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W E.UENERFRE, LA EE/NEAE(FOC, Fusarium oxysporum f.sp. cucumerinum) N 4R 77 %
HRE, BAMHE AR R F 2R R BRI EE N L NALE R KRR T I REN A E QHZ - Ybl A
QHZ — Yb2( VAT 8%, Yb1 0 Yb2) , R Ji AR & Uef 3 00 o He 42 016 A, 00 A 56 3% 3.37 mm 0 3.42 mm, #1  E
#>2.7 em, W E 55135 2 61.9%F1 62.3% ;B AS F 44 4 I A L R E 8 16S tDNA F 7| 24, #1725 #1 € X
PR 35 2 45 5 FAT W (Bacillus atrophaeus) 5 7 7E 018 £ B F 690 7 45 Bk W . W 4k Ybl 2 Yb2 B& £ Fh # H1 18
T HRE R R MR B o W R 4R IR B 57.4% 70 58.0% , £ K F TAA By 4B T ik 1.56 mg - L7 F7 3.69 mg -
L' APENO0T T mg- LA 1.19mg - L™ BANE MRS A =4 F 2 BEAR; A FTHARBERKN . YbL &
Yh2 ik 3 TR SN AT A K AR A AR B & B K 45 Rk YD1 YB2 DR Yb1+Yh2 T B it 4 3B R AN
MEMEERANE N AT AR, MATEER I NEAN A E, I ERNERRE L P @l AW R
BRDAEMARAHR T ENBE, L E U YbI+YD2 B AR A E R R K B F, &N F 06 0 &R E BK 1111
NEQE ERENER N 56.7%, b . BHh YOI A Y2 EA A B Y, FEREAGZHAREER,
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Determining antagonistic and growth promoting factors of bacteria strains
against cucumber Fusarium wilt and studies on their biological effects

MA Xing, DONG Xing-chen, ZHANG Jian, LUO chao-yue, DENG De-lei,
ZHANG Chun-hong, WANG You-ling, QIU Hui-zhen
(College of Resources and Environmental Sciences/Gansu Provincial Key Lab of Aridland Crop Science ,

Gansu Agricultural University, Lanzhow, Gansu 730070, China)

Abstract: The strains with antagonistic activity against cucumber Fusarium wilt pathogen (FOC, Fusarium oxys-
porum {.sp. cucumerinum) were screened. Two strains named QHZ — Yb1 and QHZ — Yb2 were obtained by primary
and repeated screening, which showed stable and strong antagonism. It produced inhibition zones with respective
width of 3.37mm and 3.42mm and their diameter more than 2.7¢m, and the inhibition rates were up to 61.9% and
62.3% by the plate confrontation method. Two strains were preliminarily identified as Bacillus atrophaeus based on
the morphological, physiological and biochemical identifications, and the 16S rDNA sequence analyse. In addition,
the experiment determining antagonistic and growth promoting factors was conducted to examine the capacity of the
strains. The results showed that Yb1 and Yb2 produced multiple antagonistic and growth promoting factors.The anti-
bacterial rate of lipopeptide extracted from the two strains were 57.4% and 58% respectively.The secretion of growth
hormone (IAA ) were 1.56mg « L™ and 3.69mg - L' respectively. The amount of solubilizing P were 0.77mg - L'

and1.19mg - L' respectively. Siderophore and casease can also be produced in two strains. Seed germination test
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showed that the bacteria suspension of Ybl and Yb2 could promote the germination of cucumber seeds. According to
the pot experiment of bacteria’ s biological effect, Whether the strains were combined or not, it not only had obvi-
ously biocontrol effect on cucumber Fusarium wilt, but also significantly increased plant biomass and the amount of
bacteria and actinomycetes in cucumber plants rhizosphere, reduced the number of fungi and Fusarium oxysporum.
The biocontrol efficiency using the combination of two strains was significantly higher than that of Ybl or Yb2,
which made the incidence of cucumber fusarium wilt reduce 11.11% and the plants biomass increase 56.7%. In

conclusion, both Ybl and Yb2 have well biocontrol potential against FOC. Moreover, Ybl and Yb2 in combination

showed the highest efficiency compared with Yb1 or Yb2 alone.

