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Isolation and Identification of Herbicidal Substance from Ethanolic Extracts of
Artemisia annua Linn Leaf
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(1. College of Agriculture, Northeast Agricultural University, Harbin150030, China; 2. College of Life Science, Northeast
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Abstract: The herbicidal activity and active components of Artemisia annua Linn. were determined by laboratory
bioassay of herbicidal activity of ethanolic extract from Artemisia annua leaves against four weeds (Amaranthus
retroflexus L., Abutilon theophrasti Medic., Setaria viirdis L. Beauv. and Echinachlao crusgali L. Beauv.) and by
separation and identification of the extract using solvent separation, silica gel column chromatography and gas
chromatography-mass spectrometry (GC—MS). The results showed that, at a concentration of 5.0 mg/mL, the
ethanolic extract from the leaves of A. amnnua showed certain inhibitory effects on the germination rate,
germination potential and germination index of weeds. The order inhibitory effects from high to low was redroot
pigweed, velvetleaf, green bristlegrass and barnyard grass. Germination was inhibited at above 85% in redroot
pigweed, velvetleaf, green bristlegrass and barnyard grass. Germination potential of redroot pigweed, velvetleaf,
green bristlegrass and barnyard grass was also strongly inhibited, all at above 73.36%. A total of 17 compounds
were identified from the ethanolic extract of A. amnua leaves, mainly including gartemisinic acid, (Z,Z)
-9,12-octadecadienoic acid, and diethyl phthalate, among the others. Therefore, there are a lot of herbicidal active
substances in ethanolic extract of A. annua leaves, which can significantly delay the germination and reduce the
germination rate of weeds.
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T AR 25 4 77 K 2 R 24 B FH ORI, A2 B R R R e v () E T B, KA HIAL 2
FRECH) P BR G ANURC LRI, Feahrgy ™ i, e 2020 423 H 9 H, eBkEia 262
FRHLNT LN 26 FPAEFHMLEI R 23 TR FHALEI BRS04 T Highivh . A2 BR A e AT H i R rp 2 6 B
BRI B A 2

SRR ARG, R B AN OO BB A, T AR A LA B AR AR LRI, A
ELZAT 30 ANRHE 2000 2 Fh R BARIE &7 BAT BRSSPI AR R, A7 58 B s T & M
B, QIR PEEE R T IXERARY T RS S A N R KR B RN, R
FEL o ) 0 T 2R s T R AT BRI R A AR A N AR 24 2 P R ) T R
AT ST AE S A, A ER 2581 SR T S5 3 O, o2 15 B RIS A AR 25 1)
g mr P,

TG Artemisia annua Linn. 4 55 FHE 8 — A AR, RA SR AESE NYE . S0 e Kk i
PHCAS BB T 55 P 2 A A R AR A B B R R AR, DI AR AT T T e e v v, AR HoAth ke
Yiade A K . B NS T SR 2 MG, KB Y I IR T S R, PN B
G sk I OOB B PR BT A B K, w3k — 20 G A P U R )

VRO S W AL B KR PR R T I § B /N2 R R R v R e T L AT AR 1 T
AL R GC—MS AT AL B 1 it op 20 B8 %60 56 Rk 540

T W B A A B AR AR BT R AR, AT SR 5 A A N S VR B A B )
BRI AT I E , SR R GV A5 B AL R AT 20 B ko0 s A6 B i e AT o0, Sl A i v
TR e B R Y B R R A, R A B RSB (GC-MS) SAE AT S5k % 5, WD
S T AR S R B R T Y
1 #R5RZE
11 #ilEY

FAEH Artemisia annua Linn. T 6 FIERTZRACRMOR ZRE I, RASFHAR . 2RI 2307, B TP,
KRR I B B R AT

AN : B N Raphanus sativus LT ¥ .

