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(LSRN B EA TR 2T, B 2N 5610005 2. AR K, =R BB 650201; 3. 50 M A TAlk A RFAEA A, 5=
M FEFH 550009)

WE. NHRFMEREER LSS LA ST R TR OCR , WIHH5 B A A 8 BEAE DG iy PRI 2 3l i F )
PE AT IWCHETE Rl A ) e R B AR B 338 0 5 - 8 3 AL 48 bR AN P4 9 ] 16S DNA | Y % 5% [H] ) IX. ( Internally
transcribed spacer,ITS) FE DRI PP B AR A M MR AR 9 5 R R RRAR PR 3 AN B LR REIR 5 M ) 25 57, S5 IR L,
FESRR R AE BRI AR PR 3 b B AR R R 0N &, H 3 pH H AL & i B A AR, A A
(NO;-N) & b ;s R MR AR B S8 B s V% Th 8k ) B8 ( Fusarium) \ B8 I8 ( Mucor) | Pseudaleuria 5 40 T %
T IAFT B & ( Enterobacter) ¥ BB B & ( Sphingomonas ) BYAHRT 32 B 55 F 1E # NAARAR PR £ 3% ; i i LEFse M AHE
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Abstract: In order to explore the relationship between the occurrence of tobacco wilt and soil ecological and environmental
factors, and to clarify the factors related to the incidence of wilt, rhizosphere soil with different degrees of wilt was collected through
field investigation, soil physicochemical indices and enzyme activities were measured, and the differences of bacterial and fungal

community structure in rhizosphere soil of pathogenic and non-diseased tobacco plants were analyzed by 16S DNA and internally tran-

scribed spacer (ITS) gene sequencing technology. The results
Y57 B #A: 2022-08-23

showed that in the rhizosphere soil of tobacco plants with

e AT I= PN E=p A ey 1) o2} AT o _ _ .
F&WA FMNAMTATEB LI HE (2021XM15) ; ZHEHT bacterial wilt, with the aggravation of the degree of disease, the
JTRI2AIEFE S 40 H (2022Y250)
VEE R T (1983—) B T I BB 20T Al Jfe ) i soil pH value, organic matter content and total nitrogen content
I MR S0 TAE . (E-mail) 772390297@ qq.com decreased, and the content of nitrate nitrogen (NO;-N) in-

BIRAEE 5K 17T, (E-mail) 760061799@ qq.com creased. The relative abundance of Fusarium, Mucor and Pseu-
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daleuria in the fungal community and Enterobacter and Sphingomonas in the bacterial community in the rhizosphere soil of diseased

tobacco plants was higher than that in the rhizosphere soil of normal tobacco plants. Through LEFse and correlation analysis, it was

found that Cylindrocarpon, Mucor, and Sphingomonas may be the main different species of microorganisms in the rhizosphere soil of

tobacco plants with different degrees of wilt at the genus level. The results of redundancy analysis (RDA) showed that total nitrogen

content and organic matter content may be the key soil factors affecting the occurrence of wilt. In summary, the decrease of soil total

nitrogen content, organic matter content and relative abundance of Sphingomonas and Mucor, and the increase of relative abundance

