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Abstract: [ Objective] Tomato bacterial wilt, caused by Ralstonia solanacearum, is a major disease in tomato
production. The ecological risks of traditional pesticide control have prompted the adoption of biological control,
which has received extensive attention. Research has revealed that the interaction between arbuscular mycorrhizal
(AM) fungi and beneficial microorganisms such as Burkholderia is an important mechanism for biological control
of plant diseases. However, the effect of these interactions on soil microbial structure remains elusive. [ Method]
In this experiment, the interaction of tomato-AM fungi-Birkholderia-Ralstonia solanacearum was established in
the greenhouse to explore the prevention and control effect of AM fungi and Burkholderia alone and in
combination on tomato bacterial wilt and its rhizosphere microbial regulation mechanism. [Result] It was found
that inoculation with AM fungi and Burkholderia could reduce the incidence of tomato by 27.22 % and 22.11 %,
respectively, and the incidence of combined inoculation was 34.78 % lower than that of the control (without
inoculation of beneficial microorganisms). After inoculation with Ralstonia solanacearum, the biomass of tomato
treated with AM fungi and Burkholderia was significantly increased, and the combined treatment was significantly
better than single inoculation in promoting tomato biomass. Combined inoculation can better optimize the
rhizosphere microbial community structure. The relative abundance of Actinobacteriota and Gemmatimonadota in
the rhizosphere soil increased by 22.64 % and 12.09 %, respectively, compared with the control. The abundance of
Gemmatimonadota increased by 34.64 %, and the abundance of Acidobacteriota decreased by 21.17 % on the 7th
day after inoculation. The abundance of Chloroflexi increased by 49.40 % on the 14th day after inoculation. In
addition, the co-inoculation increased the positive correlation connection ratio of the rhizosphere bacterial
co-occurrence network from 51.56 % of the control to 73.76 %, the average connectivity increased from 1.966 to
2.484, and the modularity index decreased from 0.988 to 0.985. The neutral community model showed that the
network complexity of the combined inoculation treatment was 23.2 % lower than that of the control on the 7th
day after inoculation, and returned to the same level as that of the control on the 14th day. [Conclusion] The
results showed that combined inoculation achieved synergistic disease resistance by regulating the abundance of
specific beneficial bacteria, optimizing the microbial interaction network, and dynamically adjusting the
community stability. This demonstrates a new microbial combination strategy for the biological prevention and
control of tomato bacterial wilt, and provides theoretical support for green and efficient production of facility
agriculture.
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T A DR 5 3 () A 0 s 70 RO T 8 R 0 R S SRR AR A rh A T R A IR LT
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1.1 st
111 R EEEETE IS (F mosseae) M4A7V v AM E AR E R, i E R}
20t rE IR T TR A, B KA E R YT A WA R A ) I B S R gk
