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T22.G30 & a4k Fo(Fusarium solani)®)-F AR IE L FE A A 77% 74% 48%; 3t F+ % A% & (Sclerotium

GEHIH - TG AR A E S IR P B AR R R(CARS-21); TU) I RHE T XA E T H (2021 YFQ0022);  [FI5K
H AR R £(31701830); IARA ML= AR R(SCCXTD-2020-19); VU148 RV R EBE % A A B 572542 (2019LIRCO36);
VA AL AR BRI N A B i 9 42(2020BJRC023); - DU 1A WA B 1 = BI3HT I H (2022ZZCX078); I A Ak A= ) B DR
570 F B 57 R s S T R URAB(SKLCUSA-b202206); VU 1148 Al A} 5 5 i 244675 H (2022ZSSFGH15)

This work was supported by the China Agriculture Research System of MOF and MARA (CARS-21), the Sichuan Science and
Technology Department Regional Innovation Cooperation Project (2021YFQ0022), the National Natural Science Foundation of
China (31701830), the Innovation Team of Chinese National Modern Agriculture Industry Technology System (SCCXTD-2020-19),
the Leading Talent Fund of Sichuan Academy of Agricultural Sciences (2019LJRC036), the Top Talent Fund of Sichuan Academy of
Agricultural Sciences (2020BJRC023), the Independent Innovation Project Supported by Sichuan Financial Funds (2022ZZCX078),
the Funding from State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources (SKLCUSA-b202206),
and the Medium-Sized-Project of Sichuan Academy of Agricultural Sciences (2022ZSSFGH15).

*Corresponding author. E-mail: zh10529@126.com

Received: 2022-07-09; Accepted: 2022-11-03; Published online: 2022-12-14



1124 (YIS Gk Microbiol. China

rolfsii)d93E T FE 5 R A 80%. 67%. 24%; T K& %) &) 7 (Botrytis cinerea)t 35 W FE 57 A 93%. 62%.
64%; WAk T22. G30 ARAFTHREFTIRFEZSRABK, BRARFHRENIREFL;, BHh
T23 F AR F DA . RFHROITEA E 55 H 40%. 65%; BEHEALEREYN, £F
HEPNBAMAT, T3 TREEFRJLAERGE, & 68%; ERFAHICHAT, Bk T23 T1A %
MR 16 d A H; HAk T23. T22 T A5 4 B-1,3-%) RbeBE; WAk T23. T22. G30 7T Af BFER 45 dH AT
AR, (458 ) B ib oM, RAOATEAMR T2 0 RIRA KR A AR ASFREA TH—FT
fE. EAR T23. T22. G30 Aidhm R A G, MRS @& BL4F 5 BLY, Brk T23 @it >
AWMAMRRZYRERRRET, EAHALAREMNRAGTFLARBET TRORAE. ARATF @,
Bk T23 89 RABE AR A Mt —F A 5.

KER: AE,;, kRaZ; HYREREELR, 2HFHME, BEERAEY
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Abstract: [Background] 7richoderma sp. is an important biocontrol microorganism. Comparing
the biological characteristics of different strains can provide information for multi-function
biocontrol agent development. [Objective] To figure out the biological function differences
among different strains by comparing and analyzing the preventive effects of Trichoderma
virens T23 and the other two Trichoderma harzianum strains T22 and G30 and their biological
characteristics. [Methods] Plate antagonism test was employed to compare the antagonistic
effects of strains T23, T22, and G30 on plant pathogenic fungi. Gliotoxin was extracted from
culture solution of strains T23, T22, and G30 by ethyl acetate extraction method and tested by
high-performance liquid chromatography (HPLC). The antagonistic effects of the extracts on
plant pathogenic fungi were compared by the hole drilling method, and the effects of strains
T23, T22, and G30 on disease prevention were verified by plant inoculation in the greenhouse
experiments. The conversion and utilization potential of strains T23, T22, and G30 to insoluble
phosphorus was determined by using calcium phosphate and lecithin as the only phosphorus
sources, respectively, and inductively coupled plasma-atomic emission spectrometry (ICP-AES)
was used for soluble phosphate detection. The main physiological and biochemical
characteristics of strains T23, T22, and G30 were analyzed by the transparent ring method or
chromogenic method. [Results] The plate antagonism rate of strains T23, T22, and G30 against
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Fusarium solani was 77%, 74%, and 48%, respectively, against Sclerotium rolfsii was 80%,
67%, and 24%, respectively, and against Botrytis cinerea was 93%, 62%, and 64% respectively.
Neither strain T22 nor strain G30 carried gene clusters participating in gliotoxin biosynthesis,
and no gliotoxin was detected in the culture solution of strains T22 and G30. The antibacterial
rate of strain T23 extracts against S. rolfsii and B. cinerea was 40% and 65%, respectively. In
the greenhouse experiment, strain T23 improved the emergence percentage (68%) of peanut
seedlings under S. rolfsii stress and delayed the onset of disease in Rosa chinensis Jacq. for
16 days under B. cinerea stress. Strains T23 and T22 produced B-1,3-glucanase. Strains T23,
T22, and G30 all possessed the ability to transform and utilize calcium phosphate. [Conclusion]
Through comparative analysis, we have a further understanding of the disease prevention and
growth-promoting effect of strain T23 and its physiological and biochemical characteristics.
Strains T23, T22, and G30 have their characteristics and advantages in fungi antagonism and
phosphorus solubilization. Strain T23 antagonizes pathogenic fungi by producing bacteriostatic
natural products, which provides an important source for the development of fungus-derived
biopesticides. In terms of growth promotion, the inorganic phosphorus solution mechanism of
strain T23 needs to be further studied.

