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Abstract: To screen effective candidate biocontrol agents against wheat crown rot caused by Fusarium
pseudograminearum, bacteria were isolated from the diseased soil using the dilution separation method.
After the initial screening with confrontation culture and indoor pot test, the control effect of the strain
on wheat crown rot was analyzed under field conditions and the antimicrobial ability of fermentation
filtrate of the strain was determined. The strain was identified according to morphological characteris-

tics, Biolog microbial identification system and gyr4 sequence analysis. In addition, its antimicrobial
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spectrum was determined. The results showed that 98 strains were isolated from ten soil samples,
among which 14 strains significantly inhibited the mycelial growth of F pseudograminearum with an
inhibition rate over 40.00%. Among them, the strain YB-161 had the highest inhibition rate (63.50%).
The indoor pot tests showed that the disease index of wheat treated with strain YB-161 was the lowest
(31.40), with the highest control efficiency (68.15%), and strain YB-161 could promote the growth of
wheat. The results of field experiments indicated that the control efficiency of strain YB-161 on wheat
crown rot was higher than 52.35%, concurrently increasing wheat yield. The colony inhibition rates of
five-fold dilution and ten-fold dilution of strain YB-161 fermentation filtrate against F. pseudogra-
minearum were 66.67% and 44.33%, respectively. The strain YB-161 was identified as Bacillus amylo-
liquefaciens. In addition, strain YB-161 showed a strong antagonistic effect on five species of plant
pathogens, such as Colletotrichum capisci and Phytophthora parasitica. The results indicated that the
biocontrol strain YB-161 had a great potential for green control of wheat crown rot.

Key words: wheat crown rot; Fusarium pseudograminearum; isolation and screening; Bacillus amylo-

liquefaciens; control efficiency
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Fig. 1 Confrontation culture of the isolated strains and Fusarium pseudograminearum
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PO e, P A 43 3o 12.7 .12.7 #112.0 mm,
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2 B TR PR A B A 1) 1 i A B IR T A R
R, SRWIA) 0 BT A5 %) 14 A 2B B 181 o X {1 AR 4% Bl 76
W — 2 MBHARCR . Horh A BRIk YB-161 b3
2H B T 15 KR AR, 4 31.40, B 1A SO 14 68.15%,
FL 3 4.8% 2R Tk - W% T I S8 T A R 1) B 96 A50R
71.91%., T8 Bk YB-212, YB-155 14 B 16 %% S 1 4%
LA E T 67.04% F166.84% (£ 1),

X BEZH /INAZ ok v AR T F 43 314 22.60 em,
3.90 cm #10.17 g, Fitk YB-161 ZbFHLH/NEFRE MK
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/N AR RN FE 43514 27.50 em ,5.40 cm Fl

