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= Fh e AF 4 TR X N2 SR PR A 2 45
FT) 5 HY 52 Wi

EIRF,E M, FEE.H F.&H A
(EH KF RFER, T4 2£F 133002)

WE NRHAKNERS LR IFF R EAL, UL 3 e A4 4 & LRI 8 (Erwinia) G115 48
H AT & & (Ochrobactrum) G119 FH % B2 2F AT B & (Lysinibacillus) G209 15 B A B K H 3% = + 3, 0 A2
AR o 200 B8 A A 2 A5 4 L S AL T R N S 4y i A RS R AT S L T S AR B R A 2 B 0 A S AR A R
LA AR R 2R RV S T RR IS . 25 SR B A A AN T AL RN S 40 1 5k IR AT A L L AR BR R A P .
SA L pH R E AN K A SO AT TR RS AR PR R R A AR B A WA R, 3 MR b
5 % B ZH A e L AL 45 AR I 1R 1] (Proteobacteria) + it 26 1 1] ( Actinobacteria) ¢ 8 A~ T8 ] A S MR Br 40 B 1] K
AR FEER T 1%, Hd AR W T2 E ARG T. 3 Fh 4R A= 48 0 A0 30 00 N 2 48 B 20 7 J 7K - 5% ma 3 Kk,
rh L AR B (Rhizobium) 2R AE WA E S B ERDELFEFERT INWEEEE. A FEERT 1%
B JeE A1 2 A0 B Ak B S EL B A A X S B BB AR 120 %6 R . il ad PICRUSE $4F T 3 Fh 42 A= 40 B8 Ak 25
NSRRI 68, 3-8 — .2 6 A J7 M AW D8, — b k)2 35 Fh it ohig , = Uine)z 33 Fh
T B A8 5 556k B AL AH L L S0 IR A AR A0 TR Ak 3 T Bl AR N S AR B 4R TR 22 O T R B g . HL AR ) BE B4 A5 AR 2 R 1)
B B 3880 0 800 St A AR A A SR o 156 B AN IR AR A A0 T Ak BT B AR N S R B AN T R R B AR AR B
F B INAR 2 53 I8 04N B R Z (R S S TR .

KB NS R Gl T 5 AR B A B AR 25 4 5 T BE T

N2 (Panax ginseng C. A. Mey) S5 H“H
W2 T, N HINFE (Araliaceae) A& & (Panax)
ZAEA A R AA Y, 2 R B G b 258 2
— o ASX R RGO M R LR
GE NG FR G LA S A B AR G R 0 T A Y
WITVE . UEAE Ok i T AT A AR = 2 gk
B G H a5 1Y, B b a5 DA N 2 TH
WG AWY K, AS KRG, 5 E R
K AW, BA LSy 3 ARy F 5 0 4 ot
P IFE LI T ROl & R BE AR LR,
R AS R &, NS E R &R
I 25 AL NE . S BOAE 77 1Y 25 0 R ok I o 43 )
T E AR N2 N SR AR A R Y i
VEREAG 200 S tE L 3 8 n) ™ 1 ] 2 7 N S Rl
NS SEN 3 Y 3

Kloepper 252 5] A T ¥ ¥ R B A2 4 40 5
(Plant Growth Promoting Rhizobacteria, PGPR) iX
DARIE ,PGPR 248 7EAH AR B (SR 9D 7€ FH BE

