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/‘z I EKAEA KNE B (Trichoderma)™T VAR i M m /R AR . [B 691 %52 Fo i 1k 48 A 237 %)
REFLEEAANRELG AR, FAAGRAA, RERRALATZE. [FH]1 ARET LSS
ik 35MAE, BEZARNRAARLT oM ABEFURGT FHATAN LT, AR X
ik AR F AT LBAWFER AR, [ER]3SHRAFELSET 8 AMF, 454 3FM%
K AN & (Trichoderma afroharzianum) . % #R & K & (Trichoderma asperelloides) « Trichoderma
amoenum. ILRLEANE (Trichoderma paratroviride). Trichoderma obovatum. KM A E (Trichoderma
longibrachiatum) K 7 KNE (Trichoderma orientale)F= R kA E (Trichoderma atroviride). t¥% X5
HREY, XIMHAFA TRR LS B 6 10/ 0FAEHEA LT H 2R, FMERRE
(T. afroharzianum)F=KAXAKE(T. longibrachiatum)®)37 @ 2 KM T j—fﬂﬂ%ﬂ’ H MR RE a9l
AR EH AR RME, s IMWAEFABNTE RN E 65%A L. w1 AR 5L REH A
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Isolation, identification, and biocontrol efficacy determination
of Trichoderma spp. on grains

QI Zhihui"?, ZHUANG Yuan'?, ZHANG Haiyang'?, TIAN Lin"?, TANG Fang '*

1 Academy of National Food and Strategic Reserves Administration, Beijing 100037, China
2 National Engineering Research Center of Grain Storage and Logistics, Beijing 102209, China
3 Beijing University of Agriculture, Beijing 102206, China

Abstract: [Background] Grains are easily contaminated by pathogenic fungi and toxigenic
fungi during the growth, harvest, and storage stages, which results in serious losses. Practices
and studies have proved that the pathogenic fungi of plants can be controlled effectively by
[Objective] To identify and screen the strains for the biocontrol of
Trichoderma on grains and develop biocontrol fungicides for ensuring grain security.
[Methods] In this study, 35 strains of Trichoderma were isolated from grains. They were
identified based on both multi-gene phylogenetic relationship and morphological characteristics.
Plate confrontation experiments were conducted to select the strains with antagonistic effects on
common deleterious fungi. [Results] Eight species of Trichoderma were identified, including
Trichoderma afroharzianum, Trichoderma asperelloides, Trichoderma amoenum, Trichoderma
paratroviride, Trichoderma obovatum, Trichoderma longibrachiatum, Trichoderma orientale,
and Trichoderma atroviride. The antagonistic assay demonstrated that these eight Trichoderma
species had antagonism on 10 deleterious fungal species from grains. The antifungal efficacy of
T. afroharzianum and T. longibrachiatum was better than that of other species. The a91 strain of
T. afroharzianum showed the best antifungal efficacy, with the inhibition rates more than 65%
against 9 deleterious fungal species. [Conclusion] The Trichoderma strains screened out in this
study have great application potential for biocontrol and strong inhibitory effect on common
pathogenic fungi and toxigenic fungi isolated from grain crops.

Keywords: grains; Trichoderma spp.; identification; antifungal effect

Trichoderma species.

INFE L FORFIAE AT TR ] 2 ) RO i A AR
B, HHCE . SR ARG T EE, R
PR AR YR A A R A 1] ) 52 2% b Dl L A
M- EENRE, SERER BN RS
el foidn, it 4025 J65 4 ] 14445 B (deoxynivalenol,
DON)Z/INEZ SNl i i) F 85 i R, 5
IRFEIA (Fusarium head blight, FHB)AY % & A %,
R YA (Fusarium graminearum) Fl H5 Bk 8 16
(Fusarium verticillioides)1E/NAZ ZFEM 22 b A
YL AR FHB, TR 75 17 X R 1)

/N2 TG DON 2 28 1 WU SR 1 k7t
(Fusarium)5| 2 195 35 F1 8 R 75 G UL R R
7 EDBERNRE. ME FERMEES,
ALY R ] DR e B A E Y 5 R 2 A
HERERTGY, A — YRt ™ 5 5 806
SR B BRI E R, TR IRE R B
1 3 B A AW BIG 7,

KE (Trichoderma spp.)mfi*ﬁ%fﬁ%ﬁi%
Bii 36 b S AN AR T B — AR B LA
i AEAE T 3 AR AR A R A
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e, XTI B S R AR SR D), AR R R R
Z/DA 25 AR R E R A AR RN, H
H— BB B RD O 48 L AR S A Ak 25 s A e
FHOT H AT FE P R R A A 2 A [ 7
AT ARG HABOR S 24855, Bk, K
FENE R AR B VR W s It 1 R 7 2 1 A B R A9 1)
FE R TN EA T i & J i 52 .

