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- K S = b I — —a
YR B 2 B2 R A B R B T 1 48 & R EL B
PIEmE L, TR, R 2, AL, REARZ, FAAKRL ISR
(LR R R2e AR 24, RS ¥R 471023; 2.9 rd B MR R 3E ST A |, RS 3ELh0E 463000)

i FE. ARSI (Amanita phalloides) iz -1 Hh 4325 e 6 % 2% (Phytophthora parasitica var. nicotianae)
PUARR, 5 AR U0 S S BT ARXT H E SRRIR HB R 25 IR . DN RS BTG A L 4 b 43 B8 i e 1) DE4-5
PRI AR B2 85 (M P 255K 78.22%; DE4-5 HAT T IS HUELIIETE; M4 DE4-5 MBS FIA ALRHER] AL W R i
iR JE (Pseudomonas), Z54& 16S rDNA fR5FIFFI B gyrA EE K BF I8, i DE4-5 A pRAE S
B, x4~ Pseudomonas lini DE4-5; W& TENE /R, Ftk DE4-5 HAMEEAMETGES, 7™ 1AA. EAN.
LY R FIRAG ; ARG SE AR, Tk DE4-5 TR 4L 5 1A YT 410040 R R R R 0 24.79%F1
39.24%, JRIEFEEIIN 26.31%F 29.37%, B sHlikE] 69.14%71 63.98%.
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Screening and identification of biocontrol bacteria for tobacco black
shank disease and evaluation of the control effect

JIA Mengyuan!, WANG Yueyang®, TANG Peipei?, ZHOU Quan?,
WU Junlin?2, WANG Xiaodong!, SUN Huizhong*

(1.College of Agriculture, Henan University of Science and Technology, Luoyang, Henan 471023, China; 2.Henan
Tobacco Company Zhumadian Branch, Zhumadian, Henan 463000, China)

Abstract: From habitat soil of Amanita phalloides, isolation and screening of bacteria strains against the Phytophthora
parasitica var. nicotianae were conducted and pot experiment was used to investigate the control effect of the
antagonistic bacteria strain against tobacco black shank. The findings demonstrated that, strain DE4-5 showed wide anti-
fungi activity, and the inhibition rate of strain DE4-5 on Phytophthora parasitica var. nicotianae reached 78.22%. Based
on morphological and biochemical characteristics, strain DE4-5 was initially determined to be Pseudomonas. Combined
with the analysis of conserved sequence of 16S rDNA and the sequence of the auxiliary gyrA gene, strain DE4-5 was
systematically assigned to the Pseudomonas flax genus and given the name Pseudomonas lini DE4-5. Bioactivity assay
showed that strain DE4-5 could degenerate phosphorus and potassium. By resolving phosphorus and potassium, strain
DE4-5 was able to produce IAA, protease, cellulase, and urease. Pot experiment showed that the incidence of tobacco
black shank in prevention and treatment groups with strain DE4-5 were 24.79% and 39.24%, respectively; the disease
index of tobacco black shank in prevention and treatment groups with strain DE4-5 were 26.31% and 29.37%,
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respectively; and the control effect in prevention group and treatment group reached 69.14% and 63.98%, respectively.

Keywords: Amanita phalloides; habitat soil; tobacco black shank; Pseudomonas lini; biocontrol effect

0K A B I 5 11 95 i A R 28 %5 (Phytophthora
parasitica var. nicotianae), HILALREIRIETER F R
PRARZEEB B FARBE, S 08 R B2, H Y
B 36 0K o B IR S AT R B BRI AL 4 2 5], E
ARG HBR AR R . REEIs Y . Ut R
G W s J R B 7 R [ RS

