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Abstract: [Objective] This study screened effective and broad-spectrum biocontrol fungi against main
pathogens of Panax ginseng to enrich biocontrol microorganism resources. [Method]) Soil fungi were isola-

ted from rhizosphere soil of healthy Panax ginseng by dilution plate method. Biocontrol strains, with high-
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ly antibacterial activity against 7 ginseng pathogens including Alternaria panax . Rhizoctonia solani , Fu-
sarium solani ,Cylindrocar pon destructans » Phytophthora cactorum ,Sclerotinia schinseng and Botrytis ci-
nerea were screened using pairing culture method. Biocontrol fungi were also identified based on morpholo-
gy and rDNA-ITS sequence. [Result] A total of 400 fungi were isolated from P. giseng soil,among which,
15 had broad spectrum antimicrobial effect on 7 P. ginseng pathogens. Especially,Rhizoctonia solani were
strongly inhibited by all of them with the inhibition rate of >50% ,and FSR-106 was the strongest with the
inhibition rate of 87.41%.FSR-121 was the strongest against Alternaria panax with the inhibition rate of
60.00% sand FSR-74 was the strongest against Fusarium solani with the inhibition rate of 67. 48 %. Inhibi-
tion rates of FSR-46 against Cylindrocarpon destructans (66. 67 %) and Botrytis cinerea (68.97%) were
the highest. FSR-97 was the strongest against Phytophthora cactorum and Sclerotinia schinseng with inhi-
bition rates of 73.33% and 66. 67 % ,respectively. Morphological and rDNA-ITS sequence analysis showed
that the 15 biocontrol fungi could be divided into 6 genus,i. e. 8 belonged to Trichoderma.3 belonged to
Penicillium,one belonged to Aspergillus,one belonged to Epicoccum, one belonged to Chaetomium and
one belonged to Daldinia. FSR-38 was identified as Epicoccum nigrum ,FSR-10,FSR-43 and FSR-106 were
T. atroviride, FSR-46 was T. longibrachiatum, FSR-55 was T. hamatum, FSR-72 was T. citrinoviride,
FSR-74 was Chaetomium globosum , FSR-97 was Trichoderma polysporum ,FSR-91 was Daldinia childi-
ae ,while FSR-25,FSR-67and FSR-121 were Penicillium sp. . [Conclusion] The screening method based on
rhizosphere soil of healthy gineng is a rapid and efficient way to seek for strong potential biocontrol
strains. The 15 biocontrol fungi isolated in this study have good potential for the control of P. ginseng
pathogens.