AR B 7 RN EL AR T2 Y R R A A A
MG KA T22. SRS LTR-2. MRAHE
SH2303 F1 SQR-T-037 &, & % F a0 &
Biia" . He HUWGE T ARE AW iR FIX R
AR R R TRL 5 | 1) R K 2 S AR 9 1)
BIRRICR , & BB A R 1 A= W B 16 ) Be A AL
) K ZE T RS, E IR R 2 A B Y
e AR EORZE R, RS SR )
WEBEAR D R AL B0 B/l . Swain 2D
WEoERWT, AR B rh 23 2 (9 R 85 B R ATV SRk
e G P A 0 B 96 79 R0 A 0 BB R B8 T K R
Fh, REA R A% 3 0 & AR JT 3G KA
Tl ) & ZE R AE ) o RE L T TE X EED)
3o Jir TR AR 2 L A A B R R R A R A
i b s/ R R & R W AE Y B IR
R, T LA D2 5R 2 X AR VR R B
5 TR S A RN AR R R W B A Y
BAMRL A, SRR AR AR S R A A &
VER MBS . TF & PR EED A KSR
(525 A2 B T 790 25 0 kit

AR RRTEEENE R Z RN AZGE R E
ST ARZE A 1 R B R A3 B B R
WP TS, I ARRE I SR AR R D
93 DRI TR R 7 R BT A X IR, R AT K B R
A BV T, LASATH I s B R B
BR, SRR TR L A 25 Y i A Y B
EEAY R LAl

1A

1.1 ##

A GE IR AL Ry T ] 45 4 MR JB A i B R
JE WSO 1) A SO T OO ] ISR ) B A 7 200 CFR 62
R /INAZ . R FLEOKRE i o R FE A A e
YLLK LT dest. TEL L B, K
Bk, WiEE . TLVE . ARELFN)TPEIX 13 b
X, 378 Al . NAFESNEC AL . VIR
R IR, RS IPg . gL wide. i
N B HOR AR X 12 DX, 3k 200 £
FEdh o FEORMESICH L TR A, 332 14,

T 4% 238 75 M B I8 (potato  dextrose agar,
PDA)K: FR 3k (g/L): 2 LR 200.0, HZ%bE
20.0, BUIE 18.0; L KKrEifiE (cornmeal dextrose
agar, CMD)¥538%E(g/L): EKH) 40.0, #5450
20.0, Fifg 18.0; Z 2RI B (malt extract
agar, MEA)}5 353 (g/L): ZZE42HW 20.0, B
fl§ 18.0; Nirenberg SNA KiFEF(g/L): Bk A
1.0, WEMRET 1.0, BIEREE 0.5, SALFF 0.5,
HATHE 0.2, BB 0.2, BUE 18.0.

bt = AL B (CTAB), F& ik
YR/ 7l 5 2xTag PCR Mix #1 DL2000 DNA
Marker, RRAAREALE)ARAF; 51497,
A TAY) T AR E ) B A7 FR 2 7] BT A )
WAEE, Zeiss 2vH]; PCR 1Y, Biometra 27 ;
BERE AR S BT, Bio-Rad A+ .
1.2 E#HRAINE

VEFE PDA $5 5% H R IR BE i B~ v
A TP B T8 . B 25 g R
T 225 mL TG 7K 38 4 32 U % ) Ak B2
h 107 B TRER, AR UK R BRRLH S 107
1107 MR B 1 mL AR T LR
M, K 15-30 mL B EIZE 50 CAAL T
50 pg/mL S A K1Y PDA BB &I
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WIIRILA . 25 °CHEFR 5-7 d Jm, TRRTER
5 GETT R I8 BOT PRI R VR S0 5 B R Y
M ERE SR, B 34 WA RS AL E R
1.3 EHRMETE
1.3.1 FEEHEERE

