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Abstract: [ Purpose] For tobacco black shank control purpose. [ Method ] The dilution plate and
dual culture were proceeded to screen the tobacco seed endophytes activity against Phytophthora
parasitica var. nicotiamae. The antagonistic and growth-promotion effects on tobacco seedlings were
determined using disc filtrate assay, germination test, greenhouse experiment and floating seedling
test. [ Result] A total of 34 endophytic bacteria were isolated and 4 antagonistic strains with strong
inhibitory effect on P. nicotianae. Among them, YN201716 displayed maximum inhibitory zone, and
YN201728 had the maximum inhibitory spectrum. The control effect of YN201728 on tobacco black
shank reached 58.84% under the greenhouse condition. Moreover, this strain showed a promotion ef-
fect on the seed germination and tobacco seedling growth. In addition, the root length, plant height,
chlorophyll content, maximum leaf length, leaf width, fresh weight and dry weight of seedlings in-
crease 23.4%, 83.3%, 176.4%, 124.6%, 97.10%, 487.8% and 196.8%, respectively. Based on 16S
rRNA sequence alignment, YN201709 and YN201728 strains were identified as Bacillus amylolique-
faciens, YN201702 as B. safensis, and YN201716 as Brevibacillus brevis. [ Conclusion ] The seed-
borne endophyte YN201728 displayed good antagonistic and growth-promoting effect on tobacco,
and has great potential for development as microbial pesticide and bacterial fertilizer.
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WK B Y2 25 (Phytophthora parasitica var. nic-
otianae) 7| FL 1) K F 2L I8 05 A2 HH 545 b R A A
DX 3 & A ) — RSB ME H A, IR ELA
Ji 9 VA AT LA JEE K A FIR IR T 22 7T 7600 X 4 1A
W, FEGE T IR SRR AT, KELDA
WG, A= R E R sr k"™, Bl
A L SRR Y B A S OB FLBR S N —
AR IR TR IS 0 PR 4P 1 2% TR 700 AR 4 5 gk i
XK. O ATk R DR I A e 2 A R
B A NS PEA RS, R TE AR s 52 At 1]
X S A 2 25 5] ) 1 KR AR 25 3 L b2 2 00 R
WL RIS G R SR R A B2 T A B, S 3R
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TR ARSI, (EEEE b RREE . o g
R A E, B UARTCE Y. ToEEH . ok
P RIS P R SR A ORI R R B R Y
M E R, 55 S R PR Z Rk (& p0 B AR
AT SRR, MR A IS PR IR ) FE
KIETT 1]

WA B — 2R A 1S TR IR XY T A
FISE e B AE PR . AW IESE . A
WEENNAER TR, XEHEY YA K
KA A ARG SR A E S
Fh—FAVE MY YA AESE 10 B 2 B AR, AT

Wy N A T AL R B 27T R NAETE S
2R FRE R ERE, AT M A
T B R T B AN AR T D K E SR AR AT,
oA 5 1E A E AR, R,
ABEFE LU SR TR AARE, AU 23 B 0 i %f
MR PRI A BRSO PR (2 AR R 2R R Y
mifERbR, JFSEE H s, DU FE A
BT RAN IR, DS BUE RR AR A . AR
et =% .

1 MR5RZ%

L1 SRR RO S R

MR . S0 85, TN86, = 7 iy
15, BES NO H382, Il =460 . /AR 4
JH . BFHEH (Nicotiana debneyi), VL FFF¥IH =
A HE AR B O Be e it . B i AP ZLAE R
BICIET AR E & 5~6 i EME .