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Frimtl, BEEREFRRZWAR IR T, 28°C. 170 rmint BEIKEEIE 12 h, 1R NFFI
AT E RN R; 753, 28 °C. 170 r mint PR ES 77 24~36 h, 1535 2.0 (8 000 r min?,
10 min) 3% RiEW, FCH /K E B, I8 R ] o B D 10° CFU mLt,
1.1.2 gty AR ROy iR E A B AR T F JC B /KIZ I 5 min J5
5% RN A E EE 5 min, JEBEKIRYE 5 IR, BHJE MNP PR S 30 CCRF IR T ZF
48 ho B KIIFRAFTFEN 32 FLE T, ML 20 g M EEKEE (121 °C,
103 kPa, 30 min) #HT 3 K KM B WM+ (EERr: Ve bk, 2. JBED .
T BT AR TR, S EE W R R 26°C, 1B 50%, HMER K 12h, &
1 30d.
1.1.3 i 1 55 PR B SR WYL A8 BN T I 22 DX T AR PR K 25 2R W A X AR A [
(30°15°N, 119°43°E, ) , iAiaHh 138, K4 0~20 cm L3, i 6 mm if, &H. ikt
HEIEARFRALPE N pH 7.25. /8 HLT 23.13 g kgL B iR 4 186.67 mg kg™t A 20 11.53 mg kgL.
T 74.67 mg kgl
1.2 R SR TE
1.2.1 WEGh AR T 2024 4F 6 H /W LAMO 220 = M A dE4T, 56 3 E DY A
AEFR: 1) AEEFA RMEM I BIPERTE (CK) ; 2) ##h B. Paludis S3-22L (BP) ; 3) #%
Fh F. mosseae M47V (FM) ; 4) B:&#:F1 F. mosseae M47V Al B. Paludis S3-22L (FM+BP) .
AR E 4 ML EE, FBIREESNS 10 &M, Hit 40 &M, UL 160
AN B T 30 d J5 IR AR R E I A, A 500 g A LI A,
TR L iR, AT T3 E K E 2 HIAIREKE 60% 4. ST FM Kb 3 )3 i i 75 F8 Ak i 43
3TN 50 g 1) F. mosseae Bl X BP Ab3ER A HEARVEAE T A0 AR & A Bl - 355 Rh 5
mL #4547 1 B. Paludis £, A3%Fh B. Paludis fIAFE I 5 mL LHiK. e 20d 5,
K FVEAR V206) DU A Acb R 51 1 AR 22 JE) [l 338425 5 mL 1] £ 47 1 R. solanacearum &=, & 1
GuitF A AEKARDL
1.2.2 FEARE 7E4EM R, solanacearum B (0 d) PAKIZNIGIIEE 2. 7 f1 14 K, fERA
AEPHIR) 4 A EE S FENLE R 1 A, KPR CER Bt i AR Br L3R o R AR
B 3B S BRORAE T80 CRIUKFE T, F T /520 L1 5 DNA SEHBCFITA YR 34 o
I, SRR IR BT 4 CHRIvKEE T, H TR RIZYERIE .
1.3 7k
1.3.1 HHREE  ERMNMPREEM R, solanacearum J&, SHAEAN LI )3 A & IR SR G
TG, O A FEA AT A . i T8 B DL B R bk B s A0 2 o R ) R RE R 4
NAANER, SRIMEWT: 0 g4, Tt ZEE: | 9, 1%~25% MM HILEEISR: 1
i, 26%~50% (M A HIIEED SR, 1 2%, 51%~75% M HIEEM S, 1Ve, 76%
~100% HIM BB IR . AR AR R = GBS / BARED <100% .
1.3.2 AM B R YEME ¥ R. solanacearum 1 (0d) FHEANGH 2 K. H 7K .
5 14 RSCERF AR R IET AM BEEGHENE . AM BEARGLZRPNE: FRI29g
B R, KBRS E BT 1~2 om MIAREL, ONEOE, I 20% KOH ¥l te, 90 ‘C/K
W 40 min, ERRIERMBEA SV EEG R, [FRAEWH. 2 EHEBKMETE, H
IRIAE 5% FERRVE R IRAL T 5 min, 5 fa FZSRK I3 . H 5% HIEEERAE/K, 90 C
K Gt 30 min, SRJE KR BE T BRI, IRt 12 h it )5hE
HLEREL 30 ANMAREEHIF, Aok B A Rl 10 M. 78 200 fis A N R 738 kit Tz 4L
RIE, WEREL. M. RS BHETFERME XS, FMRBE 10 MLEF, it
100 NMHRET . 12 G2 R FHAR B e b 2t A7 v S,
1.3.3 DNA #HUK llumina MiSeq Ml K H PowerSoil™ Total DNA Isolation Kit 77| &
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PEATR AR IR S 1 DNA. AR FE R & 10 B 42 HL DNA, DNA FEAIE T A% G € &=
X NanoDrop &l ok FE K 4l g, 4hfk ) DNA FEAR LR T—40 °CIIVKF A o K2 Eum)
PR 3% DNA FEZAEHUN BN A HAR B A G PR A w7 sl & W . - 514 338F
(5-ACTCCTACGGGAGGCAGCAG- 3') #1806R (5'- GGACTACHVGGGTWTCTAAT-3"
I RAME RS (PCR) #7165 rRNA JHEF A48 V3-V4 [X, T Illumina NovaSeq ¥
G F FEABEAT X000 7, /5 QUIME2 #A4H 1¥) DADA2 $ {45t BT FF i 1) 4% 38 S5 4 7
5] Cinput) #EATFiEAEH] (filtered) , 2ME (denoised) , #f4% (merged) , F HIHAA
(non-chimeric) , JERL ASV, @il Silva %l (16S) HATYIMIRE. WEEBEEZBEA
0.7, 4EEAFESL Alpha ZREMEFRBEEIZE (Rarefaction Curve) #1722, FWNFHIEE
CL R Sl 2 IR i B 5 B 48 KR 0 B U AE ) 2 AR R
14 BIRGIT S5

