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EMREAEFRENMENEAERIE. EEFIeEHE

AT, REE, WRLD, HGT, AAE', TEL, AT, A%
G

YA R A A A M R TR R S R TR R, B IRTE R A M S A, R R 476000
RS RREERE , BRTE SEZE 716000

WE: [ By ] B TR RS R ARSI RS , 2 TR AR e b Ay B N A A, AT
B TR AR AR AFL ) A A R P R R R | R RN R BRI, St A AR At 203 A6 B TR TR B 225 (i
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BN A AN SRR ARG 25 T LA RSPk, PRk DHO. DH66. DH92 5/ %R, S5t R4 i 24
XFEG, ACPHAAPE 22 AT SS . A MG, WK B L, ZHODS A 22 IR A,
FEAEM] A AU 2 42 . Hitk DHS3. DH66. DH92., DH9 ., DH56 y= /A= 45 & MEW) i X i AE G 250
WA IEIVER, (BRI S . 774 TAA S KT 1.32 mg/L #9435 7 #(DH92, DH30, DH7I1,
DH83, DH93. DH9. DH56), 1 DH92 /&, K 34.696 mg/L. BFkE DH92 1 DH30 f=4: ACC
JI5 2 1 143 3120 118.612 pmol/(mg-h)F1 103.795 umol/(mg-h). itk DHO2 TCHLEHAREEE ik, s
E EAR/TE AR (D/d)M 1.51; Hbk DH71 A PLBERE Ji s, D/d 2 4.50. B#E DHY 1 DHS6 4%
REUE T SZ7E 7%. 3% NaCl #h¥kFF, 7€ pH 8-10 ¥RE K, HA @Mt . 456 WMRERRE . 4
FRABEEMERT 16S rDNA WP KM RE K F 40T, 458K DH30 AL B IR R VDR ZE T 38 (Bacillus
safensis), DH9 f AL K Rkl 55 2E A AT B8 (Bacillus  subtilis), DH92 f AR B #E A I B2 16 (Pantoea
ananatis), DH92 AbFRLA BT IR RCRIE 77.29% , HAWMBTRLAE 63% LA I, AIAE A ALAN 22005 1) A= 7 R AR B U5
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[ 4518 ] 25 A st AR B s AE AE AR AE ARG 2 TR DU ME TR AR BT, HLrb g 82 T DHO2 M BEAR e 7
BOR G DLARGE o D0 R 3t v PN A A0 T B A e R A IR A — e TR R, S BT 6 R AE AT 22 AT A A=

oI RENE Bk e 2 s

KEEIR: HBETNAEANTE, MAEANZEIETE, TAA, ACC Wiz, wWokGtE, diitk,

PRIk T) = 15 LA RY (Fusarium  oxysporum
f. sp. vasinfectum)ft)—FI IR B, BE PR
SR, A EVO BRI IR AR 2
A7 R e R 2 R R IR R B RE A
G, (HAMRAETZM, SR B, BR800 ;
TEGEI AN, TEE I R KRB . B,
BARAE T R, MR, HET, R
ZE Bl 16 32 R PP b PR T e T2
2y, BONHE R R R A PNGE:, WES
F 4 i v B B s IR DY, R
SR 22 6] B B TR T, 400t D B R 1 2 A
KIE, AR TORIPASIE, AR/
YRR IR R HDUE . AR RS A AN
A A0 P AR AL ARG 205 14 & A A e B R ]
FHAE ) PN 2B 20 0 05 4 i 2 £ P DR A ) 7 3 i it
FRHE TR

TN A TR 36 AR — 5 B Be el 2wl B B A 16 T
i R 47 14 L ZEURII B P8 90 L T B A P
P =F B 1 N 2B TR R R AR E W e, L
AR ARHERYE K U R 2 R D
ARG IR IE APPSR 2 R A Y RE SRk
EYIPRGIRAE . B, BT CAEED
XFVFZ YN AE A TAEST , R AR AN A A e
HWPERT, ASWARIEEAS BENBRD,
B A FF 00 N 2R B AT (R 2 R T H A
A TR R KA, BORRP A TER  SUR
FREN, P SR EAR AR N
A A T LA 0 1 A i T S A G Eh RE R A

16S rDNA %1

BRI, A A DG TR DI 9T E 28 O Al P B 2 A0
FERITTE A U I R RO R T R P U
AP WA MR E Y . A A SE ) R
PreE R A A S B

b (Rehmannia glutinosa Libosch)Jg T X%
FBH(Scrpophulariaceae) i # J& (Rehmannia) Z4F- 1 B
AW, HRE GG Rz —, BAEHRE
I, Ahgs . PUMIESESIRE . o HA TR . T
FE . M FEERE, BTz, PPIX FEAE
HAETI RS . PG P, A X AR e
WA . RN S, HET, W AR Y
W FEAE P AEUAN R . BUEE . U s
FRIR A BT, R e o A T 4 S VR s A%
Fasg MU, DA R B AR 25 N AR FLRR A o,
R b B A A= 20 TR AR i T R B 9 S iy
UL FET I, AT DD 2 SR AR R
WAL, DAL B 0 N A= 40 TR A s X 42, il
b XA AE A 208 TR S DU N AR TR I O e, AR SRR
R AR A KA L B PE R R Gk & s
&, VIR LG R AL, DL A
AT S 2 PR A AR TR 1 1A B B SE

| R L

L1 SEEbPR SR

111 BESLSRIR. HEREMORIET 3 Mt 1
AR L HH ] (N34°51°, E115°207, ¥4k 52.1 m).,
TR 7 T B A (N34°19°, E115°43°, i
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P 43 m). T Rg A R R K 4 Rl (N34°22°
E115°40°, W4k 55 m). 7EMAMRIM T2 XL, R
AR TE 10 em DL HU AR MR, AEARIAIEEAE 20 m
Db, $EERAZH, PHsR R 18, B TIRR
FEASIERRIE, BEA 4°C ZERkkih.

