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eucalypticola) F 58, B TREIRA B, ZAKRS 9 BT 6 NEE) 10 RIEAFTH AR LA iR
SR, LREAMREHAE. DS LI0E. RIFEEFF EHREER B 6 REFARIHFE 5L
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Pseudomonas sp. T1-3-2 with antimicrobial activities
improves the disease resistance and promotes the growth of
Cunninghamia lanceolata

TIAN Longyan', HUANG Hua’, YANG Hua', LI Zijun', QIU Hualong', ZHANG Chunhua,
XU Jinzhu', QIN Changsheng '

1 Guangdong Provincial Key Laboratory of Silviculture, Protection and Utilization; Institute of Forest Protection,
Guangdong Academy of Forestry, Guangzhou 510520, Guangdong, China
2 Forest Pest Control and Quarantine Station of Fengkai Forestry Bureau, Zhaoqing 526599, Guangdong, China

Abstract: [Background] Biocontrol is a nature-based solution that meets the requirements of
ecological civilization and sustainable development. Clarifying the biocontrol effects and antibacterial
characteristics of the bacterial strain are the basis of biocontrol of technology research. [Objective] To
develop biocontrol agent for the control of anthracnose in Cunninghamia lanceolata, we studied the
antimicrobial activity and growth-promoting effect of strain T1-3-2 isolated from C. lanceolata.
[Methods] Strain T1-3-2 was identified based on morphological, physiological and biochemical
characteristics, and the 16S rRNA gene sequence-based phylogenetic analysis. The antimicrobial effects
of the bacterial strain, volatile gas and secondary metabolites of the strain were determined by plate
The plant
growth-promoting effect of the strain was determined by pot experiment indoors. [Results] Strain

confrontation method, plate culture method, and colony growth inhibition test.

T1-3-2 belongs to Pseudomonas, forming a monophyletic group with Pseudomonas eucalypticola. 1t had
stronger antagonistic effects on 10 target strains, with the inhibition rates over 80% on 6 strains of
Colletotrichum, Pestalotiopsis, Nigrospora, and Botryosphaeria. The pot experiments showed the
fermentation broth of T1-3-2 in Kings Medium B controlled the occurrence of anthracnose in
C. lanceolata, with the control effect of 74.20%. Moreover, it improved the growth and increased the
biomass accumulation of C. lanceolata seedlings. [Conclusion] Strain T1-3-2 is belonging to the
Pseudomonas genus and it is beneficial to the biocontrol and growth-promoting on C. lanceolata. Thus,

it is a great potential biocontrol strain.

Keywords: Pseudomonas sp.; Cunninghamia lanceolata anthracnose; biocontrol and growth-promoting
function
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YERT, Wih—2Km I LW 1R BT R bk , TEAR
My AU EL AR B )3z S o N X R A
T3 1 43 WA Wy R - 1- FR iR (phenazine- 1 -carboxylic
acid, PCA). J# 2k & (pyoluteorin, Plt). fig
Mk % B 2 (pyrrolnitrin, Prn) FIF AL ¥ 25 — Fh 5§
Z A= Sk A e e R e 2 B
HI R B A RO R B A S R A 8 A,
FENHTIE . /NE | KFEFRAEY 09 %
B A 11 L A 55 [ PR BE AR 97 J (Environmental
Protection Agency){¥: M T Bii i AL 405 25 1
I EE R SA 9 B, RN T AE .
T G AR R S RO ], AR AEIR =R
TR TG I . A 2 A% R TN A e
D1 4 - S EOR T 1

A= 7 Y )7 95 38 RN AR RE 1 2 3
FE . MR, pH SFXMEE FIsEm, Xt 22y
AR RN FLERERZ—. W ARMH
0 1B v R 3 A B TR AR S A R T AZ R A B T
R I AE R Bt ) B o TOAREE A AR E
BIMEIX Z—, AR A2 AR A B T B Ao fif
AiiE . HIL, AR E AZKRERER
—FRAHTRA T1-3-2 RWFFRXT G, X HAr 2= vy
PR RSR e Z AR AR A ORI B R WO S5 T e 17
WESE, DU B A2 R AR B R o 5% IO A2
A= B TR R ) e 1oy FH B4 i

