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Abstract: The resistance of Echinochloa crusgalli (1.) Beauv. to quinclorac was determined by using pot planting
method with 42 biotypes collected from the rice growing regions in the middle and lower reaches of the Yangtze River in
China from 2008 to 2011. The results showed that higher resistance levels were observed in two biotypes of E. crusgal-
li from Yiyang County (R1) and Wangcheng County (R2), Hunan Province with the resistance indexes (RI) of 21. 84-
and 32. 31-fold, respectively. Other biotypes of E. crusgalli. from Hunan, Jiangsu and Zhejiang Province have devel-
oped lower level resistance (1.12—7. 32-fold). The 1-aminocyclopropane-1-carboxylate synthase (ACS) activity in the
two resistance biotypes of E. crusgalli (R1 and R2) declined significantly one day after quinclorac treatment, with the
RIs of 0. 49- and 0. 56-fold compared with the contemporary control. Then the activity increased slightly two days after
treatment and remained to be lower than the control; however the activity decreased slowly to 0. 34- and 0. 35-fold rela-
tive to the control at four days after treatment The B-cyanoalanine (-CAS) activity in R1 and R2 of E. crusgalli in-
creased significantly after treated with quinclorac; the maximum were observed five days after treatment, being 1. 80-
and 2. 05-fold, as high as the control, respectively.

Key words: Echinochloa crusgalli (L..) Beauv. ; quinclorac; resistance; mechanism
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MEAR i . RE A 5 1 AL R R R A
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hI T2 179 e L, e 50 A 1 A A T () 3B SR F R AR
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+DCHEA.
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LA A BRAFIE,
1.1.3 KA
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v I AR W R R BR A EDD (BRI S G T 43
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1200, ZHEASFHE A FRA R (CR31 # £ Ty fE B0 AL
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P35 a5 (Gt BT B2 AUER ) (756 PC Y 58 Ah Al
W43 6 EE T R IR A IR A RD .
1.2 mEMNERE

R EGRENE, EEAER 9 em IR Z
PR R AT i RS R R L R AR R
MURLFPF 30 0, WIS, BAEUE I 20 Bk, FERREK
F 3~4 M, 50 % S MEMRIR (WP) BiC il 1) 2 W
Fi£ 0.3.75.37.5.375. 0,3750 F1 37500 g/hm’ ) 5
25 CHAUS ) S A 450 L/ hm?® (1496 245 Wi & 3 47
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Table 1. E. crusgalli (L. ) Beauv collection sites and quinclorac application.

o5 27 A 2 W(2012 4F 3 )

Rk 7R /I\#N_lﬂ R B B JH 24 4 R
Collection
Collection location Biotype ) Site Application years
time

## 4 Hunan Province
Kb B #H A4 Chunhua Town, Changsha City HN-1 2008 H 4% M Direct seeding 4
Bk B = A Gaotangling Town, Wangcheng City HN-2 2009 A M Broadcasting 3
Yk B R 48 Leifeng Town, Wangcheng City HN-3 2009 i B [ Broadcasting 3
Bk BB £ Xinkang Town, Wangcheng City HN-4 2009 H 4% [ Direct seeding 5
T % BT 4 Shuangjiangkou Town, Ningxiang County HN-5 2009 i Bt [ Broadcasting 3
W FH T 7k 248 Yong'an Town, Louyang City HN-6 2010 H 4% M Direct seeding 3
BB JF 4 3% Quyuan Farm, Xiangyin County HN-7 2010 H 4% M Direct seeding 2
BH B 1 Y2 W 44 Bainihu Town, Xiangyin County HN-8 2010 M 4% M Direct seeding 3
BB 4 lb B 22 8F 58 BF Xiangyin Institute of Agricultural Sciences HN-9 2010 H 4% I Direct seeding 4
Y% T JE T 4E Quzici Town, Miluo City HN-10 2010 H % H Direct seeding 4
25 B = #} 4 Sanfengsi Town, Huarong County HN-11 2010 H 4% M Direct seeding 4
28 B 548 Chengguan Town, Huarong County HN-12 2010 H 4% M Direct seeding 3
4 % B9 % % Anzhang Town, Anxiang County HN-13 2009 H 4% M Direct seeding 5P
4 % B4 % Anfu Town, Anxiang County HN-14 2009 B 4% 1 Direct seeding 50
4% % B2t % Ankang Town. Anxiang County HN-15 2009 HL 4% I Direct seeding 50
%% B {4 Ande Town. Anxiang County HN-16 2009 FLH% M Direct seeding 50
%% 1% B % Anchang Town, Anxiang County HN-17 2009 4% M Direct seeding 50
% % 2% H: % Ansheng Town., Anxiang County HN-18 2009 H 4% M Direct seeding 5"
% % L4 % Anquan Town. Anxiang County HN-19 2009 HE.4% 1 Direct seeding 5
4% % B BRFE W Chengjiazui Town, Anxiang County HN-20 2009 H 4% 1 Direct seeding 50
4 % PR i 4 Xiayukou Town. Anxiang County HN-21 2009 H.4% M Direct seeding 50
AT A I #F 8 Shimengiao Town. Changde City HN-22 2010 $ill B M Broadcasting 3
W R Je 41 Xiati Farm, Hanshou County HN-23 2010 Hil B [ Broadcasting 5
W #F 5 g fH4H Longyang Town, Hanshou County HN-24 2010 B H Broadcasting 2
PLIT T 424 Gonghua Town, Yuanjiang City HN-25 2009 B 4% 1 Direct seeding 8 ?
PLIL T H B 4 Caowei Town, Yuanjiang City HN-26 2009 4% M Direct seeding 8 ?
PEYL T B K41 Nanda Town. Yuanjiang City HN-27 2009 4% M Direct seeding 8
W B4 W £ Langbohu Town, Nanxian County HN-28 2009 Hill B M Broadcasting 8
HEIT B BE4E VT84 Taohuajiang Town, Taojiang County HN-29 2009 3 M Transplanted >3
#5 PH T 7 ) 1148 Zhihukou Town, Yiyang City HN-30 2010 H 4% I Direct seeding =>5
B %< B 17 T #4 Baidishi Town, Qidong County HN-31 2010 % M Transplanted 4
[ 1] EL 7S AR 2£ 48 Ludouzhai Town, Longhui County HN-32 2010 4% M Transplanted 2
[ 5] EL S #8 %€ 41 Ludouzhai Town, Longhui County HN-33 2010 B i Cemetery land PN E]

