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AR S [ 3 /N2 AR JR A AR S o B R HU A AT, W L 402t 7, 9 SR FH TR AR ARt it 12000 o G
X /INEARFEIRBIA R . S5 AT LSBT 18 RIS DA B, 0 e 1 AR TR /N2 AR B TR T R AR
B IS HLTE D09 ; XS /INEZ AR BRI AR AT AN ik 5 67. 92% . ML ASRHE AEFRA AR 93 F 508 , W02
YEFEBUR D09 A AMEE AL T EATE (Achromobacter xylosoxidans) , ABEEALTCEFTTH D09 & BERHEAR AL FEXT N A
AR Y FH TR B TR AR A B 50. 93% , 58 A BRI Sl A RSB S5 AL B i i ME 25 57 . D09 K IR AR AL B /N2
FPRL b B 42 5 S 4l ) T 2 ( DON) B2 25 2 (IR T FEY s DT R A s 3 A 3 5 il ek s RS e 25 b L TE | e 22 3
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Abstract: In order to enrich the resources of antagonistic bacteria against Fusarium head blight and find a biological con-
trol method to replace chemical fungicides, antagonistic bacteria were isolated from the soil of wheat scab resistance identification
nursery, wheat roots and the roots of the surrounding plants by plate dilution coating method, and their classification status was

clarified. The control effect against Fusarium head blight was determined by root irrigation and ear spraying. The results showed a

total of 18 strains of antagonistic bacteria were isolated in this
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study, and the antagonistic bacterium D09 with broad
bactericidal spectrum and good antagonistic effect on wheat

scab was screened out. Its inhibition rate against Fusarium

(STTT2021-2-2) graminearum reached 67.92%. According to the morphologi-
B/ £ (1981-) %, TGN, Wit i gR 50, 1% cal characteristics, physiological and biochemical characteris-
A R4 P F 55, ((Tel) 15859927971; ( E-mail ) tics and molecular identification, the D09 was preliminarily i-
25362663@ qq.com dentified as Achromobacter xylosoxidans. The control effect of

BIUEE : PUEHE, (Tel) 13809543259 ; (E-mail ) heruan@ 126.com Achromobacter xylosoxidans D09 fermentation broth on Fusari-
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um head blight reached 50.93% , which was not significantly different from that of the commonly used fungicide flusilazole. The

content of deoxynivalenol (DON) toxin in the diseased wheat grains treated with D09 fermentation broth was lower than that trea-

ted with difenoconazole -

azoxystrobin, and there was no significant difference with flusilazole treatment. The contents of

zearalenone (ZEN) and nivalenol (NIV) were not significantly different from those in the treatments of tebuconazole * carbenda-

zim, difenoconazole + azoxystrobin, and flusilazole. In summary, Achromobacter xylosoxidans D09 has broad-spectrum resistance

to various plant pathogenic fungi, has good control effect on Fusarium head blight, and has degradation effect on DON, ZEN and

NIV toxins. As a biocontrol material for Fusarium head blight, D09 has good development and application prospects.
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TIGIE) (ZEN (K o5 85 1 T ) 55 TR B 2 7R AR
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& 85 WS SR, DON NIV S8 R R
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SySHA b i ()R 0 I H /N R
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HIVEF , Az AR i T 22 07 F B (L RS AR 3

1 ARSIk

1.1

L1l RAAARFAAAH®R FEPREE RS
e 8 T T AL R 5T BT /INAZ AR AR BT
PEYSEBEET5~20 em WA R T RE S 5E B rh it
0/ NZE R R AR B 4 T ] P AR AR P, ARkl
(R 12 A i L TR TR AR 5 R AR TR LK 1,

1.1.2 BRI A 60. 0% KMk 2 B R K /il
REFRFN 32. 5% A4 % T P B 0 0] e 0 L e e ek
A BRAFIA ™, 40. 0% FAEMEFL I H BE VG b5 (E1E )
BREA R AR,