0.25 g, 435I Eb XF BB 384 111 21.68% . 38.46% , 47.06% .
4.8% ik « W TR A2 V7 AR PEFPFE AR AL 3 /N2
PRim AR W 0520 (HI /N7 i o L Xof R
h58.82% (F£ 1), 45K KW, HHk YB-161 Fl YB-
174 %5F /N2 R R ELAT B AR R A
2.3 B YB-1613/MNEZEEHRIHEEIRFEME
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W5 1% 6 K00 0 6.27 1 8.47 , BT 16 B 4 ) 3k £
58.33% F1 52.35% ; 4.8% A< ik W5 1 1 = 1 b A< 5]
F T 4b BRI 1 45 B0 A 5.97 F17.53, B TR AR
43 9135 5] 60.40% H157.60% ., %W YB-161 1# Wi+
Tl REAT 24 7 16 /N 22 2R BE T s, FL B iR R R 42 4k
225 4.89% ATk - 1 TR i B PR R AR . TN A AR
R, X IR R 8 484.23 kg/hm?, YB-161 H i $¥
Fih b B B 77 4R 9 046.37 kg/hm?, 1 77 35K 6.6% ;
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F1 W ERNEZEFROENZRBEARFIINEERKIBFRA I
Table 1 Effects of the isolated strains against wheat crown rot and the growth of wheat in the greenhouse
b3 HIEE R B IR ACH PiEi/em R /em b /g
Treatment Disease index  Control efficiency/%  Plant height Root length Fresh weight
YB-161 31.40+3.60 fg 68.15£0.89 b 25.60+1.00 a 5.40£1.00 a 0.20+0.03 a
YB-212 32.50+3.20 efg 67.04+0.74 b 25.40+1.60 a 4.40+0.40 ab 0.27+0.02 a
YB-155 32.70+5.00 efg 66.84+1.08 b 26.80+3.50 a 3.10+0.20 cde 0.24+0.02 a
YB-165 33.80+3.60 defg 65.72+0.48 b 28.70+2.60 a 4.10£0.40 abcd  0.26+0.02 a
YB-158 33.90+1.40 defg 65.62+0.33 be 26.10+2.40 a 3.30+0.30 bede  0.25+0.02 a
YB-195 36.10+1.40 defg 63.39+0.70 cd 28.30+2.80 a 4.20+0.40 abc 0.29+0.02 a
YB-232 38.70+1.40 defg 60.75+1.47 de 26.90+1.20 a 4.10+0.30 abcd  0.27+0.05 a
YB-220 40.70+2.30 defg 58.72+1.47 ef 26.30+£1.70 a 2.50+0.10 bede  0.24+0.02 a
YB-192 42.90+7.20 cdefg 56.49+1.39 f 24.90+3.00 a 3.20+0.70 bede  0.23+£0.05 a
YB-163 56.30+7.00 bedef 42.9+1.79 ¢ 25.40+1.30 a 1.90+0.30 de 0.17+0.01 a
YB-174 58.00+5.70 bede 41.18+0.24 g 27.50+1.70 a 5.40+0.60 a 0.25+0.02 a
YB-172 59.20+5.40 bed 39.96+1.09 g 17.60+2.50 a 1.80+£0.40 e 0.18+0.02 a
YB-168 68.40+5.30 be 30.63+1.01 h 25.50+1.60 a 2.10+0.20 cde 0.20+0.03 a
YB-171 68.60+5.80 b 30.43+0.93 h 20.60+2.80 a 3.20+0.30 bede  0.19+0.02 a
4.8% ik - 1% TR
. . . 27.70£3.60 g 7191£1.24 a 22.9043.60 a 4.10+0.40 abcd  0.27+0.02 a
4.8% difenoconazole-fludioxonil
Xt HE CK 98.60+9.30 a / 22.60£1.50 a 3.90+0.30 bede  0.17+0.03 a

TR AR AR R o [R5 [R)/NE b 3R 28 Duncan [GBT 2 M 22 EE K B0 78 P<0.05 7K F- 22 57 [ #% . Data are

mean+SE. Different letters indicate in the same column significant difference at P<0.05 level by Duncan’s new multiple range test.

R 2 EHRYB-161 3/ EZEEE R HE AR
Table 2 Field control efficiency of strain YB-161 against wheat crown rot

20184F:3 JJ 2 H March 2 in 2018 201845 H 4 H May 4 in 2018

= — = —— =it/ (kg/hm?)
A3 Treatment CALRIzR BRI % LB BRI % Vield
Disease index Control efficacy Disease index Control efficacy ¢

YB-161 6.274£0.12 a 58.33+1.35 8.47+£0.24 a 52.35+1.60 9 046.37+99.04 a
4.8% KTk - WK TN

. . . 597+£0.19a 60.40+0.70 7.53+0.63 a 57.60+4.88 8896.27+67.24 a
4.8% difenoconazole-fludioxonil
X HRCK 15.07+£0.52 b / 17.77£0.59 b / 8 484.23+108.42 b

TP RGN B IR . RS [R/ING b R 28 Duncan FGOB 2 W 22 K K0 78 P<0.05 K225 2 % . Data are
mean+SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
2.4 BEHRYB-161 RERERIMRAR S RAEMERE AN HGRIY AT RIbR YB-161 K BRI

B AR YB-161 K BRER A RS HAVE R BA 0 SRR 10 R0 BEBOW R A i AL 1) T2 7410
WSROI RIAE T . XA L A PR R T R 4 IR A5 66.679% F144.33%(K12)

a: SIEFBEME ; b: 105 B ; ¢: XTHR. a: Five fold dilution; b: ten fold dilution; ¢: CK.
2 REIRERER YB-161 X BERIHR RS HRAEE KA

Fig. 2 Effects of YB-161 fermentation filtrate at different concentrations on the growth of Fusarium pseudograminearum
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3 o I B AR R B, A A T B OR A SiRAE
22 11 B G ) S A SRR BB AR TR 22 K AR TR 22
S BRI G . X R 22O A
ARIEH (B3). 2582, ik YB-161 XHER S
SRSt TR 22 (1) 2B KA I s TS
2.5 BEHRYB-161 FME LT

