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Table 1 Determination of antagonistic ability of strains to pathogenic fungi by agar block method

F bk Strain Bl14 JY1 CY1 MY1

Bs12 Bm14 Bx12 Bx05 Bl12

BmkO1

Fo1 - —
Fo2 -

Fo3 - -
Fo4 —
F05 - —
F06 -

Fo7 — —
Fo8 —

Fo09 - —
F10 — +
F11 — —
F12 — —
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Note: “+” indicates that Bacillus has an inhibitory effect on pathogenic bacteria, “—" indicates that Bacillus has no inhibitory effect on

pathogenic bacteria.
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Table 2 Resistance of strains to pathogenic fungi by Oxford cup method

MY1 CY1
G TEPLRCR EGE/RIE T
Strain R/mm Antagtz)nistic effect R/mm Antagnonistic effect
Fol 18.340. 64 +++ 19.2+1.70 +++
Fo2 9.040.6 ++ 6.440.74 ++
Fo03 6.540.53 ++ 3.340.66 +
Fo4 17.5+1.33 +++ 15.5+0.72 +++
Fo05 — — — —
Fo6 17.540.97 +++ 17.54+1. 15 +++
Fo7 15.541. 96 +++ 4.5740.55 +
F08 3.740.38 + 4.540.43 =+
F09 13.5+1. 14 +++ 16.3+0.46 +++
F10 22.5+1.21 ++++ 17.241.03 +++
F11 7.04+1.08 ++ 7.840.62 ++
F12 3.0%£0. 21 + — —

TE R OVAM TN B8, 46 B B A 2% B9 IR A9 BE BT, A0 A R<5 mm R +755<C R<T10 mm A%+ +7;10<<R<C20 mm H“+ + +7;20<
R<C30 mm A“++++7,
Note: R is antibacterial bandwidth, which refers to distance from outer edge of agar block to pathogenic bacteria. Antibacterial zone R<C

5 mm is “+7; 5<ZR<C10 mm is “++”; 10<<{R<C20 mm is “+++"; 20<< R<C30 mm is “++++".

a. CY1 XPWJEE FO1 MAEHIBCR b, CY1 MR I F10 MIHLECHE sc. MY X R FO7 IS AR sd. MY X5 F10 ()
FEPURCR
a. Antagonistic effect of CY1 on pathogen F01; b. Antagonistic effect of CY1 on pathogen F10; c. Antagonistic effect of MY1 on
pathogen F07; d. Antagonistic effect of MY1 on pathogen F10
1 MYl 5 CYl EREHRBR
Fig.1 Antagonistic effect of MY1 and CY1 on pathogens
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Table 3 Effect of Bacillus fermentation liquid on germination rate of wheat
bk RV R R B %8 Diluted multiple of fermentation broth
Strain 104 10 times 100 100 times 1000 /% 1000 times
CK 83.342. 89 efg 83.342. 89 efg 80+5 gh
JY1 81.6+2.89 fgh 90 bed 86. 645, 78 cdef
CY1 7545 h 93.342.89 ab 93.342.89 ab
BmkO1 85 defg 85 defg 81.6+2.89 fgh
MY1 88.3+2.89 bede 98.3+2.89 a 91.6+5.78 be
Bs12 85 defg 80 gh 8545 defg
Bl14 88.3+2.89 bede 85 defg 8545 defg
Bx05 83.3+2.89 elg 88.3+2.89 bede 85 defg
Bl12 88.3+2.89 bede 85 defg 81.6+2.89 fgh
Bx12 90 bed 83.3+2.89 efg 8545 defg
Bm14 90 bed 8545 defg 85 defg

AR F/NG FRER R 22 5 B3 (P<<0.05),

Note: Different lowercase letters indicate significant difference (P<C0.05).
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Different lowercase letters indicate significant difference (P<C0. 05). The same below
TEHBRENFATFELBRRN N EDHESHZMN
Fig.2 Bacillus fermentation liquid on plant height of wheat seedlings
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fi %1l 4

E 2

22 16S rDNA J¥ 31 1 [a] Y P 43 B » 0 22 B8 fk
MY1.CY1 #5325 #ufv, Ho i MY1 5 Bacillus

Bx05x%1000
B112x10
B112x100
B112x1000 TR §
Bx12x10
Bx12x100
Bx12x1000 e fmg
Bml4x10
Bml4x100
Bm14x1000

velezensis (CR 502) A0 0L B & & 5 3 99. 92%,
B 28 5E R VUSRI 25 A I (181 3-AD)5 CYL 5
Bacillus subtilis subsp. inaquosorum ( KCTC
13429) AHARLEE B 5 . I 3 98. 75 %6 . e 2 4 58 g A
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FSE AT B VD B AR (A 3-B) .
4 R ZF AT B R R R R I

