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Abstract: [ Objective ] The intricate interactions between introduced plant growth-promoting rhizobacteria (PGPR) and the
indigenous microbial community are pivotal determinants of inoculation efficacy and plant health. While the direct mechanisms
of PGPR are well-studied, the role of resident microbes in modulating their activity remains less understood. This study focuses
on Sphingomonas sp. HJY, a known growth-promoting bacterium for rice, aims to elucidate how specific indigenous bacteria
influence its plant growth-promoting capacity and to uncover the fundamental mechanisms behind this interaction. Clarifying this
synergy is crucial for advancing the knowledge of rhizosphere ecology and optimizing microbial inoculation strategies.
[ Method ] A batch of bacteria was isolated from rice rhizosphere soil, and indigenous bacterial helpers that promoted the growth
of HJY were screened by both co-culture assay and supernatant-culture assay. The bacterium with the most pronounced promotion
effect was selected as a representative and identified by full-length 16S rRNA gene sequencing. To elucidate the mechanism of
facilitation, the selected helper strain was cultured under iron-rich and iron-limited conditions. Its siderophore production was
quantified using the Chrome Azurol S(CAS) assay. Subsequently, the impact of its filter-sterilized supernatant from both iron
conditions on HJY growth was compared. Finally, a pot experiment with natural soil was conducted to assess the influence of the
indigenous bacterial helper on the ability of HIY to promote rice growth. [ Result] The results showed that the indigenous
bacterium labeled B35 exhibited the most significant promotion effect on HJY growth. The biomass of HJY was increased by
71.2% and 95.4% by B35 cells and its sterile supernatant, respectively, with the latter being significantly more effective. This
strain was identified as Bordetella petrii. Under iron{llimited conditions, the siderophore secretion by B35 was significantly
higher than under iron-sufficient conditions. Moreover, the iron-limited supernatant enhanced the growth[promoting effect on
HJY by 13.89% compared with the iron-sufficient supernatant, indicating that siderophores secreted by B35 were one of the main
factors promoting HJY growth. Soil inoculation experiments demonstrated that, at 18 days, the plant height, fresh biomass,
chlorophyll content, and root length of rice treated with HJY + B35 sterile supernatant were increased by 5.9%, 11.6%, 12.7%,
and 21.2%, respectively, compared with those treated with HJY alone. In contrast, the corresponding indices for rice treated with
HIY + B35 cells were increased by 4.4%, 7.6%, 5.1%, and 8.0% compared with HJY alone. These results indicated that both B35
and its sterile supernatant could enhance the growth-promoting effect of HJY on rice, with the supernatant treatment showing a
superior effect to the bacterial cell treatment. Inoculation with B35 alone or its supernatant alone had no significant effect on rice
growth. [ Conclusion] In conclusion, this study demonstrates that the indigenous bacterium Bordetella petrii B35 enhances the
plant growth-promoting activity of Sphingomonas sp. HJY through a facilitative interaction driven largely by siderophore
production. This interaction significantly improves HJY's efficacy in promoting rice growth in natural soil, with the direct
application of the helper's metabolites yielding the strongest effect. These findings provide novel insights into the complex
network of rhizosphere microbial interactions, highlighting how targeted exploitation of specific facilitative relationships—such
as cross-feeding via siderophores—can be a crucial strategy for optimizing the performance of PGPR inoculants. This study,
therefore, offers a theoretical foundation for designing more effective and stable synthetic microbial consortia for sustainable
agriculture.

