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A RE. REAFELA B VAR KX T RARI: £ AR %, RT3 I kAT AR T 20 ) AT 40 B &
16S rRNA KB R, AP ARIATARS . R AR X TARFE L AR, PR E AT IR
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(3.349 171 9)>3GEY (3.306 294 5)>3GCY (3.305 582 2); K4 AL EAR IR £ 0 ) 09 A IRA5 L T A A -
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Diversity and function of culturable rhizospheric bacteria of
flue-cured tobacco K326 intercropped with five spice plants
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Abstract: [Background] Flue-cured tobacco is an important economic crop in China. Intercropping
affects the diversity of rhizospheric microorganisms and alleviates the production of flue-cured tobacco.
Rhizospheric microorganisms can adapt to changes in the rhizosphere microenvironment, which promotes
the growth of flue-cured tobacco. [Objective] We examined the diversity of the bacterial population in
flue-cured tobacco’s rhizosphere soil under the intercropping models between tobacco K326 and five spice
plants at different growth periods. In addition, we compared the variances in intercropping models in
various growing periods from the perspective of biological diversity and subsequently screened the
adaptability and functional characteristic of typical rhizosphere bacterium. [Methods] Soil samples from
various growing periods with different intercropping patterns were collected. We designed the culturing
method to isolate and sequence the 16S rRNA gene, and calculated the diversity index. Representative
strains were selected to detect nicotine and Cr°* tolerance as well as growth-promoting properties.
[Results] A total of 707 bacterial strains distributed in 70 genera were isolated. The change of the Shannon
index of bacteria in flue-cured tobacco’s rhizosphere soil at the stem elongation period was W
(4.079 191 7)>2GAY (3.840 352 1)>2GDY (3.514 562 8)>2GCKY (3.497 703 4)>2GBY (3.447 478 9)>2GCY
(3.253 409 2)>2GEY (3.241 103 4). The change of Shannon index of bacteria in flue-cured tobaccos’
rhizosphere soil at the leaf ripening period was 3GAY (3.688 981 7)>3GCKY (3.442 125 1)>3GBY
(3.353 155 8)>3GDY (3.349 171 9)>3GEY (3.306 294 5)>3GCY (3.305 582 2). The change of Shannon index
of bacteria in flue-cured tobacco’s rhizosphere soil at the harvesting period was 5GEY (2.857 102 8)>5GBY
(2.458 311 3)>5GAY (2.271 868 5)>5GCKY (2.210 253 6)>5GCY (2.079 441 5)>5GDY (0.693 147 2).
The genera Arthrobacter, Bacillus, Brevibacillus, Brevendimononas, Microbacterium, Nocardioides,
Pseudomonas, Rhodococcus, Streptomyces and Terrabacter were detected at all the three growth periods.
Majority of the representative strains exhibit positive activities for nicotine tolerance, Cr®* tolerance,
nitrogen fixation, siderophore production, phosphorus solubilization and starch hydrolysis. [Conclusion]
Rhizosphere soil contained abundant bacterial resources under the intercropping mode between five spice
plants and the flue-cured tobacco K326. Among the dominant bacterial groups in flue-cured tobacco’s
rhizosphere soil, the %enera Bacillus, Pseudomonas and Streptomyces have potential applicability in
nicotine tolerance, Cr>* tolerance and growth-promoting effects. The intercropping can change the
diversity of bacteria in rhizosphere soil of flue-cured tobacco. In the tobacco leaf ripening period, the
intercropping of five spice plants and flue-cured tobacco significantly increased the diversity of cultivable
bacteria in the rhizosphere soil. The intercropping types of Monarda didyma, Cymbopogon citratus and
Pelargonium graveolens own advantages in relieving continuous cropping of flue-cured tobacco.

Keywords: Flue-cured tobacco, Intercropping mode, Culturable, Rhizospheric bacteria, Diversity
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2 BPUR Al 07 e B B A 2 U . A
W PSS B A ARSI REAIARPRAE D o 4 NI
2V DA KR s R 23 2 2 RE A% ST SR TR S ELA Bk
TEEY), 5358 T 7t & (Pseudomonas) FI 2
JFF 1 (Bacillus) . X135 45 KRR B -+ 4385
B A AL I RE T BOGR AT PR, A5 e 11
[ # (Klebsiella variicola) . ;=< i##T I (Enterobacter
aerogenes) . [HY4 7 #T 1% (Enterobacter cloacae) . fi{,
72 i (Pantoea agglomerans) . 25 Hi] 2§ 0 4T #
(Bacillus flexus).