WL

1.1 ##

BN R R T1-3-2 0 AT RE KRBT
JEIMRIGRRZ AR BRI, TR ORI T AR
PIE R ORI P L, kS5 GDMCC 61843,

LRy 10 PREEAR & AR AL HG . 2RI R
(Colletotrichum)E ¥k T3-2-1 (C. gloeosporioides)
M T3-4-1 (C. fructicola), ¥ #% Z E &
(Pestalotiopsis) ¥k T3-5-1 (Pestalotiopsis sp.)#l

T2-1-2 (P. vismiae), % J] W & (Fusarium) i
010-3 (F. oxysporum)#1 SM-LK-b5a (F. solani),
2 3514 )@ (Ploioderm) F ¥k SM-KY-1 (P. destruens),
] % B S 5 )@ (Botryosphaeria) [# #& SM-KY-3
(B. dothidea), VLI BA%5 )& (Nigrospora)pE tk
O1-1 (N. oryzae)Fl 04-3-1 (N. oryzae), HEHRE
WD B A ARRAL, RAF T RA MR
PRI BEARARIR I AT T

o FeRa, FiE A IR A\ s PCR
I RETH IR AIE P 8%, Ut RAG PR A PR
ol B ZE AL, TN R AR AT FRA w5
NTAMA, TR R A A

Kings Medium B (KMB ) & 15 77 52 B SC
BR[1STRCH , LB $5 3R B PDA $5 97 52 B SCRK
[16]MCH] . 16S rRNA JEN ¥ 5158 A5 Tag
KA A4 TAY TR ROABRA .
1.2 HEEE

Z IR CH LT R a0 % T R (i
A2 S TN ) U A 8 0 D 1 W SR TR VA T
PO/ A N 1 25 7 R e o 2 S ke i 2 o

HI 16S rRNA JE[H ¥ 511X bk T1-3-2
1oAY %0E  RHBE AT Y 27F (5'-AGAG
TTTGATCCTGGCTCAG-3")H1 1492R (5'-GGTT
ACCTTGTTACGACTT-3")#45 7% PCR § 1%
H B B, 18 7 0 ol A T A TR E i)
e A5 BRZA /IR 741 % Chromas 741 Bt
WA IE, 76 NCBI (http://blast.ncbi.nlm.nih.
gov/) B A FE v 1 AT ) 5 M LG X A A, SR
MEGA 5.0 #{4iz ] Jukes-Cantor %1, % F4E
ek R GR B WA T AT
1.3 HREIEFERR
1.3.1 EHRIIERNE

SR AP 0 06 125 00 7 TR R T1-3-2 X 4B AR 14
PRIVFEDURSCR o PRV AR T PDA FAR 4
(2.0 cm K), 28 °C fHldIEF 1 d, AR E PR
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AR BAIEI T (T3-2-D) W PFE TEEE 40 2.5 cm
Ab, 28 °C fHIREIE G SR . PDA #: AMSARIIH
P R (T3-2-DFE X RE, B2 3 ANEKE . 28 °C
fEIRIETE, W& R . RIEE, THAWER A
K 2R (percentage inhibition of radial growth,
PIRG).
PIRG (%) = [(R1—R2)/R;]¥100
A Ry RoRAS PN HE L0 D o 42 o B B
AN GRS AR PR ; Ry RN AL AT I
TR HZ s MR B W RS O R I AR S A K B S

[lRE, SRA R 5 Beil g T1-3-2 o Hefth 4
P T AR P 100 B AR
1.3.2 EAZMSERMBESRNE

SR FH AR 8 72 POV 22 BT Bk T1-3-2 4% 4 Pk
SRR E SR . 78 PDA FiGALE R T1-3-2,
28 °C 1557 12 h; #54: A KMB AR =3,
28 °C, 200 r/min K557 24 h, VENFIFI; B
Fh 7 1:10 B LU A 45 °C 2247 1Y PDA ¥4
FRFerh BEH, 28 °C K537 24 h, BRI K
B UFE A %S 1 PDA AR, 5 iR IR tlovt
1, VERALBRYL; K545 11 PDA 82 AR
B VR TR PDA SRR, 1B xd B4, A5
3AEL, BT 28 °CHHIRIGF . BRIl
B EAR, TR T1-3-2 $E R PSR 7%
2 A KA
1.3.3 REKE=HINERRNE

225 B SRR BOR A AR =P, 1
BEFRM(D=15 ecm)H il A 50 mL PDA 1A% 5%
e, FEBUSKR T1-3-2 B, e M im ik
E(a=4 cm), Rigs 13 d Ja ZMRHEA, Bkt
FIRE Y, RS R, 4% 1.5 Rk
UM A EE, 7EREA TR 180 W, 7 4%
40 kHz. JFE 30 °C WA WEYE 1 h, BB, &
RAETEYE 3 K, A RBONEY R, WES
FJ5 4 000 r/min B5.0> 10 min, B 15 45 °C.