Key words: Sphingomonas sp. HIY; Bordetella petrii B35; Plant growth promotion by microorganisms; Indigenous helper

bacteria; Siderophore; Rice
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FEAE T - BERRE WAL B %) 55 22 QPR T, DUHAR
W2 REVE IR AE PR 44 . T ARk, BORMZ
RIBF5E 2B, HE28 Sphingomonas TR ELA {2 HEFEY)
ARKBEET, BEEA. @, TAEMYERR
A U021, Sphingomonas sp. HIY VFh—Ff B
AR AERIINENK, CELREFMET ExRG
S KRR A AR HEPE TS0, SR, HoAE 4k
o e A AR S A E LRI A e it — 2D a5

H SR AP A A SV MR AEAE /Y, T2
TSNS AR A W e PR F R A Ag e
T FE WY TR R IR T A AR 5 B AR
WikA AR, JRESRAVE SR {5 Eci e
B RE, Wi A E Y T BE R E U X
P EAEOC R AE A Py RV v o A7 78, ELXE H ARk
AV AR MR KRG EE W, G, e
P FE 5 Al TR TE AR B BB O A 45 B0 D RE 1) 1 3 40 R
R gesh, WREPIRE, i AN T
FiE A2 14 75 S0 W 5 e DT 19 A R B G 6% fidk 5 A8 WL g
Ji. TEREPARPRIFE D, 1 E BT T r] GeiE ok
K bR A TR Y 2 B e D R AE T e Rk, ]
HREEYAK . Wik, W5+ F 40w 5 F X
Sphingomonas sp. HIY AR AE FH B AL, X 2
R EY B A E R TP EH B A B 5

ASCETERDT— R T E M TR Sphingomonas
sp. HIY fR /K fg A= K B8 Sy mysme o 1 5, i ifL
Wik R $55%, R BRI TR0 75,
SE L EATE B35 XUKREMEAER HIY A KA A
s Uk, TESEERE A4 AN B35 BRAEUE HIY
AR B TENL I —— & /38 o 7 AR B i HIY
AR BJE, RAMEATE HIY 43515 B35 bk &L
Tow A BRI AN A X, A B35 A8 A 4R M
XFHIY e K R AR R RE I e o it DL EESR
R L EMEE TS WY Z R BEAENLE, 18
XK REA KA U R SEE R o ARBFSE 25 A e
YIEAEENS MBS E AR A R
A B R)  F JR FN N, FH R HE AR .

1 MRS

1.1 #R5IH

1L.1.1 AR R JKAERP TR 5055”7 yLane

B AR B AR 7 T A E SR TR A
1.1.2 R M SC s = AT iR 2, JFH
SAATOEARCHE VR Sphingomonas sp. HIY 13131
1.1.3  FEH Luria-Bertani ( LB ) }37 3.
FRECE MR 10 g, BERERY Sg. SfkEN 10 g, fiiH
KB FKEM, RLEHE 1000mL, P87 pH &
7.0 JHES R SRR 7R (TSB): FREUBEER F 1k
15g. KGHEMAMK 5g. &L 5g, HHEEFK
W, AERZT 1000mL, P57 pH & 7.0 JEAER
K JREARRE IR (TSA): TSB 55N 15 gL'
BNg; KW MER (SM S ). LK
20gL", Eiks 5.8 gL', 1 mol'L ' Tris-£5/2 ( pH
7.5) 50 mL-L™", 2% (miv) BB SmL-L', DL ERE
FETF 115 C HEKE 30min, %M. MKB (2
B4 G353, Modified King B) FRZkRE 35 50910
H A e R DA SR O S g
Mg B A FERR AN 15 mL Hl (=) MALE T
KA ERZ 1 L; Q% 2.5 g R A A1 T 100 mL
EBEFKT; Q¥ 2.5 ¢ E/KFRIREEAE T 100 mL %
BFokd . BB IFECH SRS, 4K,
115 C’KK 30 min, pH W ZE 7.2, #HAPKEOG
RA . MKB &85 FR3LMEH LR . 78 MKB
BRI F 5 m A 50 pmol' L' S Ak4k . KT
(CAS) Kzl (i BL il 5 ik an T « 43 Be il LA U fh
B : O1 mmol L S ALERAER : #0270 3 g X
KEFAEYAET 1L 10 mmol- L' #harh, IR &G
% QCAS R : B 0.242 1 g B RHHT
200 mL B FKH, 4 CHEGIRERH; @174k
B = LR SR VAW B 0.021 9 g FosbEdt = L
R1LE: (HTDMA ) T 50 mL & F/K, B
WH; @OUREZ MWW : % 4307 9 g JTL/KIRE
( Piperazine, 99% ) T 30 mL 7K+, FIWERIRKEG
pH A% 5.6, BRI . BCHISE UG, B 1.5 mL ¥
WOMA 7.5 mL R QIR , AHFEAIMA 50 mL
B, A 30 mL B ®@, e MAEEFIK,
AT AL 100 mL CAS ¥ .
1.2 KBEREETZHENS B, 4. ®F

