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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 1A 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 HJY 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- limited 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 HJY +
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. HJY; Bordetella petrii B35; Plant growth promotion by microorganisms; Indigenous helper
bacteria; Siderophore; Rice
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FRY, WERMAEMTERED A T ISR IS 5 e b R 3G EEAE A, H, —f aificE
Yrreteimad B A MERE. R . Bk A SR AR AR K R B P, Sphingomonas J& 4H T &
— R ALAE T IR AR PR ) 22 (R PEA B, DALAR U 2 RE R BR B I B 1 51 4% IR
BRI 2 IR AR B, 4L Sphingomonas B R A (R A K IRE /), GFEREIA. MR, P~
YA KRN, i, Sphingomonas sp. HIY 1EN—Fh B EMEERE DI E MR, CFESLI6 = 414
SRR X KRR K R E ST, SR, AR AR e (0 (R AR AR R AR ML A el —
LA

H R T AR A AR A RAFEAE B, T AR TE SR R A= P 7 o AH E s e R AZ e 171,
T RE TR LA H AR R S B AR RE R AE BAE, B IRAVE IR, (F50 FEidih
ARSI HE, W5E B AR T BE A 8201, X R A S RAEMUAE MRS s AR, HXH
PR EY AN D Re R PE B R . B, (7R AR T A R 7EAR B i B R HE BUR Th e it
HUNE TR, Ak, BFFCRARRE, iR AN T A IR R R B T 1 A K R LR R AT
WRIRE 1o TEAEDIARBRIASEH, 38 20 1R 5 -t mT g dd ik 19 5 H Al A= B PRIV e Bl e 0 AR AR T e
FKiks, MR HEAEK. B, #FF - 2E A T4 Sphingomonas sp. HIY O E(E S AL,
TR E M AR A K R B EEE .

ARG AEIR I —Hk 35 40 1% 35 -0 Sphingomonas sp. HIY 123 /KRG A4 KRE e . 456, i@
SRR R BE 5%, RS FR MR BRI 2 10 715, W 1354018 B35 X /KFEIE A1 HIY A K1
fEBEE R Hk, 7RSI =4 ERIN B35 B ARMEEE HIY A5 K B e L —— 2 75 i 2 A ki
BEHIY K RE, RAMRAER HIY 7005 B35 bk S HIE B R B e p ) Jr X, Al B35 7E
H AR T3St HIY ek /K REAE K BE s . @ L EREAL, i LA TS HIY Z v
HAENUH], s HIKREAK K FEIREER . AR S MEY BEAEER LN, A5 R
FEVETE S A i Sl A 4 T 790 RO R R0 8L P (R B A A

1 MRS 5k

1.1 #R5RF

111 fEAEM KRR T RIRE “5055” FHYT IR AR Be gk 7= i i i 2 4 55 7R i fit

1.1.2 Bk LI AT BR8], FEHSEYSEhRICE R Sphingomonas sp. HIY [13-15],

1.1.3 FZAM  Luria-Bertani (LB) #5774 HREVE A 10 9. AR 59 &L 109, AL
TR, R&ERE 1000mL, 15 pH £ 7.0; BEE K G IMRAR; 783 (TSB): FREUEER A 15
g- KGEAM 59 &4 59, LB T/KIEMR, REERSE 1000mL, W pH £ 7.0; JHEE
KT RE AR 7R (TSA): TSB #5725 15 g-L 35 fiE; W& MIEI (SM ZZPiR): L/KBRIRE: 2.0
g-LL, &4b4h 5.8 g-Lt, 1 mol-L?t Tris-2h#8 (pH 7.5) 50 mL-Lt, 2% (miv) B 5 mL-LL, DLk
BT 115 C WEKE 30 min, % . MKB (2 K 4 KE;973E, Modified King B) FRA%E;F73E 1)
BCH 7w R e sk AR LR =FiEi: OF 5 g BEEE H 2 5 15 mL Hil (A= A
FETKE, EHFEZELL; @F 2.5 9 BRE AT 100 mL L5 -7/KF; OF 2.5 g -LKMERE:
T 100 mL EE TR ERER S FFRCHIERUE, KB, 115 ‘CKE 30 min, pH % 7.2, fff
M ORBIR A . MKB &85 72 2 1ECH 75 R : 78 MKB BREEF FREEH A 50 pmol- Lt 54k
%o BHRE (CAS) RIMWMECHITEM R 20 nlEe LU PURHE R : O1 mmol- Lt Skt £ :
4 0.270 3 g 7S/AKEEALERA T 1 L 10 mmol-Lt EhERH, 5 iR BN ORAT 25 H s @CAS il %5 : 4 0.242
19 8 RFIHT 200 mL EBTKH, 4 CROGIRIEEH: @ T/ kidk = FI IR EIR: F 0.0219 ¢
T kEdk = LR (HTDMAD 3T 50 mL £ E1/KH, I @RS ¥ 4.307 94
JL7KWREE (Piperazine, 99%) 1 30 mL 7K, FHHKEREH pH % 5.6, IECHLAH . BT,
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HY 1.5 mL @O 7.5 mL V7R Q@IEST, AHFEAMA 50 mL %G, FINA 30 mL K@, &5
IIANLBE T K, BARCEL 100 mL CAS g »
1.2 KIERRETEWEENS S, gk, &’EF

