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FAHR EEREAMRT AT, [Fik] oikdbd Lo AR R A 2 AR JUEKR G R LA FF 72t
%, BIIFERIZIETARNERBFRBRAFERBRAOOF SHERTF RSB RAANHE, 70
BRI A b, SFIedE L xt R eg1T A R, (4R ] A 6 A RE X 6 & k) ARG + 4

ik KT 320 R A 28, 16S IRNA A B A AL F oM el Seh 41174R17 8 35455 5,
1R # 8 B (Pseudomonas, 18.44%) . 3f Fa 4T # & (Bacillus, 17.81%)#= ¥ 1% £ 78 & 2
(Mesorhizobium, 11.56%)-% @ RIFEARIE T 69 L5 H B, DKk, FRARBEABAKRFE
BT E B AR HL-2 ¥ 65 15 T G R LA RARE . A 2R 49 192 RE R ARG N A W H
AT AR, ERET 1S @A LA B R, 20 i LA B8IFeEm 7, T8 A
A 4k 5|4k L (indole-3-acetic acid, IAA)SI 8 77, 18 ¥R Ib4kEAR. PRI T 4 AL R AR,

B EFHR S HRAER, NNt RGN EREGCAER, R ERPALA L HI) 2T
NEHHRGAEEE SRS T 49.65%F2 140.00%, 4L F LA HK 3t X9 KI5 T 45.84%, 432
HIK AT At G E A4 BREG T 2548%. (48] R ARG T A WA % HeERBHE .
AR GRS — TR EMAEDTREORESZATNERRFENEDA T RES £
ZHAFEL, REAACNERILTFR ALK P 6 AR SIRIE.

ELHEE: aRi; RIG; RIBHE; FERIBE; WA SAME, MR A KRN

FENTH : E XK H AR5 42(32160003)

This work was supported by the National Natural Science Foundation of China (32160003).
*These authors contributed equally to this work.

*Corresponding author. E-mail: zhenshandeng214@163.com

Received: 2024-01-23; Accepted: 2024-04-26; Published online: 2024-05-06



1EMEE 45 | SR, 2024, 64(8) 2941

Species diversity and plant growth-promoting effects of
bacteria isolated from the root nodules of Sophora davidii

REN Mingxia#, LI Jing#, Al Jiamin, LIU Xiaodong, JIANG Yingying, DENG Zhenshan"

School of Life Sciences, Yan’an University, Yan’an 716000, Shaanxi, China

Abstract: [Objective] There are numerous non-rhizobia in addition to rhizobia in the root
nodules of leguminous plants. Despite the extensive studies about the endophytic bacteria in
other plant tissues, little attention has been paid to the species diversity of non-rhizobia in root
nodules. Therefore, further research is needed to explore the significance and ecological roles of
non-rhizobia. [Methods] The root nodules of wild Sophora davidii (Franch.) Skeels, a
leguminous nitrogen-fixing shrub growing in the hilly-gully loess region of northern Shaanxi,
were collected. The species diversity of rhizobia and non-rhizobia in the root nodules of S
davidii was systematically studied by the conventional culture method. The plant
growth-promoting effects of the strains were evaluated and their growth-promoting effects on
wheat seedlings were verified. [Results] A total of 320 strains of endophytic bacteria were
isolated from the root nodules of S davidii in six counties/districts in northern Shaanxi. The
phylogenetic analysis based on the 16S rRNA gene sequences identified the strains into 55
genera, 35 families, 17 orders, 17 classes of 4 phyla. Pseudomonas (18.44%), Bacillus (17.81%),
and Mesorhizobium (11.56%) were the dominant genera. The results of re-inoculation
experiments showed that Mesorhizobium sp. and Ochrobactrum sp. HL-2 formed root nodules
with the host plant. Furthermore, the plant growth-promoting characteristics of 192 strains
isolated Baota District were studied. The results showed that 115, 20, 78, and 18 strains
possessed the abilities of fixing nitrogen, solubilizing phosphorus, producing indole-3-acetic acid
(IAA), and secreting siderophores, respectively. Four elite strains were selected and inoculated
alone or in combination into the wheat seedlings in pots, and their growth-promoting effects on
the agronomic traits of wheat seedlings were evaluated. The results indicated that the treatment
HIJ increased the plant height and fresh weight of wheat seedlings by 49.65% and 140.00%
respectively. The treatments HK and IK increased the root length and chlorophyll content by
45.84% and 25.48%, respectively. [Conclusion] There are diverse non-rhizobia in the root
nodules of S davidii. The results of this study have great scientific significance for exploring the
role of such microbial resources in natural ecosystems and enriching the resource pool of
endophytic bacteria. Additionally, the results provide a theoretical basis for the application of
these strains in ecological restoration in the arid region of northern Shaanxi.

Keywords: Sophora davidii; root nodules; rhizobia; non-rhizobia; species diversity; plant
growth-promoting effects
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GIEP Bk R SRS . HRTABFST
RIL, BRARIETEAL , TEARIE N IR AAAE KA E AR
T (non-rhizobia endophytes, NRE)"!, ‘& 14 1% sh
T 53 B A BB B B AR IS T HYE N, IF BN 2% 18
FAEY L WL B EAE L, BT LA R A TR TE
HRAEE AR A R SC T AR 9 AR AN 1Y
Y T LA T AEAR I TR ) 2 A M S LT RE , X AR
T N I ARARIE T I IE IR, F AR R AR
W RS, X R A SR,
HIREATT 5 M R 2 18] B R LR A7
BR A,

