AP~k

Acta Microbiologica Sinica

2024, 64(1): 208-219
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20230368 ]

Research Article Bkt

EMAEEN T ELEEREK FQ-G3 imEE
I

BES, FHE, NE, BHRW, LR

e ARl eE R, NPT 123 044000

WY, SRR, X4, e, EBER. N A B A B 0 KA R FQ-G3 HUm e AR [)]. UER A4k, 2024,
64(1): 208-219.

FENG Baozhen, LI Peiqian, LIU Jin, YANG Yanli, WANG Xiaojing. Isolation and identification of a tomato endophyte FQ-G3
and its disease-resistant and growth-promoting properties[J]. Acta Microbiologica Sinica, 2024, 64(1): 208-219.

1 E.: B RF FHie(Botrytiscinerea); | A2 R ER L ERATFREZNREZ—, BATEHN
FAANBALMKRE . REARGEARB2LF RE R ZIRE. B, FASRMKEDGE
Yy o6 BT RA R BRI 5R%. [B 6] NEHRAARARA LB L REAFEANLER
ARIAT A A A HATIRAE, AT R ERRERAEMG S SR SIRIE., (k] A4
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Isolation and identification of a tomato endophyte FQ-G3 and
its disease-resistant and growth-promoting properties

FENG Baozhen, L1 Peiqian*, LIU Jin, YANG Yanli, WANG Xiaojing

Life Sciences Department, Yuncheng University, Yuncheng 044000, Shanxi, China

Abstract: Gray mold caused by Botrytis cinerea is one of the major diseases affecting tomato
production. The currently used fungicides are gradually restricted due to residues, pathogen
resistance, and food safety. Therefore, screening out antagonistic microorganisms has gradually
become an effective approach for the biocontrol of gray mold. [Objective] We screened out
endophytic strains capable of endowing plants with disease resistance and promoting plant
growth from tomato plants and evaluated their biocontrol potential, aiming to provide a
theoretical basis for developing a new approach for the biocontrol of tomato gray mold.
[Methods] The endophytic bacteria and fungi were isolated from different parts of tomato
plants by the tissue culture method, and the candidate strains were preliminarily identified by
16S rRNA and ITS sequence analysis. The endophytes with antagonistic activity against B.
cinerea were screened by confrontation culture and fruit inoculation in vitro. Furthermore, we
examined the abilities of the strain to secrete indole-3 acetic acid (IAA), protease, and
siderophores and the promoting effects on the growth of Arabidopsis thaliana and tomato
seedlings. [Results] A total of 72 endophytic bacterial strains and 31 endophytic fungal strains
were isolated from different parts of tomato plants. An endophytic bacterium FQ-G3 with
strong inhibitory activities against several pathogens was screened out and was identified as
Bacillus velezensis. FQ-G3 showed the inhibition rate of 80.93% against B. cinerea in vitro and
inhibited the mycelial expansion on tomato fruits in vivo. The strain could secrete TAA,
protease, and siderophores, and promote the growth of A. thaliana and tomato seedlings.
[Conclusion] The endophytic strain FQ-G3 isolated from tomato plants endows plants with
disease resistance and promotes plant growth, and thus can serve as a candidate for the
prevention and control of gray mold. The findings enrich the tomato endophyte resources and
provide support for the control of gray mold and the growth promotion of tomato.

Keywords: Botrytis cinerea; endophyte; identification; biocontrol; growth promotion
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YN AR AR | Ba e, ARl 4
&, MHS TR, S ek 2y 5 — &
FIREE 5 YR OL T, AR N A B T A T
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AIFSE AR, R IR N A R R SR R B
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TIRERY DU 27 FAT T, HAEAR P SN K
TORA SR ZUA AR , % 0L I A0 i 4l
AR IHE AEAE T AT E = T ok A A R
B, ORI PTASE T BIE A
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1.1 E2#R w5 FNER

AHIESE T BT B 04 A e D L T e 2 A
B. cinerea LK7. Cladosporium sp., Fusarium
pemambucanum } Alternaria alternata 2514 43 &
TR BRI, oS 5 RAE T AL
gﬁ\%[lo-ll]o