Keywords: Trichoderma sp.; gliotoxin; plant pathogenic fungi; biological characteristics;
P-solubilizing microbes

KE (Trichoderma sp.)je—MT ZAF1ET  EAMEE AT 12 DAREREEN /ML

SRR A 2R, W H AT TR
A7 LR, R TR A AR 0 L R A 2 TR
HARPOROR , RHAEY AR K ™ 2 i H
AR B ERENE R, AEAR D T AR B 5 T A
wEEEEAT, SRR, EBAEA
AR . FERRCR, A G E 15 At
B AR | RE R LM SE PR B
AT, M TAESHEMEREZE, I
FE B — A A= 5 TR AR YEE 1V, PR I T S Y 750K
RSB AR B RPN . fed . BFROuRAM
SR D RE S e, W A By A% B 5 B
MEEGREF I L BA RN, ®hE
BUAL R A 25 Wl it 384285 Dl Al T U5 B AU
TR Y BT IR PR PR B[R] — AR % 8 YA
e R X L 400 D T O 5 B S A )2 DI e 22
BEFED BERFEIX 5 AAARERRIELT T
BRI 23T, 33X R A R 4 A e R SO

(Sclerotium rolfsii)FEHIRCR, TR 2E5 5
FO RE N P W RAR T, XY
s S EL TR A IR E R BE R, X i L A A
HuRE B REMRAE R B-1,3- M R PHBESE, XK
SR A RS A B D RE P & s R
TEAEHEAE W) A S8 3R 0 2 R 4 A S T RE A
SEOTTH, BB A B AR W AT D e oy s s | W 2
% (indole-3-acetic acid, IAA)ZFHE Y A4 K E e
PEREY AR, @R g ARG R i TR
R, AR AR LB E TR oo R,
PR T23 S22 A A DU 1] - 358 20 555 v 3 s 15 3]
B AR ) A% 5 T 2 i 3 B A OR B AR Bl R
R, LB R T23 MIF R
Rl AL, ASCHAE T23, T22, G30 3% 3 4>
AR B AR BRI A ROR , DI Ttk T23
B e e o e« R 35 55 TR B 0 e B ARt
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1.1 ##y
1.1.1 &

5256 B ) 4% K B (Trichoderma  virens)
T23 SAHIFGE 2 DI 18 3 b 24 44 AR PR 4
TEE] . W R ARE (Trichoderma  harzianum)
T22 WFRIR B AT FRZ ) I 3K 4 T it o 591 o o
B3] WX KE (Trichoderma harzianum) G30
o3 B8 AR B

55 5% /N (Sclerotium  rolfsii) 3 B B AR
W FIVL AR A b i A A bk s I 4
(Botrytis cinerea) 7 #5 B J Z= 16§ 5 i Hik 46
(Fusarium solani)s3 5 B 4+ P+ HE A (1) & AR
112 FEZRFFNUEE