HEIE AWML I T PDA. CMD, MEA i
Nirenberg SNA Fi 383, 7F 25 °C KA P E: 57
7d, MEWHRARKBE . AKX RE . B
o S5k Boih LR, BIAE SR R
S o WOWIE S FRE W S 00 FARHIIFGR A ) 8 i
Lo A1 L A il SR E T RS
FRAEN
132 HTFEE

il FH 2 R Y CTAB 4R BUT A5 4l T bk A4
KIZH DNA. R J5 R RAR Y Y 4% 5% (8] B X (internal
transcribed spacer, ITS)i/F47 PCR § 4 Flil| /¢,
SRIGF LR P S 7E GenBank Hi£47 BLAST b
XF, 28 O oM e R B A . SRS X025
A K B TR PR I 3R G T LA KO 2 (RNA
polymerase II subunit B, rpbh2)FIFEHIF LK [F T
la (translation elongation factor 1-o, tef1)3& [
17 PCR P HGAN Y . Hirp ITS 4 R HE5 1 xs
ITS4/ITS1, rpb2 JEHFY LSS 1Y% RPB2-51/
fRPB2-7cr, tefl FEY HGERES %) EF1-728F/
TEF1LLErev (% D', PCR WA (25 uL): | .
T 19310 pmol/L)#$ 1 L, #i4iz DNA (50 ng/ulL)
| uL, 2xTug PCR Mix 12.5 pL, ddH,0 9.5 uL, PCR

F1 AEEREMLA PCR I RN FHE
Table 1

51915 B &% PCR B IR 24003 111,

WAL H 43 ITS . rpb2 F tefl FEHF41
PEAY T [A) P8 Lt o B, IR AR HE XS 45 2R A
GenBank F#5Z MK ZS% )75 MEGA 7
AR AR5 W I8 IR T MEGA X 3
Y& 1TS-rpb2-tefl BIWF 17 FEAHIE , BkK Protocrea
farinosa CPK3144 fERIME. RGE R T E
RaxML #AfFH AT, 24 GTR-GAMMA f5 R it
18, RHHERPIZR (maximum likelihood, ML)
BEWERGELEN, RELBWMIEA 7MW
Giita B & Hr A B R (bootstrap) A TR 5,
HREIRECH 1 000 YK, Bootstrap>50%F1 & 7/~ 7
BT IR b
14 MREENEEEENENATSEKIGIE
141 WREREHEHR

AT H IR R L 2 AR Y
WA TR TEIE , 58U TR A E J5 R B T PR i
11T MR AR SR, i e
R DL D TR A i L AL 10 BRI R SR 22X
IRFIRES . HARPIMRASE)Z W SRIL(F. proliferatum)
F26. EBERURIHL(F. verticillioides) N49 . RASHf#1
(F. graminearum) B45 . ¥ M18 (4Aspergillus flavus)
S17. Hh %% (Aspergillus niger) S36. BEA&{H
(Alternaria alternata) B2 . ¥yZL 5l Trichothecium
roseum) E427 . MW K F| W & ] (Curvularia
australiensis) H34 , 1 A % #f1(Curvularia lunata)
N26 Fl&:K: BB (Mucor circinelloides) E781 .,

Details of genes with PCR primers and reaction conditions

B EIE L ElkZ2])

BB 2% A

Gene Primer name Primer sequence (5'—3) Reaction condition
ITS ITS1/1TS4 CTTGGTCATTTAGAGGAAGTAA 94 °C 3 min; 94 °C 305,52 °C 30s, 72 °C
TCCTCCGCTTATTGATATGC 1 min, 35 cycles; 72 °C 10 min
rpb2 fRPB2-5f/ GAYGAYMGWGATCAYTTYGG 94 °C 3 min; 94 °C 30 s, 54 °C 30°s, 72 °C
fRPB2-7cr CCCATRGCTTGYTTRCCCAT 2 min, 35 cycles; 72 °C 10 min
tef] EF1-728F/ CATCGAGAAGTTCGAGAAGG 94 °C 3 min; 94 °C 30 's; 56 °C 30's, 72 °C
TEF1LLErev AACTTGCAGGCAATGTGG 2 min, 30 cycles; 72 °C 10 min
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1.4.2 X IE

KA EAE 6 mm FTILAECIELREIR 7d 1
IR 10 i T B AR AR B AR A TR TR I 2
FIBUR B, 7EH B PDA PA(EAE 9 em)iiZ %)
10 mm A XF R B9 5 43R H AR 6 mm 1)
fEFEHEMARGERERS 1 F, BT 28 °CHiH
Fro TE 3-11 d B R 538 SOEWE FF i sk 0t
URE R X IRE 25 A7 1 i B R TR 7 A KR AR
R 3 MEK
AR TR A TR 28 (Y%)=[ R B T 781 TR 9% = A2 — X
R 3% 5 1) 9 D AT T 9% 1 48 )% Ui Do T TR % F
1£1x100,

PRHC_E R X IR 35 52 45 B R 55 F
PR TR P8 A A AR P TR 2244, 78 S 30se T U —
MEAEH, HEMBERER L Axio Cam MRc5
Al Zen BAFHEATHA IR B oAb B, 3F— 25 B
AR5 TR R AR 1 1 3 L T 4 R TR AL
143 BUESIT