Key words: pathogens of Panax ginseng ; Trichoderma;TDNA-ITS sequence analysis;biocontrol fungi
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Table 1 Preliminary screening of biocontrol fungi in rhizosphere soil of Panax ginseng
O bR A it A DAL KA B B B L TR IR }\%E*Zﬁlil WA T
Strains Alternaria Rhizoctonia Cylindrocarpon Fusarium Phytophthora Sclerotinia Botrytis
panax solani destructans solani cactorum schinseng cinerea
FSR-1 + — ++ +++ + +++ +
FSR-2 ++ — + ++ — ++ —
FSR-4 ++ — +++ - - +++ +++
FSR-6 +++ ++ + - - ++ +++
FSR-7 — — - — + ++ ++
FSR-8 — + ++ ++ + ++
FSR-9 — - + - + - ++
FSR-10 ++ +++ ++ ++ ++ +++ +++
FSR-11 ++ — ++ +++ — ++ —
FSR-13 — - + ++ - - +
FSR-14 — — ++ ++ + ++ +++
FSR-15 — — + ++ + ++
FSR-16 + — ++ ++ + + —
FSR-17 - — + +++ + - +++
FSR-18 ++ — + ++ ++ + +
FSR-20 — — + +++ + + ++
FSR-22 ++ +++ ++ +++ ++ ++ ++
FSR-23 ++ - - - - + ++
FSR-25 ++ +++ + +++ ++ ++ +++
FSR-27 — — - + — - +
FSR-29 — - - ++ + - ++
FSR-31 +++ - ++ ++ + ++ ++
FSR-35 — ++ ++ - - - +++
FSR-38 +++ ++ ++ +++ +++ +++ +++
FSR-42 ++ + - - - + +
FSR-43 ++ +++ ++ ++ ++ ++ ++
FSR-44 — — ++ - + - ++
FSR-45 ++ — - ++ — ++ ++
FSR-46 ++ +++ +++ ++ ++ ++ +++
FSR-47 — — — + - + -
FSR-49 — + - + — — —
FSR-55 +++ ++ ++ +++ ++ ++ +++
FSR-56 — ++ - - - + +
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*& 1(&) Continued table 1
PR bR NS A L AL A% T ‘Eiﬂzii?ﬂﬁﬁ IO B S RIS A }§%3$¥§3E§ PR A
Strains Alternaria Rhizoctonia Cylindrocarpon Fusarium Phytophthora Sclerotinia Botrytis
panax solani destructans solani cactorum schinseng cinerea
FSR-57 - - + - T . -
FSR-64 - - - ++ + + -
FSR-67 ++ ++ ++ +++ ++ ++ +++
FSR-72 ++ ++ ++ ++ +++ +++ +++
FSR-74 +++ +++ +++ +++ +++ ++ ++++
FSR-75 — — ++ + ++ +++ -
FSR-77 ~ ~ ++ ~ ++ ++ +
FSR-85 +++ — — — — ++ —
FSR-91 ++ 4+ +++ +++ ++ +++ ++
FSR-94 ++ o+ + ++ ++ +++ o+
FSR-97 +++ +++ +++ +++ +++ +++ ++
FSR-100 ++ — — + — _ _
FSR-106 ++ 4+ ++ ++ ++ +++ +++
FSR-108 ~ ~ ++ ~ ++ +++ +++
FSR-120 — — ++ +++ — - +
FSR-121 +++ +++ ++ +++ +++ ++ +++

WA FEPUHFSEEE <0, 5 em; + L B BUW SR 0. 5~1 em; L FEPUH FEBE 1 oms —. IR TE .
Note: +. Antagonism belt width less than 0.5 cm; -+ +. Antagonism belt width 0. 5—1 cm; -+ + +. Antagonism belt width greater than 1

cm; —. No antibacterial activity.
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Table 2 Antibacterial activity of biocontrol fungi against 7 pathogens of Panax ginseng %
L)EN: | ASHRE S ABE S KR L% Sl BREER ABHHE KAEHRE
Biocontrol Alternaria Rhizoctonia Cylindrocarpon Fusarium Phytophthora Sclerotinia Botrytis
fungi panax solani destructans solant cactorum schinseng cinerea
FSR-10 35,4245, 24 dDE 60,0011, 28 aE 51.5241.51 aheBC 44,7611, 90 G 50.394+1,55 abecC  57.4143.85 abABCD  60,00£2, 57 aBCD
FSR-22 51.5241.75 bABC 65.18+1. 96 aDE 22,2243, 21 dFG 63.7040. 74 aBC 41,0343. 39 cDE 39.7443.39 ¢FG 47,3142, 85 beGH
FSR-25 50,5441, 07 cABC 68.26+2,10 aD 31,6744, 41 dDEF 63.3340. 83 abBC 36,5143, 18 dEF 56.79+1.23 beABCD 66,671, 38 aAB
FSR-38 44,8742, 56 cdCD 65.0840.79 aDE 37.0441. 85 dDE 54,1741, 04 beDE 53.03%5,46 heBC  58.3343.33 abABCD  57.58+3. 03 abCDEF
FSR-43 36,1143, 67 cdDE 75,6814, 68 aB 33.3346.01 dDE 46, 46+2, 67 beFG 29.63+1,85 dF 45,0042, 89 heEF 51.85+ 1,96 bEFG
FSR-46 55,5644, 20 bAB 73.33%1,67 aBC 66.6740.00 aA 47.83+2.51 bFG 52,0841,04 bBC 53.7042. 45 bBCDE 68,9743, 45 aA
FSR-55 55.9543. 15 bcAB 50,0040, 00 cdF 35.09%1.75 eDE 58.8241.70 abCD 17,6242.75 dCD 31.6741.67 eG 63.33%+ 1,67 aABC
FSR-67 31,9541, 39 dE 52.25£0.00 bF 20.00£2. 89 eG 52.02£1. 34 bEF 38,8943, 21 cDE 50.00£2. 89 bDE 61,4840, 74 aBCD
FSR-72 29.1742.41 dE 51,8541, 96 bF 34,0944.73 dDE 43,8140. 95 ¢G 59.79+1,06 aB 51.8542. 14 bCDE 57.78+1. 28 abCDEF
FSR-74 46.67+1.33 dBC 62.6040, 81 bDE 53.0343.03 B 67.4840. 81 aAB 46, 6741.33 dCD 62.0740. 43 bABC 50.67+1. 33 odFGH
FSR-91 17,7845, 88 dF 74,8141, 96 aB 65.3342.67 abA 70,0041, 92 aA 46,6743, 33 CD 57,4141, 85 bABCD 44,4444,20 cH
FSR-94 29.1740.00 deE 60,0042, 22 abE 27.2744.55 eEFG 48,5740.00 beEFG  39.5442.69 «dDE 62, 96£7. 41 aAB 55.56+1, 28 abDEF
FSR-97 52.38+5.50 deABC 68.1541,48 abCD  59.09+2. 62 hedAB 47.62+2.52 eFG 73.33+1.67 aA 66. 6742, 75 abcA 57,8943, 04 cdCDEF
FSR-106 44,4441, 39 beCD 874141, 96 aA 42.42+4,01 beCD 46,6743, 85 beFG 33,3343, 10 cEF 56,7944, 45 bABCD 55.56+0,00 bDEF
FSR-121 60.0041.92 bA 71,4340, 00 aBC 36.8440.00 dDE 61.9140. 95 bBC 54,3241, 24 ¢BC 53.33%1.67 ¢BCDE 58.59+2,02 bCDE

