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B E: (X1 IBFERREFLATE, MAE(Trichoderma spp )2 EZ WM RELGH, B
BT AR A AR ER AT AT S, [B 9] 5 B L ZHTBIFRAAREANR, oA 8e5F
R2AFRBRA A GRS, AHIBE ?%%)ﬂﬁgﬁﬁﬂaé’)% SRR TR, [ 5] F A -FARAAE
EAHBIFRK AN EAMYREARERARATH B, BAXEFEL TANF 77%&4T1§Jﬁ}\/ri>
AR RIS M LA AL ) AR E ARG B S LB RS [4R] X5 BF2 2HARER
42 R, A A 34 MRRIEAKE(T. asperellum)F= 8 MR LEANE(T. atroviride); #RIBAZE TasTO1 X’T?%
FE JA H (Colletotrichum gloeosporioides, Cgl)F=3 R 5t % %ot & 38 R B (Alternaria alternaria f. sp.
mali, Aal)#37 B £ 55 4 58.60%F 57.14%; IREEAE TatT35 2t Cgl A= Aal 6947 5 £ 55 A 43.86%
#236.90%. #t—F BMAILRAK I, TasTOl TTBILH LB 5007 XA7H) 2 AR RE 09 £ K. TatT35
BB AL BB G HH5 5 90%. A3k 10%. (NH4),S040.5%0, FaFRE & 1.0x108 4 /g, [4£#41]
TasTO1 A= TatT35 4 #7828 2F 3R 2 At s R B ARA RIS 0947 % R, B S K BB AL S T AR 3 78,
TRE, GHRERAFTBIEFRABRENENGIERBT THEN T A,

Isolation and identification of Trichoderma strains, and antifungal
effects and solid-state fermentation recipe optimization from
Xinjiang wild fruit forest
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Abstract: [Background] The Xinjiang wild apple are suffering serious diseases, and Trichoderma is an
important plant disease biocontrol fungus, so it can be used to prevent and control wild apple diseases in
Xinjiang. [Objective] In order to isolate and identify the Trichoderma isolates from wild fruit forests in
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Xinjiang, determine their antifungal ability against two pathogens of wild apples (Malus sieversii), and
provide the biocontrol fungal resources for the preparation of “Special Trichoderma Biofertilizer for
Xinjiang wild apple”. [Methods] Trichoderma strains were isolated by plate dilution method from the
rhizosphere of 4 herbaceous plants in Xinjiang wild fruit forest. Species identification was performed by
morphology and molecular biology, and the antifungal ability of Trichoderma isolates was tested by plate
confrontation tests, and the solid-state fermentation formula of Trichoderma strains was optimized.
[Results] The results show that 2 Trichoderma species (total 42 strains) were isolated, including
34 T. asperellum isolates and 8 T. atroviride isolates. The inhibitory rates of T. asperellum TO1 (TasTO01)
against Colletotrichum gloeosporioides (Cgl) and Alternaria alternaria f. sp. mali (Aal) were 58.60%
and 57.14%, respectively; and the inhibitory rates of 7. atroviride (TatT35) to Cgl and Aal were 43.86%
and 36.90%, respectively. Further microscopic observation showed that TasTO1 could inhibit the growth
of both pathogens through hypha coiling. The solid-state fermentation formula of TatT35 strain was 90%
rice husk, 10% wheat bran, 0.5% (NH4),SO4. And the spore concentration could reach 1.0x10%/g spores.
[Conclusion] TasTO1 and TatT35 have good inhibitory effects on the two pathogens of Xinjiang wild
apple, and the spore concentration significantly increased after the solid-state fermentation formula was
optimized. The results provide a reference for biological control of fungal diseases of Xinjiang wild apple.

Keywords: Trichoderma, Xinjiang wild apple, isolation, identification, antifungal ability, solid state
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B R GRS Malus sieversii) F
PRERETIAR, B AR, U R
AR SR A B AR S i SRR L EE R AR
PSR R 2 FE R AR B iR B TR 2 St
ARSI RBE NP 4R th T AN I8 3l Ko R o
%A, DRALEE SRAREL Hr 1959 4E A9 93.30 km’ Uik
/D F| 1998 4EHY 33-40 km®, H 5 T S 4 ) — 2
BFSRARE B s R T U P BLA T A2 E S
N T (Agrilus mali) WSS, SEFLIF NG K
A LR AE N, S S G e A S R
1 ¥y 9% (Podosphaera leucotricha) . %% M B )i
(Venturia inaequalis) } ¥ 2 #5 BE J§ (Marssonina
maii)Z:P1

AR B (Trichoderma spp.) & TEAL W9 F A= W B
AP RN AR AEE T2 B — AR L, R4
RVEENTZ N BRE Z —, AE7ET T4
FREREE , FE R 2, I A 2+
BES R E REXNER (Malus domestica) BT
SN E B BAHLEIC 21528 T2 MBS KR8 RE
FEA 3 S DA AR K, o T DA o A A Ty =
FEANE P AR, B AN AR X 5 | RS 2R R L 1Y
975 JEL R M 41 LS A ( Trichothecium roseum) | fi5 2155

