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Abstract

Soybean production is often limited by soil-borne diseases and other factors. Developing plant-
based beneficial microbial preparations is an effective way to achieve green quality improvement
and yield increase for soybeans. Robinia pseudoacacia ‘Hongsen’, as a high-quality legume tree spe-
cies, harbors endophytic bacteria that contain a large number of functional microbial resources.
This study aims to systematically explore the endophytic microbial resources of Robinia pseudoaca-
cia ‘Hongsen’, evaluate their plant growth-promoting (PGP) and biocontrol potential, screen strains
with strong biological functions and conduct soybean growth-promoting experiments, and investi-
gate their effects on rhizosphere bacterial diversity and community structure in soybean using 16S
rRNA gene sequencing. A total of 138 endophytic strains were isolated from the roots, stems, and
leaves of Robinia pseudoacacia ‘Hongsen’. IS-PCR fingerprinting was used for clustering analysis,
representative strains were identified by 16S rRNA gene sequencing and phylogenetic analysis.
Functional characteristics were assessed through physiological, biochemical, and in vitro antago-
nism assays. Pot experiments were conducted to evaluate the growth-promoting effects of selected
strains on soybean, and high-throughput 16S rRNA sequencing was used to assess changes in rhizo-
sphere microbial diversity. The isolates belonged to 28 species across 11 genera, with Bacillus as
the dominant group. Several strains exhibited PGP traits such as enzyme production (e.g., cellulase,
protease), phosphate solubilization, potassium mobilization, and auxin synthesis, and showed
strong antagonistic activity against Fusarium solani, Rhizoctonia solani, and Alternaria panax. Three
strains (HSH1, HSH81, HSH99) significantly promoted soybean growth in pot experiments, with
HSH81 showing the best overall performance. High-throughput sequencing revealed that inocula-
tion with functional strains altered the soybean rhizosphere bacterial community, with Flavobacte-
rium emerging as the dominant genus. Endophytic bacteria from Robinia pseudoacacia ‘Hongsen’
harbors diverse and functionally rich endophytic bacteria with significant potential for improving
crop yield, enhancing soil quality, and supporting sustainable agriculture. Application of its PGP
strains notably reshaped the soybean rhizosphere bacterial community structure.
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1. 51§

ENFRAR(Robinia pseudoacacia ‘Hongsen’), YEN—F 2 MM ERHEY), #NATHRHGE.
K EARFEFBT MR %, AFRE “PU55” SR EEM A1), HRRKIE, SHE, S5FEENNER
EILAE R R, EREEDERK. REEYPURPOE T & OGE TR RS R EE R 2], BEE
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EE R TR KE, B2 FREY, BARMALERBAGWILEE 2R, 55 REWAENHN
BT REAE Y B

) A £ T8 (plant endophyte) /& g HeAE i Ji ) — & W B sl E B B, AR VS ERE A AN R, T Aes
SR TE 37 A B R AR B3] AR B —inldR T 1886 A4k 4 [EI A 47) 4 #E % X Heinrich Anton
de Bary #£tH, 1992 4F Mcinroy 4 A% E AP AR N, F55 37 FEMANEEE LA M —RHED,
WIRf e SO “HEYINAEGRTR ” [4]. TN AR R LR R RIDhRE R 2 A6, FEMYAE KR B R h s
HEMAE. BT HMRRAESAL, EER O BN A .

HRHMEY)(Leguminosae)/E N —REBEWEFEVMAESEEEY), RENEREMILAERRIEFERZ
B2 RS SR AR A AL HE L U AR B (Rhizobia), SRR | 2 FPAH B BB R B0ER B S5 1R
VIEFE(6]. HEZFEMEZMEDMIE, BRBAAE KIS 2 R R sgm . SRR AR RIEE S5 CRHEYII
AR, REEWEVRAEKKE. PUEHEMAESRSGDIRE, S0 DhEe F 2RI (EdEy AR [7].
SEHTITVE[8] AWM IR[9] LA S A B A EE R [1015% 5 H . KRG/ NREHEEMREED, EAEKER
B T 2 A e AR AR Y R B, R SR KR R e LB R S 2 —, PRESIA T
KW T). WAEVBEMFIEAYIEE . EY IR YB3 BRI S /1, HEAS
. R, ZeFENH. Bk, FFRIEFHBEERAENRF PG RH R Bk, XA RS 2 HH
FE R A EEE L, RN A TR ERW TR KRR . BRl, KT HARME N A H 2 1 it
FRTER A, N AR B PP =F B K D RERFIE AN B . ASTIE F 38 I 70 50 R 48 S VA AR A PN 2B TR IR R 2 %
HIReRrt:, Ik B BA A 1 B B B (Fusarium solani) . AL 223 W (Rhizoctonia solani) 1 N2
HEMS 1 1 (Alternaria panax) B A MHIE - @R, IF3ET 7 RGARERL, BEKRKIIRE TS ML A
PUBME, AREAK L F B R SRAH AP 5t

