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BEAF RN 16 BREHEIE TR AR RE ST e, K3 6 MEBIHA BARE S, 5 BREE =ik, 4 BRERTTIEMTCHLEE, 4 BRE™ 1AA; @A
FAXIIOTE 16 BREAMRAVRAROR, Hh 37.5% BYRMATIIR AR KB W EE R, MR . SR o b AL T 5T 4 B i 53
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Culturable Bacterial Community of Tobacco Root Surface and Their Growth-promoting

Characteristics

LIU Donghui', LI Fenggiao', JIN Zhili*", LI Xiaogang'"

(1 College of Biology and the Environment, Nanjing Forestry University, Nanjing 210037, China; 2 Yongzhou Tobacco
Company of Hunan Province, Yongzhou, Hunan 425000, China)

Abstract: Plant microbiome is an important factor in plant growth, stress resistance and disease prevention. In order to find the
role of plant microbiome in promoting growth and improving root microecology of tobacco, in this study, culturable bacteria were
isolated from the root surface of tobacco, and the growth promoting ability of different strains was determined. The results
showed that: 1) 310 culturable strains were isolated from the root surface of tobacco, belonging to 31 genera, in which most are
Bacillus and Pseudomonas. 2) Comparative analysis showed that Pseudomonas, Bacillus, Stenotrophomonas, and Dyadobacter
are the common bacteria in tobacco root surface of different tested soils. 3) Within 16 strains obtained by further screening, 6
strains have the ability to fix nitrogen, 5 strains can produce siderophores, 4 strains can dissolve inorganic phosphorus, and 4
strains can produce IAA. 4) Pot experiment verified the growth promoting effect of the strains, the six strains increased the plant
height, total fresh weight and underground dry weight by at least 35.1%, 27.9% and 30.7%, respectively, accounting for 37.5% of
all inoculated strains. In short, a variety of strains with growth-promoting ability can be isolated from the root surface of tobacco,
which provides a theoretical basis for the construction of microbial community to promote tobacco growth in the future.

Key words: Tobacco root surface; Cultivable bacteria; Growth promotion screening; Plant microbiome
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PGPR) /2 $5 A 1 76 AR s i HR 25 DX 3 AR 40 1) A K
EALVAE A RED T EAIEN, REE “f
t AT TEIRHFRE A | R THPLPE | B0 S Jr T
RAEEBAESO, fidn, farREas A fa R r) BE AR
Brr k30 2 R R4 iE B18 Fil B17, WS 24 K AA
PEAEFIYURAE ST o TR F AL 2R AR PR 43
25 20 B Y R R B A PO E AT, 3R
O Z2 Ao 0 RAFB AL, SR, AR KZE
K CBHREET RBCHE YRR bR IR 5L, Jo kR A
AR PR 4 3 AR AR R - X AR PR SRR S Y Y5 e
s BN, ARSI RTINS R, AEAEARER
AR B ER TR, XUIRRMAEY SR
FAEAAACHNE PR VTR G, 2 Y Al IR 5 O¢
g R, B, AR E SRS,
i AR P AR 3R 2 B T R A DRI , SR AR R AR
SR GEUR AR X AR A T R R A ) A K feE
R F1%) B LA I, AR it SR AR K A3 M D7 v B AR
R85 WPR” 3TN, A B TR OCEE
A )RR XS A 0 A A R T FRH T A

ABIFFERAR T 81 7K PH AR R e DX Qe e T R
AR, AR E AR S 16S RNA JEH P
G HESE IR HE I3, oA MR REAR S AT 35 F7 A W
PRHIE . T B ARAT BB MR R A ) A7 A
BRZES, ATFHREZHARERIINEEK, N 3
P B VA EACERE e 3L R AP AR A o, ERRAUR
PR RRIT A AR RE 1 3T WFOE B e AR AL IAAR
FACE RE T I Sl A W TR A, e A A I LA i
PERE TR BRIRR ,  hy oo A e AR DX ol W A A D e B
B2 B

1 HREH®

1.1 #hitEERE

At 1 ek 17 11 P A M T X L YT
A8 VRIKPESE 4 PRI AR L, 7E B B rh e B
2 RURSEHEZE T 100 kg, R 4 FORIR] T bR £
P IR S TR S22 Ak, 45 4R ) EL R
R ER 1, HRAINE Vicotiana tabacum L.)HK
PN 204 il AR DX 38 3k AT Y 2 A 87

F1 O TIRBAER

Table 1 Physical and chemical properties of four tested soils

+HE CRERHLE pH 3 i b R AL Eoe e a4 L
(mg/kg) (mg/kg) (g/kg) (g/kg) (g/kg) (g/kg)
1 AOHEILE 6.91+001d MEPHELE 1974 £0.38c 225.69 + 14.42b 2.74+0.03a 1.46+0.10a 8.83+0.54b 50.45+4.19a

