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TRt IRIEIE E MR, AR RERARZANZRTARG N ETEHEE. (B8] AET L

BHESY s BLTHEREDARMAKR, SR GiEHE gﬁ?%kﬁ%%}ﬁi&?@ Tk, (%]
R PRI E N B B RE A, BEHEFIR. A A KA 16S rRNA LR 5 7] 547
LKA, ERAFNERKEAALE S, BT EEZARGGEMR. [£R] %
FIMEARAERIARGME, 257 GB-3. GH16-3 4 N %47 3F 7647 # (Bacillus velezensis),
GH16-8 4 f& i< ¥ 3 F84F & (Bacillus amyloliquefaciens), 47 & B & 42 4 %] 4 (30.00+1.07) mm .
(44.00+1.21) mm #2(18.00+0.89) mm, #7 & & 4 5] % 16.12%. 31.92%7F= 5.91%; *F ZA& % & B 2
A 74.33%. 76.57%. 69.07%, B I8 B o531 H 20.08%. 55.59%. 50.08%. 3 #RE ¥ EA —
T EBERE ), T MR BRI, AT Z A A R R A e B B BT e dr R SOk, ek
LB (indole-3-acetic acid, IAA)ZZ 4414 2.12. 1.30 A= 1.22 mg/L, %R EHEHRZ AR
28.25%. 17.09%#= 23.31%. [4#1 GH16-3 HAre9IRFE m iR, RAMRPR, sHE LR
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Abstract: Sugarcane smut caused by Sporisorium scitamineum is one of the major diseases
affecting the development of China’s sugar industry, and biocontrol is currently the most
efficient and safe means, which necessitates the screening of antagonists with strong
environmental adaptability and inhibitory effects. [Objective] To isolate and identify the
strains with good antagonistic effects against S scitamineum from soil and provide high-quality
biocontrol strain resources for the efficient prevention and control of sugarcane smut.
[Methods] The antagonists were isolated by the plate confrontation assay, and their taxonomic
status was determined by morphological observation, physiological and biochemical tests, and
16S rRNA gene sequencing. The pot and field experiments were conducted to study the
inhibition effects of the antagonists on sugarcane smut. [Results] Three strains of bacteria with
significant antagonistic effects were obtained. Strains GB-3 and GH16-3 were identified as
Bacillus velezensis and GH16-8 as B. amyloliquefaciens, with the inhibition zone diameters of
(30.00£1.07), (44.00+£1.21), and (18.00+0.89) mm and the inhibition rates of 16.12%, 31.92%,
and 5.91%, respectively. The inhibition effects of the three strains against sugarcane smut were
74.33%, 76.57%, and 69.07% in pots and 20.08%, 55.59%, and 50.08% in fields, respectively.
All the three strains had phosphorus-solubilizing ability, tolerance to extreme salt-alkaline
environments, and inhibitory effects on a variety of phytopathogenic bacteria and fungi, with
the indole-3-acetic acid (IAA) yields of 2.12, 1.30, and 1.22 mg/L, respectively. The
application of the three strains increased the sugarcane plant height by 28.25%, 17.09%, and
23.31%, respectively. [Conclusion] Strain GH16-3 has strong environmental adaptability,
growth-promoting effect, and prevention effect against sugarcane smut, demonstrating a
promising application prospect.

Keywords: sugarcane smut; Sporisorium scitamineum; antagonist; inhibition effects
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TR S — OB ME Y RIS KRB
REVRAEDIN, b T RN 1) 80% LA K 21
HERIY 40%, FEEEAMATE G IRE HAGHT FIE AR
A R H R ALY 1.8x10° hm™P,
AR F ELPERIED B, B A XA 45 ) P8 g
1N I N A S i e 1 e e S N S
PO R B 36 X H = 2 e A = B
60%, HIERARABERMEY), #H 3-5 4415
FRIEAE, X R R 7 =X B o J5 R 7E A AR 1A
e R R, P E R L R R
7 # B R5 B (Sporisorium scitamineum) 5 i )
RS E T, BB RA 50%,
e MR i 2 K 52%-73%°, WM T R
0.5-1.0%. FPRZEMAHE . M EIRSE, 43 BERY
27, FEAS B G i A R Y, R
TR P € A SR A R SR A T
HFLEHERZE . AR R L A, L%k
RO AN, ROHERT T

