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i E: (¥ ABEAALARARBRRKRAE S LB A RERE, 2EFREE. A5 RHRGL
BFHEA S RAT A A, [ 9] 5% 4 B A £ K E(Trichoderma)yft £ 5+ AT A 4Lk 2
feipit, AT B RARBARABABKR. [FX) RASTREAALFT oV AR EFH EEE
4 BREBRFNERERE, o8 EEFENE 4 RAFOEBE. B4, F9%-3-T8
(indole-3-acetic acid, IAA)Fe = 4R BARE M, R PR sFEmE 4 MAFA AR L ERE R
RAHGITH R, [£R] 4 AN A RE L Z A ZEAREF(Trichoderma tomentosum). & 7
AFE(T. orientale). & 47 AR F (T. gamsii)FeiL #7 4R F (T. paraviridescens). 1% 4 45 2 fit i it 49
R AW, T.gamsii LA =B L, BEEE M A 14.89 mg/L, T. gamsii #= T. orientale £ %47 4
71, FRATE MR A 24.16 mg/L F= 26.32 mg/L. Fl B, T. paraviridescens #= T. orientale B4 B 5
EFM. AN, T.gamsii LA F IAA Ao F4REAREGE S, L5 TAA 6844 51.92 mg/L, 4B MA4EF
H 56.70%. kg, T. gamsii sfiE4EA 3 A £ &R F R R A H 4EFeE (Alternaria alternata).  #] %
J&. 1 (Collectorichum sp.)#F= 4% 3¢ i (Cladosporium sp.) 9 37 4| & 55| 4 52.24%. 44.23%%= 31.78%,
REZHTARIHRAE. [£4£]) 4 HEHAAANEKRE T. tomentosum. T. orientale. T. gamsii #=
T. paraviridescens ¥ L f — T 6918 £ K Aum 2 he, L ¥ T. gamsii B 6f LA &4, 47, = 1AA.
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Identification and characterization of four endophytic Trichoderma
strains capable of promoting plant growth and inhibiting plant
pathogens from Paeonia delavayi

ZHANG Lili', WU Yulan?, ZHONG Xiuyue?, WANG Junwei', WANG Juan™?, PAN Yue"

1 School of Geography and Ecotourism, Southwest Forestry University, Kunming 650224, Yunnan, China
2 Forestry College, Southwest Forestry University, Kunming 650224, Yunnan, China

Abstract: [Background] Paeonia delavayi has a long growth period and is susceptible to a variety
of diseases. It is urgent to find a safe, eco-friendly, and efficient method for promoting the growth
and enhancing the disease resistance of P. delavayi. [Objective] To identify four dominant
endophytic Trichoderma strains of P. delavayi and examine their functions of promoting plant
growth and inhibiting plant pathogens. [Methods] Molecular phylogenetic analysis and
morphological observation were employed to identify the four endophytic Trichoderma strains from
P. delavayi. Qualitative and quantitative methods were used to determine the phosphorus-solubilizing,
potassium-solubilizing, indole-3-acetic acid (IAA)-producing, and siderophore-producing activities
of the four strains. The plate confrontation method was employed to determine the inhibitory effects
of the four strains on the main pathogenic fungi of P. delavayi. [Results] The four endophytic
Trichoderma strains were identified as T. tomentosum, T. orientale, T. gamsii, and T. paraviridescens.
T. gamsii had the ability to solubilize phosphorus, with the phosphorus-solubilizing activity of
14.89 mg/L. T. gamsii and T. orientale had the ability to solubilize potassium, with the
potassium-solubilizing activities of 24.16 mg/L and 26.32 mg/L, respectively. T. paraviridescens
and T. orientale had nitrogen-fixing activity. Furthermore, T. gamsii had the ability to produce IAA
and siderophores, with the IAA production of 51.92 mg/L and the siderophore content of 56.70%.
The inhibition rates of T. gamsii on Alternaria alternata, Collectorichum sp., and Cladosporium sp.
were 52.24%, 44.23%, and 31.78%, respectively, which were significantly higher than those of the
other three Trichoderma strains. [Conclusion] T. tomentosum, T. orientale, T. gamsii, and
T. paraviridescens could promote plant growth and inhibit plant pathogens. Among them, T. gamsii
had the abilities to solubilize phosphorus and potassium, produce IAA and siderophores, and inhibit
plant pathogens, serving as an ideal functional potential strain.