HH [F) R AE (/K FE AR PR - BE T 4 CUKBIIRALE,
Fom L EME, BRSEIrks BEEmER, It
e AL AR F] 41 MR 254058, 45 B1~B41, 4lifk
J& BB BRI AR AT 400 pL TSB 8532 31 48 FLAR
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SR B AT E THEIR, 30 °C, 170 r'min ' 8535507,
JA 400 uL 30% (mpv) HilFFMEE, REH
HARAE T80 CUKA% -
1.3 HIY T EWEHBFHHEFE

MBS E AN i e HIYY S, KR
T80 CIKFIMIBEETE LB AR FRIZRiEfk, Bk
RIER I RR, SRE A 21 BREETE . Bk, 4%
RIGHI 21 Bk - FHER HIY KB, R
T ER RS WYY LR 9E, DURE R E R
B 3B 53R HIY W07, R SCFLAR S 750k
RN 0 1 1) 3 A X HYY AR RS2

R IrE . B RATE LB BARRE FR3E Rk
TEALHY HIY FARRR 2 400 50 3 A K LB 5555
e, fE 170 rmin', 30 CHRFEKRPRFER, B
JHEEFAE 600 nm PR AR FIOEIE (ODgoo ) M 1,
#H o LA 2 uL ODgoo=1 FAHERE £ 28 4 B 1 R 4b BE 5y
BN SEInGs 198 uL A 1% (vA) ODgo=1 B
HIY 2R LB MR 72 3E0 96 FLak b, BH X IR
T 2 pL FCTR K AR 25 20 TR TR, BT % R Sk o
A 200 uL LB AR =58, M08 3 R . B 96 fL
F® T 170 rmin ', 30 CHUFEIR, 1535 36 h 5 i
PR ( Spark® , TECAN, H+t:) &l HIY 2¢ 6%
JE (SROTOEHEGIER . 488 nm, EFHLIEK
507 nm), FAF HIY 4K .

e iSRS Ik B R RS I 2
M FE R BN HIY AR KA B SRR
BF, AR 2 A TR 2 5 A TR S

ZEA LR I O N R BRGSO VAR B 5 R
(E 1), ffsE % HIY S #ERCR Ak 0y bk B3S it
TR S5 .
1.4 BEHREIEESMN 16S rRNA EEFFIEETE

¥ REMR B35 76 LB [BfREE SRR Ak, &
T 30 CHEEGFAM DI 48 h, WEEHRITH
A N THITME IR, AR BLLH
AR A BRA Bl Bt A B2 L T B bR B35S
) 16S rRNA JER B9 5 TAE . BEJS , KR40 16S
rRNA FEH 79088 58 28 26 [ B AR R RS B o
(NCBI V-5, iz A J5 3 b v 8 % T H( BLAST )
5 GenBank F48 4 9 09 © R F0 34T T [RJEMEXT He
30T MR XTSI Hh R AL E S e HL (AN
KT 97% M S % T 5Nk S fh . i — P,

N T TR EAR I RS R F R R, AUTERA
T MEGA 7.0 #f42, it 484829 ( Neighbour-
Joining, NI) #E# R L BW, LIRS B Pk ]
MYHEAEOC R FIGE IR R .

