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TE: [ BE ] ARAFE AR ER T o [ ik 1 R WhIR SE 50 A& TR S 0, e AR A5 X I AR A 9
( Neofusicoccum laricinum ) HATBGRAMFIRCR TR, X TiiEss 2 M T4, XA e Rt R
FEi5E. [ GER 1 FREAE] 1 #RXVE ARG IR A A P 0 LIRS T2, 588U F4
W4 e AR KRB ( Trichoderma hamatum ) o HAV- ARG IRF 41 B 835 3] 74.16%, IR 119 410 T 325 3
91.29%. KFEBO Z R Y S B Y B ORI MEF ,, XAABRGEHI . ST RIEE . MR S
FISE AN 2 AT F I SR AMBIE T, BRI 92.00%,  XF4BUAE 753 ) 1 A% A 48 25 — 60 81 P 400 B SR A 0
G300 79.67% F1 62.67%. T2 BEFIFHZFIREIR . A ) 12 M FRIREE IS I AE ) M A= M BOEIRE . [ 4t ] @
TR BEAS B AR ACEE T2 XV TGRS IS A S DUV E T 3, T RE), FRBEIE N 15, ASBESE Rl b i

AR 14 BT 1 S (LB AT MR

KR VKA, Neofusicoccum laricinum; A=495E ;

hES2£5:5432.4 SCEAFRIZAD: A

& A AR RS T 1938 A 7E H AR b ifg E Bk &
P, 2R T B A 70 4EAAE TR E 2R b M X 4R GE
kA, BEEYBEANSN . L7 Hhk, B
L AR, BEPE . HR . T8 RV SE 2
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A LT AR AR BT R BEST, AL
LK W W N BV /AN =TS (e 1V S I i A 3
ik 60% DL RFEBTa " B T R T AN
e I AT P A X R A TR RS B AR FR T
Yun Dai 4 ¥t Bacillus pumilus Meyer & Gottheil
XGRS B IR R B ., A 2l & 4P,
SRR H — RO RA R AR s I B 0 R BCR 1Y
T E O OM75, % ER A E R AR K&

( Trichoderma songyi M.S.Park, S.Y.Oh & Y.W.
Lim ) B, (FLZ 5 RS A5 1 25 B B i e L
fii&

AT ALIIE S X IR S 56 R TRV SR O, e AR
FEXF V% A A RS - ( Neofusicoccum laricinum )
BABGRIMBIRCR M, XS5 8 i kAT
YE, PR R R I 5, S SEBRA
FH B IGT& ARG A B LA

1 MRAe &%

1.1 XA

(e W T <R S o /NN T T TS
Neofusicoccum laricinum, %5 K7, 4 EML
BREAE B AR A SR EE 5 F AR ORI B AR AR
PAp Sl e B MR VM ZBE
( Rhizoctonia solani J. G. Kihn) . %% #& ff
( Alternaria alternata (Fr.) Keissl.) . #ABRFE 1T
( Sphaeropsis sapinea (Fr.) Fuckel) . #5416 #%
— i W ( Marssonina brunnea (Ellis & Everh.)
Magnus) . & il sk JH & (Colletotrichum
gleosyporioidies (Penz.) Penz. & Sacc.). 4 #5%
P ( Cytospora chrysosperma (Pers.) Fr.) .
Wk B 5% ( Phyllosticta populea Sacc.) .
Kz 168 71 #i ( Fusarium sporotrichioides Sherb.)
BI i B T Mol B2 B RO B it

BULE IR BN, LR IR (MEA B
Fedk) P RE R R R (SNA Bigrdk ) B,
TR A A R IR 3L ( PDA 559555 . #i4iHE 20.0
g, HE 17.0 g, S8 EH 200.0 g, WL 0.75
g, MR %41 0.75g, %145 0.01g, 44K B1
0.01g, MK 1.0L; FAKIESHI (CMD 85
. FOKKy 40 g, %N 20 g, TR 20 9.
1.2 REHE
1.2 BRE RS USSR R A B
JeUTA 9 ANHb S, Hb S TEAR{E BnER 1.