B RARIEN , B TR EY TRARA
Al FLEA DNA BRI, Omega Biotek A Fl;
B PR A I 3R] 5, P AR ) TR Y
s SRR I S AMG I 2, R R
PR H] 5 C18 AT 4.6 mm*x250 mmx5 um,
T 5 A TR PR W] 5 e 55
TR, Bdsn.
.13 ERE

TEALBEEE FR 5L (/L) %I 10.00, AR HL
0.50, Ak 0.30, SEALH 0.30, HAREE 0.03,
BFRILEL 0.03, BilkfE 0.03, BMRES 5.00, [
PRES FREET MBNERS 15.00, 121 °CR i K B
20 min J5RFH

AR SR (/L) I 10.00, BRAREL
0.50, FAfLHH 0.30, FALH! 0.30, FMLEE 0.03,
BARIEER 0.03, HiFR%H 0.03, BKARES 1.00, 1
BBy 0.50, BUBEAS 0.20, AR FRILT INBiig
¥3 15.00. 121 °Cilit KT8 20 min J5 1] .

B- 1,377 RN Rl G DN 5 % B | W R SR A ) %
TRk | EFYE R AN IR AL | T A WA D B R
BE L TRVENRBEAS I B I 5L L rb M IR AS DN s 57

25 H At A= Wy 2 R P ARG T 1% 3% S 25 125 IR
SCHR[18]0

1.2 FRFERIKE

B b 1 T Bk 2 Bl T T A% A 4 B B s
(potato dextrose agar, PDA)-#e 35 ## 5k I, Hor
B. cinerea T 21 °ClHIFE P H55E, HAMHA
AR E T 28 CCIEIRAR PG IR Ji 9% 4-5 d )5 T
fLERIEEN 0.5 cm AU, B ARFE HISHEY)
o J L A R R IR R T [R]— > PDA Al 5%
Jerp ) A 6 cm; 5 S. rolfsii. F. solani ¥
IERE RS E T 28 cCEIRM PR 5
B. cinerea WIREIEFE M -ARE T 21 ClHERAH H
Bt o VA —FhiE ng- R e s IR B
R E W E R AR KRR . SR E A 3 IR,
TP (Yo)=[ (=5 19 4T BE i Dt B 7R 2F K 2 AR —
XoF URF K 77 v I L B A R AR /A R R i
R AR KB A2]%100. ] DPS Geit 8k AT
%115 BT (Tukey 7).
1.3 ABERSHRSHERNS TN

Kbk T23. T22. G30 455+ PDA 4K
BRIk b, 28 °CHE3R 2 d, FEF ARG ff
TR 22 3 i 1) Th % 28 4 2 4 M 14 B 37 BE (potato
dextrose broth, PDB)H, 28 °C. 120 r/min ¥
Bigr 2.d, MEA g S ug ik w21k, 7o
BE T KA VRS, AR EE 2R AR,
FHETE DNA 4 IO 4 OR 35 1 42 B K 21
DNA, HAKEAEMRKIEIH 17 DL BT
DNA 1R, o A% B 7 %A i R R
) 8 N EER AT PCR 78, AHSCH W15 BE I
% 1, PCR [V AIFAMA 22 25 IS G % Fi I A
FELE R LA bR T23 8 W4 PR XS B
1.4 REZRHVIREREN

W 41632 B PR 420 1) 200 mL PDB H, 28 °C,
120 r/min #4557 48 hJ5 10 000 r/min 5.0
5 min, B AILAEH 0.22 um 38 BT 8
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Table I Primers sequences used in this study

EIE By Elk 2]l B KR T Fr BeR /N
Primer name Sequences (5'—3) Annealing temperature (°C)  Expected product size (bp)
gliP-T23-F AGACCCCACCGACCCTTACG 60 828
gliP-T23-R GCCCAACAGCTCCTTCTTC

gliC-T23-F CTTGGAGCTGAAAGTCCTTG 60 1695
gliC-T23-R ATCGGCTCGTCCATGTACC

gliN-T23-F CCGACCGTATCGACCTCTAC 58 1 005
gliN-T23-R ATGGCCGACGAGCAACTCC

gliK-T23-F ATGGTCTGGTACTTTGCAT 60 806
gliK-T23-R TTATCTCCCGTCTCCGCGAC

glil-T23-F ATGCCCAACGACGCAGCC 60 1509
glil-T23-R CTAGGCCTCCGCCCGCGT

gliG-T23-F TTACTCGTGACCCAACTTGG 61 924
gliG-T23-R ATGGAGCGTCCGGAAAACGT

gliF-T23-F CTGGTCAAGCTGGACAGC 60 301
gliF-T23-R CATCTCATTGCCTGGCTGCG

gliM-T23-F TTAAGCCGGCCGAAGCTCAA 60 1362
gliM-T23-R ATGGCAGCATCTTCCACCGG

F: IE@G1Y5 R: 5|9

F: Forward primers; R: Reverse primers.