1.1.3 X E & ft SRS NE R
F 45 VLI B b X RO B 5T T4t
114 3JRkmed)  NA(HE) B57R 48 2R 10 g -
W& 3 g NaCl 5 g B5ifi5 15 g, A E1 000 ml,pH {H
7.3, NB(AHH) B IR AR 10 g A=A 3 g NaCl 5
g SEZSZ1 000 ml .pH 18 7.3, PDA R§Fa5k (L E AN
)  ThERE 250 g 4T 20 ¢ Bl 20 g SEAE AT 000
ml, ZDWE G & B 2105 23.3 ¢.CaCo, 4.9 g 5K
11.1 g KNO, 8.0 g.KH,PO, 0.5 g.K,HPO, 1.2 g.
MgSO, + 7H,0 5.0 g NaCl 3.0 g JEZAZL 000 ml,
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Table 1 Tested pathogen strains and their sources

ZAREE)T. 2% AR5 FWA (566 E570) 0. 1%, 54
SEF] CMC-Na (R I IELF 48 2 41) 2. 0%

%' | P A

1 Fr FERG LIRS ALY TI 1 ( Fusarium oxysporum f.sp.cubense) F AR A P A2 B

2 IKRELUHHHE NG 22 A% B ( Rhizoctonia solani) R B B TR AP B 5 T
3 K B T R 461 ( Bipolaris ) K EEAR AR ) A2 Bt

4 J SRR 1 ( Phomopsis asparagi) TR R BB BRI BT T
5 HTALZER [ Fusarium oxysporum (Schl.) F.sp cucumerinum Owen ] T AR MR 2E R R F B

6 26 JOAGZE9 I [ Fusarium oxysporum (Schl.) F.] V41148 e M B BEAE P DR BT 52 BT
7 TP IR BEFR T ( Mycosphaerella musicola) & A R B2 B R AT 58 BT
8 KGRI AL TTH ( Fusarium. oxysporum ) TR RN B B BB 52 T
9 KSR ( Colletotrichum chlorophyti) TR A B BEAL Y DRI BT T BT
10 FEHRAEAL AL (Selerotinia sclerotiorum ) U Al B2 B A P R BF 52 e
11 INE TRBERG AR I 18 ( Fusarium graminearum) A B T T R AL R F T I

12 7INFE AR B9 W N4 TT 15 ( Fusarium asiaticum) A M T T AR BB T

1.2 FHik 16S tDNA J7- 41 [A) 5 PE %0 < 456 T T R e A T

1.2.1 HRABABABMO > Bk HHERESTKH
BRARR PR B IR AT AR I 20 s Y A AR P A
SRR E AR AT 8 15 5 B9 B B ik
AT, 2 WA TE R 2 2lifb | sl AL Ja 0 B ik R
H L LR T -80 C VKA

1.22 HREBABAMAGIFERIFEREGNE
FIRY TR o SR PR R0 2 S i e e 325 08 4 35 70 T T AR e o
PERER | i 12 D AN EARE IR LS, ek
HRAG AL 5 Y 40 B T8 7% 76 X A PDA B NA B 573
R4, BRIBCHE ARG S L R T S AT B2 AR 2] PDA B
NA B5FREE (AR 6 em $5FR L) (9 h e B LR ARG
iR L AT R R P T 22 5 kg H s, G B 4 T
KM 4 em BYIE T THES | LU H 3R AR A
FERXT I T 28 CTFREFR5~7 d, MEAE K AT M,
i 4 AR BT AR A 1 P AR AT 400 B ) 0
TR SERE AT 7% B T ACR

1.23 HREHEZ WIEESFHEMNLE. difbfs
AIEERR A NB B8 55 5% 24 h, B 100 wl B
FEKHREL 00045, HL 100 wl 2144 T PDA A
F,28 CIHIR K3 48 h, W& 1 9% 102 S 47
fEPT ) RS R L Rk e )5, 17
1 00015 % T A 20 B8 RO 29 i 64 7%

