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5 . [4 %1 M35 F(Phytophthora nicotianae) 2 7| A2 A ¥ 2 R yk ¢4 & 2% R E, © &% A8
HERAAN A FRRF G, RARRANERMEYIITENG S, R—FEHEMHRENGH
gk, [B 6] AR GARIR LEIRL T 4 B BA R B ERFEHNKAEE, TN EED
Brob R AL fE ), it i ARE ATk, [ %] RIREBR A TR EMAEMARTR LIEAF
AP BREE, BoHWEFHN. A AL A 16S rRNA LB F 7] st bt i st A7 5 75
BEALAKRH . BIRTAFRZAEREF R TR EREANBEREORERAER. 2R
A F (chrome azurol sulphonate, CAS)-F# A& M ik . /= & € BaAn M ZAF T 8 & 5 X Je 2t B R AT 4 4
AegmE; AR ERERERALELE. (LR 5 BF2 —RIATRERE = AR LA
AR A FK-15, 2H % S5FBE 57 et odr, L2 @M FK-15 ABZZMAARE
(Amycolatopsis lurida), * 183 % & a4 47 4] £ A 5] 80.37%, T A ARG EHERD 61.55%. B, A
sk R QMRS , AR ZERE SR BRREREN TS, ERKEE I 53.12%, FEFK
¥ 51.20%, & HeEIE M 73.09%, AR ERI;; BALEHHRALEAKREKEE
132.48%, #H E3g 198.80%. [£#6] AAAXMARR LEREF 5 —HEF BERWER
BRI A KA FK-15. #—FHALLIZREH, ALEEFER T REEA.
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Isolation, identification, functional investigation, and culture
condition optimization of biocontrol actinomycetes against
Phytophthora nicotianae

CHENG Kang, HE Yong, LI Di, MIN Yanyan, XU Shuya, LU Yunliang, QI Yongxia,
CHEN Fangxin”

Key Laboratory of Integrated Pest Management on Crops of Anhui Province, Key Laboratory of Biology and
Sustainable Management of Plant Diseases and Pests of Anhui Higher Education Institutes, School of Plant
Protection, Anhui Agricultural University, Hefei 230036, Anhui, China

Abstract: [Background] Phytophthora nicotianae is a key pathogen causing tobacco black shank,
severely impacting the cultivation and economic benefits of tobacco. Using antagonistic
microorganisms for biocontrol is an effective approach of managing plant diseases. [Objective] To
isolate actinomycetes with antagonistic activity against P. nicotianae from the rhizosphere soil of
various crops, evaluate their biocontrol and plant growth-promoting effects, and optimize their
culture conditions. [Methods] Actinomycetes were isolated from crop rhizosphere soil samples by
the dilution-plate method and identified by morphological observation, physiological and
biochemical tests, and 16S rRNA gene sequence comparison. The antagonistic effects of the isolates
against P. nicotianae were evaluated by the mycelial growth inhibition assay, detached leaf assay,
and indoor pot experiments. The plant growth-promoting effects of the strains were assessed by
CAS plate culture, protease production, and tobacco seed germination tests. The culture conditions
of the strains were optimized by single factor experiments. [Results] A strain, FK-15, exhibiting
both antagonistic activity against P. nicotianae and tobacco growth-promoting effects, was isolated
and identified as Amycolatopsis lurida. It showed an inhibition rate of 80.37% against P. nicotianae
and the indoor control efficacy of 61.55%. Additionally, it demonstrated the abilities of producing
siderophores and proteases. Treatment of tobacco seeds with the fermentation broth of FK-15
increased the radicle length, plumule length, and vigor index by 53.12%, 51.20%, and 73.09%,
respectively, which indicated significant plant growth-promoting effects. After optimization of the
culture conditions, the biomass and inhibition rate of the strain increased by 132.48% and 198.80%,
respectively. [Conclusion] This study isolated a plant growth-promoting actinomycete strain FK-15
with strong antagonistic activity against P. nicotianae from different soil environments. Further
optimization of its culture conditions may enable its practical application.

