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Abstract: [Background] Studies have shown that rhizosphere microorganisms play an important role in
the root ecosystem, influencing the nutrient absorption and health of plant. [Objective] To understand the
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culturable microbial diversity in the rhizosphere of flue-cured tobacco variety K326 growing in four
tobacco fields, which does not occur disease for many years, and to screen strains with the biocontrol and
plant-growth promoting function for tobacco diseases control. [Methods] Traditional culture-dependent
methods were used to isolate and identify bacteria and fungi in tobacco rhizosphere soil. The plant
growth-promoting characteristics and pathogen antagonism of the strains were evaluated, and the
growth-promoting effects of typical strains were further verified on tobacco seedlings. [Results] In this
study, 261 isolates were obtained, including 160 bacterial strains and 101 fungal strains. Bacterial phyla of
Proteobacteria and Firmicutes and fungal phyla of Ascomycota and Mucoromycota are the main groups.
At the genus level, Pseudomonas and Bacillus were the most abundant genera in bacteria, and Aspergillus
and Penicillium dominated in fungi. Next, 44 bacterial strains were selected from different species as
representatives. We found that they all have IAA production ability, 9 strains can dissolve organic
phosphorus, 16 strains can dissolve inorganic phosphorus, 13 strains produce siderophores, and 14 strains
produce ACC deaminase. 25 and 26 strains that inhibiting the pathogens of bacterial wilt and black shank
diseases were obtained from 160 bacterial strains, respectively. The pot experiment found that P. koreensis
HCH2-3, P. lurida FGD5-2 and B. velezensis EM-1 can promote growth of tobacco seedlings, and
consortium of these three strains has the most obvious growth-promoting effect. [Conclusion] There are
numerous microorganisms with the potential to control disease and promote plant growth in the tobacco
rhizosphere. Application of synthetic bacteria or functional complementary strains is an important
direction for the development of microbial agents in the future.

Keywords: tobacco rhizosphere, culturable microorganisms, plant growth-promoting rhizobacteria,
biocontrol bacteria
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Figure 1 The culturable bacterial composition of tobacco rhizosphere at the phylum (A), class (B) and genus (C) levels
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Table 1 The detailed information of culturable bacteria isolated from tobacco rhizosphere

eSS B R AL Pt o5 L 451 ARRLEE 5 Fl AL BE v
Species Strain number Percentage (%) Similarity range (%) Similarity median (%)
Acinetobacter guillouiae 1 0.63 99.89 99.89
Acinetobacter oleivorans 7 4.38 99.55-100.00 100.00
Acinetobacter oryzae 4 2.50 98.54-98.97 98.88
Acinetobacter rudis 3 1.88 99.55-100.00 100.00
Bacillus acidiceler 1 0.63 99.89 99.89

Bacillus cereus 7 4.38 99.79-100.00 100.00
Bacillus mobilis 1 0.63 99.93 99.93

Bacillus mycoides 4 2.50 99.58-100.00 99.69

Bacillus pacificus 2 1.25 100.00 100.00
Bacillus proteolyticus 2 1.25 99.79-100.00 99.90

Bacillus pseudomycoides 5 3.13 99.16—100.00 100.00
Bacillus velezensis 2 1.25 100.00 100.00
Bacillus thuringiensis 9 5.63 99.44-100.00 99.79

Bacillus toyonensis 8 5.00 99.17-100.00 99.76

Bacillus wiedmannii 2 1.25 99.93—-100.00 99.97

(#4)
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Burkholderia pyrrocinia 2 1.25 99.66 99.66
Burkholderia stabilis 1 0.63 99.89 99.89
Burkholderia ubonensis 1 0.63 99.65 99.65
Delftia acidovorans 2 1.25 100.00 100.00
Enterobacter kobei 1 0.63 99.76 99.76
Enterobacter ludwigii 12 7.50 99.77-100.00 100.00
Enterobacter mori 4 2.50 99.42—-100.00 99.53
Glutamicibacter mishrai 2 1.25 99.89-100.00 99.95
Klebsiella michiganensis 1 0.63 98.97 98.97
Microbacterium esteraromaticum 2 1.25 99.32-99.43 99.38
Microbacterium sorbitolivorans 1 0.63 99.77 99.77
Microbacterium xylanilyticum 1 0.63 99.32 99.32
Morganella morganii subsp. sibonii 1 0.63 98.36 98.36
Ochrobactrum intermedium 1 0.63 100.00 100.00
Pantoea endophytica 1 0.63 99.66 99.66
Pseudarthrobacter niigatensis 1 0.63 99.89 99.89
Pseudarthrobacter 1 0.63 99.43 99.43
phenanthrenivorans