BB R HATHI L 0328 W TR ZEAT 16S tDNA
FEHIINRE , DNA $2ECH A T A9 TRE (L) e A
FRAREISER., PCR IS IRE T Miseq ¥ F
£ V3-V4 i@ H 519 805R ( LiF514) 5'-GACTG-
GAGTTCCTTGGCACCCGAGAATTCCA-3', FiiF 5|4
5'-GACTACHVGGGTATCTAATCC-3") 1 341F ( |- ii%
3] ¥ 5'-CCCTACACGACGCTCTTCCGATCTG-3', T
514 5'-CCTACGGGNGGCWGCAG-3') . PCR X
MR ZR . 2% Taq master Mix 15 pl, Bar-PCR primer F
(10 pmol/L) 1 ul,Primer R (10 pmol/L) 1 pl,Ge-
nomic DNA 20 ng, il H,0 % 30 ul, PCR ¥ #FEF.
94 CHAEME 5 min;94 CAEME 30 5,55 CiB 2k 20 s,
72 CHEAH 30 5,25 WAEH; | J5 72 CHEfH 5 min,
DNA JFHIE i AE T A TR () e A R A
FSEL, 168 rDNA ¥ 81 76 A% B PR 5048 1 (hup.//
rdp.cme. msu. edu/index. jsp ) 1 #E4T BLAST H X, F
H MEGA 7 {4t i 2 50k B #H6RT

AR AR IR X BT AR B 0 T R TR R — 20
FEIE DA HE  D-ANE  FUBE | RERE 25 4E 2= A &
it Rk A ey 218 V-P O H, S
A YR A 42 CHERK RAEA KA AT
Frimlis
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1.2.4 HRATDEFERG R D ZAFE
FENE YU/ AR AR R B RO 8 T

2020-2021 4 BEAEAR B2 44 ra ~F- T A B2 00 58 ik
B FEHIEAT %I A AN I R O TR R
HARPUPE S ], RE R AT A AR R A o e Fh o
B, Z/NEZMFRE 45T 11 A 16 HEE
FhOURAE2 H 11 HERRE 2 H 14 HER 6, 815+
PUPR K B (FEi A v T B R ey B ) HEAR 45
U K BRI 55 . 60% J1. M 22 T8 5 7K 3 0k 57
FEFRIBE 55 32, 5% A H1 I TR PR A AR 5 55 | 40% FoUE
FEFRME 55 5 A b BN T /K B AR s 55 %00 B, i 24 i
ST R 35 A DN R YR ) A R e, R B it
R WERAT RN & 78 1.5% 10" CFU/hm? | -+ 38
MR A S & 83.0x 107 CFU/hm®, HEAR 42
FE/NZE ORI 1 Uk, W55 Ab B 43 I ZE AR BRI 1R
AEHIFBEAE I £ B0 1 K, BE~/NX 20 m?, 3 IR EE
2.4 A 15 H/NE SEE RA AR B R G O, 45
QLB BUR AR 1 kg, 3 IREE , BALH E AR B2
Be AR5 i %ot /N2 AR DON (ZEN NIV 2 % &

x2 18 HRESTENIEIR
Table 2 Antibacterial effects of 18 antagonistic bacteria

TR, A AL PR T AR T T

Bi 3% = (I 7K X BT FR i /N 3 — Kb 3T g /)Nt
) /1 KR BETF B9 /R X 100%
1.2.5 #HELEA 54 KR IBM SPSS Statistics
19 BB R R 5 22 43 B 2 [A) o P )
Waller-Duncan 35630 47 55048 A0 B3 H7

2 GRS

2.1 HEHRMAHENTEE

AR 3 B 18 BRAE B AR, 16S tDNA
FE 507 24 AR, 18 RSP0 18T B AR XT 12 i D
HEAMPIRE LS R E 2, Hob Wi E
(DO1) ZFZZFHIFFH (D04, D17) AMEAMLT O
FFR (D09, D11) B Fg (A 72 /R FE [CIA 8 (D12) ¥
A VI R E (D14) 25 7 MR MEXT /N2 TR 85
o A9 IR FL DA R I ) IS RS BUBCR, T R D09 A
WEE AT CFT B 040 i VR FH B S s A 6 R TR I
PR, BEAh, 3R 2 A 3 RS L TS AT I DOS .
D09 F1 D11 ,{H 3 F I H A R B ROR