200 r/min fiE§% 78 K AR HLEEY) , % T 200 uL
[ 0.25% — F1 JE 7 AR (dimethy] sulfoxide, DMSO)
IKEER AR50, % H.

FH A 224 4 R R 7 B & S8R A7 35040 0
o BPHLIEMIFE 1:500., 1:300. 1:200 (fRFHLL)
SRR A 45 °C iy PDA ., fEISEA, #EATER
T3-2-1; XFHEZH K 0.25%F DMSO K
BERG 2 d R TRVE EAS, AR A KR
A, FH 1:500, 1:300, 1:200 HL4& 4% B 43
SR BRAZ A S5 B0 B (T3-2- 1)/ AR 77, T B 3%
R, MONEA R 2 Z 20 R 53R P S
b 8 h T BT A B0R , THE I KR,
14 EABRSRERE
1.4.1 FEI BRI 2 Kok EE B BA 808 36

AR RSB —SUMAZ AL (90 d), HITCH K
phYE 3 W WEZEXTREAL: FEAZARMTE RN I,
5% 1 mL AR K (1%), BEEAEBRA 1. 1242
RGN L, @I 1 mL A2 AR A
B T3-2-1 #1277 R (1 %0 iR K FR e, W BN
10’ CFU/mL). WiZEAbBRLII: FEAZ AR L,
%% 1 mL AR T1-3-2 R R (ODgoo N
0.638, X I (1) 20 BRI 1 PR 4k 8% 10° CFU/mL),
2dJE, MBI R 1 mL A2 AR B IE R B A6
BIFW (% EAKFER, WEESN 107 CFU/mL).
FEARXTREAL : FH 1 mL ik YK (1% ) AR Ab BEAZ AR
i E . PR ROk e HEARAb A 1.
FH 20 mL A9k IR 7K (1%)E AR A0 3 A2 AR 40
e 35, 1 mL iR K (1%)ERALRE, 2d
Ji 8 Ao TS 55 4 A A2 R Do I TR A6 - AR TR R
(10" CFU/mL), FEMALFRLI: F ODgyo M 0.638
) T1-3-2 O A TRBEAR AL BRAZ AR &I, Al el 385
FAR A B R RHERR (1 mL/RE), 2 d Je e bk
JE R A BH B F(10" CFU/mL), fTf
APRARNRALEE 5 d, RS 20 BRAZ ARG,
BT RO 80% , AH X &
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60%, ¥ 28 °C 12 h; JCHRGRIE 0, AHXIVR AL
60%, WBE 25 °C 12 hy}55E., Bk 1 A HH#E
KRR R, TR PIARCR

I PARUE AR B, A2 AR B IR A i
FERARE: 0 PO RERRET M TORAE 5 190
RIRE T SR RRER T H N E 14 1T RO &R
S8 RET I AT 1/4—1/2; T 900 KR g
SRR AT 1/2-3/45 TV 900 3/4 DL S
B RERS . e L T 4R BRI B iR SO
HHEAXWT .
RIRHR (Yo )= IR 1 Iy T AU/ i 850) > 1005
95 15 46 K(%0) =[S O % B )/ (B o s T
SEO1%100;
B 63 80 (Yo)=[(FH 4 X6} HE 21 975 175 45 B —4b #E 41
I 175 5 50)/ BH 1 %o B 2E 05 155 5 %] 100,
1.42 HEHREKIEZENEERRT

BIPE T1-3-2 XAZARFOZE e A i 7
Bk T1-3-2 #: A KMB Wik 53, 28 °C,
200 r/min 153% 48 h, JHHIRIK (1%)%: BN
ODgoo K 0.638 (XF N AY 40 T 1% 7 4 2
8x10° CFU/mL)F1 0.296 (%0 4 20 1 175 T 45 0
4x10° CFU/mL) W B, 53 AR 20 B2 ARNZE (IR
WAL 2 cm) 24 h, JCH IR IK (1%) b P4
RXTRRAL, Bl REAZARBIZE TR, BT
JCHRSEFRARAR SR EE , MR 2 d ok, WD
SEMAR A RR L, R 3 IR,