122 R#wEwH SRR IGREFRE, Kk
AR A8 i B S A B R IRE S 75, XPIRERE 5%
F 25 C RMF T, Bi3E14.d, 10550 5 B 75 15 W)
TP E A KR, S8 B 15800 IR A
e 4 % ( Inhibition rate of pathogenic
bacteria) . 5t & 8% # il % ( Inhibition rate of
antagonistic bacteria ) 1 4% Bt g AH X 41 i1 2% 2R
( Relative inhibition effect ) .

RN

IRa=[( Reka~ Ra)! Rekal X 100%

IRy=[(Reko~ Rb) Rexol * 100%

RIE= IR/ IR,

Kb IRy IR RPN IR R, R AT HEIE
BT TRV AR, Ry X IRE 1% 5% 19 995 B TR 7R 7
7, IR, AFEPURBANGEI R, Rep R FRFSHU R
AR, Ry o W IRE 85 55 09 15 9L W W 75 R
RIE SHARXT I HRIRCR
123 RREEH LD 10 RS ia
DA 28 TR A R, D 25 A5 B TR 1Y T T & IR D
VROV AR AR D A PR R B TSP
PRIEYE, # A PDB #5374, 7E 150 rmin™", 25
CHRMTIRGEIE 4d, BRI 2 00 &0
., T 4°C, 12000 r-min™ 59 & EES R ELOHLT
20 10 min, FFULHE, WE RIS, 0.22 pm %
LR BRI, AR BRI 5 3SR L 1:5,
FE5), Wl AR, SR EAE 7 mm B K7 R
e, DATS IS5 o i KAV E Ao R4,
HINEE, FBPREERIRT 25 C HFEHT,
14 d ARG T Fmgk, R 248K 3R
XSRS THIRERI T, T A A
I ( Bacterial inhibition rate ) .

IR=[(Dy-D)/Dy] x 100%

AP, IR AN A, Dy i i i 0] IR V4 B

1% ( Diameter of control colony), D JAbFEZH 7%
H1% (Diameter of treated colonies),
124 T28%x JEALKE. HIiFESERIMHED
FLH /> W3R T PDA. MEA, CMD £l SNA 3
B, WERRELMETFESRE, Wi iM%
= A, W e s B S A+
FERIEAS

SFEYF S R DNA #eHGLH & (b
TR A AR A R A A ) B BRIV TR B Y
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Table 1 Detailed information of sampling locations
B 5 SRAEHh i Z g a%7 3 KA IR
Sample number Collection location Latitude (N) Longitude (N) Elevation/km Time

PT0011(1) TR ML R F0F K37 84 MR TE2 /N BE 43°53'1.13" 130°6'2.58" 0.652 2022.5.20
PT0011(2) Mol 5 FSF 3R 3% 84 bR E3 /N BE 43°53'1.13" 130°6'2.58" 0.652 2022.5.20
PT0011(3) TR ML JR F1F K37 84 MR IE4 /N BE 43°53'1.13" 130°6'2.58" 0.652 2022.5.20
PT10 BRI AL G E R H E R R I X 84T 1/ B 43°522" 130°7'6" 0.634 2022.5.20
PT0012(1) T T2 = ik 44°12'39.23" 130°7'33.03" 0.537 2022.5.21
PT0012(2) HFHLH T2 =1 44°12'39.23" 130°7'33.03" 0.537 2022.5.21
PT0012(3) T T2 = ik 44°12'39.23" 130°7'33.03" 0.537 2022.5.21
PT0005 HFHLEAR T KA 44°28'34.37" 128°58'20.48" 0.517 2022.5.22
PT0006 AR NI TR N D ALY 44°28'34.37" 128°58'20.48" 0.517 2022.5.22
PT00010 AREAMOL R 25 T 43°59'9.12" 129°5'22.47" 0.352 2022.5.23
PT0009 ZEBAARAL SR XA 8 K37 6 K B 43°45'3.23" 130°34'33.12" 0.401 2022.5.25
PT0014 R SR IR AR 37 155 PR B2/ BE 44°3'23.93" 128°6'34.75" 1.340 2022.5.27
PT0015 R AL J5) 5 bk 171 56 PR EE3 /)N B 44°410.11" 128°8'36.96" 1.148 2022.5.27
PT0016 KFARAONL B KT 4 FIT69MBES /N B 44°30'12.48" 128°52'15.54" 0.386 2022.5.27
5246 FEMRTIT SRR AT 46°12'36" 133°36'5.22" 0.080 2022.6.9
1688 FRARTI PR S A 5T Sk A 45°55'48" 133°33'51.8" 0.087 2022.6.9
5265 FEMRTT R SRR AT 45°55'46.1" 133°32'52.3" 0.064 2022.6.9
PT0018 W R IEE TITSE A £ 46°2'25.67" 133°39'31.93" 0.061 2022.7.6
PT0019 IR IE B RS IR AME 3 (1) 50°18'19.75" 124°7'11.50" 0.392 2022.7.14
PT0020 AR K BRI AR 0l (2) 50°18'19.75" 124°7'11.50" 0.392 2022.7.14
PT0021 IR IE B RS IR AME 3 (1) 50°18'46.57" 124°6'48.95" 0.377 2022.7.14
PT0022 IR K BRI AR 0l (2) 50°18'46.57" 124°6'48.95" 0.377 2022.7.14
PT0023 IR IE 7 RS IR AME 3 (3) 50°18'46.57" 124°6'48.95" 0.377 2022.7.14
PT0024 FRLRR (1) 47°24'47.66" 128°41'35.32" 0.443 2022.7.19
PT0025 PELRX (2 47°24'47.66" 128°41'35.32" 0.443 2022.7.19
PT0026 LK (3) 47°24'47 66" 128°41'35.32" 0.443 2022.7.19

