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Abstract: In order to clarify the biological activity and weeding mechanism of 4-hydroxy-3-methoxy
cinnamic acid ethyl ester, which was obtained by modifying a natural product of fumalic acid in the pre-
vious research, its bioactivity to two weeds, Digitaria sanguinalis and Amaranthus retroflexus, were
measured by using the methods of foliar treatment and small glass, and its herbicidal mechanism was
studied by using the physiological and biochemical indicators and functional gene expression. The re-
sults showed that 4-hydroxy-3-methoxy cinnamic acid ethyl ester had a median inhibitory concentration
(ICs) value of 46.27 mg/L on the fresh weight of D. sanguinalis stems and leaves, with an ICs, value of
129.94 mg/L and 147.33 mg/L on radical and bud of 4. retroflexus, respectively, and the germination
could be inhibited at a concentration of 500 mg/L, also with an ICs, value of 43.82 mg/L to the root of
Arabidopsis thaliana and could completely inhibit the growth, making the leaves turn yellow and the
root hairs accumulated at 160 mg/L. After being treated at 1 000 mg/L for 2, 3 and 8 h, the electric con-
ductivities of D. sanguinalis leaves increased by 22.70%, 18.46% and 25.62%, respectively, compared
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with the control, and the chlorophyll a/b contents significantly decreased from 3.62 to 2.43. The epider-

mal hairs of D. sanguinalis leaves sprayed by the compound displayed lodging and corrugating in pro-

portion to the concentration. The expression quantity of gene AT4G04820 of A. thaliana declined dra-

matically, with the greatest decrements of 42.52-fold at 45 min, and significant decrease in tubulin

amount resulted in microtubule dissociation and finally growth inhibition. The results indicated that 4-

hydroxy-3-methoxy cinnamic acid ethyl ester had a strong herbicidal activity, probably due to the dam-

age of cell structure and the inhibition on photosynthesis and root growth of plants.
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2012;Glare et al.,2012), HrA A MpiE A 250 A 1A
TN FER L, HABEX Z A5 7 i it A
NS PRI 5 (Teerarak et al., 2012) , AL 45U/
YIS IR R E AR AR 2555 . W KBTI
I A 25 T2 (45 (201 6a) 1 FH 1 5025 F0 25 Cuar-
vularia eragrostidis FJZ Y5 81 7] # Fusarium chla-
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WIRUR 2 (Tan et al., 2006) , ‘& J LA R Bl I B
HFF AR, SOR o 3R
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3-methoxycinnamic acid ethyl ester) , J1] b 4% b K 2%
HEHR SHEYRELEE S5 BUFRAE;97% 55
F: 1 (atrazine) , B AEREHTM B BR A R s MS 5557
B, R R R AR RNA SR BGAR &, A T
AW TR R B A FRA B SO sidan &, 528
Py TR () A7 BR A A 5 AR08y [ 7= o3 B 4k

XA : PGX-250C B BB IR IR A0 , 77 D R4 51
AT BN 7] 5 UV-1800 T2 4N BE T T, 16
Fs 55N FA B/ F) ; STARTER 3100C/F B HL §R4Y
I RO B A FRA s KYKY-2800B #4494
ML, bt RFRMU AR & S A R w5 Jé i E100
AV B, AR OERRRHE & A PR 7 ; Pot-
ter Wi 22 35 , 9 [E Burkard Bl 22X #8275 Veriti 96 FL.
PCR "84, i 4= Yy A FR 72 7 5 LightCy-
cler 96 SZ ¢ Y& #t PCRAY, Bt +- Roche 23 A
1.2 Ak
121 4-F3-3-F A M ARER TESTR EF e 2

KT ZE 5% 25 I 7 4- 33 -3 T AR L Y RE R
CHEXT SRR AEYIEE . fEH4R 7 em 55 8 em ¥
BHETERA 6 em RIS A, B H 517 F i 2 5
W I A R AT 9 b SR B RE 20 1 em JEE (1) 0%
1o PHAEF A B SRR AR 25 ik 3 L[]
BFREF0.5 em JEK)Z B TEAMHITH IR . 185
FEAERK 2 A b KR 2 2~3 em MR 405E 1 9 MRtk
TTIRIRAL . 4-FRHE-3-H S SE A RE IR £ TR 28 H e
BERL0.62.5.125.250.500,1 000 mg/L 36 e,
R ZEN 55 T A A BRAR YY) , R 455 5 2 mL,
ANREFE 3 Y E A . ALFR T d S R AR A A R4
AR RGO, F R FR 3 i e o, S ]
R AN e BE (ICs0) o 0 23R = (X R 4 25 - i
- Ah PR ZE0fif T ) 0 BRZH 20 < 100%