M IR . MR (Phytophthora para-
sitica var. nicotianae). MAESI AR (Rhizoctonia
solani) . TAAGZEIRTE (Fusarium oxysporum f. sp.
Iycoperisci). TR LG E (Sclerotinia sclerotior-
um) . /NEIRBEIR A (Fusarium graminearum)., —.
LR E W E (Fusarium oxysporum f. sp). 7 FE M
ZEIR I (Fusarium oxysporum f. sp. cubense), 7% 5.
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ZE L 8 K6 B (Fusarium. avenaceum f. sp. fabae).
BB ISR (Monilinia fructigena) . %% Z5E iR
I (Streptomyces scabies) . MHFHILIHEE (Colleto-
trichum destructivum), LK KIBEIRE (Setosphaer-
ia turcica). Y&} JKFEHE H (Botrytis cinerea).
MUBBERG R (Alternaria alternata) . M IR B4
(Alternaria alternate). FiAb¥iZ=59N W (Verticillium
dahliae). /N7 2K A (Gaeumannomyces gra-
minis), ARSI ZE F BT IRAT
1.2 R RdE R BT

AR AT 4 B PR AF LB 1593k, IR R
o T B R e B g Bk, WPIRF S 37 T PDA K
FREk, JHECRh IR IR MS Bi R dk, AR
074 DNA $2H. 16S rRNA H Bt ¥ 1% | Taq il .
dNTPs. Buffer i85yt st X W HEAA
FRSE] s pMD18-T seliddidi & . Blah
HEI DS AR TR ORIE) AIRAR] 5149
W AR TAEY) TR RS A BRA A G G H
AR Rk F1 2 B = Ml
1.3 5Tk
1.3.1 JHEE R 9 AR 20 R F) o

A3 S B AT T 30% H,0, 17 2 min, G
FRKIEEDE 5, BUR)E 1 UREEE A JC R K S T TR
HAE S B DL R R IH R SR, A5
PR 74 2o A i E K R MS BRAEHEES
Fee b, TREIAE D 28 C Wi SE, ffhr il
KIGER 16 h G371 8 h W3R, R Pt e
JEFFJG AR 0.1 g M4 & T 5 mL A KB 0
W, KA ES A 900 uL 0.9% NaCl.
10 f5 B EERE RIS, JBUE A AR B AR B &)
AT LB #5350k, 28 C B MBI 3E 72 he $k
HUIMITE SRR A AN R 1 BB 7% T LB [BA-Ai
P aifl, RS E T AR A
LB Figrdk, fHRIEIRIRG 4 28 “C. 160 r/min
PREELIR 24 h, IIAZERTR 40% (IR %D o
Hil, IR2IE-80 C AP .
1.3.2  FEHTA A 1 ke

LU0 05 3R, RSP RI 0
2, 7E PDA Pl b e A A 0.5 em B AR
RERFBINGRHE, B B B 4N B S B AR AR R
BUIRYE 3 em &b, DL H 00 R 25 B He i) ~F- i
s X, 28 COHIREE R . A BRI 4 L
I, WEERTIRE G FRAE R, Bt IR AR KA

AR FF B BRI RR A M S 6 52 A S 0 TR R A 138
A3 WEES, HAERES R TR . I
SEAMTE B AR KN (mm)o HRF B =[O FR 20 7R
7K E AR PR Y% AR 6T IR 74 B4R ]%100%
PRSP I B Rk S 1 5 AR L, dhEmg It
Xof 0K e B AR TR B VR
1.3.3 4B R B SRS HUAE F

W RS HTRICR 3 i P AR T o B 3
LB Wik R g, T 28 °C. 160 r/min 5 H & B
48 h; 10000 r/min B5.0> 10 min, YC4E G ITHE
it 0.22 pm FALIE AL IR T, 4 C A .
W B TEIEI S PDA B3R 54% 1.9 LR A, 1
SR 5 AR e A EAR R 0.5 em AR ELRE
HEUE, DIAIIAZEARF LB 55373 MR, 28 <
TR EEFE 5 dME s AR, % ERASIHR A
AR R IR I B % . A3 3 IR,
1.3.4  FEPURE AR B TS E

SHERFE T R HE ST P A 20 TR 75 0 A A
Y199 JE L TR AT 28 0L T X R B ) 0 AR
TFRAME TN E . R 1.3.2 5 Ao I8 85 37
00 TN A TR R, e R L
1.1 15,
1.3.5 FEPUREMRNT B P4 7R AR B FR5 11 7 R0

