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Screening, identification, and biocontrol effect of antagonistic
strains for control of sunflower sclerotinia rot
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Abstract: [Background] Sclerotinia rot caused by Sclerotinia sclerotiorum is a major disease affecting the
yield of sunflower and has occurred frequently in Inner Mongolia and Gansu of China in recent years.
[Objective] In order to discover antagonistic strains and effective methods for the biocontrol of sunflower
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sclerotinia rot. [Methods] The microorganisms in the rhizosphere soil of healthy sunflower plants were
isolated by dilution plating method with 4 different media, and then plate confrontation experiments were
conducted to select the strains with antagonistic effects on S. sclerotiorum. The selected antagonistic
strains were then tested for the control effect with detached leaves. They were identified based on the
morphological characteristics, physiological and biochemical properties, and 16S rRNA gene sequence
analysis. Finally, we mixed these strains at different ratios into different microbial inoculants for pot
experiment to determine the in vivo control effects. [Results] A total of 142 strains of bacteria were
isolated from the soils, among which 12 antagonistic strains with an obvious inhibition zone were screened
out. Bacillus sp. NM63, JQ134, J7, 133, and Streptomyces sp. Z9 and ZX6 exhibited the inhibition zone
diameters greater than 25 mm and significant control effects in detached leaves. Strains NM63, JQ134, J7,
79, J33, and ZX6 exhibited the control effects of 79.06%, 74.10%, 70.72%, 67.83%, 65.11%, and 57.11%
on potted sunflower seedlings, respectively. The microbial inoculants I and II prepared with strains Z9,
NM63, JQ134, and J7 mixed at the ratios of 1:1:1:1 and 1:2:2:1 had the control effects of 81.43% and
85.88%, respectively, for potted sunflower. [Conclusion] The antagonistic strains with strong inhibitory
effects on S. sclerotiorum were screened out and identified, and the compound microbial inoculant II had
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good performance in the prevention and treatment of sunflower sclerotinia rot.

Keywords: sunflower sclerotinia rot, Sclerotinia sclerotiorum, antagonistic strains, microbial inoculants
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1.1.3  EZiL7FLE

YRS 4] DNA $RBGHI &, KRAILRHE
AL A RAF . BSEFRA, L hiao e Ry
A BRAF; pH 11, MR -FLR 2SR (L)
HIRNE]; PCR 1Y, Thermo Fisher Scientific 2
Al PR, WRAGTMER s AN Lok
FETE, JURRTCEIE A R A F]
1.2 FHInEHRBIGHIE
1.2.1 E#REID BIRE

Hl4 1070, 1072, 107 A1 107 3 HUAR R 1) 45
Wi, 45 HL 200 pL ¥4 T LB, TSA., mk—%
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1.2.3  [6 BE BRI R BN E

P 35 P A T RS ST 5 v 0 TR AR 5 5 1) TR R
SR B AR I R e AT B e U PRI T
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FE3d AT, EBTRKEBERKE 10° CFU/mL, L
5% LB b AN AR R SR B, BRI IEFR 3 d
1B B R . PR —B0w i H ZE |, H
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BEH % x100%",
1.3 HmEHNEMEE

W 1 S8 7 TR R 0 S e T R O P R SR I
28 °C fHIERTR 3-7 d, MELS ML,
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Figure 1 Inhibition of strain ZX6 against Sclerotinia
sclerotiorum

W A: FEPUERE Z2X6 5 S. sclerotiorum HISEA IR ; B: RS
LB J10 B XT B

Note: A: Inhibition of antagonistic strain ZX6 against S.
sclerotiorum; B: Non-antagonistic strain J10 as negative control

R1 FERERATR ISR

Table 1 Plate confrontation results of antagonistic strains

WItkG S AR RIR e e B AR
Strain No. Sample source  Diameter of inhibition zone (mm)
z9 1 Qinghai  39.00+0.69a
JQ134 NEn 37.67+0.55b
Inner Mongolia
NM63 N 34.33+0.59¢
Inner Mongolia
133 Hii Gansu 32.67+0.64d
7ZX6 Hii Gansu 28.00+0.74¢
7 il Gansu  27.00£0.51f
711 e 24.67+0.66g
Inner Mongolia
JI3 Hl Gansu 24.00+0.66h
J56 il Gansu  24.00+0.67h
J6 i Gansu  23.67+0.83h
J28 Hilf Gansu  22.67+0.55i
J15 Hilf Gansu  16.00£0.59]
B R TR BRI RING PR 2 R
(P<0.05)