R H/INRIE DN A2 4- 38 56-3-F UL A RE TR 2 TR
XA O A TSR . g i E TS
PrXr 10 B0 2K I DL 2258 ) A 03, A 3%t AL
DA RO BT, I T T RIS . F 4-72
BE-3-H AL R EERR T8 W EERR RER 0.,62.5.125 .
250,500 1 000 mg/L 46 MEFES S mL, L 50 mL /)
BERR 184 PRI A/ NI IR T, B LA 1 245
A3HIECT mL AR, SR TG ARSI 57V B AR
MR IR AR — 2, ¥ /NBEAR A TR AR T, 40~
50°CHETH ESA W, SR )5 INA 1 mL 7K, R B 6 B
P — B SR RN, B 15~20 REA 1A/ IR
PR, N5 PR, MR B AL F i & 3 9k, JF IS5 &
HAE R BHPEXTER . 8 T 25 CHER A R HEF:, 7 dJS

TN 7 P AR RV 25 5 A B, I H AR o 23 R o v
W (1Cs) o

PR IT IR ) P B AR Y , A B G AN 4-
FRHL-3- AR AR TR O TR i R B, il e T
XHHURE IF I AE TGP o B 4-F2 3K -3 - H AU R TR
SR BT i , B FEEFRBE L 16 000 .8 000 .4 000
2 0001 000.0 mg/L Ay BRI, FHIG TR AKX B 47
10 {5 R, BN A BUS mL A F] 95 mL 1/2 MS
el 4 9 80.40.20.10.5.0 mg/L, %5 .
FERBE TAE G TP 75% WA bt SR T F0 7, 11
FHTC B 2K Mk 3~4 YK, iNA 1 mL Y NaClO =23t
P, ¥&7% 7~8 min, FJC 4l K P 4~5 YK, Fl
BT 1/2 MSEFFRHAEAR I, 78R Bl 25 A L
FH R A% S A1 30k, B0 H S IRE R B %
7 d e AU R T AR GRS R I = (O
FE 2 MR K —Ab BRZF AR ) /8 R AR K< 100% ., 165
= WA T A R T AR I A RIS FH 30% $h 1R
TN = 1 0 RN, B 7 7 d B8l R T AR AT Iin ik
VAV, TICE 10 min, 78 W AUBE A E 5%,

1.2.2  4-%HK-3-F AL A BR TBS o9 rh 3 AE A AL

S0 B RSEZ T () I - BRIV S i B B,
F KK Pk 5 P 25 B oK ok 3 W, FHuE 4R 1+
FEU K A3, K i 7 B BAE S K/ 5%, PR R B
34, B 0.1 g, 230 & T INAT 10 mL 2% 25 FK i B
DB, BT TR TR 12 b, SR
R SR (R SRIF VB INHA 40 min, 12 H)
RIS, I E R TR (R,) , 515
FHXTHLAEER AT HL 3 38=R\/R,x100%

T FIOZE A ER < 4-F2FE-3-FH S S A
FERR CBRMS R B 2 .1.0.5.0.25 .0 mg/mL 3L 54
W SR FF 25 I % 250 Ak 1 oy R I - A U B
1.2.1 "RORPAE Y 3 70 05 R EA T 25 i ms 55 Ah B, R Ah P
24 h JE BURE BRI B 5~10 B K S B A
2.5% I FETT A2 24 h(ICA 4°CokAE ) 5 2R )5
21 30% .50% . 70% .80% .90% .95% (iF 7K ) . 100%
BRI , B 1S min; P OB : ORSFIER=3:1,
121, 1: 3B G020, 5 m 2 100% 1) L TR 5Bk , 5
G215 min; X R HEF TR VR T WA A0 B, R HE
HLBE TSI T, BRI & 0 HL IR THA 4