Pl 10 v B K HLAE RS 45 P T LB P
B FRIZR, 28 °C 1535 24~36 h, PRHCAR KT
FhE i JE%6 4 200 mL JCEBAA LB % 500 mL —
AN, 28 °C. 160 r/min 4% 3555 48 h; Hi ke
WA, GEih R AETUR SR Y A AR R B L A
e 500 g KB M AEA (10 cmx10 cm x12 cm)
PR 1 BREAT 5~6 F B AOLTAE K 4 oo &
s 7 dJEERIEECE 1.0x10° CFU/mL AY4SHTE
B 1R, 10 mL/gk, DIBeiisEm ) JC# LB
BRI 40% M mERD bk n] YRR 35 1 000 53N
B4R BH A XS IR DRSS DU R 3 d 5, SR
22 PRI 2R AL R R R, R R
&I 1R 73 ARE" Y, 43 ) TP S R s 1 26
7. 14 KA AL & 915 DU H R0 17 8 £iOR
MR, AP 100 EHE, Kb 1ah
1 AEE; REE 3K,
1.3.6 1540 P9 AR 40 B (12 A ORI

(1) ENFIT & 21

T 75% WikE X~ 85 FpAAER NS, MG
FEFhT- B TSN A B R TR (1.0x10° CFU/mL)
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VL 2 h, TCEEKIEE 3R, ARG IR 4T
TR, 28 C PRIBHEFR, ARILAWE /K. LB
WS FR AR TEXT IR, DAARSZHG 2= 0 B R AT
AR AERIOCR A A VE K 2R FRAT 1 B9601-Y2 BBk
R EEWCH BHMEXT IR 55 3 RIFAR R AP+ & 2
P, BT RGEIF R R, BAE 3 RER,
A 30 BiFp T,

(2) B R

B 2R IR M = 85 4 A B4 A KT B 1 2 I
PEFR ST, RAREEFE I TE
o TEMAT 3 v FHrEF, F 1.0x107 CFU/mL 1Y
YRR I% 1R, 4 LAWK . LB WK
R SR REAEBAPERTIE, LA B9601-Y2 Btk & B N
BRI IE . TALBRIS 10 d W SE AR O AR K . Bk
=N N NN N N S R = v
K HAK] JE 261k SPAD-502 Plus T4t
GEFALDE i SR R S i, BRI 3 IR
5, BEE 20 BRYE . I SPSS 17.0 B FSeit
A3 A B R AR B
1.3.7 AN S 5 FAYEEE

(1) B ARA: B A AL R BRI E o

S CHE LA R G T ) ik A
AR E .

(2) Btk 16S rRNA JE5143#7

K H CHENG S5V 7 v PR $ B ik 5 R 21
DNA, 16StRNA ZHFF 445 494 PO (5'- GAG
AGT TTG ATC CTG GCT CAG-3") 1 P6 (5'- CTA
CGG CTA CCT TGT TAC GA-3'), PCR #"#%/H
20 uL & WK & . 10xEasyTaq Buffer (75 Mg™)
2.0 uL, dNTPs (10 mmol/L) 1.6 uL, b 519
(10 pmol/L)#% 1.0 uL, EasyZag DNA Polymerase
(5U/uL, Transgene)0.2uL, F# DNA(10~50ng/uL)
0.5 uL, #h7T ddH,0 % AR 20 uL. KRBT
RS RL 2 A A8 A BR A 7 A 3 R B 4 A 1T PCR
i, WA R 94 °C BAEME 4 min30s, 94 °C
45s, 53°C 45s, 72°C 1min30s, 30MEF, 5 72C
FEH 10 mine 1% FYBEHEBEEE S B VKA PCR 7™
Y1, AR GG & R PCR =) BGE &k
U R4 5 pMDI8-T # kiR &, 16 °C 4%
R WH, Y AT DHSa
A2 A, PR A S AR BE 1 EERRIE PR
BERIPAPE TR, JFAHLAR VS PCR #F—2D 00k, B

