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Synergistic effect of metabolic enzyme inhibitor PX on barnyardgrass control

Zhang Jing Guo Jing® Kong Lingwei Yang Liu Zheng Yan Tao Bo'
(College of Plant Protection, Northeast Agricultural University, Harbin 150030, Heilongjiang Province, China)

Abstract: To solve the problem of herbicide control, an indoor pot test was conducted to investigate the
effect of three metabolic enzyme inhibitors on the control of barnyardgrass by quinquefolium, atrazine,
nicosulfuron, nitroxsulfuron and allylhydrazine, and in particular, to determine the potentiating effect of
the metabolism enzyme inhibitor, PX, on the five herbicides at different concentrations, and changes in
the activities of glutathione S-transferase (GST) and cytochrome P450 (CYP450) of the barnyardgrass
after mixing with atrazine. The results showed that among the three metabolic enzyme inhibitors, PX
had the most significant synergistic effect on five herbicides, namely, quinquefolinate, atrazine, nicosul-
furon, nitroxsulfuron and alloxan. Different concentrations of metabolic enzyme inhibitor PX had differ-
ent synergistic effects on different herbicides, among which 75 g (a.i.)/hm’ of metabolic enzyme inhibi-
tor PX was most effective against atrazine, with an increase of 35.33 and 37.33 percentage points in
plant control and fresh weight control, respectively. After mixing atrazine with metabolic enzyme inhibi-
tor PX, the GST and CYP450 activities of barnyard grass were significantly reduced compared with the
control. It shows that the mixing of herbicide and metabolic enzyme inhibitor PX can increase the effect
of herbicide on barnyardgrass, and can achieve the purpose of reducing the application of herbicides.

Key words: metabolic enzyme inhibitor; herbicide; barnyardgrass; adjuvant; synergistic effect; metabo-

lising enzyme
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HMUEL Echinochloa crus-galli 3&:— -4 RAFEL 4%
B SRV LRI TG IR o IR T E S AR A
i, W IR A (2016) W5 A SRR 235 R N R o2
Glycine max P HESZNABOR , LR EIAF] 100 #R/m’
I, K7 520870 49.67%; #h 7 (2015) i1 oK H
RAEL I8 BB 8 Eriochloa villosa . 5 J¥ Digitaria
sanguinalis F1R 22 2 E K" 5%~15% , 7™ &
AT 3K 20% L b o TE) % 5 Y By B 2 2 DAk 27 2
FIA 3 I AR Bt R 00 Y R (o B G
B A GOk (PSRBT, 2023) o 24 e 45
(2003 ) 2 B Rg J7 B L0 — S M BRI 7 A U R
ST (2011) e B S 1A48 DR FH PN R0 2 0 HG vds
KR F=ATUE ;s R 55 (2014) & B IE T4 AR
b DXL R 2 o AR e s 2 7 A T 5 VIS 55 (2023) 4
T R 1 =B B ACRE P DX A A % S O g AT
W T R e A v . B AT, BB AT B R 2 O ARl
A7 R YRR

o 511 5 SR TR RS B =8 X0 23 R i g
BRACR o dnyidat By R AL ROAR A B R e T
Wt T e+ S T i g P e+ T [ | TR R
ik P2+ FRU T L 25 o ) T S R B T+ 50 R
FPR VA - AR - R I R - SR R
< KRN B OV E FE GBS IE 55, 2023 ) 5 B0 22 il
SRIC B Hs AR WE it FH BB AT RU B B 5546 1 18 Medicago
sativa B N4 EY B (56406 B 153G 7 23.529% (FRHE
1545,2023) 5 24 HEEALAE )i 2 B 0] 5 2 SE R TR
Ji , BEACIE P T 20% (T W45, 2019) 54k 2
BI300 5 MRR - A 24 P05 T nals P e g 2L 3t ke A FE ok
R P ke 977 A AR AR i i 87 o A8 R 193K 31 999% LA
ORI, 2023) s USINEE 22 FB 38 2 B I, Rk
A 4 AT U0 30% LA (i 4245, 2023) s BN
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25% (45 %A ,2023) BRI 3230 1 0 R A
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19 Bl B RO o n S H O TR g i vh WS i Agrospred
910 Bl , 70038 o 2l 25 907E ORI b4 fih
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RO R CEVR RS, 2023) 5 HI 4 - B g
T AR B - TR s I By 37 Aero-mate 320 AT 3
TN 25 T A /K R ek J2 1) 2 i R DOAR, O g i 5 1
A 25T R R 22, s 0.6% Aero-mate 320
Ja 25 5K 7 DL AR KRR e b R4 fk ) b 3
W/ IN(BRZEHHESE, 2021) 5 By 1ok B AT IR 751 1) % 1