PR A% A0 Amaranthus retroflexus L.~ T bk Abutilon theophrasti Medic. i) 2 5. Setaria viirdis (L.)
Beauv. F1# Echinachlao crusgali (L.) Beauv. ¥ H A< b AV K244 Fdl
1.2 iR &

T A GC-2010 AU ARG, GCMS-QP2010 Uit (%, WND-400A #1250 epl,
RE-52AA Mgl 5% A%, THC-5B AUE A WARHLE:, LRH-250-G PRI IIGIRAE, Higrim, 59
Jl, WS,

1.3 HEREREEFEMEYRARER

PREX 20.0 g KT 6 AT, 408 1:20 BTa LA 400 mL ) 80% ZH¢, A L% 800 w, i
FIRIGRIE 50 °C, MR 3 A IEIEH, ShiEE e 28 R SORIR IR S8R, e >,
T4 CUKFEORAEH TP E
14 BEHSUREBREFREAENESZ

PRI 2 ) B A IS, LRI R, Bl 0.25. 0.5. 1.04 2.0. 4.0 g/L fIR, L%
N AR K, SRR TRk, HEATRRE R P AN EE R 4 . N T e IR

(25+ 1) CHEEAHEEREETE, ] 12 h (7: 00~19: 00D , 2K 12 he 120 h J5iFEXTE NPk
SO 11 51BN 1R8N 111 B SN 53 = i 1 B T eSS Y A

DARRL, RS OB ORI R A B2 A8, J7VER] b, [ BN EEFR IR FE N 30 Rz id+, 205l A 5 mL
WREh 5.0 mg/mL B ACE HHREERA o I AP AR AR M AT EAT KR 75, 2S5 0 M ZE UK R H 2
7 d Ja SR e R R IR R
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TG I SR OB 28 e i 28 I AOR AR R B, BB IR T 280K, BUHI— e W 1%
R 8 3 (U AR R A g . LR SRR IE T B = A ML R, 42U RS A TOR W 11 54k
FUCAE 3 K, A 9F 3 A A ALK, TG 28 R AW 4E . B — 2 S (10 S0 18 i I 324 FH 281K
WifE, BCHIAK 2.0 mg/mL W, EE BRI SR 7R 1,40 72 h G e e s i R0 5 N R
RITRE o

WG R UCR A e . LR SREFNIE T B =M HLA RGBT AR Yis e gs, 132801
O R T o e P A e B 2 A O e, AR AR R AR ) RE CEURSAED K/DH e ST s 7, B2
REAETE 0.2~0.8 e PE I I P J8 T A S A €2 1 A .20 2 ) e A A7)

BCHFERUAR 100 emX S cm, JEPE 100~200 H RERCVE R e AH, KR 2R MRS J5 ki 5 P i
WM SEEERE Y, WA = T RERCR T N DG PG 2., AR 54 2 RIVBVENGRTSUE R THETLAREF 1 em @R
T s 2 PAT 33 2
1.5.1 e BUS SRS RARYRE, DR G NI . K S0 AR S IR B 77120
FER 6 (5 EHES), 7545 C~55 CHAF N e 28R 45 DCK JL A4 e o I N A Gl 18 T, AHFF:
dn SRR R, HAE N SERE S PR A T R 4R
152 ZEM B REEAE 0.2~0.8 B IS FIME R A G AH N 412 IR PR A 0o FH AT 30 0 47 1) S AR e B 771,
TS0 S F ) BEESAE IO, FT TR SE T OGS LE U AR S N, (RO ORI R 4 Wa/s, TERHEEM
— R 50 mL PERR . AR TCL 43Hr &6 Rk AT 491
1.53 WEEMHEE L S Leather GRUK 7 454 2 2T .

154 RBIFFINE L  JRIFFEVEIFN 3.5 M58 JEITFHFTFH B0 5 Ue i A A .
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Z ) EDsg=0.75 mg/mL, EDgy=1.4 mg/mL, &% 2 100 014712208

IR R KT AR B () R B o B AR R SE sp R=00sy

X3 TR R 0.9827, UL HAE R 5% O

HEEER D0 E S B A IR F bR B R, T §§“

I, B NAE T P BRI TR 5o S ) R ®E 2F
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22 EBEREMERYMARMEIXFER AN e 4% Concentration logarithm
BRSSPI AN A O F R IR 1 B1 EEEHERNE NOTFEL O

Pime. WRFATUEH, 5.0 mg/mL kN, #ik Fig.1 The effect of the ethanol extract of A. annua L. on radish

RSN A B R 2B R R SRR seed germination

A FHIHIER, FHEIE AR ENRIIRT A
Feva, TR, MR, B, JLAR B SRR R SEAFUR SERR B Y s, AR TR R R
FaEUAEIVE 59, AR R ZE A T e o SRAR R I ISR N SO T TRIRR At AN A 2
IR 04 90.09%. 85.79%. 85.46%A1 14.23%; X A% Ui TR, )RR B FIFAR 25 A4 2
5 96.71%- 89.47%- 84.63%F1 73.36%; X [ A% Ui ik~ i 2 AN & 2E 455 31 253 04 95.00% -
88.62%-. 86.69%H1 17.10%.