PR T1-3-2 XAZ ARG e AR . BUEK
P HIZ AL (90 d), ToRK ik )E & . it
56 IR K W B3 1%, T1-3-2 B AR kil
WREY N 1%, AbFRL: FEAZARLHIZEN |, Wiss
1 mL AREIEIK, PR K AR A PR (1 mL/kR)
LRI FEAZ AR Wy i 250t | 8525 1 mL 9 T1-3-2
B W (ODgoo M 0.638, 1 mL/#k), FFHnkIE K
AR mL/k); AT, fERARLEZEM |,
M2 7K (1 mL/dk), FRHEARAER 1 mL

) T1-3-2 @& (ODgoo N 0.638, 1 mL/F).
3 AHEMEMSE MRS . B R/ B ZE - fif
HEER, IR EREFTR.
1.5 Hitsath

ByEge itk SPSS, ik MR E
2 Hr A1 Duncan Z & LT

2 BEREAW

2.1 EFkTI-3-2 ETELE
2.1.1 K T1-3-2 BIEFHR RIS IS 4514

BERE T1-3-2 7€ PDA _FWIAE KA, 3-4d
JE B R LIRR A, WK IR RIE, A&,
WIELH, BB, H%oes, RN AR AT
WA Y B 78 LB s K
WK, RNEN], WROLHE, BB, L%
SEH; fF KMB B#EE FHERBERAA
(B 1A), T1-3-2 WIRJCZEA, 7E9OE BB n)
O RE R ek ndt, A AR, 4
2R R (B 1B).

R AR AE KR BEVE Y 4-37 °C, feid A=
KA Ky 30 °C; 4K pH JEFEIN 5.0-8.0, 7E 1
MR ARKRE, &G pH JUE N
6.0—7.0; BETE 0.01%—3.00% NaCl ¥ £ NB £
Ferh A K, fid NaCl ¥ K 0.01%—1.00%.
oA H A ARG T 2 SR R . S AL B
2 fb it BH M, RE 0 i e, AR R AT B TR
i, HAmMBREEEGE T, A AR, &~
REAr M 22 2800 . TR RN LB , KGR BUK
fiff Tt R0 TR 6 A I i 56 35 S BHVE . DNA Jf i
o5 B M
212 BEHTIB32HRKZAREFZHN

K FE T1-3-2 9 16S rRNA K 741
(GenBank % 3% 5y OM920535), 7£ NCBI % ¥
JE R AT HE X, &5 R R % SR SRR
Pseudomonas eucalypticola NP-1" (=CCTCC
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1 B EESMEREFE

T1-3-2 (LB)

- /_\,\‘

T1-3-2 (KMB)

—

10 um

A: PR T1-3-2 43 5I7E PDA. LB. KMB 3535 7 d IR KIS Wtk

T1-3-2 E06°2 W HBE T (B). 20t B i (LA e (C) S 22 IR UL (0 Jm ot i BBE T (D) IR B 25

Figure 1

Bacterial morphology and characteristics. A: Colony morphology of T1-3-2 strain cultured on

PDA, LB, and KMB medium for 7 days. Bacterial morphology of T1-3-2 strain on PDA under the light
microscope (B), excited with blue light (C), or by Gram staining (D).

M2018494"=JCM  33572") 1 Pseudomonas
vancouverensis Dha-51" (=DSM 17555")F 414
RIS R 99%LL | T 16S rRNA JE[H ¥4
WHM ARG LK TR BN Wk T1-3-2 58K
HHk P. eucalypticola NP-1" AR RAE—F%,
WA TR [ A AR AR R T (P, eucalypticola) 3 %
PRI (8] 2), € Tk T1-3-2 SR8 T i
& o
22 HMEMRNE
2.2.1 Bk T1-3-2 B E RN E
PO IREZE SR R (B 3), B RE T1-3-2 B A
X AZAR I T JB T Ak T3-4-1. T3-2-1 FIBHIE
JETE R O1-1, 04-3-1 MyHNHil/E g, wke
A KA HR ATk 95%L) | X2 BE
B FR T3-5-1. T2-1-2 4 45 )% 15 B & i bk