1.5 EI¥k B35 P AERIEREIARXT HIY A KRS NmiX 6

PHERTRIZ TR AL 0 B35 KRN 2 LB B35t
FF 170 rmin ', 30 CEEIRPE AR, WEHR
20 uL FAREER M ZE S 2 mL MKB [RekE; 7%
FA MKB &I 10 mL BO0E, BHE 4
AT, F 170 rmin' 30 CHYFRR TR 5 48 h
JE, TEER S FBEAR L, W TR A R O% B
(0OD600 ) , B ky#f T 7ERR AN E 41 T Ay
. SR, 7F 10 000 rrmin ', B0 5 min, F 0.22 um
TCE BN A5 B O VW s HIY R 2
LB {8550 T 170 rmin ', 30 CHER IR,
& ODgoo A 1 75 H &

POk, KW R sy . — &
TWE PR &, J7iAZ | Schwyn
Al Neilands 1, 23 51HC 100 pL JGi EERS 100
uL CAS VARG, A 96 fLA T, #E R
N 2h 5, AR O E VR A WE 630 nm b1
JeHEEM, TN Ao R, LUK RS IR U i
MKB #5355 30E R 25 O I, B 100 pL s 3Rk 5
100 pL CAS MR &, [FFEIA 96 fLARH, #H
BN 2h 5, FBEESOGE LE 630 nm AbAYOL
WHEAE, IEN Ar. HEIEAIL SU=1- A/Ar TR
MR (SU) .

A —o T IR E R B35S 7= A BBk 3 ARt
HIY A KBS mR s B 180 pLIRA 1% (v )HIY
FRUEEI I 10%( v/v )MKB 3238 A 96 FLAH .
B, BRI AMA 20 pL &R e SRk &
T B35 WK IO L VE W . X IR 20 pL
ERRE R R, AL 4 B L KL 96 LI
FE 30 °C. 170 rmin ' B F IR R IR . B5 5%
24 h 5, fd A EEARGE 1T G2 B ODgoo Ml B K T
fli HIY AR L o
1.6 EHBISRELEZE RN HIY RHFKFEE

K BE 1B R I B

SRS R PR B3S 1 PR A B T Bk RO HTY TR
MRAE KR A KRB T s, AR R0 3 & g A4k
B, 5k THmeyas XTI Bl HIY . B35
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TCH R IR AHTY Al B35 BIK+HIY, HEFpabHiY &
HA4MHEE ., BERREERIENT.

TR0 I A R RE 5055 KFERP T, BT
500 mL JCHBER AT RIS . R FIETE 75%
(vv) LEEERPE S min, FE)G I CHE 228K o
Uk 3~5 LA LBRIREE OB HEEHREE 3% (m/iv)
WS BR BN W12 0 5 min, HHR T JCHE 20K R
PPk 3~5 K ISR RN FCE TAlA 20K
TEIRIEACH A T SR, £E 30 ClHERRE A+
WECHEZF 2~3 d, HEM TR B . BERKFT
BRI T2 KK R L/ 12 FLE M &P, FILIEA
6 K. EBEANYEARKDY, BHATRSFRNIT
BRI K AR BB, W6 R KRR i K 437 oK
kR A K E = —0 I, R 4 AR
Ol — B R AR ] T 05 225

P FR B35 o AR BRI HERS : FFRIPR B35S #EAh T
LB iR F3r, 7630 °C. 170 rmin ' BISAET
PR B 7% 48~50 ho HiFE5EMUS, LA 10 000 r-min™
B0 5 min, JREat 0.22 pm TR EE L IE, W -
THAE RN IO KR . Tk HIY F1 B35 B IAMER
BBk HIY 1 B35 43 RN F LB WRIG IRk, 78
30 °C. 170 rmin”' (A FIRG R IR . B4
FJ5, L6000 rmin ' B0 5 min JCEREA, FHHIICH
IR PR 3~5 K, £ ODeoo N 1.0 HYTRIEI -
RS, ¥ HIY Btk B35S BRI 101 (v [ ELH
RA, W& AR FEPE HIY RS B35
PATERAZIR 123 (vo) IHBINRA, Bl S mL HIY
PRI 15 mL [# Pk B35S JCib R BER, A

