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W OE: [Hx]) Al EF (Streptomyces lydicus)st % FAEM A BAF 9 AR, HitbmBRE
BEA S EEAER, REZAS @A RFRROGIEMATR Y. [B68] KT 2445 EH MOI 48
TR FHRAERFITHERFAR, ABE MOl ERAEKRGH AR T ELY ARIFEEREELEN
FP. [FE]1 RABRZEEHRREFY BT HBEMNFEARAARL MOL 2 ERAERK. FRREAE
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Effects of Streptomyces lydicus M01 on growth, bacterial wilt
incidence, and rhizosphere bacterial community composition
of tomatoes

LI Zhidan"', HUANG Qi**, LIN Gui’, CHEN Hao*, XUE Jian', LEI Peng®,
WANG Rui’, LI Sha*, XU Hong’, GU Yian™

1 College of Biotechnology and Pharmaceutical Engineering, Nanjing Tech University, Nanjing 211816,

Jiangsu, China
2 Huzhou Agricultural Science and Technology Development Center, Huzhou 313000, Zhejiang, China
3 Leizhou Agricultural Technology Popularization Center, Leizhou 524200, Guangdong, China
4 College of Food Science and Light Industry, Nanjing Tech University, Nanjing 211816, Jiangsu, China
Abstract: [Background] Streptomyces lydicus can efficiently promote the growth of many
crops and inhibit many pathogenic fungi. However, there are few studies on the biocontrol
effects of S. lydicus on bacterial wilt disease. [Objective] To explore whether S. /ydicus MO1
can promote tomato growth and inhibit tomato bacterial wilt disease and whether the effect of S.
lydicus MO1 on tomato growth is achieved by affecting the bacterial community structure in the
rhizosphere. [Methods] The effects of S. lydicus MO1 on plant growth, bacterial wilt incidence,
and rhizosphere bacterial community composition of tomatoes were explored by the greenhouse
pot experiments and high-throughput amplicon sequencing. [Results] Compared with the
control, S. Ilydicus MOl increased fresh weight, dry weight, plant height, chlorophyll
concentrations measured using soil and plant analyzer develotrnent methods, root vigor, and P
content of tomato plants by 22.7%, 12.5%, 16.0%, 28.1%, 18.4%, and 17.9%, respectively. S. lydicus
MO1 significantly increased plant height, SPAD value, and P content of tomato plants (P<0.05). S.
lydicus MO1 delayed the onset time of bacterial wilt and decreased bacterial wilt incidence by 41.8%
at 9 weeks after pathogen inoculation. Additionally, S. lydicus MO1 had no significant effects on
rhizosphere bacterial community composition (P=0.4 for microbiome composition at the phylum
level and P=0.4 for microbiome composition at the genus level). [Conclusion] S. lydicus M01 can
promote plant growth of tomatoes and suppress bacterial wilt of tomatoes, and these effects are not
achieved by regulating rhizosphere bacterial community composition.
Keywords: Streptomyces Iydicus; tomatoes; bacterial wilt; rhizosphere bacterial community
composition

TEHEFNA 25 R AR B A AR - i T 2 )™ RZGNE A S — R A w40 - 3Em Ak |
GORE, R RS A AT | R R IR TR PR | A 2R R AR IS Y AR
MRS, BOEE SRR U . S BARIEA  FEOREAEY) ™ 5 T 52 T 58 BE I 25 XU 2 i
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A R R 0 e SR ) B AR AR o ARBRRA)
WA EAER) FEE 0, MY PRAE AR 7 (plant
growth-promoting rhizobacteria, PGPR)J&—2K &
P TAEYIAR BRI SEm M A= K L e B E T
FFCEAE DA A, PGPR TR & 4%
o ATHFEE R AR A SR, DR A7 B ok i 2
IRTE , M PGPR B I - UK 25 AL IE E
J At S T P 0 5 R O