DNA, 5N EEEMLIY 1ITS1 (5-TCCGTAGG
TGAACCTGCGG-3"), ITS4 (5-TCCTCCGCTTA
TTGATATGC-3), KWK ZR (40 uL) K. 2 x
TagPCRMasterMix 20 uL, F FiiFsl#4 (5
pmol-L™) 2 yL, DNA kR 2 uL, ddH,O 14 pL.
PCR ¥k 2 b st A R IR B A5 A BR 23 W)
7, P45 R7E NCBI t BLAST Hbxf, il [l 5
PR AR DGR MR P 41, SR 4R 4%3E (Neighbor-
Joining ) 7E MEGA-X Tt R4 K B .

125 HREABRGIHE RHEZEKHE
R E RSP T A RO 8 Ay UL R
W ST Hi 22 ¥ ( Rhizoctonia solani) . 4 4% 71
( Alternaria alternata) . #ARRFEAEE ( Sphaeropsis
sapinea) . ¥t HIp (Marssonina brunnea) .

i1 I (Colletotrichum gleosyporioidies). 4
e R ( Cytospora chrysosperma) . 14K &2
5% ( Phyllosticta populea) . 4% 76 4 71 14
( Fusarium sporotrichioides) AN 14, M &K
HHEAAF1.2.3,

126 AGHGAEDFHEEART  AFEERIEFMA
DEXT TR 22 A K s - AR TG 35 2 hy Bt 3% 7
FER ) SEIR (B . |k, FRE . R
A RER . RHRRENFIEIREL ) J3 o B iR
FErP R SRR AN . KRR T2 4R Bk R R A
T, BNAEEE 3ANESE, 25 C HRETE 2d EH
TR R R VK EAR . Hl A AR R IR 3,
T2 bR IG AL 4 dJ5, FTHCR U B T AR 5 55 3
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Fr, 150 r-min”
i,

pH X B 22 4E K iy . Fs PDA, PDB 153
B pH AR 4. 5. 6. 7. 8. 9, 10, 11, $&Fh
FPE T2, B8 3 MEE,

RS R 22 K2 . 4358 T 25 C 1Y
24 hELEIART | 24 hESEIE | 12 h B8 B
IFOCIAM MR, BN 3N EE

BRAR R T2 M BPE W B . ik B T 40,
45, 50, 55, 60, 65, 70, 75. 80 °C, Ab¥mf
84 10 min, BRI 5 MEE . RIEEE
SELEMEE 45, 46, 47, 48, 49 °C 4bEE 10
min, B2 % R LI
1.3 HIESH