SM-KY-3 [ #  2 R ik =z, W Hl A4 T
80%—90% Z [a] 5 XT # J1 & J& &tk 010-3 .
SM-LK-b5a Fll £t 57 £ 147 J& TR Ak SM-KY-1 4 41 ifil
BRI FEAR TR 55 , MDA F 45%-70%
Z I8 BfR T1-3-2 X AHEE B2 BHE .
PRz LR R TR R A 10 S BEAR TR PR
U R R B A BRI SR B ik M S T
L
222 Bk T1-3-22 HAMSANINERR

PRI PR T1-3-2 #5  MESAORE 55 R AR 1 00 ERT AL
RIS, HARE KR AT B0 bR Tk 1 7% A
KA EA T 20%-60%2 [\ (&8 4), Hd, &
R T1-3-2 #ER SO RAR B O1-1
RIS, MHI AT E 60%, XFHA:
HOAR BRI BOR R T 40%. g5 R R
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53 — Pseudomonas koreensis Ps 9-14 (AF468452)
43 EPseudomonas atacamensis M7D1 (SSBS01000008)

24 Pseudomonas moraviensis CCM 7280 (AY970952)
Pseudomonas reinekei Mt-1 (AM293565)
B LPseudomonas Jjessenii DSM 17150 (NIWT01000013)
Pseudomonas granadensis LMG 27940 (LT629778)
6

3 —E Pseudomonas kribbensis 46-2 (CP029608)

90 L Pseudomonas glycinae MS586 (MG692779)
Pseudomonas baetica a390 (FM201274)
Pseudomonas laurylsulfativorans AP3 22 (MF554631)
Pseudomonas laurylsulfatiphila AP3 (16 KY462012)
Pseudomonas atagonensis PS14 (MN396717)
26 Pseudomonas neuropathica P155 (LR797591)
Pseudomonas helmanticensis OHA11 (HG940537)
Pseudomonas mucoides P154a (LR797589)
Pseudomonas batumici UCM B-321 (JXDG01000105)
T1-3-2 (OM920535)
Pseudomonas eucalypticola NP-1 (MN238862)
76 - Pseudomonas vancouverensis ATCC 700688 (AJ011507)
Pseudomonas izuensis 1zPS43 3003 (MN865785)
Pseudomonas moorei RW10 (AM293566)
Pseudomonas umsongensis DSM 16611 (NIWU01000003)
Pseudomonas mohnii DSM 18327 (FNRV01000001)
Pseudomonas massiliensis CB1 (CCYK01000003)

41 Pseudomonas akapageensis PS24 (MN382268)
|2 F'j]’seudomonas defluvii WCHP16 (KY979145)
51 Pseudomonas graminis DSM 11363 (Y11150)

63 Pseudomonas lutea DSM 17257 (JRMB01000004)
27 —— Pseudomonas coleopterorum Esc2Am (KM888184)
99 _| Pseudomonas rhizosphaerae DSM 16299 (CP009533)
87! Pseudomonas baltica MBT-2 (MW377590)
Pseudomonas juntendi BML3 (MK680061)
87 _EPseudomonas parafulva NBRC 16636 (BBIU01000051)
96— Pseudomonas fulva NBRC 16637 (BBIQ01000036)
Pseudomonas kuykendallii NRRL B-59562 (FNNU01000014)
Pseudomonas aeruginosa ATCC 10145 (HE978271)

51

64

18

0.0050

2 ET 16S rRNA EFFIMEMARFAER EPHH T 2ENEKS S M IHAHCER 1Y
GenBank J741'5 5 433 FIYECTR bootstrap {8, R M NI BERAE— R MBS A RARRIILR %
Figure 2 Phylogenetic tree based on 16S rRNA gene sequences. The numbers of corresponding strains and

its GenBank accession numbers followed by Latin names; The numbers on the branches are bootstrap values,
which indicate the probability that the taxa are clustered together; The scale represents base substitution.
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>
os)

