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Identification, genomic analysis, and disease-resistant and plant
growth-promoting characterization of a Bacillus velezensis

WANG Chunling, HUANG Yuting, LIU Xing, XU Liangxiong, WANG Yanjun, XIAO Haixia,
ZHU Boshi, MAO Lutian”

College of Life Sciences, Huizhou University, Huizhou, Guangdong, China

Abstract: Crop diseases caused by phytopathogens result in great harm to global agriculture.
Biocontrol has garnered increasing attention in plant disease prevention and control because of its
effectiveness and environmental friendliness. [Objective] To identify, analyze the genome, and
evaluate the disease-resistant and plant growth-promoting effects of the strains with antagonistic
activities that were screened from the culture collection. [Methods] Antagonistic strains were
screened by plate confrontation method. and identified by morphological observation, phylogenetic
analysis based on the 16S rRNA gene and genome, comparative analysis of average nucleotide
identity (ANI) and digital DNA-DNA hybridization (dDDH) values, and physiological and
biochemical tests. The whole genome sequence of the target strain was analyzed for the mining of
functional genes. The plant growth-promoting effect of the target strain was characterized in terms
of the phosphorus-solubilizing, siderophore-producing, and proteinase- and cellulose-producing
properties. The inhibition of volatile gas produced by the target strain on phytopathogenic fungi
was examined in petri dishes with a septum. The effects of the target strain on tomato growth and
diseases were studied by pot experiments. [Results] Strain MB1019 with obvious inhibitory effects
on Ralstonia solanacearum and three phytopathogenic fungal strains was screened out and
identified as Bacillus velezensis. The physiological and biochemical tests showed that strain
MB1019 tolerated the temperature of 15-50 °C, 10.0% NaCl, and pH 5.0-9.0. The genome of
strain MB1019 was 3.8 Mb in length, with the G+C content of 46.4%. The prediction on
antiSMASH suggested that the MB1019 genome had 17 synthetic gene clusters for secondary
metabolites. The prediction on dbCAN2 suggested that MB1019 carried 108 genes belonging to
52 types of the CAZy family, among which glycoside hydrolases (GHs) were the richest and most
abundant. The volatile gas produced by MB1019 significantly inhibited the growth of
phytopathogenic fungi. The results of pot experiments showed that MB1019 promoted the growth
and inhibited the diseases of tomato seedlings. [Conclusion] B. velezensis MB1019 capable of
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antagonizing R. solanacearum and phytopathogenic fungi has tolerance to high temperatures and
saline-alkali and demonstrates plant growth-promoting effects. Its genome contains a large number
of functional genes, and the volatile gas produced by this strain can inhibit the growth of
pathogenic fungi. The fermentation broth of MB1019 has the effects of promoting the growth and
preventing the diseases of tomato seedlings. In summary, B. velezensis MB1019 can be used as an
elite strain in the research and development of microbial fertilizers and pesticides, demonstrating
promising development and application prospects.

Keywords: Bacillus velezensis; phytopathogen; genomic analysis; disease-resistant and plant

growth-promoting properties
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1, 2- 7K Ff 57 WE s -3- i [1, 2-benzisothiazol-3(2
H)-one] #1 1,3-T — /4 (1,3-butadiene); IL4), B.
velezensis FZB42 77 H: 1 3% I {6 14 2R X 22 g [
A RA RN Im R KB, B.
velezensis DR-08 [ T FE4 HUY) A difficidin £
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L1 BERFEFE
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(Citrus trichoderma) TSF19 F14H i B (Aspergillus
fumigatus) TSF44 Y% [ 52596 = A AP . i
Faifhh KeEHeEFE 15,