H AR AR K RBIR PR LR T 4 CUKARORAT, FT s L354ipd, Bihn B ES R,
LTk Ai R ) 41 MR LEANE, S5 B1~B4l. 4ifb/E MMM S 400 uL TSB k777511 48 £L
W, BB EATE TR, 30 'C, 170 rmint 55557, I 400 uL 30% (miv) H il IE7E0R
A AR IHARATT-80 CUKFE % H
1.3 HIY T ZMEHFITFE S E

M3 B 25 AR R RE HOY B35, KRAFT-80 ‘CUKFA M B HRLE LB “FAR L RIZRTE1h, s
RIERINI B, BG4 20 ARAE . Rk, AR 21 ¥k HE 03 HIY A K rszm. K
BB S HIY 3E853%, DR 2 IO B BISW E3% HIY B33, FIR LR B
FRAR ZRI 5 G 16 1) 2 4R T HIY 2B KI5

HREFRITE: BIRATTE LB WA IR LRI HIY FIRRR 138 4058 2 B I LB 1
FrHE, £ 170 r-mint, 30 ‘CHIRRF T IR, B OB HE AT 600 nm ¥ KALRE{E (ODesoo) N
1, %M. LA 2 UL ODeoo=1 M1k - 2 41 B 1F AR B2 73 A I S5 iy 198 pL ¥84 1% (viv) ODego=1
() HIY Bl LB ks 773510 96 LA, BHPEXTHE NN 2 pL R /KACE - Z i s, BATExT
RN 200 pL LB ks 7258, RRACEE 3 BT . ¥4 96 FLAE T 170 r-mint, 30 CIUEIR, K:d% 36
h & FEEFRIC (Spark® , TECAN, Hi-t) Kl HIY %G (a7 A K 488 nm, &
B K 507 nm), FRAE HIY FIAEKEN.

oW s TETvE: BARDIR S AR g2, 2 A B R BN HIY 2 Ko BBk
RS, IR 2 PR AR B 1 T

LR FERE RO A R B 37 7 AR B A5 R (B 1), Jfide X HIY JR HERSCR e A 1) 1 vk B35
HEAT JR SR 7
1.4 EHREERASK 16S rRNA EEFIILES X

WPk B35 1E LB [E RS 7R3 Pk FRIZE, BT 30 CHEIFM T 48 h, WEREKIIE
WA . NTIATHE IS8, AR R E0E A AE RS A PR A & 5 520 A 7 5E R T Ak
B35 1) 16S rRNA JEF M7 TAE. Bf5, K3RA5 1) 16S rRNA JE K 7 5| #258 22 36 [H E K AW HAAE
Sy (NCBD V&, BHEARRBLEEZRE T HE (BLAST) 5 GenBank ##f & I i 2 &1 41 i3k
1T 7 RVEPEXT EE AT AHE b & 2R, fiade B AEARURE e ey HLRMEAMIR T 97% 2% 3 FIME R fig ik it
GeRh, BB, A TR R AR B KRR, AHFEH T MEGA 7.0 #ib4, iide
$% (Neighbour-Joining, NI M R K E W, LUEDU R R BRI B3R O R FSR IR S .
1.5 EE#k B35 FRERISAEART HIY RIS NmiA e