A7 1A WO SR A2 B iA B FLE T )
BRAREEAR S i A A O M AR e - HE 077 e 15 3] 2
AT R B bR YWGI07, HXH 5 SR A0 16 A [
VA VI R Ak L P () B 58 A T B, o d B
BB 38.5%. 41.1%F1 61.1%. 2RI
U B AR B - 3 e A5 B SRR M TR XF10, JLX)
S VR TR 22 [ PS4 B 58 80.73%. 5 HRAEE
MIERRZEFF T AT BRI B KY, XA R
I 99 (1) AR AN R Bl 3805031 Ry 75.41%F1 63.62%
Teie e AE B B R 2 BOw e L, BR T AT R A X
BUESE AR R R LS R, AR AR BT B
Xof [l — 55 L 0 AN [R) A= BN FR A S5 DU s R e R
)5 DR, Az Bl TR A SR R A R A A R I X
PR . MR AR AN [] A 58 i 328 B8 Jn == & 1Y)
Az B TR B R LA PSR S A K R AR
A LA RN R AR I YA S R A,
R A IR A2 7 AR W D ) A 2 A v 2 2 A
A A YRR AR, DA RS R R
B, ORI R B AT o5 L DA A 11 RS By v A s e
WA 0 BIRCR T HLZ e IR E R R 3R T AR
AR 215 1 AR RO S S B B A=
KGR E W, T RN A 38 o] BEAF 7R 45
PR BT, EE X R RS AL e
PP IEAT T /s a3,k 50 00 0 178 0
IR LE B M T T 50, XSSP T T
IR PR () AR B ORI . B LS AR U

1 #MRISREZE
1.1 ##

T RG I FE R Ll XOR A WY A  RE T, B
PLEEEL 8 #k, WHET LR ELZLIE, REIFREA
Top A% [ SEI0 2 . A SRR 8 (Phytophthora

parasitica var. nicotianae). i K 259 B (Botrytis
cinerea). 7 JI\JK 755 % (Botrytis cinerea). %Ik
Z955 1 (Fusarium  oxysporum) . /INH- 254 - 5697 B
(Phyllosticta spinarum) . /]N22 5L i (Fusarium
pseudograminearum) R A7 VA B BHE K2 A P o%
IETF R SRS =

12 FHE

1.2.1 MERFHAARG S B IS ST

1) BB BRI A AN A 4 Analifk . FR
B 10 g BPA: sl E A AE TR, A 90 mL
TR =S, =R, 160 r/min $&%% 30 min
J&, #E 15 min, JCREEAERH 1 mL BB AE
A9 mL Kz, EEEE, fRaxhis
104, 105, 10 SBEREEEREM . 23 100 pL B
B IRATT NAMPPARSESE, & 3 Iki#KE ., 28 °C
R 3 d, WESHTVE A KAB DO HR U E ILY T %
Bepz 3k alifl, SifbiE RIS 4 <T R 17

2) A B R A BT 1) 0 8 S R AR 1
FE o KA R RN E] NB AR SR, FE
26 °C. 180 r/min 1537 24 h, FHEGRARRRL K
BRI R 1.5%107 cfu/mL.

DUMH R 5 AR NIRRT, B 580 B B A TR
PRXTs S B S B RE T, ok th B A AR B R R
HArmatk. ELXHAMT, H 6 mm AFTFLEsHIAE
IR ERE R WU, IR 2B PDARZSE Ay iy
L, BEEEPE 2.0~2.5 cm AEXTFRACE 6 mm 2R AR
[] 2P AR AR IR B2 1.5107 cfu/mL B T8
W 150 uL, 28 °CAMFRHiFR5d, 3 WEE . W
SR, S THm TR B R/ NI TR %

3) MBS IUA S . Si bR AR RN
F| NA B335 b, 78 28 °CT 3R 2 d. 7EIR AL
RIS, WKAE (RUEDFASimBoAR ) B TR
SFRHIE DL S A B AR AR

X F TakaRa MiniBEST Bacteria Genomic
DNA Extraction Kit Ver.3.0 $2EUHEHT Ak IL R 24
DNA. 16S rDNA ¥ 3514): 27F(5-AGAGTTTG
ATCCTGGCTCAG-3")Hll 1492R(5'-GGTTACCTTG
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TTACGACTT-3"), gyrA ¥ 3#514¥): gyrA-F(5-CA
GTCAGGAAATGCGTACGTCCTT-3') #il gyrA-R
(5-CAAGGTAATGCTCCAGGCATTGCT-3"), PCR
SRR B8 S R A E )ik, 78 1.59%(J5%
B0 BB LA kR PCR 2, TE
NCBI = BLAST X saBEllFifesl, Phikism
[ 5 9146  Neighbor—Joining HEAKAR