K H Excel 2010 A0 Bl dAT /b 2L . R SPSS 20.0 # A0 Hl it AT guit 7. K
R ZFE T Z 58 (one-way ANOVA) X R AM BRI, kAR LB 2
FEPESETRARHEAT BB VERS . UM R 4.4.2 A0 AE Pl e Bt 3k 47 0 A . R T4 OTU
7, @i QIME H- alpha_diversity.py AT Alpha Z #EMEHE%G FIH R 185 vegan
BAF QAT AR 2 YE RS T (NMDS 43#) b T4 I 2 57708 CANOSIM ABAAYERS
5 5 KH spearman AHIME S HTIE ST I ARSI, FIH A Gephi (v.0.92) F4 4N
ATRRAG I 28 1] s I SR 2P A T I R Y, JRiE R “Hmise” AR TN 95% B
fEXE.

2 R 50Hr

21AM EEREE,. EMAREEMERE KRS

W5 R. solanacearum AT, FAIMMRRCHYIS AM HEE AR R, il B
gL, WA AM HERIREN 42.6%, KM AM EEAAFR YA 3.5%. 7R
R. solanacearum #& N J&, Rt AM F B AL EE R A E AR IR YR N 35.3%~42.0%, H
FM+BP A #EAR RERZ R BT FM 4B (P<0.05) , T ARFEFN AM JT1H 1) 4 335 A
WERPJLFRARINRFERZ Y. BE%E R. solanacearum 0N ] ZE K, 48R0 AM L i Ab
PE MR GR S BRI TR B, BE—OEARMNURREREREEEZREE (B
la) . 5 CK L, FM 1 BP ALBEZR AT R KW 2 70 0 FEAIK 1 27.22% H122.11%. Bk&
PERIALEE (FM+BP) i i Rl A% R 34.78%, KT CK FISAMaff i 4bse, BoRE
EWEN (E 1)

FM FCEE A1 BP #5505 0 3 AR bR 7= A A RIFE FE IR AR AR o A0 AR ) B AE [R]— SRR
[ 5, FM+BP b3 5 HARANE =4 3% =% (P<0.05) , [fi# R. solanacearum $ZFH i ] fr)
K, Fl—AEIEANFERHE AR T EE K E R B (P<0.05, B 1o) . [F—XFERf
B &L, FEFh FM FI FM+BP AL A AH 22 = T CK AT BP 4b3# (P<0.05, K& 1d) . 5%
FRAHEL, Toib 2 A fl FM. BP IS & I # G HeM, YRR 7 & ApItks, i FM+BP
Ab PR R i L = TR AN b B (B 1e)
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e B RS FRER R ] — AL B[R] ) 5525 57:(P<0.05); /NG - REFR IR [F] — I i) s AN [ AL L2 57 (P<0.05) . CK, REEFIH
AR AL BP, Hebhii & i e B R AN, FM, BERh AM LB ETEE I TE AL FM+BP, AR
Al 4 v0 B R TR T AT AM ECEH BEPE & N FE R . IR, Note: The uppercase letters in the figure indicated the difference at different
time points of the same treatment (P < 0.05 ). Lowercase letters indicated differences in different treatments at the same time point (P <
0.05 ). CK, negative control treatment without inoculation of beneficial microorganisms; BP, inoculated with Burkholderia paludis; FM,
inoculated with AM fungi mossey handle bag mold treatment; FM+BP, co-inoculated with B.paludis and AM F.mosseae. The same below.
B 1R A R IR R AM JERER (a)  FAAHE (b) « FAEYE (o « FiiZEM (D .

