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MAEFKR, [B6] ALBRRGHTHAEBDB TR, F5B ARG FEBF TN LME Fsed2
HATA R AL R R ABARAEN, [Fik] @3B AFUR. AFA LS 16S rRNA
AR RS AT RATE AT ST, KA SR IA A7 4] R A 6 F ke, 8 AT A A8 A K
KAGH F o Z B ABKE TN Z ARG AERR, [ER] AL DH Fse32 L2 A B EFHMUER
2K H , 4% % Burkholderia gladioli Fse32. 4% 4tiX4a 4 R & 7, B #& Fse32 & R 54k 78 & (Fusarium
graminearum). 7K#544& 9% # (Rhizoctonia solani). 4% % i (Sclerotinia sclerotiorum). X 24z & H
(Sclerotinia libertiana). K fe4& 71 # (Fusarium oxysporum)#= sk # & & % i (Phytophthora capsici)3)
A BSFH I RIE R, "% LB (indole-3-acetic acid, IAA)= &4 17.95 mg/L, &&= 4k&HAR, H AA
PR A 0.24, BEMRAAEEE A 339.07 mg/L. AT XA &HKIELE R AW, Bk Fse32 fe 2 E 1T
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growth-promoting potential of endophytic bacteria Fse32 from
Dongxiang wild rice (Oryza rufipogon Griff.)
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Abstract: [Background] Plant seeds are important raw source for screening endophytic
bacteria, from which the strains with great application values can be isolated. [Objective] To
explore excellent endophyte resources from seeds, we identified the endophytic bacterial strain
Fse32 isolated from the seeds of Dongxiang wild rice (Oryza rufipogon Griff.) and evaluated its
resistance to pathogenic fungi and growth-promoting effects. [Methods] The isolated bacteria
was identified based on morphological, physiological, and biochemical characteristics and 16S
rRNA gene sequence. The antagonistic experiment was carried out to determine the inhibitory
activities on pathogenic fungi. The tests of growth promoting ability, rice seed germination and
pot experiments were conducted to evaluate the growth-promoting effect of the strain. [Results]
Endophytic bacteria Fse32 was identified as Burkholderia gladioli Fse32. The strain exhibited
remarkable effectiveness against Fusarium graminearum, Rhizoctonia solani, Sclerotinia
sclerotiorum, Sclerotinia libertiana, Fusarium oxysporum, and Phytophthora capsici.
Furthermore, Fse32 displayed excellen growth-promoting potential, the production of
Indoleacetic acid (indole-3-acetic acid, IAA) at a yield of 17.95 mg/L, the capability of
producing siderophores, with an A/A; ratio of 0.24 and the inorganic phosphorus-solubilizing
ability of 339.07 mg/L. The results of seed germination and pot experiments showed that strain
Fse32 significantly promoted rice seed germination, and increased the plant height, root length,
dry weight, and total chlorophyll content of rice seedlings by 7.9%, 33.5%, 108.9%, and 68.9%
respectively. [Conclusion] Burkholderia gladioli Fse32 is an endophytic bacterium with diverse
functions and high efficiency, demonstrating a promising prospect for biocontrol and growth
promotion.

Keywords: Oryza rufipogon; endophytic bacteria; plant growth-promoting activities; antagonistic
effect; identification
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Fr o R TR A B BE K R Rl - N A AR 2 K
BHHF5EIY, J4IA N Pantoea, Acinetobacter
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4, Bio-Rad A+,

T A M 2] 75 1% 3% R (potato  dextrose  agar,
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Biflg 15.0, pH 7.2-7.4, S WA HLBES R 5
P32 ST SRS 5.0 g/L MYBEIR — 45
Bl 2.0 g/L (ERTERE, RASEFR S mA
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1.2.1 B¥RBIFSIFEFE IR E LM RN E

B R Fse32 76 BPM H5 574k [ 28 °C K%
24 h, WEEELA . KANDGFEE, R
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S
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1 uL, ddH,0 22 pL. PCR Jpi&f4: 94 °C
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TAY TR B MARA ST . FIH
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R ORI R A0 P P R AR RE T . 3 5 A I
TCHLIE 55 552 4 A Bl 11 A ST D0 e A7 o 175 fe
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S I A B R e T Ao AR R E ML B WL I S
WA AR Ak, [A)EIN E AS [R] B 8] A SV pH
fH, BAHARBEL 3K,
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1.5.1 MFELRAE