TE T FHE S B b A= H TR A R R R
A B U F RN 919767 AR
A, B 84-3"FIROC25 N AR TA HAAZ,
TEH PR BR A AR B NR ) RERE 41 55
A ELL AR 1 SRR 92-66° 40N
BEARIAA, BEE RUR AR 44 500 R
i, FEH RS AR B =, RS T o s
PP e & UERE . B TAE ™ BHES B A BCE A 2
20 Flr, HZE 20 2 70 4EAC P EEAERT
(A58 5 0 2R 900t Aol s o 5 T T AR T AR Y
50%7/4i. Chen ZELRHAIEA ., #E . HES
VEYI ST REFCAE, 0 SR P ) JE I A0 3 1
i, (i FEM G4 2 T BEIRR G, X
— B AR TR A 7 SR R ik
HOPR e 2 e i v A 25, SR T i 5 R B R AIG
55.55%; FHOR Tk HH A e - T G B U ) B O R

BE, X i AR TR SRR B AIGA 85.83%. AR ik
2R R FR R NS, By AR KRN L3RR X
NF AR TS TERZ ]

T TR ) B AR . W IR B A S
P, BN T2 M EY R E B, B
Sl Z B HRERFSE A R B E AL . Jayakumar 21
MHTRE AR 2 B 3RS 04 8 AR P AR 2R TR, X i A AT
BRI T 30%; Tegene 25UV H REMHISR 1
PRy 12 BRAREETE, X HESE R T r A ]
K 90%LA by SRR H R 2 4B i e A
$r IRARIE TR D3 FfvE 8 2R AT I ZC2-4, N
T AR S ARG e SR AT A B RS T
11.77%F 23.53%. Pk, e PREEIE N PR |
Ty T - 58 v B 1 1 AT ARG T o AT AR Ak
I 55 D RE T B S

ABEFEE R R SR e | PP AR
[ BT o U e =2 45 S [ AT, SRR R R EE I T
FH =498, DA r 43 B R 3 X T 0 S o LA
GFP IR AN, Gl T AR ER | AR AR
FREo3 0T, 454 16S rRNA KN EHIIE , #iiE
PRS- 5 DFSE R AT A% pH . NaCl % &
JH iR A2 A 25 i sz 0, LA 78
WAL IRE St P Ry 2R A, SR FH A e R H /)
XA IR AR S A 0 T 1%, B e TR AR T SRR 1Y) 7
ROR, et . fEAETheE, DN A K
B 7 PR g 5 P A0 326 TRT A

P

1.1 #H

A3 7R S TR A IR 9B Ss17 il Ss18
N HACH 12 1 ) PG AL B 24 B H REAE IS BT £
A7 AR U At R R AROR TR T R B
A P 5 i v ] 3K 3 A ) D R R A B v
DS A TERE N AR A R A FGGR 1),

http://journals.im.ac.cn/actamicrocn



3688

LI Nan et al. | Acta Microbiologica Sinica, 2024, 64(10)

* 1 HIXERKRIR

Table 1 Source of strains

Strains name Origins

Erwinia amylovora
Sreptomyces scabies
Verticillium dahliae
Alternaria solani

Fusarium oxysporum
Rhizoctonia solani
Agrobacterium tumefaciens

CGMCC No. 4.1765
CGMCC No. 3.12834
CGMCC No. 3.2888
CGMCC No. 3.3758
CGMCC No. 3.1496

CGMCC (China General Microbiological Culture Collection Center) No. 1.7275

Beijing Biomed Technology Co., Ltd.