F| Fl Excel2003 #% B s I % ¥5 ., A
SPSS19.0 X &G 174811404, F£)% F Duncan
KT B T 22 5 B AR, BE MR
H N 0=0.05,

2 HERHH

21 HRETFRYE

PSP AE 103 Bk, 430l K7 17X iRE
Rige, wBUMR AT 10 M, Wk 2, H,
FRE T153, T2 R B MEARER, 775
K7 XFIRF 20, Hdk T153. T2 GEA S5 4 T4
PR AE R ZS ], BRI T 58 B 22 R AR R e

e . -g
T153 T2 - - T9

', 25 CREGHFR 4 d IR 2

¥

J19 T149 T146

el S TR 1 B 0 T T Al U R A A (T 1) o TE
LR 14 d 5, XF BRAL A9 DR B B R IR R
K, BIEERI NS 4.24 cm F1 4.64 cm, e
PR AR T153. T2 4 I, T153. T2 B 5
24354 4.10 cm 1 3.80 cm, K7 H k4 K47
{2k 0.90 cm A1 1.20 cm, FEPLEE T153, T2 %t
A AT o 9 S 1T 1T A A7) 7 400 71 2% 43l Ry 78.89%
1 74.16%,

R2 BUEREENEZE
Table 2 Bacteriostatic rate of highly effective
antagonistic fungi

WS PEREEINEE  FEREEIE R
Number IR/% IRy/% RIE
T153 78.89 £ 2.33a 41.38+1.77c 1.91+0.13a
T2 74.16 + 1.32a 4571 £ 1.31a 1.62 £ 0.07b
T90 72.84 + 3.80a 46.62 + 3.00a 1.57 £ 0.18b
T138 72.81+1.32a 46.57 + 1.00a 1.56 + 0.08b
T148 71.84 + 2.69a 45.62 £ 1.57b 1.58 +0.11b
J19 71.69 £ 1.17b 45.71 + 0.65a 1.57 + 0.04b
T149 70.34 £+ 1.35b 46.52 + 0.54a 1.51 £ 0.04b
T146 70.32+2.72b 46.52 + 1.24a 1.51+£0.10b
T135 69.65 + 3.52b 48.67 + 3.05a 1.44 +0.18b
T141 66.54 + 3.02c 48.81 + 1.43a 1.37 £0.10b

VE: P HAE NP £ W, AR/ANE F AR Ep<0.05/K
TrEREE. TR

Notes: Data in the table are the mean + SD, there was significant
difference at the level of p<0.05. The same below

{\A? .
’
T135 Wg T141e

B 1 MEZEE 10 BE

Fig. 1

MR 975 I R A 2R | e A B T AT i 2R A
AERT U ) 355 R A0 S B A (A AT 10 K Ry v I A
R 975 25 80 HG B T B A 1R B AR, f 3 T AR T153

( 78.89%) . T2 ( 74.16%) . T90 ( 72.84%) .
T138 (72.81%). T148(71.84%). J19 (71.69%).
T149 (70.34%). T146 (70.32%), T135 (69.65%).
T141 (66.54%) , FEXTIREXEFR, WA RN il

Top 10 strains with bacteriostatic rate

JRE A K
22 EMEFERER

K PDB i 1A 35 37 He 0 = S P s AR AT &
FEAb B, ARASICTR & BEDETR , DU s Hi i Ak R
FER AR =%t K7 (sl ER . R 5238 X
PRI K7 ZEASIN T (= s 0 A R TG TR & TR D VT
M L9 W V5 AR R 2 fis .
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Fig. 2 Bacteriostatic effect of fermentation broth of different antagonistic fungi

R K7 7E 5 T2 KRR 2 LR«
AR ZBBEWIIS, S 14d )5, %23
T2 ERemAamblng K7, @it bk AamEs, HE
WY R, fEAHFREE N, XA W% AR
8.04 cm, i 10 TR AR 0 AR A I VA O O A TR
R, sk 3 HERAR E i wE %8 91.29%, ME
LES T3

£33 FAEHEMERABRANEE
Table 3 Bacteriostatic rate of fermentation broth of
different antagonistic fungi