B I B (nutrient agar, NA)RGFRIL | EFHRKE
¥ (nutrient broth, NB)}5 ## 5L . R2A BUIERG 3L
7 FEYLBLIE (MacConkey agar, MCA) ¥ 353 | iR
5 H MK 5.3 (trypsin soy agar, TSA) 1 3% 3& |
12MS 35 Fe 0 A 7 5 AR Y BOR A R
TSI

i TCHLBE S F2 55 (g/L): Cas(POy4), 5.0, #iZ%i
B 10.0, (NH4),SO4 0.5, NaCl 0.3, KCI 0.3,
MgSO,-7H,0 0.3, MnSO, 0.03, FeSO,4 7H,0 0.03,
BERER Ry 0.5, g 17.0, pH 7.2,

R B AR AR R R (g/L): R
LFAEZREN 10.0, BERERY 1.0, B 17.0, pH 7.2,

IREEFRFA T 121 °CKH 20 min J5 55

CAS 9 5E(g/L): ke 2.0, THZ 3.0,
CaCl, 0.1, MgSO, 4.9, ¥R 17.0, 121 °CK
20 min, CAS Ye¥i(g/L): 7 KT 0.3, FeCl; 0.1,
FkERE = ERARAR 1.5, 115 °CK I 20 min,
R HIZE 60 °CHYJ5, ] CAS Hi 3R 218
A 0.1 mol/L Rk 5% il AR T B0k 5% 1
CAS Y445 5mL, HIH CAS Kl =3t

NG 4 W3 7 3k (g/L): AR WA 20.0 T4
e Bilg 30.0 T —HEIEH T, I KE,
115 °CK T 20 min, R EIZE 60 °CLELRT,
PSR A5 A
12 HFEmERBRBENERFERERER
EYREER

B 100 pL 754 7 TR A R 34 20 T A B NA F
Me b, FEORTIE, G B 48 A B i a5 119 T A
FF-He b, 30 °CHEF% 2-3 d Ja BS54 A
B, IeAh, FHER 5 mm ROFTFLES, BU%SE
5d (7R A K TSFO5 . #4711 #1259 TSF19
FH A TSF44 EADE, AT 6 om 19 NA $5
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FRFEEp e FEBEE L 1 oem Ab R) BE 90° 3 B
4 AR, T B EA FE DU A R I AR R T
4 A AL E AL, DL R R L AR X R
AT 3K, 30 °CHEFE 3-4d, WMELHBE
XiF 3 Tl D L B A A B T 1
1.3 E¥k MB1019 £F

FEHL MB1019 1A & T2 A 50 pL Jo B K
A B LA H, 100 °CHNFA 10 min J5 WRATIR AT,
£ PCR # ¥4 #d . FIIH4HTA 16S rRNA K&
W 51 ¥ 27F (5-AGAGTTTGATCCTGGC
TCAG-3") Fll 1492R (5'-GGTTACCTTGTTACGA
CTT-3")#47 PCR #" 1 . PCR S WK £ (20 pL):
2xrTag Mix 10 uL, . FIF5149(10 umol/L)4%
0.5 uL, DNA 4R 0.5 pL, ddH,0 8.5 uL, PCR
NS 95 °C AP 5 ming 95 °C AR
30s, 56°CiEBk 30s, 72°C ZE{# 1 min, 30 4>
a5 72 °C LHE{H 5 min, P54 8 =Yk 2 4E
TAY) TR B A FRA RIS T o K3k
3B 16S rRNA 3£ [H 7 51) I 1% F] EzBioCloud %
P& £ (https://www. ezbiocloud. net/identify) #f 17 ¥
HIHxE, FIF MEGA 7.0 %4 Kimura XS0
il (Kimura 2-parameter model) 1 000 ¥X [ F&{E 44
# 16S rRNA Z& K 19 5 K L #k 5 (maximum
likelihood method) & 4t % & W . ¥ 3K 15 1Y
16S rRNA FE[H 741 - 1% 5] NCBI $45 2 (www.
ncbi. nlm. nih. gov), 3K 15 GenBank % ¢ 5 W
PQ268866.