T bR (e)
Fig. 1 The infection rate of AM fungi ( a ), the incidence of tomato ( b ), the biomass of tomato ( c ), the stem diameter of tomato
(d) and the plant height of tomato ( e ) after Ralstonia solanacearum inoculation

2.2 BAMRPRLIBME R R
2.2.1 BB L BANERRAN XS PH R AEREE SR EATIRA T, 1B
eI G ANOVA K86 ) i1 A8 A [F) AR B A 3 B 22 2 A AT I R, e
RERPE R BN R I ZEE ] (Actinobacteriota) « ZFHLfIE ] (Gemmatimonadota)
MR ] (Chloroflexi) SF7EALFEH A AN F B2 B35 m T R4l (18 2) , "Ry
KU S E B R AR AT R 7 A

1EARAEFN R, solanacearum i (0d) , 5 CKAHEL, BP ACFEIFEFH ] (+39.36%)F1 % L
MO TR 7](+10.62%) £ B B E 5T, MARTEET (—22.98%)FPEMEE 1 (—37.03%)FEFEHE T
B FM ACERUBEANZR S 1R 1] (+101.91%) R 2F HUI 1 [ (+52.50%) F %, AR LRI
(—19.06%) FELEER ] (-42.78%)F-1%; BLAHEEFNH) FM+BP LB E S ] (+22.64%) A1
FHME] (+12.09%) (K 2a) . A R. solanacearum J5 5 2 K, BP AHR{EAZH ]
(+24.78%) F FE 2T H IRKIF B R ] (-36.07%)FE, FM AHE IR AL E ] (+15.70%) A
LB (+23.429%)F L, H0EEAMF B R [ 1(—29.78%)  FRAT I ] (—17.16%) 55 S BE 14 7
FM+BP AbB AR TE R ] (+29.28%)AHX) 3 B2 R & BRI ERAT 1] (—21.57%) 2 # F&% (&
2b) . # A\ R. solanacearum J55% 7 K, BP 5 FM ALBE A ERFF B ] B2 BB FRAIK, BP &b
PR (+50.15%) 12 U 1](+19.43%), FM AP EEIFERE] (+11.72%), 1M
FM+BP AbFE N3k — B ag b 2F BB 1 (+34.64%) 0% (& 2¢) . # A\ R. solanacearum Ji5 5
14d, BP AbEEHERTFF [ IME B ](+6.24%) A FHIETUEE [] (+28.44%)F 2, FM Qb3 & S H
[l (+11.11%). X2 E ] (+32.50%)MERER ] (+25.10%), 1 FM+BP AbHEI R 25w 1
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differences at 0.05,0.01 and 0.001 levels, respectively.

2 AN[F) AL B AR PR Al 1R 7K v 2 AR

Fig. 2 Bacterial community composition at the phylum level in the tomato rhizosphere under different treatments

2.2.2 WA IBANE ZAEE AP TIRATEREE Chaol $REUMTEN], FM+BP Ab3
FEFRNE ARG 2 14 RIS 555 0 Ry 5 7 RRFEN A G274 B3, MAER—mE &, B
Wb 2 [ECH 2% 2 7 (& 3a) o Shannon FREHTR M, FEFEAE G2 7 R, BREHE
F FM+BP b3 Shannon #5452 3K T BP Al FM 5 1 Ab . FM+BP A3 7E 467 75 Al 14
J& 55 14 RN Shannon 488052 & 155 0 RAIZE 7 K (K 3b)
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Fig. 3 Effects of Ralstonia solanacearum inoculation on bacterial diversity in tomato rhizosphere soil
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AEE (FM. FM+BP) HI3RIAMIHE T 5 R HRAEE (CK. BP) A R#% %% (R=0.164,
P<0.05, K& 4a) . BHHEEME, A AM SRR AM AEHR) 2257 080T R, $RRER 2
RIEVESY A2 R E TS (R=0.27, P<0.01, ¥ 4b) , % 7 RZER#—SME (R=0.15,
P<0.05, K 4c) , 5 14 KiAFIRAZER/KT (R=043, P<0.001, Kl 4d) .
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Fig. 4 NMDS analysis of tomato rhizosphere bacterial communities across treatments before and after Ralstonia solanacearum