Y7 B H:2024-07-10

B AL FERE ) A K A T . AR PR 2 A AR R AFTE /Y
SRR B W3 S e BR A X B il —
AN BIR B 78 SR A A HE b R RO B R
B IR R . R 53 W) 8 0% R R 4 A )
HE V& LU X PR EE A2 b, oA Wy i i 5 B ARG
R R Y R LR T A B A,
AMIE S B R E DI BE R PGPR, 2k 28 AR B i 24E
Py 1) O B 5 RE TR AR Y R B RN 2 R g — 2D R
Wi AR R PR B, I AT T AR MR R .
PGPR 1E 2 A= 9y BE A IE 18R A AL M Y — A %
D7 IR R A T AR A T EE S
5 AR AR RER N 52 R A 2 L 1
B9 A P E 2 75 25 M IR 4 38 v AR ) B AR AR
FH s ik — 2B R AR B PR

e 38 2 I AR R — AR F R (Next
Generation Sequencing, NGS) , & g4 F] F )
BEAEREA TR ICAY BE 4 DNA 1 32 4 8 SO T
HEAT I FF 43 A 76 G3C2E W0 0 HE I 5 48 43 BT O T A

HEE&WHE A HARETIH (20230402028GH) 5 3 i1 M B & & 1K1 30 H (492023018)
FE—EE : EKTF(2000—) , B, W WF 5 A, NFREAEY 2R 5 F TS5 . E-mail :1960244503@qq. com,
BAEVESE 7 1 (1988 —) Lo, P4, WS, IS4 AR 1 A b S8 Ak 08 o RRFIME D W U 5 R A 5Y . E-mail:nanlil2@163. com,
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BRHA -PEH Y 2 A

b= s SR A & S 11 #8

F WA il T AR 16S TRNA
& DRI P 54 B i R R, AT L 4 T b A K
AW RER W) b 2 RO S AR G kAR L B
A BE A% T 0 L S b A TR PR A R T
ZREVEM AR ES . B AT E AR AR S A 5T 32
4G R oyt HERE M NS R
TG ST, HOR 20 T AT I A A Ak A
B B 25 3 AR R 2B TR % A& BN 2 4R B 4 1 A
P& 520 07 T A9 D . ASBIFSE TR FH R 8
oty A 5 32 1) 02 A AT R T X N SR T A A
W% B AR SR R T RE S e, DL D £ AR
AR A A ) T T ) 52 B g FH R S 5%

1 M55k

1.1 ##

CIEWNE Y S N o e I E S 1 i
AN S, 5T 2023 4F 5 H 783 MK
A4 IE ) R R A IR M SO A N SRk B A
7o H ) 457 38 5 0E 8 AR\ 2 1748 38U ]

1.2 A&

1.2.1 ARBRIREIERERRAF S HEL
T4 w16 A VRN R e 23 R B 2 IR
HUREHL 5 B 3 A AL B AE B PLIE B 10 BRA
SRR L HATIRG . RN el & 1 R AL AL
R NS BRI G NSRS R
BRPLIK S WO RS 2 mm 3 ] P A A g, AR
BEAS  PRAFAE 4 “CUKFR .

I A= T 3 B RS - R R R R T A N
Z R R T AR PN A 0 R R R R T T A iR
BB MU T8 F IR (NA) (R, A B g 15 5%
F(R,A) & K FR 3 (KBA) 16 R 55 78 46
kIR 72 b, PRI — T VR L R4 H R B Y Al
e, 2R HE H 2 KB — W hE, 502 4
A YA A= T RE 43 0l 2R AT v e LR L TR T R
A PR 2R L PR ACC il & i 25y 1 i i 1
I BT BE R4 I AR B R AT o T A E T
1.2.2 RABFHALH weywFXE KKK
T AS PR 75 % L2305 min, 1 %0 IR AR
BRI 5 min, B f5 FHIC TR K #h ik 3 W, ¥ KT Y
NS PR T HE =5 4 DA, 4 3 Fl
fi A TR AL BEAT 1 AN X BE 2 (CTo R KO b B, b B 1
(CK) . WK s b B 2. B SC R &8 (Erwinia) G115
WA B 3. B HAF &R (Ochrobactrum) G119
BT 5 AR B 4 8 R R 2F AT B8 (Lysinibacillus)