H i, & Z 5 RHE P AR N 7 18 AN ]
PR IEMYRI B, a4 B G 8 (Rahnella) . 2
AT JE (Bacillus) . 74T 14 J& (Enterobacter) ., 12
I J& (Pantoea) . 1 HEFT % & (Agrobacterium) . &
i 1 J& (Pseudomonas) | {1 v 8= /K 78 KR &
(Burkholderia) . #/NE & (Herbaspirillum), 28
2F 4T i J& (Paenibacillus) . ¢ & 111 S B )&
(Klebsiella) . #3J& N 4= #1 1 J& (Endobacter) . 4
# T B4 J& (Chryseobacterium) . % 35 B i i &
(Senotrophomonas) . [ %12 % & (Azospirillum) .
W R I FT 14 )& (Gluconacetobacter) . 57 I &
(Variovorax) ., 15 ¥ J& (Arthrobacter) . /N
J& (Micromonospora) . 4= %2 1% e
(Hyphomicrobium)%:®1, [ P 27 35t 7 ML Py I
HRIR T TR F e T —Seqf a7, AR e g R
ML TR BB WIS 25 | 3R 293 36 T AREF Y
ZEARPOL A, MR P A S AR B R
VENHAG B AE G BT, [RIW), %18 FEAEY) k44
HBZ WA f2 ROV, A G A R A
7 Ao E Y AR AEER L BASER . 2R3
RS EAE . $ 5 E EAEYPLEE ) . X2
FIAE Ypvs S T A LR W B A VR T LA B 32 v SR
YIRS Rk, ARE IR
PRI, R P 5 ) A AR R TR R 2 S 4K

<l actamicro@im.ac.cn, & 010-64807516

HOEAEIRY, X A2 BAEY AN 2 S SRR T R &%
KRR BRI, R EHLIR B TR AR PN
FE, B TE EAEYFARIE ) A R A

13 {£[Sophora davidii (Franch.) Skeels]%]
2B, MR EAEY, B RIFPTRE
LR, SR b b X 2 Ak AR B I MR A g FF AR
FhZ—o FURIZETE RIS | 2 FHIBAR YR 7 8
ST EEABYBE, T LRI R 2 —,
JEAE BRI R O AR &R AT DL kaE
o X R A MR R R Y, 2
fib] - R ERAERA L . DR, T RIETE T 5 XA
TE R | Qe A Z AR L O A 1
R b S5y T 2 A AR S E . SR, BR T
R AEAR IR TR Z2 R P A R A, X2 4 11 0
FEREE BT g

BRI AR AR TR )R 22 R B S M TR
PP RO R , A ST LABETL £ B A TR
RIEAR VL SR bR, RS,
BT A RS PN A A0 R P A Z ARV R R e R B A
ARAGHETR L3 A A D =F B2 545 2 I X i ik
BN A TRAR A TAR ) (14223000, 90 TF P9 A 20 TR 1 2
SEIERETT o RS N o3 A T R v L
R PEERERAAR . PRIk Z R (indole-3-acetic acid,
IAA)REST, FFLAER/NE ST, A5
PRI B AR 2B 000 o ASBIF 93 0 TR FEAR I ol A A 2
WY HAEEE L, Ao AR IR T AR
U Ak K 55 AR TR =2 ] 1 B ) b O R Ak
WK, [l it S B A TR R AL 1 X A= K 52 P Y
Iy FH K LT IR B AT R R A R A AR

1 S

1.1 EFxERMRF

B I 5 I8 (nutrient agar, NA)E; 5k (g/L): &
F i 5.00, NaCl5.00, 4P 3.00, pH 7.2,
T a0 AL AU B . BE BT R B A 1 (yeast
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extract mannitol broth, YMA)R; F(g/L): H#&
fi2 10.00, f%EERY 3.00, NaCl0.10, MgSO,-7H,0
0.20, K,HPO, 0.25, KH,PO, 0.25, pH 7.2, H
THRRBEE., EOKF-HE-HEEAY
(peptone yeast glucose broth, PYG)5 353 (g/L):

FEER 5.00, #H4bE 5.00, BEEERY 0.20, NaCl
0.50, -7 3.00, MgSO, 7H,0 1.50, pH 7.2,
FATRFIMIEE . RA KiF¥k(g/L): BEHEH
0.50, HHM 0.50, W HKFEY 0.50, Hiz%HH
0.50, AIVEEVER 0.50, K,HPO, 0.30, MgSO,
0.024, NEIRREN 0.30, pH 7.5, M THFAEKSE
2B . IS 258 4 BE IR (potato dextrose
agar, PDA)SE #23E(g/L): H445 200.00, 75750
20.00, pH HER, HITor Bt 5 1.
TY #5553 (g/L): FRE MR 5.00, BEERR 3.00,

CaCl,-5H,0 0.70, pH 7.2, AHFHilfERR5 ., B
L GG A ((Ashby’s broth)}i Rk (g/L): T E&EE
10.00, MgSO,-7H,0 0.20, CaSO,2H,0 0.20,

KH,PO, 0.20, NaCl 0.20, CaCOs 5.00, pH H#X,
FH K60 B kK [ & 0E 1 . Pikovaskaias TG AL

(Pikovaskaias inorganic phosphorus broth, PKO)
Rigedk(g/L): %8 10.00, (NH4),S04 0.50,

NaCl 0.30, KCI 0.30, MgSO,7H,0 0.30,
FeSO4-7H,0 0.03, MnSO,-4H,0 0.03, Cas(POy),
5.00, pH 7.2, FFRMEHKREBRES . &K B
N (King’s B broth, King B)}55#3(g/L): HH
J#: 20.00, K,HPO, 1.50, MgSO4-7H,0 1.50, N
=¥ 10.00 mL/L, pH 7.2, FH TR RE = TAA
W& R K 5% FE KL (chrome azurol S assay, CAS)
ReFiFE(g/L): HEME 2.00, FR/K RS2 3.00, CaCl,
0.001 1, MgSO,0.002 4, pH 7.5, % 100.00 mL &
HERY CAS KigRIkrh, A CAS YLy Mz h
ZEhAS 5.00 mL, TR B AR =gk Ak . LA
FREFRIE T 121 °CKTE 20 min, PCi A ASS
FERWFTE B MA 15.00-20.00 g/L B H; .