B IR o A SEARFRG 8 LR AE B, K5 2O
B3 XU T, B 2 mL A R TR R
BUR B R X R AL 1 mg, JIMA 2 mL B A,
RN E N 0.5 mg/mL (1 RE 20 B8 A BRI
bR M BV R B 22 0.2 mg/mL REH

Xof B SR ) IS BE 2 EAT R O S A
WS4 DK A, HESHTR S
HC, TR 60%K-40%F BEUEA T BEVRRL ; TR
#: 1 mL/min; FEJE: 30°C; #FFER . 20 uL;
K K . 254 nm,
1.5 BREEMIKE

BIRR T23. T22. G30 73515 S. rolfsii B
FRMAE TP A, AR P T H T
JE RN F il A8 L gl R SR R, R ARG 30 R
FiF, BEAACFRESR 3 K. DUSETRIME g IR
FeH TR T23 . T22. G30 Xt S. rolfsii B4 HRL
. H DPS Geit ki et 43 Hr (Tukey 75).

Al F AR T23 . T22. G30. B. cinerea

AR TR, T E 104 /mL, BUA
PR T23. T22. G30 A FEFER S35
B. cinerea /3 A FRIF IR EAFIR S, B 10 uL
RA W T A ZM, 25 CHIRIRIE S
Fr, B2 RMEERMIEN
1.6 fRSRSH

PETERR T23. T22. G30 43 313ERDT 250 mL
BAERR A5 W A 7 2, 26 °C L 120 r/min HRI% 155,
TEREFR 2. 3. 4. 5, 10 d B0 HL 20 mL iATE
FIRAAET 8 000 r/min B0 10 min, B FI1EIFH
LR 0.22 pm PUEREIUE , FRASA A EHE UK
Wi Ji FH R SR 5 45 1 1 R S IS G T T
R o DAANHE B Y 2 R B 15 7 W A A R
AR A T RRE FR R A A S R IR A
JH DPS GEit #4748 1193 r(Tukey ).
1.7 HEEEFHEL

A Y BETE PRSI 43R T23 . T22. G30
PR T B-1,3-% R MHEG . PR . BRYER
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Wi VERSEE . VEER R . LFYE R BRGNS,
26 °CHig% 6 d, KrgpSLHBUKMEE , BBk
A LAG3 D6 IV P G o

IAA ¥ . % Salkowski Fb a0 & &
MR TAA BEJT . 43P T23 . T22. G30 midt:
FI PR FE A, 26 °C 120 t/min IR 75557 4 d,
B 20 mL BRSO A SE 18 1Y) O R S BRI TAE B,
BT E XU TR REIAE S, 2 mL R
VSRR o TURFINARE S IF I ASF =) S2 Ehfa il
TR REERE 15-30 min YT RN, Bif
AT BAR AT LA A TAAL LAY TAA BB 3R
FNZS R IR A3 IR R R XT RERIBH PR X i

2 EREGHN

2.1 E# T23. T22. G30 W AEEMFE
HEEMMRILE

SEMRFEP SIS HA 1 TS, BRR T23.
T22. G30 X} F. solani WIFEHHRS 5N 77%.
74%., 47%, Wk T23 5 T22 #EfiR LR &%

122

Antagonism rate (%)

E1

E#k T23. T22 1 G30 M R EHEYHREE B IBR LR

S, W R EE T HEM G30 MIHsPR; Ebk T23.
T22. G30 % S. rolfsii FIFEHIRAT 5K 80% .
67%. 23%, WAk T23 Xt S. rolfsii FIFEHIRCR 2
ZE TR T22 & G30; FE AR T23 Xt B. cinerea
PSSR R 93%, BES TR T22. G30 X
B. cinerea [FEHLZR (G0 61%. 63%),
2.2 EFk T23. T22. G30 iE MR A=Y
& K 3SR ATE