. 4078 DNA PR Bt & . Hpdk
[NZH DNA R Bl &, JUat ok Rl
BIRAF]; II%F 27F/1492R | ITSIITS4, A= T4
Y TR AR A FR /A H] ; 2xTaq PCR MasterMix
II, TIANGEN; 4P . MR . SR,
2 AN I oy 45 i LR 18 A 7 A3 B 4
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0% - BMI-250 BUREFRA, bR Ry 7 A
WAL A By A BR A Fl 3 Olympus CX43 i i,
WARE A E 3 T100™ Thermal Cycler PCR Y,
HARAF,

1.2 BEmBERAEERD S

MILPEIE I, B 55 b R A f B 7 0 SR 5
AL ZERIMREA S BT R TR A bR AT,
HARWF : Jesr il FRE 15 g Famial, ). 2%
FInE, 22 ARk bkl T, A 75%I00kE 780y
12 3-5 min (W R AR AL, AR, ZEFER
SEAb PR A ), SR IE FHIC K #hsk 3-5 W
P 5.4% U AR BA T Wi 1 2—5 min, FIJCER K
Mk 4-5 U, BT s BIFRR IR AE IS B AU TR
10 mL JCHE /K , 8 158 15-20 min, HE 100 pL
WEES W, K 530U Aii T potato dextrose agar
(PDA)FI nutrient agar (NA)F-# . *F-He & F 25 °C
TRIEEESR 20 d, B RS ETVE AR KDL &5
R BT B, JERS | DGR LI B RN S A5k
BUATE T Bk a5 5 — 95 B T NA 23
PDA R 3EFRIE T 4 °C {474 . 7 7T 48
MR 56 2 BT A WF5E iU R T
1.3 AEERNNSEE

ERERVR LS WA R R B AR AR SRR 5%, $2
HUCEE[RI 2 DNA o 4 B FH At 7 5E TR 20 DNA 2 HGL
FIE2H DNA, PI4HE 16S rRNA 38 51 9%t
27F/1492RM M P15 | 3k PCR 974, SO
ZAS MESCIR 04T o R I T Ak DR 4 a5
&, DAELE ITS @ 519 1TS1/1TS4 k1T PCR
P84, ROV AT S BLAHGE SCER (101317 . PCR
P3G 7 W TR VG A v K SR A MR A IR A
AJHATINY , P8 AL GenBank. BIPESF 4138 1L
NCBI BLAST (https://blast.ncbi. nlm.nih.gov/Blast)
TEER XS 3, AT I %7€ o
14 HIERNEEFRNFIZEREE

B e U HE R TE PDA B R0k 24 °C
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gt s d, AER S mm BFTFLESE F KN 44T
B8 o N A ZH T TE NA SFAR 28 °C #5557 48 h,
FIRE o SR PRI, S R F &
F PDA FAH L, FEFE AL 2 em () B R A AL
BOBCE 4 SR A DE, X ARCE T
24 °C 5375 do BERMEMEWIEO, w2
T H LA B T A 1 A B R

S0 7 PDA KRk i [l R 2 ik e Fi e ik
AN, ZERFANTE 2.0 cm A 08 T A AT O
DL R R T AR R, 24 °CH55R 5 d,
T2 D A A 9 LA, T MR I T T 22 Kk
ARG A IR R S SR (715
HANHRFE R 3 IR,

PCR §34: Jyift— 2 W e B bk 43 S
P, FAANHE LR ZH DNA $EGAF] &35 DNA,
P4 DNA eI I A FEF (gyrA)Fl DNA #i
FN ST L B 3L (gyr B) I ¥ . gyr A 1 gyrB
P51 & PCR S A5 2 IESCHk[11]. PCR
P4 7= BV A g R SR A PR A BRA
AT, ¥4 EAL GenBank,

HEAL A . {81 ] MEGA-X 8 LASR 3
(neighbour-joining, NJ)X ITS J¥51 .gyrA F1 gyrB
X HIR R G0 R A, 43 BTz i 5 Fo b B R Y
SRYGRFR, LAE S,

1.5 BE# FQ-G3 lHI R BE R R
¥k FQ-G3 i NB (nutrient broth)# /&K%
FE3E, 28 °C., 130 r/min 1537 48 h 15 57 B % .
BOR/NST, LA — S e P Ak 2 o,
T5%AETHEE S min J5, FJCHEUK YL 2 6, &
TIRHEAE G NI T4 F o AT R SR 1A
ACFTFLOREZY 2 mm, EHAE 5 mm), ¥ 20 pL
FQ-G3 RYBr B AN 20 L KA 1T B 77
(1< 10°) Bz 245 11 Ak BEASAE B RR 10 ASIRAE,
HA 3 IR TR AR R 2 1 o A3 Ay SR
SCEFIURREESE N, T 24 °C BB E,

