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DB R, I B (Magnaporth grisea) |
I Z5 7% JH 0% B (Gloeos porium theae-sinensis) \ Jf 5
Uk HR 9% B (Cercospora nicotianae) . 35 % /N 4% B
(Sclerotium rolfsii) Mz 7 42\ K22 48 ¥ 9k BE & 04
SIS AL 2 W (Rhizoctonia solani) R4 B
JIH (Fusarium graminearum ) B 162 £l Bl 2
Be v 24 F A0 5 B B 2L 5 BE A% 48 (Alternaria alterna-
ta) 2 B4k V) B (Fusarium proliferatum) | i i B
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JEZ=9800) | B &k J5U IR A fE i (DSTDY 003501, 4
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fi2 B AR ifE 5 (RFS-Y06911812012, 4l i =98 %) . 57
G R A bR E M (RFS-Y06801911011, 4fi fiF =
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FRECT 1 il kY 125 ¢ 355 4y, 2051 H 500
mL 7K Ak .50 %0 SRR B0 L TEk Sl &
R R VEAT R 20 L G / VO R 1 s 4, RO %
h TE SR IS A TP F0 038 25 W X B B S R 4 R
ZAE TR OPEE 30 min, ¥R ERE 24 h, fif
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Wy de sCEE . B35 45 : Agilent Eclipse XDB-
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(A - 0.2 % B R /K 7 W (B, B B VR (0~ 12
min,10% ~20% A; 12~25 min,20% ~25% A;
25~50 min,25% ~65% A; 50~55 min, 65% ~
10% A), ¥ 0.8 mL/min, & Y%K 330 nm, H: ik
30 °C, FrfE BRI R 0.02 g 3% T 1.5 mL
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2.5 g/ LW EIEE K G IE O, I AL
Ko IR A PRI Wk M 22 /bt B THEBA
B 22 e W R 20 mL FLER 20 mL H ¥l 40 mL 4
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BB TR LT
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FIH Excel 2010 F1 SPSS 24.0 84 % B4 47
it oA, R I R J5 22 43 BTk (One-way ANO-
VA) S B AS [l hb BE2H Y 22 5 35 4

2 HERESH

21 BHREYIMARBAATIEZHONRERNERER
His g EE L8

5 AN T[] 5 5 1 S Ay v 3 P R 4 45 SR L
KINE T ATLLE L RAPEEH (LR OB LB
JKO FH X T A A A U R i gD B AT B A SRR
BRI v LR TR £ B4 O AR AL L 32 30
AR AL T 550 060 £ e A8 K I P ol 2 R e A
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Table 1 The extraction yields of A. argyi powder by five different solvents
w5 Solvent $RIBOE 1 $R I PR ?%Bé(%/% A
Extracts color Extracts character Extraction ratio
£ EE Petroleum ether HAE M Yellowish brown F 8 A B R Brown thick paste 2.86
L2 &g Ethyl acetate =4 Tan 6 URIR Black particle 7.49
7K Water M (i 2T) Black (reddish) MR K Black powder 12.16
50% . 50% ethanol M4 Black Bt (8 K Tan powder 13.09
JeIK L BE 99.0% ethanol M h (k) Black (greenish) M kIR Black particle 6.28

BT s B U B HORCH KSR ) 4 B0 . BRI A
I 00 S A ) T SO R AR 0 Y i BB LK P

i SOk A (8] 95 0] S BB 95 SUR 1S A5 R R BT
(] 9 511] i ) 22 ) g i M HE 5 1 25 S R, KR
Yy b 1 R o3 3 A o A AR P A AR AL, BEAS T 15
min I, 12.5 min B BAH 1 5 & & o,
50 Y0 & W U A, 25 7K s P B o0 R 1 8O3 L BT
T2 22 T A B BB L HG b e A IR 2 L
i TR OB Y H I 2 AR R R
SR 2 R AE B 2R O T K CEERR IR, TE
K ST ) TN TR T $ U 4 S0 BT 35 R A
B, = T o0 4 v A R S I ) B i 0 B A Ll AR T
WREZ R PR MR F N AHTEK BRI
TE 20~25 min b R LR LERIEEIY £ 3 Fh S 4R
PRSIy o A i Tk 52 JBOY) A ROR o3 T 2R TE I
Fe IR 2 S5 R L AUAE 44 min ZE AR E] 1 A4S
AR LR S AR D,
22 HXXMEDRYNIIHEYREEENSE
WM& E S

SR A5 i 3 w38 SRy 0 ) L R P e o ) A
AN 7 e SO R B (20 @/ L) Y 45 U R 4 B E
TR RIS, 45 R 3R 2 PR . R [R) i 4 BUs
T[] — ol D 2 B kg AS [ R ) 90 o) R
ER L HREA B2 5%, BREABIE150 , s ik
Xof AR T LA v A R G E 81.17 %0) (X 22
¥ BB A — 5 WA AR A5 BT 5 R i