Never application

Wil 48 Zhejiang Province
[ K #E AF 58 fif China National Rice Research Institute ZJ-1 2011 # % M Transplanted 4
JF 1L T 3 Fd 4 Caiyuan Town. Zhoushan City 7]-2 2011 % M Transplanted =>4
It %2 B-AR A% £ Bangiao Town, Lin'an County 7]-3 2011 B #% M Transplanted 3
%1 2% 2248 Lanting Town, Shaoxing City Z7)-4 2011 F£ 4% M Transplanted 2

VL9548 Jiangsu Province
AR A H 4 Houbai Town. Jurong City JS-1 2011 ## M Transplanted >3
VLA T S A 41 Wugiao Town, Jiangdu City JS-2 2011 % M Transplanted =>4
7 M Al BF 24 WF 58 F Yangzhou Institute of Agricultural Sciences JS-3 2011 % M Transplanted 3
WEYTTH PG k45 Xilai Town, Jingjiang City JS-4 2011 F£ 4% M Transplanted 4
%M T 80 24 81 Xin"an Town, Xuzhou City JS-5 2011 3 M Transplanted 4

V3 A T RO R ARR 5 T 4 AR R R R N A

" Substituted by penoxsuam in recent three years; * Substituted by penoxsuam in recent four years.

PUrEFE EU(RD =524 M A Y ED,, /AU A= 9 7Y
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hm® , F 2 5 W55 38 L E A7 25 b g 55, 08 /K 0 B,
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P75 S % Tsai 0 FATHE R, 40 5 F
AFRSE 1 d.2 d.3 do4 d.5 d.6 d F1 7 d 5 LT M
ZERAY 5 gl BYRR S BT W0 R b, T8 N
N E T VK e o 0 B IS L I A TIA SR 1 ACS
P HUE i A L,
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P APk B L AR R 0 s B A K
ACS i 71 = [N AE Bl 1 i I 5 o vk 5/ (R g
F ) < R EE W 4 - X ACS B W E/2), Hor,
iR B 0 Joi B MR BE LA ng/mL 1, B TE) LN ST
PRIERS 53 F 1 4 135. 1 g/mol, & F W B DL mg/
mL 3F. A RIS 8] ACS il i E R
[ BT 24
1.3.2 B R A B (B-CAS) & M
1.3.2.1 MR H2 HL

T 25 b BEJE 1.2.3.4.5.6.7.8 1 9 d BUFE,
Z M8 Abdallah™" i 7 2 42 5L,
1.3.2.2 B-CAS i PERM &

Z M Abdallah™" (% 5 2 HE 470 22 .
1.3.2.3  [S* 1-ODys, b i il 28 1 ) 7

BURAE 3 9 A 1.0 mL A A JE A Na, S ¥
WEVR VR T A F 1 3R 5 e A 1. 0 mL
1.0 mL ZRI8 K IR 5 )5 € 1A% f 28 % 3 5 % 3K
BET 30°CHEEAE B 30 min. B & KN )
) ODgso B, JH 2818 K AE B3t B, 3FR B LS -
ODgs, brifE 25 .
1.3.2.4 MgIEMRITE