Je PRIl A A TR ) e Rk A2 b st R AR 4
ARABRA T LAF o P45 58531155 GenBank
B v 1T 81 4E BLAST Hex o, e [R]
TR R = AR U AR 16S tRNA LK R SIME A S
FoXt%:, izH MEGA 5.0 #42RH neighbour-joining
N)) R RGE R BRI, SiGIEE . A4
SONE B 16S TRNA JF31], M5 BRI 70 I AL o

2 RS0

2.1 HRECRPT P AR G ) B RO 4

M7 AR AR A gy T R R N A
YNBE 34 Bk, FAOFIRE I 1 2] 15 BRI FRE
BAMEIERAER, 5 S EERE0Y 44.1%, X
R REEBUE I TERRIEA TR I, ARAT 4 B
PR R A BRSO MR R AR, LA B A
55~11.7mm (38 1), Hrr, SRAEELM N. debneyi
Fh TR R YN201716 IR T8, 5HAM 3 4>
R RS BRI 7 AH LA B 22 5 (B D)o K 4 Bk
PIRRIE SR SRR, & B 5 2R 0 A 10
FEPURCR TG AR Ak

®1 EREEEER S E LS KEHIHIRER
Tab. 1 Inhibitory activity against mycelial growth of
P. parasitica var. nicotianae

— TR A/ mm IHIE % R RIS E]E/ %
. inhibition inhibition inhibition rate of
strain .
zone rate fermentation filtrate

CK — — —
YN201702 5.540.5a 519a 199 a
YN201709 5.740.58 a 52.6a 214 a
YN201716 11.7+£1.2b 652 ¢ 32.1¢
YN201728 6.3+0.58 a 58.5b 272b

E: AFMFERERIRTE 0=0.05 KV EEREE; TH.
Note: Different lowercases mean significant difference at a=0.05 level; the
same as below.

2.2 A R EEIER S DR

5 N K TR DU VRV A T I R - O
FA) 4 A PN A T 2 T O SRR AR 3 i 44 A A g 4
HRCR (=20%), HHLIPAR YN201716 Fl YN-
201728 1 & BEUE PTG T ik (>25%), It 5
YN201702 F1 YN201709 F4 41 5 5 ¥ 7 7 1 & 1k
25 (F 1), WG BLWIRE A TR A A TS AT
AR,
2.3 FEPURARID

FH 2% 2 AT B0 ) 4 AR P A A0 B X T ik
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Inhabitory effect of endophytic bacteria on growth of P. parasitica var. nicotianae

HEPEAT 11.8 mm; X (R 5008 B 1 PR SR d oy i
F YN201716 TR Ak Bt BEA il B A R B TR
HMO AR R, (AR AN YN201702
PR XS 9 At It PR AT S RO AR fn Hy 4%
TGP AR R L R RO 2

Fig. 1

FHA I LT A AN R AR B P s v, o
YN201728 F11 YN201709 A4 B i 4H 24 , 435 g
X RATR AL ST A TR RIS TR A v T A1 1) At s i
BRI AR AE MR, MRS . Bk
REEHG TR . AL 2209 T e/ INAZ 4 Tl TR 4 T

®2 ERERIRREEIERE

Tab.2 Inhibition zone of the antagonistic bacteria against plant pathogenic fungi mm
953 5 B 14 pathogenic fungi YN201702 YN201709 YN201716 YN201728