42 TR 7.49+0.02a e+
+HE3 AOMER

+3E 4 GRIMAIKFE 7.15+£0.03¢  MEEL

34.49 + 0.85b 236.91 +20.66b 2.24 £ 0.07b 1.52+0.05a 10.03 +0.03a 40.65 + 1.25b
7.37+0.05b MiAPFEZEEL 39.13 £2.01a 313.05+ 14.56a 2.34+£0.07b 1.58 £0.07a 10.20 £ 0.20a 39.63 + 2.26b
21.34+ 1.08¢c 279.66 +23.23a 2.04+0.04c 1.43+0.06a 836+0.13b 35.35+0.45b

e FF/INE FRERR F R AN [R] 438 1] 22 5 8 % (P<0.05; Tukey HSD test),

1.2 ZFA08 R IRF R E Y HIKE

IR E AT AR, A R E 10 75
HE, MAFAN 1R, SRR, W
ERTIK. Bk 40 d 5, EEBKE—EM Rkt T
WERPEIORE , R BB R LA SRS 52 AR R, BHEAR
TR A, FEMR Edwards U5 BB AR RO B
1% 45 2% PR (PBS) W JC R b, FH G TR B8 -4 B AR
2, LUHBRIR AR ARPR 5. FH PBS ZZ i np
VRARES 3 WA R RIS PBS SR P (0 4T I
FR¥%, 40 KHz #75 1 min, {[#RFHMEY A
PR, SN AR R YRR, B R L
T TR BPARAH IR AR R e Al
1.3 RRYMEVHIBERERE

R0 A 0 3 5 i s 9 56 A Tk 1 K 0 R B g
KR (TSA)FI TSA W RK: 2 5E . ML 0.2 ml R 3%
AR, BERRBES , 16 1/10 TSA Bi % iR
fi, AT 3 AEE ., /20 CFREEIE 7 d

Ja . EERIESE R, FHICH R PR A
V&S TSA 53t ik fralifbssi . difkZ )G,
BRI 1S B AR PR, AP AR FEIE S WSS, & 5%
HE W

FHANRFE 2 DNA $EBGAH & (W T RARAY
IFA FDHEEUAN R S DNA, R 16S rRNA FE[H )
WS Y. L5919 16S F: 5-AGAGTTTGAT
CCTGGCTCAG-3'; #5149 16S R: 5-GGCTACCTT
GTTACGACTT-3" X R PEiHETT 16S rRNA FEH T
B BF PCR RN FEMps 2 Bk T, P as
TE NCBI | #£47 Blast b4, J15 Genbank Hf)
At PR BRI R 51 26 A 7 [P Hgse
1.4 WRRBEWRERDNE

PRMRIEAP 2] TSA WK EE T, BIRIRG 9
48 h(30 C, 170 r/min), IHALfFRNFPFI . I 2 pl
P53 M SR ORI FR 5 . CAS Kl 1GR3 |
ToAUBEEE R I, B OB O/FTF 25 CTHFE 74,
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MRS A KR, LSS PRI [ L kA
DRI O BE T o /K Pl AR (D) S T ¥4 H AR
()W) HLAB (D/dyR1 25 LA R vR IR A RE a5 10, A4
LR E 4 NEH

TAA FEAEREIINAE « 8% 1% (R Fh il Fp 15642
AEAH 5 mmol/L BZIRM TSA WIKKEF AT,
30 °C. 170 t/min £ 1555 48 h )5, B 1 ml B,
10000 r/min 50> 5 min, B FIEW, MA%E
Salkawski {2 5], BB R A 30 min 5 FH ARG
FEWOEE(ODS30nm), [FIEFHIVEHEES 0, 10, 20,
30, 40 F1 50 pg/ml FIbRUERTZE, (18 TAA HE,
1.5 REMEWREREIE

TCHIRTE & MEFT T 75% WORRE 3 ~
5min, 5% WEBREHTFFKIZH 3 min, e TG K
Yk 3 K. PR A O R AR £ 3R L
BRI S ml B 28K, B TR
30 'C FER 10d, £F 48 h Ko fr R 5 e . Bk
R B K E I, s GE s, BT
Je SR A RO IR

JCH A5« Ak T F R R ok Tk T
95 R DX AR -, e v TR K TR A A

PR R < s o AR A B I O 81 1
PRI TR 2 AR AR ORI IE . BIRFP L 1%
PEREREAF] 100 ml TSA WA FR%EH, 30 C.
170 r/min PR35 1537 48 h, LRI E R ODgoo=1;
20 8 min, UUEMHTCRKUEGR — X EHER, E455]
50 ml DAARAS PR .

