnyard grass and other gramineous weeds,and most of the
l S
XXE_M KR }I]]ﬁ] AI S 6 1 .03 broadleaf weeds and some cyperaceae weeds. For example,
Bispyribac- . ; Inhibition of L. . . .
codi Benzoic acids ALS At 3 to 6 leaf Echinochloa crusgalli s Paspalum paspaloides ,Leersiahexan
sodium - stage of weeds dra Swartz, Cyperus di [ formis,Fimbristylis miliacea s Scir-
pus juncoides, Monochoria korsakowii, Sagittaria trifolia,
Murdannia triguetra , Alternanthera philoxeroides, Butomus
umbellatus . etc
RABE B | — AR AL PSR B0, I X Ak 22 i i 2% A A0 dn
. TR A SRR AR VBB | AT AR G T A
- b e e TR 1 T T T | AL ¥ 2~3 I} - .
TR BB = e S R I i B e 2 ?ﬂl%'J .A,I S KA 2~3 Gramineous weeds, annual cyperaceae weeds and many broad-
. o Inhibition At 2 to 3 leaf . .
Penoxsulam  Triazolopyrimidines . leaf weeds. For example, Echinochloa crusgalli » Heteranthera
of ALS stage of rice

limosa , Eclipta prostrate , Sesbania exaltata s Commelina dif-
fusa sMonochoria vaginalis ,etc

Tic ] 70 B R TR M TN R N A L A
WARR | 50 JR B T L R R L R R L A R
T R e 45 o A K R H R B R R TT . R K R A

AT IRR R B e By Ak M B Ak B 22 A R T
2y A AT LA T B 550 22 18 f) ik R 38 2/ . H
B [ AIE e A AE 7 T — R B A D BB 3% A A 1R
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R B9 EERR FRR AT A T R O T
i UBRIE R TR+ LR IR TR
Wb 6 i 2, T e fhig N I A A 5 DAY g - b R A R
A B+ R L P - T B A T R - bt
T e 5 o ik oA DR b i+ S R LT
R e 7 W A o RS (R R U R
TR R TR - R i A S AR T R R L
G AR R T R R G AR - R
AR TR - S i 5 TR T T O R TR RS
MW A R e 52 T - S UM 4R 2 TR IR T
WA W e e P | SRR T R A TR T S
B 5 KRR T A T R K RS - ALK
FRA R T R+ ORI R R
AT 1N 3 a5 3 1 A ] N ) i
W e ) 5 Y 7 - e ) - R L P DO SR
A ] Y DO G S TR SR TR 5 A W T e - it
R i A 24 W T U 7 R i A 4 e Y+
B 55 o LA ST I R G 5 PR N R R L &

Table 4

R I L TN B L R B R T DO P R ) R
B LA IR T 500 A A [ o3 & BHR T He K A TR
FR AR A . HESETT.2008 — 2012 4F 5 4F ] & 1T il
R T B 24 o R T KORS FH B R0 SR 45 0601
I e 1) ) TR ] A 24 300 355 000 L R AR A W 24
Je 3 28 e R pU R ) S AR AR D7 DR B T BAR L OR
Kk A ERMEE.

2 F P 32 B T2 IR R ik
PLH

2.1 REEHFEZFERAHEIAR

P B bR BT 4 5 08 & M b Chitp://www.
weedscience. org) G i, HRI &SRO A 50 & Fp 2w 5
19 136 NMAEYIERKLRKBHRE T 774 THi 2
PEPO PR RS 4% 5 DUBR R R AR RN o e R
R R Ry 5 BUYS R RS 0 B R AT RE R T & 1
R 2 45, 6 [ W1 e 08 A W S B 28 1k Y 35 A
M2 F L 4,