Keywords: Fusarium oxysporum f. sp. cucumerinum; cucumber Fusarium wilt; antagonistic bacteria;
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spp.) KB ( Trichoderma spp.) '™, HEHF 5T i 38
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JEXF 2 RIE VAT T %0, IRR T I E S P e 2k
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WK 16S rDNA JF NI 3 S 53 #1 : R FH Ezup #E
K 4H 40 & DNA fli 42 5] & ( Sangon Biotech,
Shanghai, China) , #% 18 Ui B 5 19 2 5% 2 B 40 6
DNA, il PCR X}#E & 16S rDNA BEATH 3, 514
M :27F 1492R"™ | PCR W FEJF: 95 °C 5 min;
94°C 45 5,55 °C 45 5,72 °C 1 min,30 KAEFF;72 C
7 min,4 C44T ¥ PCR =¥t 47 44k 5 28 g 5
W S AE W B 42 A3 FR & B ( Genscript, Nanjing,
China) #EA7I0 5, I 77 45 S A8 NCBI JE PR i 2 v
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GREW.
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R = A
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FE3A 3.37 mm 1 3.42 mm , I B HA2>2.7 cm, {11
FZ AT 61.9%H 62.3% (K 1) .

22 BHHHETESER

221 HARWHEHFIEL R FEHE Ybl M Yb2 £
LB AR B IR |, 2842 °C, 1555 24 h, Hyn] S
W, Ybl Wyg R EDE FLA 6 BN R
A GNP Y2 WK R FIE e A ARE
R DG AT 3 d JF PR 6,
FAKE Yb1 F1 Yb2 #2% [QYL 3 2 [H M, ¥ h A
il

222 EHAEAEGN T LR RE Ybl
Y2 AT AE A AR I S5 R LR 1,

b B A A L X A 2
Yb2 ¥))@ T 2F AT .

2.2.3 HE#k 16S 1DNA A7 o445 R Rk Yb1 Al
Yb2 1) 16StDNA J¥ 51| i 4331l 4 1412 bp Fl 1417
bp. TE NCBI & K 4 th 4T BLAST LU X, 24l
RGEREW (K 3), 450K Rk Yb1 5ZE402F
B H % Bacillus atrophaeus strain JCM 9070 NR_
024689.1 WYEG M dRe (181 3A) bR Yb2 5245
ZEMFF R Bacillus atrophaeus strain NBRC 15539 NR
112723.1 WsES R (B 3B) , 45 A Rk LS 4
TE KA A A I 2 45 5, WIAD B E Y1 Fl Yb2 #4128
Z2 45 2R HOFTF I ( B atrophaeus)

VSRR Yb A

1 BE#R Ybl(a) #0 Yb2(b) X8 N2 R B £ KRR (7 d)
Fig.1 Effects of Ybl (a) and Yb2 (b) on the growth of Fusarium oxysporum f.sp. cucumerinum(7 d)

(a) Yb1 BVEIEAS; () Yb1 2[R (o) YD1 2N 5 (d) Y2 BVAIERS; (o) YD2 H52 [RHe i (1) Yb2 2R (4
(a) Colonial morphology of strainYb1; (b) Gram stain of strain Ybl; (c)Spore staining of strainYb1; (d) Colonial morphology of strain Ybh2;

() Gram stain of strain Yb2; (f)Spore staining of strain Yb2

B2 E#k Ybl #1 Y2 EEFEE
Fig.2 Morphological identifications of Yb1l and Yb2
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Table 1  Physiological and biochemical characteristics of Ybl and Ybh2

D€ $E b IRPEE R Result T e b IRISZE L Result

Test index Ybl Ybh2 Test index Yb1 Ybh2
HI4 M Glucose + + 7= H,S Sulfuretted hydrogen + +
S Fructose + + FENS|UE Z, R Indole + +
WEWE Sucrose + + JRZIKS# Urea hydrolysis + -
JEH) Starch + + FrERR Citric acid + +
Hl Glycerol + + ARNE R Phenylalanine + -
V-P &% VP test + + {4 % R Tryptophane + +
M—R 5 M —R test - - P %R Tyrosine + +
TVER K f#E Amylolysis + + LMl Catalase + +
AL Gelatine liquefication + + fHfREL A Nitrate reduction + +
724 Production of ammonia + + AEFPHRLE Litmus milk test + +

o+ BAPE N 5 - BAPENE , Note: +: positive reaction ; —: negative reaction.

(A) 99 QHZ-Ybl
25 { .

