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Impacts of growth-promoting bacteria on root bacterial
community of tomato in substrate culture
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2 Shandong Shangdao Biotechnology Limited Company, Ji’nan 250000, Shandong, China
Abstract: [Background] Plant growth-promoting agents have been widely used in agricultural
production, while the knowledge to their impacts on the root microbial community of crops in substrate
culture is limited. [Objective] The objective is to investigate the effects of Pseudomonas sp. JP2-3 and
Bacillus subtilis 754 on the growth and root bacterial community of tomato in substrate culture.
[Methods] The two strains were inoculated by root dipping and root irrigation for the tomato plants in
substrate culture. We then measured the growth indexes of tomato seedlings to explore the effect of
growth promoting bacteria on tomato growth. The strain effects on the composition and structure of the
root bacterial community were analyzed by 16S rRNA gene amplicon sequencing technology. [Results]
The two strains promoted tomato growth. Four growth indexes (plant height, stem diameter, maximum
leaf length, and maximum leaf width) in strain JP2-3 group were higher than those in CK group. Except
stem diameter, the other three indexes in strain Z54 group were higher than those in CK group. Both
strains JP2-3 and Z54 changed the a diversity of bacterial community and decreased the bacterial
richness and diversity compared with the CK group. Particularly, the decrease was more significant in
strain Z54 group (P<0.05). The B diversity of root bacterial community was significantly changed by
strain Z54 while slightly affected by strain JP2-3. The dominant bacterial phyla included Proteobacteria,
Actinobacteria, Firmicutes, and Bacteriodetes, and the dominant genera were Streptomyces,
Pseudomonas, Ideonella, Devosia, etc. The composition of root bacterial community of tomato in
substrate culture was similar to that in soil culture at the phylum level while different at the genus level.
Inoculation with strain JP2-3 increased the relative abundance of Ideonella, Actinoplanes, and
Aquincola, while strain Z54 increased the relative abundance of Brevundimonas and Flavobacterium.
Among the genera with increased relative abundance, many bacteria are beneficial to plants. LEfSe
showed that the biomarkers of strain JP2-3 group were mainly distributed in Betaproteobacteria and
Actinobacteria, while those of strain Z54 group in Gammaproteobacteria. [Conclusion] Pseudomonas
sp. JP2-3 and B. subtilis 754 promoted the growth of tomato in substrate culture and had different
impacts on the composition and structure of the bacterial community in tomato roots. The two strains
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increased the relative abundance of indigenous beneficial microorganisms and cooperated with

indigenous beneficial microorganisms to promote tomato growth.

Keywords: growth-promoting bacteria; high-throughput sequencing; substrate culture; microbial

community
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mldeft, EEFERCERT T, A2 ERSATSE,
Fi2 1:1:2 HL BB IR 5 2 i Bl
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TR T AR R BEE 20 mL ¥R EF -/ 1x10° CFU/mL
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F ik 2 barcode MG Y5, IF2E4T 1551 B
METCAN, SRJ5 6 USEARCH %A 3T 41

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



7 G R A T i R 7 AR AR A T AR ) R

587

HEATAR RIS e R AS 1S )7 51 22 1A (amplicon
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Figure 1
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. KM R SEFR AR L X R 2 CK
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CK JP2-3 754
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A: thi; B: ZEM; C: \KRMK; D: e AMH5E; A

Changes of tomato growth indexes after inoculation with promoting bacteria. A: Plant height; B:

Stem diameter; C: Maximum leaf length; D: Maximum leaf width. Different lowercase letters indicate

significant difference (P<0.05), the same below.
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Figure 2 Chord diagram of sample species distribution.
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Figure 3 Rarefaction curves at the 97% similarity
level.
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Figure 4 Venn graph based on ASVs distribution.
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Figure 5 Alpha diversity index of soil bacterial communities. A: ACE index; B: Chaol index; C: Richness

index; D: Shannon index.
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Figure 6 Principal co-ordinates analysis based on
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size, LEfSe), FR7EA I HALIT#2720
EWBREY . B 8 JEaR T CK. JP2-3 il Z54 4
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Figure 7 Soil bacterial community composition at phylum level (A) and genus level (B).
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ZIE] 2 22 e B E W R e kAL oy SR, 3 T
BN LDA 1323 BEE KT 20

3 A AR E A EE R AR 8 s, TEJ@
K E, CK WA EY FE NS HE
(Streptomyces) . W J& (Microbacterium) ., 7K
FEFF 1 & (Phenylobacterium) . 153K Wi (K 7 &
(Devosia) . #5181 J& (Sphingobium) . 7K /INFF &
J& (Aquabacterium) . AW ¥ J& (Hydrogenophaga)
FH BL T & (Methylobacillus)% . JP2-3 AbFRZHAY
bR BRI A A B (Actinoplanes) . &
IR & (Lentzea) | 18 ERYE TR & (Bradyrhizobium) .
rhg Az MU T B (Mesorhizobium) . 3185 9 )&
(Ideonella) . K PEAT W& (Piscinibacter) . V31
¥ & (Ramlibacter) W5 ¥ il )& (Arenimonas) |
Chryseolinea #1 Corticibacter 55, [ ifw g £ %5