of Cylindrocarpon were the key factors causing the serious occurrence of wilt.
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MG [ E AT, th TRk 13 574y
A 0 e O R DL SE B AR S RHE, S B A
TR o R R A A A0 M
1L Z— R ARG, SR TR
T3 PSR A 22 PR LG 3 At o A 7 b — R
SRR M B R AR E, A
F BRSBTS EARE SR
TENRET A Y 32207 20 B AR R AR, A2 By
eI o 2 SNk KT e 2 LD G S ) 2 SRR 1]
HEYIIRRRCRATE  TEE MR B M RS
L FHATETABCR AT R, I, T8 S RS R
PR EE 5 T TR [R] Fr) G 3% oK i 34 T3 7 5 A 7Y
S AR T B AR S AN DY A BESE
SR, A S TR JoT S5 X M R i i A R M A
KR AR PR, $ i 1 pH A B i+ 2
AR B i S8 T g A R X A B
WA AFARAR B H - SR e SR T 45 R 1 22 1k
WAFEMNG E M LA, ISR S A9 & BX, AR
RS | 2 N R R A T Y R 0 2 AT ( Opera-
tional taxonomic unit, OTU ) £ & S BN A H AR &
AR R, RN, 7R A A AR AR f A
PRARBR e L 40 B U127 1] ( Bacteroidetes ) | JUZK TR
I"1( Actinobacteria ) 2l F&] A% FH X = B 32 K T & 0 AR AR
R - SEEAE AR P R ARG B TR AR B+ 8 5
T P R R R R R AR PR LIRS o 2
FEMESE Y FEFRR A R T BRI E I [ R
IRICHE (Ralstonia ) NP 55 ] FIA 25 AL [ 28 S
W J& ( Gemmatimonas ) | ¥ 2 B A j 8 J& ( Sphin-
gomonas) BT JE ( Pseudomonas ) 4T 55 | AR XS
R TR BRI, AR PR A AR 97 S B R e 1
Yyt AL 25 e R S B A LV R
B2, F e A A SR 855 ) ) O 2R R
WERAE R EAE UM B a3 PRI A 54D
A FH ] R, WSO A T At A ] A o A AR B

tobacco bacterial wilt; soil physical and chemical properties; enzyme activity; bacteria; fungi

LS I AR R ST T e FRACPE L, A R L
TR ATRETS 25 IR ZEAR PR SR E N 115 Ao i
JER] AR 2, I 2 Hh B0 il R S S LS 1

1 ARSIk

1.1 iRIE R

- S IORE b 57 T 5t A 22T 5 s B K 30
K, i BE AR AR 106° 187 19" E, 25° 34" 40" N, i ik
1 044 m, HUREDXHCOR [R]— M HIE S35 5] e
# IR VBT A R B AR R A A 87

T P A PR AL BT pH(E 5. 21, A HL
H24.28 o/kg, BEREGE 1.42 o/ke, WA AT &
162. 74 mg/kg, AR A & 2 19. 18 mg/kg, SR Z
9. 74 mg/ke, BB 0.03% , M AHE F & 3. 33
mg/ kg, IR 0. 15% , HALH & 54. 08 mg/kg,
1.2 BRFEHNDRLE

Z 8 GB/T 23222-2008 ¢ X H03 HL 3 732 e 4
7R T HUE I A R ARk R
PR A 25 R T W 1 A 25 9, 0 9. R TCH
JHBRIEH A K 100 051 9. 253 A MR B, sl 77
A SRBE—AE DB 7 2R 0 155 9. 25 R
SBERN RTINS , Bt 2/3 UL Bk 828 ik 557
G RIS IE 10 R 7,
1.3 HmPIRESHE

i 2R Ge A T E AR A L TR
PRI 7 FH TR] 0 AN ] 75 At i o S5 4R 0 JR AR AR B
ST IR | e B AN e S 2, A R S 3
PREL BB SR PR IR AR R R0~ 2 mm AR
PR35 Fe 0 IR A e 3648, — 41 T--80 “C K4 h
PRAE, TR 3 DNA 55— 3B 6677 7E 4 °C UK
FErh H T E - SRS P | RIS
1.4 TEBEAMER EEEERNE

SR E pH E ; AR A AN) FHESA



1296 H K&k 2% W]

2023 4 55 39 % o M
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Table 1 Physical and chemical properties of rhizosphere soil of tobacco plants with different disease degrees

il H i AP SR MASE BMASE MAASE BSASE iR BEAEtE 2SR EsaE
P (g/kg) (g/kg) (mg/kg)  (mg/kg)  (mgkg) (%) (mg/kg) (%) (mg/kg)
596:0.08a 26.14:124d 157:0.03c 181.30+2044h 15.12+0.64d 39.48+26la 0.05:0.0la 15473£38.16c 0.30£0.05a  127.49+27.47h
597+0.16a 3895:1.14a 232:0.12a 325.97+419a 36.13:0.00c 37.59+6.0% 0.07+0.02a 237.33+24.76b 040:0.02a  392.02+64.26a