Bacillus atrophaeus strain JCM 9070 NR_024689.1

22

Bacillus vallismortis strain NBRC 101236 NR_113994.1

58

Bacillus nematocida strain B-16 NR_115325.1

Bacillus vallismortis strain DSM 11031 NR_024696.1

{ Bacillus amyloliquefaciens subsp. plantarum strain FZB42 NR_075005.1

59 Bacillus siamensis strain PD-A10 NR_117274.1

Bacillus methylotrophicus strain CBMb205 NR_116240.1

42 ————— Bacillus amyloliquefaciens strain BCRC 11601 NR 116022.1

Bacillus amyloliquefaciens strain NBRC 15535 NR_112685.1

6 _|: Bacillus amyloliquefaciens strain MPA 1034 NR_117946.1
8 . . . . . -

Bacillus amyloliquefaciens strain NBRC 15535 NR_041455.1
QHZ-Yb2

40

(B)

Bacillus atrophaeus strain NBRC 15539 NR 112723.1
Bacillus nematocida strain B-16 NR 115325.1

Bacillus vallismortis strain NBRC 101236 NR 113994.1
Bacillus vallismortis strain DSM 11031 NR 024696.1
Bacillus amyloliquefaciens strain BCRC 11601 NR 116022.1
Bacillus amyloliquefaciens strain NBRC 15535 NR 041455.1

Bacillus amyloliquefaciens strain NBRC 15535 NR 112685.1

Bacillus amyloliquefaciens strain MPA 1034 NR 117946.1
Bacillus subtilis strain 168 NR 102783.1

Bacillus methylotrophicus strain CBMB205 NR 116240.1

12
58 Bacillus amyloliquefaciens subsp. plantarum strain FZB42 NR 075005.1

41 Bacillus siamensis strain PD-AI1O NR 117274.1

B3 YbI(A)# Yb2(B) RELEH
Fig.3 The phylogenetic tree of Yb1l and Yb2

2.3 EHEERRAERTFRNE 7N, A Salkawski’ s 2%, B4 30 min J5, B FE

2.3.1 %#*HEH#%%H%%EX%%WE%C% HEHR Ybl Yb1 F1 Yb2 /) 1§ W I CK Bifh,

ARTR , Ui B R

A YD2 JE KA M I AR I 4, W35 Yb1 A1 YB2 59000 TAA, 5 @ 45 SR R 0, TR ik
W1k 57.4%F11 58.0% ., Ybl Al Yb2 43 3 TAA A & 50 A 1.56 mg -

232 HEHLEIAA MM T LR MK S G5R D L"',3.69 mg- L',
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4 Ybl(a)®1 Yb2(b) BERXEMRY M EINHERFBEEEKNZ N
Fig.4 Effects of lipopeptide from Ybl(a) and Yb2(b)on the growth of pathogen of cucumber wilt

5 TB#k Ybl(a)#0 Yb2(b) 7= IAA
Fig.5 IAA produced from Ybl(a) and Yb2(Db)

233 BAHEPHAMNTLER Ko6LEREMR,E
PRIPR Yb1 F1 Yb2 (1R J8 LA B S i bl HLS
HRERTAE, € RN E s R R1Y, WK Ybl F
Yb2 H¥E w4308 0.77 mg - LA 1.19 mg - L™,
234 WA EFOMNTLER WKETERDE
7,5 CK, B FR Y1 1 Y2 b 375 9 2 5 i g
VEHITE R Yb1 F1 Y2 R w4k 2%

235 BHEEGBONT LR SEERED
KR dE (I 8) Ly Yb1 F1 Yb2 Bk & Bl 1A B
FO A 2, O T A 7 I 2 14 £ B 6 bk Ybi # Yh2 % P

L Y2 B S B T Ybl, Fig.6 Phosphorus solubilization from Yb1 and Yb2

R < i
B 7 Btk Ybl(a)®0 Yb2(b) FERESE

QHZ-Yb2
Fig.7 Siderophore produced from Ybl(a) and Yb2(b)
24 HEMERFMFHELNZMER WITRB% Yb1 I Yb2 Y5 RE {2 i BT 1 19105 & e 2
Wi 9 F7R , BURER TEZF 36 h J5 3680 Yb1 B,
A YD2 B Y BT 7 2R KB T CK, U