TELOBHE T, S8R5 A ER A R
SRR RS . DHE R ERBIEEmM
ZANFUE (R . . TR ST, SRR
PENRMS PR ZREE, AR AR —Ak 7,
K HREBERS, ANCRB 4R = e
VR ZHEPE . P . SAEVERERS, M HAE
R e K O T A TR,

J5 00 K326 J& = e 7 IRl , 3% BT
e AR PR - HEGAE W Z AR R At i R A BT R A
SO SR LA 1) 41 RS 484 1 e 400 7 S B
*1 #mER

Table 1 Samples information

(™ ST T R M O S BB R A
[7] 2B K B Be A ML R AR A2 AR SR P i
FER L RIR R M . FFAES R . SRS
M K326 15 5 Fh i Al ) [ RS AR AR B 1 4
BFHE AT, RIS R R T AR PR 1 40w 2
FEVERYAEAL, Phie R QR T R A AR B Cre i
2 ARAESE T EATREI LU R i — 20 I R
JH B E Al
Y
11w

e 2 P AR B BN L IR 28 P 1Y) 5 Rl s
X 3AMERBHGEE I . THESSRI . SRAd)E
NHFEPIARBR A, SR = mURAE, FEPLPRER 3 bR 45
PRisr . A HGF L e S M A ) B AR PR - (B b
10-20 cm), 4 °C {ijil. VErEryafERRHEY) 2
M K 4% 3% (Pelargonium  graveolens) . 7 5 &L
(Cymbopogon citratus). #f{%'#(Ocimum basilicum) .
# 7% 7 (Rosemarinus officinalis) . 7 fif (Monarda
didyma). FEAEELER 1R,

B
Tillage type

EE 2

TFAESE Y A SR AR A

Tobacco stem elongation period Tobacco leaf ripening period Tobacco harvesting period

A TR TE I B AR 2GAY
A: The intercropping model of Pelargonium
graveolens and flue-cured tobacco

B: o hx B A

B: The intercropping model of Cymbopogon
citratus and flue-cured tobacco

C: FIZ < p e ] 4

C: The intercropping model of Ocimum basilicum
and flue-cured tobacco

D: kA <A 5 F A

D: The intercropping model of Rosemarinus
officinalis and flue-cured tobacco

E: SRy 0 E ] 4 2GEY
E: The intercropping model of Monarda didyma
and flue-cured tobacco

CK: HfEREMm

CK: Monoculture flue-cured tobacco

W: J5itat =
W: The original soil

2GBY

2GCY

2GDY

2GCKY

3GAY 5GAY

3GBY

5GBY

3GCY

5GCY

3GDY

5GDY

3GEY 5GEY

3GCKY 5GCKY

. mihd WORGE—TRRCK B, SHSR N, FATTARMRE b, LB RIS, - RAME RS,

Note: The original soil W is an uniform mix of water, fertilizer and even soil, which is distributed in different greenhouses to plant different

types of plants. —: Uncultivated of flue-cured tobacco.
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1.2 FERFIFNEE

ANTA LR ZH DNA PR IBOR &, A TAEY)
TAE( ) B AR W 5 2xTag PCR StarMix,
GenStar /Al Haw AR LA == AR
G, PR TR () ABRA R, ARG, b
T TR B 7 A= AR Ay A BR A | 5 850 i 4R I
IR, IR BURSEE S A BRA ] s S s VR 0
ML, Eppendorf 2w]; S EIEEAL, TR A
PR A A BR A
13 HEERE

BEPE M-7. T3 HIEME R TR YL
1.4 F&
141 98BAE

BRI 3 EE FFERAS), WIRTH
SR, SRAABRERBE, B 100 pL 107° Wk
FE ) TSSO AT TSR B FR Ak b, AR IR Ak
i 34 HA
1.4.2 %4 16S rRNA EEFHILE

S IR BT 16S rRNA JE I 1%
HeX T o
143 BB EMREYIEMLTGIE

2 WX ok vk 05 2 A T B AR O T B . R A
. Cr BTz . BR . PRIk e SR
PTG A

144 ZHEMEHTE

A5 16S rRNA EE[F 7y 4100 7y 45 R, 4% I
EzBioCloud i L X245 R34 7HIWr, LA 16S rRNA
SEPR A AR 98.5% 1 i F i 4y b, 1A
Rl OTU 4326h5iE, SFit&HEAARR OTU %X
H, 18 R # A 5O - A e o e,
X A AR B W Sl 57 53 B AR
2 BRG40W

T JFARSE R . RN B S A P R
KA 3SR, AN TR A A s 0308 IR A 4 %) A 3
AREAE] A= 0 TR AR O3 A S s 25 A A A
Ak, HARTEZEW] . FFAEZE M. SRR I 5
5 FAREHEY R RIVESE R, MBS A AR N AT
W os e A ERE IS AR, DATCEE W R TR R A1 K
T AR ] M 2 0 LU A R T IR AR, AR
KA TR0, A 0 ) BRI 93 A o 23 AH B & AR
Al TR BT . AidEFEYIIE 1R
21 R oBENAEREESHIER