5K 3 RN fi £ >R 18 B HE AL AE FH (Castro et al., 2018;
Santos et al.,2019) . FRIEHN G A —Fh 25 Bl
TR, 5 Ak S5 e A AR A oA R T A 4t v B3 50 1)
TP (TR0 5 ,2003) , I AMCETR 5 22 R0 BR 5 1Y
PilEA &, W BOR Poa annua(Wang et al.,2013) X
KGR R B R F A2 W8 Alopecurus aequalis (Zhao et
al.,2022) % F Uk i fae AR Bk 1 S 2R B R N 41 i
{6, P450 (cytochrome P450, CYP450) ‘A AL 2 A7
Ky KEFR 2 W Alopecurus myosuroides (Cummins
et al., 1997) 1 4 ¥ Beckmannia syzigachne (Pan et
al., 2016 ) X RGWEMA R B 5 77 A HiPE Y 543 b H ik
# i} (glutathione S-transferase, GST) /A 5% ; Bi{H 12
(2020) 5% A& BRAE FF A8 Echinochloa glabrescens Xif
TR Y AR UM HAR I CYP450 3R 3R35
A G R (2015) B ZHT B R v GST X BR
TR MRREAE ] o R, ERIT AR AR N A I R P
AT AT b 20 A A R0 R VR FHARRCR

B X6 2 B ) FH ek e O LB — i AR A FH B
TR G| e R Pe 2P )L, A1) A 5 A2t 1
(149 3 T A I AT o) 5510 4% R R 246 54 PM (benza-
mide) B TR T B 2512 11 1475 PX (phosphate es-
ter anionic surfactant) F1 Mn* FE1 {5, I % 3% 3 FpA L
T T FRDXT PR BTG M R R 55 ST R i e
i i R R E 1 B SOV P 7 S 2 R0 e
(14— A I BT A0 551, D AN [ X6 A [ o
FIAIHE A FH O 555 R A Rl B R A
PN A X 38 1 14 A2 A, B s A a8 It 4100 61 551 PX X AN
[T R R /E FAILERL, DL R IR 5 550 A el e 12 14
et
1 MRt 575%

1.1 R

B AN A - USROS LR AT
FARdEROM KR 2 Bt =4t . A AR dbAll K
ARG 25 b PR (e FH A oR AR R A A ML B &
4% ,pH >} 6.75.