60

G209 W, A 20 E K, Hhab B 80 Bk
ANZ, WG A& RKB RTINSO
Pl A FH I A9 B 570 . B RR 30 mL, BRI N
1.0X10° CFUmL ™", X B4 # A 30 mL JCH
KL EERE 6 d i A1 WKL ILEA 8 IR,

FE SRR A 8 W WU A5 R . T 70 d J5 2R
F 2 S BURETE U M T B 3 A RE A5, B A A i B
ML 10 #k—4F A4 NS4tk FIJC 1R 37 100 5 bk
ASH L EAE VBT 50 mL KEBOE D, A
Wi 2% vh R W W (pH7. 8) 40 mlL, Jilt A 7K & i i
WL E, B TFSWRGHIRY 2 h, %
5 200 remin 'L B AZHR,10 000 remin ' E
O BB F 2R, T 2 U03E RI A AR PR R AR,
1.2.3 MEAB A F % (DEYERSEHME.
PR R SRR AR M AR o T R, 3 IREK

(2) 45 B AL 38 br A0 05 A9 DU A2 - 2R FH B I
AL AA3 EZ 3 Hr A 2 I A& .
FI 4L B ] H, SO, /HCIO, #1 NaHCO, # Y fi#
Ja R AT s34 B 343 B (Technicon., AA3,
D I 2 b e A CTNDS ; F) ) 4% R 4 1k
W EA PR & &, MBS Wk
WE + A 2w, BCE & . gl R R
PiotrowskaZ#'  Han &M f )7 32 00 52 1 15 I
it TR Tl O

(34T % K 4 DNA B2 B & PCR § 14 .
FH FastDNA® SPIN Kit for Soil i #| & (MP
Biomedicals, Solon, USA) #2 8, LI B )5 0y 3t
K 4H DNA R #EHR, % 16S rRNA V3-V4 XA
Barcode 4% 5 51 % 515F: GTGCCAGCMGC-
CGCGGTAA Hl 907R: CCGTCAATTCCTTT-
GAGTTT ##47 PCR ¥ 1. R H % E Biolabs 2
H Phusion® High-Fidelity PCR Master Mix
with GC Buffer f 22 M . 30 pL PCR 473
FLWAK % . Phusion Master Mix(2X)15 uL; 5|4
(2 pmol « L™") 3 pL; B A DNA (1 ng+pl™")
10 pLs B W K 2 pl. N2 )3 98 °C it 48
1 min; 98 CAEM: 10 s;53 ‘CiB k 30 s;72 °C L
30 s34 29 NEER ;72 CHEMH 10 min, PCR F=#)
iR 2 90 v B 1 S M W 6 S 0E AT LK AT . AR B
PCR 7= ¥k B A7 558 vk BE IR A, 78 0 TR 20 ) fif
L X TAE ¥R 2 0 i Bt BB B fise i vk 24k PCR
a7/ RN TR QS RPN 7/ E R A i e
Gene] ET B MR & ( Thermo Scientific) .
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TAE -TFEH -HAEY

(4) SCFE G A F0 AL - SCFE 4+ R
New England Biolabs %% 7] i) NEB Next® Ultra™
DNA Library Prep Kit for Illumina & iR &,
FIJH Qubit 2 8 G ) A G 1Y) ST, A G A
J& # A Tllumina F & 347 EHLIN
1.2.4 St A RIS WITR
SRl 0 15 3 04 5 0h B 2 PF A L g S BR
barcode A5 51 .5k ] UCHIME # i — 2
Egsi A AT 51, LU IE I 3 1 2% L B 445 BT 3K
B DL #s 3F — 2 B, KR Edgar' ' 1) UPARSE
T f bR R AR 09 00 B 5 AR 4R R T SR T
97 Yo AR RURE A I U 4T OTU R, 3 1 % 1 4%
OTU h %t 5 2 (1 )7 51 AR R 1 7 91, B oy
OTU X R WA sy 26, BL OTU 45 R H ik
fill EREEAS OTU AR T 51, 3R A5 A0 B 1 9
SRV R, T OTUs itH R £
HEVE 48 8%, £4 45 Shannon. Simpson. Chaol . ACE