AR MB1019 % I U533 01 26T NA F-
M b, 30 °CH53% 24 h G EATHARE, WAL TR
AR BEAh, SR T AR LS TR Bk
NSO EX 1

W RGP . BUD R RE T 3% 19 H,0,
W, WS S A W R, e )
B . A AREEE PR . (R R () R A
LA PR BR S R SEAT AN . o B 4
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FNA B b, poE T 100 150 30, 35,
40, 45, 50, 55 °CHEIFRARPEATIE SR, A0 B
FEANTRRE T ARG O K BRI 21 NaCl
R ECH 0-11.0% AURIRRE IR 36, A6
JE RIS 1.0%, 30 °C. 180 r/min ¥53% 2-3 d, &
DB PRAEANIR) NaCl ¥R BE B A KAB DL . K bk
FERZE pH (M 4.0-12.0 1 NA WA 33t
FEASBRBE ) B 1.0, 30 °C . 180 r/min 15 J7 2-
3d, WIERIEAR pH E T4 KB . K
FFRERI ZE NA. R2A, MCA Fil TSA iX 4 Fhis
FREE L, K RRAE R RIS IR 5 AR R B
i FH K W 352 A EG A il A A8 e 37 6 (I o
PR AR A BRTAT A FDIEFT IMVIC Ak R E
(I: e, M. HIREL; V. VPIRE; C. #E
fieEh).
1.4 Bk MB1019 {8445

¥ MB1019 43 il 55452 75 JC ML B 55 57 25 |
CAS Kl 35 55 5 K B RR A= W35 72 4 |, 30 °CH5
7 2-3 d J, WS AT 7 B sl R L i e An
b, PEATVS MR ICHLEE | 7= Bk A R 8 1 i T
PEDSE o B MB1019 542 FeF4E R 553 I,
H 1 mg/mL BYNIRZEA AL 15 min, ZJ5
A 1 mol/LNaCl [#5€ 15 min, f%)5 HiEKERR
PR 2 R IR Yk, JEE RS = A i
W . 7 JC ML BE 7 10 2 12 0 2 2 2 X i 2 )
(75 o PRRRER AR BE T A R 2 8 AT
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20 77 51 | 4% 3] NCBI %48 %, 345 GenBank
#5528 IBHEPW000000000.
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MR, R AV Y% 1 R A AL (average
nucleotide identity, ANI)ifi i EzBioCloud ¥ & [+
By #E 26 1. H. ANI calculator (https://www.
ezbiocloud. net/tools/ani) #1715 . 3 K 41 8+
DNA Z% 3¢ {fi (digital DNA-DNA hybridization,
dDDH) il & DSMZ A w] JF & i) 7E 48 T. B
Genome-to-Genome Calculator GGDC (http://ggdc.
dsmz.de/home.php) £ 17115 . i F§ UBCG % A4
8 MB1019 4 Bk [N 4 R 52 &k & W . fii 1]
antiSMASH v6.1.1 £ £k [ 3l # MB1019 1%
FACH W R A, HIAEZR M 3 dbCAN2 (E
fii>1e-15, coverage>0.35)#f17 CAZymes J& [H
ke,

1.6 Ek MB1019 =4 1% % M4 SR AN
mREE

B NA BB A R Ry, A5
B % ML 73 53] 432 M 9 it JK B9 TSFOS AT A
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AR R L, 00 e AT ) TR AR
1.7 FEmmRAFHKIE
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TR W ODgoo 24 1x10° CFU/mL. %l Bk
2-3 d JaJFURALER, CK 4. B4 A K NB
WARKEFRHE 10 mL /EMXT I MB1019 41: A
MBI019 KBk (%5 10mL, #JE K 10° CFU/ML);
RSH 4 : Jin A R. solanacearum RSH & Wk (5
Z 10 mL, #JE K 10° CFU/mL); MBI1019+RSH
. A MB1019 F1 RSH & B4 5 mL (M
¥4 10° CFU/mL). []f% 10 d AbHl—k, i 4E
AbFE 2 YR, BRAHALEE 4 BRE . B ARKE
30d )5, giittkm . R, BfFE, TH., &fH-
THIEhR
1.8 #HiEAIE