Tt 2 N1 = R, 7 gk
Wt % s e ) A B R
PR T A% 5 R R o (91 TN 75 At st — i DL Y
o A F, HBOW RO E O 5 R RS
(Ralstonia solanacearum). 237 B8 W] 1€ 1 RN
WA P REGEZ A, AR AR AR, 8
HE E AR AL 10 LB S 0 1 A RR N R, IF7EAE
Y b R E R R N T, e
HZEEFBET- "), 0 B ATk AT TR R 2
A IR — R R QLR IR . Y SR Tt
PGPR [# 57 AT A7 280997 2 36 il 7 A v I 0 2 3 ki
Az KA R AR T,

| it 5 B 8 (Streptomyces  Iydicus))@ T il £k
T IO T A 2 T H S AR R TR R L 1
— P LAY PR A T, XTPE)IN . B AR
TEFN FRSEAE YA BAr A R R, B
Bk )1 (Fusarium) . & 55 B (Phytium) 1 22 ¥
(Rhizoctonia) 55 9% It B 3 H A R 47 19 4 i 15
FANI, 5 {45 A R B T B R A
S. Iydicus P]F|FERIEFETVZ, & FAELIER
TR E FE , AR 2 v] 7 A Lt M 20 A
7, AR TG REREE R a0 5 A
AR = XA A8 o EL A T R
DR JRe 7t R A A W R T, HL E R R L
S. Iydicus T PINERHRIGUA: P14 25 107 i Bl
FATHTIAF A PDA 15 57 5 M ma o 2 1L AR Ak
(30°11'N, 118°62'E) 5L B 4354 i v i 1 3]

T S. Iydicus MO1, F & 30T $1& 55 B TR i ek
H 49.7%, XFERBEREIRGE 65.3%", HAMKH
FUA VR - U VR S5 10 )V R

DA AR 5 3 B il 2 B A 0 i L T LA
R NS BB AT R B A TR AR
Xt R A HLA AT B RO (R R R
Bz IRATATIAISE Z B MOT R il % 4% £l A
BRI, AN 2 L A A S A A R e
DR AR B 9 LA 3 56 - 7 A 55 7R B B 1R R 27 2 -
J T AR A R Ak i R g R il B A TR
(S. Iydicus) MO1 245 AT M AR K L FRIR
Tt R 2 9 23 S HL X e i A o 4 TR A V% 4
ESE=AITN

P

1.1 #HE

P E (S, dicus) MO 5 G AL
Fr; H 97 /R (R. solanacearum) QL-Rs1115
i F B AR PR , 12 T 2k 2 W o oy B
e O

BT SRR A AE 903, WL FILIRE Fh

ISP2 ¥5373L(g/L)"™: %M 20.0, ATFME
FEMY 10.0, BEEHERW 10.0, FEEAMK 5.0, Bk
B 2.5, LAKARIREE 1.5, B a4 03, &
b4 5.0, BRERES 4.0, pH 6.5-7.0; B NA K
FIE (L), HZIHE 10,0, BERHEEW 0.5, 4
WHE 3.0, HEAM 5.0, pH 7.3+0.1.

X . R A A Tolk K2EVLH A X
(32°06'N, 118°39'E), HRX TGt 10 Hif .

PowerSoil DNA #2057 & , Qiagen A FR 2
Alo AN LT, B INESA AR
Hl; M2 &Y, Konica Minolta 35 A% /2 7] 5
NanoDrop One/One C fi{#5#% 82 /¥ , Thermo Fisher
BHE A
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1.2 ERHE

P A BEFE TR (S, Iydicus) MO1 $EFh 2264
ISP2 573 iy Pit I, 30 °C. 170 r/min 4%
HTESE 5 d, MERKETR 8 000 r/min .0
5 min, FF25 FIFIFFJCE A FER K TR 3 K,
AR5 02 Y (O D oo )4 B RO R B35 1 ¥k B

R. solanacearum QL-Rs1115 RZ& i Mk
HURH . B R. solanacearum QL-Rs1115 ##fF
NA 5, 30 °C, 170 r/min }535% 36 h,
JE B E W 8 000 r/min &.0> 10 min, FF2% FIEIF
TG A BER A BE 3 K, ARIEIGEE(ODéoo)
W PR VROR B B3 2 R
1.3 ZHEE

P b= i A . pH 6.8, A ML
22.1 mg/kg, HALHE 128.9 mgkg, AL
432.9 mg/kg, MA 1.76 gkg., 17 HEMA
0.01% 5 FHF| =% Z G K 1% 8 IR0 (28 5=
HE, TEARELONE R FEAE K AR () + 546 5
ek, BAEEREE 1.1 kg 13
1.4 FEmEERE

R TE(T5% LR 1 min, 1%K AR
BRI 5 min, AR5 FIJCTRZKIGEGE 4 I)FFFERE 45
TF°F 30 °CHEZE 2 d I FAFPT-(H1E 903)3%F 5|
1.3 Y EEER, B 6 Rk T, 7d IEEA %
SRR B KA 3 AR A, [RE A
50 mL (1 S. Iydicus MO1 TR 320 i Ny
5x10° CFU/g, WHIWES% ERER), %t
PRI ISR C K . LR 3 A EA
ANEE 3 A Tl AR E T (28+3) °CHI H
e E T, S AAERBENLHES ] 7 7 RS AR
BR A (=80 CORAFE) I 43 I Rl M b g | 6 B
AT, SPAD (M 4 =AM, ARG
FRRR B & 20 B A TTC BRI P (@
PTG
1.5 BHREBEERE