Keywords: Paeonia delavayi; endophytic Trichoderma; species identification; promoting plant
growth and inhibiting plant pathogens
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F A LAk it FH A2 TERL RIS TR0 Ok T 384
g | FHARPTZG M DL R A 2 5% BE 4 R 5 [l
P, mRAF TR 4 ARSI E R A BT P A
PUHIER

A0 P9 AE B T AR R B A ) A 2L R
ANEERAF E R E N RN, — SRk
RIS SR A K R DA B S R 1T B M
K BIARFSERB, AK%E (Trichoderma) & H 4t
PN A= LR Y 3 B R B ) — SR AN ]
FEAEAR Y AR R A AR A RERE
A8 DR AN IEUARE 420 8 71 590) e B ok g X 2 3 A g
WVERT, R, — K% I RE o 3 1 15
HRSEVE AL 0 O T i DL B T B FR e R ]
R, $2EAY X FoCR RmI™, flan,
A BT B R R A O R AERR, SOR
Fe® 45 G AL T s Fe? ™), o - s PR Bl
SE VA 1 2 ok B B AR 0 0 A A T R 1Y)
T s R A, DU R TP LA R
2 A A A M A IS Ak, —2ER
HEMRREEN EA A A SESH ERE b
S5 7 SO0 Z2 PR s i oA Ak Pk AT R
M, HEEFEA PN AR RGN D, L
DA B B 5 F R P AR 254 A T RE I A 9131,

ARG BT HA AT B ARAT ) 4 A TEG TN A
REMRBEERIITR TSSO F AP
IR E , FEa BT RS . MRET . A
FrG|E-3- 2, R (indole-3-acetic acid, IAA) ., F=&k
AR DL R B A o I B A PLRE 1 1)
WzE ,  DAGH 3k AT 1 A BU D RE A0 W 1 TR R
SR PR AR B iR P TR R B R SRS
M AR S
1 HBP5FE
1.1 #&

B AR B bk CGMCC 3.25645. CGMCC
3.27435 Fl CGMCC 3.27436 T 2019 4 6 H 4%
B H oA KFEEJEE(E100°97, N26°6', 1k
2 670 m)¥F A 4 FHE AR, CGMCC 3.27438

THAF 010 25 H = r 4 R I W L (E102°447,
N25°12', g4k 2025 m)EFA: 4 PR AR AR S
2 DNA $2IURI ITS R B4 . My, # e
RHARERER, R AR R T 3
AW TR R R R B o RS T T S B A A
(Alternaria alternata) . i %4 1% (Collectorichum
sp.) FlIAL 42 1 (Cladosporium sp.)F 2021 4E =
B8 TR P R L b PR BN . 21 BB AN
S ML I B 3, 28 TTS S50 P A
W, S 5L 5 0 3 A D L B
1.2 EFE

Ty % 2248 7 M B I8 (potato  dextrose agar,
PDA) 35 7% 5t Fl 5y £ 5 4 % B W 1K (potato
dextrose broth, PDB)}; 7 32 2% SCHR[1S1BCH
78 F2 3I8 (synthetic low nutrient agar, SNA)E;
7 FE M E KA Z MBI (cornmeal dextrose agar,
CMD)E IR I 225 SCHR[16]BL T, PG I 2k |
i A % 5 L RN BT 231 DL 3% 33 3 228 SCRR[ 17180 i
1.3 EERFIFNLER

Premix Taq, B BRI YR A BRAF
#% KT (chrome azurol sulphonate, CA S il ¥ ,
I EE S R A BR A F ;. Salkowski LML,
M R AE R A R A E] L THRE SRR, B
TR T A S s e A A PR B 5 ey v R 50
L, W ERHMU AR F; PCR 7314, HB
Eor A BRAA w5 BERE L UK BLR X, Syngene
oNH) s pOEIE B B, Olympus 23w ; fHIEFE
IR, B HEAEAT IR AR SEANAT UL A e
T, Jbnt S E A A R T EA A .
1.4 EHAREARENFHELE
141 HDFEVNFERE

PR B AR R R P2 UL DNAS,
JfiE4T TEFL il RPB2 J Bi¥y PCR 4714, Hrh
TEF1 514 EF1-728F (5-CATCGAGAAGTTC
GAGAAGG-3")#l1 TEF1LLErev (5'-AACTTGCAG
GCAATGTGG-3") , RPB2 5| ¥ & fRPB2-5F
[5"-GA(T/C)GA(T/C)(A/C)G(A/T)GATCA(T/C)TT
(T/C)GG-3'1F1 fRPB2-7¢cR [5'-CCCAT(A/G)GCTTG
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(T/C)TT(A/G)CCCAT-3"], PCR LW AZ (25 uL):
Tag Master Mix 12.5 pL, Primer F (10 pmol/L)
0.5 uL, Primer R (10 umol/L) 0.5 uL, DNA Hitix
(500 ng/uL) 1 pL, ddH,O 10.5 pL. TEF1 LA K
PCR JZJ%i &2 94 °C 5 min; 95°C 45 s, 55°C45's,
72°C 60's, 35 MEHR; 72 °C 5 min, RPB2 JE[AIf1)
PCR J2 % £5F: 94 °C 5 min; 95°C 60's, 50°C 60 s,
72°C90s, 35 F¥; 72 °C 5 min, PCR =4
25 B T HL KA T 54 S 32 R B A A R
BRON FIER T B 0 R B i . 45551 %
CExpress B PHER 5 _FA% 2 NCBI #17HXT,
PEBUR LB R HLE R R RIE A S 751
S5 [y 4 5 85 3 7 5 k4 7 2T DU 1t (Bayesian,
BI) 7k Fld KA SR (maximum  likelihood, ML)
L RGERE M. 4 jModelTest0.1.1 7 Il
-3k Bl AR . R4k B R MrBayes
3.1.2., ik HIRBREREESEF R % (Markov Chain
Monte Carlo, MCMC)iE )5 . 7EFod iRy T Bl
iB47 500 5%, 4 1000 fCHEE 17, Bk 25%
H B 45 5, FFm I R & DL R gk B
TR IR . S R UARTE M A RAXML
FFE , s 2508 1+ RAXML-HPC Black-box 3
rie$e, Mo EEZIFE 1000 K
142 EESEFELE