Salkowski’s 377 : 1.00 mL 0.50 mol/L FeCl;
HIA 49.00 mL 35% HCLO, % H, T4 00 B
FRr= TAA, CAS Je¥i: a¥i: 0.12 g CAS % T
100.00 mL JCE /K, FAIA 20.00 mL 1.00 mmol/L
FeCL M TIRA; b : 015 g okt =
F 3L JR 1k #% (hexadecyl trimethyl ammonium
bromide, CTAB)#fi# T 80.00 mL JC@# /KH; ¥ a
WA b b, FHESIRISY CAS Ui,
FH T I B Bk B4k
1.2 tFmREMLIE

2021 4% 5 1, EBRPGEIEL T 6 SEIXCR
R T IHAEIAR FURERYE , AR B(HL) ., &
AFX). EHXBT)., EKE(YC)., EHSHE(ZD)
MFET(ZCO), FAEEE 3 AR 2 KT
10 km FRAE 8L, BASRAE SR 3 S AH B R 2
KT 1 km 5 TERADT P REALZEE 15 $
EER T 30 m A FIRIAERE R, 12 AR, N
AT IAR b YEE 3—4 iR /NHIE B ICH Y
MR, RBRFMIZLTT, MAA R 1.5 mL G
BRSO o HAACRAE L S A5 B N T LB %S
BR[17]c SR TN A o B, LR
T80 °C, % 2t it REURA PR A R
ST R R
1.3 BRIEREHED SHDL

TEHX 3-5 ABrEE . e . o i,
R 75 U T VLK I R VE T, T 95%mY
CEEHIRI 1 min, JCREZKMPE 5K, P 3%
NaClO {21 5 min, ZJ5 IR KM 10 K.
FHICTEAR S K MO B, 4 MUV o TR R T
NA.YMA .RA D) f PYG 5555 F12), F 28 °C
FR AR R R 3-5 do BURE — IR b PRI TC I K
U AT PDA Bige Bt ARSI IR, BT 28 °CHE 3¢
FErhEESE, KT R T F S AR, XIS
F R R R AR & T4
Balifh . R BRIV, 10 VR T S FRRIE I g
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SIE, KFROAET 4 °COKAE# .

1.4 XENRESSHMEE
AN ALK 20 DNA $REBURH & db R

HEFHLA RA R IRBER AN 4 DNA, #

Fil PCR ¥ HGFAR 751 16S RNA FERF4, 5]

Yok 4 16S RNA KE K 3l F 51 4 27F

(5'-CGGGATCCAGAGTTTGATCCTGGCTCAG
AACGAACGCT-3")#1 1492R (5'-CGGGATCCTA

CGGCTACCTTGTTACGACTTCACCCC-3"), PCR
SR Z (25 pl): 2xEs Taq MasterMix 12.5 pL,
b FUHEBII(10 pmol/L)£: 1 uL, DNA it
1 uL, ddH,0 9.5 uL. PCR [ %A% 95 °C i
AP 3 ming 95 °C A8 30s, 55°CiBk 30,
72 °CHEf130's, 35 MEH; 72 °CAAEA 5 min,
F 1%B N eI R VKR 16S RNA LR 1%
FEY), KA 120 V. 30 min, K INAHK S
1) H AR 38 7 ik 2 A0 R A R i
WA R I, 519 [R AR PCR 4
WRFE—3. HIRB IR E NCBL B
GenBank #(#% E, BRI WK E RS @
BLAST J¥4 Fbit 5 2 50 e 30 A 7[Rl sk 437
1% F 4B 4% (neighbor-joining, NJ)#:7E MEGA X #k
P ERGE R B
1.5 REMREEESFENE

T NEIEX B3 800 192 BRARIE N A
T, Al 6 B DX g3 B AR B 0 AR N AR 4
I 60%, PRI $f DS 35 X FRIAEAR I Hh
BRI N A E TR A TR AR RS
151 ER&EHMNE

WL b 192 BRARIE N AE QTR 4FP T Ashby
WSS H T, DR O K %t B, DL E b3
YJF 28 cCHrEEFE, 7 d FWEEIRILERE
M, AR B R, WX bR A T TE
4 [ R M o
1.5.2 REERESINE
I T e P s A PR PR IS W RE ) . 7E PKO

<l actamicro@im.ac.cn, & 010-64807516

[ A B R L AR B — RN DL R RRR, F 28 °C
g% 5-7d, WEEWEAERG ERUE, =
A MRIZ AR EA BRIl v 52
D Sk AR d, JHTHEILEZL D/d,

E SN DA MRI B O i, SRR RE T A TR
PR, N2 PKO MARE R4, T 28 °C . 160 r/min
K38 7d, 4°C. 10 000 r/min &[> 20 min, FH4H
BHPLHATRME R P e A Y AR
bR E N IR R AR B 1
1.53 2 IAA BEJIME

f#i [l Salkowski’s Fb 7L E F#4 7= TAA
REJT . WU BRI T A AER(Q gL
King B WAk 3: 3k, T 28 °C., 180 r/min 535
3d, 4°C. 10 000 r/min B.[> 10 min, H{ 2 mL
AN 4 mL Salkowski’s I FHIRAT, 35 ik
JE 4 30 min, WARTR A MBI G AR R,
RS R, WIFRINZER ™4 TAA,

E RN EIZ R TAA i, ll4 mL B4
56 H R LA R AR, DAREFI R R 1 B 55
FRE IR, M ODsys WOGMH , ARAEdniEfZit
B TIAA &
1.5.4 FEREAREESINE

i CAS 15373 2 ARSI B R BB A5 ™ 2R 2k
RARPO AR CAS FAHAY 3 AR B BRI,
F 28 °CHEF% 3 d, WSS R L2 H I H L
ez, A O, WRINZEERT L™
AR
1.5.5 BEHRIVFIRREEREEESINE

VERRAT M A e 0 P R PRR DU A 3 B
Ji B TR R RE T o 3 BOR W ik A B (Fusarium
equiseti) . )T 2255 # (Fusarium oxysporum)
FesNAE A S5 T (Fusarium: graminearum)fE 45
TN, K3 PRI R R AR 2 BIRAT T PDA
S b, SRIG TSR E 4 SRS bR B
EHET 4 °Cil i n, R 28 °CHiFE 2-3 d,
i J L2 15 HH B B A R T R T R T
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S AT TR, 25 W SR B R bk HLAT AT R
J1, 0 MERE ES D 5HEE A d, IR
HAZ I D/,
1.5.6 B4 EHk 16S rRNA EENFER D FLEE