0

1

5 5.76:0.04a 33.43+1.65b  1.88+0.05b 349.30+58.07a 38.75+0b
7

5.46+0.22b  28.82+0.07c

1.64+0.06c 336.70+4.59a 54.06+0.09a 28.84+3.00a 0.05+0.0la

37.59+12.80a 0.07+0.05a 399.44+67.57a 0.30+0.13a  434.95+71.60a

165.93+8.53bc  0.32+0.06a  219.70+93.09b

[FIFVEEE AR A ARG FRMUERTE 0.05 /KF25 235,
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(Principal co-ordinates analysis, PCoA) K45 ) T 3
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PCoA WY IRIIA .3 25 57 (P<0.05) , 7 PCol %
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E1 AEHERERIRER L EREEEE

Fig.1 Enzyme activities in the rhizosphere soil of tobacco plants with different disease grades
x2 BHREABRFEETRMIEER HAHEE o« SHEENTR

Table 2 Changes of « diversity of soil fungal and bacterial communities under different incidence of bacterial wilt

WY e (%) Shannon F8%% Simpson FEEL Chaol 5%k Ace F8EL
ENT] 0 99 4.44a 0.87a 641.04b 641.23b
1 99 4.56a 0.88a 798.71a 795.97a
5 99 4.26a 0.88a 582.64b 591.62b
7 99 4.26a 0.86a 664.97b 655.80b
Yl 0 99 8.05a 0.97a 3 208.20a 3 419.59a
1 98 8.26a 0.98a 3 208.35a 3 445.81a
5 99 6.93a 0.93a 2 883.31a 3 086.05a
7 99 7.27a 0.96a 2 897.16a 3 087.01a
2B N IE X F RIS RUE T, RIS S A ARG EhER R 22 5 B3 (P<0.05) ,
031, 03rg
0.2F 0,679 0.2f Ii%%sosl
~ P=0.003 o :
X 01t S olr
3 3
= 0t = 0 r
3
Y -01f g -01r
-0.2} 021
| I I 1 | -03 L L L L
~0.4 -0.2 0 0.2 0.4 204 -03 -02 -0.1 0 0.1
PCol (25.67%) PCol (18.38%)
eDO; »DI1; D5; eD7

A TR SRR BE X R T B 2 R SEIR s B AN [R) A e BE X A AR R VR B 2 REE RS2 IR . DO & RIGHT s D1 ARG 1| 44 D5 Al 5

;DT T 7 95 PCol - Hi— I s PCo2: 55 — T,
B2 ARERFEEENRETIEMEY B SEFEERZ N

Fig.2 Effects of different disease degrees on soil microbial 8 diversity
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PTETE A 5 9.7 PAHBRAR PR 1 38 v 1) A % = 32
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HEX A AT | AR AR B 4 P e

FFEJE (Acinetobacter ) T8 H i BUTE & 9 MR RAR B £
gerp | 7= WAT I ® ( Rhodanobacter ) TR AHXT = FE Fifi 75
A
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90+ B Other;
ol W Gibellulopsis;
Umbelopsis;
§ 70 W Coelastrella;
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i 50 Pseudaleuria;
i"i B Mucor;
E’;} 40 B Fusarium;
= 3 B Gongronella;
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B Nicotiana
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0

e

A JRACT I E BRI EE B BT IR RS AR B, DO 20 ;D1 :
WAREZIR ; Coelastrella - 75 3@ ; Cylindrocarpon A HEE
144 ) sMucor : BEEIE ; Fusarium . T & ; Gongronella : BRICEEE ; Mortierella A5 HFEIE ; Nicotiana : /HEJR . B B HF, Unclassified : £Z2253J5H9 ; Other ;

fied ; RZ532I1) ; Other  HoAlh ; Gibellulopsis (R SCARA ) ; Umbelopsis : 4

HXFEEE (%)

AR 252 s 2 JE o0 ek T 8 4 o
X AR S BEHEAA T 7 DA L R AT 2 5
PES3HT (Duncan’ s FrEM27L) , FEILER 3, HRE#E
Y& PR T ( Mortierella) BRFLEE & ( Gongronella)
B @ (Mucor ) T8I , 2 TR v HH 8 22 I 2P 1 s
( Sphingomonas ) T& AHXT 4= BE (1 28 4k 1K ] 1 2 K F-
SR TR R YIR T BT DN H 5 A e e AR DG Y 22
S AR LR 4,

