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WBE: B SERWILNAERRE G- (JK) -2, IEXFRGAET Y LR o- W EHIRE AT, A& it ITS
FEHNEEST RS IR, SENAERE G- (JK) -2; M H: 45 d FOKBERE 56 & Be it 4T B BRI . 2R ZBE AR L,
fEME . Sephadex LH-20 Al # HPLC 73 B2l fU 5 AEATE5H M€, RHA] PNPG 3L AN o H BN IE 4, 56 R
YoE REINNAEERE G- (JK) -2 T8N E W Fusarium nematophilum; 43 E544%) 13 MEEW, 0% E N p-
hydroxybenzaldehyde (G1) . 4-hydroxyacetophenone (G2) . anhydromevalonolactone ( G3) . flazine (G4) . salicylic acid
(GS5) . p-hydroxybenzoic acid (G6) . di- (2-ethylhexyl) -phthalate ( G7) . terephthalic acid bis ( 2-ethyl-hexyl) ester
(G8) . thymine (G9) . uridine (G10) . adenosine (G11) . 2'-deoxyuridine ( G12) . nicotinic acid (G13), &FIL&W
X o AGHE T B HIE IR Y G4>G11>G10>G13>G12, &5it SRR AW R F 1LY N A B e 4 B 1e
#, G10, G11, G13 HMH RN AERF T ERE], G4 M G ARG o-F AW H EHD SR

FHER . BRI WAREE,; BT B s o R I
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Secondary metabolites and their a-glucosidase inhibitory activity of endophyte
fungi from Orixa japonica
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ABSTRACT: AIM To identify the endophytic fungus G- (JK) -2 from Orixa japonica Thunb. and to study its
secondary metabolites and their a-glucosidase inhibitory activities. METHODS  Through the ITS sequence, the
evolutionary tree that identifies the endophytic fungus G- (JK) -2 was established. Then 45 days rice solid medium
of endophytic fungus G- (JK) -2 was exiracted by methanol, and then by ethyl acetate. The ethyl acetate extract
was separated and purified by silica gel chromatography, Sephadex LH-20, and semi-preparative HPLC. The
structures of obtained compounds were identified by physicochemical properties and spectral data. Their o-
elucosidase inhibitory activities were evaluated by PNPG method. RESULTS The endophytic fungus G- (JK) -
2 from O. japonica was identified as Fusarium nematophilum. Thirteen compounds were isolated and identified as p-
hydroxybenzaldehyde ( G1), 4-hydroxyacetophenone ( G2), anhydromevalonolactone ( G3), flazine (G4),
salicylic acid (GS), p-hydroxybenzoic acid (G6), di- (2-ethylhexyl) -phthalate (G7), terephthalic acid bis
(2-ethyl-hexyl) ester (G8), thymine (G9), uridine (G10), adenosine (Gl1), 2’-deoxyuridine (G12),
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nicotinic acid (G13). The inhibitory effect of each compound on a-glucosidase was in sequence of G4>G11>
G10>G13>G12. CONCLUSION All compounds are first isolated from the endophytic fungi of the O. japonica,
and G10, G11, G13 are first isolated from the endophytic fungi of Fusarium. G4 and G11 have mild inhibition to

a-glucosidase.

KEY WORDS: Orixa japonica Thunb.; endophyte fungi; chemical constituents; isolation and identification; o-

glucosidase inhibitory activities

R (Orixa japonica Thunb.) 258 H
B IEHHEAREY), SEZ1~3m, R, X 0t
B RARTE S, R8T HAR IR E R
M. =F ., AR Sk E, PR,
HAG GRG0, RS, 80, 1k
T, FEARE B A v K A ) RN A
FZRAEY ., BT AR BOCT R 1 A
B, AT AE TR H LR 2% B R E oY S Al
I, PRI AE B IRBARE, R R
IR B AR B E A T A R X,