SR AR S R bR, 15 ER 4 BROE A RRIE
R HH bk BT-229., BT-2, BT-108 Fl BT-89 i
1o
1.6 BRITERE A S 4 Ay R HR 16

FH T [0 4223 36 1 4G 32 181 A DA 3 30 0 2 3
1319 55 @ 320 MR N AE AR TP R ER(ILR R 1,
Bt O 358 F R WAE YR = BR th G S
NMDCX0000268) . H {4 &y M & 5 M 3 )&
(Pseudomonas) . Hf Ak #iJ T#1JiE (Mesorhizobium) |
HRJR T (Rhizobium) . 412 J& (Phyll obacterium) |
& [ #F 1 J& (Ochrobactrum) . 7 ik H7 [ 7 &
(Devosi a) 1 53 4il # J& (Cupriavidus) 7 1~ &+, &
B3 KO T BB — RR AR B R R T 7 1] 423K
5o HAr 48 AN E B JE XNk — kR sl LRk
LR R IEAT I RIAE B2 0, A pR ik 2
DLBEER 1o F A o PR B Pl 2 TY W A8
FeHedr, F28°C, 160 r/min §53% 2d, B h$E
Tzl

W 2% I B2 5 1 1 RIAE T~ A B AT VR i
AR IO B SR ML A, F 25 °CHEZE, FRRZFEK
22 em A, FERTRA KEE A A A
U 122 e, AR 10 BiFhr. Wi
J& , BEEH 6 bR o B T AL B BRAR R A
X 7 AP 30 mL,  DAASTE B () AL BRAE A X R
DL EARBRAA I 3 AR, ASBIREESRA O
B8 16 h/2HE 8 h, JGHR 28 °C/EAKE 20 °C)H5 5% .
E WSS BRI G K R G R RS S50 90 d Jm R4
MPR, Geita e 5 & et
1.7 MEHREEKZRIAE

VEFE 4 RAEZERRME R AR MR BT-229 .
BT-2. BT-108 #l BT-89 #kf7/NEz ik, &%
HERh AL 1, APtk BT-229 J& TARIH

P JE (Rhizobium), Hofth 3 ke A AR T -
BT-2 J& T %4 £ #1 #T 1% J& (Brevibacillus), B #4
BT-108 J& T {i %L iy 7% J& (Pseudomonas) , B #
BT-89 J& T2 14T 14 J& (Bacillus)»

W 2R EH B J5 /N2 B TR R s R
4 h, ZJRHATEEEFENA, HIMATCEK,
F 30 °CHEZF, FifhFRFEHEM TRAZIKE
FE AR 1:2 B4R (20 cmx20 cm)H, &
FEPRRERD 20 WiRhF, SEANEEINGY, RS
10 ¥ o B AL AR 432 TR B 50 mL,
SEWIIJCR K D, DR 7 A SR TR o 1T 1]
Fz URIAE W TR AR SRR R HE T JLAP A .
(1) 11 %0 A2 48 PR FH AR 9 71 )& (Rhizobium) B £k
BT-229 5 1-3 FIEARIE W& A IR S AR A
HEAT R () H Ok B R AR R
(Rhizobium)iFE#k BT-229; (3) HEuhiefh 3 ik
R ;s (4) 1-3 PR R A& IR S W 7l
FARK:, (5) VATCHERMbEE Ry2s O R, DL As4b
RN 3 AR (R 1), F 30 d J5aftisk, Wl
ENEWARZYEIR, EiEvke . K. TE ., fif
FUARMEERE SR, IS dE T80T

2 EREM

2.1 ZHEMSH
211 BAREREALEARNSERALER
AW MIEZ T 6 A B DX PR N
A3 B3 320 MRHVRENA NG, BT 4 1)
74417 B 35 FF 55 @, Hr G X AR
T, B AR 192 BRARIE P9 AE 20 TR (B2 1),
212 NFETELER
TEHT 16S rRNA FE K38 5 [ #7%) 320 #RALE
AR B EAT I 7% PCR 8437005, Frig LAl
W3t NCBI s B HE AT H X o RS FR7E 3451
320 BRAN B 0 @ 4 11, 43 5 b 4k T T
(Actinobacteria) . #AtT il ](Bacteroidetes). J&EE
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2946

REN Mingxia et al. | Acta Microbiologica Snica, 2024, 64(8)

* 1 EMEALIE

Table 1 Inoculum treatments

Treatments Strain combination Phosphate solubilization IAA producing Produce siderophores Nitrogen fixation
H BT-89 + - - -
I BT-2 - + - -
J BT-108 - - + -
K BT-229 - - - +
HI BT-89+BT-2 + - -
HJ BT-89+BT-108 - + -
HK BT-89+BT-229 - - +
I BT-2+BT-108 - + + -
IK BT-2+BT-229 - +

JK BT-108+BT-229 -

HIJ BT-89+BT-2+BT-108 + + -
HIK BT-89+BT-2+BT-229 + + - +
HIK BT-89+BT-108+BT-229 + - + +
K BT-2+BT-108+BT-229 - + + +
HIJK BT-89+BT-2+BT-108+BT-229 + + + +
CK H,O - - -

+r IR A A AR IR B s — RN RS A SRR AR e B A R A
+: Certain growth-promoting characteristic of the inoculant is the most obvious; —: Inoculum does not have a certain
growth-promoting characteristic or has a weak growth-promoting characteristic.