WLE ISR IR AR, IS BE R/
1.6 Bk FQ-3 BYEIBE 1L4Fe

N5 Z, iR (indole acetic acid, IAA)ZE « 5 &
Pk FQ-G3 ##% 2% i il 2 5 5 mmol/L
IR LB A IR, 37 °C. 130 r/min
FEIREESR 24 h, WA R T 25.0HLH 8 000 r/min
20 15 min 7, BCEWE® 1 mL, ARG RAL
fifii iR #% (polyferric chloride sulfate, PC) & {47
(1 mL 0.5 mol FeCl;+80 mL 37.5% H,SO, ) 4 mL
TRAT, WEEEE 30 min PE1T 60 J5 WESH
AR b, LUIMA 50 uL ¥R 10 mg/L A A=
KR LB #5323 M X B, LA AR
) LB B5 30 I vEXT IR, AR AR 3 K
WE B AL, #Eem A IAA HIRA WA fE
IEEEApL AN RAR R

B BN AE < K B RE FQ-G3 4% 2%/ it
A LB WA SR 3, 37 °C. 130 t/min #
IREEFR 24 h, 43 3 = A s e i A v A
BeAp B WAG AR5 FRIE IR, LRk LB 5557
SRt R, AR E S 3 W B TR
BT 28 cCHEIEIGFRAG T, BRI 5 b
LR T 7 ] PRl 2 15 A 375 W B R, A 325 P 1 B
WUI35E BH B R ELA ™ B TR RE T, R TS B R
B FEVE BEAR M HE A E A R A BERE
KNS

JUT B E - $4 R PR FQ-G3 #2 2% 147
WP R LB AR &Y, 37 °C. 130 r/min
FEIRIESR 24 h, FE TR S 51 FH = s 0k A B L Al
DA 2 LT RS T AR 85 55 2L [(NH,),S 04
3 g. K,HPO, 0.7 g. KH,PO, 0.3 g. MgSO,-7H,0
0.5 g. MgSO,7H,0 0.1 g, RIKJLT /i 3 g. M
B1Hr 3 g, BilE 13 g, Z8187/K 1 000 mL, pH 7.2],
DLBEAD LB B3 5t i, A EE 3K,
PP TS S T 28 °C fEIRIEFEAH h 5%
B R IR LA MR B 75 TR L2 5 1
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PR B, A 375 B P B 005 B PR Rk LA 7 L T
fity fie

K2 E « K FIME FQ-G3 4% 2% R Al it
A E LB WA SR 3, 37 °C. 130 t/min ##
JREEFR 24 h, ¥ IR0 o O AL
8 000 r/min &5.0> 15 min, BCE.U 5 A9 F 354K
PR (chrome azurols, CAS)! W4 1:1 &5 H R &,
R 2 h, WA (B AR Il 5 .

VW AE < B TR FQ-G3 442 2% HFh it 4
FhZ LB WiikRER3Ed, 37 °C. 130 r/min $EIK
BE 5% 24 b, K BERE ST A — s AR R A vk 4
b 22 [ RS 2 L [ 494 10 g (NH,),S04 0.5 g
NaCl 0.3 g. KCI 0.3 g. MgSO,-7H,0 0.3 g.
FeSO,7H,0 0.03 g. MnSO,-4H,0 0.03 g. LR
0.4 g. Ca;PO, 10 g, Hiiflg 20 g, #%IH%7K 1 000 mL,
pH 7.0], DAEAD LB 3EFR iy xi e, A2 b
53, PR E DR CE T 28 °C fHIRKE SR
iR, RS TRTVE H [ R A5 T8 L W e
1.7 #lmEITiERie

TR IR . S B A g e
ek, 45K 10 mL MS (Murashige and
Skoog)Fll NA K5 55500 BB — 4y bR ks F MLep
PG BRI R R RS E MS KSR
b, FBHRE T &K ER GQ-G3 e fhH|
NA B2 o A Y MS/NA bkl
PR, R 3 ANER . KRR R IR IS
T 20 °COLMREE T4, K 16 /8 h OBIA/R
IR FR A, 553 21 d, IR T A0 e ff
KR DA S S5
1.8 EmshAZRIALE