112 MHYRIEE: MM ZERE Fusarium
oxysporum f. sp. vasinfectum), H PHILRME K
PR BE R, SR AR A A SR
FrEL(PDA), DAL A P e 18w s 5 0k
1.1.3 R <@ A BRI E R T e
A T TR AR BN 5558

.14 HRE YM BFREHF@L): HERE S,
K,HPO,0.25, NaCl 0.05, FEEEF 1.5, B4 0.05,
pH 7.0,

1.1.5 FREBEAOKRERE@QL): 4HFE 3, &
% 10, NaCl5, Zfg 20, pH 7.2-7.4,

1.1.6 TR FH (gL): MnSO,7H,0 0.2,
CaCO;1.0, FEWE 10, K,HPO,-3H,0 0.05, NaCl 0.12,
pH 7.2,

1.1.7 DF £3E5EE: MnSO,7H,0 0.2 g, K,HPO,
4.0 g, Na,HPO,6.0g, F15RL 2.0 g, #i%ghH 2.0 g,
AR N 2.0 g0 2H5r— S — WA I 0.1 mL,
ZH4r—: 100 mL Z&187K, CuSO45H,0 78.22 mg,
MoO; 10 mg, H;BO; 10 mg, ZnSO47H,0 124 mg,
MnSO4H,0 11.9 mg. 214> —.: FeSO,7H,0 100 mg
BT Oa K WmZE K h, da—54505 3
B T4 °C B UKAE AR

1.1.8 ADF 3583 8 ACC % Tilagikd, A
YA L AR AT IR KT, AR &4 (NH,),S04 H
P Kt DF $hiild, IIEFRE pH
7.2, ACC UNINR AU 3.0 mmol/L,

1.1.9 HEKES : 0.5 mol/L FeCl; 1.5 mL, H,SO,

actamicro@im.ac.cn

30 mL &8k 50 mL.
1110 SREMHIFE(/L): WHHHE 10, (NH.),SO,
0.5, NaCl 3, KCl 0.3, FeSO,7H,0 0.03,
MnSO44H,0 0.03, CaCO; 5, BeREE 0.4, UWENE
0.2, Zifig 20, pH7.0-7.2.
1.1.11 PKO}5353(g/L) : %M 10, Cay(POy), 5.0,
(NH,),S0,40.5, NaCl0.2, KC10.2, FeS0,0.03,
MgS047H,0 0.03, MnS040.03, BEEFE 20, Hiflg
20, pH 6.8-7.0.
1.2 WAERRTE ., difbmifik

it it B AR O 4l 2R Y, AR A
ANAlAL R AR IR AL, XA A A 2R U
PTG A, PR T R
1.3 AR B ZR T A U

SR SRR 15 7760 F G T FL A RN
TR RS AEAG 220 T DF & T PDA AR gt
30 °C fHEESR 2 d, WA ZWRRA K. 16
PEFHRIZ% 2.5 ecm 4b, HeFh 5 ATREERE, IR
FER PN A TR Y e L T R R O IR (CK), BT
30 °C fHIRIGFRAGFIE R R, WETFI &35+ 48
96, 144 h I SZ 4TI AR AR, 22 9 TR V& B A AN HE AT
EHEAR, THREMBER, MR (%)= B HAR
IR L EAR) < 100%/(6F B 78 AR
1.4 WA ER SR EETIER

S 5 R B A AW O s, R T A TR AR
20 DR T A PRV, RS TR ARG 7 L5 D PR
JE| FEHZRN R — A TR 3 IR, 1595 48 h, 96h. 144 h
B UL G R BRI SR B o K L 5 6T 2 9 T X
o, T 3 BRI AR B A R PO I R
(%)=Cxt BE V& BLAR b FRTR & ELAR )/ BB V5 L
1£)x100%.
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1.5 ZMERE TIAA WAREN S ENE

RFOERE TR, BRI R YM R 3R
FE AR AT KR . T &M T i — it
B RARNERE . BT 28 °C $2KRFE 135 r/min
AR EFR 96 ho BLOMRE N, S5 IHERIR
&, EFEIR TSR 30 min, AHLEEIH, B
A IAA P2 EPK A 530 nm AbNEE OD {H, X
A TAA FRUEMZEIAA FrufEh & i1 « B Bk s
BAEER 5. 20, 40, 60, 80, 100, 120 mg/L K%
W, RN E OD 1, HIFEFRHEMZ),
TR WA IAA B,
1.6 B ACC JREMETE A B 01 1 S B
e

SRR OCEETFE BRI K i vk
PINAETR A S mL ARSI, fE30°C F
Pz 597 24 hy MBS IR A 2 mL 280 5] 60 mL
LR REFRIEF, 30°C, 130 t/min §537 24-48 h,
12000 r/min #.0 10 min WEFEEK; HAAS
(NH,),SO4 1Y) DF WMUARE FRELE I 2 W W RiRE
F ADF $:3: 35 30 °C JRi%453% 24 h, BEIA
1 mL ADF 35553, SR G WU TR IR I T AR ] pH 7.6
i 0.1 mol/L Tris-HC1 Z& M1 , 7E 12000 r/min 5514
LG 5 min, PEE 2 IR(-20 °C ffF); BEIAR
AT 1 mL pH 8.5 % 0.1 mol/L Tris-HC1 2% i
B, A 30 pL HRRGHR G 30 s AMEHE A,
B 200 pL AHBEREH 0058 o- T RER 19 3 i FHBGE
77, HAH B FH—4 oC it A7 H Tl 25 vk B
DA S BB (ODsao) AR, DL o= T AR v i
(mmol/L) R AL bR il bt 2 o DAS AR FR
T SR I RN AL ACC IREAE R o-
T AR R FOR ACC TS /), RIS ) s
N a-T HfE pmol/(mg-h), BEHE LM i B2 XS

MR MESS R R 3 IR H .
1.7 BEBRENAE RS

Vi A LB BE 0 I PR 52 A IR R 37 8k
FH 75%IAE I A, BAMUKTRT, IR FE R 70 °C
J5 5 R SR B A T S e DI X 25 v i B v
P BRSE RN AR FRER K, SRS ALK TR 5 R IR TE
50 °C s R EEh, MR SR B TR A, %
BERS T 5 AT 1) b 28 P A TR R 5 R dk
B 4 AEE, 28 °C HiFR, WA Toizk U
(7 A2 DA K BT RE EAR RIS, (i S i Pl LA /T
7% B A2 (D/d) RN BERE I R/

W ICHLBERE e, SR PKO K573,
o Cay(POy), 1 i MUK W 5 5 3G AR ARR G
VBRI ELE T O 16 1% M 85 P4 2E B B TE PKO
Figrdkrh, A BRI g 4 A, 28 °C 557,
WA TG 3% W P A = DL R A B AR RN, fif
FAV i B AR BTV ELAR (D/d)FRm IR B BE 1 K/
1.8 PUAERR= A HE R M B0 S B B Ay

R WG R i B U K PDA K5 5%
LRI ZE TR B 8% 75 3 40 BN TG B 49 B 855 75 LB Al
PIMIL A, Fdf R AL BE s, A TRCE M S5 %R
AN o B RN R AR RO S IR MU A S R A TP B 3R,
TE 48, 96, 144 h B4y BIHEFFic % . FARE.