T3-4-1  T3-5-1 SM-KY-1  04-3-1 SM-LK-b5a

y L1200 )
{ \ ~ al
Gk | § a ab b be abc
\ £ 100 17 abc
. & cd );/
r/ ’ = 97 A
T1-3-2+ ] g 80 al/ d
Target strain 5 %3
L J B | W g 60f €
T3-2-1  T2-1-2 SM-KY-3 Ol-1 010-3 £ ¢
) E 40f
s 20F
o
3
5
= 0 NONLN VN DN N @ D
. ’ /\, 4, 4, N :,), \05 Q
& @,@:&@7& Oov\%, >
S S %@

B3 E T1-3-2 HEFRERRERBR  A: Wk T1-3-2 MHEAREMRETIRCR ; B Fdk T1-3-2
XF 10 BRESHR B AR AR 1) A KA 3 B h R [Rl /NG 7 B3R 0R 22 53 .35 (P<0.05)
Figure 3 Bio-control effect of T1-3-2 strain on the target strains. A: Antagonistic effect of strain T1-3-2 on

target strains; B: The radial growth inhibition rate of strain T1-3-2 to each target strain. The different
lowercase letter means significant difference (P<0.05).

A T3-4-1 T3-5-1 SM-KY-1 04-3-1 SM-LK-bsa ©
—~ 70
E\i a
CK < 60l
S 60 %
2
= 50t 3
T1-3-2+ [ 3 be b cd b
Target strain | < 40t % %
\ b / o Y]
g d
T3-2-1 T2-1-2  SM-KY-3 01-1 010-3 :g 30t d 4 d
. = 9
g L e
- =20 ’
m
5 10t /
%
T1-3-2+ ~ 0 /
Target strain NN DSV DN @ D
X N A0 A0 N oy :06 N
QY %%\?% é\*' o Qb‘ \)%' O\

B4 BEHE T1-32 L MSEBIMERR A R T1-3-2 R M UAX IR BRI HIECR; B:
PR AR T1-3-2 5 M ASURRT AR T R AR AR A IR OR TR 1 /NG - R R0R 22 5 12 % (P<0.05)
Figure 4 Bio-control effect of volatile of T1-3-2 strain. A: Antagonistic effect of volatile gas of strain

T1-3-2; B: The radial growth inhibition rate of volatile gas of strain T1-3-2. The different lowercase letter
means significant difference (P<0.05).
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WY, Wtk T1-3-2 7EAE Ko B ip Al 7= AR I 45 %

YRS, REA R ] B DA R TR VR AR 1

2.2.3 Bk T1-3-2 RER B =R E SR
BPE T1-3-2 AR P S 19 1:500

1:300 Fi1 1:200 1% ) B 351 AT A R il 2 R ¢

JEPE T3-2-1 M4, VR BE BRI TR R R k5

Horr, 1:200 A5 AR R R RORT B8 R 1) 44 1) A=

1:200 5% (AR S0 BRVBOGT 6L 14 1 & 41 ol 26 T
ik 95% LA, R REAE B A R R 18555 (] 5C)
PR T1-3-2 YA A YL ) v] A 5o il A2
AR IRIEGR B 43 A 6L B R SR 224K, XA
AR IELI T LA S 3 B I VR

23 HAMEHREARZFRRELER

2.3.1 Bk T1-3-2 JH2 KRR ERFBIBH

KA ZRATIEF] 100%, 1M HMEBCREE, &
TRCE 30 d 5 DL 22 4= K (8] 5A . 5B); Ah,

2 N FE AR IR 45 R R ] - FEAR AL PR ZH TR B
BRORELF, KA 20.00%, BiiaRCR e
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& 5 d FE‘
5} ol==
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CK  500x  300x 200x CK  500x 300x 200x

Bl 5 EE T132 RAERBTEUMENE A EH T13-2 ORI A SR
T3-2-1 BUAIACR s B BbK T1-3-2 WA Q=P LA XS AR SR B T3-2-1 00 B9 7 1 A KA
B Co bR T1-3-2 YO ICH P LB AT RS A SR I T3-2-1 BOTL T R, b R NG 5
BER 2 51 (P<0.05)