B
1001 Unclassified;
90+ B Other;
S0k B Clostridium_sensu_stricto_10;
Sphingobacterium;
70 B Bdellovibrio;
60 B Mucilaginibacter;
50 Massilia;
B Rhodanobacter,
40 B Acinetobacter;
30 W Sphingomonas;
20 Enterobacter;
B Bacillus
10
0

Fﬁ&

TR 1 90;DS: M9 5 94D T4 7 9. B A H, Unclassi-
& ; Pseudaleuria (A 3C
H

S

il ; Clostridium_sensu_ stricto _10( FH LA 44) s Sphingobacterium ; SRR 8 ; Bdellovibrio : W& 5K )& s Mucilaginibacter FhRAT RS  Massilia : D38
J& ; Rhodanobacter ;7= ¥EFT & & ; Acinetobacter . NSHFT B E ; Sphingomonas : BB A MUBE & ; Enterobacter : JFTH)& ; Bacillus . 20T &

B3 HESE

R AR ERFEE TIRE T EMEY R EER K FRAR

Fig.3 Composition of rhizosphere soil microbial communities at the genus level under different incidence of bacterial wilt

£33 FREIBEER R E B R R L ERE A FENE

Table 3 Effects of different incidence degrees on the relative abundance of microorganisms in rhizosphere soil of tobacco plants

LiRIESES
%5 hT4
DO D1 D5 D7

FU Nicotiana ( #H%5J& ) 19.03+8.82a 17.61+7.73a 18.75+1.72a 19.92+13.70a
Mortierella ( # fi1%5 R ) 7.71%5.25ab 16.08+10.63a 3.76+4.26ab 1.50+1.02b
Gongronella ( BRYLE )& ) 10.68+7.90ab 0.49+0.28b 7.16+2.94ab 16.97+13.45a
Fusarium (4t 1 H &) 1.35+0.29a 4.54+3.16a 2.43+1.45a 5.55+4.94a
Mucor( BEJE) 4.30+3.13a 0.48+0.34b 1.99+0.72ab 0.93+0.79b
Pseudaleuria 1.95+2.51a 3.11+£2.86a 0.34+0.27a 0.58+0.60a
Cylindrocarpon ( FEFLFE B )& ) 0.44+0.23a 0.72+0.22a 0.32+0.13a 3.82+4.62a

4 Bacillus ( ZF 0T 15 )& ) 6.00+8.62a 6.34£6.69a 15.33+11.77a 4.00+5.41a
Enterobacter (ST &) 8.05+6.89a 1.36+1.90a 11.37+9.57a 12.00+10.29a
Sphingomonas ( 5 BE AN )E ) 2.00+0.27h 6.11+2.23a 1.18+0.31b 1.64+0.80b
Acinetobacter (ANSFT & ) 1.30+0.86a 0.72+0.58a 0.71+0.95a 2.93+2.78a
Rhodanobacter (F=#F 1 % ) 0.02+0.01a 0.701.19a 1.37+1.26a 1.23+2.09a
Massilia ( Th3EH &) 1.81+1.52a 0.15£0.02a 0.23+0.30a 0.95+0.86a
Mucilaginibacter ( FiIRFF & ) 0.80+0.77a 0.10£0.09a 0.1320.13a 1.48+1.29a

DO AFRTCHG ; D1 A 1 9 D2 TN 5 ;DT T4t 7 P, AFTER IS A ARG PR R 22 57 35 (P<0. 05) .
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AJLH
c
m DO;
mDIl;
m D5,
m D7

ma.Chaetothyriales; mb.Plectosphaerellaceae; mc.Glomerellales;
md.Cylindrocarpon; me.Microascaceae; Bf.Microascales;
mg.Staphylotrichum; ®h.Sordariales fam_Incertae sedis;

Wi Mucor; ®jMucoraceae; Bk.Umbelopsis; ®].Umbelopsidaceae;
Em.Umbelopsidales; Bn.Umbelopsidomycetes