JIW (Fusarium lateritium) ., SE-FEEMHI(Alternaria
mali) VRS 3 SR R 55 IR R R
P1 (Penicillium expansum P1)®*1 J 5 | E8 35 FL b g 2
995 (495 S B8 (Valsa ceratosperma) Y78 IMIVE R P,
M X KRB (T. harzianum) T88 T Bk Fl K 4% K 5
(T. atroviride) T95 TR I XT3 S A% F 422 55 9 [ TR
[V. ceratosperma (Tode et Fr.)|M [tk HA B F4E
YERD, S5 A Dt 1T (%) T 22 24 L it A oo 4 . TR
24 WO R R AR A SR T [ A
AWHEAER, BB RE (T, longibrachiatum)
T6 & T WAL B2 Wy XoF 392 B T8 02 955 s it T (Valsa
mail) FSF FEBE T 9 005 i R P PR 22 A B
SR AR AR, AR 3 550 S 100% Fi
93.32%"", KREW Td R P8 =E
N BT 1S F 5T & B, Td31 RO = 4y X S R 48
2L 9% W (Physalospora piricol) F1 3 W J% JH K
(Gloeosporium fructigenum)ﬂ"]ﬁﬂﬁ?ﬂf/ﬁﬁﬁfiﬁm]o

[F) B, A i AT LA H A 3% B R IBE 5 (i FH R B iR
SEREE, A E 2 000 FEHIARER T2 Z i
X 3 S5 B0 B (Botryosphaeria  dothidea) LW 182
BRI PSR P s, 48 h AL 1.23,

72 h R R 13610 KRFF Tay SR
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(Bacillus subtilis) Bs-6 . 2 VeAB AN (Pseudomonas
Sfluorescens) PS-1 4 52 A A= il 700 AT A3 240 il
SERBEBUREE (P. piricoDRAEK, HIA)EIG R,
A IR BHIG - R A SR A XT B RCH 84.2%, 5
BIR Z WA WA B3 S ke e 2 LB E 2 5
FFEAT i AR, AR SR AT DA A B R
S BT s U

AR — PRI AP A AR5, FRATTXT
B B RAR T R TR A T 40 B S E R R A
B8R, AT DA i B S0 SR 3 B A 4R R 22 4R
S, A AT DA B S AR AR B A AR S PR
PRI AL BT )RR BT I8 . 08 B SR i &1
AR B T R B SR AR R A A W A PR - B R T
L S W =~ BB | 70N 2 s R S s e L 7 k2
PO ARG R R TEE ; Al ARE R 5
A e JH (Colletotrichum gloeosporioides) . S5
P IE MR IR (A, alternate f. sp. mali)i)~EHR
X URF 30 T A 75470 D e s 2 AR A B v 0 5 B
PEACA ZE TR 1 [ S R Ty, AU Ay s S R
9o T A= W B v SR AR 5T A I R I

1 MRSk
1.1 TIEHR

TR T 2017 4F 5 7 SRAE FUBR AR
HLEFRAR(ILZE N43°22/38.14", 7545 E83°34'6.42")
B SRR (Urtica angustifolia) . 7%k (Rumex
patientia) . FHi(Plantago asiatica)F# s (Taraxacum
mongolicum)iX 4 FIFEY A LR 1),
1.2 AEEMSBERAL

Sk S R E I SR ik R
IRLET A oy Bk 7 B R B TR AR . 5 g HRE

R1 HEFRNITIRERORE

F 45 mL BTCHEK SO N 107 B H iR
W, ARV AR B B 1072, 107 F 107 fo sk
TR K NPT 2T R FRIL B ASE TR A, JHCE R A
BG4 200 wL 38807 I K T AR AT 2
Wi, BENMETEE S NEE, FINHEE KK
VRAT TR AT 2 AR, ek 28 °C fE IR A s
. REWMWERMPLERE FAK 3 45,
B H A 5535 PDA RHAE R 7R3 FUE T ARk RE
Fi , W BRI I (0 AR 25 B bR 04 A KA L1 T B R
it BT o B IR WA TS KRR
T 3 MRS AL T 28 °C ¥R %, Kok
A, AWK ERT B, AR5
IR AT
1.3 ARENBEMESSHFETE

W Iy kRS % R IR 9206 )5 i, 1k
M4 Gams&Bissett 7R RFEHITIERYEE . FIHDE
= 5 TR R A il P B O B 4 A 9 A S A3 A
A RIS A AR B PR PR RIS PDA “FAl L,
TE 28 °C TH55% 72 h, FRRVERK IR, ML
PTEFFEIC SR I REARAE o LA, B/ 2 7R 22 ] A
I B8, A 22 Y J 1 FH 2 A A /0 A 7
TREA A3 A F BARAE , S0 SRFAREATARY . ARG R
PDA i FYIEL 1 emx1 emx0.2 cm F7 22 797N
P, FHE R AER RS TR