TR0 R AR B, R PR VORI TG TR & R L B e
FH KA 2 8 B g v o T IR Ak 24 g L AR it
5mL, JOHR & B+ P VAL B A FLAR it 20 mL. 4351
TEA PRSI 6 K. 45 12 KR4S 18 KIURE, HURE
mf, Je 4R ( SPAD-502 Plus, HAH]JE 3%
REIS A H] ) ME KRR 4R & i, AR ¥k R
L S i 4 T O3 = AR 2L BT = 7 S A
R o R R AR AR, I R B i R ik K e 1Y
fitf ) T 4
1.7 E# B35 RELEABERX/KEE KNI

HERFTHE R B35S TR A K T TR A I VSR A AR
B, XPKRRERARKEGAZW, E =N, o

SRXF IR CAS AT B AR B FL R W ) . B35S G
P R TR B3S AR, HARIRISHAER 1.4,
1.8 HEALIE

& H Excel 2016, GraphPad Prism 8.0 il MEGA
7.0 BRAEHRIE . R SPSS 22.0 #EATEIE G it 0T
N T £ T 22 5 M L 55 R FH B PR 2Ry 22 4 B ok R 3
( Tukey’s) ZH AR IET W E MR

2 4 R

2.1 JKFEMERETZEHEEI HIY £
FAHRT B 21 MR EEAE (5051 B
TR X N FY BT ) %) Sphingomonas sp. HIY A=K ff)
oM, ARSI 30 R AR R MOC T IS WG
FRITE, MET HIY M6 BE{E A ODgoo (H
Hrp e g kg R Eon, 2 EME DA 12 R
FANH HIY B9 K, 1 RRXS HIY (92 KT8 2 5
8 PRI E(EHE HIY AR+, Hi B3S bR fE#F HIY
AR BRE e (I 1a) , HIY (96 (U
FAXTEUG N 4.20 BEhnZE 4.43 (IEN 0.23) . ¢
WIS RS R IE 1o B, 21 bR EgET
A 10 #REEMSH HIY (94K, 3 MR HIY AR
ToRFEFW, 8 R EMYE HIY A&, Hip B3S
BTG LA Y A KWRE h ok 5 HIY
FUPR R FRA LG, in B35 BEARTC I VWS AR Y
BT 95.43%. LA UL LWFR ORISR, A
Gtk th o HIY (2 3F 8508 e A bk B35S #E17 )5
520/
2.2 TE¥k B35 ISR 16S rRNA EEFIIEE
B35 TH AR BV 35 SRR AN 8] 22 TR . B
FIEANR . FRREREPIM,; 7 LB B LE
EEAMG, REDLHERE, BEW, g, K
W, ORBER . B IR S 16S IRNA
PO TIPS EXE Y 16S rRNA FEH
SRFS KRR AT 45 R . NCBI #5084
17T BLAST AHUEE LA, Mrbik#eh 5EH B35
AV B s O B R A 91, ] MEGA 7.0 #1444
#E B35S RELEW, GRWE 20 Fin, KH
M S HE AT HE ( Bordetella sp. ) ML
=, HS5MWAECFE ( Bordetella petrii) [A)IF1: =
ik 97%, P15 5 A AR [CHT 1R ( Bordetella petrii ) .
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TE: HIY NR UM 405, BTN LB MHE MR 5o NS, *, #* )M 3oR T WFHM . P<0.05, P<0.01 Fl P<0.001.
TR, Note: HIY is the number of chlorpyrifos-degrading bacteria, and B + numbers are the numbers of indigenous bacteria. NS, *, **,

*** represent no significant difference, P<0.05, P<0.01 and P<0.001,
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HIY |
B17 i
B18 P
B23 H—%

B37
B38

AbFR Treaments

respectively. The same below.

Bl 1 KRR IR L F XS Sphingomonas sp. HIY A K52 (a. H3E 400 AN HIY AR AN ; b, HZ40E TTHE X
FEBONT HTY AR RS2 )
Fig. 1 Effects of soil indigenous bacteria on the growth of HIY ( a. effects of indigenous bacterial strain on the growth of Sphingomonas sp.