Keywords: rhizospheric actinomycetes; Amycolatopsis lurida; antagonistic effect; plant
growth-promoting effect; optimization of culture conditions

# % 5% 2 (Phytophthora nicotianae)5 |21 JyZEAER, [ ZRICHFEFEIR, &ERE KR
MR RIS, oA HAAFE ., R R REFDUR, B ESITRENRRE S5, X
RRMIRRAIRZETR, S S R 208, Bk ATRE R R IR 5
VB WE RIRAE, " E A BOERRAGSE, X FURT, 085 SR g By 3 TR, 2 2 )
EEREN 2305 AN A O A R e ooy et R 7S B T LN {0 { B SV & 1< A e W
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2255 B O R L = = R =R 11 0 R L A
It H BT B PR 58 55 995 J5L 71 P ] 1 288 0 555
S, X RBIRE KR K, =R
FERBAAINARERE, HEE SRS ZN. K
Jir TR I B] 52 B A6 22 AR 25 B 52 25 5 77 A= Bt 24
PE, BEMG I T BiG BAFIXERE o 487, —F
BN IR DR 55 AT R 22 e A TSR I I 0% T %
&, VR s UAE Y A B A B I s
P Wk St A M B 6 o X P T VA A B
XAk 2450 AR , A4 T — A S Ay Rk A=
BRG, Wk gl B EE— B0,
i Jig 46 S PUE o W AR R B e e A
(Sreptomyces roseoflavus) LN33 $# H {3l il i 2
BRI R AR R B R IR BRI 21 86.96%, A
B A 2 A 245 0 A ] S i s — 2 o AT BT 1] 2 OV
FER I, 41 B AT B I — PR A B2 AT 4 (Bacillus
subtilis) MC4-2 X4l #0925 HAT B0 5 Pl
W PR RT IR R 64.04%, 75 #8156 A il 2 B
TARCR AT IE 63.86% . w0 fi] 35U M (e AR R AR P
- 358 v 43 B9 75 B 19 i £k T4 (Actinomycetes) H-3
T PG e B R, HIE B RGAE] 70.42%.
X A o g i — Bk UE OB B 65 A R
(Streptomyces diastatochromogenes), 7& & 22 4=
PR 56 v e R e T VR 7 ) XoF TR R TR Y
ECso ik F| 40.74 pg/mL, 45 52 by K 5 2B A2 955 14 Bl
B HRE

AR5 DIAE P AR PR A 48 v 23 2545 21 1Y i 4k
AR AR, RISEES . EA R
;T 0 T AR 2 R M7 o B P TR
WIRE . T 22 30 A= AR S I IR R A T
PRI A B AR o RS IZ AR 1) Vg R AN 2R 1 il
SEAE AR B T ML B A B A SR [RIE
SR FHERL DR 2 0 i TR AR A A IR0 B4R, AT
2 TR T R T B A U ) o A A A LAl

1 #HRE5rZE

1.1 &
IE A G, BT 2N A

AT 2 AR AVE Y H M R SRR AR B 1
o B R HUORE T, [BHE 2 10 m, 7RG BRI+
5-10 cm AbWAE HAF, BCE TR A4S, =
TR AT

I B % 7 (Phytophthora nicotianae) . 4%t
7% FL 5 B (Alternaria alternate) . 4 %5 A 5 ik
(Fusarium equiseti) . K %+ # 7 (Fusarium
graminearum) . JH 32 Id % 5 & (Sclerotinia
sclerotiorum) . I 4% A # 0 (Fusarium
verticillioides) . ¥ SRB & 125 7 (Valsa. mali) |
75 Al 2595 18 (Fusarium oxysporum) . 4% %% &
(Sclerotinia  sclerotiorum) 1 /N 2 7% % %
(Gibberella zeae), L HUARN KA YR
B 47 3 S T s AL