PR T RIZVE L) B35 BEMREEAN 2 LB K532 T 170 r-min? 30 ‘CREIR 5 IR, Bl 555
20 L FIREE R ZE EA 2 mL MKB PRk FRIE MKB & 205578251 10 mL &0, E 4
ASPATYL, T 170 r-mint 30 CHUFRIR 9% 48 h J5, TERIE BRI 5E BRI B

(0OD600) , HPhy “FFF” {EREANE B &M TN E. #8)5, 78 10000 rrmin, &0 5 min, H

0.22 uL 0 B BN /S 2 TE 1 _EIEW. S5 HIY B3RP 2 LB 5355 T 170 r-mint 30 “CREFR %
FEILR, I ODeoo N 1 % H

BT R, BLE BIER NPy — 0 e BiER BRI & &, 7iES I Schwyn
A1 Neilands (31, 43 5IEL 100 uL T _EiE# 5 100 uL CAS K 21 &, N 96 FLikF, #E
N 20 Jg, BRI E IR AT 630 nm AbFIEE R, 188 Al IR, AR FRIS A
1) MKB #5773 82 A0 R, B 100 pL 13597565 100 uL CAS frllyiR &, [FFEIA 96 LR
o, BN 2h 5, FEEPROCGNELAE 630 nm AbRIEEEEE, i Are #EIRAIL SU=1-A/Ar
THHEE A2 (SW
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I —#0r F T T R ik B35 77 AR k3R 6 HIY ZE KA 52 mia it aé . 180 pL R 1% (viv)
HIY FreEER Y 10% (viv) MKB K538 96 fLik . FlJ5, mksessd o anA 20 uL &
BREPRER A4 T B35 WARIITCR LIS . XTHEIIAAHR M) 20 pL & Ekal RS R 5L, RRAbE 4
HE ., ¥LLE 96 FLARAE 30 C. 170 r-mint (5 FHMTIRG Re 5. ¥59% 24 h J5, HEEARX
T 6% B2 ODeoo M EAE K VFAY HIY HIAEKAB L.

1.6 EFk B35 RELE A BEGXT HIY €k FEE KAE DRIt I8

PR FT B PR B35 IR BR A S 0 B R BN HIY TR Rt /K R AR e s i, ARiaie e v B Y
ANREFRA, RN AR AR $k HIY. B35 L@ A FR+HIY fil B35 FHiA+HIY, &Efb
WFEYRE 4 NER .. BRI R .

TRY6: 3% FH 139 (1) A 5055 /KRS AP T, BT 500 mL TG AR 3 AT R I 5 o P TS5 7E 75%Cviv)
TR 5 min, B85 JC B 280K R 3~5 LA 2 BEEEEE 3% (mv) KA
AN IR 6L 5 min, PR 0 B 2808 /K S ST 0Pk 3~5 IR Y B AN s B T4l & o K
BIEANM R FRILF, 7E 30 ClEIRRFFRAA P2 2~3 d, HEM TR T HE. W77
Rl T2 KE KR 12 LB WA, BB 6 Wifh 1. RN AERKY, SHHREENL
B K AGERRE B, W KRS K Tk e RKmatE K E=m—0Win, #¥ 4 K
PRI —E R R T J5 25

Bk B35 o R BAAE . K BEPk B35 R0 T LB WifAR 7L, 7830 C. 170 r-mint (414
TR HEFE 48~50 h. #5358 )F, LA 10 000 r-min 2.0 5 min, FEifnE 0.22 pm TLEIERGLE, Yk
B FIEWAE RO KR . WAk HIY F1 B35 AN : ik HIY F1 B35 7) HilE:Fl T LB WAk 77
B, 7830 'Co 170 r-mint (5 NHRGE RIS . K FRE5 S, LA 6000 r-mint B5.0 5 min AR
e, IR TEE KNS ML 3~5 K, il K ODeoo v 1.0 K2R BE/E, ¥ HIY HtkS B35 ki
1 1 (viv) MIHEBNRE S, $I& R E AR R HIY BHERS B35 L K FERIEIE 1: 3 (viv)
IELBIvE A, BN 5 mL HIY HE%0N 15 mL F ik B35 LH RKBAR, 5.