2. HREFH*
2.1. #%

{2 A Wi #k HSH1 (Curtobacterium RHCIP20T)HSHS1 (Pantoea endophytica 596 T)F1 HSH99 (Neobacillus
ginsengisoli DCY53T)ii H T A N M BARRFRAE H i 43 53 20A0AT 21 (1) AR 4 A 40 B o

RIGMRERE T A T IRBH B (L4 33°53'% 34°25", R4 118°30'E 119°10"), AR L
B AR S AP ORSR  23, FPRETE 1042 18.5 em, #i 15.5 cm, JEAR 13 cm HIZEH .

LB B;9p%k. BEREW 5.0 /L, MEEE AN 10.0 g/L, S48 10.0 g/L, 35§ 20.0 g/L, pH="7.0.

2.2. BRIEEKEVITGE S ThRETAN

MBAARAEAR . 25, MG Loy B3R 138 MRIVAEANE, TR SHEPTIIRE T RGVITH . {2E
DhREAS I EL4E . ¥ARERE JJCR A NBRIP K572, DAVARERE B2 5 W% BEAWE D/d RoR). R REICRH
Alexandrov #5375, DU PE D/d R7R) 1AA 40 ibRE JICR A Salkowski bk, & &EllE KR+ TAA
BE) PRRBUARE ICRA CAS KiliE) K- g Re (AT 4E &g, A, LUEWIRE D/d RoR). fE5iTEE
R R A P o MRy, DA A0 B8 (Fusarium solani) SLRG224% W (Rhizoctonia solani)F N ZHERG i (A1-
ternaria panax) AR JFE R, TE IR 2R

WITHLE R, 138 bRINAE R, BAWEBERE JIH 47 PR(34.1%), BA MR 1A 32 #R(23.2%),
BA TAA 77 IRETIE 63 #R(45.7%), H AT EREUARE 1A 28 #R(20.3%), RN B A =44k =B
FIBFRE ST 104 41 #R(29.7%) . FEFSPURVETT I, X AHPRATE  STA, 22 A% B AN 2 BE RS 0 1 22 B0 40 5
HI R 3 23 #R(16.7%)~ 19 FR(13.8%)F1 15 F£(10.9%), Hr 7 BB =Fhop J5 3 2 R B0 S Pris v
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ZAESIIRETER, UL “ThEELEA I = (W D/d + 74T D/d + 1AA F=EIH—E + HPipE=x
H—bAE)4” BATHER, JiE 2R VR B AT 20 AR R . TERCERAE b, S56 RGUKE b4 R (i
R BT 356 B8 PR 23 AN [ 8 R AR Ko SR S s i, Fe &% 5 HSHI (Curtobacterium sp.)~ HSHS1 (Pantoea
endophytica) 1 HSH99 (Neobacillus ginsengisoli) =R B AT 7R A2 158 « — R BRI 1K) S ZE DN AR FFAE WL 22 1o

Table 1. Main plant-growth-promoting and antagonistic functional characteristics of three candidate strains

= 1L ZHRIREERIE R E S ThREFHE

Thaefatn HSHI HSHS1 HSH99
#E(D/d) 2.1 34 1.8
fEET(D/d) 1.5 22 1.6
IAA 7= & (mg/L) 28.6 453 227

PR R A + ++ +

FYEFW(D/d) 1.8 1.2 2.0
H=AMD/) 1.4 2.6 1.9
A B 1 B 2 (%) 423 56.7 38.5
SERR L2 A% B A B (%) 35.8 482 31.2
N S 7 B U T 2 (%) 28.4 52.1 25.6