FIH SPSS 19.0 #HAT8dESE 1T, 4RIV
HprifEE RN . RABEZR T 24507 ANOVA
XA R AR B BRI R R A 7 22 S e it or i, JF
fd1FH Tukey HSD X7 22 0 A 4 A T S A

2 EREGHN

21 ABEHKRHESERE

MR BRI BRI 35 MRAKREE, MR
TEFFEA B AU SEHEMER R 2 I 1. B 2),
SRR 35 DARE WS T 8 A, RIEDHIG
KARFE(a69 ., a77. a78. a0, a90, a9l a92.
a93 . a98. all5. al24., al4l. E708. E873.
E874 . H23). KW A% (a67 . al02., al03.
al04. al05). T. amoenum (al26). ITIRZEARE
(al31). T.obovatum (E94, E95). KAIAF(E105,
E106. E356. E357. E475. E473. D612). %

HARFE(E225, ES589)FIRLEAFE(E339),
22 KREEMSTFEERRFELAESN

FHET 3 MER RN ARERE
S, PR ER R BRI T S (K 3) &
RN HE X RS AL & 35 A4 B BRI 80 4
PRUETEFR(E 3), F14E 2 091 M FEATS hy 546,
rpb2 4 666, tefl 3 879, FLIGHLXFIAIER),
¥k P. farinosa CPK 3144 1E R AN . e A HfIAR
BB MY 35 TR AT M R ARG RSS2
KB, T. amoenum . FTIREEAREE . T. obovatum .
KRS . R KREARGARE . LS
B RR I FE R 7 41 B 28 3328 2 GenBank (4
B, BRI 3,
23 AEEMNHREREERNIFIMER
231 ARABEMNREETEENHNEYR
EFHR

WHACRYER T B AR, A6 ALK
A% 7 ¥R(a69. a80. a91. a98. al24, E874,
H23), K ARTE 1 ¥£(a67), T. amoenum 1 ¥k
(al26), ITIREGEAKREE 1 ¥k(al31), T. obovatum 1 B
(E95), KBRS 3 #R(E357. E475. D612), %
TAREE 1 FR(ES89)FIRLEAEE 1 ¥R(E339), It
16 DMREMAENEIUREM, SHRE FrEn 10 4
P& ELIA TE R (1.3 DA TR IR A . JEFR55 11 K
BF, 16 Do B HRIMERSOR 1 22 5 L LR 4,
PR o fe BRI RBORFT 2 44 00 TR Pk S H:
MECR AT M, 5% 5. WaER
TR RO S5 B S 100 R 5 TR AR 114~ AR IR S8R L
Bl 4, Hral%n, 16 BRAREERXT 10 Pl & f2
HEYA—EMIHRIER , MEEEN 40%-80%,
AN R 9 8 [] — 3 0 S ) 4 i v ke [] — b A
T FLD AN TR RE T AN [F] o AR NS AR B I T 2K
SO AT H AR AE YNGR AEE 291 I HD TR
ROR Al , HoHERs A B2 J2 R F26. K
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Table 2 Main morphological characteristics of Trichoderma

Hifh Specie PPk Strain -~ 434 4F Conidium bk Odor
JEPHIE R AT a69, a77,a78, MEATIEHIERINIE, S, sE s, [OmBEE Ak
T. afroharzianum a80, a90, a91, Conidia subglobose to ovoid, smooth, green to dark green with age, A sweet odor
a92, a93, a98, infrequently yellow
all5,al24, (2.0-4.5) umx(2.0-4.0) pm
al4l, E708,
E873, E874,
H23
FMAIATE a67,a102,  SAEATFIEHOE R, R, SO RRSE JCH AR
T. asperelloides al03,al04, Conidia subglobose to oval, finely warted, green to dark green No distinctive odor
al0s (2.7-5.0) pm%(2.2-4.0) pm
T. amoenum al26 SRR SOE TRIBRIR, g6, St SRA
Conidia oval or subspheroidal, green, smooth Odor indistinct
(2.5-3.2) pm*(2.1-3.0) pm
IR al3l STV EGE L, S, St A 5 ZURTR A TR
T. paratroviride Conidia globose or subglobose, green, smooth Odor strongly
(3.0-4.0) pmx(3.0-3.7) um coconut-like
T. obovatum E94, E95 SHMERT Y . WRIE REEE, BUDRIKIE, g6, St A AR
Conidia globose, oval to obovate, less commonly oblong, green, IR
smooth Especially pleasant
(3.2-3.8) umx(3.0-3.6) um and indistinct odor
noted
KA E105,E106, JMEMTIEMERIE, 2k, BOLHE PR N R
T. longibrachiatum  E356, E357, Conidia broadly oval, green, smooth-walled WA R
E475, E473, (2.0-3.0) umx(2.0-6.0) um Especially pleasant
D612 and indistinct odor
noted
RITARE E225,E589  JMEATRGIBRTIMEIE, 46, St AT
T. orientale Conidia oblong to broadly oval, green, smooth A sweet odor
(3.2-10.5) pm*(2.0-5.2) pm
IREEARE E339 SRR EINE, RatE, St AR IR