A 25 FETF : 5% K s K 7 (quizalofop-p-ethyl)
Lo, TR 3 L AR AT BR A B 5 38% 75 4 1t (atra-
zine ) B VF 1 L 15% fitfif 7 i (mesotrione ) B 771, i
R4 B A 254 BR 2 ) 5 4% i 5 i[9 (nicosulfuron )
BT, T RIPA T A FRA T 5 12.5% 4 R BE (se-
thoxydim) ZLi, DL BHE b2 it A FR A W] o AT
P Mn?™ 2R P BEREE AL 51 PM (benzamide) (i
1% T 784 [ 5 - 2 171 1% 14 79 (phosphate ester anionic
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surfactant, PX) , A dbAell Repfe 25 2t as $e 41k
AN LA - GST I & . CYP450 55 &,
VI A2 FE R AT BR A A 5 FLA 50 3 A 7= 43 A
4fi, PRECISIONSO4LEEIGFAE, . A B TRt
Multiskan FCfifi#{¥ , 5% [ Thermo Fisher Scientific 2y
7] ; ST16R & & R B oML, 35 [E Thermo 23 &) ; DW-
HL540 BRI , TR IR R A TR
YNGR
1.2 Ak
1.2.1 R BB 2o 4] 70 2 i 32 57) 0 38 A )
2022 4E AR AR KA == N AT 2R
PR kPR i HUBRR R T, F 50 COKIRER IR
W2 h U S8 T 25 CEREERAE BB 2F 24 h;
PERE ST 2% B AP 20 R FPE T 542 10 om,
w11 em A, B R A R R 3~4 i E A 725
WMo AP, R BRI S AR R S 55 A A s
it et i RN AR E L FH 3 2990124 30,1 200,60,
100 1130 g (a.i.)/hm*, 73 BIES A EE  57) Mn* |
PM H1PX, 444 45 g (a.i.)/hm?®, 465 ) e FH
W R 300 L/hm?, DLAE RIS 7K A 21 B —BR &5 rp
YR 255500 B, LUASBSATAT 255004 S 25 F 6 IR, A
ACFRER AT 3R, AN 3 A i fe R EE 1
)45 B, Kb TS 2R 14 KR 75 TP A TE AR SR, B
AR FRIRAT 3 YK, BRI AT 3 75 5 B A FEHLBEE 10 BRI
S RO AR TR BRI B B PRACR
HEINBTRL . o T 07 53R 205 SR = (R I IX % e ff o — 25541
Qb T [X 4 A ) ) A [X A% e EE < 1009% , Bk B o
SRR = (OGF HRIX. 4% B R 20— 245 751 A R X 2% B iR 50 ) /o
PR IX 22 BERR B 100% . A 7 bR 4R 14 =24 7] Ak 38
DX 577 53 2850 S — 24 790 %o W X AR B AR 3R , i o o7 ok
AR5 SR 348 =24 751 Ak L XA T [53% A58 SR — 24 75 6 BELIX
122 REVA MBI H] P XA TR 37 693G 24 A
2022 AEF AR A AL R = AT AR A
P BEATARL I 1 SRR FR 7, T 50 COKIBE IR
W2 h U S B T 25 CHERERAE B G 2F 24 h;
PERE K ST AR IR~ 20 RiFME T 42 10 cm,
B 11 em R B R 4 R R 3~4 iR E A 722
Mg A B, BREAAREER R G RIE 55
R ik et RS i 2 R, FH 4304 30,1301 200,60
100 g (a.i.)/hm®, ¥ 20 514 0.15.30.45 .
60 F175 g (a.i.)/hm” B CIEEE T PX, Al 5 i
MEYR 124 300 L/hm?, DASE R 5 /K A B —BR 5]
HVE R 2455000 B, AR ISt AT 245 7004 Ry 23 0 R

FAMCPEE S 3R, BN R 34, iliZh e o REUE R
) FE )45 B b B 565 14 KR A 4 A7 RO RR S,
RSB A 3K, BRI 3 7, T AL AL 10 Bk
DNt by 13 436 o, THERRBI BRASCR e H B PR AR
Sk, 3 1.2.1
1.2.3 A 5HEEFp 4] 7 PX AR 3 AR 4 B 5 1 69 % v

2022 4F TR AN KA i 2 N AT 2R
F 1L KR 100 05 O BB rh R BB R R, T
50 CARER IR HL2 h, BUH J5 BT 25 CHEER %
A6 THIRE A 2 24 hy PR SO I 1Y R T R LD
20 REFRAE T HAE 10 em 5 11 em (97D BB 4 fir
1 3~4 I AT 28 25 A 3L, A AR 34>
bR, BT 200 g (a.i.)/hm®F5 223t (1 200 g (a.i.)/hm’
75 LHE+T75 g (a.i.)/ho’ I A0 570 PX ORI K (6F
B AN S 3 IR R 3 4. itz e kAT
1 A, Fhtizh e 1.3.5.7 .14 F128 d #-47H
FE BRI BEEORE 3 YK, B R b BRBE LR £ 3 bk
PR 3y, T80 CUKFEIRAT , R B AT BURE 5E Al
JE G —VIEIRE S . BN RERFRE 0.1 g B T 2.0 mL
BT, A 0.5 mL pH 7.4 Y W5 R 8 28 vh ik
(phosphate buffer solution, PBS) , T~ & H il % 1%
URARAE o I B PR, BUB AR S RlE, T 2~8 CF
JIA 1 mL B9 PBS(pH 7.4)iE %], LA 3 000 r/min &>
20 min, it FIEW, BB . B 10 pL R 3 96fL
P b AL B Al A IR f L P, 128 FFLRBRIESL , 43
5 B8 GST IR & . CYP450 i 57 A vd B - R A7 4
1, T 450 nm A0 I 525 FL A RO RE (A, AR A br
HERMI T AR T GST AT P450 7 1
1.3 #iRaH