AR YB-161 76 NA 8555 58 F R 3L A A
B IR , S Z AN (18] 4-a) 5 4 2= QYL A fH
P, AR FEAIR, RN R 2.57 pmx0.64 um (5] 4-
b); 2R AE ZIE DA, K/ 1.78 um=0.76 pm (&
4-c) . BILAS Y N ZFMIAT TS Bacillus () —F
Biolog /£ A i %8 RE 45 R R, Wtk YB-161

5 RO R T AR A 2 AT R A DL BB 7, 0 0.749

a: X2 ; b: A3, a: CK; b: treatment.
3 EHE YB-161 3B R AR E 2 £ AN (400%)
Fig. 3 Effects of YB-161 on mycelium growth of Fusarium

pseudograminearum (400x )

a: HIE; b: BIA(1000%); c: 2EMI(1000%). a: Colony; b: thallus (1 000x); c: spores (1000x).

B4 E¥kYB-161 FIFEASHFE
Fig. 4 The morphology of strain YB-161

grA ¥ 5 AT 4 S B AR YB-161 1) gy-
rA J¥ 5\ 55 i VE B 28 M AT B 19 gvrd J7 50 1 [R) 5 14
K 99% 5 BT gyrd He PR SR FH AR H2 75 1) 2 R iR YB-
161 HHAHPIHMK RE K BN, 458 %W, YB-
161 T #k 5 % 3€ ¥ 28 AT 1 B. amyloliquefaciens
FZB42 (CP000560) 3 4% & R i (K5) . 25 A/ F
SRR A A 8h %8 R4 R UL I gyord 1751
IR EE R e K R YB-161 %58 ik e K 2 i
FFIE
2.6 Etk YB-161 #IEILAINE

STIREFIR IR 25 SR W, BARE YB-161 XU IR
PR IR R RE R TR PRS2 1 i e T
TR 22 995 AT 1) TR 22 A K A ek 1 41 o 7 (T
6) , Ml #4351 4 60.00% . 60.00% . 53.50% . 43.50%
F140.00%

3 iTig

AR /NG 05 P SR M I B 4 4
LR E L R B AT 2 R T
FIFR RS A B 38, Al 7T Hp 2 T 42 B 5 14
BUR A MIDA R AR S EREE 22 4 AT FIE 5%

B SRR A Ok [ N AR TR A A RIS AR
(M MZEEE L 2015) . 1A 25 £ 80 5 AT
FE I b 1 16 2 5 A5 SRR 9 A B R ) 0] R
PERR (3Kt 5,2015) o ASF9E AT RE 24 /N2 253
Ji g 7™ A A T M RCR B T R AT AR B A R O3 S
AP B R A iR TR #E S mm DAL B TR
O3 B AN TR BRI 27.55% . TRIIE, A& 3 v o3 5
A= B AR — B SR BT if/INAZ ZEBE S 45 A%

A B T RR B B g T R LR PR A YOG
(Bolwerk et al.,2003) . AN 5% i a5 - A %) IR 3k 56
WIS 2 14 ¥R A= D7 AN B , 76 % N Al v
HA AR . rTREJE R R % P 2k iR g0 £
K BET, Pl T 3L PR W R AR, A R
T A= 57 R R A B NS IO E 0 R H 5 TR
5 R0 [R] 7 Y ORI 25 R T BB AAAE — i 25 57, B
IRFEUAE R B TRARAE H (B A6 2 IR HH et A
B R (XM 45, 2012) . FHARSA0F T H ] 3981
DA% AR B AR Z , AL AR A T 1Y
FE AT RS RE3E N T 4398 vp (4055 J o 4 (i 17 0
86,2019) . MASHESGE H Rk YB-161 7E 2 P4 Al H 7]
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100 97

100

100L

TIPS E S R AEDNARCR o
Bacillus subtilis DJ-2 ( DQ001131)
Bacillus subtilis KCTC3014 (AF272024)
Bacillus subtilisNRRLB -23967(AY663695)
Bacillus subtilisNRRLB-23978 (AY663697)

Bacillus subtilis At3(AY212982)
99

100" Bacillus subtilis NRRLB-41008 (AY663693)

Bacillus amyloliquefaciens KCTC1660T(AF272015)

ML Bacillus amyloliquefaciens LSC04 (EF176773)
Bacillus amyloliquefaciens CAUB946 (FN652789)