API 50CHB G-+2f Jutt i 48 e 1o & B 4k
AL A IR A BR A F o

B iS5k e I e, LB B
FEH(e/L): E A 10.0, BEEHREM) 5.0, NaCl
100, EET/KERE 1.0 L, pH HEE 7.0,
121 °C KB 20 min; PDA Fl{AEF3E(g/L): &
FAEEHZE 200.0 g VIFE, WK 20 min, 42
P A SRR, A 20.0, BIE 15.0, BT
EAZE1O0L, I pH £ 7.0, 113 °C K 20 min;
King [CHiFR%E(g/L): &K 20.0, MgSO4 7H,0
1.5, K,HPO, 1.7, (212 0.1, N —f% 15.0 mL/L,
EETRKERZ1OL, #pH = 7.0, 121 °C K
B 20 min; PKO ¥iFist(g/L): HZBE 10.0,
(NH,),S04 0.5, MgSO47H,0 0.1, MgSO,4-H,0
0.03, FeSO,4 0.03, Ca3(PO4), 5.0, NaC1 0.3, KC1
0.3, BERREHM 0.5, Tfg 20.0, HEEF/KE
AE1O0L, # pH E 7.0, 113 °C KE 20 min.

o6 « #5520 mL 0.025 mol/L Ay FeCls 2525
BIA 30 mL kAR, Hidks,
1.2 HERER S SMiEE

PTG B X R BT PE AL B B
T RE RIS BT > ) FE A e T A T ) e FH R
R IR B 1 g A ETREAT 10 mL JCEK
B = fA, SR i E 5-10 min, BU 1 mL
IR R A 1072, 107 F1 107, WREL 100 uL
BIFRABITRAT T LB AR IR |, 28 °CRE ¢
24 hJ5, PRETEAE SR RETE Ak R A .

<l actamicro@im.ac.cn, & 010-64807516

14 Ss17 Fl Ss18 FUAHAA TR #4437 1 4ii T PDA
R FREE I, 28 °CIEIERGFE 24 h 5, 5k
BT V% T PDA WA KRG #3128 °C 200 r/min
B3z 24 h, A I HC Ss17 F1 Ss18 A BAfE A B bk
KRR, 11 IRA 5 Y5114 T PDA [EMAR: 53
b FESE R SR 6 pL FER AN I B FR R, 28 °C
B3R 7 d RIS EAR, TR R
1.3 HERENEE
131 BEMEESFENER

P e Xof H e B SRR TR LA B R AR Y
YN K LG TR AU A T LB AR R 5 I
37 °C #55% 24 h, KA BBEWE A
B

W3 RN BRI R B B i b R A
RIS, FWORE T S T R o . )5, fff
PR Bl 25 F 5 EAT 1-2 min AOYL O Ab 3,
KPR vk 30 s Yo )s, FFEel A E Tl
WP 1 min, FEH 95%BEERGEAT 1 min By
BBl f)e, AR EY: 2 min, G
wK YL 30s, THEEERN,

1.3.2  HFREIBSE (LB E

BRI FE4ERD T API S0CHB K595 55, H
53 )i 2 A5 S SR A TR A i B, 28 °C,
200 r/min 155% 24 h Fl 48 ho#KHE API 5S0CHB G+
ZEAUAT B 4 1R & (bt Al AR R
RELZA Wil Yk B 5 s I i 2
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133 BERSTFENZERE

BRI RN T LB Wik 3L, 28 °C,
200 r/min 3557 24 h J5, WHC 600 pL % 1 mL &
OEN, SHE 16S rRNA RKEHG1Y 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") . 1492R
(5'-CTACGGCTACCTTGTTACGA-3")#l gyrB it
R B5¥ LF (5-GCCTTGTCGACCACTCT
TGA-3"). LR (5-AATGGCAGTCAGCCCTTCT
C-3") [R] s 326 78 b ot 1o 7 5 DR e AR AT R 2 il
Ty, 2554 NCBIL _F##f7 HoX), RA MEGA 7
IR RS R B W ALIRIT S A% 2 E Rk
YIFL2E % H 0 (NMDC, http://nmde.cn).
1.4 HEENEIFESFESH
1.4.1 PRI ERIRE 1

K FEI R AR 43 A AT pH {EM 1.0, 3.0,
5.0.,7.0,9.0, 11.0, NaCI ¥4 0.1, 0.3, 0.5,
0.7. 0.9, 1.1 g/L i L B JIAE;FRHH, 37°C,
200 r/min #R3% 5% 12 h J5 I E ODeoo fH, 34T
BRI R i R A0
1.4.2 E#HTE R AEHTINSURM