KA BAIEAG S. Iydicus MO1 % BEROGT

TR PR A K 5 ) 38 3 A 6 I R TR AR MO 1
XoF AN A B PO, BRI B O 1R TR
LA)FFFERE 25T 30 °CHEZE 2 d B A Fh T35 Fh
F 1.3 P EER, AR 2R, 7 dE®
FERAUE B R SARMIA 1 BRGS0 R AR
TR HLRE 3B, (1) HRELTE, AL
e o 2x10° CFU/g + 319 R. solanacearum
QL-Rs1115 #ifk; (2) HAHE+MO1 A, [a]ifhn
AT Hy 2x10° CFU/g +3%1Y R. solanacearum
QL-Rs1115 B L & ¥l 5x10° CFU/g 3Ry
S. lydicus MO1 W ; (3) XFBE, {XER &8 ICH
Ko BAMHIANER, BAEE 6 7. I
B R E T (2843) °Cly H GRS b o A0 %
V=RV R SR [ AV SR I - o SO K 0 & T E S
WE: 0: KFEE; 1. 1% 25%MHHAZERE; 2.
26%—50%M HARZEES ; 3: 51%75%M HRER;
4: 76%100% M L EE ST kR
(Yo)=[X (I3 B <1295 DRAB MR K/ (e 1 D<A
AR EL)]% 100,
1.6 1% DNA 2RIk SEENF

FIH PowerSoil DNA $HUAG0 &2 1.4
FAEMITE MRS T3 DNA, VR B IR 7
Ui BT BRI DNA ¥ 2 15 52K F| NanoDrop
One/One C it BRI %E . K514 515F (5'-
GTGCCAGCMGCCGCGGTAA-3")HI 907R (5'-C
CGTCAATTCMTTTRAGTTT-3")%} 16S rRNA %
V4-V5 XT38, PCR SR &R RS 4%
PEVE LS SR [28]. PCR ¥714 i BAZ24E L ifEIR
HiaLERHH A RA LT Novaseq-PE250 il
JE o I B R 1% Fl UPARSE FRfEfd e e,
W [] — A ol PR 0L 1 e B 2R A T D, D R AR T Tk
B Rt R B, RIS 1] UNOISE #5791 1%
100%AH {45 R M zero-radius OTU (zOTU)B,
zOTU 4325373 3 Ho Xt RDP $edi e 4450
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1.7 BIESH ALK, &8, T8 . fk&. SPAD{H.
FIHBESIAEA e B0 A Xy BEFIAL BRI R bR AR R9% I Ak AR P SRR E T 22.7%.

e KR bR 22 5 B EVE(SPSS 21.0 PP, FIFHE  12.5%. 16.0%. 28.1%. 18.4%F1 17.9% (F 1),

J§53 73 H7 (principal component analysis, PCAYMI itk . SPAD H AR B & R0 v/

Adonis J7EER HEE, vegan )/ AT HEIARER  2(P<0.05).

MR AN S Iydicus MOL X &ETIRPR 2.2 BEmEHRXT Streptomyces lydicus

FEEANE AR X R AR STAMPZE MO1 BY A R

(FRTE A C5 xS AR R B B R MO & BB 5 Al
AU RIEIERE 1A). AFkE T, TRk

/4
2 ZREAM Xt BEAE AT AR KR B AR (8] 1B).
2.1 FEMEAKIT Streptomyces lydicus MO1 FRAE IR R A 5 oSV, AEHRSSR 4
B B BRI, T R B K, 2t

SRR BEAHL, S, Iydicus MOT AT J528 8 A LW R BT F1. S. Iydicus MO1 #EIR

F* 1 FEESE M1 XEMERE KNI
Table 1 The effects of Streptomyces lydicus MO1 on growth of tomato plants

b B fitf H TE B SPADfH  MRIET LA 75

Treatment Fresh weight Dry weight Plant height SPAD value Root vigour Plant P content
(g/plant) (g/plant) (m) (ng/(g-h)) (%)

XtH8 Control ~ 5.15+0.57a 0.48+0.04a 0.25+0.04b 30.40+2.60b 4.67+0.76a 0.28+0.01b

MO1 AZbHR 6.32+0.91a 0.54+0.04a 0.29+0.04a 38.9343.23 a 5.53+1.01a 0.33+0.02a

MO1 treatment
AFNE PR R R B

Different lowercase letters represent significant difference.