TR R FHAR Y, K B ORI T B8 R P B B it T /K R A % 8 Rl 1y 4 o B VR A B R FLAR it
5mL, JCHE R B+ AL B AR FLAR i 20 mL. 2> AITEALEE 5 (156 6 K. 28 12 RANES 18 REUFE. HL
FEIS, e M2 AL (SPAD-502 Plus, HARTJE-RIEREIA AR ME KRR a RS &, REHK
FERE R T ARE /K S b, B R R S A R b 3B Rk s At R B AR, I RSP R R ik
IKFE ) T B
1.7 E#k B35 REFE & BEX7KFEE KRS0 30

NIRRT R K B35 B R K TC B R BRI AR R, KR A KR A e, WE =M,
NI AL CRIIAEAT R J2 e R BERD « B35 L R EERA B35 k. FARRIKIRIER 1.4,

1.8 BUBALTE

K FlExcel 2016. Graph Pad Prism 8.0F1IMEGA 7.0% /4 & . K FISPSS 22.0iE47 #0448 it 504

AN TR 2 ) 22 S 1 LU R F L R R 22 Ak EI3E (Tukey’ ) 2 8 LR T BB HEAG 56

2 45 R

2.1 IKFERFRTZFMEST HY £

R A BE I 20 Bk SN (T 20 300N BOINEE X R ) X Sphingomonas sp. HIY A K1
SR, ASHIE T 53 R F B R LR IR A TG W _EIEEE R, ME T HIY B GEERE{E R ODeoo
. Ho 3Rk R ER, FEMETA 12 FREZHH HIY 14K, 1 HIY B4 K]
RERW, 8 PR EM HIY M2EK, o B35 BEMRIEHE HIY A=K rgE i (B 1a) , HIY 1
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TECTRE (B X BUE M 4.20 BINE 4.43 (JEIEH 0.23) . W FIEWEEFRE R K 1b fix,
21 PR EHANE A 10 FREZF I HIY M4, 38R HIY B K ICEE oM, 8 #RiE (it HIY
EK, HA B35 -H@E-L/ﬁﬂﬁﬁﬁ HIY K RE /1o, 5 HIY FhEE3RAIEL, In B35 ik
T GG A ESE R T 95.43%. 254 LA LR EERI SR, AR AL X HIY {2k 8 R B
T K B35 zﬁﬁ)ﬁ: W,
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HIYE K
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o NS

\'wﬂﬂﬂﬂﬂm WH mﬂ‘ il

itk Strains

e HIY ARSI R S, BHELT AL BB g S . NS, *, **, *** R RoR B # M. P<0.05. P<0.01 #1 P<0.001. F[Fl. Note:
HJY 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, respectively. The same below.

Kl 1 /KRS Br 125 41 5 % Sphingomonas sp. HIY AEKFIS2M (o 3 4B B ARXT HIY AEKIIREm; b, L3541
PR BT HIY A=K IR R )

Fig. 1 Effects of soil indigenous bacteria on the growth of HJY (a. effects of indigenous bacterial strain sterile supernatant on the growth of

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

2.2 BEtk B35 UL K 16S rRNA EEFFHIEE

B35 B Pk I i 1 TR RIE AN ] 2a o e RS FAHEMN S 2 RGO RPN /£ LB Ktk b
WVE R E W, REDCERIE, &Y, DN, JoE, . @ FAERY 1 16S rRNA
FERIIFEAT I B 77, 132N EE 1) 16S rRNA B2 2K P41 R R 25 RN NCBI i
P, 347 BLAST AHMLAFEELXT, Mkt 5tk B35 AR EARKF S, T MEGAT7.0
YA EER B35 RGKEM, FIRWE 2b PFron, KBUZE S A A E & (Bordetella sp.)fH
ARE AL,  HA5 4% I 3 (Bordetella petrii) [FIUS 1 =1iE - 97%, 4135 4 5 N 1# 4% [T 14 (Bordetella
petrii) .
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B35

NR 145921.1:33-1415 Bordetella umbae stram T6713-1-3b

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

NR 145922.1:33-1415 Bordetella nomulicola stram T6517-1-4b

NR 025404.1:53-1433 Bordetella memamnm strain DSM 11334

o= NR 137341.1:1-1376 Bordetella bronchializ stram AU3182

65 NR 113733.1:33-1415 _iclhromobacter xylozoxidan:s stram NBRC 15126

NR 156047.1:38-1415 ichromobacter aloeverae straim AVA-1

2 Wbk B35 WA TEA (a) FIEfk B35 M RGHHEN (b

Fig. 2 Colony morphology of strain B35 (a) and phylogenetic tree of strain B35 (b)

