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WE. NMEERKRTA AT BRAALZHBALRRAA AALZHRBRAEAD T ERBEMLR
HAt, RAABR S BRI FERAALLZRFRAANERRAE ,RENSHIEAKL T 18S 1DNA 4
N ZAAR A N HERA/R AT TEL BT LR FRAEL AR ZARRERSAAR A
MRAEEY R R B, EREVN NERARTATA>BHALAR T, KR I HRAALZH
A BEARFRAAERG A AR FS-01, 252 Z AL AH B MK ARLETH (Chaetomium globo-
sum) , VAR REEREAR TS A BEMS.ED 1.50% BEZ24H 1.00% Fik A =47 0.05% #
BR4E 0.10% ,pH 18 A 7.0,3 7B E 4 30 C, B EH6.0%, 30 A 5d, HLKRFHOKRTA
N A AH Chaetomium globosum FS-01 STA S 2B A B AL EZOHRER, THEAALZHRRB
8 AR R AR,
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Identification and Optimization of Fermentation Conditions of an

Antagonistic Endophytic Fungus from Mountain-cultivated Ginseng

ZHOU Chunyuan,XU Shiquan, YAN Meixia, CUI Lili, HUA Shuang, WANG Yingping
(Institute of Special Wild Economic Animals and Plants, Chinese Academy of
Agricultural Sciences,Changchun 130112, China)

Abstract; The antagonistic endophytic fungi were isolated and screened from healthy mountain-cultivated
ginseng leaves,to provide good strains for the biological control of ginseng black disease. Tissue isolation
method was used to isolate the endophytic fungi. The antagonistic fungi was identified based on
morphological characteristics and phylogenetic analyses of 18S rDNA. The single factor experiment and
orthogonal experiment were adopted to optimize the liquid fermentation medium and conditions. The
results showed that endophytic fungi were isolated from healthy mountain-cultivated ginseng leaves.
Among them , strain FS-01 was found to have strong antagonistic activity against Alternaria panax. Strain
FS-01 was identified as Chaetomium globosum. The optimal medium was composed of 1. 50% starch,
1.00% yeast extract powder,0. 05% dipotassium phosphate,0. 10% magnesium sulfate and the optimal
culture conditions were inoculation size of 6. 0% and cultivated for 5 d at 30 °C with initial pH of 7. 0.
Strain FS-01 has strong antagonistic activity against Alternaria panax ,and could be a biocontrol strain for
developing against ginseng black disease.
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N2 (Panax ginseng C. A. Mey) N TN A=
JBZ A RN, EE AR E AR AL X, Horb
HAREKAILEZ NS FE X, T4k, BE A
SPGB, NS E BAEINE, NS BE
W (Alternaria panax) J& NS A 7= W AL 3088 | TG
FREE A E Z— AR 20% ~30% , )"
RT3k 709% DL EEE B4l OR E R e F ek
O ZERUR S 3 N S R U s R R A A
ORGSR SR %R BHr, B EAS R
TR B 455 AR Bl 3 Sy T 3 it P e TR R 4 A
RN £ A (A2 B IR 5 5 5 Bk 2 ok
B I AR T 2 P R X PR AR T R — E W TS
Pl AEYBIRF AR A SR EN R, HAA
BRAO B4 AR L 2 E DB BRAE 8 E By
TR TT R ARk #E AT N 2 BB 7 3 09 4 30 L
Ao B, SRR A BB 1A NS BB 1 R )
AR B IR AR O

HE ) N A TR R T AR T SR — S B Bl 4
FRBT B, AL IS TR A A A& RSN A s TS £
W) KA R R — R E RS AR
TR 7= 2B B R A AR = W R B R R A A
WA T R A ) RS TR B R R Y AR AR
K, AHRNERBEWIT T BE# 23 KT, Wik, U
AT Z M R 2R B R F SR 4 X N2
EBE TH B A R4 5P RS N A T R AT A
FE IO B 7R L TC J7 R T A5 LLIBE S R
TSN ERE T NS BB A Y B 6 21 8 H
B AL

1 MR 7

L1 8

1.1.1 #XAFAHA 201847 A, FHMKSE
TN B AT SRk ARG 5 RUBORE % SR 2R 15 4F
A A AR R B I R, A B AR N S % L 4 C R
e

1.1.2 BXAmRE  ASBENE (Alternaria pa-
nax) NZ5 185 HE ( Cylindrocarpon destructans) | A\
S 3 R IR B ( Rhizoctonia solani) . NZ M JE K & ( Fu-
sarium solani) \Aiﬁﬁ%ﬁ%(Botryti.s cinerea) N5
9% B ( Sclerotinia schinseng) NS ( Phyto-
phthora cactorum) ¥4 1 75 AR A Mk 2K 7 4 1) i 3 5
AL,