SR ROKIEENT ik, LI
Hulg | 2R R ERVE | HIER R | PR ZW]
RAREREE . MLk . AR . RIS 9 Rl e
B A2 2 R B3R, IR S ™ S d I 45 4
TERTE WO FE A TR RS . # A% 8 mm AU JCTRIE
HAAE ERZEFI R 1 min?Y, A BE TR
AR R IR L, LR AKX, 37 °C
fHIERE IR 12 h, WEESUR
1.4.3 EHIEIERR

L 100 uL e # Bk SCFG B (Erwinia
amylovora) . # 9 + & T I (Agrobacterium
tumefaciens) . JE %% % 17 (Sreptomyces  scabies)
BB IR, YIS T LB WA R L, ¥
6 pL Fr MR R TH B, 28 °CHi32 7 d
S WREEAEAT0 RN S 20 BT A T S8R

fE PDA i 7% JE vp o 43 Fh 2 90 G 161 79

(Fusarium oxysporum). 7 2Z#% 4 (Rhizoctonia
solani). FiBEHS T (Alternaria solani)FlK 46
B (Verticillium dahliae), ZEFHPIMIEIFE 1 cm
Ab 53 RN 6 uL RR AR EE TR, 28 °C K5 g
4 d e WAL It L A A R

1.4.4 BEHREREE RS

HA T PKO A FRIE |, 28 °C #%
R 7dJE, WEHEHECR.

W HC 100 pL R MRIG TR, H2FP T King
FCMBAR R FR 3, 37 °C . 200 r/min K535 48 h )5,
4 °C. 4 000 r/min .0 5 min I B, H
Salkowski Fb 8 3% X} B W H O | Mg 2R
(indole-3-acetic acid, IAA) & & IATIE , S M82=
PR AR P Iy Ik AR ME RN 4, 0 5 40 7R 85
FRUW P TAA HIHRE .

1.5 BERREMEZESREBEXER SR

g TR R A AT BRI SR A T
PDA ¥R 5k b, SRS 43 HIHC 6 pL A R TR 2%
(iturin) . F JB Z (fengycin) A £ M 5 1 &
(surfactin) AR fE R T3 S b e, g
PIRERCR

DI EF 2] DNA $2BGA &R R A1k
BHE A A R BB I AH MRS DNA
R, S IR SCHR[23-2710 5 1, PO RG R
RS BN . 519070 ituAF (5'-ATGTATA
CCAGTCAATTCC-3")# ituAR (5-GATCCGAA
GCTGACAATA-3"), PCR WK Z (25 pL):
2xTaq PCR Master Mix (12.5 uL), . 5l
1(10 pmol/L)4% 2 pL, DNA #i4 2 pL, ddH,0
6.5 uLo PCR W 5514 : 95 °C Tl A8 % 5 min;
95 °C P 30 s, 55°CiBk 30s, 72 °C fEfifi
5min, 35 MEH; 72 °C KA 5 min.

1.6 HEEERpITRE
1.6.1 ZFRIAIW
PRI R A R 7, 4R T LB WA

http://journals.im.ac.cn/actamicrocn
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Brgegkrp, 37°C, 200 r/min ¥535% 12 h )5, 4 °C.
4 000 r/min &5.0> 10 min, YUHEH ddH,0 & &,
PE#EA T HCE 1x10" CFU/mL.

KA RE R, HARRT 5 &R il
¥, HlEMTHCN 5x10° CFU/mL A4 # SR A 7
PSR

W pE 60" i BRI AR T E IR LR
60 d (pH 5.5-6.0, &8 0.77 g/kg, 4% 0.76 g/kg,
44 2.17 g/kg, AP 29.70 g/kg), EBUK/N—
YR T HEE R R 1 h, B
T4 30 min, FE THEPURE AR TR 30 min,
SRIGAAE T 64 cm. Y8R 40 cm AEZH,
#5110 Bk, LU /KARIE R CK1 . #iESE R b B Ak
O CK2, WEEE 3 REL . AR
HE, BEREIGEK 1k, FRK 4L, 53R 90d Jagitnt
LR ZE X E(soil and plant analyzer development,
SPAD). thi. 248, 120d Jagit ks,
1.6.2 HERAIE