9o ST

7 W

1 2 3 4 5 6 7 8 9 10 11 12
DO1 Ak 5 2E AT 1 ( Bacillus subtilis) + + + + ++ ++ ++ ++ ++ ++ ++ ++
D02 B KZEFFTFEA ( Bacillus megaterium ) - - - - - _ _ _ _ _ - 4
D03 158 4 2E W 3557 B I TR I ( Stenotrophomonas maltophilia) = - - - - - - - _ _ -
D04 ZBE2E AT B ( Paenibacillus polymyxa) + + + + + + + + + + + o+
D05 DI SEHTZEHIAT T ( Bacillus velezensis ) - - - - - _ _ _ _ _ _ _
D06 HHiAE LI P ( Pseudomonas oryzihabitans) - - - - - - - - - _ - 4+
D07 #z4 2AT B ( Bacillus thuringiensis) - - - . - _ - _ _ _ -
D08 A AL TCEFT B ( Achromobacter xylosoxidans ) - - - - + - - - - _ _ _
D09 ANFEALIC AT (Achromobacter xylosoxidans) + o O+ 4
D10 [ FC A AT 5 J& ( Enterobacter asburiae) - - . - - _ _ _ _ _ -
D11 AWHEATC NI (Achromobacter xylosoxidans) + + + + + + + + + + + 4
D12 R {1 ve R A [C TR &8 ( Burkholderia vietnamiensis ) + + + ++ + + + + + + + 4+
D13 PE{E LA 2% e AR B R ( Pichia kudriavzevii) - - - - - _ _ _ - _ -
D14 AU E /RIS B (Burkholderia cepacia) + + + + + + + + + + + o+
D15 ZhJ V>3 FC T & (Serratia marcescens) - - + - - - - _ - _ o
D16 HRZFIFTIE ( Bacillus mycoides) - - - - + - - - - _ _ .
D17 3252 AT B ( Paenibacillus polymyxa) + + + ++ + + + + + + + o+
D18 Fiivb R [KIA & ( Serratia marcescens) + - - - - - - - - -4

IR 1~ 12 WK 1 +Fm A HHUE N, ++ RIS U E I, R s i
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2.2 $EIUE D09 HIERE

2.2.1 H4LHE D09 09 & F AL L)
PR I L TR 1) ABE AL TE T B (Achromobacter xy-
losoxidans ) D09 A 715 75 95 %5 2 Il il i A= K 248 19 i
R R AR o OB B SR LR e O RS R
M20211002, FEARFE PDA [EAE; 736 1A KA, %
TR TR B DG AW R GBS I
AR REPER ;5522 R A B, 1 00045 e T W4
1Z|§§Eﬁilj(( Bl 1), KEHRH2.0~4.0 pm, ]
0.5~0.9 pm,

E1 D09 &% (L) REE(H) BE(x1000)
Fig.1 D09 colony ( left) and mycelia ( right) morphology ( x
1 000)

2.2.2 A D09 ey AR A KR FEHA
D09 REFIFH D-H5 54 . D-AWH  FUME | FE0E S5 2 s
U5, 7718 REFIFHAF 4R 2% W fb s B R, oAt A= 3
HALHRRAE W2 3,

R3 HEk D09 HEEE A

Table 3 Physiological and biochemical characteristics of strain D09

LI 5 AP LIVAR P e o
MR PE(5%) fiit
DA% FIH
D- AN FIH
bk FIH
TR FIH
IK A E K K fit
R 32130 B
V-P [ Bt
H,S 774 AR
BB 1k ik
FrigRih N
YR FIH
42 Ck R
REEAK GRS