T« AT B 5 AN )N <7 A 32 7 [ — BERR 0 A [5] J5L B B4 400 11 4 22 53tk 3 (P<0. 05) 5 [ S B0 J5 AN i) K5 5% B 3R 7R AN ) B8k o [] — g

JEUTR BRI T 2 22 7 i 3 (P<0. 05),

Note: Lowercase letters indicate significant difference( P<C0. 05) for same fungus against different pathogens on P=0. 05 in each row. Up-

percase indicate significant difference( P<C0. 05) for different biocontrol fungi against same pathogens in each line.

2 2 I H, FSR-10 XF 37 b 22 %% B L 58 KA 1
P PE T N S A A8 TR B A 7 AR T 1 0 T AR
R (B 2% 50, 00% ~60. 00% ., F D, %F A\ 244
6 6 T ) 10 TR 6 B K, (R RT3k 35, 4200 s FSR-22
Xof N7 A 22 K% TR R JES R iR A TR 0 T R 4 O A

65.18% ,63. 70 % s FSR-25 Xf 57 b 22 1% W1 I8 Fz ik 460
VRFI K A A AR TR R A S ik 630 3304 ~
68. 26 %0 s FSR-38 Xt 37 Al 22 1% 1A N 2 4% 45 T AL DK i
255 96 T 90 TV B BR (57, 58 %6 ~65. 08 %) . X I
fil 4 B N S0 T B9 A0 T R R AR (37, 040 ~
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54.17%) s FSR-43 X 7 A 22 #% B 1V 30 13 1 FH o5 o
(75.68%0) o Xof 193 6 VAT 1) 90 T3 FH 0 55 (29. 6324) 5
FSR-46 X 37l 22 4% B 1) 300 B A FH B sk (73. 33260
[ B X oAt 6 ol N 295 AL T 1 10 B 2R 38 0] 3k 50 %0
Ze A7 s FSR-55 X i A 25 4 18 (1 40 18 Rk 63. 3304,
X N 2 B M 0 TR L ST R 22 A% TR B R B A A T 9 R
EA T 1K 50 % L b s FSR-67 X JK % 45 76 5 19 37 54
R 61.48%0 s FSR-72 X A 2 i EREF I A
S A% 45 TR 0 46 6 96 T 1 T B R B AT Ak 500 DA s
FSR-74 X Ji§ Bz #ie £ 0 400 18 7 F fe i (67, 48%6) L Al
I X oAt 6 Ffr A 295 JE B 1) 410 BT % TT 5K 46 26 LA
s FSR-91 X 57 A 22 4% B (1 I 18 380 74, 8104, X%t
EP RN NS TN D ONE 2 AR
57.41%~70.00% ; FSR-94 %7 ki 22 #% i . NS ¥
8% DR RI T %6 460 T 1 0 BR R 24 Ry 60 %0 s FSR-97 X
TR I TE R R 73,33 %, [Rl I X HiAd 6 Fh A2
kg JEL BT A0 T R 3k 47, 6296 ~68. 15 % ; FSR-106 %if
ST 22 KR A B ROl 87, 4106 s FSR-121 Xif 57 A 24
% B B A TH B (71, 43 %0) o of B8 I A 46 T 1 1 %
% /N(36.84%),