7% [ 4 (Nicotiana benthamiana), Hi 2284k
Ml R 2B ) DR AP 27 B AR ) P 50 3 =8 e L
1.2 EFE

mIG 1 SHERE . WK1 SRS
MBI (potato dextrose agar, PDA)RGFEHES
ZSCHR[OTECH , 4% K7 (chrome azurol sulphonate,
CAS)IiFREESH SCHR[10]MCH], LB Higredk |
B EMEE 1 R (yeast sucrose peptone, YSP)HiF
FEHE TR (nutrient agar, NA)RFFREES 3
MRLLLEC I, 2 B 25 F 5 8% B (beef peptone
yeast, BPY)R5 32352 SCHR[ 12080, B B 1 24
B4 A IZ M5 (nutrient yeast dextrose, NYD)H: ¢
B 22 R3], 25 Ao U 3% 57 S5 S
k[ 14]BCH o & = A7 (nutrient broth, NB)EF 72 5k «
EAFR10g, FREN 3 g, NaCl5g, 4i/k 1L,
1.3 FERAFIANLEE

25% AR R ATIRAER R, VLR R AL T
AR F

SRR I ZERK R A, B RS A FR
ol R EOAL, KV U RA
BRAE; R FRRG A, BRI
il & A BR A A o
14 HEERT S

KRR BEUR AT AL M SR A A RIEPI AR
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B A3 B B B 1072, 1074, 107° () -8
B, WA TEK 1 SRR,
FFRE KRG, WA AR R TP 2
e, R R4tk .
1.5 WMEEMNEE
151 EZRKRZEE

PRHGE LRI AR E T8I R, S5
T AT 2 YL, 40 35 S B W,
R
1.5.2 EREIREHFMENE

Z:25 SCHR[ 1710 DA A 48 v 4y 25 45 21 9 {1t 34
ik FK-15 A7t S i 0 ik . V-P ik
5. AR . FEOIRE . e KR
E2 4R T L P A L A VAT W N B
RIS, 2L ORI AR AR, M F A
Ja& K 72 B A B AR B
153 SFEYFEE

22 JE A0 O SR BUER TR 1Y) DNA,
16S rRNA SLH Y34 5|k 27F (5'-AGAGTTTG
ATCCTGGCTCAG-3")H1 1492R (5-TACGGCTA
CCTTGTTACGACTT-3), PCR JZWAKZ (50 pL):
2xRapid Taq Master Mix 25 puL, 27F (10 umol/L)
2 uL, 1492R (10 umol/L) 2 pL, #H DNA
(80 ng/uL) 5 pL, ddH,O 16 pL. JW 514
94 °C 5 min; 94°C30s, 56°C30s, 72°C90s,
35 MEFR; 72 °C 5 min, PCR j=¥ik R
WE AL A FNT o B AR 16S rRNA
FE P8 F NCBLE Jy Wl rh g4 [R] s e,
FEHIFH MEGA 7.0 8-> ] neighbor-joining %44
BHAGEEW.
1.6 MZEEREIRIER
1.6.1 MEEMEEESE2Z4E K

BB iR B kR FK-15 765G 1 51555
JE b 25 °CHiE 3d e, SRAARXTIRE | B &
S A PUF(S mm)itE T PDA “FAR(90 mm)H
g, R FK-15 DR 082 AP 25 PDA
SR P g2y 25 mm &b, 28 °CHEFE 5 d, AR

BRI B F A A A 2 1 2 KR

1.6.2  FHEERHEYIR B R IR E
SYHME 11 IR R bR FK-15

SRR, AR A TR 2R

R (%)=
KRG AR K AR - SRR R KA 100
xR VR A K EAR - WP EAR
)