ERA . 5 H) OTUs 5 RDP(Ribosomal Database
Project) e 14 CL AT AT H L A PyNAST 4k
{4 (Python Nearest Alignment Space Termination ) ¥
RFEVETF IS S P sl st 50, KE. i
Fast tree O W ERGERE W, R
AT BEALAE 19 07 325 LLAh 2 0 7 9 505 &
TRtk OTU (% H A4 84 B 1ih £k (rarefaction
curve) , A5 HRE i O IRORE TR A4S D0 . BROA 2 7
97 Yo AL IE K T Rl 43 OTU I il 75 45 4 & 19 #
R £

Yy o 20 BRI AR LB 20 A - 56T OTUs 221l
Venn [&], 38 BUCERLANAF: it P4 758 49 o = B8 R 24 &
Ph K ASTR) R (B B 25 Fn kA5 B9 OTUSs 15 8 4%
BEATHE V& 20 WL 43 r s 2 57 BE V& #E JE Kl L Heatmap
K%, it PCoA PCA Fl NMDS % 4 #r it — 4
BRI [RIRE (it 22 8] B0 R 7 245 4 22 S 3k 4 &1 R AR
i R AT R . 45 A W IR S 81T CCA/
RDA 43 M 5 ¥R 58 A (1 A S 1 537« 25 B i) 20
(B HEVE 22 IR N 7. AR HEE LS p 2
4 F 3£ F Unweighted Unifrac %8 [ (1Y Principal
Component Analysis(PCA) 2 #T , 2% #8410 B BE V%
1443 9% 3R 25 (Hierarchical clustering) 5% ] UPGMA
(Unweighted Pair Group Method with Arithmetic
Mean) 7 3 #4750 81 » Mantel test F T 0 7 40 B
AR VR 5 PR AL S R ) A DG, DL 14

Mifli FH R K4 (Version 3. 3. 2) ) vegan £t 4 1
BAESE .

K H PICRUSt #4500 73 #r 412 A5 i 4k 31 =
NS Br 20 S RE il it 23 %l 5 KEGG J)fig 8uds
J£ (Kyoto Encyclopedia of Genes and Genomes)
) L X 43 BT, 3RS — . 9 = R REJE T Y

=V =
/E# DA%\O

PICRUSt 2 [A Jy i # I 73 #7 - Je AR 45 2 I 13
AW IR 16S rRNA KL 4K P51, 4 Wi e
TRy L[] 4 5 1 B P D g 3 5 X Greengenes 4
2 v JE At 2R 00 47 el ) S DR Ty B T R AT A R A
2 T S0l 4 0 R Y R TR ) R I 3 R T A 3 Y
TR E L0 7 B R AT 2 b xR AR I8 2 RE E
7T, biom X FAE E Galaxy M Chttp://
picrust. github. io/picrust/), k1% COG Fl KEGG %}
PRI e B A7 K, 2% KEGG Orthology Jj fig 4
PRI I K TN 45 20 23 DRI 288 L BIVARS: 302 T ik
HIhHe R H £, R H Heml heatmap illustrator
program(1. 0. 3) B4 2 il K]
1.2.5 #¥EH5 4  fHH Excel 2010 F1 SPSS 19. 0
B3 W B SR TSR 3R 7 22 93 B ok D1l & Ak
P2 () Y 3 1 22 oK P il R 3 2 S
(P<C0. 05) R HEAT A [F] b 21 1] 35 1 11 b 25 1 2% S
Fe
2 #R 500
2.1 REMAEEFESLEE