1.1.3 334K JEREGRE PD 5 3R3% 458 20.0 ¢
EF10.0 g SAALEN 5.0 g BRERES 1.0 g, 815 pH
i 7.0, Z&MKERZ 1LY,

1.2 RTSHNEERMYBA4L

KNG B FRE BTSNk
FLIR . BRI AR T S0 R F A koK bk, B
KRMPP L & TIRREEAES b 37 R E L
P CHKEBE 3K ,75% L BEi2 2 min, JCH K
YE3WR,0.1 %TFKRFE 1.5 min, JCHEKHVE3 W,
TCHE T A A B 0.5 emx0. 5 em /NJrHe,
TCH BT8R 2= PDA A b, BB SR Lk B
S5H,F 25 CHEEFM TR, ZHWE, FK
H L TR R 22 I PR IR VR 0 S TR 22 45 A BT PDA B
IRk b AT AR B 3R . WS mL dR R — IR VR Y
TCHK  URTE PDA 35525 b BT 5 2 B,
1.3 MAFHERDEIRXE

SR ST AROGT URR 325 0 26 9 AR S BT LT L R TR AR
MESNAEREMASHEREM S mm THITLE
FIRCR DR, HI K 5 4 9 A2 EC TR AN 2 Dt 1 4
F[F]— PDA VAR I, 2 P AHEE 3 em, DL H 2R A
SR ) PDA AR X IE . AR ALEE 3 A EA
F 25 CHEHREFEMPESR 7 d 5 RH 7%
W NS0 R B B V% B AR TR S N R B
NE 10N OE R R

TR 2 = (O BN 03 5L T TR 9 78 — T R 5 5
N2 5 B 95 BLAR) /0 IRON B R YR
#x100% ,
1.4 BEHREERINEIKE
141 REERGHE FHHYIGHE 1 MR A LA,
4N FS-01, ¥ iZ W KRTE PDA P4k 361k 7 d
JE AETLHEI AT 5 mm LT HC 10 I F
OF 2% A 100 mL PD WA R 519 250 mL 4k
JEHE T, T B 4F T 25 °C 120 r/min % 8UfE IR $%
IR EIRGIHEFR T do TR T RN RS X
R BUZ 20 A i DR R L 22, I8 4 5 000 1/ min 2
> 15 min BERVITE , LIFWA LN 0.22 pm A4l
Pt B AR I B 2 FS-01 B AR O & BE, B T UK
Fi(4C) PR,
1.4.2 KBRS ALRBRE G LA K635 4
A W2 mL & LF R R R, N 45 °C () PDA
Regedkep BT, LA 2 mL JC B K 89 S BV
HE K N S5 s T oA DF 422 b TP Al b e BT 25 C
PRI A PR g, 537 7 d 5 R se Xkl
KK EAR, T FS-01 Bk AT A 2% 5 Y
M, kR 1.3,
1.5 NEEREMNEE
1.5.1 BEF%52 KBHKTSHNAEERFRZLMT
PDA “Fif I, R A 86 7 W00 o 52 38 D 45° A
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AR IR BT 25 CHBHRE TR 7
J&  TE R ARUBE T WLE JE T E SRR AIE
1.5.2 T A45 %2 FIH DNA R & 52 BUobk
TZ N4 B E S 4, X% rDNA-ITS [X 1 # 17 PCR
Yoo A58 1TS1 (5 - TCCGTAGGTGAAC-
CTGCGG=3") il ITS4(5'-TCCTCCGCTTATTGATAT-
GC=3") YT AW TR ( LE) A RAFS
., PCR JZWAAZ (25 wl) :10xPCR ZZ 1Pk 2.5 plL,
R4 1.0 pl,2. 5 mmol/L dNTP 2.0 L,
5 U/uwL 1Y Taq B 0.1 wL, DNA AN 1.0 wL, )5
TNALZE K AP 2 2 25 pl, PCR 4718 4 14.95 °C ie
Pk 3 min;95 CA5 1 40 5,53 CIiB k 35 5,72 C I fif
30 s, 4t 35 NMEH ;5 72 CLEMP 10 min,