K HEAE ) PR A VA X IRl R
Bt HREFIE T T 2SR g0 S R A T, 00 - dE 4
& 0.93 g/kg, Wi 0.202 g/kg, 481 0.31 g/kg,
IKf#EA 78.30 mg/kg, A RUBE 44.00 mg/kg, AL
B 77.00 mg/kg, FAHLEE 15.10 g/kg, pH4.3, =
TRAFP R W 05-1367, R T 2023 454 H 25 H
s, KA SMNLIX AT, 1785 1.2 m, /b
X JH FEIFAE 2.4 m QR F 7, CK 24 F M H B

K, A FRAT R BE K SMA BTt — IR F5 BT T (5L
1x10” CFU/mL), iK% E 3 ER ., 120 d 5
S RFET NN Ik, Gt B R R B
BRER, WAKXA-2)FR,

IR = I KR R A E< 100% )
iy 12 AR = O B R 24 — T 70 a8 O 0 )/ % B A
#x100% (2)

1.7 HEALIE

iz A Excel # Origin 2022 %4458 B AH K EL
argAb L, it MEGA 7 BB RS K
aR

2 BER540

2.1 HEBREMERRENS BFMFEE
MTHE FH A 4R S gl 2B i e 55 R H
TREE RER TR A A A T, 52 0 LR S s R e A 1Y
3 BRIEAE A BRI PR, K A 4% GB-3.GH16-3
il GH16-8, A B BL42 431 °4 (30.00£1.07) |
(44.00+1.21)F1(18.00+0.89) mm (/& 1), M EE 243
8 16.12%. 31.92%7H1 5.91%.
22 HEHEMERMEMNEE
22,1 BEHRESEUE
WE 2 frs, HAk GB-3.GH16-3 #1 GH16-8
P RVE B EDE , ZLr, B, b GB-3
il GH16-3 E1E 6, GH16-8 FinitlhE . %%k
ANEESE . BREIAARR . s IRt 5 PH: .

1 FNEERHEE R E IR
Figure 1
GH16-3. C: GH16-8.
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Inhibitory effects of different bacterial strains against Sporisorium scitamineum. A: GB-3. B:
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2 EHREASHHE

Figure 2 Morphological characteristics of bacterial strains. A: Colonies. B: Gram stain. C: Morphology.

222 EHREIESE LM
N3 2 prs, Hrk GB-3. GH16-3 #1 GH16-8

PRI AN =l L AR | JE R SR R,
ARy AT B AR A AT s ASBER T 2R S |
R, Horp, GB-3 Fil GH16-3 7] F| FHZLBE |
2L o-D-BEH RN D-HRFHE, ASRERITH =4k
GH16-8 AR A0 . TTEEiE, (HAGE
ZEPHFINS — Wi, APl 50CHB G+ZEAIIF 1A % 5 i
RGBT TN, 3 MRAFIN BRI R ZF AT I
API 50CHB %3¢ R4t 3t #W], GB-3 #l GH16-3
VUSRI, SR 30 51 87.6%F1 89.9%:;
GH16-8 MWfHTEM ZFHIFFIR, YEEFN 76.3%.
2.2.3 E-F 16S rRNA #0 gyrB 2 E FFIH 5T
WKl 3 fizs, ¥ PCR 43 4R15 19 16S rRNA

JEH P HI7E NCBI i 7 X), GB-3 Fil GH16-3
539755 DUSIE S 2R F0ATF B 1) — B IR 31 99.7% LA
I, GH16-8 5ff3E M 27 fFF i i — Bk ik 2
98.4%) I, GB-3. GH16-3 5 Il 3T 2F AT 14
OL468452 R F[Al—1~4r32, ARRIEIL 95%;
GH16-8 5 UE ¥y 2F AT I OM320204 7E[7]—43
X, HIREIL 89%. ¥ HE HAREEER gyrB H A
R B, 2] MEGA 7 BRI RZELEW, 45
RANE 4 ffR, GB-3. GH16-3 5 D13 25 At
B CP055160 7E[A—413, HAJBIEIE 92%:;
GH16-8 5 fif# v 43 ZE il AT 7 OK509815 7E[F]—4>
X, ARMEE 94%; Z5EIBRFME AR
B, %E GB-3 F1 GH16-3 Jy U SEW ZE fofT
% (Bacillus velezensis), GH16-8 N RFEHK; 2 fFT
P& (Bacillus amyloliquefaciens).,

http://journals.im.ac.cn/actamicrocn
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2 ¥k GB-3. GH16-3 71 GH16-8 Y IRE LMt
Table 2 Physiological and biochemical properties of GB-3, GH16-3, and GH16-8