1 #

LRH-500A BUIAEALIEFRAE ()T RBEBFEL
ey AR AT ) 5 G LR P 1L (400 Hz,
600 Hz, EE & A H); KT-CJ-1FD i TAE
& (BT R RGRHEARA R ) ; SDP-16
Tl 2 WA L (H AR B HEAF]) 5 Agilent 1260 15
SORAR AT (32 Agilent 23 F]) 3 #EIUEH
fR g, Wi, AT B irat, A
FRHWEE, CRE SRR gl

SLH LN AE FCRA A B T SN A T BT U R
P REHRF RS (K 1262 m, R&
106°30"7", b4k 26°40'36"") , ZTE & F K I ¥
Xt ( Gen Bank accession No. MW376535.1),
W R B € N Fusarium nematophilum
2 A&

2.1 HARAEE OB RE IR A AR B R
G- (JK) -2 BEFpIGAL, & B Pl (Pl 7
JT R R 20.0 ¢, A APREN 10.0 g, KH,PO,
0.50 g, MgSO, - 7TH,0 0.30 g, #j#i#410.0 g, FEeh}
H3g, HEE20g, KETKIL), KHl&LHH
Fh PR T 5/ KK 50 g, EBT/K 50 mL K
FEAS | R ERLR A 500 4%, 25~29 C B P
45 d,

2.2 E#oTEZ FIHETH (DNA-ITS J7 41 H
gl ¥ 1TS1 ( 5'-TCCGATGGTGAACCTGCGC-3')/
ITS4(5'-TCCTCCGCTTATTGATATGC-3') #4T PCR
P38 FIFH MEGA. 7 S EE R G ER

2.3 OB H

2.3.1 EYElE SR H BEX R Fusarium
nematophilum KBS FE YR I 3 K, LR LR
W, 15408 LRI 40 ¢

2.3.2 kBYRTE LR OERAEBY 2R R
ik ores, URE-ZEHFE (0:1~1:0) BAE
VEML, 35457 DWW Fr. 1~Fr. 6, Fr.1 (3.88 g)
FUAMBE-CROTRIAR (15:1~1:1) WM
Ja, BHZEWMEE-TEARR (5:1~0:1) #17
TWREEREREEMT, 5F Fro1.1 (2.32 ), Fr. 1.2
(0.20 g), Fr.1.3 (0.80 g), Fr. 1.2 &l £
RS, 25% CIEBENE (R 3 mL/min,
R 254 nm) , BAEEY G1 (5.0 mg, ¢, =
11.829 min) ALEY G2 (2.0 mg, 1, = 12.654
min); Fr. 1.3 £ pTLC 4ifb, DL — G H be-H B
(5:1) JBIF, HBAY G3 (350.0 mg), Fr.2
(4.21 ¢) JEHBHIAE T H BB ARD T, U8
YR B AR I A3 B, Ry AR o H B e A b s
HEMEEY) G4 (8.0 mg) ; IEIRVES S 20 &
tHEIEAL, 20% CMEBEDE (AT & 3 mL/min,
R 254 nm) , A G5 (10.0 mg, ¢, =
10. 522 min) FLEY) G6 (8.0 mg, 1, =15.312
min) .

Fr.3 (7.28 ¢) VIAiHES-L TR OBRIRR (15
1~1:1) WG &P Re-FEAR (501~
0:1) #HAT ZIREERAEENTFE45 3] Fr.3.1(0.20
g). Fr.3.2 (2.0g). Fr.3.4 (1.5¢g), Fr.3.2 %
pTLC Zlifk, LI AW k-HEE (10 : 1) BIF, 15
k&% G7 (736.0 mg) FiLH % G8 (130.0
mg) o

Fr.4 (1.14 g) £ Sephadex LH-20 #¢ i #1: 4li
b, A H - (1 1) YE, 19 Fr.4.1
(132.8 mg) ., Fr.4.2 (79.0 mg) . Fr.4.3 (40.0
mg) , Fr.4. 1 208 ik alifh, DL 10% Wiz
e (AR & 3 mL/min, #I03E K 254 nm)
3159 G9 (6.8 mg, 1,=6.733 min),

Fr.5 (1.00 g) % Sephadex LH-20 % 41 4l
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b, iZE@ W Be-HEE (1 1) e, 18 Fr.501
(105.6 mg) . Fr.5.2 (213.4 mg) . Fr.5.3 (565.0
mg), Fr.5.3 2 pTLC #ifk, DL — & W Be-H B
(10 : 1) J&FF, HBAE% G10 (5.0 mg) .