x4 BREABHHNIZERDGERE

Main resistant weeds reported in paddy field in China

e HL B TR 3 A b 6 B I 5 B )@ 2 50 fff 41 BR btk ZE(RD
Weed Distribution Resistant herbicide Family Years of use Resistance index
W% PR R 10 A B -
Shaoxing city 4ﬂ%pﬂ\ﬁ& Quinolinecar- More than 718.48 1”
. = Quinclorac . . 718. 48 times
in Zhejiang boxylic acids 10 years
bk : , . N 20 4EL .
O T SR 2B AL 28. 5 {5021
The midwest . : More than _
R Butachlor Chloroacetamides 28.5 times
in Jilin 20 years
kR 6 4R LL I,
ML 2 AR G
" e
E(‘hjil(ill()a BT — Quinclor}ac UZCd
crusgalli iz ZRIN .Xﬂ—‘ S more than 11, 87 {250
Lujiang county Bispyribac- . ; years. then .
. . . Benzoic acids . . 11. 87 times
in Anhui sodium Bispyribac-
sodium for
composite
applications for
2 years in a row
e . Bt I 10 481 | .
Guangdong . *ﬁﬂ EIEES More than 10.60 1’_'
. Thiobencarb . 10. 60 times
district Thiocarbamates 10 years
TaTF Wt TR FRR R R g
Leptochloa Hubei Cyhalofop- Aryloxyphenoxy- — Unk
chinensis district butyl propionates(FOPs) pEnown
AL MR i i " , 20 4E L I o [27]
Monochoria Liuhe county Bensulfuron- S EI?FH?K;S More than 11§ 2 1” )
korsakowii in Jilin methyl pullonytureas 20 years - 0 times
N ; % ik [ | I s
5 i o
. Poyang lake ) it P JUk 2k 7 Jntzs]
Monochoria S methyl, —
L district in Sulfonylureas Unknown
vaginalis . . Pyrazosulfuron-
Jiangxi
ethyl
RET T i — 20 LT oo
Sagittaria Yanbian city Bensulfuron- e More than . .
. . R Sulfonylureas 16. 04 times
montevidensis in Jilin methyl 20 years
K5 WL T 1 T e I 20 4L E o
Ammannia Ningbo city Bensulfuron- AR More than 124. 4 1”
. P Sulfonylureas 124. 4 times
arenaria in Zhejiang methyl 20 years
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BRI R % R B 2 M KO B s Ty i
T S5 5 A5 I AT L I AN 5 X0 1 s A B A 25
5o Flan, Carey S5 78 5 BB G B2k K 7 15
BB RO o i 3.4 kg/hm® 8 1E 4 FH & . 85
FL(20 kg/hm” ) Xt L5 B 2048 i 90 06 b 5 4L
P B (34 kg/hm®) X B 5 1) B 2008 5 80 %6 Ry v
FEBUIE . B (67 keg/hm?) % B H 1 7 808 i 81%
Shy v B B ME S T RO A ) B DL TR AT AT 2 —
FIEEF A B 5 8 3 90 %6 . B TE % 3 Wk HE 7 W
JE L B RNRERR B Y EDs, 2 BURE R ED. (4
10 F5 L b A R i e = 2 T gy e, )
B FPUZPE R I SE 7 B M BTHEKOEPE N A 25 5
H AR b3 2 T LR B« 3R RS FH 4% A Bt 24 0 )
R 325 T S B A R , — S 2 R o R e ok R ) A
LA B TR R PR . 2 A XS A 2% R A
FET REHE T T TR ) 44 T 24 ) Y S L L A
LB 2 5 e R R i B 2 v WL B R R
UMk B 25 AR BRI
2.2 JLTERKBHBRERNTENE

B BT o B 1 B 24 M — i o3 o R AR et A AR
bR PUTE . FObRPUME 32 B W T — S A
i 98 725 1 W b B FH I 285 R P A R ph A%
PR 42 il 18 P R 2 A2 sl e A 95 ) = %) O B3 i 5 01
SR IR I A4S, R 280N B M 5 M 45 5k
DR T 4 ) o A 3 0 Ay ek 356 DR T 4 o Pl s 2
V18 235 ¥ P o A T B B R 2 B0k R T KO
e /D B0 BT 23 36 in % X B R0 4 SO v Can
BN s R AR R (At A AR AR YU
e 2 B 5 % 1) Al A ) 368 ) O 9 AR L 7E X R R AR
o 2RI B PR 4 RO B R Y X Ak (B i R
F1) A7 (A B €8 2 P450s, GSTs Bl JL 7% 5 il | g
it 7K % ) B AR AP Gk S8 10 0 6 404k 1 2D b 4y i
FHEBMMAD YR, AR AR Pt B
PR B 22 356 [H] 2 A% , 0 45 g 1 26 1 Joi 32 R A el 72 48
s LA e 5 A A 9 i T X B R B R A RE . R
BRI 0 IR B AR PP E R R O A BT R
) AHAE 5 38 A BEBE R S AR BT M A R S AR B 1
] — Wb b B B A b T DUE R R . BLE
A0 TR 1 K A L JL P R I3 0] 70 F) e 1 L 3
TR ZE 53T
2.2.1 THEmpammmch T EEE SR B
JE e PR M PN W A% T R B R 0 A 2% B 4 2R R
AR BT B IR T R 8 R (GAD B S 1 o JE B
it () TE a0 AH A AN A Sk x4 AL