BT A B Kt A FH SPSS AR 1E AT 7 2243
Fl /N i 35 P 24 5 95 (least significant difference,
LSD) £ H H. % (P<0.05), X F Excel # {4 i 17
TEL.,

Ell EHMB1019FE i HHE K3 EYREER
Figure 1

2 HER50HT

21 EmMEWMEERERFERERER
FEYRE B EEE S IE

NS 35 5 (R4 TR v O S ) 1 AR T
HTA RSH EA B BA5HUE MR R MB1019 (4]
1A), R (E 1B 746 MB1019 %}
3 o JE T IR, A5 ER, SX R
F(# 1C. 1E. 1G), MBI1019 % % jili K 25 9% #
TSFO5 (& 1D). #f4% FI HF5 W & TSF19 (& 1F)
FUR A TSF44 (& 1H)ELAT B 5 A BR 7o 1
2.2 E#k MB1019 FUEE
22.1 EEFEUE

WK 2A Fros, MB1019 78 NA i3t &
FLAM, NEW, SWKERIN I, h%E
. AR B R TR, MB1019 2AFFIR, K
/NK(1.7-2.3) umx(0.6-0.7) um (& 2B).

Antagonistic activities of strain MB1019 against Ralstonia solanacearum and three phytopathogenic

fungi. A: Antagonistic activity of MB1019 against Ralstonia solanacearum RSH. B: The schematic of

confrontation dual culture for phytopathogenic fungi with MB1019. Botrytis cinerea TSF05 (C), Citrus

Trichoderma TSF19 (E), Aspergillus fumigatus TSF44 (G) in control dual culture test. Antagonistic activities of
MB1019 against Botrytis cinerea TSF05 (D), Citrus Trichoderma TSF19 (F) and Aspergillus fumigatus TSF44

(H) in dual culture test.
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C D

Bacillus sp. MB1019 (PQ268866)

Bacillus siamensis KCTC 136137 (FN597644) 100[ Bacillus sp. MB1019

Bacillus velezensis CR-502" (AY603658)

Bacillus amyloliguefaciens DSM 7T (FN597644)

Bacillus nematocidal B-16" (AY820954)

Bacillus nakamurai NRRL B-41091" (LSAZ01000028)

Bacillus vallismortis DV1-F-3T (JH600273)

Bacillus subtilis NCIB 36107 (ABQL01000001)

Bacillus inaquosorum KCTC 13429T (AMXN01000021)

Bacillus cabrialesii TE3T (MK462260)

Bacillus rugosus SPBT" (JABUX0010000041)

Bacillus spizizenii NRRL B-23049T (CP002905)

Bacillus stercoris JCM 300517 (MN536904) 100

Bacillus tequilensis KCTC 13622T (AYTO01000043)

Bacillus halotolerans ATCC 250967 (LPVE01000003 100
52 Bacillus mojavensis RO-H-17 (JH600280)

Bacillus atrophaeus JCM 9070T (AB021181)

Bacillus glycinifermentans GO-13T (LECW01000063) 100!
Bacillus paralicheniformis KJ-16" (KY694465)
8 | Bacillus haynesii NRRL B-41327T (MRBL01000076) 100

—
- Bacillus licheniformis ATCC 145807 (AE017333) 0.02
51 Bacillus sonorensis NBRC 1012347 (AYTN01000016)

Bacillus swezeyi NRRL B-41294T (MRBK01000096)

Bacillus velezensis CR-502" (GCA_001461825.1)
Bacillus siamensis KCTC 13613 (GCA_000262045.1)

Bacillus amyloliquefaciens DSM 7" (GCA_000196735.1)

Bacillus nakamurai NRRL B 410917 (GCA_001584325.1)