[ YB-161
99 — Bacillus amyloliquefaciens FZB42 (CP000560)

| Bacillus licheniformis KCTC2215 (AF272018)
Bacillus licheniformis R-13646 (AJ586395)

Bacillus pumilus NRRLNRS-272 (EU138655)

B5 BT gyrd F 5 R RBZEMREN YB-161 REMBUEKN REL EH
Fig. 5 Neighbor-joining dendrogram showing the relationships of tested strain YB-161 and other known Bacillus spp. strains

based on gyrd gene sequences

G152

Treatment

a: BB ; be MHRRERRNE ; o PUTAZHNIA s d: TR TR e A ZE T .
a: C. capisci; b: P. parasitica; c: F. oxysporum f. sp. niverum; d: C. apii; e: F. oxysporum f. sp. [ycopersici.

B 6 FEHk YB-161 X1 EHE ¥ 7K R E M & HE T HIE
Fig. 6 Confrontation culture of strain YB-161 against different plant pathogens

ZEMAT AT T v st AR AR U , SCR T
H L 557 A B HELLE T2 IX 43, Biolog il E
15 ZR 503 ik S ORI ) R DR AR R R
TR, AU LS 5 808 1 2R T H), B
AR AR R — A AT SR R Y A T B
75 ~55,2019) . ARBFR LA L AFRHE Biolog A
Y e RGN gord JP A 43 B a5 A ¥ bR YB-161
Y TE N R VE R ZEMUAT IR . R — R A A B 2
T, i U8 B 28 M AT 1R A8 /N 22 R B (P ZE M 4
2016) K FE LRI (A ERTHA5, 2017) (K AE A 250
(T EIIAE,2019) SEAE Y00 3 B 6 _LARA )2 0

Ho 5KEE(2018) 5T R M , MR UE KD 2 IUFT TR X R A%
Bt | B2 1 /N2 ZE LR I B VA RIOCR 5 50% £ 18
RPN FIAY o (HAE /N 22 BL S i A Bl iR
A DUBOR AR Bl g6 o AR B 148 . ASBIFSE A
TR ™ R A/ INAZ ZE LB s T - 438 v 43 S
T RTE Y S MAT A YB-161 Fkk, R T O HGER
fiff YE A 2F HAT A PR, HL P BB O I EE MR X
BRI A5 0 D P A SIS, DA T R 0 B ) B
RE I RS UIGE 45 A M b A PR, 3 i A 25
B BiE TAERA —E MR R o A, ASCHESE
R ILPARE YB-161 X% 2 Fi 55 J5L o 240 e i) 4
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HUEAT, BA RAFHIT AR TV RE

i VE oy 2 AT R RTS8 A 7 AR A R A B
2RI J57 A 2o R TR M) R R AR Bl AL
(B4 ,2015) . Zhang et al.(2013) BF98 & R, i
TER 2 MAT TR A IR ISR B T DATE S A 22 4%
& Rhizoctonia solani W) 2 BRI B i FLIE , 1 hl 4
JL P P ot s, AT B M AE T B R RS AR
(2020) W5 4 B, M € B 25 MUAT TR HRH3 17 B Ak X
R ERFR AL E F moniliforme T 22 2 25 FUB S5 A
WERAVER , et il L 22 AR A K . AR5 e 15 3
I BRR YB-161 A& BEUE MR e 0% 1t 1A AR 45 i1 1 22
R T EL Wi, N — 2D A o A B ) o
IR LR AE A SRAAE T TE YRR AR T . A
FEIRRIR, TRBR YB-161 X5 /N2 AR A AE K HAT 800
FIPEAAER . Idriss et al.(2002) 57 2B , i A 2F
JHLFT TR FZB45 Ta AR M &1 1 1 1% 1 5 LA A
H K RE 11/ 5% ; 1driss et al.(2007) & B, fift vE K 2
JHOAT P FZBA2 BRRE VT LAIE 3 43 A= 4 225U (in-
dole-3-acetic acid, ITAA) X A8 9 19 A= A< 7 A= Al AR
F s TR AR INAE (2013) 2 A TE by 28 AT 14 B1619 T8
WRT AR i T G R 25 I 85 AT
R A AE RSB AE - . B, Ttk
YB-161 %t/INZ A A2 AR VR FHAILEE, DL SR 138 ik
PP B N BT RE A Tt — 2D AT .
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