inoculation, based on OTU level
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HHFAUETEE (R S EARE (Nm) ZR15% . fERE5 R. solanacearum i} (0 d) ,
BP ACEERILHE i IRE 4 (R?=0.412) , T1fi FM+BP MIZ &% % (Nm=2039) &{K T
2 . R. solanacearum #5815, #-Ab3EZH R? {ETE 2 d B3 5 (4 CK ) R?=0.455) ,
Forb BP P45 S 20 FEW 3G IN (Nm=2512) , Bl ml RE3a ik 08 5[] EL AR g SN2 Ji T
. £ 7dE, FM+BP A3 RFH ZEFFIEE 0.276, H Nm{H (1717) SRR, RABE
AR REE L AL A 25 S5 M SEBLThRE LA . 8 14 d, FM+BP AL 2 R2 K[ 71 % 0.432,
A Nm {5 (2328) kR ZE 5 CK AAMILKF, ﬁﬁ?ﬁﬁﬁ'%TEE—IH&LLBJJiSéM’JiH?%ﬁuE
. Zi Lk, B.Paludis 5 F mosseae FI¥HF1E AU IEEE - ALREEE, I8 E I 4% M 4%
SO R SRV RS E I
R1IAENEEH TRRERMN R (BAEME) 1 Nm GERTHE) ahS5TL

Table 1 Dynamic changes of R* (goodness of fit) and Nm (migratory diffusion) of community assembly under different

treatment conditions

X WEIE R IERYECE Nm
I 16 5
) . Goodness of fit Migratory diffusion
Time points
BP FM  FM+BP CK BP FM  FM+BP
0d 0.322 0412 0.279 0.401 2132 2064 2051 2039
2d 0.455 0.442 0.372 0.350 2307 2512 2268 2138
7d 0.458 0.429 0452 0.276 2237 2155 2514 1717
144d 0.429 0.472 0.420 0.432 2282 2290 2336 2328

e ReRATE RIS SR B R VL RCRERE, O R R ) T 22 LU Nm T i B R A P B AL RO A v 45
M TTERFERE . Note: R*is a measure of the degree of matching between the neutral model and the actual data, and represents the
proportion of variance explained by the model. Nm is used to measure the contribution of random diffusion to community
structure during community assembly.

2.2.4 FEHARPPAEILIMNG T EDEENFIRIGH 16S rRNA R HE, @it HA
[l OTU (#AE7r2B5I0) ZIAIRAHSME, MR 1 T A T e S & AL FR2H A0 EL AR I 2% 4 41
TN 5 Frm . kR, S b3 1 3L 28 RO A R SR FMRFAE . 3E—2D B ok
PP OBCTET] PR T TSRS BT D RSEIEE, RIEAERR S B4 (FM+BP)
Hh 5 F A A VDR 2 TR AE IEAH R 5% 2R o TR AT 1145 2 B TR 1) - 1] SR E i 9 TE A R
B, RWNX PR AT REAE RS B A B B RIVE A, 3L [F) AR A A AR s R T
RN BT S A 45 BRI T S M RAAE , 45 SRR B I AR b ZH IR S BI04 B AT 58 vy )1 2 e e B2

(2.484) FIEURMBIHULIEEL (0.985) , TixI LM P HE@EE R 1.966, BRILIEECH
0.988 (3£ 2) . XKWL G HEM AL BLAE TV RER IO G BE N S B AR g, 10 1 REvE XAk
S G R NARD) IR o IR IR 2% o ) G BE F 5%%5-25’& RI TR AR [ TR
FTET 1R ML SR i, BRA BRI IER . XSS A BRI I P AE BT
Z 5 E RIS S AR A S N 5 ﬁ«éxﬁﬁ%ﬁ)ﬁﬁii%‘&%ﬂﬁo FERNR IR e, BEA
FPh A FL I 4 TEAH DGR LU A 51.56% (KHIRZED) $27H % 73.76%, X R CH R L
()R W R A P S5, TR T 5 R AR AR A i %, ﬁ?ﬂl%%ﬂ?ﬂ?iﬁ%ﬁ%o TR 28 S5 46
A By T 14 s E RS A E E M D BETUR T, R IR AE S RGP,
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CK BP M FM+BP

B Planctomyeetota FF & 411 B Acidobacteriota FiEFF i1 Actinobacteriota (4411 others Jifli  me— positive links A