F1 EEEMHEBEUMTRARASHENEN

Table 1 Effect of leaves of the ethanol extract of A. annua L. on different weed seed germination

PR Ay AbEE RZFHE it e R 2 i REFIREL i
Weed Treatment Germination rate Inhibition rate Germination Inhibition rate  Germination index  Inhibition rate
(%) (%) potential (%) (%) (%)

KRB CK 92.50 - 50.83 - 40.23 -
A. retroflexus 5 mg/mL 9.17 90.09 1.67 96.71 2.01 95.00
Th JBR CK 80.00 - 71.67 - 24.60 -
A. theophrasti 5 mg/mL 11.37 85.79 6.67 89.47 2.80 88.62
MR CK 91.67 - 21.67 - 11.56 -
S. viirdis 5 mg/mL 1333 85.46 333 84.63 257 86.69
Pz CK 75.56 - 16.67 - 2.69 -
E. crusgali 5 mg/mL 65.56 14.23 4.44 73.36 223 17.10

23 HEEMEBRVNARZBTNS S
2 mg/mL A HEEAT 2 N RD I R AN 90.91%, T LR LBRARAILIE T BEEAH (5 A 4k 2
50.22%F1 19.18% (3£ 2) o =P A IUBOC AR A AN 7 R4 28 15 A A il A v T SR SRR AHAIE T BEAH
AR ATDOT B N R AR R R i, b U B A i PR R B R I ) B A T e R R S . ]
TS A S RS RO A T R AR U R o7 43 15, FL R P ) I B Pk gy, b2 IIE
TR I BRBLIE I, FREAT TR R 25005, A e LR s ) VU 15 1T Re T AR BOR Y BR R o
*2 EUETRZEIARE NERAEKOHM

Table 2 Effect of different extract of A. annua L. on Raphanus sativus germination and seedling growth

P 2 Inhibition rate (%)

Treatment 4% Germination %K Shoot length R Root length
Fihf#tH petroleum ether 90.91+232a 90.00+0.54 a 91.16£0.93 a
LR ZTEAH ethyl acetate 50.22+3.13b 60.41+0.81b 51.18+£1.38b
1E TEZAH n-butanol phase 19.184+1.05¢ 70.76+0.65 b 56.55+0.57 ¢

T RPE I EARERL, MRS T RREER B (P<0.05)

Note: Data in the table were mean=+SE, different letters in the same column indicated significant differences (P<<0.05).
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24 EUEREEMYRNS S
CLEE S AhF AR RS, ST SR 0 A A 1) 33 AN AT BR SRR PR AR I e, 4
R 3, WNRPATLIEH, 6 SR MGtk 8 & T ARy, 0.01 mg/mL (1) 6 S Xt
BN R SRR AR AR 54 60.23%. 65.78%A11 71.67%, L5 iMHIE A 65.90%. P nl LA
fiffi 2 B R R RO AE 6 A, RIS i
F3 EUETHEHOREFENENE MITHEME KNI

Table 3 Inhibition ratio of the herbicidal activity substances separated from A. annua to germination and growth of R. sativus seeds

%5 4032 Inhibition ratio (%) ETRSS A% Inhibition ratio (%)
Number ik EES Hek SE Number gy EAS ek SE
Germination  Shoot length ~ Root length Germination  Shoot length ~ Root length