HR A B 0 453 19 ODgso 16 S Hi7E ) [S™ ]-ODgs,
bR o il £ B AT 80 RO S ST M, AT AT DL
th BTN & R A LB G 1, v R R nmol/(g .

min) ,
2 RS540

2.1 BEN-_SEWERNNGNE

R 45 R (58 2), HN-30 (I g 25 BH 090 01
BHLRD) M HN-4 CEIREL, R2) % 2 4B 75 A i Al
XoF G M RIS P A TR i KO T 2 1 L B 4 Ak
Bk 21, 84 f% R0 32, 31 f%. H EDy, 4 0N
1651. 4857 M12443, 4517 g/hm?*, Wiyl JLIR 4 B
Xof G M TR BT EAES LR HR O AE 1. 30~7.
32 4%, L, # & HN-30 Fl HN-4 7§ #1504 9y A
BT AE A (R o Al SR A %) L 0k — S s bl
MR P25 VEHE BAE 1. 10~7. 32 A, % Gl s Ik R 1)
PUEG MR ES . HIN-33 (& [l H X #R 28 420 B v A 9 71
K BN R aeb = G v bk R 1 AR B b, X G0 bk
T2 118 R T 0 1 (A I DR I 2 2 B A g R A
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JR(S) AP,
2.2 “EEWERXNAEEYEEBE ACSEENE
V5]

TAMEMRER AL B 1 d S T AR B AR R R
(9 ACS 6 1 B SR B4 L 4R S I 305 1 A [0 300 % R A
49% M 56 %52 d J5 ACS 3% /N g [8] T, {8 A7 8K 4
FEAEXT IR 228 5 43 0 S X B 84 %6 Fl 6196, 3
d J5 ACSTEVEMRZE T, 4 d J5 TREEXTIRAY 34 %
M 35%, MALHIG 5 d.6 d F1 7 d (B RE S TR S
IS 1) i I A B A AR L ACS TG PE R 0, TEBUBUE W)
IR R AL BES 1 d ACS TEPEM B TH5 .2 d 5k
B (E L M B 1. 96 1% 5 (HBE 5 FF 46 1% . 3 d
Je R 76 %6 AN BRI A AT 3 d R AR R A R
ACS T PE— BB 5 = F P AR Bk 2R 4 A (A
D,
2.3 ZEREWMBRMNAREAEYEEE B-CAS HHEMN
=40

TG A IR R AL B J T R A R R R Y B
CAS IEVEI B T3 .5 d J5 B-CAS IE P ik fe il . 4
Ik R B 1. 80 A5 A1 2. 05 A% s B S TR 4R T F%
9 d J5 T B Z 6 BOK . i AR A B R R B-
CAS % 1 e 5 /NE FFE .5 d Ja FE 2 A, o [a] 30 6
WA 74 %, 25 PR ETF.6 d G T 5 f — B 4k
FELEXTHEK - (] 2), Ab#E 8 d NIRRTt B
RIFREL Y B-CAS 6 ) — H i THURAEY 7,

90 = T(s)
80 | —a—T(R1)

70 | ——TR2)
60 | - - & - CK(S)
50 | - - & - CK(R1)

-+ - CK(R2
40 (R

30 &
20 |
10 t
0.0

ACSHEIEIE
ACS activity/(nmol-g'lmin'l)

W ERE
Days after treatment/d

T(S) — 5 M R b PR A AL s T(R1) — 5 VE R AL B 0 4
YR RL; T(R2) — A MEMRIR 2 BT PEAE W) B R2,

T(S), Susceptible biotype treated with quinclorae; T(R1), Resi-
istant biotype R1 treated with quinclorae; T(R2), Resistant biotype
R2 treated with quinclorae.

1 “SEMBYEEREEYE ACS EER N

Fig. 1. Effect of quinclorae treatment on ACS activity in different bio-

types of E. crusgalli(L.) Beauv.
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Table 2. Resistance level of different biotypes of E. crusgalli (L. ) Beauv to quinclorac,