FETTIY 50 d I =M 87 Wi BAHSEA 200 ¢
TR TCE AT, RERRITE AR 5 ml B,
DIMRES RN 5 ml TCHE K A X B4 (CK). AR R kAL

*) 54
£503 ~
gy .
= ~
19% 179%

10%

69% '
21%

58%

M Firmicutes
Bacteroidetes

I Actinobacteria
Proteobacteria

41% 57%

MBCE 7 AN EE, fEw A PR, YR BOTE i
UL, 45 d e AR AR S L T AT
OO A AR hn . Rl TEMARICR I P 1L &8 3 Ak
IR, SRR RIS YA B0, R Rk
AT I S TR R AR AR B 1Y AR T o
1.6 HBELHESSFITHH

H Microsoft Excel 2010 1 IBM SPSS Statistics 26
HEATECRAL I, FFH GraphPad Prism 8 F1 Origin 2021
HATVEEL,

2 HEREHN

2.1 BERRHEMHIKE

R RISy eg Al fb i 4 B 310 #k, £ 16S
rRNA A P LE XT38, 43 25 i AT 3G 7 2k M 20 3=
B AR L i (Proteobacteria) . fUIAT [ (Bacteroidetes) |
JEEE R (Firmicutes ) FIli 4R 7 (Actinobacteria)d >4
IT(E 1A). 7E 4 B b3, BRI T2 AR %
DL, H BT ERE 60.0%. K1, 4
Fifr 3 BRI E SR AR ) A AT RN
(Bacilli) . 7 FT B 24 (Flavobacteriia) . W £F 4 B 49
(Cytophagia) . ¥ 18+T B 2X(Sphingobacteriia) . Lk
Z¥(Actinobacteria) . y-J [#44(Gammaproteobacteria) |
B- ¢ J£ & 24X (Betaproteobacteria) Al a- 2% & [F 4
(Alphaproteobacteria)5: (& 1B), HiHr, M A3 1 H43
B BT TR A T A 3 il
+- 4, A8 2 AR 3 ERER ] B AR AUD
NS 1N 2 vy M y- A TR N R B D T
HAphpgh -3, W B-LILENEAMH S, 5 2
HOR P B BE IR AT TR AN A, 3% 3 PR M BT a-
BN EES I E/R

M Bacilli

. M Flavobacteriia
(B) |14 Cytophagia
I Sphingobacteriia
- J Actinobacteria
6.9% 153 Gammaproteobacteria
- Betaproteobacteria
y 6.4% L1 Alphaproteobacteria
. 0
14.19% -1
13.8%

26.3% 14%
23.4% 28.8% 12.8%

20.3% 13.8%

51%
31% 9
10.3%

B 1 ARTIEDRERFRAMEFMEDTA)FAHENB)KFE L HLERK

Fig. 1 Compositions of cultivable microbial phylum (A) and class (B) level in tobacco root surface of different soils

http://soils.issas.ac.cn



5 4 19

XA RAEAKE AR AR T % S 0 R A A SR BRI ) 2 A AP E TS 753

TEJR/KF b, XS] B SRR M 2 A4 4 31 4
M mE . Ho, BIRE T PRy IR RS
(Pseudomonas) M5 37 Y0 1 J& (Stenotrophomonas)
PUFFE T B RO AT 8 (Dyadobacter) , L R RET
I T 2 BAT TR R (Bacillus) R 4 FhEE A EAE HAR
FAAT AR R DA BRI TR B, 4
PR - 338 rh R AR R U E WA AR SR K B R
HERIZEF(B 2), Hit, NEZIREMERE
FaE ESE Y . BARTERE A E IR TE R , A58 1R IR
TFBEAET 3 P S LA b 3 i 4 T s 2Rk it
TRk L, Xkt h AR R 16 R, R
TAATT. 6 M. 9 ME(FE 3).

1582 153

2 FRTEEFEFERZHMEDZEEE Venn E(BKT)
Fig.2 Venn diagram of microbial communities in tobacco root
surface of different soils (genus level)

R3 MWERRSBEERKREER

Table 3 Representative strains isolated and identified from tobacco root surface

[Elidikes LS I i [ 1 A IR (%) 23 &
YCl1 B8W22(T) Bacillus aryabhattai 100 EF114313 Bacillus
YC2 Lc04(T) Ensifer morelensis 99.61 AY 024335 Ensifer
YC3 A-27(T) Dyadobacter terricola 99.62 KY 117482 Dyadobacter
YC4 65(T) Dyadobacter endophyticus 99.70 KT003984 Dyadobacter
YC7 S37(T) Sphingopyxis chilensis 99.38 AF367204 Sphingopyxis
YC8 JV551A3(T) Pseudomonas inefficax 100 OPYNO01000008 Pseudomonas
YC9 RYUS5(T) Pseudomonas asiatica 100 MHS517510 Pseudomonas
YCI11 ATCC 29479(T) Lysobacter antibioticus 100 CP013141 Lysobacter
YCI15 KT2440 AE015451 s 99.85 AE015451 Pseudomonas
YC17 ATCC 19867(T) Pseudomonas hibiscicola 99.56 AB021405 Stenotrophomonas
YC18 DSM 12966(T) Microbacterium foliorum 99.41 JYIU01000006 Microbacterium
YC21 NBRC 102199(T) Pseudomonas oryzihabitans 100 BBIT01000012 Pseudomonas
YC23 ATCC 14579(T) Bacillus cereus 100 AE016877 Bacillus
YC25 FSL W8-0169(T) Bacillus wiedmannii 100 LOBC01000053 Bacillus
YC26 NH24A2(T) Bacillus paramycoides 100 MAOI01000012 Bacillus
YC36 DSM 17724(T) Chryseobacterium wanjuense 100 jgi.1085865 Chryseobacterium