I8 B F 2R ACEE T AR A R M AR
Y. TERDR R, fEEE &I T23 A~
AR RER MR S, R T UE— A R bR T22.
G30 2 AR AE MR, AHFFERT R T22.
G30 SN PR R G R 8 I
AT TR . 25 R A, FERR T22. G30
D20 AN B R G A 45 A G i R [
(B 2A). FIFH = 0RO EIB AU 3 B EE
WPk 48 h 85 3R T T ICEE A, A4 2R
5oy FRAINEERAVIG, Wk T22. G30 H5i3¢
TR H S ARG B i 5 2 (1] 2B)

1 C

i

F. solani

B. cinerea

Plant pathogenic fungi

A: KEH T23. T22 1 G30 *f

S ] AR B9 D L T PGS AR RS PSB85 . B AREE A T23 . T22 Fil G30 X A [ 4 4095 st L 181 1) B AL 48 31

ANFE/NG FREA R 2 5 8 2 (P<0.05). T [H
Figure 1

Antagonism effect of strains T23, T22 and G30 to different fungi. A: Antagonism effect of strains

T23, T22 and G30 on different fungi. B: Control effect analysis of strains T23, T22 and G30 against different
fungi. Different lowercase letters indicate significant difference (P<0.05). The same below.
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A M  gliM gliF gliP gliC gliN gliKk glil gliG M

T23

T22

G30

B AU Gliotoxin
m - ]
1751 4 123 &
w0 L = I
= 15.0 Z |
E 1251 Iw | ‘
S00f [ 1
g 75t |l |
] I ‘
a2 50¢r U |
[+~ \
& 25t || /|
0.0t : ; i - .
0 5 10 15 20 25 30 35
Time (min)
mAU E% T22
= 20
2
E 151
g 10
«
0 |8
= 0 | /,l;i : ,/"_I\W — — AN - - — — -
0 5 10 15 20 25 30 35
AT » Time (min)
6 &2 G30
_ 14y
2127
=] L
< 10]
& gl
S 6
< 4‘
g i z
& 2l | ‘
ok I S GO _,]\_‘__‘7 o __,/\\77 S =
0 5 10 15 20 25 30 35
Time (min)

2 EHK T23.T22 # G30 lRF RN A JEH RGN 70 7K. M: DNA Ladder DL2000;
gliM. gliF . gliP. gliC. gliN. gliK. glil Ml gliG NI R G HHEH B 8 MK, B: Wik T23., T22
1 G30 555U Hh ) e R A

Figure 2 Gliotoxin detection of strains T23, T22 and G30. A: Molecular characterization of gliotoxin biosynthesistic

gene cluster. M: DNA Ladder DL2000; gliM, gliF, gliP, gliC, gliN, gliK, glil, gliG are genes including in
gliotoxin biosynthesistic gene cluster. B: Gliotoxin detection of culture solutions from strains T23, T22 and G30.
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B-1,3- 7 2% M T e A A I A 40 P RE b iy
B-1,3-H M, HAEBENAENME. /555
T23. T22. G30 WHIEM T B-1,3-#) R AEH
MEEFEHE, iR 6 d IS7EHRh T23 & T22 1Y
Br R B K A R, TR R G30
R I TR e (B 3), R T23 5
T22 HA 5 B-1,3-% RUEEEAFRME, 10 A
G30 NIAST= A B-1,3-%] BB

ST AR B ¥k T23. T22 F1 G30 1
48 h B SR AE U XT3 FlAE B T 2L 1A 1) 990 7

T23

Head

Tail

3 BE#k T23. T22 1 G30 89 p-1,3-E B HEEGILN

RO R EOR, TR T23 55 5% W EE U %t
S. rolfsii. B. cinerea WG R451N 40%.
65%, B m T HEHk T22 F G30 32 U i 4 i
Z(# 4),
23 EEEMERSNT

ME MRS R R, M S, rolfsii
fRI9 = RIS RP R AR T23 )5 mT B 5 3R s e A
TE S. rolfsii AT PRI %, 1k 68%; LWtk
T22. G30 Ab¥HJE A, AU 2531 26% .
21%, BEMETHE T23 AR A 5),

T22 G30

Figure 3 Detection of B-1,3-glucanase of strains T23, T22 and G30.