YT I mE R b E bR AE LR ED;, EIREERA
Biotype Toxic regression equation Standard error of b /(g + hm *) Resistance index(RD)
M4 Hunan Province
HN-1 y=2.9881+0.8768x 0.0888 197. 0949 2.61
HN-2 y=2.9541—0.9921x 0.1107 115. 4096 1.53
HN-3 y=2.9633+0.9843x 0.1042 117. 2755 1.55
HN-4 y=3.0603+0.5727x 0.0526 2443. 4517 32.
HN-5 y=3.1631+0.7909x 0.0756 210.1910 2.78
HN-6 y=2.9675+0.9950x 0.0878 110. 3613 1.46
HN-7 y=3.3032+4+0.8729x 0.0568 87. 8667 1.16
HN-8 y=3.250740.9083x 0.1395 84,3257 1.12
HN-9 y=2.8093—1.0218x 0.1131 139. 3121 1. 84
HN-10 y=0.8404+3.0908x 0.0700 187.0010 2.47
HN-11 y=0.6680—0.9911x 0.1150 174.5337 2.31
HN-12 y=2.9054+0. 9588« 0.1266 152. 9817 2.02
HN-13 y=2.5989—1.1040x 0.1052 149. 5598 1. 98
HN-14 y=2.89774+0.9791x 0.0726 140. 3317 1. 86
HN-15 y=2.7196+1.0283x 0.1177 165. 0990 2.18
HN-16 y=2.8428—0.9988x 0.0979 144.5232 1.91
HN-17 y=13.0181+0.9026x 0.0718 156. 9341 2.07
HN-18 y=2.7966—1.0282x 0.0971 139. 0709 1. 81
HN-19 y=3.2534—0.7371x 0.0535 234.2242 3. 10
HN-20 y=3.2152+0. 7519« 0.0813 236.4515 3.13
HN-21 y=13.3903+0. 6207x 0. 0680 392. 1505 5.19
HN-22 y=1.0579—0.8591x 0.0738 109. 2396 1.51
HN-23 y=3.1049+40. 8475z 0. 0865 172. 2548 2.28
HN-24 y=3.4160+0. 75292 0.0867 127.0148 1.68
HN-25 y=2.9043+0. 9596 0.1034 152. 6910 2.02
HN-26 y=23.4129+0. 7282« 0.0673 151. 1647 2.00
HN-27 y=23.1382+0.8316x 0. 0455 173.2951 2.29
HN-28 y=3.4254+40. 7953z 0. 0586 95. 4839 1. 26
HN-29 y=2.9512+1.0053x 0.1125 109. 1232 1. 44
HN-30 y=13.3720+0.5059x 0.0321 1651. 4857 21. 84
HN-31 y=2.6658—0.9619x 0. 0900 267.0389 3.53
HN-32 y=3.2455+40. 7658« 0. 0556 195. 5422 2.59
HN-33 y=3.3282+4+0.8899x 0.0872 75.6313 1. 00
Wiil.45 Zhejiang Province
Z]-1 y=23.4232+0.7282x 0. 0750 146. 3323 1.93
Z]-2 y=23.0932+0.6951x 0.0764 553. 3633 7.32
Z]-3 y=23.1399+0.9327x 0. 1044 98. 6874 1. 30
7]-4 y=3.5123+0.7051x 0.0868 128.7933 1.71
VL9 4 Jiangsu Province
JS-1 y=3.1972+0.7633x 0.0781 230.0416 3.04
JS-2 y=3.1790+0. 8607« 0.1055 130. 5240 1.73
JS-3 y=2.9847+0.9314x 0.1075 145. 8064 1.92
JS-4 y=13.5262+0.9820x 0.0822 97.8194 1.29
JS5 y=23.5615+0.7169x 0.0846 101.5010 1.34

ED;, I A B 50 50 6 5 B 5K 50 96 19 5 8 5 RI=HU 2§ PP B Y ED,, /BUREL A Y B ED;, .

ED,, , Effective concentration of herbicide causing 50 % inhibition to fresh weight. RI= ED;, of resistant biotype/ ED;, of susceptible bio-

type.
3 g

H 20 22 80 4FAX LASK , — G s bk 152 PR o L
17 R e X v s R A R e A KRS £ X
B R TR AR k. AR .21 WS £ KRG B IX
B AR 7 J W, P G s R i A R 2B T L 48

et T390 kAR AR M 23 5850, 100 D R R 0 o s b R
FRAE TP . A ST K B AE TR R T A T iR
T 1T B ) e X 2 B 0 11 4 R R L ) R A g A
Xof SR WS R IR 1 7 1 KT i v s AT B RE R e P 4
oo Ak ) 20, 52 A5 F 32, 43 A% ; T 1w 4 LAl A
DX LA B Wit VL YL 55 1 AR A ) R BT R AR L. 10
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B-CAS activity/(mnol-g'lmjn'l)
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50 |- -4« CK(RI) - - 4 - -CK(R2)

—a—T(R1)

0.0

0o 1 2 3 4 5 6 7 8 9
AL ERE

Days after treatment/d

T(S) — 5 v R R b PR AURR Ay 3 s TR — 5 v M b B
AR RL; T(R2) — S MR AR AL BT AR ) 2 R2,

T(S), Susceptible biotrpe treated with quinclorae; T(R1), Resi-
istant biotype R1 treated with quinclorae; T(R2), Resistant biotype

R2 treated with quinclorae.

B2 —SEWMBRNEBELSREYE -CAS FEHHZM
Fig. 2. Effect of quinclorae treatment on B-CAS activity in different
biotypes of E. crusgalli(L. ) Beauv.
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