M 1 Rl 22 T RE T L AR 45 R UL 1 3 Bk
A B G115.G119.G209, G115 Bk H A %
BEBE Sy P A RE ) T R B RE T LA B AR )
ACC 73 G119 T Bk H A7 7™ 28 U RE J1 L ik 81 fiE
J1.7 ACC B 7153 G209 bk H A B WERE 11 7 &
BB TR RE )y . H 3 BRAE AR 4H R AR 4
Tl R UK BER I RE ) . &0 A2 S e 45 R
3 ARARAE A B 0 50 i BRSC R B & (Erwinia persicina)
G115, % A ®# J& (Ochrobactrum pituitosum )
G119 i 2 R 2F J8 4T B J& (Lysinibacillus) G209,
WIS WA 1 iR,

G115 Wtk N 3 9% - BB o F - 3 1 A
e HAEN G857 AL, G119 Btk A
FE B V& BRUE Bz 7508 ROt HAE Y,
NGAESTAEEE . G209 WRE R (O 18V . TE AR K
B . & M- ROL i HAEY] 5857 A,
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BRAH -FREY -HAEY 2 oA xR % H # 114

1 REFAHIERFESEE

o LA LA

Wbk B 7 NHs 78k M4 1AA ACC - T 16S sRNA 7 1 85 KARBLUE =97 %
G80 - - - + - 1.521 - - KU977119. 1Enterobacter aerogenes strain
G81 - — — + - 2.635 — — KU160628. 1Enterobacter cloacae strain JP6
G97 — + — — — 0.453 — — KX911980. 1Bacillus sp. strain EAC
G101 — — — — + 0.299 — — KU179330. 1Bacillus thuringiensis strain 1.14
G104  — + + — — 0. 287 — — MF962585. 1Stenotrophomonas sp. strain
G106  + + + + — 0.022 — — KU877656. 1 Pseudomonas chlororaphis strain
G111 + + + + — 0. 080 — + KC355341. 1Rhizobium sp. CR 5-1
G114 — - + — + 0. 051 + + KY945860. 1Stenotrophomonas sp. strain
G115+ + + + — 0.162 + + AB907778. 1Erwinia persicina strain:IAM 12843
G116  — — + - + 0. 020 + + LC133680. 2Stenotrophomonas sp. JCM 28649
G119 — + — + — 0.127 + + FJ870981. 10chrobactrum sp. 112
G129 — — — — + 0.012 — - KC759400. 1Enterobacter sp. WAB1915
G149  — — — + — 0. 657 — — LC133735. 2Microbacterium sp. JCM 28704
G150 — + — — + 0. 741 — — KT766060. 1Sphingobacterium canadense strain
G188 — - - + - 0. 845 - + AM990996. 1Bacillus subtilis
G191  — + + — - 0. 064 — — JNO084155. 1Bacillus aryabhattai strain Y8
G199 — — — + — 0.213 — — 1.C133599. 2Srenotrophomonas sp. JCM 28252
G204+ + + + + 0.251 + + I1X257179. 1Pantoea agglomerans strain Z01
G206  + - + - - 0.028 — - KY440054. 1 Pseudomonas sp. strain M6
G209  + + + — — 0.918 + + EFA72269. 1Bacillus fusiformis 1.Q88

& 1

2.2 REMAEMNASHENI N
2.2.1 WAEMAMNALDGAHTH YR H
£ 2 AT M, G115.G119,G209 = Fl A [\ A9 12 A= 48
BN S 4 45 % AL A H i T R JF k2
B 1} 520, 25 AL TN S0 T E AR FRE TE 0. 03~
0.04 g, G119 F1 G209 4b 3 2H iy N\ 2 4y B AR i 5
Y40 2 v T 0T BRHL, 43 il H v T 48, 100 1 53. 8%,
G119 F1 G209 W5 i 412 A= 40 58 75 A2 N 2 4 1 AR
FAERKITHEA B EFERA . G155 b 4R fif &
RO T =
2.2.2 MAMBAFTARIERALIEAG Y R
M 3 AT A, G115.G119.G209 = FpAS [a] 1 2 4=
YR AL PR AL S5 X AL A H . NS 3 pH LA AL
62