223 HRH D9 wiH-TEE  FEPIE D09 R

Gir AL B LR 2. 16S tDNA () B 4L 15 9 K iy
1 469 bp, 7E GenBank 1Y% 3¢5 & CP012046.1, R
i BLAST LEXF4525R  IF45 G0 S AR 0 A AR AR Ak
P, 5B IR R A S8 AL TE T B8 (Achromobacter

xylosoxidans )

g7|Achromobacter dolens(HF586509.1)
86 Achromobacter anxifer(HF586508.1)
57 Achromobacter agilis(HG324050.1)

—— Achromobacter aegrifaciens(HF586507.1)
Achromobacter insolitus(EU221379.1)
621 Achromobacter denitrificans(F1810080.1)

Achromobacter ruhlandii(CP017433.1)
Achromobacter xylosoxidans(CP012046.1)

NPDY20Z

Achromobacter pestifer(HG324051.1)

Achromobacter spiritinus(HE613447.1)

71
Achromobacter marplatensis(EU150134.1)

Achromobacter spanius(MW672500.1)
Achromobacter kerstersii(HG324052.1)

73

0-&0 5 Achromobacter deleyi(HG324053.1)

NPDY20Z.D09,
B2 AESLTETE D9 KRG HAR
Fig.2 Phylogenetic tree of Achromobacter xylosoxidans D09

2.3 KRESHLTETFE D09 HHINE L

ABFEALTC R D09 X 12 Fig S5 B 1 Al i
BRI 3 iR, D09 BB AT I ik A s )5 L
A A RIFEEE A FSHOVE T, R B T35 o I 5
DEREE . o XS /K R SRR ST A 22 A% TR 7 53 300
IR TR T RE AR 2% IR R0 TR RN K 52 < I g T 1 410
RIRF] 70% L) F (% 4),

- ' ?
1 2 3 4
@ ¢ . ©
5 6

7 8
) L)) .
9~ 10 11 12

MR ~12 WL 1,
B3 D09 B3 & MmEE R ERAR
Fig.3 Antagonistic effects of strain D09 on various pathogenic

fungi
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Table 4 Antibacterial spectrum of Achromobacter xylosoxidans D09

%5 o B MR (%)
1 FFHERZERIRAE T (Fusarium oxysporum f.sp.  57.92f
cubense)
2 IKIBGURRE ST MG 22A% 1R ( Rhizoctonia solani) 74.12bc
3 ERMEERTHUETRR ( Bipolaris) 56.17f
4 PSSR (Phomopsis asparagi) 75.56h

5 BNATZEI6 18 [ Fusarium oxysporum (Schl.) F.sp 62.55¢

cucumerinum Owen |

6 ZZ)NKZEHRITE [ Fusarium oxysporum (Schl.) F.] 62.94e

7 FHERZIKBEREE (Mycosphaerella musicola) 78.54a
8 KEMIEIRAHR IR ( Fusarium.oxysporum) 63.54¢
9 KEHIRHE ( Colletotrichum chlorophyti) 7291c
10 ESEHIAZILE (Sclerotinia sclerotiorum) 69.22d
11 /NEFRBIRARAHRIIE (Fusarium graminearum) 67.92d
12 /NEHRER N TI T ( Fusarium asiaticum) 56.16f

BAEEARF/ING FHRR 2257 83 (P<0.05)

2.4 AESETEITE D09 X/ 2 55 B 5w H HIE
Frias R

AN ] A BT /0N 27 7% 259 1) FH (] By 96 4508
5o BRI 22 TR 2 R OR H I TR i Ak BT 1) IR R
T3 LU WV KON IR i 3 R AT, At A 255 ol 36 3
TE 95.00% DA I, SXTHRTC W& 22 57, M4 T
/N AR B A T W K ORT BE  ACWE ALk TG kT
B D09 % B AR AL B A RESH T 25 Ab RS | 6 /Nl
BAYRIH 14, 42%F1 21. 42% , 1t CK TR 50. 93%Fil
27.12% ; 2orf D09 & IR TEE AR Ah B /N3 B 2R H
AT E TR ER LT ST i R P e 22 1] 7]
K ZAE 60% L) L, T AME S AL TC AT 3 D09 & 1
TR T AR A EL R R I 25 Ah B A 5 3% 43 1) R 50. 93%
F127.12%.,
®5 AEEALTEEFE D09 X/ AR B A0 E R A R