PIFET PDA $5375L 25 °CRERER SR 7 d, H
EAZ 1 em PR AFTFLAS RS 51 5% 2 22 PDA |
SNA F1 CMD 5555, 25 cCHRIRERE % 3 d, WgL
IR TESHFIE . FEARTE SNA KigR2E 71
J& . PREUR AR 22 8RR EE R I VE KB R, o
22 WA WSS TRAR A 0 A 0 A L AL A
A EAE T, BN 30 1K
1.5 EHFAREREREFINEETTFE
1.5.1 EBEMRNE

PR AR TE PDA B3R5 |, 25 °C
MR FE 57 d, FHEA 7 mm B9 KEFT LA
P TR DS BT WE SR 58 |, 25 °CRRIEES
F% 3 d, MEWEDEHEFEA TCEERY, fA-b P
BHE 3 W AHIEWE, RHEREAG R

T, SE—EE SV A, BRIk, £
FH T2 B 11 5 Wl 1% P iR o R BCEL A VA B S Mk 1Y
B PR, I AP HL e R HA S Y
1.5.2 FREIEMRINE

Z 151 B, K HEaX TR i B D42 b
TEMRAPEFREE |, 25 CCBIREREFE 3 d, WEH
JA A JCiE Y, AP 3 R, A7
MBI, R A RS, 20
EBEHEER, BRI, FRIXHE RS
PEBSE . PP IS M TR R, g
T 7 B 0 LA T R P
1.5.3 BREMHHINE

ZH 1.5.1 W, Bk s A e
B2 DL RS0 b, 28 CCRAREREFE 3 d, WAL
JERIA B AE, SAAEEL 3R, A HHIE
WIRE, ROUITEMEEAT AT, S —E &
B AR, HAREK, I Y [ R M i 23]
1.5.4 7= IAA SEMRYNE

L R TR LIS 3R T PDB #5373 I,
28 °C. 180 r/min #7595 12d, L LMMESH
U8 R 22 J5 AR R R . RS Salkowski
F O R IR A G S 30 min, MG T @45 HR
WiE EMRE S HA T TAA fiE 7, IR {08
W, ULHIH™ TAA BBk, AR €0 )50 B 7
BRARE A TAA B 120 RV RBH T
o7 ARSI 4] 7 TR R ) TAA B 24
1.5.5 FEEREARIEM RN E

ZI0 1.5.4 Bkl iR RR ) R R, K%
RIS CAS Ky S5 LR A, ##5 30 min,
DL CAS Kl R %o e, S IR A A8 A ar
B L, RN B R TE .
)07 B AR A & T 180 r/min B5.0> 10 min, HX
355 CAS B S IR A, [RIBTdp ARHE R
i) PDB #5755 .0 5 19 BB S CAS Kl &5
HIRG, MOGHE 1 h, /U6 E %
ODg3o AbWZ G EE(E, 38 o 3155 4k 2R A 15 M BA 7
(siderophore units, SU) /R R A = a5, ELARLS
Favy/(1

U (%)=[(A—As)/A]*100 (1)
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Horp, A REER AR RS CAS Rl i i
G IR BROC R, AR TR A BRI S CAS il
WA 5 W B,
1.5.6 $EIMINRETFIR

A3 IR A PR IS 7R T AR E
T PDA R385k |, 28 CCEms I3 7d, HER
5 mm B9 K BT FLAS 53501 BOAR B F Dt B 7R TR
PF, XIFRE T PDA B5FRBEMM, 2 DI PHHER
5 em, DU FIORA ) A% B4 95 5 I T O Sl XoF R
28 CCHEMG KRR 7d, B AEER 3 Kk, MEAb

FRZH AT R ZH v s LT B A2 1) AR K BLAR, JF%
Q) THE M 2R (inhibition percentage, |):
| (%)=(Ca/Co)/Cax 100% )

Horfr, Cy Sk BE P R LR A A% 1) A K ELAR
Co R b BRH g I B 42 ) AR K AR
1.6 AL IE

N TR A 25 T R Xt T P = 5 I L T A A
il R Ffl SPSS25.0 #E4 7T BALIK 28 240 #7 .