FETAREZI ITS 4/5 . tefl F rpb2 JEH5) ke 1
REREW, 120 7AW FAF Ed % e &
S AR BB R R PDA B59R3E L, MO #
22 Ak Fk N\ PDB 44K 77 3 b T 28 °C. 120 r/min
Kig% 48 h, HI 8 JZ4bAuid JE43 B 224k, ik
%Mo R ZT R DNA $2& HCE ) 6 38 UK 25 7 22
& DNA. LA BN EEAT 409 3. KA 519

Table 1 Collection of soil samples from Xinjiang wild fruit forests

FHY) 2 5 Plant name Y] Aspect WK Altitude (km) Bkt £ ZIR E Sampled soil depth (cm)
Bt =R U. angustifolia 7 East 1420 <25
¥k R. patientia 7R East 1 420 <25
ZER P. asiatica %< East 1420 <25
WAL T. mongolicum 7R East 1 420 <25
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ITS4 (5-TCCTCCGCTTATTGATATGC-3")Fll ITS5
(5'-GGAAGTAAAAGTCGTAACAAGG-3")¥ 1 ITS
¥4 . 514 EF1-728F (5'-CATCGAGAAGTTCGAG
AAGG-3")#l teflLLErev (5'-AACTTGCAGGCAAT
GTGG-3")Y 1 tef1 )75 . 514 fipb2-5f [5'-GA(T/C)
GA(T/C)(A/C)G(A/T)GATCA(T/C)TT(T/C)GG-3]
il frpb2-7cr [5'-CCCAT(A/G)GCTTG(T/C)TT(A/G)
CCCAT-3"14" 3 rpb2 J¥ 3L PCR J i 4514 : 95 °C
5min; 95°C30s, 56°C30s, 72°C 1 min, 354
FEFR; 72 °C 5 min; 4 °C {17 1%MBIEHIEERE
FHL VKRG )5 6 B Promega it [RIIACGR TR &%) PCR 7
Yittraifh, SR EA TAY TR R A R
I

V00 8 SR A PV S 3 2 R R T TR A R
A F 0 MMIT 2461 (941 : http:/mmit.china-
ccte.org)H T EHATEb X, B &M E REEFI2E
M NCBI T # AR5 [F R AR H) ITS . refl Fl rpb2
JP 8, fiiF MEGA X % KUK % (Maximum
Likelihood Method, MLW4ZE RSt & B .
14 ABENERREEIEGEHNE

SEER BN 5 R AL RIE R (C. gloeosporioides)
S B AT I s i TR REAS FL TR (4. alternate T.
sp. mali) NASSZIG AR -

FHK L BT ALAR 23 HICE AR 0.6 em BAEA
75 TasTO1 ., VREEATE TatT35 . ik J5 B i 6 % JEL 1
SRS A BT DE, 7R PDA SEAGL 24 2 em (A
XTI 2 i b a3 AR A2 B e D B B DF
2 PR ER B TR PE5 505 2 il I B oA A 7T Ao
IR, DhBA R A0 D TR P Ak o B O
T 28 °C EiFRAfih G AR, TE55 1-6 RiC kAT
19T i DL TR T 9 1100 A 2 AR R X IR 25 T X
W AR AR 3 N EE IR (%)=
T SR TRV AR IR T U 2P A ) B R R TR TR
Fex 1007 AEF TR I AR R BOR T 5
SBARHENS T G REH LIRS P 100%:;
%% KER2ZSIEFM>2/3; M. 1/3<KERE

22 R I<2/3; V9 ABREZ S IEFEm<1/3;
Vg il B o 81 100%.

FEGS U R LSRR IR RS 95 45 11 N K
B 55 A B VA S IR A5V - i I T 7 AH 52
AEITR 224K, WS —H AT AR S g BEE 0, DA
17T BT A 5 s D R B =K
1.5 REFKRE 135 BSLBE AL

TE S50 3 ARG R e )l NS AR 5 7 [
BRE IR 1, SHRSEAREE T35 BEkR
R TT HEATOUAY, o 43 51 A [ A 5 22 8k 5t LU AN
(NH4),S04 & i 2 D HHH TR k. 1 e
(NH4),SO4 F i 0.5%F17% 7K1t 300% A28, 4 1A
Fo A H TR N 80:20, 85:15., 90:10 iX 3 AMEAE
Behl R IR SRG e KRR RS E & it 90% . 22
T E 10% A5 KR 300% A8, #7218 (NH,),S0,
T 0.5%. 0.3%. 0.1%3X 3 MEEREERCHI & Bk,
f R AR AR BERL 150 g, BEFEXIA)E 1x10° Pa
K 2 h, KL i R MBI A TSR FE R 3450
i, FERENTRE P EIAREE N 10° 4N F/mL HI%
AR F B 5 mL, IREHA], 1628 °C 1
F&5d, RIGHILEE T, 25 ik kit
A B P, R 3 IRECEIE.
2 HRE4H
21 KEMHSE