MEELG - W b3 B3] 117 PRANE, i
F IG5 /N ¥ i J8 (Achromobacter) . A 3 #F 1 /&
(Acinetobacter) . JiltZk 4T 22 T4 J& (Actinotalea) . i
J& (Aeromicrobium) . I JC K W R K W R
(Amycolatopsis) . 4 # F JE (Agromyces) .
Arthrobacter . Bacillus. 54T 7%g& (Brevibacterium)

Bl #aaBETREEEFER

Figure 1 The isolation plates and cultivated strains
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4 ¥ ¥ I J& (Chryseobacterium) . % Bk H /&
(Enterobacter) . % [<[%J& (Gordonia) . i &4 T.
)& (Kribbella) . ¥ #F 1% & (Lysobacter) . -5 ZEFI| 3.
J& (Massilia) . Microbacterium . /)N B4 Jifl i J&
(Micromonospora) . AT & (Microvirga) . 43
# T B (Mycobacterium) . 5 F FX B J& (Nocardia) .

Nocardioides . 2% %F i+ i« J& (Paenibacillus) . Ji5i/]s
7 B J& (Promicromonospora) . i i K i &
(Pseudonocardia) . % 77 T [ J& (Rhodanobacter) .

x2 FEHTFRA#SHREMOHREE

Rhodococcus . ###% )& (Saccharothrix) . #42 F5 T
J& (Sphingobacterium) .  Streptomyces  Fl
Terrabacter Ftit 30 M@K 71 AFE, Ho,
Streptomyces, Nocardioides #i1 Bacillus % & i £ .
22 FEH 5 MEMERX TEEEYRIE LA
HEES

5 5L 0 AR AR B & R 4R 1S 337 BR4H
T, 4% ) R AR AR B A B s i P 2
1z

Table 2 The number and composition of different samples at tobacco stem elongation period

BHEER RS IR bR A R

Tillage type Genus distribution of isolated strains

JE%H M H 179584

Number of genera Number of species Number of strains

2GAY

2GBY

2GCY

2GDY

2GEY

2GCKY

Aeromicrobium, Amycolatopsis, Arthrobacter, Bacillus,
Brevibacterium, Brevundimonas, Devosia, Herbaspirillum, Massilia,
Micromonospora, Mycobacterium, Nocardia, Nocardioides,
Noviherbaspirillum, Paenibacillus, Pedobacter, Pseudonocardia,
Rhodococcus, Saccharothrix, Streptomyces, Streptosporangium,
Terrabacter

Acidovorax, Nocardia, Promicromonospora, Agrococcus,
Rhodococcus, Arthrobacter, Advenella, Microbacterium,
Ochrobactrum, Streptomyces, Paenibacillus, Paracoccus,
Pseudomonas, Amycolatopsis, Rhizobium, Stenotrophomonas,
Tsukamurella

Brevibacterium, Advenella, Streptomyces, Amycolatopsis,
Brachybacterium, Brevundimonas, Pusillimonas, Lentzea,
Microbacterium, Ochrobactrum, Kribbella, Pseudomonas,
Saccharothrix, Staphylococcus

Acinetobacter, Bacillus, Achromobacter, Bosea, Brevibacterium,
Rubellimicrobium, Devosia, Methylobacterium, Mycobacterium,
Ochrobactrum, Microbacterium, Amycolatopsis, Pseudonocardia,
Streptomyce, Kribbella, Streptosporangium, Tsukamurella
Amycolatopsis, Bacillus, Mycobacterium, Streptomyces,
Nocardia, Humibacter, Nocardioides, Rhizobium, Arthrobacter,
Rhodococcus, Variovorax, Pseudomonas

Achromaobacter, Acidovorax, Aeromicrobium, Amycolatopsis,
Arthrobacter, Bacillus, Brevibacterium, Brevundimonas, Massilia,
Microbacterium, Nocardia, Nocardioides, Pseudomonas,

Rhodococcus, Streptomyces, Terrabacter, Variovorax

22

17

14

18

12

17

57

35

58

37

29

38

90

50

51

47

43

56
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2.3 FHEZERE] 5 M EMEE T EEEMRER
THEMES S

TFAESE R A P 3L3RAT 304 BRANTA
245 161 7 B A4 28 TR AR R - 4t 7 3 9 19 o o
%3 PR
2.4 RAGHA 5 ME{ER TR EIEY R R L 40
EFE S T

KA IR A FE S P ILIRAS 66 BRANIA . 4%
[ 2 B LA S TR s - 40 1 43 B s i o 3k 4
F7R o

®3 ARGROATEHFHFREMOHREE

2.5  AEIHEACETER S K AR BR2E & = B 0 70 K ke
HEHE R E AR B ER 5 A A T
HEEIN K326 5 5 FhRHE Y I ER
FEYIAR B 205 F 5 A IR, AR TR AR
T W KRR s 3 1 A 40 T A e 2 R e A A
K0 K s A AR =S, ULRHRIERLCRE A ol
AR - AN E 05341 o IORIRI A B 45 Tl VR
FHARPR 4 FRALRAS 707 #RANTE, i T 70408,
REFRIEM B ROR AR, M-7 Ri3RIEILref5 5
18 RANTR, fuff42 Mg, JLHXTANREIEAMME