1.6.3 MZLECIBRAIEIE M
PRI R & TRV A ) 45« K AR FK-15 B2 AR
(G 1SR, 28°C. 180 r/min 1555 3 d.
TR Bk R AR T 12 000 t/min
20 10 min, B FIEW, A 0.22 pm B4
e SUR)
PRI A R AT 12 000 r/min
B0 10 min, £ BV, MMAJCE/KEE IR
AR
254 - K 25% F A R IR R RS 0T
ARl B A 0.05.,0.1.,0.2.,0.4 1 0.8 pg/mL
55
B Bk 4 FPAbE R 1:10 A BTN E
PDA Ki 3k, SR MO IRF 7R T8I0 A (] 41
30 PDA REFREL T fir #5 Ab FHBGT 5 Dt PR
R, RIRE 3 IREL . ULR&ERK 15
B RSB A g B o R, AR [ R 5 24 71 114
SR AE A BH P X B, A B A X A R 22 K il 3
ARG, R A8 SR I A A AU
SR TS B, RIS AR QIR E 24K
il
P22 KA R (%)=
BF e o R 2H T 75 2 KBS — BB VR AR K AR
FF 4 %o R 21 o v 2E K AR
100 )
1.6.4 ERMFIRIE
Pk RN S SRR A AR F, F
JE B B R4 R i R O TE AT T A S ko
M, FERERD SN 60 pL I TR & AR S Ak
PR, LEEERI S N A AR TR I R K B i P
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XPHRZ, 25 °CREBERIE, o ulfEREME 0.
24, 48 Fl1 72 h MELHEFN SR BEY TRAE DL o
1.6.5 ERARZFRE

R 10 A b7, BREZ 15 em B,
Pt A K I SA IR AR, LAITCH R 15
AR EE F2 5 R FA PR T R, B 3R R 25750 Ry BH P X
HE o R FHHEAR 6 =Xt Jin TR Ak FR-15 AV
SH P4 X Ak PR A B X BEAL B, 3 d e %
PR B oh 7. Hop, KB ODeoo fE 15
M1, 30 mL/k, HFER AWK 0.2 png/mL,
i sh 7 B il & 2 B D BT S, WRE N
1x10° CFU/mL, Hi#k#% 50 mL 9 Eb 451 452 Fh 22 4K
WZEIETE . RS 30 d PR AT AR BRI e
K 5 B9 1 43 P 2 B SRR [20] o 9 1% 48 BORI B
IARCRFE A BRI (4) 15

ke g DB ZIR RN

A o B L B )

B RCR (%)=

Xof HE 299 17 i 25— A 3 AH 9 15 4 B

SXof B AL 95 15 i

1.7 M&EHIREI/ER
1.7.1 FEEKEE BN E

WP FK-15 HWUFE T CAS HigRikrp
28 °CHEFE 7 do 5T & Pl HE P € 2 ol DU
R LA AR R, PR R AR RS R R
1.7.2 E=EBEBRENINE

W AR FK-15 BADFE T8 11 B A 15 5% 5L
W, 28 °CHiFE 7 do HA R FBERE 1 09 B b
JE Rl 25 B A e, I B R 2 1 T
1.7.3  HEE A EFF#E & B9 520

Fie B8 1.6.3 Jr il a5 TR AR A T, LATIC TR 15 FG
| SRR IR R, A PRE T 3 1K,
BAEE 30 PR, Pk K/ S5 i
Wi ORISR, F 30% NaClO % i 7
30 min?", JCRE K vk, HRR KR B IR
M2 h, WHEEIREBAIF T, LR EARW TR 735
VARG BCE TaiE 3 )20 0 1R 400 B 38
M, 7E 25 °C. 75%AHXF 1 Ay & h R4 7o

(3)

x100  (4)

KR . BERERFFFEEA 2 K, 10 min/ik,
S AR AIEJE AT L AR i S PR O 2 I Ab 3R
7K o

FH B0 & b v DUAR S R Bz . B
#E e, B A IR R . H R ST
R e I AR T R ZF R R RS
J1¥a%k.
1.8 M&EEIEFEHMMKL
1.8.1 AHHZHINE

Bk 1 SRt Faifb BRI ERR FK-15
HEAE LB AR 3T, 28 °C. 180 t/min K%
F%, WHE SHEL B4 h BUE, % H 600 nm
Qb T AR, AR i T A B 22 PR RE 0 AR K
IS
1.8.2 BREZRRAE