2.3 FFk B35 ARSI HIY £ KHIE N

B35 M MRAEAN I BRAL B 6P T 5597 48 h Ja , (] CAS Tkl Fe e i & e P iR Bk s &
B GURWIE 3a s, RERZZEAFT, Wbk B35 Al MM 2 BkEUMA, MEBFAMT, AW
%Eﬂddi FERRBRAEAT T Pk B35 B A B B2 w1 & B R M BRE A . IXSR W] TE bk B35
IR BREAA I P R SRR E SRR A, BRI SR AT AR R R B35 7 i Bk B A R 1
HK, R wRB3S T & Bk 5 IRB A TR 2 E R R BEIL 73 I IAN10% (viv) FR
’fﬁiiu?‘%ﬁﬁﬁ?in?%HJY, LU 78 B R B35/ WA IR Ak B A i HIY A K s . g5 SR anE3b R, &
BREMF T H R 2B TC i A B (R h S A7 D B BRI BB TR, RTHIY I
AREA —E L #E T, AT BE R BN B MRB35 73 i Y AR Bk B A QI M (e HEHDY AR 4G . IR
B FRIE T B RS R AB3S O A A B (RO B b & A7 KB AR X RARHIY A K A e A
MR, SEBFM AL, HIYRIZEY SN 713.89%. BT FU45 R Ut B R bkB35™ A= AU EL
PRRERS & e HIY B AE K
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) 1.5 _I\I
* kK a
5 g
g K = -8
] =9 i ol
k] 0.3 I g =
a 2=
o La 1.0 o
_'% o2 'g
o > b
g 02 T @
] Y=
2 8
- pils!
L = 5 051
A= =5
% — ¥ s
= S
0.0 0.0
B35S R B35.L CK  B3Ss R B35s L
A-FE Treatment JbHE Treatment

;. B35_R 1 B35_L 4K Btk B35 75w PAIMRER & F, CKARIAMIN HIY (4R, B35s_R il B35s_L 435l A2 itk B35 & & PRAIIR
BRI L RIRER; %8 P<0.001, RIRV/NG FBER RS RIAFEAL R % 5+ .3 (P<0.05) . Note: B35_R and B35_L indicate strain B35
under iron-rich and iron-limited conditions, respectively. CK indicates the control with HJY added alone. B35s_R and B35s_L indicate the
sterile supernatant of strain B35 under iron-rich and iron-limited conditions, respectively; *** indicates P < 0.001, and different lowercase
letters indicated significant differences between different treatment groups (P< 0.05).
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Fig. 3 Effects of different iron treatments on siderophores producing of strain B35(a) and the effect of siderophore production by strain B35
under iron-limited and iron-rich conditions on the growth of HJY (b)

2.4 Btk B35 REFLEABERXT HIY (R KFEEKEE RIS

AR FCIE I KRR IR . B R AR SR AR 4 TUEERRRR, /0T T Rk B35 K&
HICHE R EEIOT HIY (KR A K BE IR . 25 SR E7R, dIn HIY. BPk B35 K H T B K BRI
WHRAAERFR 6. 12 f118d J5, FTUAEHERFREZER TXEA (F42) .