IKFEFDFHE T5%KE =L 5 min, FHHTGTR
IKFE 3 UK JE 5 R% 2 2% UK SR BNV T IR i
1-2 min, /g A ICE/K EE 5 Uk 21 K 1
TR IIROR . B K Fse32 2703 LB AR 57
Fedr, 30 °C. 200 r/min ¥R 3% R 55 ok
8 000 r/min #5.0> 10 min J5 &AL, HT
PR ZICORE B AR T B 2908 10° CFU/mL A9 1A
R TR R T A K RE A TR TR R R
12 h e, B BRI EA UE AR A T B 8 7R L
W, BRI SO KEFPF, A TG K AR5 RE 7 L
PVREE, BT 28 °C ¥R IESR 72 h, 115
P& 2R IR, FICE KA BRI RS FRAE N
SN, RRHIRRER 3 .
1.52 ZFHiAE

W I 2 00 By A 28 T A D 1 SR 2
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¥y, SRA Porra H:PONNE K RENT A (A 4k
1.6 Zitoth

3% FH Microsoft Excel 2016 45T 56 2 3k
PEAT oA, B P s R bR 22,
At A5 A AR R ) 22 5. FIA Origin
2018 FRMHAER .
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212 HTFEMFLERRGABENH

FIFIS 14 27F F1 1492R Xt 3K 2 E4 T PCR §™
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neighbor-joining 7 ¥4 ZE F £k Fse32 5 AHCH #E
f) 16S rRNA JEH P R G kT W 1), 28T
S5 R AR S R BT v R T L TR AR A
PEIRE] 99%. i HIPE Fse32 B FR4F1E . AL H
HALFRAE B 16S tRNA JERF S R 58k B b
g5, B NHEWM W ERERE, mah
Burkholderia gladioli Fse32,
2.2 FEMEYREEERNELSR

R PR IR 250 5 T iR Fse32 X Z2 R
W I BB AR RO, 45 R BR B R Fse32
XARGHIIE . KSR . 8RN, KE
WA . AT T R R R R X 6 Fh

HILHFHIH) GenBank % 5%5 4 KJ733884.1. JELELTR XA AN [ R E 4 il /A, HG PP g A
9| Burkholderia gladioli strain S9 (GQ337697.1)

88|l Burkholderia sp. FSGSD3 (KJ185033.1)

Burkholderia gladioli strain 321gr-6 (DQ355169.1)

Burkholderia gladioli strain E40CS3 (MK474986.1)

991 Strain Fse32 (KJ733884.1)

Burkholderia glumae strain 99gr-4b (DQ355167.1)

100! Burkholderia glumae strain PA26.1 (EF193640.1)

97 Burkholderia sp. E60 (KF788201.1)
4[BLurkholderia sp. PMS-6 (GQ468397.1)
56 Burkholderia vietnamiensis strain TS1 (KC282371.1)
Burkholderia sp. DM-Co3 (DQ419957.1)

W‘; Burkholderia sp. CYEB-23 (FJ422385.1)

—

0.0050

E1 HT 16S rRNA EEFIENE Fsel2 WRAZLZEN S5 TWTF S5 NEKD GenBank &
S s B A 1000 IR bootstrap 2 HT T AR B 43 EE, AR KT 50%M91E ; A RALER 0.5%17)
Fgdlbigie =22

Figure 1 Phylogenetic tree of strain Fse32 based on 16S rRNA gene sequence. Serial number in
parentheses: GenBank accession number of the strain. The number on the branch point: the percentage
obtained by 1 000 bootstrap analysis, and only the value greater than 50% is displayed; Ruler: 0.5% of
sequence evolutionary differences.
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2 Bk Fse32 3 6 #EMs R EEAYHIFIER

Plant pathogenic fungi

A BARAMRIRCR. B XF 6 FhECEAIIHIA. 1. R

AHRIIE; 2. KRELRRR; 3. A 4. REEEE; 5. RAHIIR; 6 HHUZEWNR

Figure 2

Inhibitory effect of strain Fse32 on 6 plant pathogenic fungi. A: Specific inhibitory effect.

B: Inhibition rate to 6 kinds of fungi. 1: Fusarium graminearum; 2: Rhizoctonia solani; 3: Sclerotinia
sclerotiorum; 4: Sclerotinia libertiana; 5: Fusarium oxysporum; 6: Phytophthora capsici.
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3 B Fse32 REBNMME A: 1AA
B: BREK. C. TCHIBEEREE. D: A YUBEA
Figure 3 The determination of growth promoting
ability of strain Fse32. A: IAA. B: Siderophores. C:

Inorganic phosphorus dissolving circle. D: Organic
phosphorus dissolving circle.
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4 1EFHAE Cay(POy), HEFFE BB EIA R
REJ1F0 pH WOEN7S L