1 2.27 36.14 -14.29 8.04 18 4.55 59.04 4.19 22.59

2 0.00 26.51 1.97 9.49 19 7.95 40.24 38.18 28.79

3 1.14 3.37 27.83 10.78 20 11.36 46.27 4.93 20.85

4 3.41 44.34 591 17.89 21 14.77 29.40 —4.93 13.08

5 4.55 27.71 3.94 12.07 22 13.64 46.51 1.72 20.62

6 60.23 65.78 71.67 65.90 23 4.55 10.36 4.93 6.61

7 4.55 33.98 -2.71 11.94 24 4.55 39.04 -2.71 13.62

8 6.82 35.42 -12.32 9.97 25 6.82 42.17 -5.91 14.36

9 9.09 60.96 1.97 24.01 26 4.55 37.83 15.02 19.13

10 0.00 35.90 7.39 14.43 27 6.82 36.63 9.11 17.52

11 4.55 33.01 -10.59 8.99 28 3.41 24.82 41.87 23.37

12 7.95 7.95 68.97 28.29 29 2.27 4.58 4.93 3.93

13 4.55 2.17 24.88 10.53 30 4.55 54.22 -1.97 18.93

14 1.14 55.66 —7.88 16.31 31 6.82 49.40 4.43 20.22

15 11.36 42.17 -10.10 14.48 32 1.14 47.23 -3.20 15.06

16 7.95 36.39 —3.45 13.63 33 4.55 5.06 2.71 4.11
17 9.09 —5.06 19.95 7.99

2.5 6 SHEH GC-MS £EWMMLER

KH GC-MS Xt 6 5 FF SBT3 o3 A1, 0 R B i e I IR R AT B A, R LR
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Fig.2 GC—MS result of sample 6
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F4 6 SHIPH GC-MS IEEEFR
Table 4 GC-MS peaks information of 6

F R B I ) 5§ UasLyEq NV Er
NO RT Molecular formula Compound Matched-degree Relative content (%)

1 9.42 C11Hi602 T EUBRIR B A e 87 4.12

2 9.92 CioHi404 AR IR = L 94 4.62

3 10.80 C15H240 Kl 90 1.33

4 12.68 Ci5H0, TR 95 11.45

5 13.66 C13H260, =il 84 3.99

6 14.72 C12H6058 33— HIE-3—(2- Z I EWY) N R 84 2.14

7 14.88 CaoHioO T 95 3.43

8 15.27 C15H3,0, W 99 6.49

9 15.34 CioHag E2 N 89 1.53

10 15.36 C13H3,0 VR 93 3.44

11 15.47 Ci5H360, )\ 99 2.84

12 16.37 CHysCl i "y 91 1.89

13 17.09 CaoHy00, B ¥ T4 90 4.89

14 17.20 C21Hay T 91 1.92

15 18.75 CisH,703 3,5,6,7,8,8a— 7N —4,8a—— I JE—6—-(1-F 5k 24 55)-2(1H) 25 1 83 2.20

16 19.52 CaoHy Cl 1= Bk 87 0.89

17 23.39 CH;O4 LR 83 0.43

SIS 17 B HALE Y (NS UCECREAE 80 UL LRI Horh 5B sy o 75 i W AV i e 2%
Sof R R 2 G5 R A CisHanOn FIT CrsHn05, AR S840 0 11.45%F1 6.49% .
3 itig

AWFTEE RRE, AR Y 5.0 mg/mL AR AR R A G R, R AR K SF A A AR
SRAFNEIERT, 6 b Rk ZEA R AMEIE B, 33 96.71%, Rk, AR SRR ZE ] R i i
T 73%, 1KV AL BRI AT DARE G % B (1) A 2N T) s ARV E ) 564 o AL BEEEY) 5.0 mg/mL
PRI B SO O Tl R A R R 2 R A A AR A i, A0 T 85%, X it W B AL I IR 0T A%
B R AR T B R A P o BT R ) ] LIE Tk SE 2 2k B R N ()RR e AR A E )
Msadr, HA&TFR A AR B SR ) .

AWTGTR AL H B 2 B A5 B AR BE1T GC-MS K, JL%se 17 Bh BB A, EE NN
HER (11.45%) « Wl (6.49%) AR W 4 (4.62%) « —EABFBEBENER (4.12%) « T\
iR (2.84%) FIFHR (0.43%) ZFiEAS, M. R, BRE. SRBAEHIRESEM G . 7 & Hekm)
b, TR AFHE R — LR A SR Y O SCHRIE H A LR B R, s R,
SUBRIERE A BRI )\ BE RIS 8 TR, (H 56 T LR i Pk AR 4 A28, R4 BLAT (B i 5
eI IRAE . B PP ST R W B 4G MR 2R W) P AR ZE — F R — RN A SR TR L B E RS E
PRAE K BT o 2 220 gF 9 2 0 RIS A ) S 2 0 ARl s 1 A K, 0 b R U SEEAR AT 8 1)
PR AN BT Rl )t SO, BRSO e, ATk BB . AR T R
SRR R . AR R = COlE. FEMR. HEa. ARk BRI )RR 0 br it b T =
PAEIIRES:, S XS b e A BREEPE, IR G P ORI B Ay o AR R o0 G T S o ) o o 1k
AT N TG R, T 3 R 00 A0 HE (ARG, I AT AR A 05 o e 71 65 JEpil
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