HJY; b. effects of sterile supernatant from indigenous bacteria on the growth of HIY )

2.3 EHE B35 FFAREREAI HIY & KBF 0T

B35 MR TE AR ERAL BE A5 N 1535 48 h 5, il
FH CAS J5 W Al JHJC P & IR R R 1 it 45
RN 3a Fow, BRESEMET, Witk B35 il i £
PR, TEBRAMT, AR WM, 7ER
BRRAE T BaRR B35 Bk i 3w T E AT
BRaR k5. X R ER B35S ek Ak ng &2 gk
FFR BRI A 52, 4k BRI A5 2 B bk B35 43k 48
A 33 R T

HWK, ¥ rEkk B35 T8 8 F 0 5 B 1 T 55
FAFBNI IO LB, S5l 10% (vav) BREKRSE
FRIHTREFE HIY, DIBFSEERE B35S 400 1k 14
XFHIY AR, g5 A 3b Pon, Bk &N

T EFRFREIA B35 o AR (R B A0S A
AR TR AR ), X HIY B AR R EAT —

JE W PEIEVE L, T RB A B TR R B3S 4 i i Rk 3k
AR e HIY pyA . FRERER IR AL %
15331 B35 Jo I K vk (AR BT b & A Kt iy gk
k) XK HIY AROEFEAERE, 55
BRAVET AL, HIY BYZAEYERmT 13.89%, fif
FAERULAE B B35 AL Bk A R % 0 35 1 1F
HIY WA,
24 BB REALEAERX HIY R#HFKEE

KEE R R N

AT L KR bR R . BT . nh AR
RO MR 4 TUAEBTERS, 8T TRk B35 KT
JC WA K BERON HIY AR /K R AE KRR T 152w . 4525
R, NN HIY . Wk B35 KM IHLTJCHE & B AY AL B
HAEREFR 6, 12 M 18 d i, 45T PREE bRl B 5 1
T4 (K 4a)
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NR 074291.1:33-1415 Bordetella petrii strain DSM 12804

NR 145921.1:33-1415 Bordetella tumbae strain T6713-1-3b

NR 145920.1:33-1415 Bordetella muralis strain T6220-3-2b

NR 145922.1:33-1415 Bordetella tumulicola strain T6517-1-4b

NR 025404.1:53-1433 Bordetella trematum strain DSM 11334

] NR 137341.1:1-1376 Bordetella bronchialis strain AU3182

65 NR 113733.1:33-1415 Achromobacter xylosoxidans strain NBRC 15126

NR 156047.1:38-1415 Achromobacter aloeverae strain AVA-1

K12 Btk B35 BVRIEZS (a) FIEE B35 19 RGEHAM (b)
Fig.2 Colony morphology of strain B35 (a) and phylogenetic tree of strain B35 (b )

K 4b SEELT B KR B35S KMHIGH &R HIY
PR FE KRR 052 Bl B IR R ZE G, KRS AR
EAEMRK R, Bi9E 6 diF, SXRR4ILL, AbEE
40 HIY. HIY+B35 Hil HIY+B35 JoH & B 0 35 48
KRS AR R, HL LGB R 0 £ R AR Al B 3
B 3% 12 d iF, HIY+B35 JCI8 & BE R AL PR FF 42 5
PP RE A R IE P, R Hoxt IR AN 18.5%, %% HIY
PR AL PR = 9.3%. 5% 18 d B, 5 AbBRALfIE MK
FEAE K IMIERA BT TR, {3 HIY+B35 #l HIY+B35
TG TR 2% TR A B A R HI'Y Bt AT I 354 v /K e
Mo Bl 4c PoREEY TR AR Y], B53% 12 d B
PR FERLN 520 BH B o AR T HIY Hli b 2, HIY +B35S
K HIY+B35 JCHH A iR A B i ) o o 40 1) S 5
BTN 3.5%5 23.0% , F5%F A4 4 184 i T 40 531 R 50.6%
F179.0%, 76 d 5 18 d AfdFEIHILHIEN, H
HEEAIXT AR, T 1.4%2 10.4%2 8], H4ER S
A IRANE] 4d B, HARE S G B AR L