G115(A).G119(B)#1 G209(C)3 M{E EMEEE

i HERERY TR EEZES . G119 1 G209 4b

PR OB & W TR AR B, B T

69. 9% F1 68.9% ., G115 4b32H 5 xF M8 20 A 5k

SR EFENEZR., G119 1 G209 4bFH 3 S8R &

i R T IEAL B A3 R T 8. 690 A 13, 4%,

G115 Zb A S5XF AR A ST I EHES .
®2 REFEXNASHEEWEHIZM

Jib 7 M1+ /g MR /g

CK 0.04%0.001 a 0.52+0.02 b
G115 0.0340.002 a 0.540.02 b
G119 0.03%0.001 a 0.77+0.02 a
G209 0.04%+0.001 a 0.80+0.02 a

T« [ 5B FNE B LR AP 7R P<<0. 05 7K F 22 53
B, FTH.
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TRAE -THEH -REY

x3 REAEMNASIEBELERBZM

b B pH HHLFE/ (mgekg™ 1) BA/(mgekg™) FRWE/ (mgekg™ 1) M/ (mgekg 1)
CK 5.714+0.14 a 48.07+1.81 a 2.454+0.03 a 28.344+0.01 b 135.5340.03 b
G115 5.6040.21 a 48.3341.22 a 2.4540.02 a 27.0040.01 b 133.9340.02 b
G119 5.5440.08 a 49.92+1.14 a 2.4740.03 a 48.1440.01 a 147.2540.02 a
G209 5.5840.11 a 49.3840.83 a 2.4640.04 a 47.8740.01 a 153.63£0.02 a

2.2.3 WMAEMAMNARLLEHREFRGY R H
X4 THLGL19 A1 G209 kb 3 R G 1% 1 B E S T
XFHRARFR, P4 T 15, 3% ., G115 4bBR4H 5 xf
WA JOR T 1 TC B 22 R, G119 R G209 kb
LY TR Tl O 1 X b 2 e TN BT B R A AR
R TE M . G115 Ab P 4H B2 i B AR X
BUNARE T 7.4% ., G119 F1 G209 kb3 20 43 5
BET 13.1% M 15.6%.
*4 REFENASTEEEEOEMN

BT :mg-kg !
VoSl JIR it T Tl
CK 8.86+0.45 b 49,.85+2.25 b
G115 9.42+0.22 b 53.5641.65 ab
G119 10.22+1.03 a 56.37+4.77 a
G209 10.224+0.85 a 57.62+3.52 a