15 Az B EC TR T L X N S A% A0 B 0 40 TR Gk
50% LA AR R IE 6 #k . H FSR-121 /4 30 1 R e K
(60.00%) 5 15 kA= Bl L B8 35 XF 57 Al 22 8% 18 7= A2 5
FUA /R 40 1 25k 50 % L 1, H FSR-106 14
BRI ik (87, 41%0) . 39 18 3% w8 T HiAth i Ak (P<<
0. 05) 5 Xof 58 I FE 4 B 10 B8 238 35 50 %0 LA 1 19 i bk AL 5
¥k, H FSR-46 \FSR-91 Fl FSR-97 X H- 31 44l 4 F %5
5L H = 22 ] 22 5N B3 (P>>0. 05) 5 X R Hie4
BB I BR 3 k 50 26 DAL Y B R AL 8 Bk L Hirp FSR-74
A ESR-91 A 9 T8V FH 5 , 9 B 2643531 2k 67. 48 %%
N 70. 00 %6 5 %t 0 5 B BR 3K 50 26 L b 1 B AR
L6 #k, o FSR-97 (4 30 B8 3 45 K (73.33%0) . 1
B T HAB R R (P<0. 05) 5 XF A 4% 5% 3 3 14 3%
ik 50 %6 LA BB R AL 12 Bk FSR-97 (1441 1 1 FH A o
(66.67%) , H. 5 FSR-46 2253 it 3% (P<C0. 05) ; X} JK i
2 6 B AN B R 3K 5020 LA B A B R IL 13 Bk FSR-46 1)
0T AE FH i (68. 97 0D

ZE E AT Rk B 15 BRECE X AZ T BhE L
o JL TR X B A 0T I B VA AE L R R NS
5 KR AN ST ARG G K BE T AR T 0 RN R A% LA
PR 41 T 5 1
2.4 ABRERITEEHEEMNEE
2.4.1 WAHIE FSR-10.H%E7E PDA K35
25 CHEFR I AR P, 35 1 0, 22 i 5 6 (8]

DA I AR . HE 2253 RO A 43 A A A 1)
TS il . ARG, W AR R A O U AR T A
Fs TR SO TR HAR N 3~3. 4 pm, K
HEHE (B 2) . ARG HIEEREIF 45 S (R E % E T
W) Bk 5 S AE AR B A MR R D I 8 H% FSR-
10 ¥ %58 WARE B (Trichoderma sp. ) B .

FSR-22: Wik CZA B eIk b 25 "CREFR 7 d i)
BLAR 32 mm, 5T 2R P35 B0 KA (6 TR
T B (0 (8] 1) o AR A 7 A AR T Ak o, BE D
W L ERIE . BAE 6~ 13 pm; 20 A 4 F BB B
BB HAR R 2. T~4. 8 pm, R TR # 0 (1&] 2),
AR HOE SRR D45 & CEL T % T ) A 5 4[]
ik B FSR-22 %2 b i 2 )& (Aspergillus sp.) B
s

FSR-25: Rk 7F CZA iR 1 25 CHEi 3 7 d
W E AR 60 mm, Biih Z 4. g A L% 06, F
22 FIREOIRAER E Do Hr AR g0 A R
B o3 B R 1 & 2 WA, RN (T ~16) pm X
(3~4) pm; 73 HE A 5 W R W 7 A Rp R S5 4 L o0 AR
7 OB B EROE . 548 3~4 pm (K 2) . R4 H
T SRR T 45 G R 28 T ) A b ] T 7D 5
= HAET R K FSR-25 %8 N E B (Peni-
cillium sp. ) B4 .