T. atroviride

Conidia subglobose to ovoid, dark green, smooth
2.5-4.0 ym

Odor coconut-like

R B45 . W EE S17. K40 Mss i E: E427

55%LL I o KABIKREE E475 Fl D612 X}

% 2% b 2

U A 4 N26 AU A R 7E 70%LL E, Xf
IR N49 . HEihdE S36 AR KA A A
H34 MR WAE 65%LL F . AR M R AR E
a98. al24 Hl E874 WA BT MM AR, XF
i B8 E781 4K O F G 3 B B9 1A R 1k

S36 IR AW 2Z5 71 H34 FhAYH Ay 8 Flfa 3
FL IR BP0 R I TE 55% 0L, AT S by o A i
FOR . e, EWRGAE al3l X2 k4
F26 B4 £ 5 B781 B BESCR LT H A Z
Bk
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T. afroharzianum [

T. asperelloides

T. paratroviride Jay

s L A8

%
B 1 FEMEEART. BB ASE. Trichoderma amoenum L FIFABHLSIEE A CMD 53
. B: MEA }i3:3t. C: PDA ¥53:3L. D: Nirenberg SNA 555 5L E: 4047 F. JE4HMT. G. H:

AT READRAE. PR 10 pm

Figure 1  Morphological characteristics of Trichoderma afroharzianum, Trichoderma asperelloides,

Trichoderma amoenum and Trichoderma paratroviride. A: CMD medium. B: MEA medium. C: PDA medium.
D: Nirenberg SNA medium. E: Conidia. F: Chlamydospores. G, H: Conidiophores and phialides. Bar: 10 um.
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T. obovatum [N

T. longibrachiatum |

T. orientale |

T. atroviride

& 2 Trichoderma obovatum. K KE. FAAREMRAGAEHHSIFME A:. CMD Hi3RIE. B
MEA ¥ %k, C: PDA ¥53:3E. D: Nirenberg SNA 5353, E: /04l F. F: EHEHF. G, H: 204
FAREFEAE. FRR: 10 pm

Figure 2 Morphological characteristics of Trichoderma obovatum, Trichoderma longibrachiatum,