B ] (Firmicutes) fIZE JE [ ] (Proteobacteria). 43
J& 55 J&, Hrh 47 tk)E T e AR wE R
(Mesor hizobium) F1 #2 4 [ J& (Rhizobium) , 4%
273 MR E FUAT 53 ANE: ANt wE
(Acinetobacter) . 1411 J& (Agrobacterium) . 4
FK T JE (Agrococcus) . 4% % A J& (Agromyces) . 17
¥4 )& (Arthrobacter) . ZE 14T (# J& (Bacillus) . %5
FF 2 J& (Brevibacterium) . % [G 1% J& (Bosea) . /)ME
¥ % J& (Brachybacterium) . %7 Zf 10 #F & J&@
(Brevibacillus) . % i 5.1 1% J& (Brevundimonas) .
W #F & J& (Caulobacter) . Pl 7 4% 24 & 8@
(Kaistella) . 4= # i [# J& (Chryseomicrobium), #7
BBk I J& (Citricoccus) . i 7% [ 1 J& (Dietzia) . il
/N ¥F B & (Exiguobacterium) . 7 2 A # OB
(Hymenobacter) . # [ i % J& (Isoptericola) . %
¥ % )& (Lysobacter) . %% % J& (Massilia) , 1FiF
LR J& (Planctomonas) . il #F J&

P4 actamicro@im.ac.cn, 7 010-64807516

(Microbacterium) . &Il ZF T 4 J& (Metabacillus) |
KR T J& (Micrococcus) . HE4i7 G 1 J& (Moraxella) |
SRR/ INFF T TR (Mycolicibacterium) . 5 FG T
J&(Nocardia) . 23K [K & J& (Nocardioides) . &
R T J& (Ornithinimicrobium) . 2895 41 # &
XK F M@ W OB
(Paenibacillus) . 28 # @ R H W )&
(Paeniglutamicibacter), ¥k % J& (Paracoccus) .
J55/NBAL4f 1 J& (Promi cromonospor a) . i 15 41 & &
(Pseudarthrobacter) . {2 ## Ak #F &
(Pseudoclavibacter) . f& & H il 1§ )&
(Pseudoxanthomonas) . Hi K #F H J&
(Rathayibacter) . ZI.EK )& (Rhodococcus) . ¥
B IS B J& (Roseomonas) . V05 R & (Serratia)
%2 1 AL i 11 ) (Sphingomonas) . ] % 2K i J&
(Saphylococcus) . 5 5t G 1 & (Sarkeya) . B35
Mt 1 J& (Senotrophomonas) . 5% T H )&

(Paenarthrobacter) .
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(Streptomyces) . 77 W 1 J& (Variovorax) . {5 240
W J& (Pseudomonas) . M M H JE
(Phyllobacterium) . £ F1#F 4 J& (Ochrobactrum) |
i3k B [ J® (Devosia) FI 9% A W )@
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Phylogenetic tree of representative strain 16S rRNA gene and species abundance map at the genus

level. The inner circle is the phylogenetic tree of the 16S rRNA gene of the representative strains, and the outer
circle is the abundance of horizontally isolated strains of the genus to which the representative strains belonged.
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Figure 2 Growth promoting effects of endophytic bacteria in root nodules of Sophora davidii. A: Summary of
seven growth-promoting properties of endophytic bacteria. B: Some strains produced IAA, iron producing
carriers, phosphorus soluble, and bacteriostasis. C: Bacteriostatic effects of four growth-promoting strains. D:
Phylogenetic tree of 16S rRNA gene from four growth promoting strains.
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Figure 3 The effects on wheat seedling growth inoculated with different treatments. The effects of various
inoculants on wheat plant height (A), root length (B), chlorophyll content (C), fresh weight (D), and dry weight
(E). F: The promoting effects of some inoculants on wheat growth. Different letters a, b, c, d, e, and f indicate
significant statistically differences between treatments as determined by Student’s t-test (P<0.05).

3 Wtk

AR IR T 22 R8s 37 56 I (1 R AEAR R Y
STEARE] 320 BRINAEANTE, SRIE T 41174 17 H
35FF 55 @, XTI R R R AR I, Jf%R
B R & R 2 . i 16S rRNA L [H )
B T B ARG R Gk B UL, IR 2 AR
SRR Gl R AT, IR T B AR
MEETRERE D) o AL/ AR, & 4 — et

P4 actamicro@im.ac.cn, & 010-64807516

A T S A 2 2800 ) TRT AR

B ) RE A 4R S5 R i A AR R TR E B T
MR, vl fE AR = AT 12 B SR RN o i A
16S rRNA JE K4 34100 757 %5 7 M\ 11 SR AL AR RS
GBI B N AR R, TR B, AR
T TS ST 5 JE K- b AR R TR s A 2R
FEGEJE di e, X 5 000 R A48 A= ek A
Ko NG X R AREE N 23 5 A9 31 Y 192 Bk IN
AT, Hrh 60%r ik EA —Fh R 2R 4



1EMEE 45 | SR, 2024, 64(8)

2951

FRPE: A 115 PRAIAE HA BARE ST, A 20 tRA
WHA BT BERE 1, A 78 PREA W TAA
MIRETT, A 18 RRABHS AT H o AR A . M
e 4 BRG MRIEARIE A 5 1 MRARIR R ) AR 8CR
EEHF R N AR 40 BT-2 . BT-108 .BT-89 1 BT-229,
3 3o BRI RN 22 TRNE A HE R0 1 =, X
FE /N2 AR AR TN , 25 R B, Ab3a
HIT X /INZ2 o ke oy i o g 2 ORI, S50 R
HA P HEINT 49.65%F01 140.00%; AbHH4
HK X /N2 AR AR AR RO ey, 50 BEZH A e
AT 45.84%; AbFRLL IK K /NAZ 4 fR -4 2%
SRRSO R, 5 BA A R T
25.48%. /NE AR E R, AR AL B g
et/ NG AR, X SRR —3, 2R
FF# (Bacillus)® . 45 2 #0414 (Brevibacillus)*” .