e 12 d RHMESERCR o B3, Hoh HIY+ T &
TR B 2R 2R A HIY b B R 18.1%,
BO RRZH P2 T 89.6%, IR W . HIY+B35 4k
IS HIY FX B4 11.0%5 78.3%. 7E 6 d
518 d B MR S IR BTSN, B RS LR 5.1%
£ 19.5%, BT 12 d IR, iREKARKE N
Kl de FIr7n, =Rk #H 85 i A 1a] 3k A A2 R AR R A
H7F 12 d 5 18 d WRURE A B ARS8, 5
HIY Bl b BEAH b, HIY+JC B & BEAE 12d 5 18 d
AR I 19.5% 5 21.2%, 5.3 & T HIY+B35
Ab PR R B R Y 3.7% 5 8.0%.

DL B4R, Hikk B35 R Bk B35 JOE &
WY BE 0 A TR HIY XK R AE KR ER, HiE
Pk B35 Jow & B AR RO T Pk B35,
2.5 EHk B3S RELXTEEZEB R /KBEKNZMW

itk — RS Fbk B35S K H IO & BER R £
XK R ARG B, AR IRIRE 0 T R B35

http://pedologica.issas.ac.cn



2134 + g: i 2 Eird 63 &

L HTCR R RO K R B bR g« SER B | AR

<
~
1
n

g a) g [
: -8 e 3 SRR 4 TUE RS ER OB . S5 5 BT
5 03 - 7, RIAEAR 0% 6 K . 45 12 Kb R4 18 K,
<l B | = SXPIRAUME, BBk B3S B K JUC B 2 R
- ) BOKRTRRRS . BEMITR . R AR R KT
= | c2ost P2 (B Sa~E 5d) . FRREN, Wbk
% = %é B35 X /KA Y A K TG B S AR VR
= 0.0 (% 0.0

T Camiet 3

FE: B35_R Ml B35_L r9CFE Ftk B35 78 5 2 MRk 4 N
., CK fC&RIHMAN HIY B9XHIR, B35s R Al B3Ss L 4¢3 AR LN, L EMES HbrEvk HIY 2

ik B35 785 Bk S P10 JE T R, *** 7R P<0.001, @ﬁﬁﬁ%%@iﬁ%%,LA?EWQﬁM§¢@wE
ARG T BN A AL SRR 225+ % (P< 0.05) - Note: e kA, Wl e RN . 3R
B35 R and B35 L indicate strain B35 under iron-rich and

r - e (4an B18, B19) fEdtiEFrd it HIY 4K, ﬁi

iron-limited conditions, respectively. CK indicates the control with

HJY added alone. B35s R and B35s_L indicate the sterile E%%L{%@fﬂ%fﬂjﬂ%%ﬂ ( 1 ) s izﬁfﬁ'é%dﬂ
supernatant of strain B35 under iron-rich and iron-limited . VAN A 1 L U 2 T TR
conditions, respectively; *** indicates P < 0.001, and different ?lﬂﬁg:}ﬁﬁmﬁ HIY TiE{AT W%{Mﬁ‘ﬁﬂz = TWI%
lowercase letters indicate significant differences between different iﬁ s FZ/EETﬁ:H:& E‘J%Eﬁﬁ’ﬁz, ﬁﬁﬁ%/ﬁﬂ‘ﬂ'bﬁﬁ%ﬁlﬂ
treatment groups ( P<0.05) . ArREXT HIY BA#rE e g vk, A TR MR & rhix
FASIE G LA I, A, Witk B20 7Edb5 TR h
i 1YY, HEERARE R A, X R T

BIFFFE AU B 4 (AE TR =), SEE

B3 R[EAN XS Bk B35 P ak ki g2m (a) Mtk
B35 7E MR E SR A TR A= % HIY A KA 52
(b)

Fig. 3 Effects of different iron treatments on siderophores Tﬁﬁ'ﬁzﬁﬂbjﬂ?lﬂj*ﬂ H SR , B20 'ftﬁjf’:i‘t £ %%%
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Fig. 4 The effect of strain B35 and its supernatant on the ability of HJY to promote rice growth ( a. Images of rice plants on 18th day; b. plant
height; c. fresh biomass; d. chlorophyll content; and e. root length )
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