Trichoderma orientale and Trichoderma atroviride. A: CMD medium. B: MEA medium. C: PDA medium. D:
Nirenberg SNA medium. E: Conidia. F: Chlamydospores. G, H: Conidiophores and phialides. Bar: 10 pm.
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Protocrea farinose CPK3144 (EU703917+EU703938+EU703894)
Trichoderma asperellum GIS$ 90-7 (EU330956 +EU338337 +EU338333)
100 Trichoderma asperelloides a103 (ON844155+ON934380+0N934345)
Trichoderma asperelloides a105 (ON844157+ON934382+ON934347)
Trichoderma asperelloides a104 (ON844156+ON934381+ON934346)
Trichoderma asperelloides a67 (ON844144+ON934369+ON934334)
Trichoderma asperelloides GIS 04-116 (GU198301+GU248411+GU248412)
Trichoderma asperelloides a102 (ON844154+ON934379+ON934344)
Trichoderma asperelloides CEN1396 (MK714871+MK696791+MK696629)
84 62 Trichoderma asperelloides GIS 04-187 (IN133553+IN133560 +IN133571)
s Trichoderma vulgatum HMAS 248796 (KX428037+K X428019)
00 ¢ Trichoderma vadicola WT10708 (MH287491+MH287511-+MH287499)
Trichoderma vadicola WT32801 (MH606225+MHG606231+MH606228)
= Trichoderma caerulescens S195 (JN715589+IN715604+IN715621)
99, Trichoderma tardum HMAS 248798 (KX428038+K X428020)
Trichoderma bifurcatum HMAS 248795 (KX428036+KX428018)
Trichoderma ochroleucum CBS119502 (FI860793+FI860556+FI860659)
Trichoderma albofulvopsis HMAS 273760 (KU529138+KU529127)
Trichoderma palidulum HMAS 275665 (MG383487+MG383493)
Trichoderma istriamum $123 (KJ665280+KJ665521)
100 g= Trichoderma amoenum a126 (ON844160+0ON934385+0ON934350)
Trichoderma amoenum YMF 1.06209 (MN977801+MT052192+MT070146)
Trichoderma koningiopsis DIS 229d (DQ313143+FJ442712+DQ284971)
Trichoderma koningiopsis 7745 (K1783287+KJ634722+KJ634755)
Trichoderma dorothopsis HZA15(MH624150+MHG647805 +MK830837)
Trichoderma koningiopsis CEN1386 (MK714859+MK696779+MK696617)
Trichoderma viride CBS119327 (DQ677655+EU711362+DQ672617)
Trichoderma paraviridescens CBS119321 (DQ677651+KC285763+DQ672610)
Trichoderma neokoningii GJS 04-216 (DQ841734+KJ665318+KJ665620)
Trichoderma gamsii S488 (KJ665270+IN715613)
681100, Trichoderma hailarense WT17803 (MH606226+MH606232+MH606229)
Trichoderma hailarense WT17901 (MH287485+MH287506+MH287505)
100 g Trichoderma atroviride E339 (ON844168+0ON934394+0ON934359)
Trichoderma atroviride CBS119499 (FJ860726+FJ8605 18+FI860611)
991100, Trichoderma nordicum WT61001 (DQ841734+KJ665318+KJ665620)
Trichoderma nordicum WT13001 (MH287483+MH287502+MH287501)
86 Trichoderma paratroviride CBS136489 (KJ663321+K)665627)
71| 99f Trichoderma paratroviride a131 (ON844161+ON934386+ON934351)
Trichoderma obovatum E94 (ON844163+ON934389+ON934354)
Trichoderma obovatum E95 (ON844164+ON934390+0N934355)
Trichoderma obovatum YMF 1.06211 (MN977803+MT038432+MT070143)
924 Trichoderma obovatum YMF 1.6190 (MN977804+MT038433+MT070144)
Trichoderma luteffusum CBS120537 (FI860773+I860543+FJ860645)
GJS 99-198 (KJ665286+K1665547)
Trichoderma piluliferum CBS120927 (FI860810+FJ179615+FJ860674)
Trichoderma muurfm( :(ula[um WT37805 (MH287487+MH287493+MH287509)
Trichoderma WT37810 (MH287488+MH287494+MH287510)
Trichoderma atlanticum CBS 120633 (FIS60781--F1860546-FIS60649)
Trichoderma europaeum S611 (KJ665268+K1665489)
100 [ Trichoderma pm'api[u[f/i’r‘zmr CBS120921 (FI860799+FJ179614+FJ179578)

=
2

97

100

WT34004 (MH287489+MH287496+MH287495)
1061 Trichoderma \Il(mguluunw WT40502 (MH606224+MH606230+MH606227)
o 98 CBS122500 (FI8607914F1179611+F1179575)
2 e Trichoderma leucopus CBS122499 (FJ860764+FJ179605+FJ179571)
84 ¢ Trichoderma orientale E589 (ON844173+0N934399+0N934364)
Trichoderma orientale E225 (ON844167+ON934393+ON934358)
Trichoderma orientale CP64-1 (ON844167+ON934393+ON934358)
Trichoderma longibrachiatum D612 (ON844177+ON934388+ON934353)
80 | Trichoderma longibrachiarum CEN1400 (MK714876+MK696796+MK696634)
Trichoderma longibrachiatum E357 (ON844170+ON934396+ON934361)
Trichoderma longibrachiatum E356 (ON844169+0N934395+0N934360)
Trichoderma longibrachiatum EAT3 (ON844171+ON934397+ON934362)
Trichoderma longibrachiatum E4T5 (ON844172+ON934398+ON934363)
Trichoderma longibrachiatum C
s Trichoderma longibrachiatum E106 (ON844166+0N934392+ON934357)
641 Trichoderma longibrachiatum E105 (ON844165+ON934391+0N934356)
Trichoderma ceramicum CBS114576 (FI860743+F1860531+FJ860628)
100 y Trichoderma brevicrassum (KY687954-+K Y688008+K Y688064)

83

Trichoderma brevicrassum (KY687955+KY688009+KY688065)

Trichoderma aureoviride (FI860733+FJ860523+FJ860615)

Trichoderma aureoviride (KF923293+KF923306+KF923280)

T/u hocle/ ma wmp/ex HMAS 248842 (KY687925+KY687981+KY688041)

Trichoderma epimyces CPK 1980 (EU518663+ 98360+ 4

Trichoderma epimyces CBS120534 (EU518662+EU4 3
100 g Trichoderma solum HMAS 248848 (KY687930+KY687986+KY688049)

Trichoderma solum HMAS 248847 (KY687931+KY687987+KY688050)

Trichoderma ingratum HMAS 248822 (KY687917+KY687973+KY688018)