4b 2T FEk B35 KHTCH K FEBAT HIY (EEKFatk s s . BE R FRm A E K, 7KFE
PR B K. KioE 6 d i, SxTRAMLEL, A4 HIY. HIY+B35 fl HIY+B35 JE i & B &
HPEmKRER R, HUAEHE R EER eSO BN B3 . 159% 12 d i, HIY+B35 L KB AL (T
R R A KTE I, MR RO B I 18.5%, #¢ HIY BAplAb 34 9.3%. 159% 18 d I, %
Ab TR KRS AR K AO/E A B R B&, {H HIY+B35 Al HIY+B35 JC i & B2 AL FR Aot BB A HIY Hgh
TR m KRk S . B 4c Frontfy) i Rk, #5397 12 d BN o R . MECT HIY
AR ER, HIY+B35 & HIY+JC B A B b B2 147 o 52 0 ol S 25 38 0 3.5% 55 23.0%, 5t HEZHL T
1 4351 50.6%F1 79.0%. 7E 6 d 5 18 d BRI fEHER, (HIEIRAMXTEK, N T 14%ZE
10.4% 0], MRS EAGRWE 4d for, HARNEASEY)REHADL, 75 12 d BEE SR s 2
Z o Hod HIY+ T R UL PR 48 K & B8 HIY AT 25425 18.1%, xR 413 T) 89.6%, 1Y
R AR . HIY+B35 ALEREL HIY FIxt 4342 5 11.0%5 78.3%. 7E 6 d 5 18 d B I&p 3 & &R
HHEE N, WEVEEIN 5.1%% 19.5%, ¥MKT 12 d FEIKTF. IRKAKERME 4e Frw, =R
HRIRERS (A HERS AL AR R K, HAE 12 d 5 18 d IR o i 35 HLEFEEISR . 15 HIY B P AT
b, HIY+RH KIERAE 12 d 5 18 d {5 71390 19.5% 5 21.2%, &3 & T HIY+B35 b3 [F]
SR 3.7% 5 8.0%.

DL g IR, Bk B35 FE Mk B35 Jo i R EARA A 24 3 0k HIY XP/KREA K et ER, B
BRI A% B35 TG 1 R B A4 FH A RAR T Bk B35,
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between different treatment groups (P< 0.05). The same below.
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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 on18th day; b. plant

height; c. fresh biomass; d. chlorophyll content; and e. root length)
2.5 EHk B35 RHETE & BRXKFEE KAIF T
Nt — IR TR R B35 TG A B 1 o0 K R AR IE RO, AT T [ RE 73 BT 1 T PR
B35 M H TG KRN KR IR i SEYIT R AR S MRKSE 4 WU PR ARAO I . 45 2R AN
KI5 fran, CWRAEALB SRS 6 K. 55 12 Rib2sH 18 X, SXMAMEIL, RiPk B35 ik &I TCH
REFBAC BB K GRS iE . M RSB ARKYLREEEZR (& 5a~K 5d) . ERgR
KW, Witk B35 X KAEHIAE KGR E e B EH] .

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

= (K == B35 = B35ERIFK

35.0— 0.4— a a
a) a a b)
a N
_ . 3" _aa
£ 3001 a % oa 5 03 a
= a 2 s
S = a a
Y b i a
= 950k 5 )
_5 25.0 = 0.2
= 20.00 £ 0.N
=

2. 3
ool [ [[| WL WL NN 150N I5IN
0.0 0.0

6 12 18 6 12 18

15.0—

35.0
5 > d
3 9 R :
3 a 12.0
2 300 . g a a a
5 < 9.0 a & .
Qi-’ LT ] E‘J : : iﬂﬂ
e E 250 2 ekt |l|
3»25 g 6.0 _T_|l|
¥E o
=;u ') W 5.0
Z 0. =
£ 20, 2.5
ool (11 WLILL WL
S o0 0.0
6 12 18 6 12 18

I} [ Time/d i [A] Time/d

5 Btk B35 RILTCH RERRN KFEAEK I (a. bR b, 8 E: ¢ HERSE: d R
Fig. 5 The effect of strain B35 and its supernatant on rice growth (a. plant height; b. fresh biomass; c. chlorophyll content; and d. root length)

3 9 it

ARFFeat RERW, LEMES BRREK HY ZFEE RN EAERR, X H (ERE ] @it ik
HEEAR A, WrE G =N T WMo Rk (1 B18. B19) 7RI IR HIY K,
EHTEE HERERI IS (B D, X R T RS HIY $2405 7 & O s sl st 71
WEE, PR T ARG B EAE A N AT BEX HOY BT S EGE g, TECAN AR R
HOX A HIE S LB, MR, BEPR B20 7ESLEE IR RG] HIY, L RTERAREIE AR K, X IEOR
TWE AR ZI R e (g, 2D, SEEEIERIUONEDG R, B20 Q=4
AR AR T AT HIY R, TR T —FhaIE e [ BAE, B X H IR [HAEREM
f&, B35 HERRIIPIR LB B2 e EE HIY 4K, HER BBt T (B D o Xk,
B35 X HIY (R AE A F 2 2 add 40 W =AM =0 S 1 TR BB AR ORI T 1 R 3
Big%, PREIR TIEILRE IR R, Wi RIAA(ERT S [ B0E FR S 56 4, — e FERE L1158 T4k
RS B W R RIS AR FiE R 7R T, HIY LR Se 4k 71 F 784y FIH
B35 WA A 2R, IR B T ARG K .