Fr.6 (1.29 g) 4 Sephadex LH-20 % i #F: 41
b, DA EEBENG, % Fr.6.1 (200.0 mg) . Fr. 6.2
(246.6 mg) . Fr.6.3 (186.8 mg) . Fr.6.4 (237.8
mg) ., Fr.6.1 ZFHl sk aifl, DL 5% O
YERE (F A 3 mL/min, AP 254 nm, 210
nm) , LAY G11 (9.0 mg, 1, =7.363 min) .

L&Y G12 (17.8 mg, 1, =23.43 min), Fr.6.2
Pl A alife, LL10% FEEPER (AR E 3
mL/min, MK 254 nm, 210 nm), L&Y
G13 (11.0 mg, ,=10.585 min)

2.4 o-BEIFERIpEERN K LAY R
N1, 0.8, 06,04, 0.2, 0.1 mg/mL, o
TR By 280 U/mL, MIA o8 1 it S Xl 248
Fh-o-D-NE G EEL (PNPG) 5B RN S04 K
37 C . 15 min, ARG T 405 nm P KT A
WEOCRE . SOWAR ZR SRR DL 1,

F1 o-HEEEBIDHIEENN R EE R

Tab.1 Reaction system of a-glycosidic enzyme inhibition activity test

21 51 PBS/pL 5% DMSO/ pL L&/ L o- BTG/ L PNPG/pL Na, CO;/pL
A 70 10 — 20 20 80
B 90 10 — — 20 80
o 70 — 10 20 20 80
D 90 — 10 — 20 80

HE: AAZEY, B EHMIELAL, CohSiRdl, D hSisxs g,

TR o8 B A, A K R =
{ [ (AA_AB> - (AC_AD) ]/ (AA_AB> f x100% ,
Hr A, ~Ay 735010 A~D HBOCE
3 ERE55
3.1 AmEEsR WAHERE G- (JK) -2 rDNA
() ITS 28 PCR §73, 7*HI1¥ 3K 563 bp, W17 4L
P& GGAGGGGGGATCCTACCTGATCCGAGGTCACA
TTCAGAAAAGTTGGGGGGTTTAACGGCTTGGCCGCG
CCGCGTTCCAGTTGCGAGGTGTTAGCTACTACGCAA
TGGAGGCTGCAGCGAGACCGCCACTAGATTTAGGGG
CCGGCGCGTCCTCTGGCGAGGCCGTTGTGCCGATCC
CCAACACCAAGCCCGGGGGCTTGAGGGTTGAAATGA
CGCTCGGACAGGCATGCCCGCCAGAATACTGGCGG
GCGCAATGTGCGTTCAAAGATTCGATGATTCACTGA
ATTCTGCAATTCACATTACTTATCGCATTTCGCTGCG
TTCTTCATCGATGCCAGAACCAAGAGATCCGTTGTT
GAAAGTTTTGATTTATTTATAGTGGTACTCAGAAGAT
ACAAATTAAGACAGGGTTTTGGGTCCTCTGGCGGGC
CGTCCCGTTTTACGGGGCGCGGTGATCCGCCGAGGC
AACAGTATGGTATGTTCACAGGGGTTTGGGAGTTGT
AAACTCGGTAATGATCCCTCCGCTGGTTCACCAACG
GAGACCTTGTTACGACTTTTACTT,