2 EXRE54M

2.1 PREHAREARSHFEETESER

FF TEFL A RPB2 L[N A BEH I R G5 Kk
AR ERE 1), 4 BREHEAR 5350 T A Y
SrJEot, Hop, itk CGMCC 3.27436 542
A% (Trichoderma tomentosum) GZDS 1101 .
T. tomentosum GZDS 1102 #I1 T. tomentosum
GZDS 1103, CGMCC 3.27438 5 % )5 K%
(Trichoderma orientale) E225, CGMCC 3.27435
5 it ¥ 4% K B (Trichoderma paraviridescens)
S122 . T. paraviridescens S16 H1 T. paraviridescens
S36 AL TAHIE SZ F&, I H U137 J5 d6 Ak 8 i e
KALSR #7344 1.00 A1 100%. B4, CGMCC
3.25645 4 % W W7 K % (Trichoderma gamsii)
CGMCC 3.23532 i1 T. gamsii GIS 04.09 &l
— 3¢, DU 30 M A< A e AL SR it ey (L 23 01)
4 1.00 1 93%.

RTFRFERKE 5T ETE . BOWE S WL
(2 #1F 1), #iE CMGCC 3.27438 . CMGCC

3.27436 . CGMCC 3.25645, CMGCC 3.27435
X 4 PREHEPFN AR S SR T, orientale,
T. tomentosum, T. gamsii I T. paraviridescens.
22 GEHARAEAREBEEINEEIFIESER
221 ABEMUESER

WE 3 R, SEBEREFRAERGI, 4 PRiE
HIHN A AR EE L T. gamsii (& 3A-3C) 73 1A
JJE L B 2 H AR A (11£0.23) mm {135 B
B, RUNZEEABEEEE. fEami,
VWIS M (14.89£1.11) mg/L.
222 MREFEMUNESER

2R RE SR IAGIN , 4 RRTEA PN AR
T. gamsii (&l 4A—4C)f1 T. orientale (%] 4D—4F)
TE 2 T 58 6L B W R, P38 AR A Ol
(2742.1) mm F1(26£1.4) mm, 2 & RN,
2 AR TR Y B0 M 430 (24.16+1.51) mg/L
(26.32+1.45) mg/L, W ULEM, T. gamsi Fl
T. orientale HA fi# 8 i& ¥, H T. orientale (1) fi#
BEE 1% T. gamsii 51 (& 4).
2.2.3 EREMNELSSR

B0 DL BE SR, 4 ARG P AR
TP 2 BRTEFEETE SR L BLE IR, 45
T. paraviridescens (& 5A-5C)#1 T. orientale
(Bl 5D-5F), 774 0y % B B 25 5 42 o ok
(14+1.6) mm HI(13+1.3) mm, H I F B,
T. paraviridescens il T. orientale EA E &G (A 5).
224 FIAAFEMNELER

mEl 6 fras, 4 BREGEFE N A R % AL
T. gamsii [ KBRS Salkowski Ho (O TRIR &0 2
o N B AR LT, 2K T. gamsii
KRR = TAA J6 8 (51.9240.95) mg/L, H
WEH, T. gamsii A7 1AA fiE
2.2.5 FEERELAE N E LS R

PURREA SN A AT, AL T. gamsii (19475
W5 CAS KRR & i B e s it Arer, b —
IF IR EA, o T. gamsi Ak ATE M
£ 4(56.70+0.06)% , & BIIZ A H 2 7 gk 2k AR i B
J1(El 7).
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cGMCC 3.27436 (PQ673645, PQe73641)

100100} 7., hoderma tomentosum GZDS 1101 (OL869948, OL869951)
0970000 73ichoderma tomentosum GZDS 1102 (01869948, OL869951)

1.00/95| ' Trichoderma tomentosum GZDS 1103 (OL869948, OL869951)
7 Trichoderma cerinum 33.24.06.1 (KP008911, KP009174)

1.00/05 Trichoderma cerinum 35.24.06.1 (KP008911, KP009176)
1.00/99| | Trichoderma linzhiense HMAS 248846 (KY 688047, KY687985)
1.00/100] 7, hoderma linzhiense HMAS 248874 (K'Y 688047, KY687985)

1.00/100 Trichoderma guizhowense HGUP 0038 (MH922983, 1Q901400)
1.00/99 Trichoderma guizhouense HGUP 0039 (MH922983, JQ901400)
1.00/100 Trichoderma harzianum CBS 226.95 (AF348092, AF545549)

1.00.