; ol mJﬁ.J’JULrJlJ

A LAW

(I) llﬂ ZI() 3IU 4]() SIU ()Iﬂ
5 [8)/min Time

A: KB Water extrac; B:50% BEH2 I 50% ethanol ex-
tract; C: oK ZEEHEHY) Pure ethanol extract; D: Z R £ Bif #E BL 4
Ethyl acetate extract; E: 1 il ik 2 B % Petroleum ether extract;
F: AR Standard; 1: B % JiUAR Neochlorogenic acid; 2: % JiL 2
Chlorogenic acid; 3: a4k iR iR Cryptochlorogenic acid; 4: 5 4% Ji ig
B Isochlorogenic acid B; 5: 57 485X A Isochlorogenic acid A; 6: 5
2 J5 R C Isochlorogenic acid C; 7: 1145y Kaempferol; 8:Fik 444

# Jaceosidin; 9: 5% 2 # F Eupatilin.
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Fig.1

_Mllﬂ_qﬁ LA

Fingerprint of A. argyi powder

different solvent extracts
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Yy D L T LA R A A
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x2 YBARBFRBRONENFEEERENMEHIER (xEs,n=3)

Table 2 Inhibitory effects of different solvent extracts of A. argyi powder on plant pathogens fungi(x +s,n=3 )

ik IR BT RO TRIBELY) K BRI 50% Z B4R ELY) i 4 ) TR A2 L)
Pathogenic fungus Ethyl acetate 99.0% ethanol 50% ethanol Petroleum ether Water
TEIEIR B M. grisea 100.00£0.00a 100.00£0.00a 48.82+3.22¢ 81.17£3.31b 24.80+2.23d
WS IRIEIE T G. theae-sinensis 100.00+0.00a 89.45+6.57b 62.40+14.25b 37.1440.28¢ 30.3846.76¢

AR I AL alternata 97.1345.74a
2% R. solani
IR IR G B C. nicotianae

J2HHRIIE F. proliferatum

100.004-0.00a
98.463.09a
73.747.08a
Mk I W F. solani 74.3821.72a

RAEWIE F. graminearum 94.75+8.21a

71.2242.88b
96.604-6.79a
69.2943.57b
63.85+5.51b
61.78410.62b

91.6045.27a

57.71+6.46¢ 52.43410.64c —10.18+2.97d

52.4244.91b —32.11£21.58d 31.9549.59¢
52.06£1.88c 79.214+11.97b 13.97£8.06d
65.8441.89b 38.40+1.62¢ 4.97+6.47d

33.246.75¢ 20.2045.63d 15.1340.54d

21.1343.98bc 32.397.10b 20.45%5.31c¢

L EATANRNG FREFRRE LSD B 5 7E 0.05 /K257 3 . Note: Different lowercase letters on the same row indicate significant

difference at 0.05 level by using L.SD test.

23 BHYYMZBZERERYEMENFREEEN
=)
#3302 £ TR B2 U X A s T TR 1 41
il £ FH A7 76 B 5 %) ek A5G 3R, B e R v A1 o
TR BRI T (2.5 g/1) AR BETR , 55 # )N
A% TR X e Sk B0 I o B2 5k 3 63.76 %6 5 Bl A AL 3
JoT H5E VA BE 04 v, REUI R T L L T A 1Y 2 4 o
PR 3 = ARG R B L 12.5 o/ L B a1 5 55
KF] 91.67 % .87.09 % . AR vk B Sk 4 W & T
PRI b BN FE RS A0 AR R AR D A2 10 o R A
55, Bt 5 Ah 35T R R 0 T i L TR 22 A K S ol AR
s, ab BRBT E R R Ry 12.5 g/ L W A 3253 5 5
F 78.59%.77.78 % , ok e A VA SRR &
2 £, TG i 3B 6t 2% AL 39 DAL TR 1Y) 25 7 T 09 Oy AR R
EC 5. 45 B W3 3. 2R M40y 72 3 W 28 0y X 5%
BN M AR B IR, FH RN Y =
0.0234X +0.596, A &Pk R % 0.974 4, ECso fH K

1.63 g/ Ly FHLUR W ARSI TR  LL1 2% 20 I 9 TR i A% £
R vk R AT, LA A R A 4 R AR L ECs fEL 43
Wk 2.88.3.38.5.73.5.77 g/ Ls X 2 i L2 5k 7]
BRI 001975 0 B R Al D TR A A A AR R AR o 5
24 BEYMZBZIBERRNYEMEYFEEEE R
A B RN

#i SR TR £ T B B % SRR 5 7 1 TR
CRNARB I LU 2% L5 D RE % B 422 410 ) HL v 22 19
WY R A A 2 P A T T (L 2A L 2B) 5 B0 T 22
B & (H A K 52 31 3 2090 1] CLn 08 e R G 7R L 5
B FE /N (F 2E.21D) 6 T80t 48 X 45 55
BT D L BROR B 2215 SR TT A A KB W 358 5 & A
B @ AR Ak, a0 2 iR DT B TR A AR S R AT
0 (B 2F) 5 A, BB 32 B 161 85 1A V& 2000t 1l R R
A R B (B 20) , M H T Rl 9 J5 PR 2 32 B )
S B LA Y AR KR B RS BOR AR AR Y
MERESR.