K HI DPS 9.01 XA 56 B #1751 40
I FH Duncan PG &2 W 22 6001 725 55 W B A G

2 BERE5HM

2.1 AR IGIEEID 7 X R EF A B E A
NIRRT ] TR s R R 55 it
e it Tl s 7 W o7 o B B P A S8 AR ],
H AR I 61 00 PXOX A M TR R 55 2 A R i
e i T R A A W o 83 R ) 3 AR R e Wl 3
(P<0.05) , #% B B 2800 43 5 38 fin 1 24.00.,27.67
22.67.23.66 Fl131.33 /1> [ 43 A5, 5 5 B BR S0CR 430
BT 25.26.28.31.,20.16.,26.67 F127.00 4 1 43 5 5
AR U0 1 7] PMOGE A s R 2 55 o R R R
i i R 7 I B B LB AR S RURUOR I 2, 435
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I 0] M SRS MR 2R 35 25 AR R i e A
Fif R A I 75 53 AL A 38 8 e 22, 0 il) S 25 1

TR 5 40 40 59 PML AT PX Y B4 64 T (P<0.05,
#1),

R 1 AREMB BRI 53 A B bR B 57 B S8 A

Table 1 Synergistic effects of different metabolic enzyme inhibitors on different herbicides %
G By PRBTBRACR  SRBIBRECRIE I BRI ERESCR i B B BRI
Herbicide Adjuvant Control effect for  Increase control ~ Control effc?ct for Increase control. effect
plant effect for plant fresh weight for fresh weight

KRR RIMAIEIFI(CK)  60.67+2.52d - 60.53+2.72 d -
Quizalofop-p-ethyl N additing inhibitor

Mn* 67.33+£0.58 ¢ 6.66+0.58 ¢ 66.16+0.50 ¢ 5.63+0.50 ¢

PM 78.00+£2.65 b 17.33£2.65b 80.26+1.47 b 19.73£1.47 b

PX 84.67x1.53 a 24.00£1.53 a 85.79+1.49 a 25.26£1.49 a
755t RIMASHFI(CK)  50.00+2.00 ¢ - 42.88+0.79 d -
Atrazine No additing inhibitor

Mn** 51.67+£0.58 ¢ 1.67+£0.58 ¢ 48.16+0.96 ¢ 5.284+0.96 ¢

PM 65.67£1.53 b 15.67£1.53 b 58.79+1.10 b 15.91+1.10 b

PX 77.67+1.15 a 27.67+1.15a 71.19+0.60 a 28.31+0.60 a
Gl RIMAHIFI(CK)  42.33+0.58 d - 44.17£0.76 d -
Nicosulfuron No additing inhibitor

Mn** 44.00+1.00 ¢ 1.67+1.00 ¢ 47.50+0.50 ¢ 3.33+0.50 ¢

PM 56.67+0.58 b 14.34+0.58 b 51.17+£1.04 b 12.93£1.04 b

PX 65.00+1.00 a 22.67+1.00 a 64.33+0.58 a 20.16£0.58 a
A R il RIMAIEIFI(CK)  48.67+0.58 d - 47.33+0.42d -
Mesotrione No additing inhibitor

Mn* 53.33£0.65 ¢ 4.66+0.65 ¢ 52.33+0.58 ¢ 5.00+0.58 ¢

PM 60.33+1.00 b 11.66+1.00 b 62.67+1.15b 15.34£1.15b

PX 72.33+0.54 a 23.66+0.54 a 74.00+0.68 a 26.67+0.68 a
JARNE RIMAIIHIFI(CK)  52.00+0.24 d - 49.06+0.34 d -
Sethoxydim No additing inhibitor

Mn* 64.67+0.58 ¢ 12.67+0.58 ¢ 63.42+0.55 ¢ 14.36+0.55 ¢

PM 69.33+0.26 b 17.33+0.26 b 70.00£0.78 b 20.94+0.78 b

PX 83.33+2.08 a 31.33+2.08 a 76.06£1.22 a 27.00+£1.22 a

F s N R S o [RIBR O RSN RN TR 7R 28 Duncan FOB =R 22 1A 650 22 57 3% (P<0.05) . Data

are mean+SD. Different lowercase letters in the same column at the same herbicide indicate significant difference by Duncan’s new

multiple range test (P<0.05).