A T23 T22 G30 CK

F. solani

S. rolfsii ‘

B. cinerea |}

& 4

E#k T23. T22 71 G30 R A EEMHREEEMFRAR LR

vs}

— ) W Bt N
o O O O o o o o

Antagonism rate (%)

s

Sii B. cinerea

A: TR T23. T22 Fi1 G30

HEEU X AS [RIFE D95 i L B AP AR S U SR B0 SCR . B BIRR T23 . T22 A G30 $2 B X AS [RIAE 995 )i L B

A B R Gt

Figure 4 Antagonism effect of strains T23, T22 and G30 to different fungi. A: Antagonism effect of strains T23,
T22 and G30 on different fungi. B: Inhibition rates of extracts from strains T23, T22 and G30 against different fungi.
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A S. rolfsii T23 & S. rolfsii

T22 & S. rolfsii

G30 & S. rolfsii

80.00

Emergence percentage (%)

b
I i

a

70.00 1
60.00
50.00
40.00
30.00
b
20.00
10.00
0.00

S. rolfsii

5 BE#k T23. T22 #1 G30 3 Sclerotium rolfsii Fit= 3R LLEL

T23 & S.rolfsii  T22 & S. rolfsii

G30 & S. rolfsii

A: KR T23. T22 1 G30 Bhfs

Sclerotium rolfsii FEFXSLHS. B: 5 A AR A [A] A 3 A A6 A BB 2 501
Figure 5 Comparison of Sclerotium rolfsii control effect of strains T23, T22 and G30 on peanut. A: Pot

experiment of control effect against Sclerotium. rolfsii treat with strains T23, T22 and G30. B: Emergence
percentage analysis of different treatment corresponding to A.

BRI R kR T23.T22.G30 5 B. cinerea
IR TIRA BRI 10 uL AT A Z T,
25 CCORIRIR IS 37, A5 R, BRIk G30 1Y
SRR A BRI S 48 h PR AR, &
S B TRV L B B2 Rl B, cinerea /34T &%
WX AL R 1 d; SRR T23 . T22 434
IR G R LR 0 A A8 M, 430 T4 5
16. 14 d k(K 6).

24 MRBWRILE

B RE T23 . T22. G30 43 53Fh T L HLwE
BRIk A MBS IR S5 R B, B kR T23 .
T22. G30 fEA MG FREP R AR B E
RN, AEICHLE RS I A i A K SO L

055 BAPEXT R ZH T 1 25 25 (K] TA) . BE/REB T
PR T23. T22. G30 HyaEF|HMER M TCHLBE T T
k.

TE RSN TE AR T23 . T22. G30 A [a] i 7] B
B o, S5 EN, Bk T23 F
R O A E(157 mg/L)HIAERERNS 2 d,
BlJG i R Bk T22 %05 A 50 & &
I TG IS AR S 5 3-5 RARL
B AR REE — AR AR AR (5501 88
90, 82 mg/L); Bk G30 R G AR SRR
L EAEERI S 5 d, 1K%) 207 mg/L, S TR
KB RARTEIERNE S 10 REF IR P A S0 & &
BT IR EE 7B).
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4 DAI 18 DAI

B. cinerea

G30 & B. cinerea

T22 & B. cinerea

T23 & B. cinerea

6 Btk T23. T22 #1 G30 %t Botrytis cinerea iR L DAL 05 K5

Figure 6 Comparison of Botrytis cinerea control effect of strains T23, T22 and G30 on Chinese rose. DAI:
Days after inoculation.

A CK 1 2 3 B -
sy To%: ° 123
e T22
T23 —_ A G30
-
=
£
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2
T22 N
=
=
s
(72}
G30 [ i
: 12

Time (d)

7 EHE T23. T22 70 G30 MR MEHFIAKRSM  A: WPk T23. T22 Al G30 7€ PDA (CK). #
FRE5(1) . UPBEAR(2) S W IR BL ) P RY A KB DL, B: TRAK T23 . T22 F1 G30 B F5 M h A RUmt &% 1 A6 )
Figure 7 Insoluble phosphate utilization effect analysis of strains T23, T22 and G30. A: Morphology of
strains T23, T22 and G30 on PDA (CK), tricalcium phosphate (1), phosphatidylcholine (2) and phosphorus free
medium (3). B: Solubilized phosphorus detection of culture filtrate from strains T23, T22 and G30,
respectively.