PCR =Wy i A F U 7 e A2 A9 T2 ( B
B A BR 2> ) 58 1. AT BLAST R4 I e 245
7E NCBI £54i8 i b i 47 A 4, W Clustal 5144 i 17
ITS 4 Le X, B J5 F MEGA 7. 0 %44 L 4B 4 1 44
HRGERKEW .
1.6 FHETBERINEEZ KN E

SR ST A 68 R 325 5% 435 470 T AR 1A AT 400 BT L %)

L, RS H 1.3,
1.7 EREHREZBEEGRL
1.7.1 BHRAERSKAL  BEDA . 75 =AM SR
AR IR BT 43 00 F 22 200l FLBE L EOR M TR R
A5 i R M L Atk A T 4 R R P R N D) SR RE &
T 15 % 2 R X R
AR AL A8 HA S A AE G5 DL R, 43 590 FH 1
FERM AR ISIRET R | S B A R e SE Atk
S W B 95 R R A 3R A, DA B R I I R S R TR
TR AL  7E A S A AR B 1 B0 R, 430
WML S B0 IR R O R B | IR B M R I Kk A
R R L Atk K TR IR B P B R S, Lt R R
I I N X R
1.7.2 3/RA R E KRB MG IR 5 3
PR 00 A 45 5, v B f AR TR (TE R ) RUTR (BT
B AR (B S B e R R ) Ik 4 NIHEK
WE 3K, T IERRE (F 1), KK
I3 WRES B3 WA 1 P Y EAE R & BEEL T )
R LER

F1 BRENSEXRBEZESKF

Tab.1 Orthogonal factors and levels of culture medium %
KT A(TERD) B(BEEEZ A ) C(HEMR A —4) D (B R EE)
A (Starch) B( Yeast extract powder) C( Dipotassium phosphate ) D ( Magnesium sulfate)
1 0.50 0.50 0.05 0. 05
2 1.00 1.00 0.10 0.10
3 1.50 1.50 0.15 0.15

1.7.3  REE&EEHA ETRAN LRI G
MRS UG pH A TR BE | #2Fh o R & IS (] %) P R FS—
Ol IR R, (1)&4 pH . %% 5.0,
6.0.7.0.8.0.9.0.10. 0 £ 6 N E A pH H, R 5
F 25 C 150 v/min 50 FHFE S o, R D00 PR 255K
(2) TR % E 20,25 .30.35 .40 45 C 3k 6 iR,
MR T 150 o/min ST EE IR 5 d, R I TR AL
W (3) HEFE.IRE 3.0%.4.0%.5. 0% .6. 0% .
7.0% .8.0%3L 6 A~ Mp i, MG T 150 o/min 5%
PETRRFR S o, R TR ROCR 5 (4) R BERSE] . 3 2
3.4.5.6.7 d 3t 6 AN KBRS T 25 °C (150
v/min 545 85 IR RGO A0 R ROR .

2 HEREGAMN

2.1 HMTISHERMENS B

M2 n LB HERE FS-01 5 A 2% JE T 4
EEE 3R 7 d B, XA 7 Rk DR B 2 A AN [ R
(R A VR G ot N 2 BB B A 0 SR B A, 3

WR N 35.83% ; AT 3 WTLLAE H, W Bk FS-01 )%
P2 X 7 R T T . 3 B e e 11 0 R KRS AE X
UG5 550 7 KA, bR FS—01 Y & B 0 A\ = BB
I3 BRI ) I R R B A, o 49. 04%

F2 HHRFS-01 WASKRERELERKMOMEER
Tab.2 Inhibitory effect of FS-01 strain against

mycelial growth of ginseng pathogens %
NS5 R eI
Ginseng pathogen Inhibition rate
NZBERH Alternaria panax 35.83
ANBGEIEIRW Cylindrocarpon destructans 26. 18
NS MR Rhizoctonia solani 24. 37
NS IRIEIRE Fusarium solani 19. 07
NS IKFEIS W Botrytis cinerea 18.53
ANBWNIRH Sclerotinia schinseng 21.39
NS PEFRW Phytophthora cactorum 17.67