PE R TF A Ao T Ol nl BRI R
(AR B D o U B I A B H RS 32 AR
FH AR T i 28 6 e 50 T Jli ) i il 7 i K i i
U7 T 1 A5 ST B AR FBE-Co A 45 il (VLCFA syn-
thase, EC 2. 3. 1. 199 ) J& H M — 19 5¢ 8/ A 58
FRVO ST T R AR F LB R 58 AT A AR
FHAL BLRTBEAS 1B — A4~ b T 0 PE AL 3 0 B 5% A B2
BAKANE 5 K o VE B3 W L 7K A Tt A0 A8 D H R S5
T (GST) 45 22 Fh g 28, B0 X T 7 Jig 19 470 M AL
PE5OR NI o VE M Bl T35 M 2% U0 A OG0 T 5 e 11
PUPEIK -5 o TE A3 T8 5 1 410 1) 38 52 B0RH OC , T 45 3
S f I fR) S OE AN S SCHR R R, B
XoF TR i B A0 R PR HG A PN K S O R
P B R DA 1 T R A T S R A AR B
ANREAE LR R Y A R 3 2 LR 3] 4% S8 R B 1 A AR
T AL AT RE D S R A R i A
Tk e Ot S T P 4

PURLX T 0L Ji (4 53 — b a] 68 (9 4 245 14 B it 24 14
HL 2 Bl GST 16 PR & x5 T F i A ag ) 1
SR X EL 2 A RE R TR A BT RN BLRT Y 3
PEBLAE S . 6T HoAl AT B A B E AL L a4 R
P450 BN (25 18K B IR D B2 0 2 Ak &
O Ok e i it A5 AT R R BB ST

XFT T RS iR R R RAE AL AR,
W AT SCHRHRIE AR T 3 Ji ] g 2 (8 2 28 T 2 TR ik
fity (P AL Y55 e 110 i 8 1 1717 15 52 K A i R o A 0 9
BRMB R B XA SR RS T T R
PR, R BR 110 g oA ) A B ) 9 R ) A
Ko THEIZTREB T AR N i R R
FOHA RGO RS 2 B SHEYBUERA LA
Bk .

2.2.2 ZRAEHRBRAMEAE AR E
B K ERON B R B, AR M R AE e B R

A R R Ay iy A i A S A i A B A B
F 57 NI P AT P O D A AN 40 ) R 2
P BE (Y A B . H R A 25 L F 5 2=
W RT3 T — AR T R WIRIE S O S
A R v I 7 A ) R LA ) A A ) A L
PR LR BE A% 15 B A LR An it 5% 4 B AL 9 1
L EN A R A L (B-CAS) & fif 5 W 15 2 42
e Ty T T A e AR R T 5 A 4 A LA
AU RREE S O S A R )
SALYTE B AR N R AR L0 B & g e
ACC & ACC H AL & £ A&
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2RI AL EcG H3 FE BT — 58 M ik iR ML v R
KSR AT RE SR UM B A R R AR R
A B — s R B S AR IR R I F S T
TR AT e B o> F -8 EcDnal F R, — G0 M iR
il 5 SRR N EcDnal 3R 3Kk R JH 58
T G M IR 1Y) B 2 M 5 T R R A I AR R e
SR R AR 2R R . EcDnaJ 1 Rk
Wy Je Ptk B 3 T U B

2.2.3 FeEaME eyt aug) O M R B IR A
FH 2% 1% e i S 1 i T R 2 B R R S R R
(BATR GERTR v se B YA U — L
LG 2 BEFL IR A& i (ALS 5%, AHAS) 2 HomE—p
RO o k00T 7 s it B ) oMk £ 2Vl ALS (1)
7S AL FUAEL ) i T AR D BE A S P 7 T . 4l Heap
BRFESE T H i B 5 2 B2 HEAR X 1) ALS 48
FERR R AN SAT 22 4, M AP 242 P g A
PRI RAS AR R 1A (B D, 4553401
AR B S W ALS 5 BR R AL G W4 G Re
jj[Sl] i

Trp 574 to Metfm |

Trp 574 to Gly jm1

Ser653tolle jml

Pro 197tolle jm1

Pro 197 to Asnjm|

Gly 654 to Asppm |

Arg 377 to His jm |

Ala 122 to Tyr jm]