7357 MEREEEE AR ES Gl
Number Dcklem Dicm IR/%
T2 0.70 £ 0.00 91.290.18a
T146 4.45+0.16 44.71 £1.01b
T90 6.09 + 0.41 24.34 + 1.42c
T141 7.00 £0.42 12.95 £ 1.02d
T153 7.18 £0.43 10.64 + 0.52d
8.04 £0.16
T135 7.23+0.14 10.09 £ 0.78d
T138 7.37 £0.16 8.36 + 1.04d
T149 7.41+£0.04 7.85+0.72d
J19 7.54 £0.16 6.22£0.27d
T139 7.69 £0.26 4.42+0.18e
23 FEIE T2 HEE
231 WmAYXZ TEPDANIFEL, T2HtkT

25 C 153t 4d, Wk HEAN60~70mm, 5d K
Wb, AERK#EER 15.0~17.5 mm-d™", LK
R, WEBDY, SR, [AEmEsaa, B
BAR, PR ONFELORECR, R RAEIR,
W, RS G, G, EIEA T
wk—ﬁﬁsf‘ﬁéiz (B 3A) . 7E MEA B3R 3E iy
FRHE TSRS PDA B—50, SARR 24/ T
PDA 1533k (14 3B), 7 CMD $5383E |, WMzL3
T2 BRI =AM R ALK, HEK/NT
MEA 357538, FVE RNEW (& 3C) o 7 SNA K;

/ *@O 9/

FEHE L, AR TR, MRS 2 R % B4
/N, ASABE S 55~60 mm, BEERER, K
w2 AKkE (K3D)

B3 AEEFET2EEES
Fig. 3 Colony morphology of T2 in different media
IR TE SNA BEFRIE 1Y T2 Wbk, 7255
B 15 min J5, B & 25 °C 1H IR IRA ik g
7t 3dJa, E2z B AR o A A TR AN A 4,
XA TREEN], BEGH, AR SR R
B s R R, A ZRR, MR B,

WA R, WP RNEHR R, %
HIEEERIE , JEERE4E, Tum2s4h, rhEligk.
SHAELFREEOE , RimiEBIE, AL, BEL
W, BEst, KV (3.9~56) pm x (2.8~
4.0) pm, ARG FIRTESFESS G a0l (LIRS
FETFE) FEK)T R R RR, Kk T2 910
Y AR E B BT ( Trichoderma sp.) ?9,

232 RRET2d95FAHmFERT AW
T2 PCR =¥ W ¥ J5, 7E NCBI ' ( http://
blast.ncbi.nim.nih.gov/ ) #17 BLAST H X 447,
K% ¥ 5 5 # R K % Trichoderma hamatum


http://blast.ncbi.nlm.nih.gov/
http://blast.ncbi.nlm.nih.gov/
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HEEHE T2 M ERMEHE (400x)
Fig. 4 Microstructure of antagonistic fungus T2 ( 400x )

100

100

50
13

62
100

N

59

2 Trichoderma hamatum (MK 377 319.1)
50 i Trichoderma hamatum (KT 314 290.1)

10
1"

(Bonord.) Bainier s A3, AL A 99%., ik
R R Fe S T2 W R R T W, W
K 5, ERGAEW LEK T25 T. hamatum %

FE—Ir 3 b, Sia HIL SRR AR R T2
PPRA TS o

2.4 HPRAE T2 KEERAIDELENE

SR A 224 A R N 4 B L B R AR
T2 X7 Al 22 A% A5 8 ML EL A I BT M . 45
RN 4 Fion, T2 (TG & B UE RO Z Fp i 49
JE TR M) EL A AR A P TR TG, P ST A 22 4%
W Aot . MAERFCA B A R I R R

48 1 Trichoderma hamatum (MF 408 444.1)

Trichoderma hamatum (EU 982 828.1)

Trichoderma hamatum (KY 569 445.1)
Trichoderma hamatum (MF 144 567.1)
Trichoderma hamatum (KT 314 293.1)

37 _LTrichoderma hamatum (MT 271 927.1)

Trichoderma hamatum (GQ 220 703.1)
Trichoderma hamatum (ON 927 096.1)