1.9 YA TR IR AR AR A 220 o T 22 O A

FAS 0 N AE BRI R AEAS 2206 74, 7€ PDA ks
Frhk FIEFRMEE, FPHAK S| @ nE, T
SRS TR G R N RTA G L R U SR TRE S
b8 PN A TRV AR A AR 220 TR T a1 1
1.10  FH¥EP A PR HTER BRI

SR FH B 0 s U 2 P AE AR ROA S T AR K
M. BCE YM REFRIL, HERCE IR R e
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2ANHEIEI, B 125 mL R59R3E, MR Kb
B, OB REIEAWAHEIE S, AR IRTE 30°C,
135 r/min 4500 F 1555 48 ho B HEEBEIA 50 mL
B 4 °C B.0(10000 r/min)10 min, 7 FiF,
ZRIBK PR 3-5 W, INAGE RICREKIRS], #HIA
HEIE R T 28 T . AHETE P E T mL 7
WEIamA, A 2 mL JCEK, 7EHK 600 nm
A0 OD fH, THEE AW OD=1.0, B Tk .

BCE 4 YM 5575, B 200 mL 3t 800 mL.
M pH LGENL 6.86, FH5 4.004 YM K FR AL pH
JEE] 7, 8.9, 10, 115 VBE, 3£ 2000 mL,
ANEREE I, AR 200 mL, MNP ; i E SRk
JEHR 0%, 3%. 5%. 7%. 9%, 3£ 2000 mL, H4
B EE W, B 200 mL, 23 P 4H o B BL 4T 4800
mL B IR BRI m AT K, ARHEERD 1 mL HE:
W o IR IE TR ISR IR, B0 2 h I —K
WRAR OD (B, RILFNBERM RS TR
— K 6 ¥k, M 3d, FidsEEIEFIG . WA
ODeoo [E AT HVEA R I L™, A3k P9 2 T Bt
ERBBAE O
111 SRR SR RAE S A FAE AL

Xof 0 326 TR AR HEA T T Vi 3 IR R WL A A B AR
PRI,
1.12 4 16S rDNA FHIE R RERE 0

FREC A TH DNA, PCR § B4R 18 7=t A5
16S rDNA JFFIIIE , 7 WICHR[13,25], FAR15 7
Y1|HE25 5] GenBank, 8 ClustalX 1.81 #/4-4k17 ¥
HIEHXT, 1€ DNAstar F1 Bioedit 4.8.4 {7 T4
1E, KM TRENCONW #f4LA Neighbor-Joining
ARG KB R, H Bootstrap #1000 YT
AI{EREETRAY, i DNAMANG.0 #/Fse 7 Al
I3

actamicro@im.ac.cn

113 BERP RN RAER ZRR BT 1A RCR

TR 15 A P2 (AP ) A 20 TR+ D L TR )
ZX FX I CKOCAEE ) A PR IRZH CK1(H
BERPR IR L) . AR ER 6 4, SR 3 KEA.
VERRFFRLING . O . JCE AR ML RN T, &
HH T G 5 KRRk Al T K Ewe A p, BT A
TAMER PR — IR . AT KE 2-3
W EF (2 7-8 cm), 1 1 P AR 20 TR 5 R PR (U
J# 6x10° CFU/mL), ##k 1 mL D4 iR .
TR R 3 W, HEELAM 5 R, BT
22-32 °C fRIBHG . HEMNAEME 2 d 5, R
DAV B Al PO R AL B, o0 I BT R A T
WRE A 1x10° 4~ /mL, BT 24-30 °C fRIBEG .
SRR 3 R A 7 d SRR KRR R
PR RS TE A T E AR AR 0 K,
TCIRAE, ABUR, MEmet; 1%, 1-2 FFid
SRR, WRRHIZ 2 P, T K— i EL R
R 39, W B R CRLG, E
AR ; 4 9, MR R S
2, MBI . B R (%)= A A AR
x100; T 48 E=3 OZ BAEREONG FER )/ (i
F MR B0 ™ BS540 <100 5 BB R (%)=[(F FE 9%
TETRHEC-AE BRI 155 18 80/ %) B 17 15 54 < 100,
1.14 RSG50

FH SPSS 21 X GEEE I . Aot EE T
1419 OD {H . Hb e NAETE)™ TAA it . ACC [i%
BTG PEEATHE T 30T o R S DR 3 0 A A i 2 2
ST, WEMEKFEN 0=0.05,

2 ERFpH

2.1 AR AR IR 2N B MR BOR A
R R AR B 3t BOAR A i (IR UEA T TR A 238
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ARG 94 BRINA AT, Hir, 7rE BIIARHE B 28
MR, T B3R EL 30 A . AT RS 4 R i REEBH X R
O0lE 36 BRo WX 94 B PN AR A TRR P ARG IRE 85
FREDATRINE , WITHISE] 10 BRATHE AERG 2R AT
BRI HIN A N AT, 73%0% DH89. DH30,
DH83., DH93. DH71. DH84, DH92. DH56,
DH9., DH66. 7E857% 96 h J& kK BLHAM G R4 7E
20%L4 b, HAR bk DHO M SCR B
2.2 AEREXIRIEAZR M I8 & i

FELIX 10 PR 4 P A 4 B SR FH Rl 1 B R R
FE R MU IR FRIAEA T A T S0, AR TRIZE K 48 h,
B EAE 10%Lh A 8 ¥, 43728 DH30, DH83 .
DH93, DH84, DH92, DH56, DH9, DH66, H:
H DHY ISR o R, DHO2 k2 fENAE
WK 96 h, PIERAE 25%LL A 8 #k, il
DH89 ., DH30. DH83. DH71., DH92. DH56,
DH9 . DH66, HH DH9 #ifil % R & B ., DH66
W2 TENABAK 144 h, ST RTE 30%LL FAF

4 %, 43%IJ)E DH83, DH92, DH9. DH66, H
DH9 #3505 e A B &

R FE, X R 1-A) M AERT 2S00 B
TEASZ M N AE TR I B IE R AR, BE B[] &
K, 9 it TR TR 2k A B S AR L, T A A T
¥k DH83( 1-B). DH92(J# 1-C), DH9(|¥ 1-D),
DH66(# 1-E). DH56(I&] 1-F)X T-Ha A6 A 220 B 1%
PSRN, R AERG 2R B A= LR R A PN A TR
Wz E KBRS, H itk DH83(/4 1-B). DH9
(B 1-C)BEE A KIS , 224 K2 NAE Y
P, AR R R AR AR A A R P A A B A
TEAGZEI R A IHIVET . Rk DHS6 (] 1-F)Ff ]
FER, AR RIFTCH AR, (HCR S B AD
TR, JXATRE S AR TRAS B A B AT G

HIR 1 0, MBS P AR 2 B R A 205 T 410 1
(96 h)EIAE] 21.33% LA EA 10 Nebk, HAxt
EAEA 293 B 1) 205 SR o ) i BTk DHL, #1117 2
N 28.44%, DH66 X2, MEEN 27.11%.