Y WIFELB. NB. YSP. NYD #I BPY #ifk
BiFR BRI 1%555% 24 h B9 R FK-15 A9
W ,28 °C. 180 r/min }55%, HEFEmHHKARHE 1.8.1
RIS H 5L, ME ODesoo fH. [FIEF, M
IO A BT I, I A S I 1.6.3,
AT R S bl 1 R S

G RR IR . 4> B LARERE . AR . H R
W TR T R R KV R el B 77 S A 4y
BB TR

G AR . AR IR . BRI,
SRR . B ER L AR IR R AR S S B TR A
a3 R

FERG E BRIR AN SRR S, 028 b5 97 e 5 v
(20, 40, 60, 80 Fl1 100 mL). &k T- IS0
(1%, 2%, 3%, 4%F1 5%) MK S04 pH
(6.0, 6.5, 7.0, 7.5 F18.0), IME A [ 541
X BEAE FK-15 A AT 16 P i s i 123

2 ERS594

2.1 EHRFK-15HDBERESFLEEER

KT RGATE O 8, Rk paif,
MBI AR, WIS 5] 21 MRk . R AT
T U 0 AR A1 A B SR, R T A
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B 4 BRI . ZRA LS, BkR FK-15 %)
HH R B A5 DU RE Sy e, [l L5 (e A i
e {8 FH R AR FK-15 617 Je 200, e 1A-1C
fn, HEEAG, BRBENAGREZ, T
Wbk, AN, HIE 1D ATHI7E PDA K5t
B ERHERREE, WEE PR, ERMEET
WAL, T 22ERREER, B0, £k
Mo W IF PR, #2% [RYL a5 50 FHM:
2.2 Bk FK-15 F9EIBE SR
AR AL R RN E SE R LR 1, HE
FK-15 BHME RN 5 At ieth . eF4e R, )
Wi S I G il S 107, BH R S g 4 31 o 2ot S A
it . WL . | . VP ORE . e
KRB RIRE, 557 CHk[24] P A
— B, VA W% R TR R R R

(Pseudonocardiaceae)

23 Bk FK-15 I FEMFEELER

Bk FK-15 B9 16S rRNA K[ F37E
NCBI ##17 BLAST [RJJ by, 6 BB i i Al
HRAGELEBW . ZEKS S &P R E
(Amycolatopsis lurida) SBU14 [f]%—37, HAH
IR 99%, 455 WK SRR, %5 i bk
FK-15 b A IO R I (B 2). Wiz 751
PE2E F GenBank HEFE, 5k PQ127769.
2.4 FEFk FK-15 ByiEHiE R
2.4.1 H# FK-15 SHEEESELE KD
A

FETFPAOTIRREE, K PERR FK-15 X ARHE
E R R 22 E K HE I B . 7E B T 0
FERM, IEFE KRR LRADLHE EHE 3A).
FEXTURF S FRA N e 75 R 22 K A Y . SR
H i, W22 ECkERE R4 3B, 3C).

&1 BE#k FK-15 WS
E: BB FTHREEIES,; F. 2Ry,
Figure 1

A: EIK 1 SRR B: NA §i383k; C. LB Hi3f3E; D: PDA Bk,

Morphology of strain FK-15. A: Gao’s No. 1 medium; B: NA medium; C: LB medium; D: PDA

medium; E: Colony morphology under microscope; F: Gram staining.
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Fz1 E FK-15 SRS N ES R
Table 1 Results of physiological and biochemical
characteristics of strain FK-15

Item Result
AL A Catalase _
H 21305 Methyl red test -

)

{5 Ammonia production

VP test —
JEM K f# Starch hydrolyzed -
Frig R ER Citrate

L4 Kl Cellulase
M54 5 [ Indole reaction
g1 )2 )i Lipase reaction
2¢ 60 IR Fluorescent pigment -
+: BRSO s —: BN

+: Positive reaction; —: Negative reaction.