H 1R 2 B (e b A KA BB 2E 0 T8 ik AR 4k Bl 20 25 4 5 H ok 24281, {BL7E SR b B Hh 48
BN PR AE AT RAG, (R A TGV 555 ) iler-28], JRIK 2 —nlRe e KRB S R A E 5
A=W TR A ELAE FH 23 520 L AE H AR PR R AR e Bl A SR AE TR R HE . LR, RSk
ERAEY R RN BRI A, MIATRe#E BhILTE HAR S b e i, R FoA G ThRe
KRV A, AT N K ARG AR BR 1438 o ik 21— PR RESE =1 Sphingomonas sp. HIY AEKfE I
TEMEH T B35, A MELASRHEK 16S rRNA 751, K% e A 1E 8 [T 1 (Bordetella petrii)
(K 2) , ZAHE R T HIY XKL K iEitae /.
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[ #k B35 K H I & BN Sphingomonas sp. HIY M4 K B B ZERMEHER (B 1) o XFf
(R HE/E R ATREIR T B35 /M E TR BUE 50+, N HIY 24t THEIE T AE K. th4h, B35
(1) R B P T R RS R A AR P24, X L= RS B B R B R 1 HIY 2B K. A ATt
—ESE, B35 AR R EE HIY 2B K (B 3) o BRI R ME I BRPR B 461 P2 AR
— MR FEAVAAEYD, PTG R 2k W 29, AHIF 5 b ki T e d i 2 S IR v )k
BT, NHY ST ORI R, Wit T HAK, g R0 SR T RE B R “ER]
HAE”  (facilitation) FOEEIS, RIF-LCHLAYmT i@l sl AP CngkdEifs) A A et A
KHF EFEAE R KRR AR P T ae B A R N, JUHR R R G LIRS

RIGSE LRI, HAk B35 AEig 22 1458 Sphingomonas sp. HIY S/KREA K ESHER (K 4) .
B T BB HIY BEEE (1 AN 2D, B35 ] il i HoAh o5 I e g K R A K.
an, i o R IRAAEE . SRR I RE ) B M A B R0, i — DA, B35 H
M AKREEK LR EEW (K5 , XREEGKBEERKAORIERFEBT S HIY 0 E/ESZ,
B35 TEfEHE/KREA K FEF, Arae EZRBGHENMER, A EE YK, Bk, 7ESEpRR
W, AR B35 5 HIY EAMA, DASR S KR RS

AR T 0T #E T B35 X Sphingomonas sp. HIY it /KR4 K g Ay rsma, Y3
AV HAEAERED AR VE RO T 3. WSS BRI, SZED 2 18] (bl [ EL A v 5 25 1 5
XY AEKRIER, ZRIUNTERIE TR S AR BARSEOE T EIS s . SR1, AHF
RWAFE—EM R RYE. B, R0 3 B I0 S M BAR AT N T, Aok EAEH A% Fidk—
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PP A IR, R R T i I AR T A 2 A ARk — B b AR FE LA

4 45 %

KW RGIRT T L Z 45T Bordetella petrii B35 % {i24E 1 Sphingomonas sp. HIY {2 ik 7K 75
A KB FTIE I R FBLENLH, 5 H DUR F 2458 (D L E40H AT B35 Aghs B & Lt e £ HIY
A, HICH KRR IR TR AL, K8 B35 AR =M ARl S /EH . (2) B35
TERRBR I S5 T BB AT RO IR M, HLX SRR R 08 1235 1 9 HOY 7E [FIRERRBR ) 2% 14 T 2B,
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YRR, AR S EARKIEE N, HRESRMIFEZCEER. (4) 5By B35 X /KfE4A
KGR ENEEEHEN, 2 B35 2l M s e AR B HIY MY sek a2y E K. 48 bRl
w, TEENETEF B35 I S{EEE HIY MEAE, R IE kBRSNS, SEILT 6 HIY
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