81 100, Trichoderma alpinum HMAS 248830 (KY687906+KY687958+KY688012)

Trichoderma alpinum HMAS 248821 (KY687912+KY687961+KY688015)
Trichoderma Ipseudodensum (KY687910+KY687967+KY688023)

004 Trichoderma alni CPK 2494 (EU518651+EU498349+EU498312)

Trichoderma alni CBS120633 (EUS 18652+EU498350+EU498313)

100 , Trichoderma bannaense H! 40 (KY687923+KY687979+KY688037)

Trichoderma bannaense H\AAS ’4886: (KY687948+KY688003+KY688038)

00y Trichoderma breve HMAS 248845 (KY687928+KY687984+KY688046)

Trichoderma breve HMAS 248844 (KY687927+KY687983+KY688045)

6Ly Trichoderma zelobreve CGMCC3.19695 (MN594474+MN605872+MN605883)

100" Trichoderma zelobreve CGMCC3.19696 (MN594475+MN605873+MN605884)

hoderma zeloharzianum (MH113932+MH158996+MH183181)

choderma harzianum T18 lKX63’4‘)7+KX6)754‘)+KX63’606}

Trichoderma harzianum T55 (KX632511+KX632568+KX632625)
Trichoderma lentiforme CEN1412 (MK714892+MK696811+MK696650)

93g= Trichoderma vermifimicola (MN594473+MN605871+MNG605882)

Trichoderma vermifimicola (MN594472+MN605870+MN605881)

Tree scale: 0.1

num CBS466.94 (KP009262+KP009150+KP008851)

ianum CEN1410 (MK714890+MK696809+MK696648)

ianum a93 (ON844152+0ON934377+0ON934342)

94 Trichoderma afroharzianum GIS04-193 (F1442233+F1442709+F1463298)
Trichoderma afroharzianum al41 (ON844162+ON934387+0N934352)

5. r Trichoderma afroharzianum E873 (ON844175+0N934401+ON934366)

num E874 (ON844176+0ON934402+0ON934367)

ianum a91 (ON844150+ON934375+0N934340)

ianum a90 (ON844149+ON934374+0N934339)

ianum a98 (ON844153+0ON934378+0N934343)

ianum a78 (ON844147+0ON934372+0N934337)

Trichoderma afroharzianum al24 (ON844159+ON934384+0ON934349)

Trichoderma afroharzianum E708 (ON844174+ON934400+ON934365)

Trichoderma afroharzianum a69 (ON844145+ON934370+0N934335)

Trichoderma afroharzianum al15 (ON844158+0ON934383+0N934348)

Trichoderma afrohar: zianum 292 (ON844151+0ON934376+0N934341)

Trichoderma afrohr

ianum a77 (0N844I46+O\l‘):4371'0\19:4336)
Trichoderma afroharzianum H23 (ON844178+ON934403+0N934368)

B 3 ETFZEREFINATS. rpb2 M tef DB ABERRRZLERN 703 EAYHT RN AR
F, HEBE/RAREZFRERERT 50%0ME. WHEIR 0.1 &R 100 MEZERPA 10 Mgk, #5NER
GenBank 585, W AR KRR — 207 SONTE SRR BEA T4 0, RHER S5 bR TE 20 S AR A A 2

Figure 3 Phylogenetic tree of inferred from Trichoderma combined ITS, rpb2 and tefi. Numbers above
branches are bootstrap values, only values above 50% are indicated. The tree scale 0.1, represented ten out of

100 nucleotides were replaced. The parentheses represent the GenBank login number. Two diagonal lines
indicated some branches were shortened to fit them to the page, the number of times a branch was shortened

indicated next to the lines.
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F3 KARSBHARBZEKE GenBank HIE RS

Table 3  Trichoderma strains isolated in this study and their access number in GenBank