+ o+ o+ o+

2.4.2 E#k FK-15 SEYFEENINEE
MELER

R FH VARG IRF 36 000 R BRI RR. FK-15 X6
PRIEIRTR 0 EAR TS 9 A /N2 R B e TR S &2
PP I R S BLRE D, [l 4 25 3R, TRIbR
FK-15 X4 Al Jo i/ 3 7 AR dE Pt e e o i

E 2 HT 16S rRNA EEFIHZENEN FK-15 RS A BN

2 2 AJAl, HkR FK-15 R0 B EIMEHT g
P, TR0 BRI TR A DL ik 80.37%.
2.43 Bk FK-15 BinEEM

4 Fofr b PRV 22 1] S22 BN ) R 88 A 0 o R
MAREN i B 5 Al B 3, MR IRl SA-SE
7, B 2GR B IR, TRIVE BRI BN
P 22 AR KA R = o B 5G-5T fEk 3 Al
PRIAR FK-15 114 2 T R TRT A5k V00T 0K e 2 2 o 22
PR A B R IEIER, s 51k 53.92%
F146.67%, WEmETIHEIZH 1.68%. 28.43%
40.51%0 H FE R 25K A0 B, oI Bl A
—EFEEE AR, MR 20.00%. LG
RIS A, R R A 7 A S AR T A A0
Sy BB FK-15 M, = & #5)
YERABR o
2.4.4 BEH FK-15 RS ZITHEEZ SN
IER

A 3 R A I A e R Y B AR A
2, BRI T DL 2 R AR R A
XTAEPI R, RIRE 22 E KIS, R

559 ¥ 5 GenBank Bk 5 T

PO 0 S BEFR R EET 1000 WE R ARG bootstrap {H ; AR 0.020 FR BEALITE] .
Figure 2 Phylogenetic tree of strain FK-15 based on the 16S rRNA gene sequence. The serial number in
brackets is the GenBank accession number; T stands for model strain; The value at the branch represents the
bootstrap value based on 1 000 resampling data sets; Scale 0.020 represents nucleotide divergence.
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3 E#HFK-1I5MBEEERSRLEKMEN A EFRESMEEZERRELZ; B-C: ZF FK-15 #il
Tl A R R T 22

Figure 3 Effect of strain FK-15 on the growth of P. nicotianae filaments. A shows Normal P. nicotianae
filaments, and B—C shows strain FK-15 inhibited P. nicotianae filaments.

MR HE R WG AR R R TR AAT Bt TSR TR A% T
Phytophthora Fusarium Alternaria Fusarium Selerotinia
nicotianae equiseti alternate graminearum sclerotiorum

CK

e ETa 2t B2 FE AR
Fusarium S s 1 Fusarium Sclerotinia AN B A

verticillioides Valsa mali OXVSPOFUN sclerotiorum Gibberella zeae

CK

FK-15

4 K FK-15 SEmEMEYRRE  CK XA ; FK-15 y4b 4 .
Figure 4 Effect diagram of strain FK-15 antagonizing pathogenic fungi. CK is the control check, and FK-15
is the treatment group.
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<2 Bk FK-15 X EYRIEE B HHIE A
Table 2

Inhibitory effect of strain FK-15 against plant pathogens

P s i Xt B 2H vk BLAR % HAR RS
Plant pathogens for testing Control colony diameter (mm) Colony diameter (mm) Inhibition rate (%)
JR 9% % Phytophthora nicotianae 85.0 21.0 80.37+0.77a
JR AR B 955 B Fusarium equi seti 85.0 28.0 71.37+1.15d
R IR FL9% T Alternaria alternate 85.0 23.0 77.44+0.83b
AR Fusarium graminearum 85.0 30.0 68.57+1.13¢
THSE A% 9 Sclerotinia sclerotiorum  85.0 29.0 70.27+0.87de
WA K g7 Fusarium verticillioides 85.0 28.0 71.43+1.75d
SRR B 2995 T Val sa mali 85.0 28.0 71.38+1.27d
FEhnAEZER IE Fusarium oxysporum 85.0 23.0 77.67+1.22b
#% £ 1 Sclerotinia sclerotiorum 85.0 26.0 73.67+0.97¢
/NFE TR B A Gibberella zeae 85.0 30.0 68.83+0.61¢

AN FRERIRZE 5 B

Different lowercase letters indicate significant differences.