2.1 Trichoderma harzianum GJS 05107 (MW803055, FJ442708)
| 00/100{ CGMCC 3.27438 (PQ673644, PQ673640)
1.00/100|' Trichoderma orientale E225 (ON934358, ON934393)

1.00/100 Trichoderma orientale E589 (ON934364, ON934399)

1.00/100 Trichoderma longibrachiatum CBS 816.68 (AY 865640, HQ260615)
0.9¢/— '

] Trichoderma longibrachiatum GJS 04.31 (DQ297062, IN175509)
1.00/— 1.00/100] Trichoderma semiorbis DAOM 167636 (AY737750, AF545522)
T/T Trichoderma semiorbis GIS 99108 (JN133576, IN133567)
1 00193 CGMCC 3.25645 (PQ673646, PQ673642)
Trichoderma gamsii CGMCC 3.23532 (KJ665494, KU523896)

1.00/89 Trichoderma gamsii GIS 04.09 (DQ307541, IN133561)
Ligol CGMCC 3.27435 (PQ673647, PQ673643) —
1.00/100 Trichoderma paraviridescens §122 (KC285671, KC285764)

-O?’ S0l Trichoderma paraviridescens $16 (DQ672603, KC285763)

Trichoderma paraviridescens S36 (KC285678, KC285766)

1.00 ﬂi Trichoderma koningii 7723 (KJ634753, KJ634720)
Trichoderma koningii CBS 979.70 (KJ608358, EU248601)
12
——— ——— Protocrea pallida CBS 299.78 (EU703900, EU703947)
0.05

1 ET TEF1M RPB2KAEEMABTERINMHTRGLEN KPS NEE N FHK TEFL A
RPB2 JE [ () GenBank %55 5 73 3 sl AR T DL 307 5 o A 2 A AL AR ikt (L (%), DL 3407 J5 S AR
#R<0.75 FR RAUIR B (EL<75%FH“FRils AR 0.05 AURPII L 22 53

Figure 1 Bayesian phylogenetic tree of Trichoderma based on the combined TEF1 and RPB2 genes.
Numbers in parentheses are GenBank accession numbers of TEF1 and RPB2 genes of the strains. Branch

nodes are Bayesian posterior probabilities/maximum likelihood bootstrap, Bayesian posterior probabilities
<0.75 and maximum likelihood bootstrap<75% are recorded by “—". The scale bar 0.05 represents sequence

variance.
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2 PHCEM SRS ABETEE AR FMEEMAAMESEE  A-E: #kk CGMCC 3.27438 1
THRR A A E TG | RS IR I B R B A FOK M W BUIR B R 2k | 25 °ClE SR 3 d R B A . ARl
FAEFIAE K 3 A i F- . F-J: BBk CGMCC 3.27436 7€ PDA. SNA Fll CMD $i 373 |- 25 °CH53% 3 d 1)
WVEAS . oA R AR S oy 450 K-O: Itk CGMCC 3.25645 1£ PDA, SNA Fil CMD £ 5%
B | 25 °CHi SR 3 d MRVEIEAS | 0 AL TAR NI S J=IH AL P-T: Rtk CGMCC 3.27435 £ PDA.,
SNA Fl CMD 132 | 25 °CHig® 3 d WKL . /M ERTRFAHAE X A9 1. AR 5 ume
Figure 2 Colony morphology and microscopic characteristics of four endophytic Trichoderma spp. on
different media. A—E: Colony morphology, conidiophores, branches, phialides and conidia of strain CGMCC
3.27438 on potato dextrose agar (PDA), synthetic low nutrient agar (SNA) and cornmeal dextrose agar (CMD) at
25 °C for 3 days; F-J: Colony morphology, conidiophores, branches, phialides and conidia of strain CGMCC
3.27436 on PDA, SNA and CMD at 25 °C for 3 days. K—O: Colony morphology, conidiophores, branches,
phialides and chlamydospore of strain CGMCC 3.25645 on PDA, SNA and CMD at 25 °C for 3 days. P-T:
Colony morphology, conidiophores, branches, phialides and conidia of strain CGMCC 3.27435 on PDA, SNA
and CMD at 25 °C for 3 days. Scale bars: 5 pm.

x1 MEREHRFREAREEREEFE FOETE MR SIS ER IR
Table 1 Description of colony and microscopic morphology of four endophytic Trichoderma spp. on
different media
Wtkgns  DEREMANRIE UERBIREE OREHREE OB
Number of Potato dextrose Synthetic low Cornmeal dextrose Microscopic morphology
strain agar (PDA) nutrient agar (SNA) agar (CMD)
CGMCC  WERIE, mf, WEEE, A6, BEEEIE, W@ 0 AE A i —2or 0™ A R IR, AR AE
3.27438  BHAECH, 548 BWLWME, 7d8E W, 7TdEEFEHR K/DN(7.8-)8.1-9.4(-12.4)] pmx
i AR (E 2A) i AR (& 2B) (K 20) [(1.49)1.6-2.2(-2.3)] um, KFElb
Colonies circular, Colonies circular, Colonies circular, (3.9-)4.0-5.6(=5.7), LT O EMEEITE, K/
white, mycelium  white, mycelium  mycelium hyaline, [(1.8-)2.1-2.8(-2.9)] umx[(1.4-)1.6-2.1(-2.3)] um,
dense, covering the sparse, covering  covering the plate 5 [£(0.9-)1.0-1.5(-1.7) (¥l 2D-2E)
plate after 5 days  the plate after after 7 days
(Figure 2A) 7 days (Figure 2B) (Figure 2C)