1. E#k DHS83. DH92. DHY9. DH66. DHS56 X457k it 2555 = O30 % 1E A

Figure 1.
DHS56.

Inhibition of endophytic strains on F. oxysporum f. sp. vasinfectum by DH83, DH92, DH9, DH66 and

http://journals.im.ac.cn/actamicrocn
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* 1.
Table 1.
f. sp. vasinfectum

HE AN EAE IR EHERE FO101 BINHIER ERER

Antagonistic effects of endophytic bacteria associated with Rehmannia glutinosa against to F. oxysporum

Colony diameter Inhibition rate of

Colony diameter Inhibition rate of

Colony diameter Inhibition rate of

Strains of pathogen'/cm endophytic bacteria/% of pathogen’’cm endophytic bacteria/% of pathogen®/cm endophytic bacteria/%
CK 4.50 - 7.5 - 8.8 -

DH92 3.77+0.06 16.30+1.28ab 5.50+0.00 26.67+0.00a 5.97+0.21 32.20+2.78a
DH9  3.73%£0.23 17.04+5.13a 5.37+0.15 28.44+2.04a 6.00+0.10 31.82+1.33a
DH66 3.97+0.15 11.85+3.39abcde 5.47+0.15 27.11£2.04a 6.03+0.06 31.44+0.77ab
DH83 4.00+0.10 11.11+2.22bcde 5.53+0.15 26.22+2.04ab 6.13+0.06 30.30+0.77abc
DH93 4.00+0.20 11.11+4.44bcde 5.87+0.06 21.7840.77bc 6.23+0.12 29.17+1.54bcd
DHS56 3.90+0.10 13.33+2.22abcd 5.53+0.06 26.22+0.77ab 6.27+0.15 28.79+2.04cd
DH71 4.13+0.12 8.15+2.57de 5.5340.46 26.22+6.12ab 6.43+0.06 26.89+0.77d
DH89 4.17+0.12 7.41£2.57¢ 5.53+0.06 26.22+0.78ab - -

DH30 4.03£0.06 10.37+1.28cde 5.57+0.12 25.78+1.54ab - -

DH84 3.83+0.06 14.81+1.28abc 5.90+0.10 21.33+1.33¢ - -

CK: no inoculation group; Umeans 48 hours, > means 96 hours, > means 144 hours. Data are mean+SD in table, different letters behind

data in the same column show significant difference at P<0.05 level.

MREFR 144 h BN AR TR XS B AEAS 2208 T I T
RYJIRF] 26.89% LA EA 7 AR, HAP xR
250 DRI A P B B S T RS DH92, JTE 3
32.22%; DHO W, TR HH 31.82%. HILAT UL,
b B PN A TR R R AR A 2200 TR B I Rl
% B ) A2 A0 P AR R A AR A
2.3 AR IR L B

P 2 B %, X HEAL (P 2- AR A6 A 250 T4 T
R HEE L MYy —. WP A
BRI, TPk DHS3 T 223 il 4 5Ok oA (1F]

2-A); WPk DHO2 BHZZ K44y, W2LJRRAN
BEVAME . WiR(K 2-B); Witk DHO B 22K ¥k Ak
JER, BRI 2-C); Btk DH66 1T 22 #2404
— . WE(E 2-D), RABIE S (& 2-F), WK
i 5 K IR (] 2-E), bk DH5S6 B 22 % 25332
B (E 2-G), H T Py A TR AR AR Bl R
24 R A (8 2-H) DL S5 RE . HiAEAY
EIRE 2R KRR, S N AR TR AR A
L, R 2R AR, Sl K. WP
SIS, PR TR B I 22 1R A K

& 2.

E#k DH83. DH92. DH9. DH66. DH56 X145 1% 4 2% B # H14E H B

Figure 2. Microscopic observation on the inhibitory effect of control, DH83, DH92, DH9, DH66 and DH56

against F. oxysporum f. sp. vasinfectum.

actamicro@im.ac.cn
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2.4 7EA TAA PAETEMRITE S 20 E

Z5RER 2)ERM, PrifiEtk 28T TAA,
B4 TAA By 5A AR FEAE R PR RE 5% 96 h,
IAA P2 HAE 1.322 mg/L UL EA 7 7 Fikk, B DH92
DH56. DH30., DH71., DH83. DH93. DHY,

Hp g TIAA IEAREERERA—E 3), Wik
DH92 "4 TAA Wt fi, N 34.696 mg/L, 50
Pk DHS6 7742 IAA Ik, N 6.812 mg/L, &
LI TRV DHO 774 TAA iRk, 24 1.322 mg/L,
WARBAMBL A, v, ANEEERT A TAA 1Y
AR, ERNEE FAEES, HERE
#(P<0.05).

T2 HMEBALEAEYNRE YMIEFEEFIhEKE
IAA B9FA R
Table 2.

produced by endophytes from R. glutinosa cultured for
96 h.

Content accumulation of auxin I[AA

Strains OD:s; value IAA production/(mg/L)
DH92 0.575+0.031 34.696+1.845a

DH56 0.108+0.010 6.812+0.569b

DH30 0.067+0.006 4.345+0.329¢

DH71 0.065+0.045 4.246+2.693¢

DH83 0.058+0.007 3.808+0.397¢

DH93 0.057+0.003 3.769+0.158¢

DH9 0.016+0.007 1.322+0.430d

Data are mean+SD in table, different letters behind data in the
same column show significant difference at P<0.05 level.

LA

CK DH9

CK DH56

CK DH92

3. M4E DHY9. DH56 #1 DH92 =4 JAA EF[H
EOBEEMESR

Figure 3. Color difference on the amount of [AA
produced by endophytic bacteria DH9, DH56 and
DH92.