Negative links X% %

I Methylomirabilota FA£ 0411 I Gemmatimonadota 3 a1 M Firmicutes 1825 ]
e W RURIE A T KPR RO SR RE L JEER RN Fh 2 [ A HAE R, A (EERoR
IEMIRRIAREAE R, st iR oR SO SS AR HAEH . Note: Nodes are colored according to their bacterial phylum level, with
node sizes proportional to their connectivity degree; Edges represent interactions between bacterial species, where red edges
indicate positive correlations and green edges indicate negative correlations.
Pl 5 FEFH AR T AR DG bR S5 5% Ak B D 25 90 A o 4 1) R P 4% &
Fig. 5 Co-occurrence network analysis of tomato rhizosphere bacteria under different treatments after Ralstonia solanacearum
inoculation
R 2 EMHMRERRE G &I A E AR PR s 2L I 0 4% E R M
Table 2 Topological properties of co-occurrence networks of tomato rhizosphere bacterial communities across treatments after

Ralstonia solanacearum inoculation

JEHEE Number of links

R e RIJEE \ — \ FHEEE M
ISR IEAHIRERE B IR .
Treatment  No. of nodes ] o o Average degree  Modularity
Total links  Positive links/%  Negative links/%

CK 588 578 51.56 48.44 1.966 0.988
BP 608 570 56.32 43.68 1.875 0.991
FM 609 615 57.24 42.76 2.020 0.988
FM+BP 537 667 73.76 26.24 2.484 0.985

2.3 BEMRFFHEYSHEHIZYRBE LM

T HARBR AL ) 590 35 B 3 RCR PR AR AT A O i (R 6) o S5, ZFE ]
( Gemmatimonadota ) ¥ AH X 3= B 5 bk & A1 250 2 B35 IEAH ¢ (P<0.05) o ZRE ]
(Chloroflexi) X =F & 5&FAtErk AV E. 220 PR i il R R 1 2 53 IE A
K (P<0.05) o Hrf, FaidE i RFRSED R, 2. . FIRRILREY 2P0 5
POEIVER ;s T ARAR Yokt B A AE B . 2RI v 38 0 0 A5 RH A 3R VE o
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ZR AL, Note: The color depth in the figure represents the correlation between the indicators of disease prevention and
control effect. The thickness of different curves represents the correlation intensity. The solid line represents the significant
difference, and the dotted line represents the insignificant difference.

Kl 6 Fh it e R R 5 2 A AR B g T 1D 7K ST AR = B2 5590 5 Bl 42 S8R AR Ak
Fig. 6 Correlation between the relative abundance of rhizobacterial phylum in tomato and disease control effect after Ralstonia

solanacearum inoculation
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3.1 AM ER SRR EREREX EAMRFRLE MESE SR EHBIENSI

CABFFRI, AM BB A 50 2 /R B8 B8 7R 5 A0 1 RO 3k A g T LA o A
F BAE 7 e AR A P R T2 N T . Z BTEIE TR R A, R AM B (W1 M4ATV)
RE I SRR R RILE R R, R EF M T MR PUE, B ERER, [N
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Vi R R AT FEBUAE R, L 5 RT3 00 T R0 PR S T FLRE R AN R AT R B M 5 A
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AT, KB 1 BES R F mosseae 5 B. paludis FAG 7 A 5 ki & i 22 34.78%, .35
T R—F7 (FM: 27.22%; BP: 22.11%) , X553 RAE SR AM HFH 5B R AR EB S
PR AR T 25% RO &h B — 5 15181 51140, Mart mez-Medina Z£BIZE Bt IS 2500 78 b R B0,
AM E B R A B AR R 25%~50%, SAHFFL AM H B SR AR AT A 78 R
7 B 7 3T 9 P ) B 3R] 65900191, 1y F- L AE A 72 rf 3R BL(22.11%), 1T RE 5 75 A B
YR RGN AR Y e R 3B AE S 22 R 5. BhAh, A TT A e & Pt 2 it A= M s 41
AR EERT AM B RER, 57 R 4528 DU b AR B S AR AR 1 i R AR K
oL —FRO), SRR VT g AN G RO