(F52%)
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(==
BRGNS DEERANIE ERBURRIRE IORWERRIE  BOUEE
Number of Potato dextrose Synthetic low Cornmeal dextrose Microscopic morphology
strain agar (PDA) nutrient agar (SNA) agar (CMD)
Conidiophores primary branches tending to produce
phialides singly. Phialides cylindrical,
[(7.8-)8.1-9.4(~12.4)] pmx[(1.4-)1.6-2.2(-2.3)] um,
length/width ratio (3.9-)4.0-5.6(—5.7). Conidia
oblong to ellipsoidal, [(1.8-)2.1-2.8(-2.9)] umx
[(1.4-)1.6-2.1(=2.3)] pm,
1/w ratio (0.9-)1.0-1.5(-1.7) (Figure 2D-2E)
CGMCC  WEFRIE, W2 WKEEREO, W2 BEEEe, W 0B A T M RrBERR, AR Z m 2,
327436 fa, sdAEETHR SER, TdEE W, 7dBEEE KNA[4.5-)5.2-8.6(-11.5)] pmx
(K 2F) FHR(E 2G) i (E 2H) [(1.39)1.9-2.7(-3.0)] pm, K&k
Colonies circular, Colonies light Colonies light (1.79)2.4-5.4(-7.6), ZrHEAM-FLH, WEZE
mycelium white,  yellow, mycelium yellow, mycelium &, K/NR[(1.8-)2.5-3.2(-3.6)] umx
covering the plate cottony, covering sparse, covering  [(1.2-)1.7-2.4(-3.0)] um, KFElt
after 5 days the plate after the plate after (1.0-)1.2-1.5(-1.8) (& 21-2))
(Figure 2F) 7 days 7 days Conidiophores the secondary branches showing in a
(Figure 2G) (Figure 2M) tree fashion. Phialides mostly curved upwards,
[(4.5-)5.2-8.6(~11.5)] umx[(1.3-)1.9-2.7(-3.0)] pum,
I/w ratio (1.7-)2.4-5.4(-7.6). Conidia smooth,
ellipsoidal to oblong, [(1.8-)2.5-3.2(-3.6)] umx
[(1.2-)1.7-2.4(-3.0)] um, length/width ratio
(1.0-)1.2-1.5(-1.8) (Figure 21-2J)
CGMCC WM, W2 WkHG, 7d8 WEO6, WLWm 2T 0, W IR AT, A
3.25645 %, 7dEEER AR (E 2L) i, 7dEBE R R, K/ANVA[(3.0-)6.5-7.5(-8.5)] pmx
(K 2K) Colonies white, (B 2M) [(1.6-)1.8-2.0(=2.2)] pm, K&
Colonies white, mycelium covering Colonies white, (3.5-)3.6-3.8(-5.3), A AEHBMSERT, E
mycelium dense,  the plate after mycelium sparse, TGN, BRIESEEIE, K/
covering the plate 7 days covering the plate  [(4.4-)4.8-6.3(-7.8)] umx[(3.6-)4.1-5.2(-7.6)] pm, K
after 7 days (Figure 2L) after 7 days P H6(0.8-)1.0-1.4(-1.8) (Kl 2N-20)
(Figure 2K) (Figure 2M) Conidiophores uniformly branched, solitary
phialides common, at most swollen in the middle,
[(3.0-) 6.5-7.5(-8.5)] umx*[(1.6-)1.8-2.0(-2.2)] um,
I/w ratio (3.5-)3.6-3.8(-5.3). Conidia often obscure,
chlamydospores smooth, globose or subglobose,
[(4.4-)4.8-6.3(=7.8)] umX*[(3.6-)4.1-5.2(-7.6)] um,
length/width ratio (0.8-)1.0-1.4(-1.8) (Figure 2N-20)
CGMCC W& HM, WK BEAQ, LW KAV, WLm /AT R ANRIFR, A I,
327435  #, 2R, SdAE g, TdEMEER &, 7dETTR KNR(7.197.4-11.8(-12.9)] pmx [(1.6-)1.9—

i AR (14 2P)

Colonies white,

(K 2Q)

Colonies white,

(K 2R)
mycelium dense, mycelium sparse,
cottony, covering  covering the plate

the plate after after 7 days

(Figure 2Q)

after 7 days
5 days (Figure 2R)

(Figure 2P)

Colonies hyaline,
mycelium sparse,
covering the plate

2.5(=2.8)] um, KTEF(3.1-)3.8-5.9(=6.5), T
HRIEEIEFRIE, K/INN[(2.0-)2.2-2.4(-3.0)] pmXx
[(1.99)2.1-2.5(-2.7)] pm, K FEH(0.8-)1.0-1.2(-1.4)
(& 28-2T)

Conidiophores the secondary branches generally
paired in a tree fashion. Phialides sometimes curved,
[(7.15)7.4-11.8(-12.9)] pmx[(1.6-)1.9-2.5(-2.8)] um,
1/w ratio (3.1-)3.8-5.9(=6.5). Conidia globose or
subglobose, [(2.0-)2.2-2.4(-3.0)] pmx
[(1.9-)2.1-2.5(-2.7)] pum, length/width ratio
(0.8-)1.0-1.2(—1.4) (Figure 2S-2T)
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B3 HHAREARSNABENSE
Figure 3 Phosphorus-dissolving activity of endophytic Trichoderma from Paeonia delavay. A—C: T. gamsii;

D-F: CK.