TERISRR(U. angustifolia) . #/8KM(R. patientia)
HR/I(P. asiatica)MTEAIE(T. mongolicum)ix 4 F
AR 23040 es i 11, 5. 9. 17 #RoK%, 3t
42 FR(FE 2), Hh RS 34 Bk IRGEKE 8 Fk,
TR AR B LA R AR XA 40 A, i HLAUR 2
FIRGEAT
22 LT

3 3 A € R R R R R Y
WS, B 42 BR(TOI-TA2)R%E 1 2 41, A4l
PEFE 1 BR4EAD T PDA A IR SRS T 75 A ROk
{50, 5 38 8l FH 2 0 A S A 4 e B SR AR 2 11 43
2 S 1 A o O (| -9y Nt B
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Table 2 Species and number of Trichoderma

[ERYLHES ETReS REGFNSE R RREH REEEHAMEH
Plant species No. Trichoderma species Numbers of Trichoderma Total numbers of
strains Trichoderma strains

Pet =R U. angustifolia TOI-T11 PEAAREE T asperellum 11 11
7k R. patientia T12-T16 PEAAREE T asperellum 5 5
ZER P. asiatica T35-T42 WREEARFE T. atroviride

T17 BAIAREE T. asperellum 1
THATE T. mongolicum T18-T34 HAIAREE T. asperellum 17 17

TO1 43 ESHRTE PDA }igidk I 28 °C #53% 5 d
JE ARG & BRI, h BN AT
A 73 i SR R AV B <Y S SN s a o e I N o
SEWL, Ty EtEaR, T ESRELA). 7
e AR T LS R B A AR A S i T T T
FEERIR SRR XA, 5 RIS iR 90°,
AR — M A AR A B TR, AR e, B
JETE R ER O ME AR KL, SRRSO 4R, AR
2-3 A (B 1B. 1C). AL e, BRIER T
BRIE (BI1D). B4 T TO1 JE A EHE 5% 27 B i
TRA -, WRLHEK, SEMFREA Y
W RPER LU (FINE), TS890 FIW R i
PN

T35 43 BIPR1E PDA #5537 5E | 28 °C ¥R 5d Jm
KA, ARFETRTEIE BIE WL FH(E 1F),
ToyHHE AR, AR 70 B N s kI
SRR EX A, SRR A 90°; I A
A A A T O DU R, A3 2 A B 4
BIE . A — 2-4 AN, S —soh
BIAEIE, HAERN Fil4ids, (RABek; T~
TRBEIE , AR AR IHL, B R4 4 , AR IR
W4 dn (B 1G. 1H). AEMTaa, WEEE
SRIEIE , St (B 1D, HBE T T35 JEARHE 5L
BB N EA B, TR, 5 JoK s,
SN, AT B R A R (E 1)),
TEA YN FIW IR A E

B 1 TO01F1 T35 KEH BT PDA IEFE FMES

Figure 1 Morphology of Trichoderma isolates T01 and T35 on PDA medium
[E: A-E: TO1; F-J: T35, A, F: Wi%JE&. B, C. G, H: Je B MEE F B/ T4E400%); D, 1. St BB T a4 T

(1000x); E. J: HHE F R4 #F(10 000x)

Note: A—E: TO1; F-J: T35. A, F: Colony morphology. B, C, G, H: Conidiophore under light microscope (400x); D, I: Conidia under light

microscope (1 000%); E, J: Conidia under electron microscope (10 000x)
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23 AENTFEERRZAENH

B TO1 KREE/ Bk ITS tefl Fl rpb2 FFHNHRAZ
NCBI, GenBank % 3% 5 /4% % h MW714925 |
MW748224 Fl MW748226. ¥ 3 57514 BIEEAE
B IR ACE R AR TR AR O MMIT R4¢,
28 3 BRI A HE X 2 )5, B A5 H A 45 2R Ry
HIARBE(T. asperellum)FEEBIARE(T. kunmingense);
T35 KE:HIKK ITS . tefl Fl rpb2 J¥%1] GenBank & 5%
S0 MW714926, MW748225 1 MW 748227,
Iy RIERAE 3 AFEHG , AR B4 o IR R
(T. atroviride) , I AREE(T. beijingense) , TTREEA
%5 (T. paratroviride) f2gk (4 R (T. viride)s M NCBI
# GenBank H(# 2 Hh T 24521 & A B A 2 |