&5 E#k FK-15 LBRTREESINEHER  A-E.BHMEXTREFFHER 0.05,0.1.0.2.,0.4 1 0.8 pg/mL);

F: BAMEXTRE; G: KBEW; H: W LI 1:
Figure 5

R
Inhibitory effect of strain FK-15 treatment solution on P. nicotianae. A—E: The positive control

(metalaxyl 0.05, 0.1, 0.2, 0.4 and 0.8 pg/mL); F: The negative control; G: The fermentation broth; H: The

sterile supernatant; I: The bacterial suspension.

N, TR AR SR B B0 A TR s, BRI T R K
WORERE . U 6 Btz MR A A i i B Ak
FK-15 KBS0 REAIM L, RBUCHIRBE B4
AN, MRTEASSERE, UL ESE LR, Ak FK-15
TRV 3 A ) T R R X I AR G

X R Rt 74, REBELO,
Bk, M g8 BRI
245 ERNZEFHFGAYR

R 7 Al 5, SXFRRAA L, B Kk
TROG A R PR R LA 3 BB IR RO . it
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&3 B FK-15 LGB ER SELZE KAviH R

Table 3 Inhibition rate of strain FK-15 treatment solution on the growth of P. nicotianae

b3 W% HAE AR SUNIES
Treatment Colony diameter (mm) Mycelial growth inhibition rate (%)
CK 85.0 -

F 8 R Metalaxyl (0.05 pg/mL) 83.5 1.68+1.18h

F R Metalaxyl (0.1 pg/mL) 60.5 28.43+0.41f

FH 7§ R Metalaxyl (0.2 pg/mL) 50.4 40.51+0.18e

H 7§ % Metalaxyl (0.4 pg/mL) 20.2 76.12+0.89b

i i 2 Metalaxyl (0.8 pg/mL) 10.8 87.61+0.36a

% I Fermentation broth 39.2 53.92+42.45¢

Jor L5 W Sterile supernatant 68.0 20.00+0.59¢
% Bacterial suspension 45.3 46.67+2.37d

RING T 352 5 0%

Different lowercase letters indicate significant differences.

0Oh 24h 48 h 72h

1ETH
Adaxial

I
Abaxial

El6 HE#k FK-15 AR REREZAINENUER 2o 8 e B 8 18BN E bk FK-15 & A,
A 0 S AR 5 e 5 R RO JC TR K
Figure 6 Inhibition of fermentation broth of FK-15 strain on P. nicotianae. The left side of the leaf is

treated with P. nicotianae spore suspension and FK-15 strain fermentation broth, while the right side is
treated with P. nicotianae spore suspension and sterile water.

JNEE AR FK-15 & A M0 A AR B A R I 00 AL PRAL R e i 00 ™ o, BRI 2558 | Bk
B, MRREEHL, MRS, BRI R RIRREDN . HRIRE S, X R A AR
Frie G, DUREE 98 . RIEIATE KB Ao I E MPURTERERIBT ST, 48R EBL, it
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e ANOVA, P<0.001
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CK Metalaxyl FK-15

FARBOR s B ST E LEE R . RE/NG T8k

Figure 7 Prevention and treatment effect of strain FK-15 on tobacco black shank. A: Potted effect; B:
Disease index comparison. Different lowercase letters indicate significant differences.