Table 3 The number and composition of different samples at tobacco leaf ripening period

PHERRL e RIREbk iR

Tillage type Genus distribution of isolated strains

JE%H T H 7 ¥

Number of genera Number of species Number of strains

3GAY

3GBY

3GCY

3GDY

3GEY

3GCKY

Achromobacter, Amycolatopsis, Arthrobacter, Bacillus, Bosea,
Kitasatospora, Kribbella, Kocuria, Leifsonia, Mesorhizobium,
Microbacterium, Micrococcus, Microlunatus, Nocardia,
Nocardioides, Paenibacillus, Rhizobium, Rhodococcus,
Streptomyces, Terrabacter

Amycolatopsis, Arthrobacter, Brevundimonas, Burkholderia,
Flexivirga, Glycomyces, Lysobacter, Nocardioides, Paenibacillus,
Pelomonas, Phycicoccus, Pseudomonas, Rhizobium, Rhodococcus,
Streptomyces, Variovorax

Arthrobacter, Bacillus, Bosea, Brevibacterium, Brevundimonas,
Kribbella, Pseudonocardia, Rhodococcus, Streptomyces,
Terrabacter, Variovorax

Arthrobacter, Bacillus, Bosea, Ensifer, Glycomyces, Knoellia,
Kribbella, Kocuria, Mesorhizobium, Microbacterium, Niabella,
Nocardioides, Pseudomonas, Rhizobium, Rhodococcus,
Sphingopyxis, Streptomyces, Variovorax

Amycolatopsis, Arthrobacter, Bacillus, Dyella, Ensifer, Gordonia,
Kribbella, Leifsonia, Mesorhizobium, Methylobacterium,
Microbacterium, Nocardia, Pseudomonas, Rhodococcus,
Streptomyces, Terrabacter, Variovorax

Agromyces, Amycolatopsis, Arthrobacter, Bacillus, Bosea,
Brevibacillus, Brevibacterium, Microbacterium, Nocardia,
Nocardioides, Ochrobactrum, Paenibacillus, Pseudonocardia,
Ralstonia, Rhodanobacter, Rhodococcus, Streptomyces,

Terrabacter

20

16

11

18

17

18

43

33

30

34

58

37

53

48

43

56

48

56

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2442

TEY I8

Microbiol. China

x4 EXEHRTFRHFSHEREMOHREE

Table 4 The number and composition of different samples at tobacco harvesting period

BHERAED SRR B JB%H FhECH Bk EEL

Tillage type  Genus distribution of isolated strains Number of genera Number of species ~ Number of strains

5GAY Terrabacter, Streptomyces, Pseudomonas, Massilia, 6 10 11
Brevibacillus, Bacillus

5GBY Yonghaparkia, Bacillus, Streptomyces, Rhodococcus, 7 12 13
Microbacterium, Brevundimonas, Arthrobacter

5GCY Micrococcus, Streptomyces, Paenibacillus, Bacillus 4 8 8

5GDY Massilia, Nocardioides 2 2 2

5GEY Agrococcus, Altererythrobacter, Arthrobacter, 7 18 20
Bacillus, Sphingobium, Streptomyces, Lentzea

5GCKY Streptomyces, Paenibacillus, Bacillus 3 10 12

YIHr BROR AT T3 RigRdidt iy a3 306 wk4n
W, A3 47 A8, XSRS R AR 8
I, JEHJRCER R o BT YRR RSy
BSE 83 KRANEA, T 1248, SR IEEEmsr
PREVA DD FRE RN, BEAS I TIE 5 57 X i A
AR M oy B AR 3 AR A RS AL
T J2 A KR AR R 20 TR Y 235 5 0 B8R . I
MR FoRE, B EISTHESS RIS RAG I,
SISy B3] 47 N, AIHE Achromobacter . FERRTA
J& (Acidovorax) . Acinetobacter . /) FA A= & &
(Advenella) . “< 13 J& (Aeromicrobium) . 4 Bk # &
(Agrococcus) . Amycolatopsis . Arthrobacter
Bacillus . 14 7 [X i J& (Bosea) . /)N 48 T 1 J&@
(Brachybacterium) . Brevibacillus . Brevibacterium .
b3 % PR MU B J@ (Brevundimonas) . 7K 17 [C B B
(Devosia) . %42 1 J& (Herbaspirillum) . J& + 41 &
(Humibacter) . Kribbella . & 7% [ I# J& (Lentzea) .
3L FF W J® (Methylobacterium)
Microbacterium ., Micromonospora., Mycobacterium
Nocardia . Nocardioides . #Hr # 12 ®# J&
(Noviherbaspirillum) . 45 141 14 J& (Ochrobactrum) .
Paenibacillus . Bk J& (Paracoccus) .+ HufT )&
(Pedobacter) . ¥ ¥ EK I J& (Phycicoccus) .
Promicromonospora . Pseudomonas . Pseudonocardia .
W/ N TR (Pusillimonas) . #4314 (Rhizobium) .