2.2 AR AERIGFEHDFHIFIPXX R E I RS E R

AN TR)FH 2 AR A o 5 PX XA M R R 55 &
L R M A R AT R B R R —
IBERVE T, ELBE A AR 0] PXOF S, 14
BB 2 (P<0.05) , Hid 75 g (ai.)/hm? AR5
FIPX NIAFME R R 55 A s A e i bl 2] A
R W ) 348 355 e 0 2, R 17 B8 R 43 38 i T 29.66
35.33.33.33.29.00 F132.66 1> (143 5, ff 5 B [R5 R
A3 SN T 33.75.37.33.,29.61,33.32 f129.82 I~ H
Irmi(ER2),

2.3 RBEEHDHIFIPXIS R K GSTiE R 0

F5 RS AR B 57 PX 5 AR s At il
155 PX R AS [ S A LA P GST 17 4 5 T AN
(1),

75 FHEUS AR B0 1 ) PX 5 R U 0 A
FI1 590 PX i BB AR N GST {1 14 5 %) B4 A7 7
225 (B 1-A) o 5 2R U AR it 400 ) 570 PXAN
IR IR G0 030 PX AL B 1~7 d P, SRR A (A
GST & M4 1 T X L Bt 5 A 4L s i) A2 4 s e
PRI GST TG PR T B, AT 12 d i US4
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P GSTIEPEX AR AC T X IR, b B 28 d RT3 04 RO GST I PEIAK T35 L AR A8 A G 41 o
GRS B ) 7] PX A A SRR SR N GST G 751 PX AR B, 5 BH R A 53 g 40 ) 700) 2 4100 ) ke
PRI T 0, BREAR AR T (] 1-A) o BEAMAb3 BRRRPY GSTIRPE (& 1-A) .

PN, 55 25 S IR i 261 750 PXC Ak R Y R A

F2 AR AERGEGNHIF PX 33 A6 bR 2 @S RUE A

Table 2 Synergistic effects of different concentrations of metabolic enzyme inhibitor PX on different herbicides

. b PRBTRRACR  BRBIERACRMEN  BEBIRECR ST BIERACRA N
Herbicide ‘Concentratl(.)n of Control effect for  Increase control ~ Control effect for  Increase contrgl effect
adjuvant/(g (a.i.)/hm’) plant/% effect for plant/%  fresh weight/% for fresh weight/%
FEmEAR R ABAII ) (CK) 59.67+1.53 f - 56.58+1.33 f -
Quizalofop-p-ethyl  No additing inhibitor
15 66.33+£0.58 ¢ 6.66+0.58 ¢ 63.32+0.66 ¢ 6.74+0.66 ¢
30 73.67+0.58 d 14.00£0.58 d 68.15+0.84 d 11.57+0.84 d
45 82.67+1.15¢ 23.00+1.15 ¢ 74.53£1.21 ¢ 17.95+1.21 ¢
60 85.67+0.58 b 26.00+£0.58 b 85.79+1.49 b 29.21+1.49 b
75 89.33+0.58 a 29.66+0.58 a 90.33£1.05 a 33.75£1.05a
L RIMAIWHIFI(CK)  51.00+1.00 f - 46.99+0.90 £ -
Atrazine No additing inhibitor
15 56.00+1.00 e 5.00£1.00 e 55.15+0.24 ¢ 8.16:0.24 ¢
30 60.67+0.58 d 9.67+0.58 d 63.54+0.54 d 16.55+0.54 d
45 71.67+1.00 ¢ 20.67+1.00 ¢ 68.58+0.47 ¢ 21.59+0.47 ¢
60 77.67£1.15b 26.67+1.15b 75.40+0.63 b 28.41+£0.63 b
75 86.33+1.15a 3533+1.15a 84.32+0.68 a 37.33+£0.68 a
AT RIMAMHIFI(CK)  50.00+1.00 £ - 45.95+0.21 f -
Nicosulfuron No additing inhibitor
15 55.33t1.15¢ 5.33£1.15¢ 51.46+£0.38 ¢ 5.51+£0.38 ¢
30 61.33+£2.08 d 11.33+£2.08 d 57.15+0.21d 11.20+0.21 d
45 70.67+0.58 ¢ 20.67+0.58 ¢ 63.31£0.49 ¢ 17.36+0.49 ¢
60 74.00+£1.00 b 24.00£1.00 b 68.43£0.40 b 22.48+0.40 b
75 83.33+0.58 a 33.33+0.58 a 75.56+0.56 a 29.61+0.56 a
fird B R RIMAMEHIFI(CK)  51.33+1.53 f - 49.86+0.32 f -
Mesotrione No additing inhibitor
15 57.00£1.10 e 5.67x1.10 ¢ 55.24+0.88 ¢ 5.38+0.88 ¢
30 61.00£1.00 d 9.67£1.00 d 60.59+0.47 d 10.73+0.47 d
45 66.33+£0.58 ¢ 15.00£0.58 ¢ 67.29+0.19 ¢ 17.43+0.19 ¢
60 75.67£0.37 b 24.34+0.37 b 74.20+0.14 b 24.34+0.14 b
75 80.33+0.71 a 29.00+0.71 a 83.18+0.28 a 33.32+0.28 a
IARIE RIMAIWHFI(CK)  50.67+0.58 f - 51.29+1.33 ¢ -
Sethoxydim No additing inhibitor
15 56.67£1.23 ¢ 6.00£1.23 ¢ 54.75+0.44 ¢ 3.46+0.44 ¢
30 62.67+0.97 d 12.00+£0.97 d 63.44+0.83 d 12.15+0.83 d
45 68.33+£0.58 ¢ 17.66+0.58 ¢ 70.90+0.23 ¢ 19.61+£0.23 ¢
60 78.00£1.15 b 27.33£1.15b 76.23+0.75 b 24.94+0.75 b
75 83.33+0.57 a 32.66+0.57 a 81.11+0.43 a 29.82+0.43 a