4 CEREFAREREBHBRTENY

Figure 4 Potassium-solubilizing activity of endophytic Trichoderma from Paeonia delavay. A—C: T. gamsii;
D-F: T. orientale; G—-1: CK.
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5 EHAREARSMERENE
Figure 5 Nitrogen fixation activity of endophytic Trichoderma from Paeonia delavay. A—C: T. paraviridescens;

D-F: T. orientale; G—-1: CK.

A [ g, L o |
. | . I

D F

6 EHANEKREZBIR-3-ZEFEME A-C: FMWWIAT; D-F: CK (PDB K;i#it).
Figure 6 Indole-3-acetic acid (IAA) activity of endophytic Trichoderma from Paeonia delavay. A—C:
T. gamsii; D—F: CK (PDB medium).
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7 EHAREREFGREAREN

A-C: I AR%; D-F: CK (CAS KliK).

Figure 7 Siderophore-producing ability of endophytic Trichoderma from Paeonia delavayi. A—C: T. gamsii;

D—F: CK (CAS detection solution).

2.2.6 ITREES]

e 2 A 8 fisn, T. gamsii ¥ Alternaria
alternata ., Collectorichum sp.#l Cladosporium sp.
A0 R e, a0 52.24% . 44.23%
31.78%, W& m THA 3 A®E., HikE
T. orientale, %f Collectorichum sp.# Cladosporium
sp. YA R 40 50k 39.92% F11 29.21%, ¥
T. tomentosum X Collectorichum sp. (111l &
39.92%, {HX} A. alternata JCH] BAM IR, M
fz, T. paraviridescens %} A. alternata ft#1i i 3
H 23.8%, {HX} Collectorichum sp.JGHH & 41 i
R, LR, T. gamsii XFE4FE 3 FloRE
T2 B i L A A AR e A o

3 Wi

AM5TE L TEFL fil RPB2 X 2 4 H BR B4

MR SIS RN RS L TR, 2 4 %
PR B 50 1 5 25 2UR %5 (T. tomentosum) | < J7
K% (T. orientale), =B AR (T. gamsii)Flix
Wi 4 K 25 (T. paraviridescens) () & %1% 5 £ T
[l — 4332, FF H D137 J5 B0 Ak 258 R o5 R (AR i
WER R o BT, 456 27 BRI 20 252 3Tk,
DA S 55 3 TR AR %) TR 7 RN TOURTE A8 SRR AR R4 7 1L
KR8 R ARHfE 4 BRINAEAREE N T. tomentosum,
T. orientale, T. gamsii I T. paraviridescens,
PGSR W], A A= T e o A i 3
FILR B AEARPR IR S5, (e EY)
X BB SR RS2, i, ARy AR A A TR AR
B Z AP REIE AR A W B R h LA = A
TSR AT IO, ARBFR L5 R /R T, gamsii
HAWEE S, T T. paraviridescens JCi i fE
71, X G A SR A A PR PR R 2

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



SRONEE &5 | DURRIEALST AR AR B 1) 25 08 AR A 500 DO REZ W 2151

*2 AHARERREXRREEG R

Table 2 The inhibition rate of endophytic Trichoderma on pathogenic fungi of Paeonia delavayi

Strain ] 3 Inhibitory rates (%)
Alternaria alternata Collectorichum sp. Cladosporium sp.
T. orientale 15.32+1.22¢ 39.92+1.79b 29.21£1.06b
T. gamsii 52.24+0.71a 44.23+1.5a 31.78+1.68a
T. tomeutosum 2.78+0.32d 39.92+1.78b 20.74+1.28¢
T. paraviridescens 23.80+1.09b 4.31+0.4c 20.74+1.28¢

TR N AR EZE , ASTR/ING TR R A ) P AR AR X Rl I G I ) R AE P<0.05 K22 5 3
Data are mean+SD, different lowercase letters indicate that the inhibition rates of different endophytic Trichoderma on the
same pathogenic fungi are significantly different at P<0.05.

Alternaria alternata Collectorichum sp. Cladosporium sp.