1.2.2 MBEREFRREA G AR

1) JRECRE AP AR TS PR E o R BESC
BRILATAY 7, DUE RS HTRRRIMRRE . MBI (e 2k
FEHELARG™ IAA . BRI, LFERBRIIRBHAEET] o

2) MR RS HU A I AR Ry 2 RE T
o BHEHUEMEERNE] NB J555E, 28 °C., 180 r/min
PEHEESE 24 h, 12 000 r/min Z.0> 4 min, 0.22 pm
DR R B0 PR, BISR R . AR B SR
FEUSHE AT, 28 °CHESR 14 d, TFHESRIL
B, W, ATCHERY 10 mL B
O, BIFETUKER . FXUZ TG 20 A1 i U8 T
22, il U R A A R B . I JC R ACOR AL
TRTFFERRIE 10 R EER RS, PR R R
JE & 1108 cfu/mL1el,

SR 20 il B TR A IRV AR R A
TRIFRTHI T b, ASRIIRS] . 28 °C.
BEOEEFE 2, 4, 8. 12 h e WEIC I L TEL,
NN FERERTHREFERR A AL, &
MEE 3 ANLLEF—HLEF, FEPLPEIC 100 4~
L

1.2.3 MEEFRRGIBE L B 2B K
KI

W4 AL TUPHEXTR), WEAR LR AR R
600 151 30%H FEEE R ; T2(Hipi4l), 7ERHRM
FIMLZEI 51400 1 mL 1108 cfu/mL fi) DE4-5 &
B, 24 h JSHER 1 mL 1108 cfu/mL HIH 25
R T3(RIT4L), DE4A-5 KBRS IR
Bl BRI AR, RS TA(B:
XFHA), AR R . W 3 IREE, BN 9
fo HeFh 20d J5, MRUESCER[A8]A i, Seiletk
BORIRPEL, TR TR

2 HR5SH

2.1 ERERNIESRMEEER

B HE G E B A -3 i 2y 215 2 57 Bk
MR, DU R N HE /R I, ikl 8 BRI
FER A TRIRCR I EE, HhTEE DE4-5 Ay
Vi i B, 308 el AR K (1.7620.07) em(F1-1. &
1-2), MERRK 78.22%., DBMELI, Wtk
DE4-5 AU e s A TR DU E IS, MR
L2 RERRIUNBIWOR 225 . L7 . 1oa]
aijE . Wi 2, KEWME(E 1-3. E 1-4).

Wit DE4A-5 FEREXT 5 FvE 4 i B (1
BRI, THEIRR, S55R Wk DE4-5 X 4 Fivi
Ji TR A 2 A (1 2) v e 8 IO B 9
T B AT KR TE IR A IR ] 66% LA | (K
1), KW] DEA-5 bk EA BAF ) T8 RS 1

1 X052 DEA-5 MRS TUR TR RN, 3 MMRRERRHZILS; 4 DEAS WHRISTUR RN FZILE.
El 1 BE¥k DE4A-5 MIHEZBHYEHUEN

Fig. 1 Antagonistic activity of strain DE4-5 against Phytophthora parasitica var. nicotianae
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1 WIUREIE; 2 BUIZENGE; 3 EAKANE; 4

NI BERTE ;5 /N 2RI

2 [E#k DE4-5 %t 5 MEMFRREERNEIER

Fig. 2 Antagonistic activity of strain DE4-5 against five phytopathogenic fungi

#* 1 [tk DE4-5 xf 5 MiEYIm R AR MRS
Table 1 Antagonistic activities of strain DE4-5 against five

plant pathogenic fungi

] TR EARlem  E %
B\ W= (1.4940.10)a  (66.0744.32)a
BN E (0.8820.10)b  (39.2624.32)b
T KB (1.4940.07)a  (66.3743.28)a
7N B A B TR (0.2630.04)c  (11.41+1.68)c
INAEZERLTE R (0.5240.04)c  (23.26+1.56)c

[ $1 AN 7] =7 4 35 X8 9 DL o Ak 4L ) ) 2 5 A 8 77 0
(P<5%),

1 [EvE; 2 HEXEARE; 3 A

DE4-5 7E NA FAik 28 T3 3 d Ji, RETE
KGN . REW, MAAG, HZ A
(# 3-1), HVEE#AR 0.78~2.13 mm, TLiEfL, K
INIK 1.0 pmx3.0 pm, FEECHFRR, AHEE(E
3-2. K 3-3),

3 FEIUE DE4-5 A
Fig. 3 Morphological characteristics of strain DE4-5

AT R, Rtk DE4-5 M=
W, LR, AR . ORWE. 2R, FLBE. I
I 28 T Fr 00 235 SR Sl BH A 5 9 /K fee R H
FLr N E B BB, XF NaCl A4 i 2 7L
2%~5%, 7F 28 CHE FHab BHAERK . KR 25
R CF LA R G T ) BOrb 7 R B A
PR AIARRLEE 3 99%.