RAARGIRGAT  ARE , IR, &
RN tefl .rpb2 F1ITS 55, IR G R B

KREHIE TO1 1) tefl 75 BAR 5 MR AZE A
EAAREGTE R —43 32 (& 2) . {H TO1 &k rpb2 FITS
FEo 5 AR AR B AE R — 2y (K 3, K 4), H
IHEWT TO1 HtRIE T MAARE ; K& T35 1)
tefl F rpb2 JH) 50 ARE MLk ARG ATE R —
S, JPANESERWE 2, B 3); miXFIRGEAR
B GITIRGEAREE, T35 WMk tefl P SIRGAT
KJ634780 7E[R—4r 32 ( 2), T35 HKRI mpb2 7
G 5 R AR FETE R — 73 32 (B 3), T35 Witk ITS
JP O S5RGBT IR GEAR B AE [ — 40 3, LXK
oy 4), FTLATCIAE T3S WkRIFZE,

Trichoderma paratroviride (KT149301)
ﬁ{ Trichoderma paratroviride (KT149298)

99 Trichoderma paratroviride (KT153586)

Trichoderma atroviride (KJ634780)

76 Trichoderma strain T35 (MW748225)

50

100 I: Trichoderma atroviride (MK850824)
Trichoderma atroviride (KJ665426)

| Trichoderma beijingense (KX428025)

100 | Trichoderma beijingense (KX428026)
94 | Trichoderma viride (DQ672618)
Trichoderma viride (DQ672619)

100 Trichoderma viride (K1665770)
69«‘;'icl1oderma viride (DQ672616)
Trichoderma viride (KJ665771)
Trichoderma kunmingense (KJ742802)

Trichoderma asperellum (MG595720)
Trichoderma strain TO1(MW748224)

e
0.01

El2 ABHEH TOLF T35 ET tefl FHNRGZ AR BN

Trichoderma asperellum (KP00S011)

Trichoderma asperellum (MK439946)
Trichoderma asperellum (MG595717)
Trichoderma asperellum (MG595715)

100

Figure 2 The phylogenetic tree of Trichoderma isolates TO1 and T35 based on zef1 sequence

¥ : Bootstrap KB EN 10005 473 M EETFRRNEEE; 755 W3R GenBank B3t 55 A REEIRIBAEAS 7

Note: Bootstrap times are set to 1 000; The numbers on the branch points indicate degree of confidence; The parentheses represent the
GenBank login number; The scale represents the degree of genetic variation
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Trichoderma paratroviride (KJ665322)
97| Trichoderma paratroviride (KJ665321)
99 Trichoderma strain T35 (MW748227)

Trichoderma atroviride (KJ1634732)
4L Trichoderma atroviride (K1634748)
Trichoderma beijingense (KX428043)
W' Trichoderma beijingense (KX428044)

Trichoderma viride (EU264003)
499|_T— Trichoderma viride (EU711362)
62\ Tyichoderma viride (KPO09081)

Trichoderma kunmingense (KJ742801)
Trichoderma strain TO1 (MW 748226)
Trichoderma asperellum (KF425755)
Trichoderma asperellum (KF274024)
65| Trichoderma asperellum (GU198277)
Trichoderma asperellum (GU198259)
—_—
0.01 Trichoderma asperellum (MN399895)

88

100

B3 AZEHEHTOLF T35 ZET b2 FHNRGZRER

Figure 3 The phylogenetic tree of Trichoderma isolates T01 and T35 based on rph2 sequence

1 : Bootstrap REE A 10005 478 FWBTFRREEE; #5595 MR GenBank #3%5; MR FERBIGAL ST

Note: Bootstrap times are set to 1 000; The numbers on the branch points indicate degree of confidence; The parentheses represent the
GenBank login number; The scale represents the degree of genetic variation

Trichoderma paratroviride (MH549109)
Trichoderma paratroviride (MH549108)
Trichoderma paratroviride (MT448958)
Trichoderma atroviride (MG972798)
97| Trichoderma atroviride (MG309710)
Trichoderma atroviride (MN429074)
Trichoderma atroviride (MT341775)
10 Trichoderma atroviride (KM822752)
Trichoderma strain T35 (MW714926)
Trichoderma atroviride (MH549107)
Trichoderma viride (AY 380908)
98! Trichoderma viride (AY380907)
98 Trichoderma kunmingense (KJ742800)

| Trichoderma kunmingense (NR_165846)
Trichoderma strain TO1 (MW714925)
Trichoderma asperellum (MH215549)
Trichoderma asperellum (MH215534)
Trichoderma asperellum (KM268676)

)

)

Trichoderma asperellum (MH215554
0.005 Trichoderma asperellum (MH215551

B4 AEHBEH TO1F T35 £EF ITS FIIMAL LB R
Figure 4 The phylogenetic tree of Trichoderma isolates TO1 and T35 based on ITS sequence
1 : Bootstrap IREULE N 1 000; 43 %M ERBFRRNBEEE; 55 NN GenBank Bt 5 AR RERIREAE FIE