Note: Data are mean+SE. Different lowercase letters indicate
significant differences (P<0.05)

2.1.2 FEIE R E B E BN RN E
FIF B AR B E R W R 29 . JQ134 |

NM63. J33, ZX6 Fl J7 BTEBO 1] H ZE A% )
BIRBIR. 2 6 MRAEUE IR AL R M s B B
HB 5/ N BRI B R B LR, BRTARICR R E
69.28% . 77.73% . 81.55% . 74.95% . 53.55% il
62.55% (% 2). Hr—HRAEPIRIMR 29 FIXT IRZA R
BRI IR s S LA 2.

x2 HEHREXNBERBEHZEMN R EZERRESER
Table 2 The control effects of antagonistic bacteria against
Sclerotinia sclerotiorum in detached sunflower leaves

[E5173 Bt E AR RGEEIES
Strain Lesion diameter (mm) Control effect (%)
79 12.29+1.18a 69.28+2.94a
JQ134 8.91+0.88b 77.73+£2.19b
NM63 7.38+0.46¢ 81.55+1.15¢
J33 10.02+0.62d 74.95+1.55d
7X6 18.58+0.74¢ 53.55+1.85¢
J7 14.98+0.69f 62.55+1.72f
CK 40.00+1.16g -
s R P BRI E MR . RPVEER G A RING F 3R
255 18 3 (P<0.05)

Note: Data are mean+SE. Different lowercase letters in the same
column indicate significant differences (P<0.05)
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RS TER 5), FHEDUA Z9 T ZX6 VI AR
B & (Streptomyces), FEPUE NM63 . JQ134, 17
1 J33 M1 K8 N 2T IR (Bacillus) o

£ 3 HEHERR 16S rRNA ERNFLER
Table 3 Sequence analysis of 16S rRNA gene of
antagonistic strains
Btk RGO RRILH 16S rRNA J: K 7 S AH
B2 FiEk 29 WizEH B KN FBATAIERO96 h) Strains  Most similar species 16S rRNA gene sequence
Figure 2 Control effect of antagonistic strain Z9 on similarity (%)
Sclerotinia sclerotiorum in detached leaves after 96 h 79 Streptomyc? albidoflavus  99.61
HE: As SERRHURGE 70 BATY, BOMEEINE: B: A L gt Y
treptomyces 100.00
AR, LT AT IR I cinnamonensis NBRC
Note: A: Treated by the fermentation broth of strain Z9, S. 15873"
sclerotiorum was inhibited; B: CK, S. sclerotiorum grew all over NM63  Bacillus toyonensis 100.00
the leaves BCT-7112"
29 ?E?}TLHE H'\]ﬂlgi JQ134 Ili’g{cgl_lgi‘?,agmphaeus 99.59
%t 6 H@%ﬁfﬁﬁﬁ? 16S rRNA %{m}?, 25t 17 Bacillus tequilensis 10b"  99.93
J33 Bacillus wiedmannii FSL ~ 100.00
SRR 3. ETEAFRMEGEE AR W8-0169"
x4 HEMEKRBRESFRFE
Table 4 The morphological characteristics of antagonistic strains
Btk KRk BIVEIEA BRIEE
Strains  Medium Colony morphology Microscopic morphology
Z9 GAUZE’s  wpifa, RvEECT, JAGMa, HeoKu6, [amihhat, firza, £, frmEEg
No.1 J5 MR KA Spore filaments straight and flexible,
Yellow white, dry, wrinkled edges, substrate mycelium creamy yellow, ~SPores ovoid
aerial hyphae pink white in the early stage, then light gray
ZX6  GAUZE’s p[ifrfa, hmiak, Mk, MyEisT, BLR G, KLaiineG, #Bres. £, 1rmEE
No.l Ja IR Spore filaments straight and flexible,
White brown, wrinkled edges, raised, dry, substrate mycelium flesh, spores ovoid
aerial hyphae flesh in the early stage, then gray
NM63 LB Yy, MBI, LSREAE, WY ER 3.8-4.0 mm FPAR, (0.9-1.2) pmx(3.0-4.0) um, Zf
Creamy yellow, moist, wrinkled edges, 3.8—4.0 mm in diameter AR B A
Rod-shaped, (0.9—1.2) umx(3.0-4.0) pm,
ellipsoidal central to subterminal spores
JQ134 LB fRfa, O, I, WYEEAR 1.0-2.0 mm FRR, (0.7-0.9) pm=(2.0-3.2) pm, #
Brown, smooth, moist, 1.0—2.0 mm in diameter o AR wE A
Rod-shaped, (0.7-0.9) pmx(2.0-3.2) pum,
ellipsoidal centrally or paracentrally spores
17 TSA W, B, e, W% EE3.6-4.0 mm FFAR, (0.7-0.9) pmx(3.8-4.2) um,
Yellow, round, smooth, 3.6—4.0 mm in diameter A A
Rod-shaped, (0.7-0.9) umx(3.8—4.2) pum,
ellipsoidal centrally spores
133 LB A, B, FHE, FmkkE, FH%ER 2.0-3.2 mm FRAR, (1.0-1.2) pm=(2.8-3.2) pm, %