®3 FARAREREZBRZERBRYMHBKFEEEFRNSENERFREMEC, &

Table 3 Virulence equation and ECs, value of ethyl acetate extracts at different concentrations on pathogenic fungi

o J5L L ERIUYEp Y

LB ECs0(95% FL) / (g/L)

Pathogenic fungus

Regression equation

Correlation coefficient

TR M. grisea
LRI G. theae-sinensis
HEAK A AL alternata

22K R. solani

JHE IR F T C. nicotianae
ZHRIIE F. proli feratum
MR ITBE F. solani
ARBWIIE F. graminearum
FEINETH S, rol fsii

Y=0.0465X 10.4082
Y =0.0439X +0.3457
Y=0.0570X 1+0.1202
Y=0.0387X +0.0544
Y=0.0493X +0.1681
Y=0.0334X+0.1771
Y=0.0339X +0.0083
Y=0.0228X +0.2881
Y=0.0234X +0.5960

R%=0.826 4 2.883(0.376~4.509)
R?*=0.942 4 3.382(0.464~5.274)
R?=0.907 6 5.727(2.104~9.634)
R?=0.897 7 11.577(9.746~15.072)
R%=0.977 5 5.770(3.186~8.570)
R?=0.918 6 9.315(7.558~12.730)
R?=0.939 2 14.243(9.892~37.198)
R2=0.927 3 8.689(6.400~14.813)
R%=0.974 4 1.634(0.000~3.290)
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AFEIRIRE M. grisea; B: IR RIEIRE G. theae-sinensis; C. A& A. alternatas D: 22 R. solani; E MM FMEIRFGH C. nicoti-
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Fig.2
25 HUYXMZBZERRY LM ARKRE
H24EKH®Mm

B 22 I A A LR & B R T 23 A R IR L S TR
o Do AT U Ak B S O B A 2 R AR AN TR I S
Al AR AL T E AL AE A4 RIS RL, 42 e T ) o0 A=
17850 B R d N (] 3 A 38 B L g 5 7 37 B4
il 5 22 4% TR IO TR 22 A L B S A A L S O Ak R A
Wr 24 (&l 3B) , FF R /NZ TR 1Y T 22 35 25 O BT Dy 24

% He Blank control AL BH Treatment

50 pm

AJZHHRIIE F. proliferatum; B: 2 R. solani; C:35% /N
B S. rolfsiis DML A, alternata.
3 NMZBZERRE(12.5 g/L)
WREEERZLERKOIFIER
Fig.3 Inhibitory effect of A. argyi powder ethyl acetate

extract(12.5 g/L)on the mycelial growth of pathogenic fungi

Inhibitory effect of A. argyi powder ethyl acetate extract (12.5 g/L) on the colony morphology developed of pathogenic fungi

559, HLAE 2R L (181 3C) SR BT A K i 72 32 Bl 5
i 0L B 5205 P R A R A R TR 22 R ) A
22 PR G N (L (P 3D) 3R B HC I 19 A i R R 2
F 0

3 i i

HH Bl AT v 0 B IR 4 400 O M R A R R L X
BEE EEAM Y AT R A Y IR R N A 1S
SR, WipFHES 2R R TR A
IR AT B HATIR I A BRI LR £ TR $2 B
A A8 T At 45 I 90 5L A O iR 1 0 o R s R AT 2
T IO D oA AR B T K 9 o 80 %6 2 P 4
BUOR IR e i . ARWF5E R B, R AR R
FIHEE B 40 B AN 9 55 R £ R TR > TEK &
Pt =50 %% 2= A7 1 ik = K, 28 B 35 85 0 s A W0 s
Jirt LR P 3 P R A A R A S R B M A
H S48 kgl iz E A R I s L
P % I BORE AR, 0.75~1.75 mL./100 g,
Wk 1R CBRHE Y (Y $E B R AT 3K 7,49 %0, A K
i8I R AT PR S T R T fE .