Figure 4 Dynamic changes of phosphate
dissolution capacity and pH in Ca3(PO4), culture
medium during culture period.
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Fse32 MK AR 4T (E 6A), KFF
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Mo 25 0 i R AT I, 45 SR R B Rl R PR
Fse32 AbFRM/KFELIHIHE RN 29.17 em, MK
102 cm, fHERTER 147.74 g, BMHSES
R 2.45 mglg, HXTIEAKREAE MRS . R
Ko TEAGEMSER S AL BN 7.9% .
33.5%. 108.9%F 68.9%, ¥R Z& . A& Ml
SIS Y A 3 (P<0.01), S50 %
WITE bk Fse32 H AR KM OCA EHM
BHCE Y BAEE ST, M E5 K Fa L Wit
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3 WwE5E&#

YT 205 T8 BN A A B, ASC
FIR A ] R Py b1 N AR A0 T 2 S A Ok T
J& (Micrococcus) . i 5. /it 7 J& (Pseudomonas) |
F 2L 20 5 J8 (Methylorubrum) . ZEFATFH 8
(Bacillus). iZ & J& (Pantoea) . T H )&
(Microbacterium) . %/]NFF 74 J& (Curtobacterium)
FIMA v 22 /K 18 X 3 J8 (Burkhol deria) % 1 #5
J& T BT AT A AR A AR RN B B
W EEREL T RIFFTEA & B ARG FF
A A AR Fse32, @it WIS U
A BEAE LR AEIRER , 454 16S rRNA JEH ¥
I ARG LT 5 I Tk Fse32 %7 o JH B

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



4832 (GRS L Microbiol. China

C 500 %
o CK Fse32 *%
£ l
£ 400} I
2
2 # I
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£ P
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< 200} 1
=] I
5
o 10.0 ¢
g |
0.0

24 48 72 9% 120
Time (h)

E5 WNEMFFsed2 WKBMHFHELNDFERNFNE  A: LRVKGEH 72 hKFEL 2K . B: Fse32

AEFR 72 h KFES K. C: ANEALIE T KRS RN 4 284 B2 Bl A (] i A2 Ak, = A+ AR AE P<0.05

P<0.01 /K- o E Pk 2= 57

Figure 5 Effect of endophytic bacteria strain Fse32 on the radicle length of rice. A: The radicle length of
rice treated without strain Fse32 at 72 h. B: The radicle length of rice treated with strain Fse32 at 72 h. C:
The time course of radicle length in different treatment. * indicates significant differences at P<0.05, **
indicates significant differences at P<0.01.

C Control Fse32 ey
T 40 Hok 180 % &
52 50 | 1022
=S . B 1205 3
& op 25 o H
== 100 £ Gq
g5 20 80 = 2
s O [ 20 2h
o %15 ok 160 E 5
5w T = E
E E 10 FI Kok 4 ,_Eﬂ:
= 5 l—i % o 5
g I 1 %%
= 0 0 =8
O
\@Q \@Q &Qﬂx 0&
& & &
& S Q )
&
\0
&

6 fEF Fse32 XHHEF 20 dOREREE KHARROBIM  A: KR AARIRE. B: EEXK RS
IR AN, C: Fi 57 20 d KARA B PR . ARG TR AT 2R K 17221k
Figure 6 Effect of inoculation with Fse32 on rice seedling growth indexes after 20 days of culture. A: Pot

experiment of rice seedlings. B: Effect of inoculation on rice seedlings and roots. C: Plant height, root length,
dry weight and chlorophyll of rice seedlings after 20 days of culture.

JRTEICT , #7444 Burkholderia gladioli Fse32. B4 7 T R ERIVE R, Sarli 46 IE % M X &
MR RE— R0 Z . RELrE PR B o R QT MB39 X 5 25 FISE
MANE, EATRAEEY MR . Wk, ey SRRAEEAE ISR, AR
WRAMPIEEZFE AT, AR E S R ERMEZLE; Cui SFMNHREM F
HETE A R RS R Y E AR B A R E A O R FERE CGB10 1A
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graminearum) . 7K &% £ 5 B (Rhizoctonia
solani) . #% #% (Sclerotinia sclerotiorum) . &
A% T (Sclerotinia libertiana) . 227 4 JJ B4
(Fusarium oxysporum) 1 # # 7% % 5 @
(Phytophthora capsici)¥4J4 5 A B 2 A il 1E 14