Bacillus atroph NRRL NRS 2137 (GCA_001584335.1)

Bacillus stercoris DTXPN1T (GCA_000738015.1)

Bacillus inaquosorum KCTC 13429" (GCA_003148415.1)

Bacillus cabrialesii TE3" (GCA_004124315.1)

Bacillus tequilensis KCTC 13622T (GCA_000507145.1)

—
0.002

E2 MBIOVMRSHHEMRR L B O

Figure 2 The morphological characteristics and phylogenetic analysis of MB1019. A: Colony morphology of
MB1019. B: The individual morphology of MB1019. C: Maximum-likelihood phylogenetic tree based on 16S
rRNA gene sequences. GenBank accession numbers are given in parentheses. Bootstrap values (represented
percentages of 1 000 replications)>50% are shown at nodes. Bar, 0.002 0 substitutions per nucleotide position.
D: Phylogenetic tree based on 92 bacterial core genes of strain MB1019 and its reference species. GenBank
accession numbers are given in parentheses. Bar, 0.02 substitutions per nucleotide position.

222 RFEESH S 2 AT I

MBI019 5 i % 2F {8 1 W (Bacillus 223  $FLA ANI F1 dDDH LLE SR
siamensis) KCTC 13613" I DU i 2F 4L T 14 MB1019 5 B. velezensis CR-502" [ ANI I,

CR-502" 3 AR E R K, 98 99.9%, 3T
16S rRNA J& R Fg () e KSR R Gk B
7N, MBI1019 5 B. siamensis KCTC 136137 B 7F
A F(E 20), A RFA RS EE R ANI HAEAE 77.0%-94.3% 2 0], dDDH b

{E} 98.3%, dDDH HAE N 84.5%, HIRF X5
Y AL RAE 95.0%-96.0% F1 70.0%, i 5 Hifth

B 577 MB1019 5 B. velezensis CR-502" %45 —  {HAE 20.4%-56.5% ZIH|(3& 1), I MB1019 &
N3 (K 2D), R MB1019 Al BN —#R DL —BR DU ZE AT I
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1 MB10195EABLFEHKAIANIFIdDDHEL (B

2 ERRMB10198Y4 TR 4 (L A5HE

Table 1 The ANI and dDDH values of MB1019 and Table 2  Physiological and biochemical characteristics
its related species of strain MB1019
Strains ANI dDDH Characteristic Results
Bacillus velezensis CR-502" 98.3 84.5 Oxidase -
Bacillus siamensis KCTC 136137 943 56.5 Catalase -
Bacillus nakamurai NRRL B-410917 86.3 30.7 Temperature range (°C) 10-50
Bacillus tequilensis KCTC 136227 77.7 20.7 Maxium NaCl (%, W/V) 10.0
Bacillus cabrialesii TE3" 77.2 20.5 pH value 5.0-9.0
Bacillus inaquosorum KCTC 13429" 71.5 209 NA +
Bacillus stercoris DTXPN1T 77.0 20.4 R2A +
Bacillus atrophaeus NRRLNRS 2137 77.3 20.6 MCA +
Bacillus amyloliquefaciens DSM 7% 93.1 55.1 TSA +
Methyl red -
2.24 iiﬂiﬂiﬁﬁﬁj\*ﬁ Indole +
Bk MB1019 BB ALASE L 2, JUR Ciicacid +
VP +

AT AN i BTG PR 35 R B A R S R Ry
15-50 °C, H K% NaCl # N 10.0%, i %
pH {H 75 Bl 4 5.0-9.0. B ¥k MB1019 7 NA,
R2A, MCA Fil TSA iX 4 Fpii 7R3 FHREA K.
IMVIiC AL RGSEE 45 R WoR, Wk MB1019
(R 2T o B, msI et R B, i
FRER R A I R, VP il A FH M
2.3 Btk MB1019 £ EEEHF S