2.3 REAEMNASREARBEZLEHRFAEAK
R

2.3.1 MFLERAEFIFRE ZWFILRE

1355 8194k MW iy J¥ 4], 28 1 3k y& N3 42, 15 3

921 375 ART Y Horh S HEAR R A 751712

5402 A4, PR KR 416 bp., PHEEFL AL IS Y

90 B BEHLAHE = 55 000 £ T RE4AWER

Ur'm =

0.9 —ﬁ u o

0.8

=

:
|
H N

0.7

0.6 -

FE

0.5
04 -
03
02

0.1

0

R A 2 T A0 2

RN
IS8 FENE

N v Ge} N v % N
5 &r @ 90> 9 o @
N & & &P ¢

SR, AE 9T VOAHRUKT T #E T OTU 2Lk
Ty F ke, 15 A FEdh OTU %5 3 139 ~
3 5994 BT A OTU S 49 210 4>, £ HEA Y
s g 1 oty 2 349 I DU ) ) TR N 3 T T % 9 34 W 5 1
AR BRFAT 5 £ FF i B I P B0 29 55 000 2% B il
J ] TR0 A U B L T B A R 65 A R 45 A
i LSRN Z R PR 38 O A BT AR A o 6 RN EE L B
FEA B & 35 n it 48 T 5 8 A bR P A7, TR
A RS, Iy 45 R AT NG — 20 1 2 REME S AT .
2.3.2 RAmME A SR B B K LR A AR
stFEHYm BIE 2,3 R A RS
TH 7K RE AL BN S AR PR AR 8 AT T AH XS 3 B K
F 1% . A5 5 1] (Proteobacteria) | L 1]
(Actinobacteria) \JRFF & [ ] (Acidobacteria) . JET
B 1] (Verrucomicrobia) , #UFF B | ] (Bacteroidetes) | £
Z5 1 ] (Chloroflexi) \ ZEPA MU B ] (Gemmatimonadetes)
I AL UE 5E B 1] (Nitrospirae) , Z T HH [ & F &
DT 0 LT 7K X R, 3 o 4ie A= T 1 AE Ak 2
R AR TR TR T i S T e A A B TR
P i /b . A AR S P 3R ] S 4 Ak BEAR &
YT 1 AR T2 3 22 S 85O, i W AR A= 40 T ek
AT NSARBR A HE A0 U T B i AR B A R TR
St Z ek,
l l W H Al
|

B Latescibacteria

B Thaumarchaeota

B Nitrospirae

M Chloroflexi
Gemmatimonadetes

¥ Bacteroidetes

B Verrucomicrobia
Acidobacteria

B Actinobacteria

B Proteobacteria

> SN )
Qq ° <O O <O
&

2 ARREHAELETASRERABEITKFENEE

F L3 AT AL, AN () 2 26 40 TR AL 3 N SR BR
P JE K b 2 2] S B iR R R
(Sphingomonas) \ 18 £ #9681 J& (Bradyrhizobium) |
KR TR (Rhizobium) | % 3 ¥ T J& (Pheny-

lobacterium) 5% F [ & (Gaiella) ¥ I8 # &
(Sphingobium) . ¥ IR H W J& (Haliangium) | 53¢
FAF B JB (Mycobacterium) . %5 W W J& (Vario-
vorax ) Ml Rhizomicrobium, 4 43 JE 7K S #H %}
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Z R x R L #

o

S 11 44

FEREEE MR 2. 41% ~ 3. 54%. 2. 06 ~
3.04%.0. 64% ~ 2. 27%.0. 84% ~ 2. 03%.
0.73%~1.58%.0. 55% ~ 1. 55%.,0. 35% ~
1.49% 1 0.28%~1.23%, LA E&5HEH, IME
2 A 40 B AL R T N S MR R 41 B R K S 2 L A

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

FRE

BORFR)  38 2o 1 JR AE A= 2 TR Ad B AT S AR B 2
TR Vi 2 A AT 280 SO AR B A T 19 Ji 7K 2
FEAS) o i T S o8 2 R ) A R AN T P AR P
PRI NS I A R A F B 2% 1

m i

B Rhizomicrobium
M Variovorax

B Mycobacterium
B Haliangium

% Sphingobium

B Gaiella

B Phenylobacterium
= Rhizobium

B Bradyrhizobium
B Sphingomonas

M v % b v % N v o) ) v %)
e R SN & 97 N7 O o7 P > o o>
O I I I T O
AL AT AL 2R

B 3

2.3.3 RAEBANSALRGEABRELYRG E
FRHE XN, B R KO£ AL B B R R

— 3
Novosphingobium 0.7% |

Sphingobium 1% .
Undass“f‘ﬁ!« 2%
\

‘;h?*

s

b~
2
9
o

FRREAFELETASRIFAHBKTHEXNFEE

rHed, HEA BE M2 Biomaker AU 4>
K22 5 W E s T 4~8 9,

7 more

p 4

Tal§ ™ Unassiea
R =y
-

3,7% Candidatus_Solipqger
8% Bryohacter

—lassifie

5, More

B4 RBEMAEGISLETASKREAFTHELSZE
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114 IRFEHF ZARADEATALBRLAARRMAESE N ARG Y A