DItk DE4-5 JE[H4 DNA M iEfT 16S
rDNA FI gyrA ) PCR ¥4, FE4 0y, 2545
1 517 F11 028 bp J¥41, $#&58% GenBank, A%
&5 OP316931 H1 OP317576. it DE4-5 JH:[H ¥
5Ii BLAST Foxf kB, OP316931 Hi OP317576 &
IV JRR A A M T4 (Pseudomonas  lini) %o vy 751 LA sk
99% BB Y R R . SR MEGA 7 43 #4 2
OP316931 #il OP317576 LT 16S rDNA . gyrA {1k

B, B DEA-5 1 16S rDNA Fl gyrA
Fe9 245 R S M R SR AE [R)— 2332 (191 4. 141 5).

Pseudomonas lini  DLE411J(NR029042)

DE4-5

Pseudomonas corrugata PRINA33175(NR117826)
Pseudomonas corrugata SIADE939(NR037135)
Pseudomonas migulae  NBRC103157(NR114223)
Pseudomonas migulae  CIP105470(NR024927)
Pseudomonas fluorescens NBRC14160(NR113647)
Pseudomonas fluorescens  CCM 2115(NR115715)
Pseudomonas tolaasii NBRC103163(NR114227)
Pseudomonas tolaasii  LMG2342(NR041799)

Pseudomonas fragi NBRC3458(NR113578)
434'2 Pseudomonas fragi  ATCCA4973(NR024946)
74 Pseudomonas fragi  IFO3458(NR112077)
Pseudomonas chlororaphis  ATCC 9446(NR116763)
75 Pseudomonas chlororaphis NCIB10068(NR164626)
Pseudomonas chlororaphis  ATCC 13985(NR114473)
78 Pseudomonas chlororaphis  NCIB10068(NR043935)
87 Pseudomonas chlororaphis  ATCC 33663(NR112076)
Bacillus pumilus  JUBCHO08(KC588945)

B 4 ik DE4-5 16S IDNA REGi 4 BN
Fig.4 Phylogenetic tree for strain DE4-5 based on 16S rDNA
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Pseudomonas lini DLE411J(NR029042)

DE4-5

Pseudomonas azotoformans NBRC12693(NR113600)
99 | Pseudomonas azotoformans  KS0034(NR037092)
Pseudomonas chlororaphis ATCC9446(NR114474)

Pseudomonas chlororaphis ATCC 13985(NR114473)

961 Pseudomonas chlororaphis DSM 6698(NR119340)

80, pseudomonas tolaasii ATCC 33618(NR114481)

Pseudomonas tolaasii  NCPPB 2192(NR114595)

Pseudomonas tolaasii ATCC 33618(NR115613)
96! Pseudomonas tolaasii(NR117823)

Pseudomonas vancouverensis DhA-51(NR041953)

|

0% E5 itk DE4A-5 gyrA RG L ER

Fig. 5 Phylogenetic tree for strain DE4-5 based on gyrA

254y DE4-5 MTEASNHIE . A fbiie st LN
FEHAr s R, %E DE4A-5 NI RREAME, Ay
4~} Pseudomonas lini DE4-5,

2.2 {EIMENE DE4-5 BUINREME4FHE
Bk DB4-5 49 £ 4p &

4 DE4-5 FEMRIERNEIA MBS AR |,
BRI A gkl RUITEE DEA-5 HAWRMA
MULBERIRE ST o ¥ TR R B i PP ARG R S,
BT s s, RUIE DE4A-5 AIRHHRET .
Hitk DE4-5 IAA MEL R BN, INEsmRi LA
T 2R iU B, RN A s R AL
THiKE DE4-5 F=/ 1AA; K Etk DE4-5 TERKEE
F. PRSI FRESR, 3 d RAMEMAERR
U BTIRYIK R REIE R 1 A&, IR
KR FR3E FRHRR DE4A-5 ZARLT, Xk bgh RN
DE4-5 FFKRE /- (Tl . 2T 4E R W ARG .