PR R e 2E o RIBR B T RIS )/ ING B 3R7R 28 Duncan [T A2 B 22 BEAG 30 22 5 .35 (P<0.05) . Data
are mean+SD. Different lowercase letters in the same column of the same herbicide indicate significant difference by Duncan’s new

multiple range test (P<0.05).
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—a W CK —e— 3530 Atrazine —8— FHREPX Atrazine+PX

120

100 +

90 ¢
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GST#E 1 GST activity/(nmol-min™-g™)

120 -

100 +

80+

7 14 28

Kb PR [A] Treatment time/d
A~C: U PR E PRI R, A—C: Sensitive, moderately resistant and highly resistant barnyardgrass.
El1 RGEIMHIF PX X E A K GST & H 2200
Fig. 1 Effects of the metabolic enzyme inhibitor PX on GST activity in barnyardgrass
P PR R R~ BRI R o AN [R) /NG B [R] IR ) AN [ ik B 22 8] 8 Duncan [T 2 A% 22 WK 50 22 57 .2 (P<0.05) o

Data are mean+SD. Different lowercase letters indicate significant difference among different treatments at the same time by Dun-

can’s new multiple range test (P<0.05).

F5 FSHEES AR B 5 5 PX 5 AR TR A
PR PX S T B LR Y GST i 14 5 %) B 7 7E
225 (E11-B) o 35 FSHAR A AR g it 410 71 570 PX AN
DA T A 41 1) 57 PX A B BT AR N GST
IEPEY RIS BTG T RER &S, Hrh 55 LEER R
TR A ) 7] PX A # A BT AR Y GST T 4%
TEAL P 14 d I35 B K, 2 96.48 nmol'min™"-g ™', 7
AbFE 20 d B AR T X0 R 35 2 RS AR s e 1
) PX A R BB R AR Y GST 16 MEEAL B 7 d B
K F e K, 83.17 nmol-min™'-g™', ZEALFH 10 d A FF
AR T X RE (A 1-B) o &S Ab BB Py, 55 25 H0as
AR 7] PX A3 A T BB Y GST TG PR
BT AR AR A A1 o 55 X Ah R 1 B S AR
TR 7] PX 23 b BB AR Y GST & M (&
1-B).

F5 TEES A A0 6 0 PX 5 AR T 0 A
TR PX 5 S U AR Y GST 16 M1 5% BEAEAE
2251 (E11-C) o 55 ZSHAR U A 4 1 57) PX 4k

A PUR R Y GST I P — L2 N, 552
RN I BRI ) 7] PX AbFR A = LB BRI GST
TSRS N fEAL TR 14 d A FIF T, TS T R,
H GST G PE— AR T A A Qi i 1 570 PX Ab 2
(4], 22 B o0 A3 it 161 700 X2 00 i oo b A A
N GST & (K 1-C) o

2.4 RIGEHIFEIFIPXEHERNCY P4S0iE R

F5 R TEES AR B0 6 0 PX 5 AR B 0 A
J 1750 PX X AS ] UM B B AR ) CY P450 15 M52
M AN [A] (1&12) .