MHEMIES EFR, ERIE IR — B )5 i 22 2
He, fAetk, HEMN B TFIEESS Fusarium
nematophilum JEA—F, UWE 1, #EW G- (JK) -2
Bl EN Fusarium nematophilumm o Mo MAE -
AT, BRI P 0 FE NCBI Hi#E 1T BLAST,

480

Bl BoR AT 20 5P 5NN Fusarium sp., FHALRE
93% ~97% . FIH MEGA 7.0 # etk it, J5
NIRRT (maximum likelihood, ML), AT
Z4{ Bootstra &K 1 000 IRE R, HASHKE N
BoONE, WHE 2, 858 %W G- (IK) 2K

Fusarium nematophilum ,

B1 G- (JK) 28FES
Fig. 1 Spore morphology of 2 G- (JK) -2

3.2 eemaEmER EW Gl AR, o
T C,H,0,, ESI-MS m/z: 123.1 [M + H]" 'H-
NMR (600 MHz, CD,0D) 8: 9.74 (1H, s, H-7),
7.76 (1H, d, J=8.7 Hz, H-2, 6), 6.90 (2H,
d, J=8.6 Hz, H-3, 5); “"C-NMR (150 MHz,
CD,0D) 6: 192.9 (C-7), 166.0 (C-4), 133.5
(C-2, 6), 129.9 (C-1), 117.1 (C-3, 5), Uk
a5 SCHR [4] WERA -, WEER p-
hydroxybenzaldehyde ,
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NR_I11586.1 Fiesarim concomtricsen NRRL_25181

NR_111142.1 Froarium acutonen CBS 40297

NR_172292.1 Fuosriuon burgesci CBS 128537

NR_111606.1 Fisanim sibbnaaem CBS_ 18934

NR_159860.1 Ficwar,

o marragi CBS_393.96

INR_156397.2 Fisarium petersior CBS_143231

NR_173439.1 Fiesarium setomen CBS_63592

4'? * )
W
28 MW3T6835.1 Fusarim nomatophiluen strain_Ych 0053

NR_174630.1 Fasuriam clcatricss CBS 125549

NR_ 1480501 Fresarivem domextionn CBS_ 434 34
m

NR_137007.1 Fusarfum peresieli CBS 31734

B2 G- (JK) -2 Rgitbid
Fig. 2 Phylogenetic tree of G- (JK) -2

& G2, HEkA, 47 CH0,, ESI-  (C9a), 131.9 (C-1), 129.9 (C-4a), 129.0

MS m/z: 137.1 [M + H]*.,'"H-NMR (600 MHz,
CD,0D) 6. 7.88 (2H, d, J=8.8 Hz, H-2, 6),
6.83 (2H, d, J=8.8 Hz, H-3, 5), 2.52 (3H,
s, H-8); "C-NMR (150 MHz, CD,0D) &: 199.5
(C-7), 164.3 (C-4), 132.1 (C-3, 5), 130.0
(C-1), 116.3 (C-3, 5), 26.3 (C-8), VL F%¥E
HXH [5] wE XA -, MEEHN 4
hydroxyacetophenone ,

&Y G3. Bk, 77X CH0,, ESI-
MS m/z: 113.1 [M + H]*.,'H-NMR (400 MHz,
CDCL,) 8: 5.82 (1H, m, H-6), 4.39 (2H, t,
J=6.3 Hz, H-3), 2.39 (2H, m, H-4), 2.01
(3H, m, H-7);"” C-NMR (100 MHz, CDCl,) &:
164.7 (C-1), 158.0 (C-5), 116.7 (C-6), 65.9
(C-3), 29.2 (C-4), 23.1 (C-7), VU LEEHES X
ik [6] fAE—EL, BEEEN anhydromevalonolactone