5% B £ (Pseudomonas) ™ H g3 14 (Rhi zobium)™!!
WRME Y A, XA A i A i R R
oA R P bR v, B B R A R

77 TAA L PPERERAAR S R R SR RE T o @A)
W5 A ZAa b R I, By R [RIF /N2 &) v
ANFER R EA A FRE TRk, Flan, IK 4
PRI RERS (L T B Ay P e 2R LR, HK AbERZH Xt
INFERRRA KR AR, HI A PR BE S i
PEAEAR B R 2 B EE X EU B R D | R TR 42
Pl 5 = BRI CR , BB = BRI IR B T 4
PRIV R RV AR, Flhn, HIK AbFRZ 5 Py
A ERL TR A R TR b AL FRZE A EL , XA ) fif
TR SE A A1, H Ik i O 52 1) i DR W] B A p
FEMRWEIRE A T HAY T, A sl 1 e
PR HE AR AR K R R AR BN o 255 LA AT A
Fo A AL BT NG ah i AR AR SR, 25 SRR
BBl PR DA AH LA, AN W ERYR A S
LI TRIVR PR FE RN R T L X /N2 Wi i 5 R K
SR RPN B = A RO o T AR MR 1R N
g AR A, LR e 5 AR TR = [R] 9 A
KFA | AEHPLIREERRE, CRCh TRUZEY 74

BRI —A P EAIFFR R, —S R
SR TR T LAHS AR B O DY, dupE R
SR YA R A R A R R Y, i
REfE 2 5 GRHEY IR R A 4,
FEARAF 5 S . AR - RHE YR DL
FRJRT TR A e FE S0 ek, A bl f AR
A AE A AR BV I AEAE, HUEAE R R
it H % (cross-feeding) 5 S £ BT, SR1T, KT
A AR P 5 MR P 2 R ) P R A B R G R
IARTERE, BTE T S HITIRAMIE . 55 1
BRI, G5 EN, AP HK
IK Al HI AP AR OR B 2%, PRI AT i X 3
MG R RE AR 2B 015, B T AN
AR AR A K DU R SR P i IR 9 T
POE T RAFRYSEAE . SR, X IR AR T HAE R
FE 7 P HR 2R T R R o P AN, X6 52 B g A1 A 3K
S — 2 TR ARG, 2 1T R S B K A
e b, DR R AR AR 3500

g5 LRk, AR MR GE R IR, X
T N AE M R ZREETT R T 2 &R
GERETE, B T HRGR B EHAL, AT
A A IRE TR R IR D X AR A s ), MRS
T N A AN AR AR RO o B RN T RS SR 1R A
MERG IR R A AEAE DL R R B B R, B R4k
e —SE A, e G R R EUE R S &
PIREA R AR, DRLIAS J2 DL S R 1) 446 0 4
FRAERS S T A R T AR P N A A R
RETE S50 LR e T B — P A S
Ko PR, VAL G35 35 T B0 0 74
AR, Rl G 16S rRNA JE R Aok 13k — [l
K F AR TR 55 R T 2 1] A B ) Ak O R ATS
ANERE , T — 20 e e 5 B AR X A
HRJE v A AR AR T 1) AR TT SR A5, AFR AR
Te 1K AR IAR AR 5 v AR R IR BRI v 2L 1 o3 A A
Fh=E R G TFAEALIR R 2 PR A AR B 5 AR R
W HEAERIALEIA R T N — P TR A

http://journals.im.ac.cn/actamicrocn



2952

REN Mingxia et al. | Acta Microbiologica Snica, 2024, 64(8)

4

=
ACTFSE 3 91 & B E R RO 9 3 2 28

W HA F 5 YR 2R, BRAVRRSL, IS
R AR A (TR A, AR
BROVS 1 RIAE /N A2 e 0 i i) e A ek, RES
SRR R R RS S AR TR 2R 215
PR AL RS 54 TR R TR S L fi
HEHIS R , 3 BE R A 2 B R AR
ASTE SRS B AR AR R, O H AT LR
e IR T R A A W3 P 4 55 HE M R 2 LR
A

S 30k

(1]

PRAKAMHANG J, TITTABUTR P, BOONKERD N,
TEAMTISONG K, UCHIUMI T, ABE M,
TEAUMROONG N. Proposed some interactions at
molecular of PGPR
Bradyrhizobium diazoefficiens USDA110
japonicum THA6 on
potential of field application[J]. Applied Soil Ecology,
2015, 85: 38-49.

PATE JS, LAYZELL DB, ATKINS CA. Economy of
carbon and nitrogen in a nodulated and nonnodulated
(NOj3-grown) legume[J]. Plant Physiology, 1979, 64(6):
1083-1088.

6, RAE, WA, XL, . AR
TR IE X 58 46 8 7 2B 7 00 e - 3N g i 255 5 T (D).
w224z, 2020, 29(5): 109-120.

HE GX, SONG JC, WEN Y]J, LIU CT, QI J. Effects of
different rhizobium fertilizers on alfalfa productivity
and soil fertility[J]. Acta Prataculturae Sinica, 2020,
29(5): 109-120 (in Chinese).

ROMDHANE S, DEVERS-LAMRANI M,
MARTIN-LAURENT F, CALVAYRAC C,
ROCABOY-FAQUET E, RIBOUL D, COOPER JF,
BARTHELMEBS L. Isolation and characterization of
Bradyrhizobium sp. SR1 degrading two p-triketone
herbicides[J]. Environmental Science and Pollution
Research, 2016, 23(5): 4138-4148.

RAKLAMI A, OUBANE M, MEDDICH A, HAFIDI
M, MARSCHNER B, HEINZE S, OUFDOU K.
Phytotoxicity and genotoxicity as a new approach to

coinoculated  with
and B.

soybean symbiosis and its

level

<l actamicro@im.ac.cn, & 010-64807516

[10]

assess heavy metals effect on Medicago sativa L.: role
of metallo-resistant rhizobacteria[J]. Environmental
Technology & Innovation, 2021, 24: 101833.

WRSCBT, WRSCIE. 45 4= Wy il U0 s/ e 27 RUIE
FEI]. R RHL R4, 2004, 6(6): 3-6.