FSR-38: W #% 75 PDA K3k | 25 ‘CH 3R/
KA, B 320000 o b 1, S W AR AT B i 0 8
Yy 3 WA A 00 T3 s S TE LR € SOIR S5 A N
7 TH 2 B R T 22 R R SCRAE K AT IR
22 (B 1) o H 2R 7 R (0 R AR
B 5 70 A5 96 7 BROE B BROE L 6 A RBERR B4 T 00
AT b B 19~25 pm (B 2), AR A 14
LA W S5 R 45 1, OF 25 5 T R SRR AE O FSR-
38 M M ERE JE (Epicoccum sp. ) B .

FSR-43. {74 76 PDA #5953k |- 25 CH R
TR T T, 2 I S B (R 1) A 07 & AR
HOTR 22 53 B0 Az s 3 A 5 R ) TS g AR A
R0 AR a8 AR T SO A T A TR s A T IR 2
T ERIE . AR 3~3. 4 pm  REDLHE (K 2). R
P HOE SRR T 45 & (H B %@ T Mok ) &
SEUER TR R R D IR K FSR-43 %2 R
KEJE (Trichoderma sp.) B .

FSR-46 . {74 76 PDA #5353k [ 25 CH R
KA W R A BOR B 1 Y SR AR
BN R] J5 DA 7 v ey AR S 0 56 1 v S el
A W R AR S0 A A AR 22 AR KO e
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BATVE TR SO (B D, K= 22 £4 4.5 pm, RIEDEH (& 2) . MR HIE SRAE 25 5 (E
B R SO N S B AR Dy U A T B T RO AR A IR A R R I
P b o AT K s, BB IE s PR, 2958 38 ff FSR-46 %58 WA R R (Trichoderma sp.) HIA .

- FSR-10 ' .\“’\,

FSR-22 FSR-25
g g .

F1 15 BRNZ: A B LAY 15 IR AR

Fig.1 Cultural characteristics of 15 biocontrol fungi strains of Panax ginseng
FSR-55: % 76 PDA B8 5 I 25 CRiFRm A B AOHDH:  HN B0 A o e T ALt L 25 A 1 2
KB W E 22 0 Te 6. Y e K — Bt BEE rAE e IR K 2. 6~4.0 pm,
B sl 7. Wz a8 D, Hagsfy RmBOUH (8 2) . RAIEHIE SR 455 R %
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SETF WK B FEARE R RE P IIIE K FSR-55 %5 WAREE (Trichoderma sp. ) HIA .

D FSR-10 g FSR-22 ! J FSR-78
E- “"'*-l& . 1

FSR-72

FSR-121
o}y

—

= J
B2 15 BRAZ A By BUBE o3 AR AL 54 B SR RURRE (X 5000
Fig. 2 Microscopic characteristics of conidia structure of 15 biocontrol fungi strains of Panax ginseng (X 500)
FSR-67: Mk 7E CZA 5353 1 25 CHi38 7d pmX (3~4) pmi 43R4 F 8 & 90 300 7= A S R 25 4
WP AR 71 mm, AR AL B R EG WIS W AR TEOE S EIE . BAR N 3~4 pm (K 2), R
2B BURAER (D HopAf TR A8 IR SRIEIR4 & CRE 5 E T M) A b E B
B, 1 = 2 MR EETRERLZ LR/ T~16) VB =T BT FSR-67 %2 0 H %8
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(Penicillium sp. ) B4 .