( Staphylotrichum) 9 7= PR, TR 5 BAEBRAR PR
I B R E (Mucor) ARFHAFIRE, FH A 7 )
JHARAR Fr + 3 P A M ( Cylindrocarpon ) N
PEAFIRE, & 3A G5 R R B, & MR AR AR P 1= 3 o
ETGJE (Mucor ) TH I ARXT 32 B2 & T 1E %+, 30
BB (Mucor) AT RE 2 AN [R5 Ak 4 s T B8 A0 PR AR
B S LT R P AE R K7 A 22 S i) R R,

B.4iTH

ma Blastocatellaceae; mb.Blastocatellales; mc.RB41;
®d.Pyrinomonadaceae; me.Pyrinomonadales; Bf.Blastocatellia_Subgroup_4;
mg Subgroup 6; mh.Intrasporangiaceae; ®i.Streptomycetaceac;

m j.Streptomycetales; mk.Flavisolibacter;®1.Lactococcus;
mm.Streptococcaceae; ®n.Lactobacillales; ®o.Parcubacteria;

®p.Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium; ®q.Sphingomonas;
mr.Sphingomonadaceae; Bs.Sphingomonadales; ®t.Alphaproteobacteria;
mu.Bordetella; mv.Burkholderia_Caballeronia_Paraburkholderia;
mw.Nitrosomonadaceae; Bx.SC_I_84; my.Lysobacter; mz.Rokubacteriales;
ma(0.NC10; mal.Candidatus Udaeobacter; ma2.Chthoniobacteraceae;
ma3.Chthoniobacterales

DO &R TCH ; D1 FHHHR 1 94 D5 HHW 5 94 D7 F 4K 7 9., B A 1, Chaetothyriales : $i| J& 52 H ; Plectosphaerellaceae ; /NS 8 Bk 72 Bl
Glomerellales . /NAFE B ; Cylindrocarpon : T EE 7 & ; Microascaceae ; /N3E B Bt ; Microascales : /NT- 22 5 H ; Staphylotrichum ; |7 78 5 J& ; Sordaria-
les_fam_Incertae _sedis : A& H1 Ay 44 ;s Mucor; & IR ; Mucoraceae ; & A ;s Umbelopsis ; KNSy N9 ; Umbelopsidaceae ; By SR S ; Umbelop-
sidales : P TEE H ; Umbelopsidomycetes : PTE T4, K] B 7, Blastocatellaceae : FRFT 18 %} ; Blastocatellales ; FRFT- 7 H ; RB41 ; A& H LAy 44 ; Pyrino-
monadaceae ; & AT 44 ; Pyrinomonadales ; K fn 4 ; Blastocatellia_Subgroup_4 . K44 ; Subgroup 6: K44 ; Intrasporangiaceae ; [i1]
T ZE EF ; Streptomycetaceae ; £ 55 ) ; Streptomycetales : §5 55 18 H ; Flavisolibacter : A" SCAF 44 5 Lactococcus : FLER T J& ; Streptococcaceae : £ BR &
Bl ; Lactobacillales ; AFFEB ; Parcubacteria ; & R AR 44 ; Allorhizobium_ Neorhizobium_Pararhizobium_Rhizobium ; A& AR 44 ; Sphingomonas ; i
S B PP B & 5 Sphingomonadaceae : 55 5L &} ; Sphingomonadales ; ¥ Ig *AL i B H ; Alphaproteobacteria ; -8 JE B 48 ; Bordetella ; I F AT B J&
Burkholderia_Caballeronia_Paraburkholderia : 7& 1 3C iy 44 ; Nitrosomonadaceae ; Y. i £k 24 B B ; SC_T_84 . K h A 44 ; Lysobacter BT S,
Rokubacteriales - % FE 7 )& ;NC10; K F1 Ay 44 ; Candidatus_ Udaeobacter ; < F1 Ay 44 ; Chthoniobacteraceae ; < I3 Ay 44 ; Chthoniobacterales ; A& a8]

LS

4 TRERFBEEAGREIEFZESUMHOITER

Fig.4 Analysis results of different species in rhizosphere soil of tobacco plants with different disease degrees
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Fig.5 Redundancy analysis of microbial community composition and soil factors
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