2.5 HENAERETEE ACC & BHE T

ACC JB 2 TG 700 7 45 9 (36 3)R M, RERg ™
4 ACC AT TAMEA 22 #k, Hb, kk DH92
77 ACC Iz B Mt g, A 118.612 pmol/(mg-h),
P BE DH30 ) ACC A EH KRz, H
103.795 pmol/(mg-h), Wk DH50 B /N, A
29.304 umol/(mg-h) . M FAIAI, G KT
50 pmol/(mg-h)f3 14 #k, B E7E 100 pmol/(mg-h)
LI A 2 #(DH92 1 DH30), Hiltal L, WA Bk
[T A ACC B MG TEAFAE 22 57, X S Tk
A G WA YIRS B S EREYI AR KRR A O
2.6 AR AR E

3 4 BRI, XTTCHUBRE BRI W i N A
Fz 3. WEANEETE ACC i RUBEEF RN

Table 3.
endophytic bacteria isolated from R. glutinosa

Detection on ACC deaminase activity of

Strains  ACC deaminase activity/(U/mg)
DH92 118.612+0.004A
DH30 103.795+0.006B

DHS 85.563+0.004C
DH48 78.064+0.003D
DH38 75.5354+0.002E
DHI 74.787+0.001F

DHS3 74.246+0.001G
DH4 69.400+0.100H
DH71 65.041+0.0031

DH36 64.466+0.002J

DH6 55.633+0.003K
DH3 54.386+0.002L
DHo64 52.763+0.002M
DH9 50.568+0.002N

DHS51 49.149+0.0030
DH93 48.609+0.003P
DH12  47.108+0.003Q
DHS3 46.652+0.001R
DHS56  43.411+0.003S
DH40  43.229+0.003T
DH19 38.574+0.002U
DH50  29.304+0.003V

Data are mean£SD in table, different letters behind data in the
same column show significant difference at P<0.01 level.
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#F4. ENEE DHI2. DH36. DH30 AR TH BN ELE R
Table 4. Detection results of inorganic phosphorus produced by endophytic bacteria DH92, DH36 and DH30

isolated from R. glutinosa

Strains Diameter of dissolved phosphorus halo(D)/cm Colony diameter(d)/cm Ratio(D/d)
DH92 1.20+0.10 0.8+0.10 1.51£0.16a
DH36 0.83+0.06 0.63+0.06 1.32+0.03b
DH30 0.83+0.06 0.73+0.06 1.14+0.01b

data are mean £SD in table, different letters behind data in the same column show significant difference at P<0.05 level.

WA 3 NEMk, H DHO2 fil DH36 7= A4 5k
P, AR CHLEERR 1RO B . TR DH92 ¥
WERE A #, D/d g 1.51; DH36 X, D/d N
132,

A LB I 25 5 (B 4 3% 5)FBH , Btk DHS6 .
DH71 F1 DH30 %5 85 8 BH 5., ¥ A DL AR ) 4058
H172 5 AT40, Btk DH71 772 IS wE e B K,
VR WhRE 1 B SR TA AR DHT71,D/d 24 4.505;DHS6
W2, D/d R 4.05, A 0L, AN B MRIE Ui i el K
/NIRRT BERE I AR

2.7 WHREF AR SR R
YE R ARG

X & iR 5 BRI (DHS3 . DH92 . DHY, DH66 .,
DHS6)#E AT #42 M S il s S R Rl . 45 2R 3%
By, AbFRAERRAEAE ZR R TE N A AETT, 2
A RGOS0 BRI AH EE, DR 229 JR E B B 4 )N
DH83 il DH66 7E3E5% 72 h NN E N 4.44 %,
DHY. DH56. DH92 IR 2.22%, HMREECR
AN (1] 5), I b B P AR TR AR A R AR
MEAEAG 2206 T A SRR

B 4. HEAERRBRANHNRER

Figure 4. Detection results of organophosphorus dissolution by endophytic bacteria from R. glutinosa.

x5 ERSEEL DH71. DH56. DH30 BB ANENRER

Table 5. Detection results of organophosphorus dissolution by endophytic bacteria DH71, DH56 and DH30 from
R. glutinosa

Strains Diameter of dissolved phosphorus halo(D)/cm Colony diameter(d)/cm Ratio(D/d)

DH71 2.67+0.15 0.60+0.10 4.50+£0.50a

DH56 2.80+0.10 0.73+0.06 4.05+0.08a

DH30 1.70+0.10 0.87+0.06 1.96+0.06b

Data are mean+SD in table, different letters behind data in the same column show significant difference at P<0.05 level.
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B 5 MERESEEFELESERERHERE MG ERN

Inhibitory effect of volatile gas produced by endophytic bacteria on F. oxysporum f. sp. vasinfectum.

Figure 5.

2.8 I EE bR AT ER B

R 52 Ui 245 TR 45 - 1 8 N A 4 TR R R
W& Wtk DH9. DH56 Hihikae )1, 2wtk
Kz,

DHY HithE KA ML (E o) &KW, MEL
WETE R, BRI K, 7EEh ik e
b O B SEVE AR A (14 h), ERHRPE Ry 7%h 4iE i 4]
K (36 h); ERIAERUIE N 0%-5%, DHY #fn]
ER AR BRI OD (i Bfith i 5F 71w 2 i
W BARTE T%ERMREE T REAER, PRI
RPHEAZETI, BA—EfitE. TEHRIKE 9%
it OD {HHEE 0, WHkARELERK . DHY WARTE
3%-5% NaCl hik EHirEfR AW . Wik DHS6
PrEh AR MA L (& 6)R B, BEHERM TS,
PR AE RO RIS TG 1, FEERURBE Sy O 1, S
AR R (14 h), SRR EEDN 3% IE iy By 24 h;
TERRIRER W E H 0%—3%, DHS6 A 2E K, EK
PR BEER VR T = B s TARTE 5%—9%h ik
JERAREA K. ik, DH56 7F 3% NaCl £hif fif
T — B Mk

55 —e—DH9-0 DH9-7% —+— DH56-3%

—=— DH9-3% —x— DH9-9% —— DH36-5%
DH9-5% —e— DH36-0 DH56-7%

20} + DH56-9% o aasadid

0.5} ";
/

13579 1113151719212325272931333537
t/h

Ele6. EMELE DHI F1 DHS6 EREIRIRE TE
K 2%

Figure 6. The growth curve of DH9 and DH56 from
R. glutinosa under different NaCl concentration.

ik DHO fias A KAt & a7 fos, 78
pH 7-9 T EAFRIEH I E (6 h), 1E pHS I}, bk
7E 58 h B4R ATHEAE T . 78 pH 10 B R AT
124 30 h, £ 60 h B F ASFARIA; 7€ pH 7-10 11
BN, DHY WJIE# AR, #EAXTEONE A ;
7E pH 11 B} OD fE#23x 0, WARABEA K. AL,
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ZERTE— B PR, AR TR TR 20 B
NG, I, Pk DH9 BA — et
JUFAE pH 8-10 KIFE N . DHS6 HUil LM
AR (8 7)FM, 7E pH 7 IR AERE RS (4 h),
TE pH 9 B AR AL I8 14 h; 76 pH 10 Bk
FEMEIE, A 32 he XHEUW, FER4G pH 7-10
TWEN, DHS6 AlIEH A, HARK R, £
pH 7-10 500, BtkEZA8IK, B pH (3K
JERIAS K, AR RAT . WO, 75— e
o, PAEBEATIRY [ BERAE R . BRI, T
P DHS6 HAF—E il nImisz4 580 pH vl
2.9 HREMREIBEFRAE KA B A AL
HEARNBEARERE RS 72 h 1555, |
Pk DH9 .DH30 1 DHO2 [# % 3 Hiw i A7 AR
AOLEE, WK/, AfE, DH9. DHI2 B
e ks, DH30 SAFLF(, DH30 WA/ A
(0.5-0.7)pmx(1.0-1.2)pm, DH9 LK /NN
(0.7-0.8)pmx(2.0-3.0)um, DH92 BEEK/NN