Figure 5 Bio-control effect of sencondary metabolites of T1-3-2 strain. A: The inhibitory effect of crude
sencondary metabolites of T1-3-2 on Colletotrichum gloeosporioides T3-2-1 strain; B: The radial growth
inhibition rate of crude sencondary metabolites of T1-3-2 strain against T3-2-1 strain; C: The inhibition rate
of spore germination of the crude sencondary metabolites of strain T1-3-2 on strain T 3-2-1. The different
lowercase letter means significant difference (P<0.05).
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ik 85.71%; M55 Ab BRLH TN A& 9 % K 40.00%, 2.3.2 HH T1-3-2 MEENEERBER
BEARCR AT 74.20% (% 1), BFFEARAI, FAR e S8 T1-3-2 T WAk 3R PG AZ AR 25

kW G S AR e FCMAR S B3 2 (A 6). i I AT 55 e
(Pseudomonas sp.) T1-3-2 Y0l AR5 1k A2 Kk HRAL PR AZ AR 2l 5 % HR AR HE, Rk & 40 0]
T 9 A A BT 71.05%F0 113.16%, 25 ff 25 43 5138

R1 E T1-3-2 M ARRERBENR

Table 1 The control effect of T1-3-2 strain on anthracnose of Cunninghamia lanceolata

Ab 7 R VAR IREE €

Treatments Disease incidence (%)  Disease index (%) Control effect (%)
5555 X} B4 Control by spraying 0.00 0.00 0.00

%22 Ab FHZH 1 Treatment group I by spraying 57.00 36.90 0.00

1% 28 b FRZH 1T Treatment group II by spraying 40.00 9.52 74.20

FEMI X BR4H Control by irrigation 0.00 0.00 0.00

HEFRALFEZ 1 Treatment group I by irrigation 65.00 43.75 0.00

TEMALFUZH T Treatment group 11 20.00 6.25 85.71

VB WESEX kKW Ab P WS AR PR 1. RS AR DI T T3-2-15 W55 AL AL T W63 it AR S 7 T1-3-2
Ja, R R I T3-2-1; HEARXS M. ol KEEAR-HEAR AL P EARZO AL 1. nhyRUKEEAR AR AL SIS, 1 5 55 42

TG T T3-2-1; FEARAL PRI T1-3-2 A TR AE AL AR AL FRU , I TRD 58 55 Rl R I T T3-2-1

Note: The control by spraying: Spraying leaf with twine water; Treatment group I by spraying: Inoculation with
Colletotrichum gloeosporioides T3-2-1 strain by foliage spray; Treatment group II by spraying: Inoculation with
C. gloeosporioides T3-2-1strain after foliage spraying with T1-3-2 suspension; The control by irrigation: Dipped and irrigated
root with twine water; Treatment group I by irrigation: Inoculated C. gloeosporioides T3-2-1 strain after dipped and irrigated
root with twine water; Treatment group II by irrigation: Inoculated C. gloeosporioides T3-2-1 strain after dipping and irrigated
root with T1-3-2 suspension.

A T1-3-2 T1.3-2 B
cK OD,=0.638 OD=0.296 8 (K
— T1-3-2 ODy,,=0.638
\ 6l T1-3-2 0D, =0.296
7< 7
\ i
= =],

Number of lateral root

~ i
0 10 20 30 40
t(d)

6 WHETIS2 REMABIREE A bk T13-2 XS AN AR B: HAMAE
Figure 6 T1-3-2 strain promoted the development of radicle of Cunninghamia lanceolata. A: Growth
promoting effect of strain T1-3-2 on lateral roots of Cunninghamia lanceolata; B: Number of lateral roots of
Cunninghamia lanceolata. Data are meantstandard error (n=20).
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T 146.97%41 180.81%, MK EHINT 69.57%
M 91.30%, AFIAAZARY A KISnE
TN B2 (P<0.05) (8 7 #15% 2).

3 WinE5E#R

TEAN %5, 16S rRNA [ 741 A H
3tk PR R R R AT AR, R DX 0 AN [
J& B ARAER R B Bk v, 2 S DA A SR D R
HING S B B R 1 TC vk 52 B — S i T Fib S Fh
TR % E P ABFEIET 16S RNA
SED S EAT W R GE R T 53 K E R T1-3-2
JB TR B R, % AR RS BT B
P. eucalypticola NP-1 ZEZVERIR, (HIER R NP-1