FIFE MB1019 4 JE K 41 LA L3 3, 3
P K/N A 3.8 Mb, GH+C &l 46.4%, H K]
FEH A H & A 31 4 contigs, L7 3 984 >
FH

antiSMASH 7 £k £ 4 /2 100 7 #& MB1019
FERAHEH 17 DRBACE = L, Hor
A 4 4 H N R R 5 bacillibactin, bacilysin
bacillaene 1 macrolactin H ¥#J7 100% #H L4 ,
B 6.2 ifih—> PKS-like FEHFE, ST HHEEN
i% butirosin A/butirosin B AHIHANAE 7% (3 4),
AN, 4R BE61, 7.2, 101 K 111 ZwiSH
terpene, T3PKS. terpene Fll lanthipetide-class-ii
AN LB T AR DI EE A FE (R 4).
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- : Negative; + : Positive.

3 EHKMBI10194 EFEEEARYFIE
Table 3 The genome features of strain MB1019

Genomic features Results

Accession number JBHEPWO000000000
Size (Mb) 3.8

Number of contigs 31

G+C content (%) 46.4

Number of genes 3984

L50 (bp) 3

N50 (bp) 393 092

Number of RNAs 52

P bR MB1019 & R4l rp A5 47 52 A, 3k
108 4~ CAZy ZK & H K, H OB 1 K i il
(glycoside hydrolases, GHs) K i Fh A FE i i 22 |
S39h 24 FpA 42 A~(F] 3A). K 3B #E— R
T HFR MB1019 5 PR 20 v & A 000 1 /K ik i %
RS FIE R, Hirh GHI13 FI GH43 &4 i gh:
w2, 5351k 6 A1 44,
2.4 Ftk MB1019 {24 4514

B R MB1019 7EF JCHLEE . CAS &l i
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4 fFFantiSMASHZE L Wb TN E#AMB1019E E 28 & B HUR R R F=H1E R
Table 4 The secondary metabolites gene clusters in genome of strain MB1019 predicted by antiSMASH website

Region Types Most similar known clusters Similarity (%)
1.1 NRP-metallophore, NRPS, RiPP-like Bacillibactin 100
1.2 Other Bacilysin 100
2.1 NRPS, betalactone, transAT-PKS Fengycin 80
2.2 TransAT-PKS, NRPS, T3PKS Bacillaene 100
2.3 TransAT-PKS Macrolactin H 100
3.1 NRPS Surfactin 82
4.1 TransAT-PKS Difficidin 46
6.1 Terpene - -
6.2 PKS-like Butirosin A/butirosin B 7
7.1 TransAT-PKS-like Difficidin 53
7.2 T3PKS - -
10.1 Terpene - -
11.1 Lanthipetide-class-ii - -
17.1 NRPS Plipastatin 30
18.1 TransAT-PKS-like Difficidin 26
21.1 NRPS Fengycin 20
22.1 NRPS Fengycin 13
- represents absence.
B
N GH18
N GH30
_ GHS51
N GHT3
I GHos
NTges  MRmbers I G109
A s 42 5 I GH11
5 40t I 85}@6
I PR
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B I GH46
al I Gl
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NG GHI13
GH43
GH4
GHI1
GH32

&3 FEFMBI1019EEFH & EHCAZYR iR KX EE K REEE X

Figure 3

numbers of CAZy families; B: The types and numbers of glucoside hydrolases.