52 Trichoderma hamatum (OQ 734 609.1)

Trichoderma koningii (KT 192 056.1)

99 | Trichoderma koningii (KX 343 121.1)
Trichoderma koningii (MN 594 482.1)
Trichoderma koningii (MT 102 397.1)
Trichoderma paraviridescens (MN 516 471.1)
Trichoderma paraviridescens (MK 804 364.1)
Trichoderma paraviridescens (MN 900 599.1)
Trichoderma paraviridescens (MH 347 308.1)
Trichoderma gamsii (MT 089 998.1)
Trichoderma gamsii (JX 406 518.1)
Trichoderma gamsii (MT 089 968.1)

74

Trichoderma brevicompactum (MK 120 910.1)
Trichoderma brevicompactum (KC 561 076.1)
| Trichoderma brevicompactum (MK 120 906.1)

65 Trichoderma harzianum (MF 108 872.1)
91 E Trichoderma harzianum (KY 764 865.1)
Trichoderma harzianum (KY 750 322.1)

100

0.0100
5
Fig. 5

Trichoderma lixii (OR 251 021.1)
90 i Trichoderma lixii (ON 332 137.1)
45 Trichoderma lixii (JX 232 594.1)

Btk T2 ETITS FIIMENRFELER
Phylogenetic tree based ITS sequences of strain T2
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B aRAMRIVER, R, 409 92.00%, XU
AR T TR RIS A 4 B AR TR I R RCR B, 4y

A 79.67% F162.67% . Xif Fe A5 JEL P FIVEEHE F0 T
FHMERRICR—, W54 49.33% F148.00%

* 4 T2 REGIEIZNE
Table 4 Determination of bacteriostasis spectrum of T2 fermentation broth

FF5 i R LA g U ES
Number Pathogenic fungi Species IR/%
1 FAER ST B Sphaeropsis sapinea (Fr.) Fuckel 92.00 + 0.00a
2 B G 2l Cytospora chrysosperma (Pers.) Fr. 92.00 + 0.00a
3 MR R p B Phyllosticta populea Sacc. 92.00 + 0.00a
4 SR LI Rhizoctonia solani J. G. Kiihn 92.00 + 0.00a
5 Eyszieki AL Fusarium sporotrichioides Sherb. 79.67 + 0.58b
6 M A Marssonina brunnea (Ellis & Everh.) Magnus 62.67 + 1.16¢
7 J 7 5 EL B Colletotrichum gleosyporioidies (Penz.) Penz. & Sacc. 49.33 + 0.58d
8 R TR Alternaria alternata (Fr.) Keissl. 48.00 + 2.00d

2.5 SPRAE T2 B
251 mREAFRAALAERKG TR BRAKE
T2 ge M BRI . AR ATz . Wk 5 i,
FERRIR A S, DAVEM MARIR , BvE A K AR
KK 6.13 cm, HLHE R mE. HIREZFR ., i
B R RVER/NRE G, PR 2
B FRUCH BRI AN ZLBH R VE BN

*5 FEBEXEK T2 £KEM

Table 5 Effect of different carbon sources on the
growth of strain T2

253 ABELAKGYw WNES RN,
RARTE T2 FEAOCRRER IS S5 0F T W% B DL R
22w REONAL, CUIR2E R, TR AL HE
T AT BRI 22 1 A B R R

* 6 ARREIEK T2 £RKHHMN

Table 6 Effect of different nitrogen sources on the
growth of strain T2

WA W& HAT WL E
Carbon source  Diameter of colony/cm  Weight of mycelium/mg

R 5.48 + 0.10b 170.67 + 13.32b
Gk 5.47 +0.08b 93.33 £ 5.69¢

TER 6.13+0.13a 339.00 £ 44.71a

FLpE 4.80+0.18¢c 81.00 + 5.29¢
H Ik 5.49 + 0.39b 41.33  4.04d
R 5.31+0.16b 93.33 +4.73¢

w6 i, ERIEFANS, LIRS N
R, WEA R EARRRN 6.13 om, W H iy
wo HUCHE AR, IR, 4 RS B

i, 2R FRIONBIREL . NP . WER
E

252 pHMHLERM Y KT IR, R
K% T2 XL E R FIEE, pH Jy 4~9 7T
A, FLHY pH=5 T HR S TR,
B6 % pH (A THRS , A AR 5 4 T R
K, 24 pH=10 B}, T2 AHAEK,