Massilia .

Rhodococcus . i 1. 3% i J& (Rubellimicrobium) .
Saccharothrix. 375U % & (Stenotrophomonas) . #j
% Bk 1 J@ (Staphylococcus) . %% 1 T % I &
(Streptosporangium) . Streptomyces . Terrabacter . %
B & (Tsukamurella) F1 97 I 14 & (Variovorax) . JF4E
2E RIS 3] 45 /)&, fu45 Achromobacter, K%
J& (Agromyces) . Amycolatopsis . Arthrobacter .
Bacillus . Bosea . Brevibacillus . Brevibacterium .
Brevundimonas . {1 5 & /R i [X. 14 J& (Burkholderia) .
i [C 1 & (Dyella) . &1 I J& (Ensifer) . 25 #F 15 )&
(Flexivirga) , % 45 J& (Glycomyces) . Gordonia, J&
AT & (Humibacter) , b B 15 /& (Kitasatospora) ,
Kribbella . 2% 77 [ 4 J& (Kocuria) . 4 /R K )@
(Knoellia) . #fi < & (Leifsonia) . Lysobacter . 4=
H J& B J& (Mesorhizobium) . Methylobacterium
Microbacterium . ¥R & (Micrococcus) . /N H F &
(Microlunatus) . J& Bl I 7% J& (Niabella) . Nocardia .
Nocardioides . Noviherbaspirillum . Ochrobactrum .
75 e B B & (Pelomonas) |
Phycicoccus . Pseudomonas . Pseudonocardia, %' /K
748 FC B (Ralstonia) . Rhizobium . Rhodanobacter .
4 2 B & 1 J& (Sphingopyxis) .
Streptomyces ., Terrabacter £/l Variovorax. FAiidtsy
B3 18 &, f4%: Agrococcus. AL AT
J& (Altererythrobacter) . Arthrobacter .

Paenibacillus .

Rhodococcus .

Bacillus .
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Brevibacillus . Brevundimonas . Lentzea. Massilia .

Microbacterium . Micrococcus . Nocardioides .

Paenibacillus . Pseudomonas . Rhodococcus .
Sphingobium ., Streptomyces. Terrabacter FIAMGH-
J& (Yonghaparkia) . - A [m] isf 38 K S 4y -+ 3 25 1 i
Venn (I 2)rTIAH, SEATZERFE 74, 15 9.1%,
4334 Arthrobacter . Bacillus, Microbacterium .
Nocardioides . Rhodococcus . Streptomyces #l
Terrabacter, iXSERiE 30+ E TR, HA WM
TGNV REST, WY A R AR YEYE, TR
JRFPAEA [ AR REASN 2 . PE4iiE Arthrobacter f&
FEAWEN TRERER, BRI HE TR A A K K
BRI Bacillus HoAG 35 5 MRS R,
REASIEBRIE A AR OPERE ). Microbacterium A
WEREAR S 2 LT, [RIRZERE A 1 I ROy 8 Sy T
Vs T AT Y Nocardioides HLAT— i A
Jeitr THIRE ST, HAHSCEE AT e T AR &
(19 FF % ##28  Streptomyces N REAS A 1 4R 1) A=
£, T EH BRI BT, X TR R BRI
A R HUE ), Rhodococcus HAT [ 52
G RAFAEYIEET, FINTERRE S T AR
AIH, Terrabacter REMSKEME Ziib S, A
R YL AR W IRERIIRE ST, TEIHE K
AEYFO AP, HIResEEAEE A
SR iy T B TR A

AN RIVAE A B B JE AR B - i o HA AR DL
7 NZANEF 3 4N(3.9%), 454 Brevibacillus
Brevundimonas., Pseudomonas, iX 3 SHEHTE 34>
A I IR JEARBR e 2 s 3, HURAE 4G 1
RamE], X 3 SR C R A . AT
W], Brevibacillus 75z 5 44K X B4 & 7S i
HAWBRAEYREREVERP, eignismps o
Tt RA Y, Brevundimonas HA W R HOI5AEL)
AE, FIREAR TS B A A 24 S g R AR AR PRt b
THERBEA | RERSIAR I T T R AR B A
foJe Tt T & Pseudomonas J 4% FAE BT, AL
AR SR TR REAB I RS AR I A (K )