EY G4. EEHmAK, 5+ C,H,N,0,,
ESI-MS m/z: 307.1 [M-H] .,'"H NMR (400 MHz,
DMSO-d,) 6: 11.61 (1H, s, H-9), 8.85 (1H,
s, H-4), 8.42 (1H, d, J=7.9 Hz, H-5), 7.82
(1H, d, J=8.3 Hz, H-8), 7.65 (1H, t, J=7.7
Hz, H-7), 7.42 (1H, d, J=3.3 Hz, H-3'),
7.35 (1H, t, J=7.5 Hz, H-6), 6.63 (1H, d,
J=3.3 Hz, H-4"), 4.68 (2H, s, H-6");”C-NMR
(100 MHz, DMSO-d,) &: 166.6 (C-10), 157.3
(C-5"), 150.3 (C-2"), 141.4 (C-8a), 132.5

(C-7), 122.1 (C-5), 121.0 (C-5a), 120.6 (C-
6), 115.8 (C-4), 112.9 (C-8), 111.1 (C-3"),
109.3 (C-4'), 56.0 (C-6"), VI I %4 5 3cmik
[7] OEFAR—F, HEREN flazine,

&Y G5 JTstah, 41X C,H0,, ESI-
MS m/z: 139.3 [M+H]".,'"H-NMR (400 MHz,
DMSO-d,) 6 7.79 (1H, dd, J=7.9, 1.8 Hz, H-
6), 7.51 (1H, t, J=8.0 Hz, H-4), 6.93 (2H,
m, H-3, 5); "C-NMR (100 MHz, DMSO-d,) &:
171.9 (C-7), 161.1 (C-2), 1357 (C4),
130.3 (C-6), 119.2 (C-5), 117.1 (C-3),
112.9 (C-1), DL EBURSSCHR [8] Hlkid A —
B, BERE R salicylic acid,

&Y Ge. Tkt i, 41X C,H0,, ESI-
MS m/z: 137.1 [ M-H ] ,'"H-NMR ( 400 MHz,
DMSO-d,) &: 12.41 (1H, s, OH), 10.21 (1H,
s, OH), 7.79 (2H, d, J=8.8 Hz, H-3, 5),
6.82 (2H, d, J=8.8 Hz, H-2, 6); "C-NMR
(100 MHz, DMSO-d,) &: 167.2 (C-7), 161.6
(C-4), 131.5 (C-2, 6), 121.4 (C-1), 115.1
(C-3, 5), DLbBdiS ik [9] il dA—3,
S XE A p-hydroxybenzoic acid,

&Y G7. Lk, o+ X C, Hy Oy,
HR-ESI-MS m/z: 413.265 77 [ M+Na]*,' H-NMR
(400 MHz, CDCl,) &; 7.71 (1H, dd, J=5.7,
3.3 Hz, H-2), 7.54 (2H, dd, J=5.7, 3.3 Hz,
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H-3), 4.21 (2H, m, H-6), 1.68 (1H, m, H-
7), 1.36 (8H, m, H-8, 9, 10, 12), 0.91
(6H, m, H-11, 13);”C-NMR (100 MHz, CDCI,)
5: 167.9 (C-4), 132.5 (C-1), 131.0 (C-3),
128.9 (C-2), 68.3 (C-6), 38.9 (C-7), 30.5
(C-8), 29.1 (C-9), 23.9 (C-12), 23.1 (C-
10), 14.2 (C-11), 11.1 (C-13), Vi ¥ 5
Wk [10] #tiB A — 8, M EE R di- (2-
ethylhexyl) -phthalate,,

&Y G8. # ik, o+ C, Hy 0,
HR-ESI-MS m/z; 413.266 2 [ M+Na] *.'H-NMR
(400 MHz, CDCl,) &; 8.10 (s, 4H, H-2, 2’, H-
3, 3'), 4.25 (m, 2H, H-6), 1.73 (m, 1H, H-
7), 1.39 (m, 8H, H-8, 9, 10, 12), 0.92
(6H, m, H-11, 13);"”C-NMR (100 MHz, CDCL,)
8: 166.1 (C-4), 134.4 (C-1), 129.6 (C-2),
67.9 (C-6), 39.0 (C-7), 30.7 (C-8), 29.1
(C-9), 24.1 (C-10), 23.1 (C-11), 14.2 (C-
12), 11.2 (C-13), DA #dis 5 cmk [11] 4RkiE
— 2, B % % M terephthalic acid bis ( 2-ethyl-
hexyl) ester,