ﬁ

QHZ-Ybl
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Nz 2 o, % CK, Yb1 . Yb2 Yb1+Yb2 £
TP A0 BEASASORT B T 22 5 A A (] A% B2 1) 2 By 24
ST EL A (AR AR A W i . X)L CK, Yb1 A
Yh2 TRAR R TC 16 A2 B FH A 2 RN AE — 2 i
AR TR 22395 1) & I SR B AIR 5.0% LA L, Bl TR 04
IKF] 6.0% L b, Hirr Yb1+Yh2 T £ Ik A Ak B
JIAS IR B R KPR T 1111 AN E 4y, N
)5 60 d, 3R Yh1 ,Yb2 Fl Yb1+Yh2 T & i Ab #
AIRK R 2 B EE CK 3N T 52.1% .34.0% F1 73.7%,
T BRI T 17.9% 8.9%H1 56.7% , A Ak Hb b

IR 22T B0 T 15.97%H1 6.14% .53.07% il
61.11% .77.78%F1 138.89% , nJLIF i, Yb1 Fl Yh2
TCIe R BT R bbb 308 R A R AR K R R,
LA B AR

A RIS B AR B 4 v AT 35 32 50 P B
TSR IR 3 ok, FTLVE 1, 5 CK AHEE, YbI |
Yh2 Fll Yh1+Yh2 [ A Ab P A 8 JTORE AR AR B 4= rp
PRV T S 4 T A o W S G 0, T R 2 76 ) T
BB s UL PUE Yh1 A1 Yh2 BEAS I % 5
PR, AR B A ) X AR ) i R A, 6 R
RAARRE e o 236 1T EL I AR 28 4

B8 Bk Ybl(a)®l Yb2(b) =EAH
Fig.8 Casease produced from Ybl(a) and Yb2(b)

B9 B Ybl(a)Fl Yb2(b) X ENHFHHKE M
Fig.9 Effects of the strains of Ybl(a) and Yb2 (b) on cucumber seed germination

R2 AREAEMNERFHERIIBERR R ENERE KR

Table 2 Effects of different treatments on the biocontrol efficiency of cucumber fusarium wilt and plant growth

Ab 3 RIR BIREEIES 3] Plant dry weight/ W b b i
Treatment Incidence of disease/%Control efficiency/%  Plant height/cm Shootdry weight/g  Underground dry weight/g
CK 80.55+4.81a - 48.50+2.52d 4.25+0.10¢ 4.07+0.11¢ 0.18+0.03d
Ybl 75.00+0.00ab 6.90 73.75+2.87h 5.01+0.08b 4.72+0.06b 0.29+0.02¢
Yh2 72.22+4.81b 10.34 65.00+2.94¢ 4.63+0.39b 4.32+0.38b 0.32+0.03b
Yb1l+ Yh2 69.44+2.73b 13.79 84.25+3.78a 6.66+0.12a 6.23+0.14a 0.43+0.02a

T : [P BRIS AN R - B R 22 538 5% WK, T,

Note; Values followed by different small letters in the same column mean significant at 5% level. The same as below.

R3 ARLENHNRE L PAERHBEYHENR N

Table 3 Effects of different treatments onthe quantity ofmicroorganism incucumber rhizosphere

MEE (10'CFU - ¢71) HEB/(10°CFU - g71) TR HEEL (10°CFU - g7')  RABETHEEY (10°CFU - ¢71)

Bacterial count Fungi number Number of Actinomycetes Number of F. oxysporum

AbFH Treatment

CK 0.66+0.12b 2.53+0.20a 0.68+0.11b 7.17£0.11b
Ybl 1.08+0.16a 1.84+0.13b 1.24+0.13a 4.26+0.06a
Yb2 1.03+0.13a 1.78+0.15b 1.28+0.17a 4.03+0.07a
Yb1+Yh2 1.12+0.39a 1.70+0.14b 1.30+0.22a 3.69+0.06a
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3 gt

ZERUAT R — 2R W A B B, AN O AL
ERBIAEM TSR AR LT
BWFIE L PURG R ZEAOAF B B29, HiBE 1 (7% 10° CFU

- mL") X E TR 28 9% 119 H (8] B %03k 84.9% , 3 7=
12.57%"Y , JEBFFEIRIE A B 1H CT205 ALK} 8 I
AR TR T EL X TR 289 19 By 76 80UR 18
) 51.85% ', A HFFEE N TURR 28 AOAT B A4 A i
TIHEAT TR, 455 & I H R & 550 1 oK
A e AR AR AR S AR 2 3 g P X e
RGPS 2 MEFSHUSCR AP B RE . Yb1 A1 Yb2 3
B 45 6 4 B A 1k S Bk 16S tDNA 751 43
BT, W02 5 3 R TR X0 Ry 22 40 28 FLAT TR ( Bacillus
atrophaeus) .