LY PO RS LT S UE AN i M 2 RS i LI ey e
5[35_36]0

AR R 13 1, 5 16.9%, 20l
Acidovorax, Advenella. Brachybacterium. Devosia.
Herbaspirillum Paracoccus . Pedobacter .
Pusillimonas. Rubellimicrobium . Stenotrophomonas.
Staphylococcus ., Streptosporangium F1 Tsukamurella.
THES RN A IEREA 16 4>, 5 20.8%, 23
Burkholderia . Dyella . Ensifer . Flexivirga .
Glycomyces . Kitasatospora . Knoellia, Kocuria .
Leifsonia. Mesorhizobium. Micrococcus. Microlunatus.
Niabella, Pelomonas. Ralstonia F1 Sphingopyxis, %
THREIEA 51, 5 65%, 2M: Paenibacillus,
Yonghaparkia . Micrococcus . Altererythrobacter #l1
Sphingobium. J545 T AAEREA 51, 1 6.5%, 41
H°k Actinotalea, Chryseobacterium, Enterobacter .
Microvirga F1 Sphingobacterium, 5258 5544 11t
AEREH Jy 214, RSN 5 )5th AT TR m
BHy 18 A, RS IEGS L IEA RE S H A
8 A, JLAARBEEWIL, BB % IR AR ]
ARG, Il F TR R L, R AR R
X FARERA M) BAT — 5 B/

MEREIRRE VIR 10 4N J&E H kit 62 AN
PP AR B, X AR A TR | A BERCR |
[ RVER . Cro"imi 2z . Pk aiR S i b K AV Itk
Fia ISl gE AR 5 FR. 4K S RUH RS

T AEEE ) A

Leaf ripening period Harvesting period
16
(20.8%)
8
0.4% %
6

Stem clongation
period

5l £
The original soil

~N7.8%)
2 AEFHIEENERE Venn

Figure 2 Venn diagram of detected soil bacteria at
different periods of tobacco growth
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Table 5 Strains, the closest type strains with the highest 16S rRNA gene sequence similarities and their biological trait
results

k=2 LiELONESE7S AHALEE JHBAIT  wEESCR EA Cr**iiit 5% TR VERIKR
Strain No. Closest homolog Similarity Nicotine Phosphate Nitrogen Cr®* tolerance Siderophores Amylase
(%) utilization  solubilizing  fixation production activity
Y 7776 Arthrobacter defluvii 99.86 +++ + = = +++ ++
Y 7362 Arthrobacter 100 + + + ++ ++ =
nicotinovorans
Y 7650  Arthrobacter 99.62 = + + + + ++
nitroguajacolicus
Y 6038 Bacillus aerophilus 100 +++ + = + + =
Y 7464 Bacillus aryabhattai 100 +++ ++ + + + ++
Y 6008 Bacillus aryabhattai 100 +++ + ++ + + +
Y 6051 Bacillus atrophaeus 100 +++ ++ = + + ++
Y 6046 Bacillus circulans 98.66 = = = + + +
Y 7780 Bacillus drentensis 100 = + = = + =
Y 7690 Bacillus ginsengihumi 99.87 +++ +++ = = + =
Y 7621 Bacillus licheniformis 99.82 +++ ++ + + ++ =
Y 6005 Bacillus methylotrophicus 99.86 +++ +++ = = + ++
Y 6049 Bacillus safensis 100 +++ = = + ++ =
Y 6093 Bacillus simplex 100 = = = + = =
Y 7405 Bacillus stratosphericus 100 +++ = = + ++ =
Y 7848 Bacillus tequilensis 99.71 +++ ++ = ++ ++ ++
Y 7501 Brevibacillus centrosporus 97.50 ++ = = = = =
Y 7478 Brevundimonas alba 99.73 +++ +++ = = + =
Y 5526 Brevundimonas diminuta  99.85 ++ = = = + =
Y 7794 Microbacterium 99.30 = = + = + +
arabinogalactanolyticum
Y 7510 Microbacterium 99.54 ++ +++ = = = =
esteraromaticum
Y 7541  Microbacterium 99.59 = = = 4 + =
ginsengiterrae
Y 7322 Nocardioides 100 + = + + + =
aromaticivorans
Y 7524 Nocardioides furvisabuli  96.81 = + = = + ++
Y 7609 Nocardioides ganghwensis 97.20 + = = = = =
Y 7572 Nocardioides kongjuensis  99.53 + ++ + + + =
Y 7654 Nocardioides luteus 100 = = = = = ++
Y 7849 Nocardioides 99.40 = + + ++ + =
nitrophenolicus
Y 7686 Pseudomonas 99.73 + ++ ++ ++ ++ =
mediterranea
Y 7297 Pseudomonas 100 +++ ++ + ++ + =
plecoglossicida
Y 7940  Pseudomonas geniculata 100 ++ = = + ++ =
(F4)
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(83 5)
Y 5502  Pseudomonas geniculata 100 +++ - - = + _
Y 7886 Rhodococcus 99.07 + + ++ ++ + —
marinonascens
Y 7882  Rhodococcus opacus 99.54 ++ - + + 4t +
Y 7160 Rhodococcus ruber 100 = = ++ ++ + _
Y 7720 Rhodococcus 99.08 ++ - + ++ 4 +
wratislaviensis
Y 7709 Streptomyces 100 +++ - - ++ — +
anthocyanicus
Y 7303 Streptomyces aomiensis ~ 99.35 + = + ++ = ++
Y 7878 Streptomyces canus 100 + + - = - —
Y 7753  Streptomyces cellulosae 100 = = - - = o+
Y 7136 Streptomyces chartreusis 100 = - = e + _
Y 7580 Streptomyces 100 = + + +++ + ++
ciscaucasicus
Y 7258 Streptomyces coacervatus 98.46 = + + +++ = ++
Y 7655 Streptomyces coelescens 100 +++ + + ++ — +
Y 7479  Streptomyces coelicoflavus 99.52 ++ ++ + + = +
Y 7558 Streptomyces drozdowiczii 99.08 + + - +++ + 4
Y 7483 Streptomyces 100 +++ + + + _ +
durmitorensis
Y 7367  Streptomyces filipinensis  98.46 ++ ++ + + = axs
Y 7474 Streptomyces 99.47 ++ + + ++ = +
griseoaurantiacus
Y 6050 Streptomyces griseolus 100 = - - + — _
Y 7506 Streptomyces griseoplanus 100 = - = +++ - T+
Y 7577 Streptomyces humidus 99.48 = + - + — _
Y 7255  Streptomyces longisporus 99.69 + - + = _ _
Y 7273  Streptomyces 100 = - + = - +
longwoodensis
Y 7218 Streptomyces 99.54 = - - - - +
polychromogenes
Y 7407 Streptomyces 98.59 +++ = + ++ + e
pseudovenezuelae
Y 7550  Streptomyces shaanxiensis 98.55 +++ + + + - ++
Y 7473 Streptomyces sindenensis 100 - - + + = ++
Y 7369  Streptomyces tricolor 100 ++ = ++ +++ ++ ++
Y 7472 Streptomyces vinaceus 100 = = - ++ = ++
Y 7704  Streptomyces violarus 99.84 = - ++ ++ + +
Y 7652  Streptomyces 100 +++ - + ++ + +
viridochromogenes
Y 7466  Terrabacter terrigena 99.85 - = - - = -+
Y 7343 Terrabacter tumescens 99.45 - = - - = axs