W 7 RoRIEMREIGEVIE D/ < 1.5),  “++7 RORUEPERIR(D/ > 1.5). HSH81 7R HE. RET. TAA 7k, 7=
BRI AR B ok = i IR B S DO M DT T E R DR A, HSHOO 7 77 47 41 2B J7 1 B AT — 2 A8 %, HSH1 ThakE N1 .
MW EARE, R T RN AR B IhRE 2 R = AN F R

2.3. 5k

2.3.1. EHEE

IEHE R KGR, T 25CHEZE, TUMREENHERMTBABT A, FKREN
HHASR R B0, WECHE 3 bk SCIRILR DI, RALEE 10 NMEE, 3 R: (1) CK: Ui K
B LB WARRE 7R3, (2) HSHI BARE AL FR; (3) HSH81 LA (4) HSHO9 FARE AL TR . 7EANMAK
JAWIN, 5 RBEBL— O N, CK ALHEBL K 5 LB 35 37 3L DAyl Ab B ) 2 57

2.3.2. BERROBIE
PR E R R T8 50 mL LB yAKRE FRIEMHEIE I, BT 37°C. 135 t/min FERIR R REFE 33 ho
BE 9% 5 058 BRI B, JFRREE 1 x 108 CFU/mL 45 H

2.3.3. KEMRERTIMHYE

KGAEKR 60 KA, RN AFETUVEK—00 3 Bk, ANOBUH R R 5 1.
100 mL KB PBS 2 Ml i N JC R ZHES A, R R MR AR SR 70 00 P 78 20 9k Pk AUSCEE AR B L o BT VR B VR 5
2 50 mL 0 H, 4000 t/min #40 10 min, 75 LIEHREHVIER AN 2mL BO0E Y, BEFESEOK
AR TRFER R 4h JE5H .
2.3.4. HEHEKIBRRENIE

W ORI R R (R S50 5 )5, o AR A RIS Be 15 5 15 Ve R AR RAR &, e K AR 4L
BEER M IR KB A R K B SR AR . R4 SPSS AR, JRIT REME R
2.3.5. HIRARESEENF IR

FE AL PR S5 PR BR A ik 2 05 IR VR K s A M R 2 B A IR A W3R4T 16S rRNA mil &Y, Hxt
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W37 5 SR AT A BT AL RS S T AT
3. ER5 9
3.1. BB AEEKINEE R

R FUAS BT K G4 AR A, B TR B st 3. 25 Rl 1 BoR, AFEwE kAL
IR R TR ANV R R AR R AR — @ MR ER, d1E 2 T HSH81 MU o 2%,
HAVREECy CK 41/ 1.71 £, 220 T HPk HSH1 (1.55 f%5)A1 HSH99 (1.41 fi%).

HSH99-1 HSH99-2 HSH99-3

HSH81-1 HSHS81-2 HSHS1-3

Figure 1. Effects of different endophytes on growth promotion of potted soybean
El 1. TRAEEN AT ARIRESRE

Fresh.weight | Height Nodule l Root.length
14 50
a a ab a
1 a
- 70
30 ab
12
ab
40 a
60 goup
25 e 4 E cK
10 b B3~
—— =
b a . B~
. 30
a
50 20
8
20
15
& e e ¢ @ e e ¢ o
7E: K3 7y HSH1. K5 7y HSH81. K7 74 HSH99.
Figure 2. Determination of growth-promoting effects in potted soybean experiments
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e A panel XN —F alpha ZFEPERREL, AR KT K (A X HAR 1R . 454> panel oY, BEAARR A7 2HFRSE,
AAFR AR alpha ZFEMEFREME. MA&KT, &5 EXWT: 0 LRk, BT M50 %
(Interquartile range, IQR); "fiigk, P {u%; b FiA%, R/ EIEQ.S £509 IQR); 75 L TiAZ%rIsh
B, RRREE. SRR T 2T Kruskal-Wallis #2561 P {H.

Figure 3. Grouped boxplots of alpha diversity indices
[ 3. Alpha ZHFEHE RN S AFELE

TERGEEE 7T, A AR FE Y 58 ek T 4 e S 3G 0. Tk HSHS1 MIRUR AR, fEE N
CK ZHf) 1.54 %, SEmTHAMAIE; Hik HSH1 f1 HSH99 (&5 73728 CK 411 1.19 f551 1.07 %,
R H B2 B .