ERAE -FEL Y

o1 P& 4 AT, G115 i A= 40 1 Ak 28 5 3 oK %t
HEKb AR LG, S 25 15 0 B O 28 AL AR 11K F
I ] (Proteobacteria) s KR o 28 T 7 4N
(Alphaproteobacteria) » H 7K 3F 4 5 I8 24 ii 5 H
(Sphingomonadales) \#J& & H (Rhizobiales) , B
KR HF R (Caulobacteraceae) . 85 g B it 7
#l (Sphingomonadaceae) ; & 2 U8 /0 B B BE AL 55 1]
K R Bl 2k B 1] ( Actinobacteria) « 8 #T B ]
(Acidobacteria) , 2 7K ~F- b oK % % (%) B2 #F 14 4
(Acidobacteria) . /g # i 18 44 ( Thermoleophilia) .

=
N

§
N
_

HEL S AT, G119 i A T AL B 5 3 7K X i
b FRAR HE L 2 B0 A S AR 1K AR TR
W '] (Proteobacteria) , 4 /K ¥ N o7 & B 4N
(Alphaproteobacteria) » H 7Kk 5 i #8 i i H
(Sphingomonadales) . Bk 7K 5F b ¥ g 5. i o F}
(Sphingomonadaceae) ; i 3 9 /0 1) TR #F [ 1K R
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Effects of Three Types of Growth-Promoting Bacteria on Growth

and Rhizosphere Bacterial Population of Ginseng

WANG Qiuyu, WANG Yue, NIU Fuao, HAN Dan, NAN Li
(College of Agriculture, Yanbian University, Yanji 133002, China)

Abstract ; In order to promote soil improvement of ginseng fields and development of functional microbial fertilizer,
three kinds of plant growth-promoting bacteria ( Erwinia G115, Ochrobactrum G119 and Lysinibacillus G209)
were used to treat the soil of ginseng fields. The composition structure of ginseng rhizosphere bacterial
population, soil physical and chemical properties and the growth status of ginseng seedlings were measured to
study the growth-promoting effect of rhizosphere growth-promoting bacteria on ginseng and its effect on
rhizosphere microbial community and function. The results indicated that compared to the control group, the
treatments with growth-promoting bacteria on ginseng seedlings showed insignificant changes in rhizosphere
soil organic matter, total nitrogen, pH, and leaf dry weight, whereas there were significant differences
observed in available phosphorus, available potassium, invertase, rhizosphere soil urease, and root fresh
weight. Compared with the control group, the treatments with the three growth-promoting bacteria revealed
that the relative abundance of eight bacterial phyla in the ginseng rhizosphere, including Proteobacteria and
Actinobacteria, exceeded 1% at the phylum level. Among these, Proteobacteria was the dominant phylum.
The three growth-promoting bacteria treatments had a significant impact on the genus level of bacteria in the
ginseng rhizosphere. Specifically, Rhizobium was a common genus that showed significant differences and an
abundance greater than 1% after treatment with growth-promoting bacteria compared to the control. For all
genera with an abundance greater than 1%, the relative abundance proportion increased by more than 120 %
after treatment with the growth-promoting bacteria. By using PICRUSt software, the functional profiles of
bacterial communities in the ginseng rhizosphere after treatment with the three growth-promoting bacteria were
predicted, yielding six categories of biological metabolic functions at the Level 1 functional layer, 35 predicted
functions at the Level 2 functional layer, and 33 predicted functions at the Level 3 functional layer. Compared
to the control group., exogenous application of growth-promoting bacteria could alter various functions of
bacteria in the ginseng rhizosphere, and the effects of these changes were bidirectional, resulting in both
increases and decreases in functionalities. The treatment of exogenous PGPB changed the genetic diversity of
the bacterial community in ginseng, and significantly increased the functions of root exudates and bacterial
sensing signals.

Keywords : panax ginseng ; growth-promoting bacteria; rhizosphere bacteria; population structure; function prediction
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