CHEN WX, CHEN WF. Exertion of biological nitrogen
fixation in order to reducing the consumption of
chemical nitrogenous fertilizer[J]. Review of China
Agricultural Science and Technology, 2004, 6(6): 3-6
(in Chinese).

de MEYER SE, de BEUF K, VEKEMAN B,
WILLEMS A. A large diversity of non-rhizobial
endophytes found in legume root nodules in Flanders
(Belgium)[J]. Soil Biology and Biochemistry, 2015,
83: 1-11.

MARTINEZ-HIDALGO P, HIRSCH AM. The nodule
microbiome: N,-fixing rhizobia do not live alone[J].
Phytobiomes Journal, 2017, 1(2): 70-82.

XIS, TERE, BRICHT. SR AR A A0
PR H W5 R (0], LR Rk, 2011, 51(8):
1001-1006.

LIU J, WANG ET, CHEN WX. Discovery and research
progress of endophytic bacteria in the root nodules of
legumes: a review[J]. Acta Microbiologica Sinica,
2011, 51(8): 1001-1006 (in Chinese).

FAR, BRKHEL, FEPREE, @S, IR N A
TR KR AR B )]. AR Al AR, 2014,
41(3): 482-496.

WANG ZW, CHEN YG, WANG QC, JI YL. Progresses
and perspectives of studies on plant endophytic
microbes in China[J]. Microbiology China, 2014,
41(3): 482-496 (in Chinese).

LI JH, WANG ET, CHEN WF, CHEN WX. Genetic
diversity and potential for promotion of plant growth
detected in nodule endophytic bacteria of soybean
grown in Heilongjiang Province of China[J]. Soil
Biology and Biochemistry, 2008, 40(1): 238-246.
DENG ZS, ZHAO LF, KONG ZY, YANG WQ,
LINDSTROM K, WANG ET, WEI GH. Diversity of
endophytic the
Sphaerophysa salsula in different regions of Loess
Plateau in China[J]. FEMS Microbiology Ecology,
2011, 76(3): 463-475.

LI L, SINKKO H, MONTONEN L, WEI GH,
LINDSTROM K, RASANEN LA. Biogeography of
symbiotic and other endophytic bacteria isolated from
medicinal Glycyrrhiza species in China[J]. FEMS
Microbiology Ecology, 2012, 79(1): 46-68.

bacteria  within  nodules of



1EMEE 45 | SR, 2024, 64(8)

2953

[14]

[16]

[17]

[18]

[20]

[21]

XIAO X, CHEN WM, ZONG L, YANG J, JIAO S, LIN
YB, WANG ET, WEI GH. Two cultivated legume
plants reveal the enrichment process of the microbiome
in the rhizocompartments[J]. Molecular Ecology, 2017,
26(6): 1641-1651.

ZHANG BG, DU NN, LI YJ, SHI P, WEI GH. Distinct
biogeographic patterns of rhizobia and non-rhizobial
endophytes associated with soybean nodules across
China[J]. The Science of the Total Environment, 2018,
643: 569-578.

g, A, ARUIEE, RORK, ABEE, MIBEAR,
L5, BEGE, AR AR AR TS A AR
TEARIR B I 26000 BARRBE A2 0], 4k,
2022, 62(9): 3558-3575.

Al JM, LI J, REN MX, YU TF, ZHENG CC, LIU XD,
JIANG YY, ZHAO RH, DENG ZS. Transformation of
the pattern
non-rhizobia of Sophora davidii under different culture
conditions[J]. Acta Microbiologica Sinica, 2022, 62(9):
3558-3575 (in Chinese).

AR Bt DX AR AR A A TR A 2R R AR
AR SE[D]. SR ST 2R AR L2 R 5L, 2022.
LT I
characteristics of endophytic bacteria from Sophora
davidii (Franch.) Skeels root nodules in northern
Shaanxi[D]. Master’s Thesis
University, 2022 (in Chinese).
EGAMBERDIEVA D, WIRTH SJ, SHURIGIN VYV,
HASHEM A, ABD ALLAH EF. Endophytic bacteria
improve plant growth,
chickpea (Cicer arietinum L.) and induce suppression
of root rot caused by Fusarium solani under salt
stress[J]. Frontiers in Microbiology, 2017, 8: 1887.
iy, REB, M7, #Ek. 11 4E (Sophora
viciifolia)id i -4 T 2 (W A H 22 HLHI 0], TR X
L BFSE, 2005, 23(1): 106-110.

WANG HZ, LIANG ZS, HAO WF, HAN L.
Physiological mechanism of Sophora viciifolia to adapt

interaction between rhizobia and

Genetic diversity and growth promoting

Yan’an: of Yan’an

symbiotic performance of

to soil drought[J]. Agricultural Research in the Arid
Areas, 2005, 23(1): 106-110 (in Chinese).

FEEE, BRICAE, WhEE, EMBL W ERIEEX
1A AE A AR A S B9 F S (0], 7 B AR e o7 i,
2002, 17(3): 26-29.

XUE ZD, HOU QC, HAN RL, WANG SQ. Trails and
research on ecological restoration by Sophora viciifolia
in gullied rolling loess region[J]. Journal of Northwest
Forestry College, 2002, 17(3): 26-29 (in Chinese).
EAIG, KR, MR, e DT, B R

(23]

(24]

BE I - IR WA - - 52 & BT BT 5 FERF S (D). PG LAk
2B, 2021, 36(2): 17-23.

WANG LR, KANG YX, WU CH, LI H, SHEN XF.
Shear strength of root-soil composite of vegetation on
steep slope ridge of Loess Plateau[J]. Journal of
Northwest Forestry University, 2021, 36(2): 17-23 (in
Chinese).

CAO Y, TIE D, ZHAO JL, WANG XB, YI JJ, CHAI
YF, WANG KF, WANG ET, YUE M. Diversity and
distribution of Sophora davidii rhizobia in habitats
with different irradiances and soil traits in Loess
Plateau area of China[J]. Systematic and Applied
Microbiology, 2021, 44(4): 126224.

AR5 PO A SRR T R G0 R T O R A R Y
WA O B [D]. HE 2 DU ARl R 2 A 2 a2 38 3
2016.