EW GY:. Atk K, 713 CHN,0,,
ESI-MS m/z: 127.1 [M+H] *,'H-NMR (600 MHz,
DMSO-d,) &; 10.99 (1H, s, H-3), 10.57 (1H,
s, H-1), 7.24 (1H, d, J=5.6 Hz, H-6), 1.73
(3H, s, H-7);"C-NMR (150 MHz, DMSO-d,) §:
164.9 (C-4), 150.5 (C-2), 137.7 (C-6),
107.7 (C-5), 11.8 (C-7), Dh I % ¥ 5 C ik
[12] #RIEEEA 3, BUEE R thymine,

&Y G10. HETEL AR, CHN,O,,
ESI-MS m/z: 244.2 [ M-H] ,'H-NMR (600 MHz,
DMSO-d,) 8: 11.32 (1H, s, NH), 7.89 (1H,
d, J=8.1 Hz, H-6), 5.78 (1H, d, J=5.5 Hz,
H-1), 5.65 (1H, d, J=8.1 Hz, H-5), 5.39
(1H, brs, OH), 5.10 (1H, brs, OH), 4.02 (H,
t, J =53 Hz, 1H-2"), 3.96 (1H, m, H-3"),
3.84 (1H, q, J=3.4 Hz, H-4'), 3.62 (1H, d,
J=3.3 Hz, H-5'a), 3.55 (1H, d, J=3.3 Hz, H-5'
b) ;" C-NMR (150 MHz, DMSO-d,) &: 163.3 (C-
4), 150.9 (C-2), 140.9 (C-6), 100.9 (C-5),
87.8 (C-1'), 84.9 (C-4"), 73.6 (C-2"), 70.0
(C-2), 60.9 (C-3"), VILHdES ik [13] A
—3, BUERE N uridine,