AR W% EE WaER
Nitrogen source Diameter of colony/cm  Weight of mycelium/mg
BRIRE — 4% 3.70 £ 0.12¢ 98.77 + 1.16d
FNE 5.20 +0.10c 579.00 + 32.05a
THERSN 5.65 + 0.03b 132.00 £ 11.53¢c
FS] 5.90 £ 0.27ab 626.67 + 128.59a
i 5 it 4.48 +0.20d 315.33 + 34.44b
FEEEE 6.13+0.02a 648.33 + 33.47a
TR 4.34 +0.06d 312.00 + 51.16b

RT7 AE pHEHK T2 £ KB
Table 7 Effect of different pH on the
growth of strain T2

W& HAT A6
pH Diameter of colony/cm Weight of mycelium/mg

pH=4 3.86 + 0.05d 221.67 +6.11e
pH=5 5.59 +0.13a 354.33 + 11.50a
pH=6 522 +0.12b 299.00 + 11.53b
pH=7 4.30+0.27¢c 254.33 + 10.02d
pH=8 4.99 +0.23b 213.00 £ 7.54c
pH=9 3.75+£0.08d 191.33 + 4.93f
pH=10 0 0

pH=11 0 0
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* 8 AEEBEFEIER T2 £KAFN
Table 8 Effects of different light conditions on the
growth of strain T2

JaHR HEHER [EA N
Light Diameter of colony/cm Weight of mycelium/mg
o9 il 5.28 £ 0.06b 406.67 + 12.22b
i 5.29 £ 0.02b 421.67 +16.23b
IR 5.70 £ 0.07a 469.33 + 15.97a
254 HRAET20 LB E T2HHKE

50~80 °C 4b¥ 10 min J5 ¥ ik B K, HIETE
45~49 C AbH 10 min Hynf A K, HREEEEE T
1 TR AR . ik 9 s, A ER
950 C B, WK, RZHEENESLHR
J4 50 C,

K9 B T2HHIELEE

Table 9 Lethal temperature of strain T2

W WV HAR
Temperature/ °C Diameter of colony/cm
45 4.83+0.29
46 4.06 £ 0.04b
47 3.78 £ 0.10c
48 3.68 £ 0.05¢c
49 3.58 £ 0.04c
50 0
3 itk

ABEFE I 103 PR BB H e 15 2 1 ko I it
PRt AT 9 s T o8 A S S S BUAE TG - I e T2,
HEERWRFULGFHEYFEENHRAE
(Trichoderma hamatum)., K% J& (Trichoderma)
FLIA 2 AR Al A AR T PO, KRB X 2P
JREAEUER, WX H 2 % 5 (Rhizoctonia
solani). i J1 H# (Fusarium spp.). 3% % /NZ
(Sclerotium rolfsli Sacc.) . ¥ % i (Phytophthora
spp.). & % W (Pythium spp.). % % 1 14
(Alternaria alternata) 57| 41 B S At . Ak 22
5. VEEUR . EER . ISR E B BB
TRRCERE, P2 RE MR W] IS R Gebt
P, R AEK R F P WK
(Trichoderma gamsii Samuels & Druzhin.) & # %
ol LR s SR R Pk, (R HEOE A 1E
FH B4, 3 W Bk & B W K K B ( Trichoderma
harzianum Rifai ) 7] DAMSSRAEARGRALIZEE T, Wlis

FRIE XA , BESRAE A (BTSRRI
AR IS SRR ZE T R G = AR S T
BN R SRR K IR . RFRIRER, S
FJAL SA| ET iEARHE miKF-REPT, KREgH
HAT Wi RS, Kk, A DA
X T 3 o € B s LR L S