By T T R T7E 30 °C (7K IS H AL 2 h,
L 75% W2 5 min, oKL 5-6 X,
SRR 8 T B A R 1 O BB 4R R R
Hr, 28 °C SR FRAE T TAESE
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KRB N ZEA 16 om, = 14 cm
FIFEZE R, B TR AR — R R 2R N
AT, TR AR R E . B AR
F /OGN 12 h/12 h, IR EE 26-30 °C, HEHE
R 60 kix, FAXHEE 65%. #&Fh 15 d FantH
ELII, 5(5—IR B4 FQ-G3 Rk (4% 10 mL,
WE 10° CFU/mL). BERS 7 d BE0E 19K, %45 3 K.
TRZHAbPE 8 BRalT, A 3 IR X IR Bedi TR
K, DKz 60 d B, WEFEAEHK L, Gtk
L R IR R K
1.9 HIESH

e R R (8] SPSS 27.0 HEA 748104
K ARG AR A BRI 2 [BPFEIE, P<0.05.

2 EREQM

21 AREENTEEE

AT RERRAS [F] BB A7 3 B A5 3] 72 #k N A=
AP 31 BRNAEELE, PRI TS TR SRR A 1A
PRI TN P 280 o FARTS M TR 16S rRNA FIEL
i ITS JE4id@ 1 NCBI fELR U XT, A5 B i Ak
PRV S e S5 0. N3k 1 o, & h N A A e
F N ZF K B 8 (Bacillus) M 3% A 1 &
(Escherichia) . 1 N 4= B #H 2 8 Wb 7 &8
(Didymella) . Hii % J& (Aspergillus) . % 1 % &
(Cladosporium)FIE5 45 16L& (Alternaria) .
22 HIERERENFERELEE

3 3 0 R 0, A9 8] — R A A
s ZUAE B N A FQ-G3, 4 %3k
80.93% (% 2). WKl 1 P, FQ-G3 XHLE i
J IR Cladosporium sp. . Fusarium pemambucanum
K Alternaria alternata 1 22 B H3 A [a) 72 1 A% 41 ]
Ve, TR 5350 72.48% ., 60.69% K 53.78%,
VLB FQ-G3 HAG T & NRBR G F AW
B R T T
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Table 1 Primary identification of endophytes from tomato
Classification Isolates (accession No.) Identity to the closest species (accession No.)
Bacteria FQ-G3 (MZ827471) 99% to Bacillus velezensis (MT271916)
FQ-G4 (MZ827472) 99% to Bacillus velezensis (MK310268)
FQ-GS5 (MZ827473) 99% to Bacillus amyloliquefaciens (MT685260)
FQ-G6 (MZ827474) 99% to Bacillus velezensis (K'Y 887762)
FQ-G8 (MZ827475) 99% to Bacillus subtilis (MG751326)
FQ-G12 (MZ827476) 99% to Bacillus subtilis (MF136610)
FQ-G13 (MZ827477) 99% to Bacillus amyloliquefaciens (MH265996)
FQ-G17 (MZ827478) 99% to Escherichia fergusonii (MN208072)
FQ-J2 (MZ827479) 99% to Bacillus subtilis (MF136610)
Fungi FQ-B (ON045560) 99% to Aspergillus niger (MZ819922)

FQ-G10 (ON045555)
FQ-14 (ON045556)
FQ-G16 (ON045557)
FQ-J1 (ON045558)
FQ-J4 (ON045559)

99% to Didymella macrostoma (MN420662)

99% to Didymella microchlamydospora (MH862504)
99% to Aspergillus sydowii (KU687805)

99% to Cladosporium cladosporioides (MT367253)
99% to Alternaria alternata (MN856355)

£2 E FQ-G3 HIEZEAME

Table 2 Determination of bacteriostatic spectrum of strain FQ-G3

Colony diameter of control (cm)  Inhibition rate (%)

Plant pathogens Colony diameter after treatment (cm)
Botrytis cinerea 1.23+0.08a

Alternaria alternata 2.21£0.22a

Fusarium 1.97+0.45a

pemambucanum

Cladosporium sp. 1.54+0.21a

4.334+0.12b 80.93
4.20+0.13b 53.78
4.2440.12b 60.69
4.284+0.10b 72.48

Different letters indicated significant differences among values at P<0.05.

1 ¥k FQ-G3 'ﬁllflﬂlﬁf?'lzlﬂm#f*%

Figure 1 Antagonistic effect of FQ-G3 on four
kinds of plant pathogens. A: Q-G3 against Botrytis
cinerea. B: FQ-G3 against Cladosporium sp.. C:
FQ-G3 against Fusarium pemambucanum. D: FQ-G3
against Alternaria alternata.