(7.0-8.0)pmx(18-20)um. #Hi % RYL L5 KA, 3
PREA Y o 22 [P A 2R, b DHO #1 DH30
FARSR AR, DHO2 BA 2 KAFIR . BRI TR 2
R(F 6)RM, 3 BRIEX AN . D-HEREE . AHE

—+— DHY-pH7 —%— DH9-pH 11 —— DH56-pH9
— = DH9-pH8 —e— DH56-pH7 —< DH36-pH10
20 1 DHY9-pH9—~ DH56-pH8 —— DH36-pH11
DH9-pH10 p

AAAAAAAA

vvvvvvvv

0 e T 1315 1710212323572031333537
t/h

7. HWERNSE DHI 1 DH56 EEARE pH T4
i 2%

Figure 7. The growth curve of endophyte DH9 and
DHS56 from R. glutinosa under different pH.

Fz 6. THIEEFRAIIRIL4FM

Table 6. Physiological and biochemical characteristics of screened strains
Physiological and biochemical characteristics DH30 DH9 DH92
Catalase test + + +
V-P test — + +
D-glucose acid yield - + +
L-Arab sugar acid yield + — +
D-mannitol + + +
Xylose + + +
Broth (pHS5.0) + + +
Amylase — + _
Phenylalanine deaminase - — _
Lecithinase + - _
Nitrate reductase + + _
Casein decomposition + + +
Citrate utilization + + +
Tyrosine hydrolysate + + _
Morphology Short rod Short rod Long rod
Strain size(um) (0.5-0.7)x(1.0-1.2) ~ (0.7-0.8)x(2.0-3.0)  (7.0-8.0)x(18-20)
Gram stain G* G Gt

Spore forming

+ + +

+: positive; —: negative.
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R TSR AR Fr AR ER R Sny #8 52 B

XoF AR 2 R 5t S S5 g 359 A B 5 B DH30 4 V-P
B D-7 4 R SN B R B s LBy R
FAER LN DHO A ; JER BEK AR SO DHO
AP BREHEASEE SN DH30 MFEYE, fYRRILJR
fili . PSR KRN DHO2 FO 1 o 4563 35
TEFERA R AT A SR, i CF LA R G 4 e

0.1
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100

100

93
94 |

100

88

Bacillus pumilus Y247 (JQ79839) 7

Bacillus invictae MER177" (KT719761)

Bacillus pumilus SY28" (JF746161)

Bacillus safensis (MH036324)

Bacillus safensis XJGI8" (KR708899)

Bacterium QLN201710IPB4T (MK072997)

Bacillus safensis kp9' (MK483703)

100_| pH30 (MN365895)

Bacillus safensis SL40T (KU894796)

" Bacillus zhangzhouensis D10302" (MK070088)
Bacillus mojavensis BCRC17124" (EF433405)
Bacillus subtilis TT207" (MH819693)
Bacillus velezensis A20102T (MK070084)
Bacillus subtilis PWAT (MH142143)
Bacillus subtilis NRRL NRS-744T (EU138520)

DH9 (MN365896)
100 100 [ Bacillus firmus NCBI9366" (X60616)
75 Bacillus oceanisediminis H2" (GQ292772)
Bacillus infantis SMC4352-1T (AY904032)
100 |'Bacillus cereus ATCC14579T (AF290545)
100 L| Bacillus mycoides ATCC6462 (AB021192)

Bacillus weihenstephanensis DSM1182"T (AB021199) -
Paenibacillus contaminans CKOBP-6" (EF626690

Paenibacillus polymyxa IAM13419" (D16276)

100 Paenibacillus agaridevorans DSM1355T (NR025490)

Tt )& BH . DHY 1 DH30 75 2E AT B4 & (Bacillus)

(FEIE, DH92 #5412 & (Pantoea) AL o

2.10 AR 16S rDNA FHIMIE K RS AT 7T
fFEMEFE DH30, DH9 1 DH92, £ 16S

rDNA JFAIE , P80 BER/NY R 1.5 kb, 741

5439 MN365895, MN365896, MN365890.

i1 8-9 2B AT A1, 3X 3 BRESHIE T 2 & 3 Filr,

Branch 1
Bacillus

Branch II
Paenibacillus

Paenibacillus alkaliterrae KSL-134T (AY960748)

8. EFHERLEREKEELE DH9 1 DH30 B9 16S iDNA FIEMNRAK L B W

Figure 8.

Phylogenetic tree generated by the neighbor-joining method based on 16S rDNA sequences of

selected representative strains DH9 and DH30 from R. glutinosa. Numbers in bracket represent the sequences
accession number in GenBank. The number at each branch points is the percentage supported by bootstrap. Bar, 0.1

sequence divergence.
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0.02
A

93 Pantoea conspicua PSB25T (HQ242738) 7
53| ! Pantoea agglomerans NSH" (KT075173)
Pantoea vagans LJ157 (KM408610)

Pantoea pleuroti JZB 2120015 (KJ654341)
Pantoea brenneri LMG 53437 (EU216735)

100| T Pantoea deleyi LMG 242007 (EF688011) Pantoea

— DH92 (MN365890)

Pantoea ananatis SAD2-6" (HQ236020)
% Pantoea allii BD 390" (AY530795)
Pantoea anthophila LMG 25587 (EF688010)

E 9. HETFEARNEEARFTE DHI2 B9 16S rDNA FIIMEH RS % G

Figure 9.

Phylogenetic tree generated by the neighbor-joining method based on 16S rDNA sequences of selected

representative strain DH92 from R. glutinosa. Numbers in bracket represent the sequences accession number in

GenBank. The number at each branch points is the percentage supported by bootstrap. Bar, 0.02 sequence

divergence.