Test items Results Test items Results
GB-3 GH16-3 GH16-8 GB-3 GH16-3 GH16-8

Negative control - - - Esculin ferric citrate + + +
Glycerol + + + Salicin - - +
Erythritol - - - Cellobiose + + +
D-arabinose - - - D-maltose + + +
L-arabinose + + + D-lactose + +

D-ribose + + + D-disaccharide + + -
D-xylose + + + D-sucrose + + -
L-xylose D-trehalose dihydrate - - +
D-ribitol - - - Synanthrin - - +
Hydroquinone O-B-D-glucopyranoside - - - Melezitose - - +
D-galactose - - - D-raffinose + + -
D-glucose + + + Amylum + + +
D-fructose + + + Glycogen + + +
D-mannose + + + Xylitol - - +
L-sorbose - - D-gentiobiose - - +
L-rthamnose + + - D-toulon sugar + + +
D-mannitol + + + D-fucose + - +
Sorbitol + + + L-fucose + - +
Methyl-a-D-glucopyranoside + + + L-arabitol + - +
N-acetyl glucosamine + - Potassium gluconate - - -
Nitrilosides + - 2-keto-potassium gluconate — - -
Arbutin - - 5-keto-potassium gluconate + - +

+: Positive; —: Negative.

37 Bacillus siamensis strain NLG13 (MW386482)
A*_—EBacillus sp. strain AMCC 1062 (MN826402)
94 Bacillus subtilis strain S9 (0Q504757)
90 Bacillus sp. 12-21 (KT247504)
81 Bacillus sp. strain CSM-108 (OR272419)
75 Bacillus sp. DYJL7 (HQ317150)

Bacillus methylotrophicus strain SN34 (KC790317)

73 Bacterium FX2 (KR811367)
W‘E Bacillus amyloliquefaciens strain WMF30-qm (OM320204)
89 GH16-8 (NMDCNO003AAU)
Bacillus velezensis strain JT29 (OL468452)

95 GB-3 (NMDCN0003AAS)
I?‘: GH16-3 (NMDCNO003AAT)

0.1
H

3 ET 16S rRNA EEFIEEN ARG L EH

Figure 3 Phylogenetic tree constructed based on 16S rRNA gene sequences. Numbers in parentheses are
GenBank accession numbers; The bootstrap values are shown at the node; The scale bar indicates 0.1
substitutions per nucleotide position.

<l actamicro@im.ac.cn, & 010-64807516
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63

88 92

57

93 100

0.1
H

4 ET gyB EEFIIMENRG LB K

91 Bacillus subtilis strain BcX1 (JX504009)
— Bacillus subtilis strain S9 (0Q504757)
98 GB-3 (NMDCNO003AAS)
_|: GH16-3 (NMDCNOOO3AAT)
Bacillus velezensis strain WLYS23 (CP055160)
Bacillus amyloliquefaciens strain TRS035 (OK509815)
494: GH16-8 (NMDCNO0003AAU)
Bacillus sp. HNA3 (CP040881)
Bacillus sp. LUNF1 (CP048876)

Bacillus sp. strain ICA13 (KY126812)

90 Bacillus sp. AM1 (CP047644)
-Bacillus methylotrophicus strain (KC790317)

Figure 4 Phylogenetic tree constructed based on gyrB gene sequences. Numbers in parentheses are GenBank
accession numbers; The bootstrap values are shown at the node; The scale bar indicates 0.1 substitutions per

nucleotide position.