Note: Bootstrap times are set to 1 000; The numbers on the branch points indicate degree of confidence; The parentheses represent the
GenBank login number; The scale represents the degree of genetic variation
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H— L BB FRIEM AR KB WM &
P, TOl KRE/EHR ITS F4. tefl JEHIH rpb2
JEAN SRR TE R —5 3%, JFHNER BE,
FL AR AR A 247 5 A4 2ERY, i To1 A%
BIMOMAEA 2-3 Mgk, SRS HES RS A
BWHE TO1 43 B0k R AR 2 (TasTOL), T35 K
B BRRIY tefl FFHVFN rpb2 743 510 5 AR EE A
SOARBATER —H, MANES¥EE, T35
ARG R, st ARE I B AkPY, T35
RE/ BT 2B B ORI, S6Ht,
FOARBEEMT RV K MERIY, R,
AR I T35 RSB RN R T
AR AT , T RGAREMIRGEAE,
T35 REDEVE ITS [75  tefl [T rpb2 JT5 51
NGBS AR, TCILHIWT AR, 2R
FRIE, RS ARE W VA O KO IR &k, s 2 4b
AR, i HAT R R A RiE Y, x5
T35 WHRIESFEASRF, B E T35 R85 Bk
RSk AR B (TatT35).
24 ABESRERETERE

A 3 IR AR K B, 5 2 v T A X

Control

5 TasTO01 5 TatT35 3 Aal & Cgl B9 TR 3T 1%

TasTO01

HH L (B 5A-5D), TasTO1 Al TatT35 %} Aal fil Cgl
A —ERIHIER . 5555815 6 KET A, TasTO1
X} Aal Fll Cgl BIFEHLEF YL 5 TatT35 %) Cgl IFEHt
IR 1 9%, T TatT35 % Aal (FEHIER K
%, $HEPRE 55 .

W MEL AT, TasTO1 %f Aal BIFNHIRE J14%
55, REWLHEGEAFHEIFE Aal B0
(K 5E. SF), 1M TasTO1 X} Cgl Ayl fE Sy i,
KREWHZCRLES Cgl MELIFEH FRR™
(& 5G. 5H); 5 TasTO1 AHEL, TatT35 % 2 Fps
TR BRI RE %555, TatT35 XF Aal BRI GE /155
T Cgl, ¥F Aal, REEH2ZAR 528 w5 (8 51.5)),
M7E Cgl W22 A7~ f(Kl 5K, 5L).

TE S AR B REXTIRFEE SR A5 0E T, 2 P IR B 1
He K IR T XTI 1 HAE S TasTO1 XJIRFRE #7255
T, 2 i IR 1 A K IR 2R SMIK T TatT35 Xl
KR TR KLk (& 6A . 6B), sl iR R B,
TEER 6 KRBT, TasTO1 BEIBEXT Cgl A A5 58.48%,
X} Aal I ZRIAF] 57.01%; TatT35 X} Cgl B
RikF| 43.86%, X Aal I ERLF 43.85%
(3 3)o LB, TasTO1 I EBCRIF T TatT35,

TatT35

Figure 5 Plate confrontation of TasT01 and TatT35 on Aal and Cgl
W A, B: Aal FAJES; C. D: Cgl FAHJIES; E. F: TasTO1 5 Aal EACHI%; G, H: TasT01 5 Cgl SEAktld; 1. J: TatT35

5 Aal EARFIRF; K. L: TatT35 45 Cgl FEHxd IR

Note: A, B: The plant morphology of Aal; C, D: The plant morphology of Cgl; E, F: Plate confrontation of TasTO1 and Aal; G, H: Plate
confrontation of TasT01 and Cgl; I, J: Plate confrontation of TatT35 and Aal; K, L: Plate confrontation of TatT35 and Cgl
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Figure 6 The growth curve of Aal and Cgl under the condition of confrontation culture with Trichoderma

e Ar Aal AR HHE; B: Cgl IERKHIZ
Note: A: The growth curve of Aal; B: The growth curve of Cgl

&3 TasTO1 5 TatT35 KEEHKIT Aal & Cgl mEHEMMNEER
Table 3 The inhibition rates of TasT01 and TatT35 Trichoderma strains against Aal and Cgl pathogens

Strains 3d 4d 5d 6d

TasTO1-Aal 0.431 1+0.062 9bed 0.496 1+£0.043 9de 0.537 0+0.040 3e 0.570 1+£0.037 4e
TasTO01-Cgl 0.530 9+0.017 4e 0.558 5+0.038 3¢ 0.575 9+0.036 8¢ 0.584 8+0.036 Oe
TatT35-Aal 0.250 7+0.029 3a 0.344 2+0.051 2b 0.395 3+0.049 1bc 0.438 5+0.045 6¢d
TatT35-Cgl 0.341 9+0.014 1b 0.421 6+0.015 2bcd 0.426 5+0.014 6bcd 0.438 6+0.014 3cd