22 KRERMEKRNEERNDWT

e FRIT, 16 PREAT 6 MRAEARE ), JL
TIERE YC8 RILHASRME AL ) £ 5 RIEHEE
Bregka RGeSy, Hirh YC8 Bl YC15 B T 4008
BT RRERAARRE ST s 4 RRTRTAR AT LIXE TCHLBE A T A
Hirp YC8, YCO Hl YC21 =HRRHE R EA B i
PLBERRE 1 (3R 4) A1 4 BRIETFI 7 TAA, J30ilJ2 YCL.
YC8. YC21. YC36(F 3). HH ik YC8 /= T1AA RE
J1ick, W TAA & iR 18.40 pg/ml; HKJE YCI,
HW T IAA &5 15.27 pg/ml; 23 TAA fE 755
FIJERAR YC21, &0 6.50 pg/ml.
23 REZFAE

16 PRPERRIEA TS 200, 38 A% A
Wi RS AR AT AR AE MR AR TR PR AR TR (& 4), YC3,

YC4, YC8., YCI5, YC17 A1 YC18 AZbFR T {4 57
AR AR R AR SR, o SR R AR Y
37.5%. 5 CK AbEEAHAS, $ZRhX 6 BRE MR HH ik
1 RN TR AL T R A AR v 35.1%
27.9% H130.7%.

3 ihie

FE IR R R YRR AR A (B TR
BAEEEHI BAERN, WER R X
Z RN R BT P2, SRR AR K R G R T
PR 122 R Y 5 A 3R e A v ) K326
PR IR T 4 1. 17 AN EPTIERMAY
160 ¥k, Hrd y-AS TN | 2T R AR B-A5TE T 2K
N B EE (R A RN AT A A
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Table 4 Growth-promoting ability of strains

Wbk S A PR R FR 7 BRERIR R TTL
YCl Bacillus aryabhattai - - -
YC2 Ensifer morelensis - - -
YC3 Dyadobacter terricola - - -
YC4  Dyadobacter endophyticus — - -

YC7 Sphingopyxis chilensis - - -
YC8 Pseudomonas inefficax + + ++
YC9 Pseudomonas asiatica + ++ ++
YCl11 Lysobacter antibioticus - - -
YCI15 AE015451 s + ++ +
YC17  Pseudomonas hibiscicola — + + -
YC18  Microbacterium foliorum — — - -
YC21 5 fyegjl‘;z%f; + + ++
YC23 Bacillus cereus - - -
YC25 Bacillus wiedmannii - - -
YC26 Bacillus paramycoides - - -
Y36 Chryseo{)acterium B _ B
wanjuense
IE: +: 0<D/d<1.5, HAMRERTS; ++: Did=15, HAW
BRIEARES; — ARAEARE

P, FEARMGH, IR & AN T = X 4 At
Tk IR AR A B R i 310 MR AT RE SR AN
SET 4T, 8 M. 31 NE . M TIHEAR PR AT

IS % 4

*
c
10
i
iy
e
& s
3
BoO00T0EO=2m2ala8R OMGSSﬁB
o OOLLLOLLU o
SEEEEREOOP000000 SEEES
LS

YC8
YC9
tYCl1

Jo:

IAA (ng/ml)

YCI YC8  YC2I

[EstS
(HER B AN [R/INE S0 37 A B R) 24 55 1 25 (P<0.05))

B3 TR ERK™ IAA g
Fig. 3  Ability of different tested strains to produce IAA
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TEJR K- b, ARFFE R B AR B s AR R =4
TR | SRR BB | O T A ZE AT
BB N 4 MBS AR A AR R . F AT
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Fig. 4 Growth promotion of representative strains
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Al RESs BN e A A K VTR A I e s . i — 208
AR LI, A 6 MRIAFRTIEMR S . EEE T
R ET Y R R A R B AR E R,
FEE TR R E . BOTFF RS . R A
AR, Pk, B TERPAEE S, HEE b BA
R ZARIAE YA K AR SR8, 40, Kumar 451
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