2.3 FEREREFEFE
23.1 BEMRAVBE KM

¥ 3 Bk HFR A TE King FORMAES F 3L 1 57
48 h, 4 °C. 4 000 r/min 2> 5 min ¥ F I
HHamitiriReg, WERRA WY 2 ML
o, %0 GB-3. GH16-3 #1 GH16-8 L=
I EA TAA. 3 BRI TAA J7 05000 212,
1.30 #1 1.22 mg/L (35 3)

FH B AR W GE i H RES 1T, 90 d J5 X H R
PN ER AN B i . MR . R T T IS
Tho GniEl 5 FroR, 3 R AL B PR AR A 353 B
FE TR, Horp GB-3 AbFRZH ) SPAD i .
PR . 2R BB BE(CK DI T 21.44% .

=3 HKE IAA ==

Table 3 TAA production of strains

Strains ODs3 Yield of IAA (mg/L)
GB-3 0.178 2.12

GHI16-3 0.168 1.30

GH16-8 0.167 1.22

28.25%F1 16.38%; GHI16-3 Ab 3 2H /3 5% % HE
(CKDYENNT 23.17%.17.09%F1 19.40%; GH16-8
A3 M BCK DI T 10.25% . 23.31% Al
11.77%.
2.3.2 BEMRRVRREEIR

WKl 6 s, ¥ 3 BRIATE KPO Btk B S
F2 7 dJE B, TEVE TR 1 L e AR 0 fiee i
B, XU 3 PRIEEA RS REERe, Hrp
GH16-3 [iEBERE Ik, AR E R, WK
BB BT HoAM 2 R
2.3.3  EVRAYTE ER R

5 3 BRI 43 B3 Fh T NaCl &4 0.1-1.1 g/L
pH 1.0-11.0 A LB RS IR, 37 °CH5 5% 12 h
JE LR B 7), 3 BRESTE R i 6 Bl PR 5 1)
i 32 P I 3 A 2 R T R s N, A
0.1-0.5 g/L /) NaCl R VL BN FTIEH £ K, 78
0.7-0.9 g/L (1) NaCl ¥ FE U B N A KR O R 47
i 52 NaCl ¥ E 4 1.1 g/L; 78 pHAE N 5.0-7.0
FFREE FR AT IE R A K, GB-3 A1 GH16-3 7£ pH
9.0 MIEE FrEFAK, 3 I3 pH
11.0 PR s e B PR 5
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Figure 5 Statistics of pot plant growth promotion effect. A—C are SPAD, plant height, and stem diameter,
respectively results of pot experiment. D is the IAA standard curve. E-I were clear water treatment group
(CK1), S scitamineum treatment group (CK2), S. scitamineum and GB-3 co-treatment group, S. scitamineum
and GH16-3 co-treatment group, and S scitamineum and GHI16-8 co-treatment group, respectively. ***
P<0.001, indicating extremely significant differences; ** P<0.01, indicating highly significant differences; *

P<0.05, indicating significant differences.

B 6 IHIERNABNR

Figure 6 Phosphorus solubilising effect of antagonistic bacteria. A—C: Inhibition zone of GB-3, GH16-3, and

GH16-8.
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Figure 7 Resistance effect of antagonistic bacteria to salt and alkali. A—C: NaCl resistance test of GB-3,
GH16-3, and GH16-8. D—F: pH resistance test of GB-3, GH16-3, and GH16-8.

WA, RUEA T IG5 3 PR Al 52

234 ERMHEERACFERGEZM

Jit P 48wl A A B it A Al A 2
SRS AR B I A TR PRI RE . ARWESEIE T H
B BRI RS H R A 7 A 2 A 2 BRI
ZERINE 4 PR, JCHE/KALIRRY 3 BRI ] IE

L1035 g

F 4 WEXRAXE GB-3, GH16-3 $1 GH16-8 I

Table 4 Effect of chemical pesticides against GB-3, GH16-3, and GH16-8

MR, 2 TH R AL R R EZ . R
FRGREE A T R 3 BRI A B I
GH16-3 %t 5 # IR0, GHI16-8 Xof et i | g

Fungicide Producer Concentration (mg/L) Resistance
GB-3 GH16-3 GHI16-8

H,O + + +
0.5% Clothiandin Jining Runwu Biotechnology Co., Ltd. 300.0 + -
50% Carbendazim Sichuan Runer Technology Co., Ltd. 100.0 + + +
30% Thiamethoxam Hebei Guanlong Agriculture Co., Ltd. 150.0 + + -
70% Shanghai Hulian Bio-Pharmaceutical Co., Ltd. 700.0 + + +
Thiophanate-Methyl