F34h, BARE Fse32 RBfEMIL TAA, 7N
(17.95+0.02) mg/L, 5 ZHij#lzi& 1 Burkholderia
sp. 77 TAA FEIAIEYT . TAA e LAY KR
WY, T AR T &M Y A
R SR AR PE R . A s B REIRE
WA AT LU IS PR A TAA S gERE Rk it A 18,
o, BB 545 T i 3 A ) A 4 32 B 7 3l 2 A
TR TAA 5, BGERYI A RS, W,
AWFFEHE R Fse32 7R3 WM EREA Y CAS ¥4
FREIEE AR IF AR A R,
R A/A FELEIEE] 0.24, BEBZ R T Ly
WA TR TR B R A . AH DGR R T, A4
PR 0 S L TR A S PN R A, — R
HAPURTE R & RY T, 02 59 w7 A
A TE g, WRISCIREE TP A A7 AL 5 Y TG 3R TR |
T 45 8 B A X T A B A R PO g A
PR Fse32 SRR EARRE I 73, B 0 Jt FLTAT
O W B s R R TR TR
R AF T B T AR U NE PEY) E  E—
T

VA Tl A2 — 25 R A A e P 7 2 Y TR B
PR IR 5T P A ME TR PR AL A W e AL R R T
BERITEY, AR B Y R I S A
REP, ARWFFE 4 B R Fse32 BETE TCHLBE
[Cas(PO4), ] FlI A LB (1 B i ) Ay M — B U 1) 2%
PFRIER ALK, Bk ERD)S HE AR )
(9 HLAEL(D/d) 23 30 1.61 1 1.83 . R FH 75 s v 1
BilE D/d {EVEE AT 1.00-2.00, H5%E B bk
Fse32 J& TUAHERE S SRR, ek 7%
W, 72 h B RR Fse32 X Cas(PO,), YA M ik
PR, N 339.07 mg/L, 571 E H M EARERAY
ZRMAEERER ML, FRE Fse32 i
BT X SRR 30-80 mg/L. AWFIEH, Rk
Fse32 7ERG 71 72 o X TOAILBAE (1) 1 A 1 5 1 o
W pH Z M R AR, WPk Fse32 752 4 10
ToHLEE IR pH (EH PR 7.0 TRER] 5.0,
M I, ©A R R TCHLBEE f# bl
il R R WA RSB AR R
MR . MIAMEIR . SRR, R, CRMILR
A HLRR AR UETCALBE (1075 i, B 95 R IR 1
AL S ISR ) Z BAFTE— MO, Wik &
B pH {ELAY R It — 10, 54,
Pk Fse32 Wi CHLBERE S B FAMLEE, —
5 I A2 AN R B 05 0 I 1 o e R N — DA I
TR X AN [R) 2485 4 5 Wl A 2 0 T 1 S AR TR
)BT 55— T AT RS2 PR Ry R R G A (Rl VR 4
Jo R LA R

AR IS AE A S VR W AR KA AT AR 52
MR A I R A TR, 2RIz
FAYEYR A58 R8I vk o AT i FAk
RIGIESE T Bk Fse32 XK FEFh 18 & &40
AR ANER . fERFER I & i, i
A KFEL ZEH 25 94.8%, 1i4s LAY H
ZFAHN 83.1%, [FIBFHEFITEMR Fse32 MIZKFI4)
FWREN 41.6%, RIZHEKELA BEW
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A2 i 7K A 41 28 AR K AR (P<0.01) . K7k R 4N
B AR FE 20 d, WPRAUKRELE Rk . AR
K. R T EMAH SRS EFTNE, X8
HHhAERKREEFHBE T A4, Bk,
WARKEE, kT BRI SR S EE DR
= (P<0.01)., RIPAFEKFEL AR RS,
HED Fse32 ABHE M /KAELN B 16 & 1 R AR H
BRNFRAIRE ST, DA AR R K RS A i Y
B, 5 AN SRR R AR I I o P2 = e
Fo SRR B i AR AR R A K A T = T X A
F A A RO P A . A T X T Bk
Fse32 R M2 A IEM LAY L ek, |
[ g0 i — D W A A S A 4R, AT i
HE 7K RE B P A TR AR S B AR AR AR 7 i s 2
#Her .

ZE LR, AT SE R I A AT Fse32
A B T8 /R B (Burkhol deria gladioli)
ZEXT R AR . KRESCRE R . AR
RGALELT ALk ] R BRBSUZE B2 14T 6 Fiig
R ECPE AT AN IR B A OR , TAA PR
17.95 mg/L, BEAFIAES S & BRI, HXTTC
PLBEFIA ALBRE A th S5O, Cay(POy), FIBN
BN A B T35 339.07 mg/L Al 0.604 mg/L,
[Fi] ) 727 % 12X 631 BH BE X /K RS b1 & A4l v A=
K] B F WA or . Fih g R R AR A
FIPNAE TR Fes32 LAY (2 28 AR VWi It
FLHAEDBIA R, 2—ae+E . CR
PR AT oA e BB AT 2 4008 ) R AR A i
PR I
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