Pseudomonas alloputida 1 0.63 100.00 100.00
Pseudomonas atagosis 3 1.88 99.63 99.63
Pseudomonas baetica 2 1.25 99.57 99.57
Pseudomonas capeferrum 2 1.25 99.55-99.66 99.61
Pseudomonas chlororaphis 1 0.63 99.50 99.50
Pseudomonas costantinii 1 0.63 99.89 99.89
Pseudomonas extremorientalis 1 0.63 100.00 100.00
Pseudomonas fluorescens 2 1.25 99.86—99.93 99.90
Pseudomonas frederiksbergensis 1 0.63 99.79 99.79
Pseudomonas geniculata 2 1.25 98.84-99.64 99.24
Pseudomonas gessardii 1 0.63 98.84 98.84
Pseudomonas glycinae 1 0.63 99.72 99.72
Pseudomonas granadensis 1 0.63 99.77 99.77
Pseudomonas hibiscicola 1 0.63 99.30 99.30
Pseudomonas koreensis 11 6.88 99.36—-100.00 99.93
Pseudomonas kribbensis 10 6.25 99.86—-100.00 99.89
Pseudomonas lurida 2 1.25 100.00 100.00
Pseudomonas mandelii 1 0.63 99.78 99.78
Pseudomonas marginalis 2 1.25 99.78—100.00 99.89
Pseudomonas monteilii 2 1.25 99.77-100.00 99.89
Pseudomonas moraviensis 1 0.63 99.64 99.64
Pseudomonas mosselii 2 1.25 99.79-100.00 99.90
Pseudomonas putida 1 0.63 99.93 99.93
Pseudomonas rhodesiae 1 0.63 99.93 99.93
Pseudomonas syringae 2 1.25 99.64-100.00 99.82
Pseudomonas thivervalensis 1 0.63 99.93 99.93
Ralstonia pickettii 1 0.63 99.54 99.54
Ralstonia pseudosolanacearum 1 0.63 100.00 100.00
Raoultella terrigena 1 0.63 99.66 99.66
Sphingobacterium siyangense 3 1.88 99.20-99.54 99.20
Stenotrophomonas maltophilia 5 3.13 98.32-99.66 99.66
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Figure 2 Neighbor-joining phylogenetic tree of culturable bacteria isolated from tobacco rhizosphere and their closest

type strains based on 16S rRNA gene sequences
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Table 2 The detailed information of culturable fungi isolated from tobacco rhizosphere

GBS L7338 it i et AR HRABLE H (3 %5
Species Strain number Percentage (%) Similarity range (%) Similarity median (%)
Arcopilus aureus 1 0.99 100.00 100.00
Aspergillus fischeri 1 0.99 99.83 99.83
Aspergillus fumigatus 3 2.97 100.00 100.00
Aspergillus lentulus 28 27.72 99.32—-100.00 100.00
Aspergillus terreus 5 4.95 99.83-100.00 100.00
Aspergillus udagawae 3 2.97 98.95-100.00 100.00
Fusarium oxysporum 3 2.97 100.00 100.00
Gongronella butleri 1 0.99 100.00 100.00
Monascus fumeus 1 0.99 99.64 99.64
Mucor circinelloides 2 1.98 98.52—-100.00 99.26
Mucor racemosus 3 2.97 99.23-99.48 99.48
Neosartorya udagawae 1 0.99 100.00 100.00
Penicillium citrioviride 7 6.93 99.64-100.00 99.64
Penicillium coprophilum 1 0.99 99.64 99.64
Penicillium janthinellum 15 14.85 99.64-100.00 100.00
Pseudeurotium ovale 6 5.94 98.02—-98.22 98.02
Purpureocillium lilacinum 1 0.99 100.00 100.00
Schizophyllum commune 1 0.99 100.00 100.00
Talaromyces flavus 2 1.98 99.81-100.00 99.91
Talaromyces gossypii 1 0.99 100.00 100.00
Talaromyces liani 1 0.99 99.09 99.09
Talaromyces pinophilus 3 2.97 99.15-100 99.21
Talaromyces purpureogenus 2 1.98 98.59-99.83 99.21
Talaromyces trachyspermus 7 6.93 98.20-100 98.64
Thielavia hyrcaniae 1 0.99 99.25 99.25
Westerdykella dispersa 1 0.99 99.17 99.17
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Figure 3 The culturable fungal composition of tobacco rhizosphere at the phylum (A), class (B) and genus (C) levels