A B

100.0 - —e— %] HControl
—o— HANHR. solanacearum

Q0.0 —v— HHIE+MOL R. solanacearum+MO01

60.0 +

e

Disese incidence (%)

40.0 +

20.0 +

0.0 t

1.0 2.0 30 40 50 60 7.0 8.0 9.0
IF ] (RS %)
Time (weeks after inoculation)
1 FE#EE M1 X FHEEKEEMEHRLRENTN
Figure 1 The effects of Streptomyces lydicus MO1 on Ralstonia solanacearum and bacterial wilt incidence of
tomato.
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T RPRERE ISR, AR EES 5
A WL RAER . 5 A AL AR L, ]
S. Iydicus MO1 7E55 59 JE 3 Bl & R FRA% T
89.5%. 85.7%. 64.7%. 44.4%F/1 41.8%.
23 HEMIRFRAEEFZLEMXT Streptomyces
Iydicus MO01 B9 ;7

RIS R B S. Iydicus MO1 A] 248 85 )X+
SEANTAREE ALY IRST S. bydicus MO1 S 75
00 S 9 4 B AR o 200 TR 7 O a2 i A I AL
I A I e =T i iR UL N5 5 27 N |
S. Iydicus MO1 X[ 17K V-4 e A 7% 2H G i 255
i (Adonis, P=0.4, K 2A), {2 S. lydicus MO1
AT HR T AR PR A D R R R

T br EE M L5 Proteobacteria

Actinobacteria . Firmicutes . Acidobacteria .

Gemmatinonadetes 1 Bacteroidetes, {H S. lydicus
MOT XJ b ik 20 B ] B AR X 2 B 3 00 B 3%
mi( 2B).

L s s I G G s i S ) e oY) i
Oy M AU T 99.6%4N T BETS 4R A8 5
S. Iydicus MO1 X J& 7K V-2 DA A 5 2 G ol 255
Mi(Adonis, P=0.4, & 3A). ZhntRFr 240
J& 11 & Pseudomonas |
Luteimonas . Sphingomonas . Acinetobacter .
Bacillus #1 Ralstonia 55, S. lydicus MO1 X} ik
20 TR s AR R T B 2 (] 3B).

Flavisolibacter .

A
. x| Control 95 %FAFEIX (]
EEMO1ZEEE MO1 treatment 95 % confidence intervals
. I
0.05 F : . Others and unclassified E HIH 0.17
. Bacteroidetes E o1 0.22
0.00 I
Gemmatinonadetes E —e—1 027 o
I
IS =
= o -0.05 Acidobacteria E e 031 ¢
= o . q
'ﬁjl g —0.10 - Adonis: P=0.4 Firmicutes ‘:’ '_o:—‘ 0.32
o % Control Proreobacteriag |—oo—|| 0.49
|
—0.15 8 MO14EFH MOT treatment Actinobacteria E * 0.83
=] 1
—020 =1 1 1 1 1 Il 1 |
-0.10 0.00 0.10 020 030 0.40 0.0 43.9 3@%8'08%%
EE%J{‘;TJ:;%Hl M7 A T B A AR B |- i
PC1: 85.1% TR X7 e LA

Mean proportion (%) Difference in mean
proportions (%)

B2 FEsEE M1 SEMRR VK FAREESEEMRNE A Al EER R MO1 X FRERT] K
P20 TR T AL R o A AL B A B R R MO T R 3 AR P 2 B 1R 2 B A s
Figure 2 The effects of Streptomyces lydicus MO1 on rhizosphere bacterial community composition of tomato

at phylum level. A: PCA analysis chart of bacterial community composition in tomato rhizosphere phylum level
by Streptomyces lydicus MO1. B: Effect of Streptomyces lydicus MO1 on relative abundance in tomato

rhizosphere phylum level.
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A
0.05 5}
o
[ ]
.
0.00 |
xR
& 2
i:H *
=STRY ]
U9 -0.05}
HE Adonis: P=0.4
o X} 8 Control
0.10 @ MOIARFE MO1 treatment
o