Ala 122 to Val jmm 2

Pro 197 to Arg jmm 3

Ala205 to Val |4

Ser 653 t0 Thr [m— 5
Ser 653 to ASn j— 5

1tutions

MR ERE N

Pro 197 to His [e——

20 Ala 122 to Thr j— ¢

Pro 197 to Gln [——7

Asp 376 to Glu| 7

Pro 197 to Ala je— O

Pro 197 to Thr je— | |

Pro 197 to Leu 11

Pro 197 to Ser 20

Trp 574 to Leu - - ; — 27

0 5 10 15 20 25 30
A4 E ) i $

Number of species

b

Amino acid subst

N

1 ALS 3] 550 B0 2% 0 A B0 ALl
Fig. 1 ALS inhibitor-resistant species by

amino acid substitution''"

et EH 2 B X)W it oA 1 0 Mk S R R AR U .
B8 % B, ' W6 it [ A6 WM 515 (Alisma plantago-
aquatica ) B IK B4 (Scir pus mucronatus) i A=
Wy B R 2R ) B 2 TR) B W i AR S AR A
Z5 . Ptk R ALS B9 6 MR T RO A
HRYLES K AP A AR 4 s i e R L A
TR JOR 24 A e 50) 3 B L 5 B 60 58 B M L 7 R i Y
SEHHUME AT 2 f w1 DAL R ALS 25 197
132 ¥ I 4 R (Pro) ik 41 %0 MR JT B AR,

Figueroa

SESV BB oY 45 S AR B L PR TS X e ik R 1) B M L
Tl B AR AL Y5 S AR SR AR TP L H 320 R T A R X
VB FH S AR GHURR P R AR 3 IR o G B, %2 18 (Schoeno-
plectus juncoides) X W Rl [ 77 28 B 24 44 1) i IR s,
FEAE THEAR B ALS 55 197 {7 1 i 2 iR 28 78 B
BV BT ALS FE DR G i X6 3k 25 A 1) i AR
JIT i R T S LS 197 37 filf 24 R 1) 98 718 B 45 1 2
A i G o, I R DX 2 e R A A ) 01 L A
W E TR 197 ALAl = R i 2 X, B, STk A
. (Monochoria korsakowii ) S ALS 25 197
37 14 i 2 R B 2 R AR B K O (Amnumnia
arenaria )P AW BRI ALS 55 197 v il & R 9% 22
IR (Ser) BURE™ , Fi vk ZE Ik (Sagittaria sagitti fo-
lia) AT L ALS 55 197 (i % A: T AR
Mt B I

3 A HIPUPE 2R /T IR BRI

O FH I e 70 2 4 1] % R A 2 T B H AR R
2 L A T 4% 5 B A A A T I ) 71 0 )
2% BT A 7 A 0 R R I G B T A A PR
JB T A 2 B R 4 A Bk 0 5 B — AR DL ek
AR S BRAH I R A 25 SR R LA A
L RN A BT 1 B A SO0 Al B YR 5 A S B iR
T AR 45 & o LA e K PR EE b SiE 22 B3 B 1 2% 4 24
0 5 A B DR B3R 0 R0 7 DR IE e AR £ £ o 2 Ak
JIe S A% 1) AR . & AR T 2% B R Y S
e AR T 2% BT 24 M B B0 G B R B AR L B
PRHE it 45 20 R LR

(D BRF R A s 48 0 . B A R AR AL
{14 o 50 TR T s e T X BHL 1 G HE 2 A [R] A T 48
PR PO ) BB AT B H B B S RS B
i e I R SR T B B A R L AS TR B R R
5 FH AT LR AT AR AL B0 2% 55 By BR AR (EL T 25 A L
TR T X 1 BEL 1 s AE 2% 23 B0 4 M 14 A o B Sl A
G 2R 2 R T 0 SR AR AR 0 P L X R R T g
A S TR S 3 R AR I A X T A S S B B 4y T
A RE R ARIR Y E T B E A BR R AL

(2) 557 DR B0 K T 2% K R B o B 8 )
2% F AT LI A A OR S  RE D 5 DA B B R N A
B B TG PR AR A B R B A BUTE KA R A . A
BT B e A 0 1 R DA SR VR T A R T A B
FR AT Mgl B B B A ) O L IO I D T 2 Bl A [
VLB BR 550 A9 0l P X6 2% B 1% ) 09 B 5 2R
PO 19 2 BN R 1 7 A 23 AR A5 0 R HES L Dt
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