VAl TR A 16 Bk, 77 AR BREUA A 13 Bk, 7
4 ACC JREREIAT 14 FRGE 3). EENE, 7
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JI 2 i 4 AR S BICA TRBR GT24 Fil GT79.
TR 53 235 SR B R R AR B 4 TR A A ) 2 A= T
FLA BT VS 7 o
24 WHEEKNEHFENEZERFEOERER
R T RGN REAR PR 4 TR0 U0 B AR

R3 MHBRARMAERBERAEESE

(7 s RSB SIRR) I BITIRTE T, B I AR AT O A T
PR R A T AR G IR 6 o 45 SR 2 BEL, 76 160 #R 4N
W, BRRE TN TR A R 25 Bk, RERSAD
il BE TR T A TR R AT 26 Bk, I ABRE B0 A9 T
MRAT 10 BR(R 4). Horp, BBk EM-1 X5 K 18
S HUIE ek, A B AR AT I8 4.1 em; RBE
ZAD2-1 X R B S BU/E Ao, B ]
ik 56% (Kl 4).

Table 3 The plant growth promoting features of 44 representative bacterial strains

HHES R TAA 7 BRI oA ACC IR
Strain No. Closest relatives IAA production Siderophore ~ Phosphate solubilizing ACC
(mg/L) production G WLk ToHLRE deaminase

Organic Inorganic

phosphorus phosphorus
GT63 Acinetobacter oleivorans 8.27 - + + -
FGH4-3-2 Bacillus cereus 5.36 + - - +
HCD2-1-2 Bacillus proteolyticus 20.03 = = = +
MTD1-1-2 Bacillus thuringiensis 3.58 = = = =
FGH4-1-1 Bacillus toyonensis 3.06 4 = = =
HCH3-2 Bacillus toyonensis 6.20 = = = =

(15%8)
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(854 3)
EM-1 Bacillus velezensis 8.59 - — - -
GT79 Burkholderia pyrrocinia 11.11 4 s 4 +
GT14 Burkholderia stabilis 4.16 + — + -
GT29 Delftia acidovorans 5.98 = = = +
GT41 Delftia acidovorans 11.42 = = = +
GTS83 Enterobacter kobei 50.22 - — + -
FGH1-1-1 Enterobacter mori 42.86 - — + +
GTO07 Glutamicibacter mishrai 38.58 - — - -
GT16 Microbacterium esteraromaticum — 49.47 + — - -
GT12 Microbacterium sorbitolivorans 1.31 - — - -
GT18 Microbacterium xylanilyticum 6.06 = = = =
GT70 Ochrobactrum intermedium 1.49 - — - +
GT04 Pantoea endophytica 5.02 4 s 4 =
GT60 Pseudomonas alloputida 1.00 = = = =
ZAHA4-2 Pseudomonas atagosis 6.79 4 = = +
FGDS5-1 Pseudomonas baetica 7.38 - — + -
GT64 Pseudomonas chlororaphis 3.89 = s 4 =
MTD6-1 Pseudomonas extremorientalis 8.29 - — + -
ZAHS5-1-1 Pseudomonas fluorescens 9.19 = = = =
MTH4-2-1 Pseudomonas frederiksbergensis 38.06 = s 4 =
MTH4-1-2 Pseudomonas geniculata 20.03 = = = =
GTO03 Pseudomonas gessardii 170.31 = s = =
FGHS-2-1 Pseudomonas glycinae 8.61 = = = =
GT33 Pseudomonas granadensis 25.25 = = = =
MTHI1-2-1 Pseudomonas hibiscicola 11.03 + + - -
HCH2-3 Pseudomonas koreensis 61.36 + — + +
HCH4-1-1 Pseudomonas kribbensis 22.58 - — - -
FGD5-2 Pseudomonas lurida 6.17 + — - -
FGH1-4-1 Pseudomonas marginalis 50.22 = = 4 =
MTD6-2 Pseudomonas monteilii 7.29 - — - -
GT31 Pseudomonas mosselii 51.28 + + + -
MTD4-1 Pseudomonas rhodesiae 2.60 + — + -
ZAHA4-1-2 Pseudomonas syringae 9.48 = = 4 +
FGH3-2-2 Pseudomonas thivervalensis 16.28 - — - -
GT24 Ralstonia pickettii 8.29 4 s 4 +
GT35 Sphingobacterium siyangense 2.71 = = = +
MTD3-1-1 Stenotrophomonas maltophilia 0.40 = = = +
MTHS-2-1 Stenotrophomonas maltophilia 48.67 = = = +