23 EHFQ-GIHSFLE

PHE P25 LRI TR FQ-G3 1 gyrA &K
JF¥%4:1% 951 bp, GenBank No.: OP867063; gyrB
FERFF145K: 1209 bp, GenBank No.: OP867064.,
{8 MEGA-X A LA NI 3250 XS R #E 16S TRNA
oyrA 1 gyrB JPAIME RS AW . 16S rRNA
JPANHEXT, & B FQ-G3 1) 16S TRNA (MZ827471)
55 H#k Bacillus velezensis CR-502 AHALL S £
. N 99.64%. T EARRINE R R T 4
5 FQ-G3 Y 16S rRNA (MZ8274TWIE ARG K T
R, 45558 FQ-G3 5 Bacillus velezensis CR-502
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RA—Z(E 2), K 3 Fros, 2T gyrA Fl gyrB
LR R 8k 4R FQ-G3 34 5 B. velezensis 5l
—3 ., R4 FQ-G3 J& T B. velezensis,
24 B FQ-G3 X EE A ARHNHIER

FEA LIRS RERW], Tk FQ-G3 et il
DA A R S A e (K] 4A). TERERP 5 d
Jo, R HRARSCAR WG KB T 22, KRR 100%,
77 420 PR ZH 26 4 R S AR AR DR S 4 5 W] Ach PR ZH SR
SR BE AR B /N X HRAL (B 4B). %45 Rk
BB VR FQ-G3 1T LA BH I 100 i A 5 26 R 7 75 1%
SRy, HAWERARTTE .

59[ Bacillus siamensis KCTC3613T (AJVF01000043)
Bacillus amyloliquefaciens DSMT7" (FN597644)

Bacillus velezensis CR-502" (AY603658)

FQ-G3

Bacillus nematocidal B-16" (AY820954)

67: [ Bacillus nakamurai NRRLB-41091 (LSAZ01000028)
L Bacillus atrophaeus JCM9070" (AB021181)

\;Bacillus vallismortis DV1-F-3" (JH600273)

741 Bacillus subtilis NCIB3610" (ABQL01000001)

Bacillus cabrialesii TE3T (MK462260)

Bacillus inaquosorum KCTC13429" (AMXN01000021)

50

I Bacillus halotolerans ATCC25096" (LPVF01000003)
I—Bacillus mojavensis RO-H-1T (JH600280)

t Bacillus stercoris JCM30051T (MN536904)

+ Bacillus tequilensis KCTC13622" (AYTO01000043)
Bacillus rugosus SPB7" (JABUX0010000041)

)
S

Bacillus spizizenii NRRLB-23049" (CP002905)

100 Bacillus glycinifermentans GO-13" (LECW01000063)

I_lBacillus paralicheniformis KJ-16" (K'Y 694465)
o7 L— Bacillus licheniformis ATCC14580" (AE017333)

0.002 0

2 ET 16S rRNA EFEMEN ARG L EH
Figure 2 Phylogenetic trees of FQ-G3 based on 16S
rRNA gene. The ex-type strains are noted using T.
GenBank accession numbers are in parentheses.
Numbers at the nodes indicate the level of bootstrap
values based on 1 000 replications. The scale bar
indicates 0.002 substitutions per nucleotide position.
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73 rBacillus subtilis (CAB1 1783.1)
64JIL Bacillus subtilis TU-B-10 (AEP84783.1)
981 Bacillus tequilensis WP (024713396.1)

67 | Bacillus subtilis NRRLNRS-744 (EU138658)
L Bacillus vallismortis NRRLB-14890 (EU138601.1)
— Bacillus sp. (WP016937309.1)
100{ Bacillus velezensis NRRLB-41580 (EU138622.1)

87““ Bacillus sp. WP (032870831.1)

|Bacillus velezensis FZB42 (ABS72455.2)

92| Bacillus velezensis CBMB205 (CP014838.1)
941 FQ-G3
Bacillus velezensis WLYS23 (CP055160)

Bacillus licheniformis DSM13 (AAU38998.1)
Bacillus glycinifermentans GO-13 (KR092203.1)

100

0.01

Bacillus tequilensis WP (024713395.1)

74
 Bacitlus subitis TU-B-10 (AEP84781.1)

{ Bacillus subtilis 168 (CAB11782.1)
Bacillus mojavensis WP (010332677.1)

r Bacillus siamensis WP (029575274.1)