2.2 HRHEKRHEE
2.2.1 BAEFEL I ERS N UUR K FS-
01 HEFP % PDA B3 3krh | W32 5 4 )5, MK
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x3 BEHRFS-01 RBRNASKEREZ
K HH S 4E
Tab.3 Inhibitory effect of FS-01 strain fermentation broth

against mycelial growth of ginseng pathogens %

A S i
Ginseng pathogen Inhibition rate
NSRBI Alternaria panax 49. 04
ANBGEIEIRH Cylindrocarpon destructans 30. 38
NB SIS Rhizoctonia solani 33. 88
ANSIWRIBHH Fusarium solani 29. 22
NBIKFEIRH Botrytis cinerea 32.02
NS WHEIR Sclerotinia schinseng 36. 83
NBPEIRE Phytophthora cactorum 58.47

O NG AMNIE (K 1A) . KB 10d £4, 6 T#R
RE M, FREMEE , FRAM0 716 FrEIE , Wi
g T B A i &L (K 1B) .

2.2.2 ST AEMFERE WK FS-01 /) 18S rDNA
MFEF3E] T 571 bp DNA K31 545 8 B ¥ 51 5 NC-
BI %48 &2 BLAST Hext, 453 W, FS-01 B Bk 5 %
5N KX421415. 1 BER BT ( Chaetomium globo-
sum) SRR R T RE LB FE—53% L
(F2), 454 Hk FS-01 78 PDA VAR T &2
SAE, DL FE T 18S fDNA FFAI M R 4 & & M &h
BOMERE IR FS-01 HER BT (C. globosum) , fiy
2N C. globosum FS-01,

B 1 FS-01 B AFISE
Fig.1 Characteristics of FS-01 strain on PDA

65 C. cochliodes(NR151835.1)
410‘£ C. megalocarpum(KC109743.1)
1 C. pseudocochliodes(NR144824.1)

11 C. angustispirale(JN209862.1)

C. fimeti(JN709488.1)
C. spirochaete(NR144823.1)

3 D C. globosum(KX421415.1)
68 C. globosum FS-01
 — C. subglobosum(NR144826.1)
g L__': C. coarctatum(NR144822.1)
64 C. olivaceum(JN209910.1)

2 FS-01 HH%ET 1I8S rDNA MELKABW
Fig.2 Phylogenetic tree of FS-01 strain based on 18S rDNA sequences

2.3 ERERMEIEHNE

S R IR 4 SRR FS—-01 B AR N £ Bl A 2%
i AT EL A A 1 A S T G ke N 2 PR B TR
IR e I R ik 83, 12% (35 4) , ] WL Bk FS-
01 ST, Al JF & NS BEBEI 1 A5 B TR A
2.4 HNEMEBZGRK
2.4.1 BRAERSKA ARG EIEATCHLEL X
FS—01 PRI TR 16 M 52 e i 3R 5 TR o #E T A i
PR rb LAE K A B R IS A B P e K, B0 T B LR R
20. 37 mm, K I UE B A S5 il e U5 78 BT A AR DA

R4 Bk FS-01 W E L

Tab.4 Spectrum of the strain FS-01 %

B R

Ginseng pathogen Inhibition rate
NS BB Alternaria panax 83.12+0. 78
ANBEBIRH Cylindrocarpon destructans 35.74+0. 66
ANZSEHRE Rhizoctonia solani 54.48+0. 14
ASRIEWE Fusarium solani 67.33+0. 42
NS IKBEIR Botrytis cinerea 26. 05+3. 37
ANBBMIEE Sclerotinia schinseng 62.12+2. 46
NZ PR Phytophthora cactorum 23.12+2.54
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Wi BF 32 0 SR VR B B R AR K, PR R AR R
23.15 mm, K B2 BE IR 0 O f5c 38 ROUR ; 78 T A B L

b, DAWSBR S 0 O JCHLER ik R A o 41 R T
HAE K 23.85 mm, FILBERR & 40 A f il THLE: .

x5 AEABK.BMENEIFEHK FS-01 MFERNF I

Tab.5 Effect of different carbon sources,nitrogen sources and inorganic salts on inhibitory effect of FS-01 strain mm

{3/ 005 P A AR 05 B AR THLER 005 P A
Carbon source Inhibition zone Nitrogen source Inhibition zone Inorganic salt Inhibition zone
3 15.11b [R5y 23. 15e e 23.85e
Maltose Yeast extract powder Dipotassium phosphate

RS 16.96¢ k=1 21.67d Wil sE 18. 64¢
Lactose Beef extract Manganese sulfate

F KK 14.32a Tl ik 5.26b Wil e 21.16d
Corn flour Potassium nitrate Magnesium sulfate

B 20.37e JR % 4.51a R e 8.53b
Starch Urea Zinc sulfate

T 18.45d S 7.36¢ i W4k 3.26a
Saccharose Ammonium chloride Ferrous sulfate

T [ B TR /NG 5 B 3R0R 22 53 W 3 (P<0. 05)

Note: Different lowercase letters in the same column indicate significant differences( P<0.05).