A B AT Z R ERILET, 2R EFPLEMR R L
PRI AR VE T, H A28 9s D B A A7 A 25 [R) A
B, VMR A, B AR IR S5
5ot A P IR . IR T2 19
SR X IRHI R A 2 74.16%, KB AT ik
3] 91.29%, T2 A& B 5 I (Neofusicoccum
laricinum) 47 25 B 58 Z0 /9 30 AR L X AT RE R
T2 fERAR K SR B B rp = A T T A B ROR 1Y
WA . AT I AR AR e HAE A
B i EZE AL 22—, FL A ETZE (polyketides) .
IR K HAG 4 (amino acid and derivatives).
2 (terpenes) &5, TIPS, BMESF
WL FER MR BRI T T R T e T,
TR IS R FH B R A4 UV 1 IR AR B YYH3 KB
H Ay B B T HA RS M B R, B
PRRARTE T2 72 AR A = I ARG, 0T
BB IS

S & BRAIR AR B T2 19 K BENE RO £ Rkt 4
o I L RTS8 AT B A BV R, FLox ST A 22 4%
B AR A PABRSEIR . SRR R
P SRIDEIER, MEREEY 92.00%, XFHIFAE
Bk TR R A% A e 8 A TR B R AR A, 43l
N 79.67% 1 62.67%, X UL PR AREE T2 S04
WA o HRRAREEN A 2T . SRS SR D 1A
Ji e 6 T1 B (Fusarium solani (Mart.) Sacc.)*". 3
PO B A 2 SR A SR, 3K mT BB R R IR
AREERH 5, X HAERFNPHARORE N . Fritt
ZHN, BPRAREEX M KR S SR
W At B U . K ) 4 L (Botrytis cinerea
Pers. ) (IO GF, 13X U BH HXTF B A i &R
AW EHG ARG S, LR APIRARE T2 KRR
Xof S 6 2 JEL TR A o R 49.33%, FRAAR AR
YB-4-15 BRI TR AR, X 0] e R Ay i) 22
SRR IR AR . FRAREE O R T s
PRBEERRA . AU AR 4, (BB IRV IR
A R I
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Screening, Identification and Biological Characteristics of
Biocontrol Fungi against Larch Shoot Blight

QIAN Ying-ying"?**, DENG Xun**, WANG Zheng', SONG Xiao-shuang**, LIANG Jun'

(1. Ecology and Nature Conservation Institute, Chinese Academy of Forestry, Beijing 10091, China; 2. Northeast Forestry
University, Harbin 150040, Heilongjiang, China; 3. Heilongjiang Forest Protection Research Institute, Harbin 150081,
Heilongjiang, China; 4. Heilongjiang Provincial Key Laboratory of Forest and Grassland Fire and
Pest Control, Harbin 150081, Heilongjiang, China)

Abstract: [Objective] The aim of the experiment is to obtain the biological control strain of larch shoot
blight. [Method] Strains with strong inhibitory effect on Neofusicoccum laricinum was screened through
plate antagonism screening experiments and re-screening with fermentation broth. The screened strains
were identified and their biological characteristics were studied. [Result] A soil fungi T2 was screened that
had a significant antagonistic effect on Neofusicoccum laricinum, which was identified as Trichoderma
hamatum by morphology and molecular biology. Its Inhibition rate of plate experiments reached 74.16%,
and fermentation broth experiments reached 91.29%. The fermentation broth had strong inhibition effect
on a variety of plant pathogenic fungi, and showed strong inhibition effect on Sphaeropsis sapinea, Cyto-
spora chrysosperma, Phyllosticta populea and Rhizoctonia solani with 92.00% inhibition rate and had bet-
ter inhibition effect on Fusarium sporotrichioides and Marssonina brunnea with 79.67% and 62.67% inhibi-
tion rate, too. T2 can utilize a variety of carbon and nitrogen sources, has a wide adaptability to PH and a
high lethal temperature. [Conclusion] The antagonistic effect of T2 ( Trichoderma hamatum ) on Neofusi-
coccum laricinum is significant, with a wide spectrum of pathogenic inhibition and strong environmental ad-
aptability. This study can provide theoretical research and foundation for the control of larch shoot blight.
Keywords: larch Larix gmelinii; Neofusicoccum laricinum; biological control; Trichoderma hamatum
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