k& G11: \aEE, 37 C H N0,
482

ESI-MS m/z; 268.1 [ M+H]*,'H-NMR (600 MHz,
DMSO-d,) 6: 8.36 (1H, s, H-2), 8.14 (1H, s,
H-8), 7.35 (2H, s, NH,), 5.89 (1H, d, J=
6.2 Hz, H-1'), 5.50 (1H, brs, 2'-OH), 5.44
(1H, brs, 5'-OH), 5.26 (1H, brs, 3'-OH),
4.62 (1H, t, J=5.6 Hz, H-2'), 4.15 (1H, m,
H-3'), 3.97 (1H, q, J=3.4 Hz, H-4"), 3.67
(1H, brs, H-5'a), 3.57 (1H, brs, H-5'b);"C-
NMR (150 MHz, DMSO-d,) &: 156.1 (C-6),
152.4 (C-2), 149.0 (C-4), 139.9 (C-8),
119.3 (C-5), 87.9 (C-1'), 85.9 (C-4"), 73.5
(C-2"), 70.6 (C-3"), 61.7 (C-5"), LI ¥R
SCHR [14] HOEFRAR—F, SHEE N adenosine,
&Y G12. wamAK, 4510 CH,N,O0;,
HR-ESI-MS m/z: 227.067 345 [ M-H ] .'H-NMR
(400 MHz, DMSO- d,) &: 11.30 (1H, s, NH),
7.86 (1H, d, J=8.1 Hz, H-6), 6.15 (1H, t,
J=6.8 Hz, H-1'), 5.64 (1H, d, J=8.1 Hz, H-
5), 5.26 (1H, brs, OH), 5.03 ( 1H, brs,
10H), 4.23 (1H, m, H-3'), 3.78 (1H, m, H-
4'y, 3.55 (2H, m, H-5"), 2.10 (2H, m, H-
2');" C-NMR (100 MHz, DMSO- d,) &: 163.2
(C-4), 150.5 (C-2), 140.5 (C-6), 100.8 (C-
5), 87.4 (C-4"), 84.1 (C-1'), 70.4 (C-3"),
61.3 (C-5'), 39.7 (C-2"), UL % ¥ 5 ik
[15] #RiE—2, $%EEH 2 -deoxyuridine
k&Y G13. A E I Hm A, 57X
C,H,NO,, HR-ESI-MS m/z: 122.024 45 [M-H]",
"H-NMR (400 MHz, DMSO-d,) 6: 9.08 (1H, d,
J=2.1 Hz, H-2), 8.80 (1H, dd, J=4.9, 1.7
Hz, H-6), 8.29 (1H, dt, J=7.9, 1.9 Hz, H-
4), 7.56 (1H, dd, J=7.6, 4.5 Hz, H-5);"C-
NMR (100 MHz, DMSO- d,) &: 166.2 (-COO0-),
153.2 (C-6), 150.1 (C-2), 137.1 (C4),
126.6 (C-3), 123.9 (C-5). DI b%¥¥s 5 3k
[16] IBIEEA—F, HXEE M nicotinic acid,
3.3 a-BEEApH) EEN X 7RI T R
BN (0.1~1.0 mg/mL), o~ 254 B Ao 40 7
FHBE 2 B i 0 v B 3 i s, BRIk N 1
mg/mL 5 G4 1 3 1 36 P £ 5, 90 R AT gk F)
(47.90+0. 87)% , 7&K 5T i e 9l N 4516 &
Prxt o 5 R R VR AR IR G4>G11>G10>
G13>G12,
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R2 BOUESYN «HEREEHBIMBIER (xs)

Tab.2 Inhibitory effect of some compounds on a-glucosidase enzyme (x=s)

Ttk 2/ A%
(mg-mL™") G4 G10 G11 G12 G13 Bl ke
1 47.900. 87° 36. 54+0. 36 40. 510. 82° 27.22+0. 56 27.72+0.17° 89. 02+0. 87°
0.8 34.03=+0. 88" 26.96+0. 21" 32. 80+0. 73" 23. 67+0. 62" 24.96+0. 59" 86. 65+0. 63
0.6 32.55+0. 48" 25.23+0. 22° 30. 54£0. 39° 16. 57+0. 44° 21.20+0. 54° 84.86x1.27"
0.4 30. 710. 27 21.57=0. 864 26. 08+0. 644 12. 43+0. 33 19.91+0. 46° 82.39+0. 59°
0.2 30. 18+0. 784 19. 08+0. 16° 20. 10+0. 62° 9.22+0. 03¢ 16. 41x0. 30 78.27+1.1¢
0.1 26.12+0. 11° 17. 50+0. 25" 12. 82+0. 50" 4. 1420. 48° 15. 02+0. 74¢ 71.30+0. 77°

1 AFE/NEFEACEAR BTk B Z B R % 2 57 (P<0.05),

4 iTig

AT BE IR T R N AE B E G- (JK) -2

AT TS, W o] R WA B E Fusarium

nematophilum , YT HIR HACH = P58 o0 455 T

13 MG, EYRRAIEHmIRIE Vs,

EE. A ERMNRFEILANAE AR

Fusarium nematophilum W53 25153, Hd G7, G8,

G10, G11, G13 FHIX MR T8 WA B or 2515

B, o WEH EEAD G PR A SRR, (LAY G4

G111 7€ 1 mg/ml. BT E VR BE T 38 041 R 0 5]

A (47.90+0.87)% 1 (40.51+0.82)% . AWFF

F& T Fusarium sp. WAL EAEE, & L

AR B IR A = e s 4R it 7 2%

SE k.
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