Creamy white, round, flat, rough surface, 2.0—3.2 mm in diameter

flF A
Rod-shaped, (1.0—1.2) pmx(2.8-3.2) um,
ellipsoidal centrally spores
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Table 5 Physiological and biochemical properties of antagonistic strains
I H Ttems 79 7X6 NM63 JQ134 J7 J33
TR A Kl Temperature range (°C) 10-45 8-40 10-45 10-50 25-50 1040
pH [l 523{i Fil pH range 6.0-100 5.0-10.0 5.0-9.5 5.5-7.0 5.5-8.0 5.0-10.0
NaCl i} 3235 Fl NaCl concentration (%, W/V) 0-10 07 0-5 0-7 0-7 0-10
W E =R Utilize carbon sources to produce acid
‘H#& B Mannitol + - - - + -
£1-4E 1% Cellobiose - - - + + 4+
L-BaH7{f1¥% L-arabinose + - - _ i 4
AME D-xylose - - _ _ + +
12k D-ribose _ = + I o o
JHEHE Sucrose & + + _ 4 B
VEM KR Amylolylsis + + + + + +
HA AL Gelatin liquefaction = = + + + +
¥R EL A Citrate utilization - - T T 4 4
N5 Indole test = = _ _ _ _
V-P {5 V-P test + = + + + +
MR ER A IR Nitrate reduction + - _ +
A AL Oxidase - - _ T _
LA & Catalase = + 4 4+ 4+
W o+ PEE; - P
Note: +: Positive; —: Negative
2.3 WMEYIENEDBZEHEMR 232 EABEFEAKMIALE

BEFIZKBAETR
SIS A SR I RR NM63 . JQ134, 17, Z9,
J33 F1 ZX6 MR . SXTIEHAHLE, Ekk NM63 .,
JQI34FIT IIBHIARUR I N B, KK 79.06% .
74.10%F1 70.72%, BERE Z9. 133 Fl ZX6 MIBIARCE
IR 67.83% ., 65.11%F1 57.11% (% 6).
F 6 HEFIXE HZEZFEHEZFHIBAERR

Table 6 Control effects of single microbial inoculants on
potted sunflower seedling stage

2.3.1

LS o3RS BiAROCR
Strains Incidence rate (%) Control effect (%)
NM63 20.94+0.43a 79.06+0.43a
JQ134 25.90+2.35b 74.10+£2.35b
17 29.28+0.61c 70.72+0.61¢
Z9 32.17+1.15d 67.83+1.15d
J33 34.89+0.71¢ 65.11£0.71¢
ZX6 42.89+1.53f 57.11£1.53f
CK 100.00£0.00g -
0 R AT AR R . [ R A AN FRROR
225 18 3 (P<0.05)

Note: Data are mean+SE. Different lowercase letters in the same
column indicate significant differences (P<0.05)