2.4.2 ERKE LIEH (A) EEEB (B) B
FRE AP (C) MBRREE (D) WINE 3% L,(3*) IEX
FBEIT I P 2 =K B9 IE AR K 38 i I E FS-01
AR X N S 2 B B 1) 400 T RN i R R A R
B R IR IR . B IR B R Z TR L4 AN

FEX NS BBER IR Wm0y A>B>D>C, i fE
KA AB,C,D, (£ 6); e RN,
IR A X FS—01 BB A 2 0 T 1% M 5 e f =25 1A
WA 2 35 A R 0 B AR T 7 WE B 1. 50% | B BRI R
1.00% R & — 4P 0.05% FilREE 0. 10%

F6 ABEFEELTRITL(3)RRKER

Tab.6 L,( 3*) orthogonal design of fermentation culture medium and the test results

%5 No. A B ¢ b Inj:ll]illi‘liz;l/zle
1 1 1 1 3.57
1 2 2 2 12.36
1 3 3 3 41.55
2 1 2 3 13.78
2 2 3 1 20. 34
2 3 1 2 80. 23
3 1 3 2 61.27
3 2 1 3 62. 89
3 3 2 1 76.58

X 21. 531 28.583 50. 731 33. 637

£ 39. 462 35. 442 34. 166 53.852

x5 70. 734 67. 471 46.378 44.278

R 50.629 39. 664 18.553 22.639

2.4.3 KBS TEE LW MR AR R IR
Ay SRl 1 6 FS—01 B8 B 1 K e 4% 1 A7 B PR 3
AR (B 3) o 45 R F W AR 3% 55 X FS-
O1 B& R 19410 B 05 M S M 0K, 24 pH (B 7 B
Fi KM 28.54% ,pH (1L = s AIG, #6 2 FEAR FS—
O1 B&I R (410 BT 06 M 5 M G SR TRy 30 C i P R
RN 45.24% ,FS—-01 BB 14 30 58 06 P A ok 5 24 4%
Ty 6. 0% I 310 TR 3 85 KO 54, 13% 5 30 T/ % Bl

e T I [] A9 A < 2 T 85 I B AIG, S R e ] 2 5 d
B I B R e KR 63, 18% ., i UL W] 1, 5 0 B Ak FS-
01 feili K BE & pH (E2H 7. 0, el ¥ 37 IR
30 °C B iEEME N 6. 0% , BodE B FR M E o 5 d,

TER AR R B MR BT i 1T 3 IR
R , TR R 92, 65% ., K, IR 1L 5 B9 & i 1
Fr BT TR BE S A R T FS—01 18 AR 310 5 3 1
Wy o ) A
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Fig.3 Effect of different fermentation conditions on the
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3 w5t

AHEFE A AT S0t ik 1 Bk A dS
PUELTR FS-01 18 #k , 28 % € N 3K E 52 1§ ( Chaetomi-
um globosum ) , T Fe fFE 1% 35 5L w0 FUR BS54 F L 1%
A FE BT B RS BB R IR E ok 92.65%

BRESHERE T FREW] EBTHE . B
B, ZamTaER LR EZFARFTE S,
JEH LB R N A BB 8 RE A AR W P R
AR = ek B e F I W A R VB A 2K
S EAMRA W PRSI  BREB
V2 B 7 8 T Y BB DR A A T R R AR Y, )
95 AV A A B P L S A I 3 4
BB BBk T S TR AT 4 I S R AT R [ R

L DT A B S A R T R i v A
JH 2 A A A o s T A B A ST B e R
B, P9 A R B R 5 B AR A I A AR
X Il SRR e B A ARG B A B A o AR IF S A B
MR St R 4 B R AS I BRE 52 1 FS-01 T8 Bk, %)
7 BN S IR A AR R G NS R B T
] ROR B R 3N AR L AT AR I NS E
BT

T W B2 A R IR AR RO D T 4R
75 FS—O01 B BRI B % 1 4 0 A 7™ i, i id B DY R
KAl T 35 IR B B0 B e W AR A IR S AR 5 LA
R AL, U)o G R RS I 2l — b o 284 A 7 T
70 B85 B Bl
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