Table 4 Utilization capacity of tested Bacillus to different carbon and nitrogen sources

B Carbon sources MY1 CY1 A JH  Nitrogen sources MY1 CY1
HZB Glucose ++ ++ LA &M L-arginine ++ ++
AHE Xylose ++ ++ HZ® Glycine ++ ++
1AL Sorbitol ++ ++ JR#E Urea ++ ++
FEHE  Sucrose ++ ++ HFRA!  Potassium nitrate ++ ++
LFRH NaAc — — KITEHERR Aspartic acid ++ ++
HhE  Fructose ++ ++ i§fR% Ammonium nitrate ++ ++
FiIRLAA A Arabinose ++ ++ R Ammonia sulfate ++ ++
WLEE  Inositol ++ +

H# B Mannitol ++ ++

=" HARER T RIER AR KRR

Note: “—” means no growth, “+” means normal growth, “++” means strong growth.

acilius subtilis subsp. stercoris DTXPN1 99.66

Bacillus tequilensis KCTC13622 99.53

Bacillus subtilis subsp. spizizeniiNRRL 99.38
acillus halotolerans ATCC 99.38

Bacillus mojavensis RO-H1 99.3

Bacillus subtilis subsp. inaguosorum KCTC13429 99.53

Bacillus subtilis subsp. subtilis NCIB3610 99.77

Bacillus vallismortis DV1-F3 99.46
15
-Bacillus nakamurai B41091 99.69

MY1
ag-Bacillus velezensis CR-502 99.92

Bacillus atrophaeus JCM907099.38

,— Bacillus glycinifermentans GO-13 98.22

100 gacsius licheniformis ATCC14580 98 37
65

[ ——
0.001

46 -Bacillus subtilis subsp. spizizenii NRRLB23049 98 61

Bacillus tequilensis KCTC13622 98.61
Bacillus subtilis subsp. stercorisD7XPN1 99.36

Bacillus halotolerans ATCC25096 98.61

58 Bacillus mojavensis RO-H-1 98.54

CY1
38! Bacillus subtilis subsp. inagquosorum KCTC13429 98.75
-Bacillus subtilis subsp. subtilis NCIB3610 98.54

Bacillus vallismortis DV1F3 98 .41

47
an — Bacillus nakanurai NRRL 98.54
35 |: Bacillus velezensis CR-502 98.78
58 Bacillus siamensis KCTC13613 9827
0.0005

A MY1 RGERE AR ;B CY1 RERE M
A. MY1 phylogenetic tree; B. CY1 phylogenetic tree
B3 MYL.CYl RGELEHMLW
Fig.3 Phylogenetic tree of MY1 and CY1
2.5 FRAMAEREIRZK AR LR R e 85 R B I 11 29 %6, 22 S 3k 1 2 K
M A-A T, B RN MY S5 55 21 K& P MR CY1 AR BHXE 2 Al bk bk i AR B — &
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mE S5 frs., 28 MY JE5 30 K& 60 K. F i
R A PAL.PPO.POD,CAT 4 Fp 4 P B 1%
PO B 35 e b R MY T J5 48 30 K
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30.57 %M 17.22%

A a 70 B 08 ¢
<= 25 L 5 60 | a - 0.7F
20 %7 a 2
%20_ i % sol o é % .§ 0.6 a a a
E / > 2 05F o
= / 2 40t E lm W M
= st % = Zoar 1
5 10 Z 7 oor § 031 g z g
5T . il BN BN
P % 201 SN
® st i il N
g 10t Woo.1f g g é
0 L 1 J 0 1 I ) 0 é % é
CK MY1 CYl CK MYl CY1 CK MYl CY1
B4 MY15CYl WMEMEYFIERNMT
Fig. 4 Biological indexes of tomato under MY1 and CY1
1 CK oMYl MCY1
60 r 80 -
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~ E-D >
2p o gz af
SE 30t #3540l
#3 5
s13 20} 52 0t
'21 é AR 20t
= 10 | . 10l
0 : 0 '
B P 2 ALUFT I IR ED/ d P02 ALUMT B IR L/ d
Days post-Bacillus inoculation Days post-Bacillus inoculation
12 ¢
@ > | 5r
BE 10 b a b _
EE i = §§3-
S = a2t |
o I = S22t
2> 4 b & p = ‘Ez 2
2t pf = 591t
0 L 0