F5 ATREES A 0 1 550 PX 5 R AR A il
) 550 PX Ab 25 BB A B AR Y CYP450 36 P 5 %)
MR 22 5 B0 R (IR 2-A) o 35 25 LIS A 15 it 0 i 590
PX 55 AT AR ST 61 770 XAk L AR A A Py
CYP450TEPE S F I TR, Horb g R i At
I ) PX b B A FBURABL B Y CYP4S0 TF M 7E
L7 dAEIEAR, M 62.45 nmol/mg, 7EALFE 13 d i}
TEURAR T 5% B85 55 25 HR S AR g Jlg 40 ) 79) PXC Ak B
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AR AR Y CYPAS0 TG MEAEALBR 7 dBf ik B fe 57 PXOAh B A9 SRR B4 PN CYP450 16 PRI T 5%
K, 7 49.58 nmol/mg, 7EALFH 10 d I JF AR TR IE ZoHe R U kb 3 6% , 26 WS 04 8 flg 0 1 771 PX 2>
(2-A) . BEAACHI N, Z5 L R A B & IR SR Y CYP450 76

=XH CK  —— FHEHE Atrazine  —4— FEFE+PX Atrazine+PX
70
60
501
40
30
20

60
50
40
30F
201

CYP450 &1 CYP450 activity/(nmol/mg)

10

1 3 5 7 14 28
AbFRHT E] Treatment time/d
A~C: U FPHTAIE P, A—C: Sensitive, moderately resistant and highly resistant barnyardgrass.
B2 RIEFEEMHIF PX X EIR A CYP450 75 R FAT
Fig. 2 Effects of metabolic enzyme inhibitor PX on CYP450 activity of barnyardgrass
P B S - bR DR o AN RD/ING TR [ I 8] AS [7) 4 B2 18] 28 Duncan PGB 2 AR 22 12446 560 22 5% .35 (P<0.05) .
Data are mean+SD. Different lowercase letters indicate significant difference among different treatments at the same time by Dun-

can’s new multiple range test (P<0.05).

F5 R R ) PX SRS EE  PX S R A I I BT R PX AL IR bR R A
T PX Ab PR S R BU AR B Y CYPASO TGP S5 % N CYPASO TR S5 L THE T REEH, 24~k
M2 SR (F2-B) . FEBRMCIHEE &7 FEE7EAL B 14 dhA B, 43510 34.57 nmol/mg
PX 5 ARG A D650 PX ALFE 1~7 diF, Hhpif M147.81 nmol/mg, 1M J& JF 4 T B, 55 2 A8 A 14
FRN CYP450 16 M3 2P Fa B AEAR I 7 diFis B 55 PX A B 7E A0 34 23 d BHA Y CYP450 T 14
FH K, 53914 49.38 nmol/mg F160.40 nmol/mg, FEY  FFUAAIK T X5 B, 55 L HE AR B in 43 filg 10 1 71 PX 4b
YIIF 46 T B, 35 22 s A S B 050 PX AL FRAY FRAEALIR 27 d i CYP450 T METF LA T X . 24
FEALFR 22 d I FAR AR TR B T35 REEAR TSR ACIRIBIN 55 25 s I A s a1 o) 551 PX A B ) 1
it 40 41 39 PX AR BR A — B T X IR (B 2-B) o A BUERR N CYP450 1 MK T 35 2o AR i AR i
QbR 35 FS AR A BRI 1 0 PX AR ER A T BER ) PX ALY, BTSSR R ) PX 23
PURR P CYPASO TEPEIIN T35 LR A A ISPk CYP450 1614 (& 2-C)

Tif 1 ) 7510 PXC AR B, 29 BH S in AR AT 1 5510 PX & s paA
TR R Y CYP450 1P (K 2-B) . 3 Wik

5 AU AR A0 1 50 PX 5 AR U n A TE B3 B0 R R in B8 700 T g X % R A B B A
FHI ) PX AL B S i B SR N CYPASO TGS X S, s B R F i, DA R A | B A
W2 R (F2-C) o F5 KB EE A& R &S, R REE . A FHSE(2023) @150 & A
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[Fi] B8 7510 X6 K FH i 50 - A - 35 R ) 118 34 R4
FH A« 40 - 5k it 30% I3 S 04 B2 A T iy
T RN I 3 3 i Bl AR S b 2 B B B A8 SR 5 %o i 22
SABE . MOH %2024 BF5E 45 5 SR 5% A
% FF Tk e A P 790 P 40 IR I ML Silwet 408 )
THUFT ZERG T 3 R Bl 7 32 BE B I 488 iz 245500 % 2 i
T Tuta absoluta (W B IARCHL , 17 ELES N Bld o]
{6532 245 570 FH B30 109%0~20% ., A 58 45 51 o,
Mn** | PM Fll PX = I 40 i 70 32 A 2 4 = kS
W R TR 5 o | HOR R i A R A AT A AR e X
(18 [ IR 2K AR, E v RSl A 4 3R PXORT R L 5
TR P B 3 AR BRI I T 27.67 4~
A3 R B E B BRSO IE N T 28.31 4N H 43 Ao