The CAZy families and glucoside hydrolase genes in strain MB1019 genome. A: The types and
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BRI B 5 TP L 27 i AR 77 3L I REIE
i B K it Bl (] 4A-4D), £ H ¥k MB1019 H
AETCHUBE . PEREAR . 7B A 4 2
T

FE AR IR 3 d TR FE MB1019 & iV
RO . PR . PP EE PR AL R
MG 1. S5O, HEE MB1019 B g TCAL
Wi BE /1 K (51.440+0.001) mg/L, 7%k 4 44 fE
N (55.70£0.19)% , 7= K (A B 5 F1 4 (22.008+
2.171) U/mL, 7= &F 4 & [ 3% 71 4 (0.022 1+
0.001 2) U/mL.,
2.5 E# MB1019 =4 ZE L M S A HDH
EYREER

LR R 2 BRAE A0 IR B B A B (B SAL
5C), TE_ArFasssRiieg, @#ik MB1019 A&
XoF % i K 55 9% T TSFO5 FME 4 1 M 25 0% T
TSF19 B A4 B &M E 2R (B 5B, 5D, 5E),
TR MB1019 7= 4 (4% KSR BEAS A &L
T 2 FkE s I LR
2.6 Bk MB1019 &R & BHH1ER

B K 30 d A 4 S AbFEZH B i T BBk
WA, 6, TEUKEEE-TEEHTHEIT,
5N 6 iR, 5 KRR NB A E; 57 3(CK)
M, FEFPE R MB1019 KB S, i iRk
. R BEE AT E S RS T 32.4%.

31.2%. 50.9% #11 37.0% (MB1019). Ik, jifn
T RSH (3500 B AR A AR 5%, 040 ik
A ZEAEAR(RSH). SR, 5 E M H RSH 41
FEE, 4 [RIAE N MB1019 fil RSH )5, %&
AR E A K, Hfkm . R, BEEMT
FE IR T 39.0%. 58.6%. 94.1% Fl 74.1%
(MB1019+RSH), #h A& L5 45 K& W, Wtk
MB1019 X} i EA B e EER, JFHaE
AR I

3 HhE LR

AR, ZEHRATHSE PGPR 7E40 4 = I
Ve N, LA IR A P AR SEVE B A=
RO BRI, X T S 20 B A A K R o oy B
Bw PR AV Z R Z Ak . A58 i
S| — R X6 AEL ) 0 D 240 TR RN L TR A B B R A
TR MB1019 (K 1), &R, REKE
I3HT . KEDNZH ANI HI dDDH FeA8 504 LA e A= 24
A AR S 550, B AR R DS 2E A FT
W& 2, £ 1. %2), JIFHAXIHF K MB1019
HAT G I R AR S5 2 A AR IR (K] 4AL 4B),
7 B MB1019 /2 — #k& PGPR. It 4k, T #

MB1019 J&& 9 i1 2 Fh bt PE AR AR, 6 465 i s Ui
(50 °C). He it NaCl ¥ 2 10.0% . i i e e
JEH pH 5.0-9.0 (3 2).

E4 HEHRMB1019{24 43

Figure 4 Plant growth-promoting characteristics of strain MB1019. A: Qualitative detection the ability of
MB1019 dissolving inorganic phosphorus; B: Siderophore qualitative detection of MB1019 with the CAS
method; C-D: Qualitative detection the ability of MB1019 producing protease (C) and cellulose (D).
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Figure 5 Volatile gases produced by strain MB1019 inhibiting pathogenic fungi. A: Botrytis cinerea TSF05; B:
TSF05+MB1019; C: Citrus Trichoderma TSF19; D: TSF19+MB1019; E: The colony diameter of pathogenic
fungus in different groups. ***: P<0.001.
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Figure 6 Biocontrol effects on tomato bacteria wilt and plant-growth-promoting effect of strain MB1019 in
greenhouse. A: Phenotype of tomato plantlets in different inoculation treatment groups; B: Plant-growth-
promoting effect of MB1019 on tomato height, root length, fresh weight, dry weight and fresh-dry weight in
different inoculation treatment groups. CK: Inoculation with NB medium as control; MB1019: Inoculation only
with the cultures of MB1019; RSH: Inoculation only with the cultures of Ralstonia solanacearum RSH;
MB1019+RSH: Simultaneous inoculation with the cultures of MB1019 and the bacterial solution of Ralstonia
solanacearum RSH. *: P<0.05; **: P<0.01; ns: P>0.05.
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