Ay B RE Strains WM 5 Strain No. rpb2 tefl ITS
T. afroharzianum a69 ON934370 ON934335 ON844145
a77 ON934371 ON934336 ON844146
a78 ON934372 ON934337 ONB844147
a80 ON934373 ON934338 ON844148
a9%0 ON934374 ON934339 ON844149
a9l ON934375 ON934340 ON844150
a92 ON934376 ON934341 ONB44151
a93 ON934377 ON934342 ON844152
a98 ON934378 ON934343 ONB844153
E708 ON934400 ON934365 ONB44174
E873 ON934401 ON934366 ONB844175
E874 ON934402 ON934367 ONB44176
H23 ON934403 ON934368 ON844178
all5s ON934383 ON934348 ONB844158
al24 ON934384 ON934349 ON844159
al4l ON934387 ON934352 ONB844162
T. asperelloides a67 ON934369 ON934334 ONBg44144
al02 ON934379 ON934344 ONB44154
al03 ON934380 ON934345 ONB844155
alo4 ON934381 ON934346 ONB44156
al0s ON934382 ON934347 ONB844157
T. amoenum al26 ON934385 ON934350 ON844160
T. paratroviride al3l ON934386 ON934351 ONBg44161
T. obovatum E94 ON934389 ON934354 ONg844163
E95 ON934390 ON934355 ONB44164
T. longibrachiatum E105 ON934391 ON934356 ONB844165
E106 ON934392 ON934357 ONB844166
E356 ON934395 ON934360 ON844169
E357 ON934396 ONO934361 ON844170
E473 ON934397 ON934362 ONB844171
D612 ON934388 ON934353 ONRg44177
E475 ON934398 ON934363 ONB844172
T. orientale E225 ON934393 ON934358 ONB844167
E589 ON934399 ON934364 ON844173
T. atroviride E339 ON934394 ON934359 ONB844168
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Table 5 The two strains with the most obvious antagonism effect on deleterious fungi and their inhibition rate

fEHEHR Ik 1 TS Bk 2 S
Deleterious fungi Strain 1 Inhibition rate ~ Strain 2 Inhibition rate
) )

BEAS A A. alternata T. afroharzianum a91 78.242.3 T. afroharzianum al24 75.6+3.2
HBIERGEM F. verticillioides T. paratroviride al31 74.9+£3 .4 T. afroharzianum a98 73.2+4.1
KRG F. graminearum T. afroharzianum a91 79.9+4.4 T. afroharzianum E874 77.3£0.8
JZ A F. proliferatum T. afroharzianum a91 71.2+6.4 T. afroharzianum E874 66.7+1.1
% 4. flavus T. afroharzianum a91 81.9+4.9 T. afroharzianum a98 73.3£2.6
A% A. niger T. afroharzianum a91 66.3+4.0 T. afroharzianum a98 65.3£3.1
WL s % T. roseum T. afroharzianum a91 80.4+1.8 T. afroharzianum E874 78.0+1.0
WAH WA HL C. australiensis  T. afroharzianum a91 68.4+2.4 T. afroharzianum al24 61.5+3.1
B AL C. lunata T. afroharzianum a69 77.0+£3.6 T. afroharzianum a91 73.9+2.1
B BB M. circinelloides T. paratroviride al31 68.9+3.1 T. longibrachiatum E475 62.7+2.7

A-J: fEEIFEAMEX I, fEkdd . h

4 MEYRBFHABEERSTEREEE /TR IF
TRORAL . RAOHRA . JZHORIA . idhE . Bl . BORFE S M, RiiE . A SRAERE
B KT X0 35 0T 100 T RUCR e X Y A s T B0 ARG 0, IDUFRe []

Figure 4 Plate confrontation of Trichoderma strains with the best inhibition and different deleterious fungal
species. A—J: Deleterious fungi as negative control, Alternaria alternata, Fusarium verticillioides, Fusarium
graminearum, Fusarium proliferatum, Aspergillus flavus, Trichoderma roseum, Curvularia australiensis,
Aspergillus niger, Curvularia lunata and Mucor circinelloides. K-T: Plate confrontation of Trichoderma
strains with the most obvious antagonism effect on deleterious fungi, the order as above.
AEFNBEERINESRA E MU

2.3.2 R, B SE-5G JB/R T B 22 KA ml i R 0
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fli, TR K AR, RO B E R
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A] LAV B 6 5 BT Y B 228 AP W R R BE
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P22 AR 28 35 fE 3 HLB B 2 AR I e HL TR 22 9
A4, B SA. SE. SH WS FLIE W 22 10 IE
RE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2872

(DGX7ES ik

Microbiol. China

A
o
. e
o
e ™
v
H ——1 _-J ’ =~
o
4
— / i
Ki/ L 5 M x
i & Y
E V™ ‘Z: " 4"' -
i W i h
N 3 __o . _-P -
A
/ 4 N\ AN

E5 MFHEFPFAZTEMNEEERNTMEANRMEMNE  A-P: U ARG EZE . S5
MAGFERAEZ. BESOTCREGFELRNEZ, BESLOFLIEAREEE 2. FrR=10 ym
Figure 5 Microstructural observation on the inhibition of Trichoderma spp. on deleterious fungal species

under confrontation culture. A—P: Hyphae of Trichoderma lysed, twined and inserted into the hyphae of
deleterious fungi. Hollow black arrow indicates hyphae of Trichoderma spp., filled black arrow indicates

hyphae of deleterious fungi. Bar=10 pm.
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