ZOU L. Symbiotic effectiveness and phylogeny of
rhizobia isolated from root nodules of faba bean (Micia
faba L.) in Sichuan, China[D]. Ya’an: Master’s Thesis
of Sichuan Agricultural University, 2016 (in Chinese).

SRAEIE. R WA AR i D RS I]. N
HRMP G AR 22 oAl 2008, 6(3): 1-3.
ZHANG XS. A study of factors affecting the

determined value by Mo-Sn-vc method of organic
phosphobacteria[J]. Journal of Huzhou Vocational and
Technological College, 2008, 6(3): 1-3 (in Chinese).
FAHSI N, MAHDI I, MESFIOUI A, BISKRI L,
ALLAOUI A. Plant growth-promoting rhizobacteria
isolated from the Jujube (Ziziphus lotus) plant enhance
wheat growth, Zn uptake, and heavy metal
tolerance[J]. Agriculture, 2021, 11(4): 316.

BAAKZA A, VALA AK, DAVE BP, DUBE HC. A
comparative study of siderophore production by fungi
from marine and terrestrial habitats[J]. Journal of
Experimental Marine Biology and Ecology, 2004,
311(1): 1-9.

HE H, HAO X, ZHOU W, SHI N, FENG J, HAN L.
Identification of antimicrobial metabolites produced by
a potential biocontrol Actinomycete strain A217[J].
Journal of Applied Microbiology, 2020, 128(4):
1143-1152.

& B e 4B K2 G WA WA HLIE R T K S
FRCRBEFE[D]. iDL A Rlb R A 2 6038 3,
2023.

WANG GL. Development and application of compound
microbial organic fertilizer for disease prevention and
Wuhan: Master’s Thesis of
Huazhong Agricultural University, 2023 (in Chinese).

growth promotion[D].

http://journals.im.ac.cn/actamicrocn



2954 REN Mingxia et al. | Acta Microbiologica Snica, 2024, 64(8)

(291 FET7, EEM, B, BHF. MR AT Edition), 2023, 43(5): 70-82 (in Chinese).

B8 Wl 9w B S AR ik hn A AR RS, [34] LIU J, WANG ET, REN DW, CHEN WX. Mixture of
ARSI, 2019, 39(7): 11-16. endophytic Agrobacterium and Sinorhizobium meliloti
LI YF, WANG CY, XIE JJ, ZHAO XX. Study on strains could induce nonspecific nodulation on some
inhibition of Brevibacillus laterosporus B8 against woody legumes[J]. Archives of Microbiology, 2010,
plant virus and promotion of tomato growth[J]. China 192(3): 229-234.

Plant Protection, 2019, 39(7): 11-16 (in Chinese). [35] PEIX A, RAMIREZ-BAHENA MH, VELAZQUEZ E,

[30] XUk, W4, M, BEER, Ha. ZI6EREHKRE BEDMAR EJ. Bacterial associations with legumes[J].
ALY TR 11 A R R AR B L I (D] Wb R Critical Reviews in Plant Sciences, 2015, 34(1/2/3):
WA RBLFMR), 2018, 40(5): 457-461, 469. 17-42.

LIU C, ZHANG Z, SHE ML, TANG MIJ, NI H. [36] KANDEL SL, JOUBERT PM, DOTY SL. Bacterial
Multifunctional ~ pseudomonas  with  degrading endophyte colonization and distribution within
organophosphorus and phosphate-solubilizing and its plants[J]. Microorganisms, 2017, 5(4): 77.

application[J]. Journal of Hubei University (Natural [37] McNALLY CP, BORENSTEIN E. Metabolic
Science), 2018, 40(5): 457-461, 469 (in Chinese). model-based analysis of the emergence of bacterial

[31] Wz dh, B, PELEU, RHRER, sKalil, FHIF. cross-feeding via extensive gene loss[J]. BMC Systems
VRSV R Ut A T R AR TR 4 8 O 3k B A R R ) Biology, 2018, 12(1): 69.

NI P24k, 2023, 63(11): 4154-4166. [38] T K. T 2557 SR s (0 6 9 XE 55 7 ol A 4 69
YANG YZ, LIANG J, SUI XN, ZHAO DL, ZHANG STEREIRID]. W AR R2Em A 24085, 2022.
CS, ZHENG YF. Glycine soja-associated rhizobia: YU ZL. Isolation and cultivation of difficult-to-culture
isolation from coastal saline soil and application in marine microorganisms based on multiple culture
soybean[J]. Acta Microbiologica Sinica, 2023, 63(11): strategies[D]. Jinan: Master’s Thesis of Shandong
4154-4166 (in Chinese). University, 2022 (in Chinese).

[32] DU CJ, YANG D, YE YF, PAN LF, ZHANG J, JIANG  [39] LI S, LIAN WH, HAN JR, ALI M, LIN ZL, LIU YH,
SB, FU G. Construction of a compound microbial agent LI L, ZHANG DY, JIANG XZ, LI WJ, DONG L.
for biocontrol against Fusarium wilt of banana[J]. Capturing the microbial dark matter in desert soils
Frontiers in Microbiology, 2022, 13: 1066807. using culturomics-based metagenomics and

[33] AR, HSEEE, SRV, &SRR BRI R A high-resolution  analysis[J]. npj Biofilms and

B R SR ALERCR ], IhPa Ol Rz
W(ERFLF M), 2023, 43(5): 70-82.

BAI WB, FENG JX, GAO ZF. Construction of
high-affinity
consortia in sorghum rhizosphere and their phosphate

phosphate-solubilizing microbial

solubilization and growth promoting effects[J]. Journal
of Shanxi Agricultural University (Natural Science

<l actamicro@im.ac.cn, & 010-64807516

[40]

Microbiomes, 2023, 9: 67.

LI J, HU WZ, HUANG XIJ, XU YP. Investigation of
yeast population diversity and dynamics in
spontaneous fermentation of Vidal blanc icewine by
traditional culture-dependent and high-throughput
sequencing methods[J]. Food Research International,

2018, 112: 66-77.