Table 5 Field control effects of Achromobacter xylosoxidans D09 on

wheat scab
P R /MR Fia%)
Jis: | ﬁrffy)? JF@EJ 2&)‘? %é;;jﬁ')lﬁé

D09 & WERHE AR 97.50+2.50c  14.42+0.63b 50.93
D09 & BERFEmESE  95.0022.50c  21.42+4.82¢ 27.12
P L RAEFRESE  57.50+5.00a 4.86+0.84a 83.46
R AR ®I% 80.00+5.00b 6.53+1.46ab  77.78
FER AL S 97.50+2.50c  11.81+3.80b 59.82
THKBERRIBESE (CK) 100.00+0c 29.39+7.74d

RN EHE G AR/ NE 3 s b PR 25 5 .3 (P<0. 05)

25 AESEULEITE DY WFNEHFHEELE
FeEAD

AIRIAE R /N R DON (ZEN NIV 3 FhiE 2
ErE RTINS RN 6 fin . AWER L TC @ E D09
R BEREAR AL BN RERE 3 P A B BN
0. 628 mg/kg 0. 016 mg/kg . 1.308 mg/ kg, FH M if
D09 % BB AL BN Z2RERE 3 Tl il 2 10 & 100 3 oh
0. 836 mg/kg 0. 080 mg/kg 2. 688 mg/kg, ¥4 . Ik
TG AKX IR ; D09 2 eV HE AR A B /N2 KR 3 Fil
BER MY R IR TR D09 A W AL 3 ; D09
ST TE AR AL BN FPRL DON T R & iR TR
W P TR RO IS 5 b B, 5 Sk s e I 55 A B 214
D09 & T HEAR A B /N2 FFRE ZEN NIV FE R & i
55 I 2 T R BRI 5 A Y TR PR R AR W 55 | U
AR S 55 Ah B 2

x6 ABEELEETEDONNEHFNSESENTM
Table 6 Effects of Achromobacter xylosoxidans D09 on toxin con-

tent in wheat grains

DON ZEN NIV
by
i (me/ke) (mg/ke)  (mg/kg)
D09 % B HE AR 0.628+0.038b  0.016+0.002a 1.308+0.083ab

D09 KBk SIS 0.836+0.017¢
SRk 22 R 0.230+0.017a
75 F mE A BR AR ZE 1.202+0.080d

0.080+0.019a 2.688+0.938b
0.028+0.005a 0.708+0.194a

0.086+0.022a 1.63+0.101ab

B N R S 5 5 0.528+0.028b  0.026+0.009a 1.294+0.034a
WKBEIRZE (CK)  1.420+0.122d  0.660+0.085b 4.580+1.007¢

DON : Ji 42055 S5 9l ) R I ZEN . KRBT 5 NIV . 58 5l T 3 0
B, [RFVEEE S AN E/NG TR AR PR A] 22 5 535 (P<0. 05)

3 17 i

3.1 REHEENEMERENEZH
HHT, NS TC AT A9 270 T HAN T
M BB frA 2 % B R AR D RE I AR ST AR
i M AWE AT BT T R fR D09 Y BER: | i —
AT T HIRR D09 X/ INZE AR Fg i 1Y) [R5 A 380CR
INZERPRLEE R S B R, Ry TG T TR A 7 FH HE
TR, ARSI EF BB D09 T H1i
E R &AL F (155 :2021110421242)
3.2 ARG EERRFLERGHIRT
ARWFFRLE R AR B A AT AT D09 & %
WRERR AL B | B AR AR 5 0 /KO0 IR 22 S AR K (HR
JINEER R 7 20505 R P 2 24 390 25 TR R i S M
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