I R0 A AN ) B 351 o) 24 1 1) B R s8R AN
o AREMAE(2020) W58 & I 24 £ RN H IS BEAE )
TH A AILAE 408 [ 0 433 Ay PR 3R i A A B
f9.0.5% F10.2% (PRFREL ) InF, Y - fil A x4 1 42
Aegilops tauschii () Bj bR 80 5 o 3, 3300455 51 R
1521 F4r RO 26.52 0 A 43 4 4 5 = BER AR
ZIETE SRR PE L TP = R ARG AN R R A
Y (RS It 43 ) R S R B MR £ 149 0.1%,0.05%
F10.25% (PRBL L ) BF, S PR B X 49 22 14 17 BR AR
T i 2, BB A h 26.24 4 F 43 45, . 21.80 T 43 1 A
259943 L B4 (2023 )18 it AR & FE
FEBT AL G 2SI B AR A 2K A LRESS B
F AR B TR w2 B S AL, 28
R A IR K R I 2R i it R i £ 0.3% (A
FEULR ) HsF, i it e X6 5 A % 5 94) 9 o3 34 55 0 I 4
ST T K 2% (R R BT B 3SR e o )7 R R R 2434
20 4NE 43 DL B HEFR (2023) B 5T & PR B 7
CG-3 T LUHRE o ok e 51 AR s b e i o 2 A 55 2
XoF 24 B 1 B I AR5 SR, G vl 224 A0 s Tk 8 v S 0 0.5%
(ARFRLE) I B CG-3 B, fif FE B BRSO I 42.56 1
AT, S SR AR 19% (RFR LR ) 9 B 7] CG-
3, fif B AR SR AN 16.29 A 43 ., 2455 et
SN Bh R CG-3 B, fief o B RS8R 3 in 28.07 4~ A 43
Mo ARHIFFE R IR TR FH S A I T A1) 70 PXORT o
FR AR E FABAEAE (35 22 5, W2 £ s i o 551
PX FH a0, 38351 R I8 3, ARl 0 i) 5] PX
iR 75 g (ad)/hm’ i), HO6 55 JHe i 1S A8 i 3%

FRETBRRCRIE N T 35.33 4 A 40, i F B bR 1
T 37334 A 4085

U LAFRI ST K B 0 BR300 7 A S R
AT AR DG , 4N i (2020 ) W57 e 0 RL R X e

B A UM SRR CYPASO A GST 16 M1 i
A 5 ; Cummins et al. (2013) 25 5 /R 2R KL 2 FEhT
Y5 CYP450 FI GST I M A7 ¢ s IRk 1l (2011) % 31
853 4¢3z R AU R RN R % Ak 37 R RV (B ik
P 5 GST X Hs W 7R 7 100 il 238 08 A7 G, 853 4¢3
RAIBLRL GST iE PRIy 1.213, HRIE BRI R
TURE GST 5 LA 1.141, 73 51 [ J91 %) 1
#9 2.7 451 4.3 4% . Gonzalez-Torralva & Norsworthy
(2023) 25 B Wb 7 B R 6 RUAR R R 7 AR PR S
CYP450 3K RIKA G, ABFFREE R o Qg
48 790 2 400 o B RO P9 GSTT TG 1, B AIR B A
CYPA50 {1, S A5 1410 14 70) PX 3 o i 2
RN GST HI CYP450 15 MR S 55 25 O LR (14
R &CR o AN [a) 01 B AR R, AR Y GST
CYPA50 775 1 X A 3 il 410 44 57 PXC ) o o7 -t AN T
XK (2022) A58 A A AT B0 0 Al SR HR 28
I Bradysia odoriphaga ff 2 AC B A M HIVE R, 5
BN ST

A 5T 25 SR W TS A e i 55 PXOAT LR
1 245 00 BR B A BT R ASCR: , 0 22 R4 N GST #l
CYPA50 15 P A o & T A ] 770 PXXF [ 1]
ARF BT ERBCR KR Y 22 4 KO R m A L il
(RSN 2 7555 A QT L PR R A OCIE TT F — PR A
9%
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