e+ ARECERIENT 1; ++: KBEIFERERIVERT 1/0NF 25 +++: KIFECERIVERT 2; - AERKSTCER.
Note: +: Growth or radius ratio less than 1; ++: Growth better or radius ratio greater than 1 less than 2; +++: Growth very well or radius ratio
greater than 2; —: Without growth or activity.
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REAE TR SZ AR .. Cr®, S TRk e T
TR LA OB T A s AR
VW T RREAR B AR, X T R EE SRR
P SR A AR K B —E T T . m R
(M S BRI, 75 = B M P Y TE A 1 ik
B, s FUEG AR BREA MR A N A R
BRI, — L6 B AR TE R E AR PR G A AT LA
HEAFEHINTR, FEIRAE YTk & &
26 BREHZHMESHT

WA THES AU . SRAB AN R R A X
TARBR AR . AR RO TS Rk 6
Ji7R

AR Z RN T R R M B
FAEH, WA 2R N aE s dE R R Y 1+
TS, A F Y, R A S35
FEPIRBORER ), AR T AR A2 B SR
KEMH K326 TEAEY G R A A TR Y 2

R6 SPAREKFPARRHRMER. FERIEH

REVERIAERETL SRR AR, T RRBR M
e, AR PR DRI oA Sk
TR, RS HEE R S AR HE )R]
YEZ I, 2xsom H3EANTR i) ZAEvE . SEIRas R T
TN, EEHAEATE RS R W (4.079 191 7)>2GAY
(3.840 352 1)>2GDY (3.514 562 8)>2GCKY

(3.497 703 4)>2GBY (3.447 478 9)>2GCY
(3.253 409 2)>2GEY (3.241 103 4)., Jiita+ W H T

TERMEAY) Z FiTJE 40— 15 7 BOIC HOK AR 4 g
R, AR Z R o AR BREY 20
VIRERE SEMAARPRIAE YIRS | B NZS 4L,
K MLBR M E PR 4 A 2 Ak B T T,
FEMIA AR B AEAR RS, R R AR PR
SRS TS A —E IR, AR
WP Z R, BT LARIERE I Z ), R
PR TR 9 Z RV B, R RIAVE BB D5 50
BEAS R MR IR, PR RSS2 e 10
WY Z )5, Y-S5 AR AR 2 A YR

Table 6 The Shannon and Simpson index of different samples at three different growing period