FSR-72. W% 7 PDA $:3% 5k I 25 C R mf 4k
e 7 G A AR T T R AR, AT A X R A
SRR AR L A (R 1) . A AR T R S )
HeD), Z o sy Al Pt RO . ARl 2. 0~
3.3 pm ([ 2), R HIEEFIEIFEE & (R 2
FED Beake A AR AR K B TR R R R h A AR
FSR-72 % 5E W ARG (Trichoderma sp. ) EIH ,

FSR-74 . 7% 7¢ PDA }; 323 I 25 CHi it 4=
KBS, WV RS B4 0, 3 T AR 4 0, o LS
[N Y/ SUE & N S R L NG I D
HF R R A LS o BAR [55F T 23R 1 76 K 5
R gk A MR A, B BB BaE BB, H AR
160~240 pm. & 220~300 g T AR B R 4 46
HIETRINR 2SR INE R Y oy 3 N i I R e S
e PS5 Y b A G e, SR T L2 AR A B B 2. 5~
4 pms AR B W PTR, SR B FRRER, K
(27~36) pmX (11~15) pm. NA 8 I FH#M T,
TR TR T AT W0 R . P 05 %5
H A0 BUA B4 €0, KN (8. 5~11) pm X (7~
8.5) pm, HAAATA ZEFL (] 2) . AR HIE S RAE
IF4E A T % T A A e b T D
BB B FSR-74 %2 B2 H & (Chaeto-
mium kunze sp. ) B .

FSR-91: 7% 7F PDA }i 323 I 25 CHiFR it 4=
KEgg, R E o SR E Lo 6. RN
WL B E (B D, HpE 22 7B e ik, = B fe
JERER 22 (B 2) . AR4E LRI B FRAE 45 & C H
weE T ) R FSR-91 %58 Wi 2w %R
(Daldinia sp.) E.# »

FSR-94 . 7% 7F PDA }i 323 I 25 CHi Rt 4=
R T TG 05 U BIAR B PR IR AU 5
ARAE Do Hor AR A 7 BB AT T B0 B |2
s o AR IR RGN 2. 6~3 pm, R
G (R 2) . RGBSR IE I 45 & (W %
FED Bk ) 7 A AR B B R R A
FSR-94 %58 WK E)E (Trichoderma sp. ) BT o

FSR-97. W 7% 78 PDA #5375k I 25 CRr gk
IV - S NN S KU AT v b 2l g il
(1) Ho oA A0 A AR LRI 40 B 4 38
R ORI B 40 % 5 10 7 R 2 IR B AR, B &
B WA, 5 43 AE LT IR S 60, BE G I i [BDE B30 Bk
B AN 2.3~3.6 pm (K 2), MRIEIIE S FFIEIf
SEOCEW L T Rk B EARERER

R IE . FSR-97 %5 K% & (Trichoder-
ma sp. ) B,

FSR-106: 1 % 7£ PDA 85 52 & | 25 °C $5 52 i
AR T T S N B B0, A 7 UK (]
D)o H A 2253 BOW A 53 Az 6 15w 1) T8025° iy O AR
5/ N B SN 0 s W < Sl e (0 O R e o (U
gren T ERE  HAR N 3~3. 4 pm, REDEH (K 2).
AR L A FR IR IF 45 & CE B %08 T Lok ik
SRR B R R R D IR % FSR-106 %55
KEJE (Trichoderma sp. ) B .