2.2.1

A e e | : *. 2 Vs
.,-EL,Z\ AR o1 bt

2.2.2  BAR DE4-S AR R FI0T 91 A 6947 RIROR

7 KR I %, DE4A-S KB AEM T
TR AT W &, B B ARG I, X BT
R B A R A RO RS, 12 h T A
RIKFRE, N 94.37%. 7E 8 h LI, AbH4H{
FHIRREMEIEK, M R A FECR N 6.2%
P4 5] 74.48%; 8 h LUn, AbFRZ 175 &%
Wk ETF, 12 h Bk 16.26%.

2.3 {EIMEN DE4-5 SEEER BN

FHHR N P SR R B AR FI A 30 d, DE4-5
PRIRRTEAR AL 5, 2 B F5 5 R (TL) B R
74.83%; T2 (T2) 5 iR 77 4L (T3)MH R SRR 14
TP HEY BT X R4, DE4-5 FE#RAL FEAY 75
B 2 AR YT 415 B IR R AL B =[] 1 B AL
AR AP B 25 X REZH R B ™
VAR RISGIER, LIk 98.15% (K 2).

MRk T 30 d A K)G, HeFPH FRGAE R (TL)
FIAE R TG B R RO, TR 4 (T2) 5 iRy 41(T3)
PIRERR AR A i A K IE R, ARt i R,
T LR Y8 B () ) B (T4) A ™ EE (] 6) o

*2 Eitk DE4-5 IRE B RHHBARR

Table 2 Effect of strain DE4-5 on the prevention and treatment

of tobacco black shank

SbF KIRHIY% S TH TR AL Bl %
T1 (25.3540.82)c  (20.66+1.17)c  (74.83+1.64)a
T2 (24.79+1.67)c  (26.3140.86)b  (69.14+1.40)b
T3 (39.2443.44)b  (29.3740.86)b  (63.9840.44)b

CK (98.1540.82)a  (82.14+1.78)a

[RISIAN A FREFR AR T (14 22 S AT GE 27 5 L (P<0.05).

1 FEPEXTEA(TL); 2 TRBFZH(T2); 3 JAYTLH(T3); 4 FAMERTER CK,
6 Btk DE4-5 IR BRI E R

Fig. 6 Control effects of strain DE4-5 on tobacco black shank by pot experiment
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3 itig

MBS B TSRS 2 A58 57 bR
YiEA, ik DEA-5 BRI SR R Rm s L
R AR B 4 SR DE4-5 8 2k,
WALl . . AR, 2R FLRE. RERER
HEE RN e S5 R A B 5 e A AN R 2T
EBIRIAME; R . M. IR,
YL NIREFRE ST, LR REE, DA
G R AE T oy BRI, TR TR
A 57 R B I AR RO R TR

DE4-5 BRIk IITE A A B A AL RAE 55 SCHR[20]
T (1 B B TR SR AR R AR LA -, 16S rDNA
Fl gyrA JPEN I R G SR bk DE4-5 5
[ Y52 STV SRR AR B TR P 1) R AR RLBE R 99%, 5CKs
Hitk DE4-5 44/ Pseudomonas lini DE4-5, )&
TR L g 21241,

115 2} T & (Pseudomonas) 7E F2 Fl ) e 7 T
BAFEEMZHME, (HCT WRRER A0 6 A= 9 B
T RIIRSY A PINEE 1 25 SV R 28 vh 43 15 A it
KALLEBERT I TERE P. lini X85, LUK W52 AR EL
ZEFFHAR B I P lini KY P00 B SR A I3k
RN 63.62%08, BB MILATIRE. EH T ES
#|i) DEA-5 FHRIIZAARBIRGAE] T 69.14%, AR
BORPET P.olini KY o % % B 500 I 2 348
AEMmRYE, FEASERHITE DE4-5 Rtk
PUIH BN AR 8, DS R AR B B K
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