IS BEREL OTU % AT - ARAR L
Samples Number of strains Number of OTUs Shannon index Simpson index
W 117 71 40791917 0.978 888 2
2GCKY 56 38 3.497 703 4 0.964 285 7
2GAY 90 57 3.840352 1 0.972 3457
2GBY 50 35 3.447 478 9 0.964 000 O
2GCY sill 33 3.253 409 2 0.949 634 8
2GDY 47 37 3.514 562 8 0.966 048 0
2GEY 43 29 3.241103 4 0.955 110 9
3GCKY 56 37 34421251 0.959 821 4
3GAY 53 43 3.688 981 7 0.972 588 1
3GBY 48 33 3.353 155 8 0.958 333 3
3GCY 43 30 3.305 582 2 0.959 437 5
3GDY 56 34 3.3491719 0.957 908 2
3GEY 48 33 3.306 294 5 0.955 729 2
5GCKY 12 10 2.210 253 6 0.875 000 O
5GAY 11 10 2.271 868 5 0.892 562 0
5GBY 13 12 2.458 311 3 0.911 242 6
5GCY 8 8 2.079 4415 0.875 000 O
5GDY 2 2 0.693 147 2 0.500 000 O
5GEY 20 18 2.857 102 8 0.940 000 0
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N €N Ve e f P N i o L AN Ay A s
AR AR . HARRBUE S AR RS AEAH L, it
RS AL 4 AR 3ok 35 7 1]V R AR A W 1) 224
YRR, DX RN R/ A 00 155 20 4%
MR PR 40 B 2248 PE e 55 RORBUT 5 1T RH % 8 1)
VERE A0 B A TR VERE A, AR B 240 7 9 22 B
BEAR, T RE R 1K T Al 1] A A X AR AR Bt
SRR, T B R PP R B R A R
2.

TFAESE R B IR ) A ROR SRR, AR
PREGRCR W TR, AF AR B AR
PRt SR A, BRI -
3GAY (3.688 981 7)>3GCKY (3.442 125 1)
>3GBY (3.353 155 8)>3GDY (3.349 171 9)>3GEY
(3.306 294 5)>3GCY (3.305 582 2), ZHa-4xfs
BOkFE, FFHWEAME . LT RAE . &L
it 25 ) P AR B 0 0 51 A e A A 8 — 1k
B AR Iy o A o AR B R AR T AE 2
W, AR BOBGER S T T FE . JT RS R
A I R A S (R4 4 A 4 1 e A g B g, R
SERG I B ISPRERIE L R IR AR A L A R
VE L B BRI RS AL A RS a4 | s A
YL AP 2RI A2 Y 5 AR B - 40
BRI A A A BOAT B SR BTG, oy [ A S
5 ) 6] A AR AR B 1 240 1 7 A 18 M 22 A
B, RTREIFAESS RIS R B 2 TR B - A4 6ol
PSR BN BORAL AL, AFRIAR R SR AR T
oy B BN I 2R A R

SRASIRE ML) 00 A RAS A, R B
WA A —E WAL, ANH T AR B el A Wy 114 A
Ko, DRA S A I8 R A AR e - 290 T A 15 B el
B, AT A RIS R, I e L
VERE AR PR - A A 2R AR 22 0 ASTR] G Ta] AR X
B AR PR 0 T Y A A AR BB A . BGEY
(2.857 102 8)>5GBY (2458 311 3)>5GAY

(2.271 868 5)>5GCKY (2.210 253 6)>5GCY
(2.079 441 5)>5GDY (0.693 147 2). Wifi Al /A

KA AR B A 0% 20 B A vl e Bl sy, BRI AR B
TN R R, I AR R AR . 45
B OIS [ s 303 905 MR B 4 77 22 P S i85 57 03
BAR, WA Z AR B o b, A [E] VR 2R
RUTE GF il K MR AR R T BAA R H, HUORA
25 5 5 G AR S A R A 2R M a2 R
3 WikH4w

FHAGRE 7 00 F- B AN [R] 2B K B 1 1) 45 ) V05
MR BR L AR AT 707 #RANE, 06T 70 &
KA AR B 4 P 2R A AR A X i S X0 0 228 265 0
R 5 0 ek A e HAT AR A A T )
WIRAA R L, SEEME R BV ME
YA 10 N&E, 439N Arthrobacter . Bacillus .
Brevibacillus ., Brevundimonas . Microbacterium .
Nocardioides . Pseudomonas . Rhodococcus .
Streptomyces Fl Terrabacter, A7 B YIFFRE

AR TF AL 45 R 70 9 3 1) 240 1 i e
K2, HERAT A 0 40 R B St ] 8
B 3 b ) A R AR 2 B AR A IR B B T
AT A — e B A SRAF AR R R B, 150
TP F T UME R . BRI AEZS R
192 MR AR R 1 40 T 1) 22 R P 6 B0 I8 TR A
FAEREIE AT 2RI B EAEE RS
NP ZFEPETERT 220 L TFAESE R | RATIAAR R
JEHOEAERAT AR REAE DRI 5 R AN R 22 e
X FAERE LI E Y AR . SR IR AR AT L
AU BALH
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