FSR-121: W ¥ 1£ CZA K3k | 25 CHi3 7 d

B 64 mm, 18 7 8 JE . BT 4% (0, 5T M 3R AR
22 FIREOIRAER CE D Hr AR A0 A R
B o3 R AR T 2 2 AR A, K (7~16) pm X (3~
4) s 3 AR AT BT R0 I 7 AR R R A O R T
BRIE s BRIE . AR 3~4 pm (K 2), RIGHIES
FEAE T 45 G R S T W) A B R 2 =
HBEPIHA K FSR-121 % 5% K 7 % )8 (Penicilli-
um sp. ) B .
2.4.2 A FEE FHEEITS KA @514
ITS 4 FIITS 5, %5 15 #k A 24 By H A A TTS
DHEAT P 90 00 2 . 22 W )y BE 2, 15 Bk A B B TS
PCR #3471 K/ Jy 577~ 663 bp. 18 Bk 5 51l $2 52
2l NCBI “GenBank” 1 33 #F (FEMF 5. KJ572247 ~
KJ57226 1) 3§ AL 1 £k 1TS J3 51 9 W] 98 4 1k 47
XS, 25 5 (3R 3) R WY, 15 kAR B LT 1Y P 51 5 AH A
FhFE S R IE R 99 %6 ~100% . MG 245 2 FRAE I
Oy T3 5E 45 AT A1, FSR-10 \FSR-43 il FSR-106
R4k K% (Trichoderma atroviride) ; FSR-22 Jy #&
i 2 (Aspergillus calidoustus) ; FSR-25 . FSR-67 Hl
FSR-121 h# % J@ B (Penicillium sp. ), FSR-38
Shy BB BR B (Epicoccum nigrum ) ; FSR-46 fy K A
K% (Trichoderma longibrachiatum) ; FSR-55 Sk 44
IRAKRE (Trichoderma hamatum) ; FSR-72 J k& & K
2 (Trichoderma citrinoviride) ; FSR-74 ¥R & 7%
W (Chaetomium globosum ) ; FSR-91 i 25 [C 4 2 %
5t W (Daldinia childiae); FSR-94 i Wy % K %
(Trichoderma harzianum); FSR-97 i 2 #i K &
(Trichoderma polysporum) .,

39 #®

AL T RETE AR R AR BE B SR NS B 7 i R
Jot s e I B AR R T AR T T B NS R R
3K 2000 ~50 06 R E I 55 T FE NS T E PR
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1%

Mg LRz H . WL IRAMRRAS LR A
2500 5 R W S BOAE L R R
I JEL AR AR W AT 25 A 0 1) T L DA R 2 A AL B
BAS IR ERAREIEZ L., AR5 Stk
HR PR 4 3 5 B AR AT 400 AR L BA L SR FH S B 6 I
A T 15 BRXT AN S 7 3 R HAT = AR
JUE BT TG M AR B R R . B A K 16, FSR-46,

FSR-74 Fl FSR-97 45 R MR A R 45 19 ) 1% 300 5 3% P
XF NS 7 i I B B R Y BE A 46. 67 %0 L) b
A9 A 77 TR R X T R e AL TR 0 R TR B T A 22 %
B R B AT 70% ~90% , FHTAIE
NS AL 95 F Wi i6 v B B 0 v R Xk A=
B B 751 14 T R AR AL T AR A

x3 LHASERER ITS FINERSELR

Table 3 Homology of 15 biocontrol fungi strains of Panax ginseng based on ITS sequences
e BT /bp , Genliank S B HBOFA15)
Az B LT 4 ARABLEE / %6 HRS ) - S
) Fragment . ; Reference Reference strain
Strain Identity Accession . .
length genus (NCBI accession No. )
number
FSR-10 635 99 KJ572247 KB )@ Trichoderma WLk KB Trichoderma atroviride (EU280125)
FSR-22 598 99 KJ572248 a8 Aspergillus B Aspergillus calidoustus (JF312217)
FSR-25 608 99 KJ572249 H &R Penicillium PR EHH Penicillium purpurogenum (HQ631007)
FSR-38 577 99 KJ572250 [t ER B )8 Epicoccum W ER B Epicoccum nigrum (EU232716)
FSR-43 624 99 KJ572251 KEJ@ Trichoderma WLk KB Trichoderma atroviride (EU280125)
FSR-46 655 99 KJ572252 KB Trichoderma KA ARBE Trichoderma longibrachiatum (KJ174230)
FSR-55 620 99 KJ572253 KEJE Trichoderma AR KB Trichoderma hamatum (EU280105)
FSR-67 585 99 KJ572254 5B Penicillium WK T B Penicillium aurantiogriseum (GU566234)
FSR-72 663 99 KJ572255 AE)E Trichoderma FE 4t K% Trichoderma citrinoviride (KC009820)
FSR-74 604 99 KJ572256 E 5% H B Chaetomium RE5C W Chaetomium globosum (JF773585)
FSR-91 614 100 KJ572257 W2 B Daldinia L ICH R w5t Daldinia childiae (HM192904)
FSR-94 638 99 KJ572258 AKE)JE Trichoderma M R AR BF Trichoderma harzianum (KC847190)
FSR-97 645 99 KJ572259 KB )@ Trichoderma Z W AKFE Trichoderma polysporum (GU934589)
FSR-106 645 99 KJ572260 KEJE Trichoderma WRek KB Trichoderma atroviride (EU280125)
FSR-121 612 99 KJ572261 5B Penicillium ENE B Penicillium polonicum Thom (HQS832995)