MR 3 a/b B I IE 8 4-F2 0L -3-H AL A
FER <1 PP A B2 A BE 1 1 000,500,250, 125,
62.5.0 mg/L, R HZE 0 W55 v Ab B it B, A4S
W RE AL PR 4 2, T PR IG B0R) 1.2.1, ZEALPE 24 h
Jo B A HL0.5 g A, BYRR S A BIER B, in
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NDVF R IRIRES FLA 928, TR S mL 80% PN S
W, WFES 25108, U8 K UE VA T 10 mL AR (A48
W I 80% N/ E AR B AN . BLS mLA4F5 %25 mL
FE IR, T 80% R E 75 Z 20, /3 BIAE
645 nm 2 663 nm AL SEH EEE , 1153 Ca/Ch,
Ca=12.2146:-2.814gs, Cb=20.13A0s—5.03 Ass0
1.2.3 BB TATIG04820 % B % ik & ¢ &

AT 95 2 B 4-F2 3 -3- 403 TR R IR £ T
PR IR A K LA B e IR R R
FEXTHRIC 5 280 Gt AR B R SR8k,
PEPEIL AR B H S AR A KA SC B 1 A i 3 (]
AT1G04820 #4T K LW 5T (Zhang et al.,2017) . i
B IS e 1 TR s ST Rl T EP A b FE T BR
BRI E 75% FOERSE 1 000 pL T4 TR 30 s, BR
£ R TCHEKUE 3~4 UK, PRI SRR 4 1 000 pL
P& 6~7 min, BR ISR EATREN , FHICHE /KR 3~4 1K, IF
B 1 min J5 ¥ 0B ST Rl F B AEJCEDK o BUR
FAIZK 1000 pl K 355 57 LAY 2 TR, B 2 4K 40 i
, WHCEP 8 TP YRR G248 o AR SR WG
FTRE, R B H 3T, 5T 4°CHR-A7, 48 hJ5 T:20°C .12 h
JtRE/12 h RS TERA G R 6~8 4, RE i 4 i
TR A R AP 59 10~20 do RS
43 - VAR L PREIR CRIC AR 1000 mg/L 1Y
VR, I L2l Y S ) B i FH AR IR v A PR AU RS O
M, A3 BIAEAL FR S 0.15.30.45 .60, 120 min B U
PAHE, B T A, IR 7E-80°C M IRAE& H

R IRAN B S (R H R ST A ) 2H 2145 BRI 100 mg,
FHVRE 7053 WS RS AR5 37 B #% #8 21) 1 4~ RNase-
free 1.5 mL 2.0 11, JilA 450 uL RLT Solution |
FE & R B8R % 1 20, 12 000 r/min 50> 5 min,
W TR 1A 1.5 mLBS.O45 . 1) FVE W
A 12 R FRTCK G, 5o 5018 2T o K W B A T
ANBODETR,IMASTE K CEER LIS,
2 min, 8 000 r/min B5.C> 1 min, {35845 T R W& 5 %
BRFAE 0T 25048 TP, A 500 uL RW Solution,, # &
1 min, 10 000 r/min 50> 1 min, 14505 o R 5 45 %
BRAE A B0V TR, A 500 uL RPE Solution , # &
2 min, 10 000 r/min Z5.0> 1 min, 3545 o Rk (E =2
1Y) 5 K WA A 0 T 280045+, 10 000 t/min 250>
2 min; B W B4 A RNase-free 19 1.5 mL & .0 45
e E RS e i A 30~50 uL DEPC -treated
ddH,0, # B 5 min, 12 000 r/min 550> 2 min, ¥ ir f5
RNA & S 5 354% cDNA

RT-qPCR ¥ 3 19 5| ¥ - AT4G20160 ( I i -

ATTCTCAGAGGCACGTGAGG, T i : AGAAAC -
CCACACAAATCCAAAGT) , NZ 5|9 M Actin( |
i : GGTAACATTGTGCTCAGTGGTGG, Fiiff: AA-
CGACCTTAATCTTCATGCTGC), 10 pL WK ;
cDNA 2 uL \Mix 5 pL. [R5 445 0.2 uL .ddH.O
3.6 uL; SR 25 - T & 94°C 30 s,3 40414 (94°C
105,55°C 1555,72°C 25 5), @lfL(95°C 10'5,65°C 60 s,
97°C 1's) ,¥&#1(37°C 30 s) , kAT 45 IRHGF . LA
Green I HYu, B8 3k, FIHZ LA 4K
4%} RT-qPCR B4 74815047
1.3 RS