T B A I R S A M 25 AN R/INS T8R4 Duncan IG5 2 R R ZE TXT 2 Rl Ji B 410 18 32 -39 (5 35 22 5 (P<0.05)
Note: Datum are the mean of the inhibition rates + standard deviation. Different lowercase letters indicate that there is significant
difference in the mean inhibitory rate of the two Trichoderma species against the two pathogens tested by Duncan’s method (P<0.05)

2.5 TasTO01 E £ %t 2 #fx R = IS5 A Y 250
PUE

TEXTIRERE TR T, AR T TR 22 5005 JL ol 1) 7 22
Fefil, BT HAEREREEPY, S0 550 TR 1Y T 22T
AIAEH B o6, DT e R R R 22 A A T
25 B AR B3 593 D PR 1 EAE D = i e
M ARG HE SRR AR LR L, KA
TasTO1 22 7] LAJHZELE Aal & Cgl (I 22 1-(K 7).
2.6 REFARE T35 BEIRAEEE L

PRIRG AR EM FRETFR 8 d 5, ®E
(NH4),SO04 #5508 0.5%AE, FiscE £kl 80:20.,
85:15 F1 90:10 MIFEALH & ek} ) & AR Um R
( 8A); ERIFTEER L 90:10 A7, (NH4),SO4

Bl 7 TasTO01 EZ3F Aal & Cgl H 22 B ESS

Figure 7 The entanglement of Aal and Cgl hyphae by
TasTO01 hyphae

TE: A: TasTOl #2%) Aal IHZMHLE; B: TasTOl H45%}

Cgl WL I9E58 . FRR=20 um, 5 LARFR LR

Note: A: The entanglement of Aal hyphae by TasTO1 hyphae; B:
The entanglement of Cgl hyphae by TasT01 hyphae. Bar=20 um,
the arrow represents the winding part
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TN 0.5%0 A REEHER AR (K] 8B) . MATEE 78, (NH4),SO4 & &N 0.3%I0 ML J7 fil ik B2
PRI SC SR SR HRE, FICEEL A 5.10x10"4Mg; (NH,),SO04 & 0.1%Hc )5 7 1
80:20 F1 85:15 MP=fIELAM R 1.67x10" 4~/g 1 MREEHN 8.08x107 1~/g, i (NHg),S04 75 0.5%H)
2.43x10" Mg, MIREFEEBREL A 90:10 B4 W TFWRIE R 1.0x10°4>/g (&1 8D). LE KA,
B Z, Wik 1.0x10° fv/g (K 8C); MAEBERT &Ry iibs, R5e&E R 90:10. (NH,)SO4
(NH,),SO0s & HKE, WEMEEL R 90:10 A SN 0.5%ME 7 P ik % .

@]
o

~_ ?-D

&D ~

&y Sonp

= 0t x 10F

R g

g el L

£ :

3] L = 4L

5] - = -

b= Q

5 2

o lmm 2,

2 80:20 85:15 90:10 = 0.5 0.3 0.1
&= Rice husk wheat bran content ratio (NH,),S0O, content (%)

B8 RFAKRE TS EELAEBHEMFESENE

Figure 8 Determination of solid fermentation material and spore content of 7. atroviride T35

F: AL B: ANFEIEREERCH T T35 RIS LB a: FE5C 80%, 2%k 20%, (NH4)2804 0.5%; b: FE5¢ 85%, ##k 15%, (NH,)S04
0.5%; c: F5¢ 90%, ZEk 10%, (NH4)28040.5%; d: FE5E 90%, FEk 10%, (NH4)2804 0.3%; e: 5% 90%, 5k 10%, (NH,),SO,4
0.1%. C: ARIAFSSEHE Bk ik HORTERL FHRIE; D: AI(NHL):SO4 25 BT TR

Note: A, B: Solid-state fermentation feed of T35 strain under different fermentation recipes. a: Rice husk 80%, wheat bran 20%,
(NH4)2S040.5%; b: Rice husk 85%, wheat bran 15%, (NH4),SO4 0.5%; c: Rice husk 90%, wheat bran 10%, (NH4),SO40.5%; d: Rice