FQ-U3

73
Bacillus velezensis FZB42 (ABS72454.1)
81(3)acillus sp. WP (060562565.1)

Bacillus velezensis BCRC17467 (DQ903176.1)

Bacillus licheniformis ATCC14580 (AAU38997.1)

—

0.01

3 ET gyrAfgyrB EEMEMRZ L TR
Figure 3 Phylogenetic trees of FQ-G3 based on
gyrA (A) and gyrB (B) genes. GenBank accession
numbers are in parentheses. Numbers at the nodes
indicate the level of bootstrap values based on 1 000
replications. The scale bar indicates 0.01
substitutions per nucleotide position.
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n

[=}

1
s

58] 1 B
(=} < (==}
T T T

Lesion diameter (mm)
=
T
o

(=1

3 3 CK FQ-G3
4 B FQ-G3 Xt R EIE R & A HIHER
Figure 4 In vivo inhibition of strain FQ-G3 against
Botrytis cinerea. A: Cherry tomatoes were mock
inoculated with FQ-Q3 and B. cinerea, cherry
tomatoes inoculated with B. cinerea as control. B:
Average diameters of lesions of treated tomatoes. The
bar and error bar represented the mean and standard
error, respectively. Different letters indicated
significant differences among groups (P<0.05).

&3 Etk FQ-G3 B/~ Bg R AR EHFE

2.5 Etk FQ-G3 £IB4 Wit n iR

w2 3 fin, A FQ-G3 HAT A4 1AA
EANG. WBERR . BEABMILT ERMEES . B
Pk FQ-G3 BB A2 TAA . FEERER, ULHHZEHEXT
YEREA —E R ER . Ak, xERRE
FEA R IR L T UG, X AT AR SRR A G
2.6 HEtk FQ-G3 =4 1% & 144 R (volatile
organic compounds, VOCs)X U THHEE1ER

I 53 B 4 55 LK 0L B T 55 o8 A= T vk A
Rigf 21d, #E—4£K1F B. velezensis FQ-G3 (1
A 4 R R A B A SRS ST K S B AT
XFHRL, A e | AR AR B SR AR Y
FXF B4 (P<0.05), ] FQ-G3 BEfg = A 4% Kk
AR (E 5. El 6).

Table 3 Enzyme-producing and growth-promoting characteristics of strain FQ-G3

Strain Enzyme producing and plant growth-promoting attributes

1AA Protease Chitinase Siderophores Phosphate solubilization
CK - - - - -
FQ-G3 ++ ++ + ++ -

+: Positive; ++: Strong positive; — Negative.

5 M4YEE FQ-G3 MHlEITHIEE/ER

Figure 5 Promotion effect of endophytic strain FQ-G3 to Arabidopsis thaliana seedlings. A: The NA medium
was used as the blank control. B: FQ-G3 was streaked on NA agar. C: A. thaliana root hairs in control group. D:

A. thaliana root hairs in test group.
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Figure 6 Physiological index of Arabidopsis thaliana seedlings. A: Fresh weight of A. thaliana seedlings
(n=30). B: The average length of the A. thaliana roots (n=30). C: Number of A. thaliana root hairs (n=30). The
bar and error bar represented the mean and standard error, respectively (n=30). Different letters indicated
significant differences among groups (P<0.05).
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Figure 7 Growth-promoting effect of the strain FQ-G3 to tomato seedlings. A: FQ-G3 treated tomato plant,
seedling treated with sterile water used as control. B: Number of tomato compound leaves (n=24). C: Height of
tomato seedlings (N=24). D: Length of tomato seedlings taproots (n=24). E: Number of tomato seedlings lateral
roots (N=24). The bar and error bar represented the mean and standard error, respectively (n=24). Different
letters indicated significant differences among groups (P<0.05).
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ZF U FF # (B. amyloliquefaciens) . W [ 71 5% &
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Jit T J& (Stenotrophomonas) fiT i kil 4 e . Xk
FERR AT N A T O B 0, RN A bR e T
6 MFENT, UL T R A TR R

SR IR SR S 42 Fh 4 SRIE R B. velezensis
FQ-G3 X| KA I s U 45 EH , 1
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R RN RIVE R . WF5R 3R B AR 2R FAT R
(Bacillus) i Ak X AR 229 I ol 2 AT I 4E R, dn
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TR 256 9 BRI« Zhang S5 AR/ B
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