MRAESLANIN I Rhizoctonia solani 0a 2.47+0.57 ¢ 127021 b 0a

N IRBERRVE Fusarium graminearum 0a 5.83+0.76 ¢ 3.40£0.56 b 2.63+0.35 b
FEMFG I Fusarium oxysporum f. sp. lycoperisci 0a 5334021 ¢ 5.57+0.35 ¢ 3.67£1.15b
MR IR Sclerotinia sclerotiorum 0a 0a 1.23+0.23 b 5.43+0.60 ¢
ZBIRIE R Fusarium oxysporum f. sp 0a 8.57+0.40 d 3.03£0.32 ¢ 1.07+0.15 b
FHEREERE Fusarium oxysporum f. sp. cubense 0a 3.57+0.55 be 2.93£0.21b 3.90+0.36 ¢
T ZEIEF WA Fusarium avenaceum f. sp. fabae 0a 9.60+0.75 d 3.53+0.76 b 5.93+0.32 ¢
ZUAE B Monilinia fiructigena 12.23+2.36 b 15.60+0.56 ¢ 5.00+0.70 a 19.17+2.02 ¢
LA EIEIA T Streptomyces scabies 0.37+0.12 a 12.73+1.11 ¢ 7.93+0.42 b 8.60£0.56 b
JHELIRIEIR 8 Colletotrichum destructivum 0.97+0.15 a 6.100.79 ¢ 3.87+£0.47b 3.90+0.75 b
FAKKIEWTH Setosphaeria urcica 5.77+0.40 b 11.83£0.80 ¢ 3.17£0.40 a 11.97+£0.40 ¢
TR KB IR W Botrytis cinerea 3.47+0.85a 7.30£0.17 b 3.07£0.91 a 2.73+0.64 a
BAR R RER 1 Alternaria alternata 4.13£0.42b 4.93+0.80 be Oa 5.63+0.60 ¢
JHREFREE R 1A Alternaria alternate 0.43+0.12 a 4334038 b 1.30+£0.26 a 3.47+1.17b
WAAESZWI T Verticillium dahliae 12.07+0.60 b 16.13+0.70 ¢ 5.97+0.70 a 15.07+0.40 ¢
INFELIR TV Gaeumannomyces graminis 11.73+0.95 b 16.10+0.70 ¢ 3.50+1.11a 15.30+£0.90 ¢

2.4 FEPURE PRI BRI (1 I == 2R BT AL

*®3 BN RENEEERBIRERAHR

23 R TR IERAL BRI B B 3 A
—EMIPTERR . 5 LB 2SI B, B YN-
201709 AbFEAN, Peniti HA R Ak & B A ] g R
R R e T P A . o, it YN201728
RV I 7 3580 0 e, AR PR B 45 5 (R 5 7 R
14 RIIBGRST IR 74.2% T 58.84%, WA T-[A1H
40% s P P bk o S P R 1 000 AR A BHRL, {H
P B TR B0 A B e 22 5, i At P A 4
AL R B AT 50%.

Tab.3 Control effect of the antagonistic endophytic bac-
teria on tobacco black shank in the greenhouse

7d 14d
AbFE treatment

DI CE/% DI CE/%
CK 4341 ¢ — 73.98 ¢ —
YN201702 33.33bc 2322 46.03 b 37.78
YN201709 3492 ¢ 19.56 69.05 ¢ 6.66
YN201716 22.87b 47.32 51.27b 30.68
YN201728 11.21 a 74.20 30.46 a 58.84
40% 75 T P bk m 9 Pk )
dimethomorph 40% WP 1047 a 75.88 2575a 65.21

7E: DLJRIHHESG CE. Piifi BCk.
Note: DI. disease index; CE. control efficiency.
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2.5 FEBUE MO R N EARIEE R AR
2.5.1 FEFRIUK A0S
FENMFRFRBA R TR WEF 2N
AEAHTE YN201702. YN201709 1 YN201728 K%
WAL BES , K ZFFSGHME . BT AR LY
WERE, HRIFRITBEZEN GR 4, RUN
A 2 T R TR R RT I R B i W AR . )
Ah, IR YN201728 4b BRLH it 18 5 4 i i B 5
&, maikak, AR TX A (K 2),

F4 ERLIEEFNAFREER
Tab. 4 Germination results of tobacco seeds treated with
bacterium solution

AbEE R % REFHI%
treatment sprouting potential sprouting rate

7K water 0a 93.3+1.73 a
LB O0a 96.7£1.73 a
Y2 Oa 96.7+1.53 a
YN201702 36.7£2.08 b 93.3+2.00 a
YN201709 93.3+5.57 ¢ 100.0+1.15 a
YN201716 20.0+3.61 ab 90.0+3.05 a
YN201728 86.7£5.13 ¢ 100.0+1.73 a