K FH SPSS 17.0 AR ik B, I X
BT R R 7 224087, b H Duncan FGHT & AK 22
DA T AN A A R ) 22 5 W B AR

2 BER55H

2.1 4-BRE3-AEENERZENRERSE

A3 W1 A R R REIRR ZU TR X 2 R 25 s A
DR S ZEE B B AR RCR . A FR T R
KoK HEHSIT (F 1-A) , HXT D a1
I1Cs, 1% 5] 64.26 mg/L, 7% 500 mg/L ¢ Ji &b i} 5 J
AT, BRI BRI HIBOCR (B 2-A) 5 ik &
Wk S A D8RR B2 25 19 1Cs0 43 51 M 129.94 mg/L Al
147.33 mg/L([& 2-B), H 500 mg/L ¥ FEAL . 58 4
I B SR B B A& (] 1-B~C) | T BE 2557155
FEEN A B AR FZE %) 1Cs 4 1 772.10 mg/L Fll
1280.96 mg/L([&]2-C) . ] 4-555E-3-F AL A
PR TR T E JE RN SRS T 34 2 I A R B BT Pk

43 A 3 I AEIR TR X POl R TR AR 1 A K
A W R VE T, 75 80 mg/L K 160 mg/L ik i b
PRI LR ST AR LT A A K HAIAR 2R & ik RS
AR, R A R4 (K11-D) ,1Cs 24 43.82 mg/L
(K12-D). 7FRids PSR SRR Y] b, & BAE
4-FFE-3- W A L AR IR LR YR FE A 5 mg/L i B4
A AR S, A [ aE K LR VR,
A5 7 e s AR PR Bl = KRN TG HILER AT AS BE IE 5 A=
K AU BE N 10 mg/L BPARISTR AR B & 1k, AR Bl
B AR AR A B, R URBERTHEA T A X, A
Kg (K 1-E).
22 4-BEI-FAERENERZEENBREERILE
2.2.1 XD BRI B 6 %R

4-F2HE-3-F A I R RE R 2 R AL S 1) T Fl it
F AR EL SRR 2 48 hHsF 5 0 HR 2 A L2 Sk
T 22.70% . 18.46% H125.62% , 75 AL P 8 h 5 14 iy
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R 2, X BRAL B ARXT Fi 5 508 3 /I ) it 1] B2 A 2
F e 5, MAS AL S YA BEIS 1E 8 hibf FYAHXT L

R 2 h 4 h A 25 25 57, AT L R LR

R, WIS FE I A Az 2 145407, 2 P LA
B IE , MU T AR (B 3-A) .

Bl 4-2E3-RAEEAERZENDE. REIBETHRERERIEFTRRE EHUE

Fig. 1 Herbicidal activity of 4-hydroxy-3-methoxycinnamic acid ethyl ester to Digitaria sanguinalis , Amaranthus retroflexus and

Arabidopsis thaliana as well as the microscopic observation of root tips of A. thaliana
A~C [P a~f: 4-F33E-3-F SRS DI RERR RV 435910 0.62.5 125,250,500, 1 000 mg/L; D~E [ a~g: 4-F53-3-F A 3L
AR TR FE 43512 0.5.10.20.40.80. 160 mg/L, In the figure A-C: a—f represent the concentrations of 4-hydroxy-3-me-
thoxy cinnamic acid ethyl ester at 0, 62.5, 125, 250, 500 and 1 000 mg/L, respectively. In the figure D-E: a—g represent the con-

centrations of 4-hydroxy-3-methoxy cinnamic acid ethyl ester at 0, 5, 10, 20, 40, 80 and 160 mg/L, respectively.