T. orientale

1. gamsii

T. tomentosum

1. paraviridescens

B8 HEHANEEENREREEEERE

Figure 8 The antagonistic diagram of endophytic Trichoderma on pathogenic fungi of Paeonia delavayi.
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T. paraviridescens JCiABERE J] A5 AR .
H, RERA VLR G ANFr G RR . IR AN
AT RS BRI & PR MR B -, PR
XTI TR B A BT, AR5 T, gamsii
M T. orientale HLf##AE S, 5 FARIEFIWF5E
KIFR RN A RS T. gamsii BA 5030 1 fi 4
RE ST A5 AL, B B FhIEah, AHCHRIE BoR
HAEMMEEMNAEHEAURT KE
(Trichoderma  koningiopsis) . M x K %
(Trichoderma harzanum) A1 T A % (Trichoderma
koningii) &332, AHF5EH T. paraviridescens
F1 T. orientale HA [H &G E, HHEFEHTT T
EMENE, T — Pl PRI E FdR AR
R E R AR 1P, — SRS b &AM
PR G UM OCEE D, A K R A A
W, HSHEEHEYNIEA K ZN RS ES
B GDY ) HETE R — 2R £ o s R
MR 3 A% BIV 05| e TN P R 3 42 L 13| Pk L IBE R I 4
W5| Wk S AR M I R AR S L TAA, FOTAA A
Y- B R 1R G B I TR 5 % Vs Wie 2, Tk e 7K i ik
iaaH2 ., i /K i EE3E A nitl A nit2, DL s
W BERE Y aldl A ald2PP5300 ) SAh, — it
REREAEBREIR, A HIEGREE b
BRES -, D R rh R n AR, JU ARGk
BT, REEAT 43 Z R R R B4,
HERE YT BRI BT, ABEFE R T, gamsii [ B
B2 1AA RIEREIARE )T, X5 FREEFCH
W RS s 25 AL, 1 o5 — Bk B4 PN
7 K% T. paraviridescens Jor= IAA FlEk# A RE
77, 5 RS SR I T B PR PR 2 1 £
A DI RELE RS o

KFARBFEHPRILE FEOQFEETE . b
ARG EPUMEER, 7R S R R AR P
FErh, K% SRR SRS RS P, IFE 5
WOEE P IR M A 2T o 2 A 22 Bl 40 it RE
FREEUON, IR . VA AR IR D AN RE R A
X9 Ji B A T AR R B R AR AR e X —
AR FEZ ARG R RE AU B RE RS

WYy B85 3 WA RH DG S DR 451421, AR5 v
T. gamsii XF AR BRI . 205006 R S G
LT I SOR B, AOCH SRR,
X 7K e 57 AP 9 (Rizoctonia solani ) 244 i 25
(Pythium ultimum) . %% JIX A 25 9% & (Fusarium
oxysporum) . & JIVJK 5% [ (Botrytis cinerea) fil
M AE ST Rl #2 4% 1 (Rhi zoctonia solani ) FlAR 76 A 25
954 B8 (Fusarium oxyspor um)t4) 4 41 il gl L4344
HIRIIZEEA T IR RE )1 . AR AR T
7~ , T. tomentosum 1 T. orientale %f{E4+ 1}l 25y
A (Collectorichum sp.) il &% 7 5 (Cladosporium
sp ) A —EMEIVERN, MCHsE LB, ik 2 Fp
AR FEXT PG JIAR 2295 B (Fusarium oxysporum) , 37
W22 (R solani)FliK i 75 ft i (Botrytis cinerea)
WA IR, ABF5EF, T. paraviridescens
XPUEEEPE 3 g 3505 Jt EC T A A ) 2R A AR, (H
CEERT R NI N DO & SR
(Botrytis cinerea) iR AE 80%LA 101 Hy Bt it
BT, AN T) A 5 B T (] g it o g 4000 i) S8R A
[), [ Al A 8 X A ] 36 A 400 i) 8 R0 A A B
W2E 5, DRI, AR B I X G 0 s 0 TR SR 3
TR TR MR 2 A RO R AR B2 B IR B HT 42 .

T 20 38 3 AR P AR R R L P A
I, W AR EE B i R A AR
B 50 B X 2 F I RIER, 455K
FHAEPUR DI RETRIE M 5E , I — 2D AR Y
PEABUR R R, A PR P 9T IR A T &
FHZEE BLAit

4 i

AMHFERT 4 BRI P AE BRI TR
FRHIEARFLE, e HAPZEA T. tomentosum,
T. orientale, T. gamsii 1 T. paraviridescens. i
iof FF AR A PR T Re i oY, S5 AR R,
T. gamsii A E#ERG 1, T. gamsii #1 T. orientale
FAH B 3E 1k , T. paraviridescens il T. orientale
HA W EEME. FEF, T. gamsii 8B4 77 IAA
=2k kmE T, BLAL, T. gamsii XHE4ESF 3 Ff
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s T D TR A B B 0 R TR 3 BRR
. ], T. gamsi & HA R IFIE LB
e rvE I Rk
YE& Tk F

SREREN : P8 SCHESRBET, S8 AR SL 5,
B W e SCEE ; RNEE . #EIH, £&R
B S HEREIEEE; FI: BE T,
SYECAESS, DR UR A AR 5 1 T AR WD S200
ML EERS, 258 CHE MBS, i
B RN 2538 R HERF I

16 A 35 ¢ RATE 7= WA

P 75 W 4 JCAT AN n] BE 23 R AR SCPIr 4l
TAER E A A sl AR R
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