80% Bordeaux liquid Sunnong Biotechnology (Shanghai) Co., Ltd. 200.0 - - -
80% Mancozeb Sichuan Guoguang Agrochemical Co., Ltd. 320.0 - -
10% Imidacloprid Shandong Binong Star Biological Technology Co., Ltd. 200.0 + + +
75% Chlorothalonil ~ Shandong Binong Star Biological Technology Co., Ltd. 300.0 - - -
50% Iprodione Shandong Libang Agrochemical Co., Ltd. 25.0 + - +

+: Fungicides do not affect antagonist growth; —: Fungicides inhibit antagonist growth.
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Figure 8
tumefaciens. C: Sreptomyces scabies.
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Figure 9
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GB-3 GH16-3

Inhibitory effect of strains on pathogenic bacteria. A: Erwinia amylovora. B: Agrobacterium

GH16-8

Inhibitory effect of strains on pathogenic fungi. A—D: Fusarium oxysporum. E—H: Rhizoctonia
solani. I-L: Alternaria solani. M—P: Verticillium dahliae.
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10 BEBR3SHTAE 3R B E AYHIHIRR

Figure 10 Bacteriostatic effect of lipopeptide antibiotics on Sporisorium scitamineum. A: Results of plate
confrontation between fengycin, surfactin, iturin, and sterile water with S scitamineum, respectively. B:
Electrophoretic results of amplification of ituA gene by three strains of antagonistic bacteria. Lanes 1-3 are
GB-3, GH16-3, GH16-8 in order; M is 500 bp DNA Ladder.

GH16-8 LK 2H DNA itk , PCR #7351 1 100 bp
P H SR, SRR R OGRS U ituA KR
KR B R /N—38, B PCR 7= Wil 7 45 5 78 NCBI
X, kB AN S R R AR LL3
(CP002634) 1 Al B TR R 5 G TtuA JE IRy
JERIE, FPAIMIUERE] 98% LA I, P14 HIWT 3 Bk
R 19 RT3 o 7 A A T 2R S ) I SRR T Y
MHIER, X —g5 RS ok EE e A i oy — 507,
25 IR HEEERIRIEYER
2.5.1 RIEXBHRIARE

R T B2 IR RS T TR R A Y B
PEROR, A5 FH SRR AL A R 607
VER SR , 16 = AR S T AR H
MR R ARE PR . RN IE LGS R 11
FIR, 3 ARG TR R R 4 B i 4 T A
e, HirpokACFRZE CK1 R A s i BB A T Ak
PR CK2 KIHEN 44.81%; 1EPiA GB-3.
GH16-3. GH16-8 595 5t B e b JHL2H 5 22 53 3l

M 11.51%., 10.37%F1 14.07%, BFHKT CK2,
BRIk 74.33% ., 76.57%F1 69.07%.
2.5.2 HERE

BT RAE AR I A R P, BB
AR BB R AR, DU 05-1367
VE RS R, AT R BEYLIX 5, db—
SR TR IIR I RE . SiTas SR anE 12 Fiow,
3 S R R H R SR XA A B K
FHA KA CK Y KN 43.53%,
FEPL DA AL PRAH &9 % KT CK, GB-3 434
RIRHI 34.79%, B 20.08%; GH16-3 4b3
HERIHN 19.33%, BRH 55.59%; GHI16-8 4t
L RIRHH 21.73%, BECH 50.08%.

3 WwhEE®

HREHE SR R 2 0 A TS R AR T
Wi, JBEAM TR R, WA EEREY, 51k
F% R BRI X LA ] o AR TR S Bl 42 i 2
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Results of pot experiment. A and B are morbidity and efficacy statistics, respectively. *** P<(.001,

indicating extremely significant differences; ** P<0.01, indicating highly significant differences.
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Figure 12 Results of field plot experiment. **
P<0.01, indicating highly significant differences; *
P<0.05, indicating significant differences.
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