CK Irrigation with T1-3-2

B7 B T1-32 MEAEEHERKEKAR R

s tE IR, AR T1-3-2 SAuitE AHEE,
AR Al TR MR TR N R 2 AR
RO E IR, T e SRR L
2o 205 T8 43T (multilocus sequence
analysis, MLSA)FIE R 4] Huig £ Rl k220,
PARE T1-3-2 HARSASHA AT E— 2 F 5%
ARIARERTE BT, 20 L2 H %
B GE PSR % (Gliocladium virens) T Bk
Fos\ IS K KB (Trichoderma  harzianum) ¥k
FOOOP WENAZ AL B FL B o I LA E I AZA
AR AR B G . DI R A B A AR AR B 1
T R A2 AL 4% v O 0 A5 3 1) B A 2F A AT TR
(Bacillus licheniformis) AMS53 VIS B 25 f T

Foliage spray with T1-3-2

Figure 7 T1-3-2 strain promoted the growth of stems and leaves of Cunninghamia lanceolata.

x2 B T1-3-2 BEAREEER N

Table 2 Analysis of T1-3-2 strain to growth-promoting of Cunninghamia lanceolata

SLe] P E NN E (iSN AR R (P NAN
Treatment  Plant height  Shoot fresh Shoot dry weight Root length Root fresh Root dry weight Needle
(cm) weight (g) (2) (cm) weight (g) (2) size (cm)
AR T 3.9+0.1 0.19+0.04 0.04+0.02 11.5+1.0 0.27+0.04 0.05+0.01 1.7+0.1
BOBLIEZER I 6.0+0.5 0.43+0.06 0.10+0.03 19.2+7.9 0.44+0.01 0.07+0.01 3.3+0.3
AEPREAIT 6.5+1.6 0.54+0.02 0.12+0.02 17.1£8.6 0.66+0.20 0.08+0.01 2.9+0.3

e B A PR HE R (n=20)

Note: Data are mean+standard error (n=20).
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B HY32P% AR A AL AL 4y B 2R 4
ZEHFF I SM-1 (B. atrophaeus)™", VLK I TEA
BRI B 2R JAT I 3728 (B. subtilis)P?, ¥ ZEA
FER B o AHIFSE B AR T1-3-2 38 T
W, F8 TEARED AR R, 7EER
IR BT 1 7 T PR, R 2 B o e (A
791 308 3 AR T T 25 0 S IR R, (R4
PR BT AZ BB L MR R . pH IR N AR
M), B A% SR X AR R4 3 ek e 5% B AR
T2, T1-3-2 BB BRI S B 3L,
A RE M T R B AR A AR E G, HEAR
B I T 25 R B R e o B, AT AR B TR
PR Y A s . o Fam I T R RE A
PR 25K AR AS 1 2 i Bl VA R S AR e 1
5 B T 1 A A R o 2 R v A 2
B, WHAME ., A EZREREDY A
H I B RE T1-3-2 XEAZ AR & 1 SIS =5 N B33 mT
BE 74%Lh F, A RENPIEECL. CARE
FR LA ZE AT AMS3 BRIk, T 6 % T U 0T
F2 AR BRI AR I B AL AT 35 76.10% L4 15
i B ZE AT B HY 32 53 88 & B R A2 AR IR A
BiiGSOCRTT5 55.6%L 1B 245 2F AT i
SM-1 JG B K T T8RT A2 A A A 9 19 5 A 9l 3k T
1k 95%01; AL, VRN 3782 A TR AT i
T2 ARKR S 5k ) BB T R 20%L) EP2S 5341,
PRI AR T1-3-2 X A2 AAS [ 35 B 110 9 D 8 000 P sl SR
FETER R 22 5, X4 B B 0 1 B R 30 1 2
FAETaARE A FEE, Bk T1-3-2 XA 8
PR AR B R R IAFAEZE T, SRR R/ IME IR -
B JE A/ PA T B > P 22 B AR >R ) T R
FEE SR . BLAh, AR T1-3-2 (14 & T i Ok
FEAR G 2 B A 3 (R fE AR R, L R
AN dE SR Y R B ST R, B
14 ELA A VR A (BRI B ik YDX 261 | B bk
BP16U I #k TD3700, B TR IR A A

UE 0y 1o 6 R A M0 0 A P A R AR
R A KRR LS PURaETT, —
SO PR [ ie Bl . [ P gk EAR S 2 Fh
YA HERET . SRR RS I T R Y, ASTF]
T B B0 B B AE —E 22 R B, R R
T1-3-2 AR AR 2 LEHLBLA Fy ik — 2B 5T
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