e Tt T A () R AR R R QT S5 T AR R 2 (8152 2 AR 145 IR . B R IR N 4
FAZ MR, R ENE R RE, MR R E AL O s RN, B TE4EE R R
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G0 N PO R . HAR G AR RSO 4 Rl L RN AR A . TEREAIN
95 S5 R A B LB K AL 2215 5, W R W A PR . S IEIRSE, MR
RiEiza. AW, % E wE I RS MRS AR O, B2k i 5 1 1%
AW B D E AR e IR, 0 SR B AE AR AR B R N R, s ) b
HAM4EE R RGEY R, WIAK R i, SUTEY IR H RER, Bt
Fkgk, FE, HAERRIERY, AT, BEHME U B AL BE B 5 AR G
AM  FL BRI I TR 22 I 285 ORAR RIS T AR (1R el 42.0%)s {1 b B2 R 1 B o WAk 8l Ak 4 3
PotR UREELFTET , R AR R BRI EARE AR B H R
PEHTE SRR T [ VA R ER ], PSSR iR AR 36 i (s 2 30D Al 3 4 (5
AR R IR HIRESS) E4e R B AR S AL, B R T R AR bR IR B RER I 4 i, 3
SRR R B AR 22 ] 2 BE LA R AR, fEHE R. solanacearum fif, #F B. paludis
FoabFRc, AR IR T (Actinobacteria) AIVFEEEH ] (Planctomycetota) AHX =&
SEETXIRA, MAKE] (Proteobacteria) FIFEHE 1 (Verrucomicrobiota) /5 A4,
M F mosseae (IACEEIN . 42 m T 4SBT (Chloroflexid HIFFE (K 2a) o XL
AV D)2 VA OC, SRS 1] 1) & 48 1T Redi I 3 5 A WL PR AR AN 5% 0 i A S FH R B
P, A O R gl I AR B T AR R R S PR AR E W] (S 52
FOXGEE, R R B e A, A, FM A BP ACERISET T AR BT TR, %]
05 22 PR A AR AR 0 S A A DGR, AN BT 55 T A AV TP Tl e P AH O
4, B NRE R 2d J5, FTA BRI R R S5 R A B AR, B T 1 s Lt
MERFFEE ] (Acidobacteriota) FIVFE R | 11E AM E 1 0 LB G abHE R B2 N (F
2b) . # N\ R. solanacearuml14 d J&, #-AbEEIYH E R 45 MR TR0, BT 1 IAIVF 5
B[ 1/E F. mosseae ¥ B HUMM K RGP AL BE R 8 CK AR (] 2d) - X—Hlg 5 A0
F—3, KW R. solanacearum A12 4> 51 KBRS, 10 AM H B AU 8 /R R 1H
I AR R SR b T X RSN, i, AM B A] BEE R o B RS P 0 R AT
W GEESE R WD, Mm4ERFR PR 25 P20 B GHEFh dE— 20
PRI T A B T TS OB T A, PR I R S 4 TR IR RE 70 o IX LR L R4 & T ek
VIREIE (0 Z FEEFI T RETUAR BE, G5 HONH0 I B AR R I AR T o BRI, FRATTA AR 5T
SEOUIESE, AM FLIR 510 508 RS B 6 B A n] a0 PR AR AR b - B A B R R, SR OCE B
BEERE, AP S LR b

3.2 AM EE A & RIEEX EMRIR IR AR SR E HAIEZ T

TEARTE T, BEAHEM AT B e m T ARBR L3R 1] 2R IS S B T 1=
B, RIRES E AT AR BR PRI T vz 38 I 1 A i RS R R e 0 o8l A et A b it Rk
B, RGBT ZF B T RG2S B AR = B AR S 03 B Fabs B W35 A e (B
6) o MR IR/ AE S AR T T B AR, XA 7 s A, B nTRe
U T BRI A 2 T, A AR SR TS 5 e A AR K o 2 LR ] A 4y
i 53 2= (A LA O R[] 5 577 43 5 THI 22 0t B, DR RO V& b ) AR A At T =5 S
FRRT, X PP I Ee MG 5E T REANE R AR e AN T Re X PTRE R PR AN T
R R 2 ) R B 2 —

AW FEE T ANHE LB S R AR (NCMD RIS 0T, #5787 AM EH il 511
TR IR BN B AR B A B VA AR e MER S I AL . 3R 2 p TS R, X IRALARE,
MFERh F. mosseae H 1 DL BE AR A AL T 25 B0 AR T AN SR B 2R, AR B - ST B I
PN 2877 m BORE B RGN, PR A 1.966 1S3 2.484, KX LLAbHIEGE T 1
BANEYIF PR, 8T T RRR SRR E . R 1 P EERER R T RN, 1R R.
solanacearum #:AJ5, HMEF B. paludis FIACFEAR bR 3R AN B REVE K O EE TR, TRE R
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