PPk DH9 . DH30 52 HLRIMTIE 53 3 T 2F AT A
J& (Bacillus)(F 8), FH:r DH30 FH AL AR AR
HVk B. safensis kp9"(MK483703), #H{BL 24 100%
DHO H B R AU A% B. subtilis TT207"
(MH819693), HILIFE K 99.86%. Ktk DH92 5%
R IE 1012 1 8 (Pantoea)(FE 9), AR RN
KRR P ananatis SAD2-6" (HQ236020), Hi1Ll
PR 99.59%. LG AMKERFRRAE . A AR LRI
1 16S tDNA JFH1 e, DHO SR A
W ZEAHRT I (Bacillus subtilis), DH30 A& AT>
Ha ST (Bacillus safensis), DH92 S A #E Ry

B2 B (Pantoea ananatis) .

212 R RS N A G T AR AR 2 0 0 B
R

AR (B 10)RH, $&F 8 Jal iy xf IR
Z(CK L) B Ik, i R TR A IR S 2 B
W Py 0 2 BSR4t i ik i ] i e oA R A
fifr, WiZFEWARY K, CEEM T BE, KRN
85.36%. NN ERA], 50 F A 5B A7
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AE, W RKERAMI R, R AR CK1
B, M CKO At e, JoiguiEtk, hk 7
A1, BEkk DHO2 F1 DHY 4b BRAEARREAK | ko 2
FIRGIE AR BIIREAR, AR AR BNT 32%, B
TARCRIITE 75%A o 7340, DH30 ZbBRAE R H
R, B ANYR, KB TIER ; DH66
A FRAE RS 43 R RSB R B, S BEAL H BUAL AL

10. EMFBRENEE 8 B R IRE T REIRE
PEE KR

Figure 10. Growth conditions of cotton seedlings in
treatment group and control group after inoculation of
antagonistic endophytes for 8 weeks.



BOEREE | AR, 2021, 61(8)

2351

x71. BRMERERAEESPBEHERIEER
Table 7.
endophyic bacteria against F. oxysporum f. sp.

The control efficiency of antagonistic

vasinfectum

Strains  Incidence/% Disease index  Control efficacy/%
CK 85.36£0.01A 65.32+0.01A /

DH92  26.75+0.01B 15.35+0.01B 77.29+0.01A

DH9 31.52+0.01C 17.96+0.01C 75.52+0.01B
DH30 36.61£0.01D  18.61£0.01D  66.28+0.01C
DH66  38.73+0.0l1E  23.53+0.0l1E = 63.87+0.01D

The data are mean+SD. Different uppercase letters in the same
column show significant difference at P<0.01 level.

AR, FEHOPE A A0 T A B 1 8 SO B iR
R X6 BEAH LU il i 25 (P<0.01), R, RIFEN
R AE A 2205 1 A2 77 T8 PR 9 T

3 ittt
3.1 IR AR BRI ZE AR T A R E R
Y SRR R, W R PR RE
WX Z, AHPIHRER 2 06 i A o] R A ) 2E K
% A B A S POV, 4 A R R 2 R e
i 2 R IE NPT S A SR A A 4 P A B R AT
D S A Wy AT A W B3 RIS A I N A E
JR IO S Bk A AE G 250 1 LE YD iR
PEHE TR RS AR S . AT Mt v o3 B
04 BRINAEANTE, 2005 iiiiat, Hbeg N A Td
DH9. DH66. DH92 X fifEAl 2= i HL A s 4 4t
VEF, $MERINTE 31%L0 F, HA DHO2 #ifii] K
N 32.20%, DHY #Iil30 31.82%. @ARBIAAL
I AE Rk DHO2 1k 77.29%, HA4y 3 BRBFIARCR
BTE 63%LA I, X S54RI EEPE A 3L,
ARG T ATEE TR, DHO2 b T B Ak Ry i 2
12 Wi (Pantoea ananatis), AWEPHEM, Pantoea
ananatis CcSh-1 {74 T15 FHYEFEIRN, 7

PR AR MR R B, S B R
AR G, FAT F5 P00 IR L o 16 PR A2 R AR )
AR, A SR TARSEER AR . BTN AR
24 X i T P 0 TR R T RE S 1S SR A ) b v 2
FAERA PR ARG O, AR TR K 518 FIR K
AR BIRRI 0L, BEAT RICH ) g ot o T 22 1 AR R AR
B AT IT 2 PR ) AR 43 g B
1Z W& Pantoea ananatis DH92 if R VLRI .

b B N A T RN AL BRARAEAL 20 A, U 22
PR — . il Wi RmlE ok w2
Ve S AN TR A A IR G2 . P REAILTRLE N AR T SR
B PR X IR Ao R v £ A 5 B M A M,
WMES RV . REMEERY) . NG . K
B AN WA . X S M)A ORI Ok
PVTEAILE R 22 R TP A Mo BE G A, 40035 40 AL
BE. IR & B T Re = AR U, &
HO I L A M RE AR, DN A i BE A2 ) AN S Y B
JRIBUE LT, LI W30 B kPR Y
SCRF T IRXAMERE, JHE N AT Ttb162 X AR H5
BRI 2 A KA B RIEN, EEE P
R IR I8 U IR, B TR, B 22
fEIkAERK . NAETE DHS6 AV IFE TR, (HR
RAEZMFHAE, NAERTEZREAER, K
AR FREETR Ay, 2O U R SR = T AR
KAZBH, 2 R . A4, Miller
ISR EE R T AR T XL,
WAETR AT BB AP R BV INER R AL
FRKIRY . DL R A X R i i 22 R AR
F ., AN 220 A 20 i RE G sz B, S EE 2
REWETHIE =R U S A= R LS a1 |
A IRETEAE RS TA SRS R, WALk
(4 R SARPYIBE 1 B oI i 1k 2 T xR
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TR T 22 A7 B S A A o AR SCOOG PY AE TR T R
o LR 22 AT HIE IR, XN AR TR AR A R
A AL T2 — PR R

3.2 AWATERMEY A KRR BEIE

YRR TAA (e Y AN AE KO E P k%
FEMEH, PAERT A IAA AR AR A KB,
ARSI e T R R ZHR] 774 TAA, (H i TAA
MR EZE S . AT DHO2 ARtk A
W EIZ I Pantoea ananatis, 77 IAA B, 15
34.696+1.845 mg/L. Vb ERHLE N4 SR308
FEAREIA KR TAA B ik 23.1740.17 mg/LP,
F AR N AR TR 9 BRI TAA P2 T 50 mg/LP7,
XL ST GA LI 4 R FEA — 2, RfE T
WEFE K7 E TAA BN Y. Walitang
SRR Y Rk B A KRR 6 RN AE Al TR AT
ETAA, HHP 2 W B W PR Pantoea hericii LTE3 7
FE, 1k 47.06+ 1.99 mg/L, A 115 T A
SR USRS TE TAYHEM R TAA RIRR, W5l
SRS ER, RIBARBIEA, SR #n
MRBCE S RKREE, AR W I KRR, e
TP A AR A R LW, DHY2
BAARCR A, 38 77.29%.