TER T FIA KT T, & FARAL B B 223 T 4t B A& . WPk HSH81. HSH1 #
HSHO99 Kbl b 3850 B 40 R CK 4L 1.51 £ 1.34 £ 80 1.28 4%, 2 2E UMYk HSHS81 > HSH1 >
HSH99.,

KRG R, SEREE N T RA, LS5 Btk R—8%.

g LATR, =REMRSN K G4 A KA B R E R, Hh bk HSH81 FIfR A BUR St
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FET FIRWITHEE R, HSHS81 7EWME . fRH . TAA 73 B A48 RSB i o 5 2 A4 FE 3R I
R, HSHI DRy H 27 4 R BeE 5, HSH99 TE/=4F4E =B 7 T A% . —MRERR Tl
WAR P AFRITIEESRTY, H 48 Curtobacterium. Pantoea Fl Neobacillus =/ &, BEHBRITHIRGRE
RENE

BRI, X =R AT B ARG, BV A F DhRe R A o K A KR A BUR ZE =
T — ARG HR K TR B 4 B BV 5 4 (1) 52

3.2. Alpha ZHMFPFhR R

M3 R BLE H, HIL H81 A1 H99 AbFRA AR PR L IEHF V&Y Chaol $8¥UAI BE ® T CK A3
2, Rt R AR AR B T DARR S AR bR IR R E B FE . AR, Shannon FREUE A Goods-coverage 15
HE B I AH R S, 3P SR T IX— 45108 A2, CKVHTVH81 M1 H99 ALFHZH 2 [H] ) Simpson
TREME T R 7 7, RUGIRALER NS EBON R, eAh, H1. H81 H1 H99 ALFRZH ) Pielou-e
BEEMET CK Ab3AH, R I7IX L PR (0 38 5] FE ARSI, Goods-coverage F8EUE 2 L Z5 40
(%A o (E AR R 12, H8 1 A1 H99 AL ) Faith pd $5 3B T CK ALFRAL, i H1 ALFEZL(Y Faith pd
FREUE S CK ACFEA JU-T-FF, KU HS1 F1HO9 WMFEA I RA KR B L MR . AL Lg%, H-1 Al
H99 AbPEZH7E R GAR PR -3 b 4R B VA F 8 LA 2R de ey, Hodod CKOA HIL Ab 34,

3.3. Beta MO

Stress = 0.0533

Group
0- i im' CK

o} H
1A H81
ie! Ho9

NMDS2
*

-2

; 5 j :
NMDS1

Figure 4. Two-dimensional NMDS ordination plot
4. NMDS Z#HEF

B 4 A s AR MREAR, AR R R A R R () . 9 T AREISEN, BOARE AR
R EL ALK LLEDY 1. BT NMDS RASEZHAT, BT ALA M 2 (8] (8 B iE (L), &

DOI: 10.12677/hjas.2026.1611201 1699 ol


https://doi.org/10.12677/hjas.2026.1611201

HEY %

HH P S A AR B A DR 11 22 SR/ N OR) » W, 1S JE R T — N BT AR S 2 4 RS 40 AT (NMDSS)
M4 R, TS AFE A FEZA(CK, HI, H81, HOOVEREE 454 % 5. NMDS 437 Stress {H A
0.0533, RULE RIA L EELF, REME RTEE M SRR A [B] 1) 22 57 . J8id NMDS1 #l NMDS2 JAM4ERE, /]
DA 22 21 AN ] Ab B A RE AR AE 4 23 8] R B AT S 0. CK AL IREAR AT BN B T A = N Ab B
ARMAAX B . AN S CK 4H7E NMDS1 465 FAAER ) EE, RW e 4eE FRHEZER.
SR, 76 NMDS2 4E/% [, = AMGEHAMPEAMK T CK HEMEE L%, wiE KGR LS
Tt e AR B R BRI AE — B FR S b o5 I VR A R

3.4. MMERST SRS

(1) OTU FHH

M Venn E(J4 S)YEM R T AFAI T K GIRBRUAEIREE OTU /KF b2 A AR .
FEAHILA ) OTU A NIZ 0 OTU. WK R, CK FEAHILEIE] 10,809 4~ OTU, H A OTU N
5233 N HI FEAHRILAGINE] 12,273 4 OTU, $#45 OTU N 6074 /> H81 FEAH LG I F] 11,437 4> OTU,
R OTU O 5449 A5 H99 FEAH AT IS 11,469 A~ OTU, $# OTU 4 5391 A~ DU AL K E
TR %0 OTU R 2846 4>, (5 OTU % 9.42%. X —45 KM, REXMHEA M MAEDRE
VEAFAE— S (BRI, (B AEAE — € ELBI SE R OTU, Sl 7 /R [ Ab B 40 2 1) W A M v B AR AU 5 22