222 MNILEGEZab AN R

2 4- R 5E-3- A SE AR R R AL 315 1 15
g SR 2R e W BRI, B A5 ok B A 3
2R 2 a/b MEZHT B F%, 7 1 000 mg/L i B2 AR BRE i
2 a/b AR 243 A HEXT BRALREAR T 1.19, HAA
TR R) 22 5 W 2, I 4303 -3- 1 AR I R PR U TR
XoF H JE 2R 2R A B — 2 BRI 3 AR
L RER LT (E3-B).
223 L ARG A

2 4-F 5E-3-H A SE AR R R AL 3 Y 5 F it
R REBER, BE SRR R EE
R AR R BE T 2K K R 4 A BE %, #£ 1 000 mg/L il
2 000 mg/L ¥ BE AR BN I B R Z0RE 48 , Ui B 4- 32 3
3-HESE A EERR LR WEIR T 5 R () 38 e 2544, 1

W R (K 4)
224 AR AKX ZHH R

25 4-F25E-3- WA SE AR TR C TR AL BRI HUA RS I
AT1G04820 R [P AHXNTZRIB LI A0 A 1 2 T4,
7 15.3.45 .60 120 min 43 51 2 %5 B 41 1) 20.68 .
9.00.42.52.8.22..7.62 f%(P<0.05) , fEAL B 45 min F
VR Rk R, HL A A B[] A5 TR R R X A A 25
S b 2 BT R Y R T R SROULE 1 A A
B, TR R I i A K (1B 5) o

3 iTig

FREAL A BT IA AR W 2 B VA T i B T
BTG 4E (2008) B FZ: 1 800 mL/hm? 20% 7% %
AL SC AL PR 20 d Ji X 2 B A e BB 97.55% 5 1



548

N7/ S A

4545

TEHEE(2009) WG FEIH L 22 6 g/hm?® 95.2% JH s itk [
ARFE 20 d 5 X OB ) 5 B A 90.30% 52 il
VXA BT () R B A, (AR s e e %o I 2EVE A
BRI o ARSI 2 DTSR 2 Hh H BB 0 7
PR 1853 BT B8 ) S5 R AT A ) 4-F -3 - S AL
MR TR A PR BTG PR TR AT, e B0 ELA 0 (R B
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TG , BB R D RE I AR K, #E 500 mg/L 5
J A ERAE T HL 24 SR 58 Ah 1 & XU R T
R AR K 0 0 ol 452 A B, 410 P v 2 4 43.82 mg/L
Bz FRAREZE5, 4- 32 33 H A K N RERR 2 g X
Th 5 RN SR D YA A (R R AR HLA A A E
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Fig. 2 The inhibition rates of 4-hydroxy-3-methoxycinnamic acid ethyl ester and atrazine to Digitaria sanguinalis,

Amaranthus retroflexus and Arabidopsis thaliana

A B.D: 7}l 4- ¥ Hk-3- S RE AR ST L5 J3F OB B FIHM R ST BTG 1 5 C 2 55 25X OB TR . P v i o~

Bgabnii2s o [aAE B[R 513878 48 Duncan [GHT &2 1% 28 16 30 P<0.05 7K

% . A, B, D: The activities of 4-hy-

droxy-3-methoxycinnamic acid ethyl ester to Digitaria sanguinalis, Amaranthus retroflexus, and Arabidopsis thaliana, respective-

ly; C: the activity of atrazine to Amaranthus retroflexus. Data are mean+SD. Different letters on the same color bars indicate signifi-

cant difference at P<0.05 level by Duncan’s new multiple range test.
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Fig. 3 The effect of 4-hydroxy-3-methoxycinnamic acid ethyl ester on cell membrane permeability (A) and

chlorophyll content (B) of Digitaria sanguinalis
i B bR 22 . Rl EEAE FORRI TR 4 Duncan FOHT B M 2SR 0 7E P<0.05 /K322 5% 1 2 . Data are mean

SD. Different letters on the same color bars indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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E4 4-BE-3-REEARERZ X DEM R EH0 R
Fig. 4 The effect of 4-hydroxy-3-methoxycinnamic acid ethyl ester on leaf structure of Digitaria sanguinalis
A: XTHE; B~E: 4-F238 3-H S L A REIR £ BRVR 2 43 314 25,500, 1 000.,2 000 mg/L, A: Control; B-E: the concentrations
of 4-hydroxy-3-methoxy cinnamic acid ethyl ester at 25, 500, 1 000 and 2 000 mg/L, respectively.
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5 4-RE-3-REEAERZEIUETT ATIG04820 EERIZEH M0
Fig. 5 The effect of 4-hydroxy-3-methoxycinnamic acid ethyl ester on the AT1G04820 gene expression of Arabidopsis thaliana
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