A= W5 2R TR A 7 AR B W T SO T A B
AL ) kol ) 2 R A AR Bl s R
B 2E AT B K #E0 B A FH A0 il A o 32 08 T O
SRR RIS T4 2, LG A 5 2 (Tturin) (12
% (Fengycin ) Fl & i 16 7 & ( Surfactin ) = K& §
KUY BERTROIE ST & PR R 46 28 AT 1 ( Bacillus at-
rophaeus) B44 774 1) iturin A 2 JCHE ) 3 B 15 1R W)
JT, BRI BR B44 78 I [B] S50, XEAR 1 Sz A 9o AR AL B
25955 I T3 AR B e A KA AR B IR ROR Y
BT Bs — 916 41 WA IR IKZE AL G Bacillomycin
L,F 500 wg + mL ™" B iG /KRG SOk A, B 803
Bk 70.8% F1 56.3% ), A Bl 2E AT T AT LLIE
T D 4T B I S e A DR PR A A DA R
TP ERRER TR 5 R T e KT R 7 R A XA
B[ IR BA PR Ak T A A S R a0 R 3 4 B 4
FIPS L WRGR R BRI MR YD1 1 Yb2 1 i JIK S R 2
Py (L 100 L) X8 JTORS 25 9 55 I B 1) 400 1 5 0
HAF 57.4% 1 58.0% , HI =K Mg E |
BE Yb2 ;=2 BRI AE J1 4L Yb1 3, Ui AR Yb1 Al
Yb2 BLAT KA A Bl v 1, Y2 Y B IA 8 R el 5k
T Ybl; 2K 0 i bk Yb1 A1 Yb2 Y 2E By e
K.Yl Y2 2 Yb1+Yb2 T & WAL B i AL 25
I I BT IE B3 ) M 6.9% (10.34% (13.79% , T4 Bk
Yh2 A B AR Y1 4F-, 3 55 PR A P Al X IR 1 56
FRIVERT AR i TR ZHOREL 5% EBC 0 17%) 900 R 200 S R 1k 2 1 g 114
A3 A4 R0, Yh 1+ Yb2 T B Y A B % A= B A R
AT, Uk BH 9 R ELAT I AR

A A B 2 AR TR 3E I A A A AR T Y
RAEF AR ER, AR AL A5, P A KR
(IAA) fRFEA Y AE K 7 W R B 2 R koT it

YAEY) VeIl P OGRS B R A A R A B
. WP Yb1 A1 Yb2 BERESIAE K K (1AA) ]
PEWEIT B R A Bl & 2R S A AR e A
55 H B AE AR BE 1 & B B AR Yb1 AT Yb2 X3 I
Py w Z AR HEE . ARk gn 4 SRR W] Xt L
CK,Yb1 . Yb2 J Yb1+Yb2 [ % W &b B 44 feff 2 JTCAH
PRA: Py i 380, k=5 4 B3N T 52.1% ,34.0% |
73.7% bk T ER I T 17.9%,8.9% Il 56.7% , #d
PR EF AR R T A BN T 15.97% ,6.14%
53.07%,61.11% .77.78% .138.89%, VA F Ui,
PR Yb1 1 Yb2 5% v JIAR AR B3 SR R AE KB
PEIEVE FH ELA B S 5 IR0 Bk 5 AR i b3
T AR Yb1>Yb2, A & T E A I Yb2>
Yb1 3% 7] G5 B AR A2 A= HLH A 32 B4R 3 07 A
ARA X,

HR B 25 SR S A W A 25 00 0 1) 32 sl g
(% AR B IR A AT 35 1A A B
JEE XA A A A R B AT A BB AR Y e
IR BRAR R | (C2E A A AR X ST Al 3 P i —
BT A s i8R Wi/ s R G A= W3 hm , A
SRR E A AR e R fE g
NI S5 080, AN AN 03 AR o B A 0 A 7 A X
P T HA R T PRGN, AR i 2
W], 5 CK M, YL Y2 & Yb1+Yb & Aab 5t
I F61 5 ] T R LT B I s A R RO TR
BB AR PR Py X R B ok, A5 R 5 L
TRBICR —F, PR B T A Ak 3HG 2 #4041
TSR LT

PR Yb1 F Y2 AMUAA Z R Hi 24 A 7,
T HAESE B R T Bom 2 2 /8 7, UL & Ybl
F Y2 HA A BRI T, PR B C A 1 RSCR

& % X k.
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