60
B 2F HUAT B OB 1A/ d

Days post-Bacillus inoculation

5 MYL.CY1 3 A 8 bk b 1 BB 1%

B 2F FRFT B I () /d

Days post-Bacillus inoculation

sEAl

Fig.5 Activities of resistant enzymes in tomato plants under MY1 and CY1
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Fig. 6 Effects of MY1 and CY1 on biological indexes of tomato plants
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P A AILFR 5356 A TS AL SR 43 o LA R T 08 ) W Usc )
FHTT AW 2 BRAE S IE dERE 4 AR K
ZEMIFF B MY 1. CY 1. 28 Pk 25 4T B & I T 5
LG N WK R RO IR R X — S
() A5 HE B AR R 5 A b 2 AT T 0 2 i A SR
() Z5 R B0 s RN S 56 21 R 2= 48 brh
AT MY 1 5 CY1 42 55 % i A Bk o Hop o
GE SRR FAEE LR AR
YA 25 A0 B EL AT S WA AE ) A R R T B BT | g
21 (in-dole-3-acetic acid, IAA) . 7% B 2 (gib-
berellin, GA) g 17 . /R & MY1 5 CY1 Af
REEAT WM AR R A KW 5T, 5 S Y
FE R R EE 1. R, A 0F 75 38 % BE L it T

MY1 F1 CY1 Wbk 2F 14T T A B W » 7 700 AR PR
B 150 e R e D A T A [ | T L 3 Y
fief 5T 2 50 HR R TG IAE 22 SN L /N
SRS K B it A AT T Tu-100 J5 L9
KRR TR e B, Ui Bk
ZEFRAT DA A F A A bbb Ay i AR A 3SR O B AR
FHRCR B ALY r B . T Al 3 43 i I o
DN 5 R R % 7K AT O L A2 SR A I [) 18 552 Wi 5K 5
KL B F 25, &5 0, PRk ZF R 78 o] BE 7
PR E R P AR A Ty T R AR B A A2
A AL B AR 7 W 45 4 2 55, 18 i — 5 ik
IRUERA .

A 4 WA AT DL S S A A R G b
LA 338 8 ) %08 T i T A HIR BT RE ) X — i R A
5 H ) By 60 9% 1k 09 42 TH . 5 PR1LNPR1YY
S AR AH G B G M DG B R R ik w1 iy L DA
FAKAGR I HT R Wt 7% 1R 45 W W 1k N B Y
e il B R A N O S R L - U £
F MY1 5 CY1 J5 %5 30 KHIZE 60 K., F i A
1 PAL.PPO.POD.CAT 4 Fp7E A 4 B % 1 72
AL B G HE A F 0%) Tl 06 M R S 4R R MY L A BRAE
AU ] A5 4 57 480 6 05 PR 38 0 3 e T R
4. Guo S B9 & B i FH i UE # 2F 46 FF 1
Bal3 J5 . A & & FHEY A H i PAL.POD 4%
B AR il 3% V5 A ) A RGBT AT B
i AL AR RS 2 30 B A 4 I 1 (TY LCD) I i 1k
XA LS AL, BURFH MYL 5 CYL A RE
3 o B TR ) A B A B T T O AR R A R
Gy SR AE YR T E R HEPIRE T .

ARBFFETRBESEE T 2 AR T 45 B0 I L I B
R T A ) A 1 2 LA T 3 e ke R DROR R
EBIEATTRE 9 R 2 Fhews UL B R RN &R . B T 8
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Screening and Identification of Two Bacillus sp.
and Their Growth Promotion Characteristics

SUN Yifan, FENG Zhaoyang, FENG Bingcong, LIU Zhe,
ZHENG Zehao, GUO Qiao and LAl Hangxian

(College of Natural Resources and Environment, Northwest A&F University, Yangling Shaanxi 712100, China)

Abstract Ten strains of Bacillus sp. in our laboratory were seleceted as materials,the experiments of
in vitro antagonism, tomato seedling growth, carbon and nitrogen source utilization, molecular biolog-
ical identification of bacterial strains,etc, were conducted,two strains of Bacillus (Bacillus velezensis
MY1,Bacillus subtilis subsp. inaquosorum CY1 ) with broad-spectrum bacteriostasis and potential
growth-promoting ability were screened out. Furthermore, the effects of MY1 and CY1 on tomato
growth promotion and resistance were determined in pot experiments. The results showed that MY1
and CY1 fermentation broth could significantly increase tomato biological parameters such as plant
height, leaf chlorophyll content and aboveground dry mass. The activities of the defense enzymes
POD, CAT., PAL and PPO were significantly higher than those in the control group at different test
times. The result demonstrated that two strains of Bacil/lus MY1 and CY1 had the ability to promote
tomato growth and enhance plant disease resistance.

Key words Bacillus sp; Identification; Antagonism; Plant growth promotion
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