AL E 2R 20T R 32 O by e B 1 P
B3 AR R i e R B R B R T Sk &
PR 2 Tig B2 B Xt 9 A AR Do B 10 0 o 5 1 . 25 SR
BRSOk G SRR B YT 9 ke P )R B B9 A
RS EL AT/ L L v 55 8 /N R T A2 1 B ol
b R0 TR« LI A8 IS TAT B A TR AR e IR TR
W2, 22 K 2 iR T TR e i 0 B R A Bl D TR
AW R AR T B 55 . A, e R T IE R T TR R
B2 KA BT 2 B B 75,
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e WA 3Ok 4 U 6 57 8 /NG TR R B0 L e e R
T 975 BRI 5 B0 A R G 111 2% RS B S B0 1 A R
JELIG AR 0L B0 I BEJR L AR e R B B
FG AR e R G T R L AT LA B B A R L X 42 % T
S B0 SO IR D T i L B S S0 AR . T i
A — @ M EIE R, & — e e A
I BTG R SR NN B T e R A A
FH [0 el A 4 46 B 3 56 v & TR 2 A6 4R 8 5 0 0% 1
B TR VN AN E SN A
TE ST A RO 0.1 kg/m? F1 0.2 kg/m? AR
JEE 95 2% 95 S AT 43 )R B 42.77% 1 6849 %5t
BEAh 3Ky 2R 20 T $2 BUY) 34 Rl W S 90 7] 25 25 9 1
XM AE AR G AR AE AR AL B R T S G T
WO J5 R R, 3R PE A 2R SRR B AT A L
R AL RS A6 B 35 95 109 & s 46 B8, 24t ) 3k 31 2. 00
g/ kg I & &/ 50 iF, 0] DL 5 4> BH Wy % 25
PR G AR AE I 42 et SOk B 2R TR 4R L) A
VB SRy KR % B 30 g 0 3o e, 2 R B R A B T
P HLAE — 25 JF Al i FH A TR S R T T
SEM R SR W2 RN RN O AR () L
A % B T 2 5 Ak 2 J 401 T 2 TR 2 4 DR A R T
Pl BB R AR IR F O R RELS
YT SOk 2 TR TR AR B T B O M R 1 2
WA ffilE— B RARISE .
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Antifungal effect of Artemisia argyi powder extracts
on various phytopathogenic fungal species

LI Jinxin,CHEN Qiaohuans WANG Yunhan,ZHOU Jia,LIU Dahui,s MIAO Yuhuan

Pharmacy Faculty  Hubei University of Chinese Medicine ,Wuhan 430065 ,China

Abstract In order to investigate the inhibition effect of Artemisia argyi powder (a by-product of
A. argyi var. argyi ‘Qiai’ made of moxa) on plant pathogenic fungi and the potential to develop botan-
ical fungicides,A. argyi powder were extracted by water,50% ethanol,ethanol,ethyl acetate and petro-
leum ether,and the fingerprints of different solvent extracts were established to compare the differences.
Meanwhile, the antifungal activity of different extracts was tested to screen the strongest antifungal ac-
tive parts in the A. argyi powder. In addition,the virulence equation and EC;, value of the ethyl acetate
extract against nine kinds of plant pathogenic fungi were determined by the mycelial growth rate meth-
od. Finally,the morphological changes of the colonies were observed,and the hyphae microscopic struc-
ture and spores were observed by fluorescence inverted microscope. The results showed that polar sol-
vents (ethyl acetate,ethanol and water) had higher extraction rate than non-polar solvents (petroleum e-
ther) ,and there were great differences in the properties and components among the five solvent extracts.
Among them, the fingerprints of pure ethanol extract and ethyl acetate extract were similar, and the
main components were kaempferol,jaceosidin,eupatilin and other flavonoids. The antifungal activities of
the five solvent extracts of A. argyi powder against plant pathogenic fungi were as follows: ethyl
acetate>ethanol™>50% ethanol > petroleum ether > water. The ethyl acetate extract of the A. argyi
powder had significant inhibitory effect on a variety of plant pathogenic fungi,especially on Sclerotium
rolfsii s Magnaporth grisea , Gloeosporium theae-sinensis , Alternaria alternata and Cercospora nicoti-
anae swith EC;, values of 1.63,2.88,3.38,5.73 and 5.77 g/L,respectively. Moreover,ethyl acetate extract
can also affect the growth and development of plant pathogenic fungi and change their colony morpholo-
gy by inhibiting mycelial germination and changing the secondary metabolites. Furthermore, microscopic
observation showed that the treatment of ethyl acetate extract could reduce the number of spores,shrink
the mycelium,enhance the membrane permeability of pathogens,and therefore inhibit their reproduction
and growth progress. In conclusion, ethyl acetate extract of A. argyi powder has broad-spectrum anti-
fungal activities,which has great potential of developing botanical fungicides.

Keywords Artemisia argyi var. argyi ‘Qiai’; Artemisia argyi powder; crude extract; phyto-
pathogenic fungi; botanical fungicides
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