husk 90%, wheat bran 10%, (NH4)>S040.3%; e: Rice husk 90%, wheat bran 10%, (NH4),SO40.1%. C: Trichoderma spore concentration
of different rice husk wheat bran content ratio; D: Trichoderma spore concentration of different (NH4),SO, content
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AREGIE—FP I R AR ) TR AR B TR, BB
o Z RIS [R] A PR 1T B LA S g s il A
FRBE AN [RI 0 7 A 728 Ak o 78 5 51 9 e - 458 vp 43 25 1S
18 Bk 9 P, 70l MIRLR AR EL(T. atroviride) . 2K
(T, virens), BIREARF(T. velutinum), "W RAKEF
(T. harzianum) . FRAEAREE(T. asperellum), AT A
% (T. koningiopsis). W4k AT (T. aureoviride) . SJ&H
A JRE B (Hypocrea lixii)FRE T AREE(T. koningii)**,
TE 5t M HiL D A 30 FOE AHE S rp a3 g s 11 Bk
4 PP, Rl ek KE(T. viride). W IR K%
(T. harzianum) . FRAKRBE(T. hamatum)FPALAR
(T, asperellum) . AR5 MHT 9857 I L BF L bk
BemtSRR(U. angustifolia) . ¥/8kMH(R. patientia) .
ZEH/I(P. asiatica) AN FE(T. mongolicum)ixX 4 FPHE
YRR FE g At s 2 B 42 K, 3B FR
%5 (T. asperellum)FIIREEAREL(T. atroviride) . 7¢BHTE
AN (A b DXAS [R] PR AR5 RS 250 22 AR KL A
PORBEFI A Fr 2251 o X SRR R IR ATFEA TS ) I
S B AR ) - 8RR RS, AP << il
AREE Y JEI], AR R A BRI

KB A 2K — W i TrichOKey #il
TrichoBLAST T H 170 F% 2 | TrichOKey
I TrichoBLAST T HAEHE T ARER AT . ¥
ITS1 A1 ITS2 4% 3 i1 K % 55 4% 4 IR 7 41 1 1
TrichOKey 1.0 #47HXF, HAREX > 6 HATEZ
B2 5, TrichOKey 2.0 HIRIENN T tefl F1 rpb2
JEA, (HASREHERA X 7 REE RN, REEFPIEILT]
LAMEBY TrichoBLAST #EFT %52, sl T H B4R
REDC AT RER T FIRIARSE, (HIE 2015 4EM—1rdk
HEgIIH T 256 ME TrichOKey Fl TrichoBLAST
B PR E R O Z AR E AR, R
B 227 5 % A St (Multilocus Identification System
for Trichoderma ,MIST)fu#5 ITS rDNA .tefl Fl rpb2
X 3 ANRGLE bR ICEEE PEA—A AT LUR R 4
K EVRCfE BT E e R % RS

& HAETAT LA RGHE T AR TR R e S E i TR

7 [ PO M s S SR AR L P B e 3 R
39 BRAREE, B AERE WIAREL(T. rossicum) 22 Bk, #i
LR AKRFE(T viridescens) 13 ¥k, WAIRAREL(T. harzianum)
4 kR, HAPRERAP ARG R RS W AR T7
MR AR B T2, % 50 76 # i B R AR Bk 5K
(U. angustifolia) W2 (R. patientia) . 4R (P. asiatica)
T A HE(T. mongolicum)iX 4 B A AL WIAR [l 43 25
KREEW, G5R N FRR(U. angustifolia) . Bkt
(R. patientia)F3H/ANYE(T. mongolicum)ix 3 FhEAS
TV A B B AR s, 0l 17, 11,
5 ¥k, ZERI(P. asiatica)HR FIA B ARFL(T. asperellum)
S5RGBT, atroviride)iX 2 FiAREE, 4350 1 #k
8 ko ZERKN], 4 FhECAKEY AR FIARTE A
FIRTE, REGEFEER—, ML) R
YRR AN YR BRI R A e 22 57, RV
— MEB A FE YRR B AR ARG, R
BT EWAAEESR

30 2o XoF IR 7 a6 R 8 O e B, DA AR A
YIRSy 15 1Y) TasTO1 Fl TatT35 X2k A 324 E Y
2 Pl R BRI T — 2 pFs B A R
FH AR [RIAZG X6 (]l J5L 77 () 400 )V A i 555
2e5¢, [Al— AR FE AN A S T 4 A A
] o BEAARTE T3 X = 3 IE R C1 (C. graminicola
CHEBRIM TSR, 76.47%, WEEABH
IC-11 1 IC-12 Xf B A8 AR T (C. gloeosporiodies)Fil
SEAR T TR (4. alternata) ] AR ALY, AL 16
Hr, TasTO1 Xf Cgl BMIHIBCR I, 6 d I A
A] iK% 58.48%, i TatT35 X 2 Fl I i i il %
AT TasTO1. ZR-G X 2 i st i il ZOR |
TRAIA TS I ORI TR SR AR

2P TR TR 22 X095 S R P AR AL,
ARG T2 [ B A RN TE S RE 1, 16 7]
DI o) T 22 9 58 2 A T SR T 1 TR 22 B S AT
A R AR o AR B BN KRB (T, guizhouense)
NJAU 4742 % Z Rl R A 2 AR, sk
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B 0.5% (NH,)2S04 K AR FE A K ARAEE F7 , (HE 7
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H10.1%3X 3 DAN[A] (NH,), SO, 75 5B R . SR & B
(NH4),SOy & /b J i = i /b, 44 Ji R AT
RBJE RN B IR D AR B A K, BT AR S i e
Tk FE5E 90%, FEK 10%, (NHg),SO040.5%.
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