2RI, BAT ACC BRSP4
AT FRYAE KR BRA AR, B
RITEAR Y PI07 . TEh . T I S
G A SRR X e R A A K AR B ACC
i 2 T O 1R A T ER B AT B P OK B B A
(Gloeocercospora sorghi D.Bain.et Edgerton)fl125
HO I BE i (Curvularia lunata)™" 5 55 IR 40 7 1,
AT R0 I 0 . AR B S O A AR A 255 TR
VN AN T, DHO2 H ACC i 2 i i |
PE, & 118.612 umol/(mg-h), H:YX DH30 BT /1
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iA#] 103.795 pmol/(mg-h), FL4%F BREETS 114
4100 umol/(mg-h)LLF . ZhAk& R FRH, ACC
it Ut v P B AR DHO2 X AR BRI I B VA SR
IR o T AS TR ZH A A R SRR P o B i R
ACC MBS M #k DD132, HE )1 e
15.71 pmol/(mg-h), DD248 {47 0.93 pmol/(mg-h)!"),
Al oL, bR N AR R A ACC B RS 1 R
HIBENAER S G 6.6 £, W& & T EAMRE W
5-10 umol/(mg-h)!**, V21 55 432 F 3% 19 i A=
AN LP11 A (s R B 1(0.576 pmol/mg-h)™!, 5
BF SERTR 2 AR B, MV 2E SR P
CRG-2 741 ACC iZMHE YA 324.3 pmol/(mg-h).
AL, IRl E FAEYT N AR T A ACC IR G
KNSR, T Rl—Fh1E N A AR 25 7o
VEBERUE e IR R T RN, Rt
TR A A O, PR FERE Y B B Wl
B TR B0 SR AR P B 1 FE 08 A Ak, iR g
3R R SRR AR R T R A A
FEE R YPLEERY, Fik DHO2 fETCHLBERT 7R
bR EAS R OR(1.2 cm), D/ 1515 &
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5 AR ST NET = IR R S 114 S W A R VA A TG
PLBERE 1A —F, D/d fHN 1.13-1.62. TMiFrik
FAFPI A IR Ay 30 AR AR ICHLBE AN
W, D/dfEN 1.25-5.1, CHFTARSIEE R . AL
BRI AT Al T SAREE T AR ], A DL 37
B b A e, R AR 2.67+0.15 cm,
Pk DH71 BB, D/d R 4.50£0.50; Hix
4 DH30, #EEEAA 1.70£0.10 cm, D/d 4
1.96+0.08, A3 4F F IR B SR AL B 4 Fh 7 rh 43
(R N AR TRV A DL e, Vi MRS BT AR SLO1,
D/d 2y 2.567; ARFAEWTINLL = M- BEAR PR B VA i
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Screening, identification and growth-promoting of antagonistic
endophytic bacteria associated with Rehmannia glutinosa
against Fusarium oxysporum f. sp. vasinfectum
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Abstract: [Objective] To screen antagonistic strain resources of Cotton Fusarium Wilt (Fusarium oxysporum f. sp.
vasinfectum), endophytic bacteria were isolated from the root of Rehmannia glutinosa, a medical herb, and the

excellent strains’ characteristics of plant growth promotion and salt and alkali tolerance were analyzed, so as to
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explore the excellent strain resources and provide reference value for the research and development of biological
control agents of F. oxysporum f. sp. vasinfectum. [Methods] The antagonistic test of F. oxysporum f. sp.
vasinfectum was performed by plate confrontation method, and the changes in mycelia were studied through
fluorescence microscopy. Such indexes as indoleacetic acid (IAA) production and 1-aminocyclopropane-1-
carboxylic acid (ACC) deaminase activity were determined by spectrophotometry. Phosphate solubilization was
assayed by plate culture method. Bacteriostasis of volatile substances was examined by separation culture method.
Salt and alkali tolerance was measured by turbidimetric method. The physiological and biochemical characteristics
of the strains were determined, 16S rRNA gene were sequenced and analyzed for phylogenetic status analysis, and
disease-control effects were demonstrated by greenhouse inoculation test. [Results] The endophytic bacteria of R.
glutinosa exerted antagonistic effects on F. oxysporum f. sp. vasinfectum, among which the strains DH9, DH66 and
DH92 exhibited obvious antagonistic effects. Compared with the control group, the hyphae in the treatment group
showed knotting, bending and breaking, the end branches of hyphae increased significantly, and most of the edges
were coral branches, and were obviously embedded by the bacteria. The volatile substances produced by strains
DHS83, DH66, DH92, DH9 and DH56 exerted inhibitory effects on F. oxysporum f. sp. vasinfectum, but such effects
were not salient. [AA contents of seven strains (DH92, DH30, DH71, DH83, DH93, DH9 and DH56) were higher
than 1.32mg/L.DH92 had the highest yield, which amounted to 34.696 mg/L. The activities of ACC deaminase
produced by DH92 and DH30 were 118.612 pmol/(mg-h) and 103.795umol/(mg-h), respectively. DH92 had the
highest ability to dissolve inorganic phosphorus, with diameter of dissolving circle/colony (D/d) being 1.51, DH71
had the highest ability to dissolve organic phosphorus, and D/d was 4.50. The strains DH9 and DH56 could tolerate
7% and 3% NaCl concentration respectively, and could grow at pH 8-10, with certain resistance. Combined with
the culture characteristics, physiological and biochemical characteristics and 16S rDNA sequencing and
phylogenetic analysis, results showed that DH30 exhibited the highest similarity with Bacillus safensis, DH9
showed the highest similarity with Bacillus subtilis, and DH92 had the highest similarity with pantoa ananatis.
Control effect of treatment group with DH92 was 77.29%, and those of others were above 63%. Therefore, these
strains can be used as biocontrol resources against F. oxysporum f. sp. vasinfectum. [Conclusion] There are
antagonistic strains of F. oxysporum f. sp. vasinfectum in the root of R. glutinosa, among them. The isolation of
Pantoa ananatis DH92 from R. glutinosa root has not been reported before. The excellent endophytic bacteria of R.
glutinosa have the characteristics of plant growth promotion and certain salt and alkali tolerance, which provide

theoretical basis for the control of F. oxysporum f. sp. vasinfectum and the development of biological control agents.

Keywords: endophytic bacteria associated with Rehmannia glutinosa Libosch, Fusarium oxysporum f. sp.
vasinfectum, IAA, ACC deaminase, phosphate solubilization, stress resistance, 16S rDNA sequence
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