YN

2,52 EEE AR

Hi2e 5 . B YN201709 #b, HAHEbRAL
HH ) £ T AR FE Rt R0 T35 K 6 AT LB X
M, s, TE, K R AR S5
PEXTIR Y2 b TC B 25 5, Hih Ll YN201728
BOR B, YN201702 Kz . Wil 3 i &
YN201728 b Bt 5y 00 i AR TR IE, MR
HOhEE, ERESRB TR YN201728 &
PR A S IR A ARG . MR MPERER L B
K w5 EE T T O JE R KR HE 43 ] 3
i 23.4%. 83.3%. 176.4%. 124.6%. 97.10%.
487.8% K 196.8%, Fb75 H LB K37 5T 18 43 5
WA 20.9%. 77.4%. 103.3%. 80.9%. 75.5%.
177.2% J% 129.0%.
2.6 AN TEESR

WA YN201702 76 LB AR F T 1 i 2
W% EHA 1~2mm, AL HM, H%%EF, ~NE
B, ¥@IE; YN201709 A1 YN201728 F B 4 40 i
BRI, OB R IE A, hE AN,
hESA L E, AR, REMBETE, N

2 ERLIEIF L RIS

Fig. 2 Effect of bacterial liquid treatment on seed germination

W, BEESFRADE R, WA T YN2017-
16 AR, WGLEE, K6, Rt
Wi, AEY (& 4), ARA S E T YN-
201702, YN201709. YN201716. YN201728 )
17 AMEBRAARRAE, WRIX 4 DRI EE 2T
BHPER, F=2Ffi, b, BB A B,
FIREZT | molWkislss . KOH S i Bk, ik
P LA TR P AR A WA S e R o 5 LA R

PR TR A H2, YN201702 BEARASBE K ffTEHy, BE
FIHAEERRER T HAD 3 DA RE, AREFIH o-
EFUME; YN201716 R AN GEK R TE R, V-P ik
M, ARERIHN ik, 5= H,S, AREFIH
o= FUBEFIRENE . AR U 2 1E A0 A AR AP
WE, PN 4 Bk A T 240 ZEHFF B (Ba-
cillus sp.)s

XFHEEAYT 4 BR A 40 R JE I 41 DNA 439l iF
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Tab. 5 Effect of fermentation broth on tobacco seedling growth
Qb E fif # /g FH/g 2R AR em % /em R A/em P iEi/em

treatment fresh weight dry weight SPAD length width root length plant height
YN201702 0.48+0.022 6 ¢ 0.032+0.001 5b 16.64+1.43 ¢ 5.40+1.11¢ 2.6240.51 ¢ 10.53+4.97 b 0.93+0.25 b
YN201709 0.24+0.057 5 b 0.017+£0.003 4 a 20.95+1.01 f 3.19+0.84 b 1.76+0.44 b 7.24+3.63 a 0.69+0.25 a
YN201728 0.504+0.083 6 ¢ 0.037+0.006 9 be 20.76+1.84 ef 5.48+1.24 ¢ 2.7240.67 ¢ 11.62+6.01 b 1.10+0.36 cd
7K water 0.085+0.005 4 a 0.013+0.001 2 a 7.51+1.27 a 2.44+0.36 a 1.38+0.23 a 9.42+3.70 ab 0.60+0.22 a
LB 0.18+0.013 5 ab 0.016+0.001 3 a 10.21+£1.08 b 3.03+0.56 b 1.55+0.22 a 9.61+3.63 ab 0.62+0.19 a
Y2 0.47+0.023 8 ¢ 0.035+0.004 1 be 19.03+1.13d 535+1.13 ¢ 2.7240.59 ¢ 11.15£5.21 b 1.04+0.47 ¢
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Fig. 3 Effect of YN201728 fermentation broth on the growth of floating seedlings
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Note: The left corners show single colony, the rest are bacterial cells.
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Fig. 4 Colony and Gram staining of the endophytes
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Fig. 5 Phylogentic tree based on 16S rRNA gene sequences
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