B = %R Control

-0.20 0.00 0.20 0.40 0.60

FArpRR
PC1: 95.6%

95% 1 {5 IX [
3 MO14EFE MO treatment  95% confidence intervals

Nocardioides | . 0.07
Pseudarthrobacter | :. 0.10
Ramlibacter p . 0.13
Gaiella b 0.14
Flavisolibacter pm . 0.19
Acinetobacter | ._.,:_4 0.19
Roseisolibacter 4 :. 0.20
Luteimonas .. 0.23
Ralstonia |g ., 0.25 ;E
Pseudomonas = ra 0.28 E
Enterobacter |y g 0.30
Bacillus | E 0.31
Sphingomonas [ 1- 0.33
Noviherbaspirillum |} .. 0.35
Staphylococcus |y o 0.35
Lysobacter - 0.43
Streptomyces | n; 0.47
Massilia | I- 0.53
0.0 752 S S8
SEEES 2478 S L]

Mean proportion (%) Difference in mean
proportions (%)

3 FEHESE M1 XNEMRPRBKFHAREHEAEMRNTME A Pl R MOL X iR brjE K
P20 TR T AL R o M AL B A B R R MO T R 35 AR P 2 s R T S B A
Figure 3 The effects of Streptomyces lydicus MO1 on rhizosphere bacterial community composition of tomato

at genus level. A: PCA analysis chart of bacterial community composition in tomato rhizosphere genus level by
Streptomyces lydicus MO1. B: Effect of Streptomyces lydicus MO1 on relative abundance in tomato rhizosphere

genus level.

3 WwE5&#

5 U1 3 W7 2F 48 #F 1 (Bacillus  velezensis)
JTBS-2 . B KT (Bacillus Megaterium) HT517
FHRE i 28 ZE AT 18 (Paenibacillus mucilaginosus)
PM 12D B B A LG, S. Iydicus MOT AALAT
DL 25 58 e ik e FORE ARl 25 6, 38 W] AR
itk SPAD {H. S. Iydicus MO1 HAG 1-ZEEHH
$5E -1- 2 R (1-aminocyclopropane-1-carboxylate,
ACC) B2 FHEHE"™, ACC it 2t 7T 3 AR o +-
HErpy NP S R AR S S N

IEHEY, K S, Iydicus MO1 A g 2 ACC i
R WEHEE B SPAD {H . S. lydicus MO1 H A%
WERE SIS, DR R AR e T A R R A
AWFFEHR, S, Iydicus MO1 A] A il 5
il DR 1 A A A 205 AV 7 0 7 A e 2 il
FERE BRI Z RPN, S. Ivdicus
NRRL2433 4rip i Al 5 55 R HA T IS =
YERET, s Iydicus A02 43 2 At 25 K Al F5 9T
FHREEIRECY, S, Iydicus 15748 A 543 KW
FREEERRAHERD; Wi, S bdicus
WYEC108 433 (14 JL T J5 Bt P il DA 0 T 240 P B 4
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U SRTT, S, Iydicus MO1 F54HT 75 A T 141
Yy JguATy i ik — B EE

TR R T 450 5 - SR AE T Ak P £ B 2%
PIAHCH 2T, - e YT e e SR
RVE 53U A R BT S ) o SR AR A
Py R e I 2 SR R IR AR
BRANEE RS EZLHH Proteobacteria . Actinobacteria .
Firmicutes. Acidobacteria. Gemmatinonadetes .
Bacteroidetes %5 4l ] A1 Pseudomonas .
Flavisolibacter , Luteimonas . Sphingomonas %54
B AL, X5 DB 45 RO L, v
S. Iydicus MO X2 Al L R 200 TR 1 7 45 1) T I 25
B, RW] S, Iydicus MO XiF 2580 A A T
VEFA I A 188 1 42 3 i AR o 200 TR Vs ZH S 3
[P S, Iydicus MO1 X 383U i A 245
KBS/ S, Iydicus MOT R P78 3 TN 4 398 40 14
FER ALY, XS APIRERAN, TREZ
T S. Iydicus MO1 XJ 5 JI\ A 8 41 R HE VR 1) 52 1 2
i B2 RA S92, 00 S, Ivdicus MO1 o 1 5%
W) 2 i AE AR U AR PR AR TR I 45 . T8k,
I s R E I S, ydicus MO1 IR 5
W 5 K B T 7E Ralstonia WEFE, ILER B
TR R B, S, Iydicus MO1 34 7] BE 1 1o 25 )
AR EARTE M &2 . BN, S. Iydicus MO1
AR5 T A TR T P AR s s ) DA BELAS 75 4 T AR
WRAEF, HET R AT R AR R I, R
2] LIRSY S, Iydicus MO1 S5 It & A H A

wit.
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