25 HMMEBEEUFHESTER (T. virens) MW PR ARFE(T. harzianum)H X 2 Fh

YRR T23, T22 1 G30 Hof A BUAEARAS Wi IR B RSP oh B i bk ) 2 B T4 9
VEREAT 7B, SRR 2 Fro, BREF4E pivavp Y. s, vk T22 nNE SRS AR
RMGZAL, Wk T23. T22 M G30 fELA A RGehitk™ i bk T23 #8245 M08 7= R FURTE

AAR R DT AL o B P B RO B E PO AR X Ak
T23., T22. G30 HEHIIIRE . FROMCHH " W)Lk
\‘ ~ E é:E N
3 AREER B AR T T LB, WA TR T23

ARG AEE e L B g 2023 g T22 i G30 LEAERT . AL AR 5 1 A ER 5 e 25 5
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F2 EFT23. T22 70 G30 Ht B4 LML E

Table 2  Other physiological and biochemical features identification for strains T23, T22 and G30

kS WEEZR  EHRR LT 4 KT VEH T Bl e R PR IR T il WK 1

Strains IAA Siderophore Cellulase Amylase Alkaline Acid urease Alkaline
phosphatase urease

T23 + - + + - -

T22 + - + + - —

G30 + — _

+: Positive; — Negative.

AR EG L7 2 B R AR T MR U B
Ay, Ho A AR A SRR R R AT &
HIEH 2 MEEF PRI HA I HIOR R
SR, FERTIIRE ST b, VR A AT ISR Y
REGFIRIATTIREEZEW, 258 &I E
T23 fig/ AR, FIAE T23 FER A 1518
PNV R B R A R I R, WA T R R
BRiE T23 AERVE M B0 At 3 4
IR B TR AR BE SR M B U AT T 40 B AR b
S5 — 25 WO T PR M K AR R 7 A R T
PR T23 REHBIRIIEEMEE R, BACH
EAENARERE, (R ERERNARE
Bom i, BEHE R A AR R aneT kAR R
DA K J0E 85 28 149 77 HE 2 0 2 TR AR IS 1 P55 (1) — il
A (fitness cost), X LL[n] A FFE— R
SR T A 0 R A A B 43, HLRER 4
J& T B-1.,3-1 M o A B FE AR B B 43 EL T AT 430
B- 1,37 R MR Bl 52 A EL DA 20 B e, LA B2 B
G (E! N RIS, FEPURUR R R K
PRRE T23 . T22 $530] 53 B-1,3-H1 R WE N, Bl
ORI F A B-1,3-5 BB A9 AR G30, 31X
A BRI AR EE W A B L 2 —

O AT SCHR I8 AR 0 e R P A K 4 R
W VER, XHVED B AL A ML A5 fb 39878 77
IR, [EHHEY IR BRI SRR, PR
WRBIEREYR, AR EY AR, ]
o, K g b i TC RIS R A A PR B T SR
FA A RO e AR B 1) — A AR LRI, A

WFE AT T RIBR T23 . T22. G30 X X1
WERRES S5 AL FIRRCR,, SR ZPHERE T23 1Y
fEBFSCR S5 HE T22. G30 MHARKESR,
FEAER G RIS 2R R R, AR T23
AIRETEEI A S5 0F T, o SRV R R B L B
BHERK, BEESEHAMNIGEA FRE—2L
BE . KRk T23 @BEALH AR AT AT oA H
THRE M E— 2 72 34 2 e hl . PR, B bk T22
AR YHIYIAR TR, HARRER YA, Btk T22
S AR R A AR AR R R A A
KO bk T23 JE B AETEFIFEMIMLENE 15 R 4
WAMEIE . SR, BR— 98 Jo ik 2 8 /R
Bk T23 Bk A HLEE, A 0 B S AR E - 5
Y- Z B = FE N EAE RS, B A b
PR T23 M3 (2 A AL .

I AT, FRATTXT AR T23 A4 A4
ROR PR T2 T . S51E
Y- B B RE T22 KRIA), Bk T23 @ady=4:
TRV YIRS ORI LN, O B IEA
WA 25 (A FF AR T BB AR . FEAR A T
BIR T23 HA iRm0 TAA S50 B0 0y, Ho
MU AL Frik— 2B 5 . 256 241250
KB JE - 2 8] =& B EAENLR], W
W& R T23 528 T23 Z0iREIL 0L B,
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