INT RRE FK-15 P04 A0 AR A4 099 17 4 B0
BT 1A S 50 8.76 F 61.55% , FFI 4 &b 1 ) 4K
B RIS TS ECH 23.45, FE R A FH A A 3
AE PR 95 G A8 BRI B IR AR B 7.64 I
67.60%, R AR GT A B R IR 1) B A R 2
PEAPEXT BE, e 17 45 B0 2K FRAIPEXT IR, #E B
T L o 490 TR M e ) 1 R T
2.5 Bk FK-15 B{EE1EH
251 REBEIENER

L&A A RE 1 AR P AR B 40 T AT 3 e Ak
WA RS e A K. hE 8
AT, FE CAS BigR Pl [, Btk FK-15 J& [l
PR A, R EGERE . 7
PR AN RS 7R, PR FR-15 R H B
HE, B E& R ARG
2.5.2 Ek FK-15 3HEEMFEE & AV

J T Y Rk FK-15 BOfRA R, 1
SHRERFALRE 12 d J5, SXFIRgAL, &0
AR —E R T, R 9 FIk 4 v, &0
PR FK-15 A0 B0 5 B IRAR K B | IRZER BE RIS
TFEEATENFETE . MHERF & ZE R0 13.16%,

B8 HEH FK-15 BREIER A EERETI;
B: 7 HMERE

Figure 8 Growth promoting effect of strain FK-15.
A: The effect chart of strain FK-15 producing iron
carrier; B: The effect of strain FK-15 proteinase
production capacity.

RIFFIENN 8.86%, WAMRICBEHE AN 53.12%, IR
ZER RN 51.20%, & 148538 N 73.09%.
2.6 Bk FK-15 B35 75 £ B4k
2.6.1 HKpHELNELER

B HVEREA LB 53756, AERR 4 h 7 600 nm
A OO, R 10 ATH, bR FK-15 78
8 h JFHA PG, 52 h FkIE(E, ZEmgA
FRAG, & FFfa. Wi, s ihzig
{H 52 h AE iz i vk R TR
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&9 BEHRFK-1SOBEEFTELFER A RAEZFKEARME N P<0.05); B: FiFi5 &R

TG TR EAE R (4% P<0.01); C: MHEFD T K ZFE L

Figure 9 Germination of tobacco seeds treated with strain FK-15. A is the variation of radicle and Plumule
length (*: P<0.05), B is the result of seed germination vitality index (**: P<0.01), and C is the germination of

tobacco seeds.

R4 EH FK-15 SR EM T8 % B2

Table 4 The effect of strain FK-15 on Nicotiana

tabacum seed germination

F8 45 Index Ab PR Treatment

CK FK-15
& 2P # Germination rate (%)  84.44+1.93 95.56+1.93
R ZFH Germinative force (%) 87.78+1.92 95.56+1.93
JEAR B Radicle length (mm) — 4.38+0.55  6.71+0.08
JEZEK B Plumule length (mm)  6.68+0.59 10.10+0.23
& J138 8L Vitality index 3.70+0.53  6.41£0.21

262 BRERAWER

R T RE G AE R IS 0 DR B A AL B AR i
PR RS HHA R Rl T, AR5
T AR R AR R S8, R B
R B, N EP A R A RCE R
G54 2.6.1 SEFIERIbR FK-15 IR FRHE
WL AR R SR BRI . BRI R . BRI A
TR, R R i R A R R SRR T AR
FEENIG pH, TN RIS, HE 11A-11F
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Figure 10 The growth curve of strain FK-15.
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11 E#k FK-15 BEREMAL A RREGFREX FER FK-15 A2 K8 XME R ; B: AR
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Figure 11 Single factor optimization of strain FK-15. A: The effect of different culture media on the growth
and antibacterial rate of strain FK-15; B: The effect of different carbon sources on the growth and
antibacterial rate of FK-15; C: The effect of different nitrogen sources on the growth and antibacterial rate of
FK-15; D: The effect of different inoculum sizes on the growth and antibacterial rate of strain FK-15; E: The
effect of different liquid volumes on the growth and antibacterial rate of strain FK-15; F: The effect of
different pH levels on the growth and antibacterial rate of strain FK-15. Different lowercase letters indicate
significant differences.
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