Stk

5449 6074 H99
(18.03%) (20.1%)
607
413 (2.01%) 652
(1.37%) ' (2.16%)
5233 473 662 5391
(17.31%) (1.56%) (2.19%) (17.84%)
2846
Sin (9.42%) o
(1.67%) 453 407  (1.92%) ’
(1.5%) (1.35%) A
4
478
(1.58%)

Figure 5. OTUs of soybean rhizosphere microbial communities under different treatments

E 5. NEIE T RERFFNEDEE OTU

(2) DA R

WEIFTR, ST YRR R B, AT T WA JESEXS B 2 AT (1T M HAE) A 2 R HE
HHT 50 FIBAEVSRIR(OTU/ R, 200 SR 0 1 B 53 A7 BOREAS R (RO AR B EAT SRR, KT 2R
REERNT 7 R TCHREAR S BT H Y, B A BRI . BT RET A X 70 i F AR
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172K HTe, (RIS R R M SRR ST 0 A, #8708 22 S FEASHE AN [F) 70 K B 2L B A oL
SZEF . XM AT IE A RENS T 2 BUREA (8] RS S5/ 0 R, B REE TR SE 72 R 2
A, NIRRT R A A R 2 2 22 AR I E R
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Figure 6. Heatmap of genus-level species composition for species clustering of soybean rhizosphere microbial communities
under different treatments

6. NEILLIET A SRR MR E IR 2B K P A FhLE A P E

TEREIEI(E 6), Bt B WK (B 20 BB R IR 1 WP S FEA IR AH DG 1 e FFE A . He
o, AEFIRIEAR, WORROAEIG, PO S CUEIRE AR IR, BB ER, AHOCIER
i, FEOBE . BT ATAE AR, SR AR, 8T BB R (I (L R AL ) S )
PR S EILEORRFERIK, BiEaORRFEES. ik, ZRESE Z stk
R, 0 [F] — BRI RA T AT T, DA OREEE FAT AT LU IR PR R AN 22 R i e . LRI CK
H 5 Stenotrophomonas~ Agrobacterium %5 16 A\~ J& 2 %3 IEAHX, Y5 Reyranella. Nocardioides Methylibium
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& 20 NEREE MK, HI ABAYS Flavisolibacter. Ramlibacter Chondromyces Flavobacterium-
Nitrospira~ Steroidobacter F1 Plesiocystis 55 17 M@ 2R E LMK, 5 Aquicella. Hyphomicrobium -
Methylotenera 55 21 A~ J& 2 .3 i AHS; H81 WHE4H Y Candidatus Solibacter Rheinheimera~ Leptothrix 5
23 NMEEEFEIEMX, 5 Methylophaga. Duganella. Mycobacterium 1 Plesiocystis %5 12 & 2 5.3 1t
HHI%; HOO AL 5 AquicellaHyphomicrobium-Methylotenera %5 25 /& £ 5.2 IEMH 2%, 5 Rhodobacter-
Hydrogenophaga- Cellvibrio I Arenimonas %5 14 & 2 0.3 AH5<.

4. THe 548
4.1. PABRRAIEFAERE SN

AR AP AR RN AE R EBCR IR 2 T, H KMB BRI TR A E R AR, B
HIORT AR B R AR SEHALE, B = A B — Rl A e sc il Bfkid; —RIERE
R A B b R AT R R RN AL G R IE I MR ) B SRS E N AR A o AR rh A A T
R TR, XTS5 IR B R Ok 0 AR O, IR RO AE ) 2 BRI e A AR,
MRES I N AL B E SIS AR N 2, it — Dt T AR 0 . WEURY], BUAER A R AR 4405 2K,
WARER —ERA AR R EEE MR EZER . fln, BE2EEE R ESR A, MeEnt
W ETERE IR DUNIR > 25 > W, RUIASFEIALLU A A 18 0 5 T B AT IEFEE[ 1 1] IRPRAEAR B e FE A
R AT iGN . I, IBESEIE AT SR, O AR 1R KRR 5 EWS A _EiERe =iy 4141,
R NAEREEDENBA —ERERARII[12]. ZHHEY b5 A AR TR AR A L2 T
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