H AT BRSNS L0 E T i
P AR . AESFIREST A AS R 1D A5 3] 2
PRER AT (T. viride)  3F NS85 16 5 1 (% JAT A
WD AR BAT SR B MR AR . O 2 3 450 4
R fa K T T A R N 2 AR A . K T s
S B, W Ik KB Th3080(T. atroviride) it N5
£ TS5 T 9 TR R ST A e TR A A R R TR
XU Z AT 1~3 F A S E , RIS B AT
TR0 M R R bR D HEARE . KRR (Tri-
choderma sp. ) LB G # ) & W JH T AH Y00 F B A
. A HRIE R BRIG RO R SR ORI B A K
RAKFE (T. longibrachiatum)® T K% (T. kon-
ingiD PR G K 55 (T. atroviride)™? , T HoAth &
7 A FLE X AN S E A R WARGE . oAb,
BN VM ER B K BT bk
T RGP F o AWESE S0 B 0 2 A5 Y 28 B R
FSR-38, R 4% K & FSR-10,FSR-43 #1 FSR-106, K
Ki K2 FSR-46, #tk K % FSR-55, 1 4 K% FSR-
72,2 M AK% FSR-97, Bk B 7 @ FSR-74, 25K 2
woem FSR-91 N 3 #k75 % J& B H FSR-25,FSR-67

P FSR-121 45 13 BRAE B HOA 78 345 AN S0 R
B BIF 5 S5 ABR 45 i A L T TR PR . X S T R HLAA
REGWETETT 0N AN R 5 T N2 AL R
FHRVER ARG . SAE MR A R
B3R or SN IR EOR T B B 3R BRIz M
R R 7= H6L BB T 5 L 0L A7 3 B RS A R
Az B EL TR Y Tl AR AR 7 K

T E W LS MR it B e 2%, HoA &
FLA R 5 52 BORRRIE BUA P B A 45 M0 X 45 BT
153 J e ok T 2 Al R A R R B R Y
4hie . ARWTFERM AR 15 Bk A B EL R Y 55 R R
Ko S SURRAIE CH 7 5 R 96 19 R 50 AL BE K HoA) 2
YRR . BEE TR R R E R H B KR
4 % WL 3K 5 o3 T AR W 25 HORTE B # 0F 5 vh 5 2
TTTIZ GG T G A A% B R DNA (rD-
NA)# 5% [A] B X (Internal transcribed spacer, ITS)
o 50 53 Bt s b AR B LT R AT R A S L R AR SR S
U ESE R AN T . AW — 2L i i rDNA-
ITS 7 FF B ¥ FSR-10,FSR-38 ,FSR-43 ,FSR-46 ,
FSR-55.FSR-72 ,FSR-74 \FSR-91 ,FSR-94 ,FSR-97
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I FSR-106 % & & ; FSR-22 ,FSR-25 ,FSR-67 #
FSR-121 WL A # R AR 5 2 UG AR AR T . 45 T il 25
J& L 7w Jm B oy R R ERIT R A7 ff it — 2
Kk

IRV N VRN RO PN S )N B E  i
RETE N S0 I T b A A I 410 1 g L 1R T B s
R B R R B e R AR B K S A
225 JEU R XTI 15 3R I BETE BT 5 e 4
TR o Js A= By R A AR AL A R A . g
A SR A 5 4 I BIL A 00 BRI P T A B AR
i e A= B TR B 1) 8] By 28475 A5 o TR AT ST

4 % B

ABIF 0 2B 42 15 Rk XA S 7 B 3 2R
B — E S PURCR 1Y 42 B R 8 MR BB L 3 AR
BEJm 1 PR L 1 MR ER B L 1 AR BC W
LR TER . 350 LSRR PR 13 0 105
Bk TR SHAT S5 B 0 AR AT O ) e A By LT
3 G A B TR R T 0 R 4R R R AR
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