e o+ PR - BRSO

Note: +: Positive; —: Negative
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Table 4 The list of strains inhibiting growth of Ralstonia solanacearum and Phytophthora nicotianae

G HRAHL T 0 7 A ] R PR
Strain No. Closest relatives Inhibition against R. solanacearum Inhibition against P. nicotianae
HCH6-2 Bacillus cereus - +
HCH1-4-2 Bacillus cereus — +
ZAD3-2 Bacillus pacificus + -
MTHI1-1 Bacillus pseudomycoides = its
MTHS-1 Bacillus pseudomycoides = +
HCH3-1 Bacillus pseudomycoides - +
EM-1 Bacillus velezensis +
T-9 Bacillus velezensis +
FGH6-3 Bacillus thuringiensis - +
FGH6-2 Bacillus thuringiensis = its
ZAH6-1 Bacillus thuringiensis = +
MTH6-2 Bacillus thuringiensis - +
ZAH5-1-2 Bacillus thuringiensis = its
ZADS-1 Bacillus thuringiensis = +
HCHI-1-1 Bacillus toyonensis - +
GT14 Burkholderia stabilis - +
GTO07 Glutamicibacter mishrai — +
GT04 Pantoea endophytica - +
ZAH4-2 Pseudomonas atagosis + +
FGD2-1 Pseudomonas atagosis s =
FGD5-1 Pseudomonas baetica + -
GTo64 Pseudomonas chlororaphis s its
GT77 Pseudomonas costantinii + -
MTD6-1 Pseudomonas extremorientalis + -
ZAHS5-1-1 Pseudomonas fluorescens s =
GTO03 Pseudomonas gessardii s +
ZAD2-1 Pseudomonas koreensis - +
ZAD2-3 Pseudomonas koreensis + -
ZAD2-2 Pseudomonas koreensis + +
HCD1-1 Pseudomonas koreensis + +
HCD6-1 Pseudomonas koreensis + +
HCH2-3 Pseudomonas koreensis + +
HCH6-1 Pseudomonas koreensis + +
T-11 Pseudomonas kribbensis + -
T-137 Pseudomonas kribbensis + -
FGD5-2 Pseudomonas lurida + -
FGH1-4-1 Pseudomonas marginalis + -
FGD4-2 Pseudomonas moraviensis + -
GT39 Pseudomonas mosselii + -
FGD1-1 Pseudomonas putida + -
MTD4-1 Pseudomonas rhodesiae + -

T+ BAROUER; — JiEbuEH

Note: +: With antagonistic activity; —: No antagonistic activity
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Figure 4 The inhibition of strains EM-1 and ZAD2-1 against Ralstonia solanacearum (A) and Phytophthora nicotianae (B)

respectively
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Figure S The shoot growth of tobacco treated with single strains EM-1, HCH2-3 and FGD5-2 and with a consortium of

all three strains (mix)

e A ARAERCRE; B: mkmHm; C: bkmi; D: 8f8, & B, CHl D HIRE ERARNG FERIRPI2H Ab 1 E) B A 3k

% 5(P<0.05)

Note: A: The growth promoting effects; B: Maximum leaf area; C: Shoot length; D: Fresh weight. Different letters in panels B, C and D
indicate statistically significant differences between treatments as determined by student’s 7-test (P<0.05)
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