MR PR P AR . B A R S 45 R R AR
ERBTIABORE G AT IUBCR R BE T 4 BRIE
(NM63 ., JQ134. J7 F Z9)/ A T EARAE ALy,
S RBI R Z AIAAFAEAN BRI . 0] H 2548
AL IR, XA, FERAC LR
Z9:NM63:JQ134:17=1:1:1:1 W& KR 1 HIBTA
BN 81.43%; WHARAECHLN Z9:NM63:JQ134:)7=
1:2:2:1 A2 A R TR 11 BIBIIAACR A 85.88% (7).
F7 EAEFINEBZEZKEAEZRIIBGARER

Table 7 Control effects of compound microbial inoculants
on potted sunflower seedling stage

AT o3RS UIREEYES
Compound microbial Incidence rate (%)  Control effect
inoculants (%)
I 18.57+1.24a 81.43+1.24
II 14.12+0.28b 85.88+0.28
CK 100.00+£0.00¢ -
W R THEEARER . ARG FREFRR 5 B
(P<0.05)

Note: Data are meantSE. Different lowercase letters indicate
significant differences (P<0.05)
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3 WihE4gw

F A% 38 DR AR G 5 A 1) [ H 25 DA% o 2 — T s
TR BT R, ) H 22 RS R
NN (A S A e = N B N s
BAC LR TS G, fa ARSI L i ) B
4, HRSFESEORE T EDUE, k2]
BAUR R AR . AR, A=W B IR 120 7 A 4 16
TP H A RGERE . FIREEN 50 A~ -3 R
Rl 10 A% H SRR A TP bk
IR 120 mm®; FHGE IR
oy kR H R BRSPS
oA BB, BHRIA R 75% %5 BRI A
VEF|— BRI AR XRK4, B HZZ 10 mm,
A% 45 TR 1A VR FH 2 B0 Ay 200 LR 1) 5 i T BT 24 11
WL, FEHEM XRK4 7= A2 1 B-1,3-1,4 1 BB il
FEHH A RSP R EEE A XURA %08
PR YC16 X ] H 25 g knt i BiaA 3] 80.42%,
IR BT A $ g i H S v U B E
FHF 1) H 25 58 420 o 42 10 R R B AT+ e A B
FA AW B S R R T
R, FFEE— s I Z R R, IR N
H 25 A 3 1 o U E B A RS2

AWEFE NN S H S 1] H 2R AR B 1
B vE 12 BROGAZ S A 0 s B
Bk, HAPEERENM63 . JQ134, J33. Z9. J7HIZX6
(PN B P BT 25 mm, i H €At 1 Bk
KE T 81.55% . 77.73% . 74.95% . 69.28% .
62.55%F 53.55%. SICAFRHE ., A FRA LR
K 168 rRNA SEFFHIR LT 38, FHsHiR 29
1 ZX6 WIS WAL & (Streptomyces), FEHUE
NM63. JQ134, J7 Fl 133 WIA%E NZEATHIE
(Bacillus). BEE WA R AW+, 5
TRAFERESR, REZHOCSoRIE, B, 2F
FUAT BRI I 2 A B AR IE TR, A SCHRIE
W 2R 0T 17 v B Z R B S BT TS
JRARE ST, AR EZEEXAFLE, HAK

SR AT AN R R RBEIE DY X 6 BRI
BORBIE, AL SR K, A% ER
FHAEYBHAFE TR,

BEXCT ) H 25 TR A 1 R A AT ) Rk 5
ek R, Fk NM63 . JQI134, J7. Z9. 133 Al
ZX6 BEEHIBIA RN 79.06% . 74.10% .
70.72% . 67.83%. 65.11%F1 57.11%; E4&KMHE
FI T (Z9NM63:JQ134:37=1:1:1: 1) FI & & K B2 7
I (Z9:NM63:JQ134:17=1:2:2:1) [ B A RCR 43 51
81.43%711 85.88%, BIARCRAF TR, FrlAfEE
77 o R AT L 3 R AN R BT DR AR T B e B
A TR AR I BARCR . BRTT S, 2 F
A RBEET s TR R, AR
LA 0 I 5
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