LA T B-ZE T T 49 (Betaproteobacteria) Fll
TR T W (Actinobacteria); JFhi& R . 16%
PG TR Je8 S5 ik 2k T AN 1 2 T e AR 2 Rl BT T
Vi, BRI T YRR . Z54 b FA LR )
br & W) 2 Bk U TR (Clostridium - sensu
stricto) . U H ML B 8 (Brevundimonas) . Fill
B Hfl B J& (Kordiimonas). ¥ 5 B ML I 8
(Sphingomonas) . ¥t I8 )& (Alcaligenes) . T4l
W J& (Cupriavidus) . KMy % # H - & 8 KW
J& (Escherichia_Shigella) . R W& FF )
(Pectobacterium) A ST 16 J& (Acinetobacter)
FRwEE FEE DA T y-LZEEN
(Gammaproteobacteria)% . I FMIEE . 7709
FFE &8 R 2 kR A A5 L SR IRE, AR
THFFAED R . (e AR

a: Microbacterium

b: Actinoplanes

c: Micromonosporaceae
d: Micromonosporales
e: Lentzea

f: Pseudonocardiaceae
g: Pseudonocardiales
h: Streptomyces

it Streptomycetaceae
j: Streptomycetales

k: Chryseolinea

= a7: Sphingobium
B a8: Sphingomonas
B 39: Unassigned

B h(): Unassigned
mm bl: Alcaligenes

mm b2: Alcaligenaceae

mm b3: Cupriavidus

B b4: Burkholderiaceae
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Figure 8 The phylogenetic clade diagram of the bacterial community differences in tomato rhizosphere

between different treatment groups.
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ABEFEFI 16S rRNA FE PR3 155 38 5
DS N T~ Y i S A S T 4 2 | B2/
A A B 2R AR TR (B, subtilis) 254 FVER B0 &
(Pseudomonas sp.) JP2-3 J& B 2 4 & BEVES 24
BCANEER 8L L BAS [ b B 2 [] 6 240 o A
S5K, AT T AERRBURES AR N R 2 e A
T 5 A 2 AR R A R AR AR A 22 5 o T S
Bk &, AR R IARF R RE, Hi,
AWFFTEE RN T T ff A A T AR S AR s AR
S B VR AR 2 40 TR T AR AR I T B
B, TR AR A TR A R SR b i o
HET HLS K HE

AR R, PR AT, FAR
AU ELHYMNEESE BRI
(Proteobacteria) . T | 1(Actinobacteria). &
BETH '] (Firmicutes) F1 L FF B ] (Bacteriodetes)
S, HA AR R A X F R oK, x4
S5 A A5 4 1 A - SR 1 0 M AR A R
KA R, . B4 Lee ZPWgETHER 7 4
M X 23 AN - ERPRE A AR b, A & R
TS S5 A R AN TR R IR AL AR T O AR R TR
[T BT WAFIE T TFERER [ T; Cheng
SERUSE 11 AN A i Rl (4 AR 2R 200 B B 9 A T A
58, RBBIEHTT. WATET TRBRATE 145
o w5 BiREIR R, RATE LB+
SRR AT, FLATR 1] A8 A X T B bR RO
B DO - BRI A T A AR R 4
WA Z R . FEJEAKE 1, Lee %P
RIFA 19 MZ0 OTU KT 12 M 1A 8,
HA A 555 8 (Streptomyces) . RN R
(Pseudomonas) . HLJE 1 )& (Rhizobium) 3 & 1E
AW PR E oo R B, F B B
- SRR 5 1) T 0t A R 2 R R R A S KT R AL

FAETER RS, Cheng ZEPYAGHFGYE rh AL Ho 4L
T—FAANTE 5 Fp RN 2 P EL BT rp A AR
FRANGEAREVE , A INAEA [F] 4338 vh 25 0 AR 22 200 1
FIHEAE 2 BRI Z5 7 EARRT LB O, B L
A E A

FERM L AR B ML TP2-3 J5 AR T bl
RARMAEREE N FEEMEZAEE, HS CK 4
22 5K 183 (P>0.05) o XIS P B 5 B
TAARIR SR, b R v ol A TR D OGRS
PR JW-JS1 7] USR5 NL-895 A7 MR 2 + 1 fal 4=
YRV YR S0, BRI T G Py AP
ZREME . ETDKOE B, R TP2-3 AYALHE
L AT REVE R Rh O, [Hk
PR TR E BT T, X5 B B R AR
WEIE 4 R — B, W E PR LR BRI TR T
PSBO6 ] LI gkt HIERUEYIX &R, $a g
JRCER T BT o5 BOAR R, TR P
FEEHE, TR g T ek L IESR O
TE¥R . TEJRAKF b, HERhER TP2-3 JE RGNy
(34 2 9545 3 48 S 148 (deonella) . B
28 14 J& (Actinoplanes) Fl K J& 1 J& (Aquincola)
Ideonella sp. THI17PY 4% 38 o] DL AT 8% % bR
NH,-N, B HEEAL A R A Actinoplanes (251
B 1 A P2 AW O IR . BRI K B R SR
WAV TETE, XK R RE A FEPURE ), RERS
BER R A AT UL, R R B A
(Pseudomonas sp.) JP2-3 YE—EREE FEEW IR
TR AR AT A DO ) R R

BeFh AL S 2R HUAT 5 (B. subtilis) 754 Z )5,
REAR T Al A R g b AR R R I8 1) - B 2
FEPEFR B0 H 45 R 2 (P<0.05), 28 WV Jin 51 ik
254 X TIEMTERETRE 1) o ZFEVER BE 0
AN, B ZREE T A R RN, WSInE R 254 A
AR T SRR B AR, RN
TRAER A T 22 AR . Qiao SPGB SY K
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B, HRORETHMEZF AT T PTS-394 X iR
AR A T R s Ak, R AR A
TEALFFSE 3 do SR Han PR RF G40 A 3
K3 ZF AT T B1408 9 15 M ZR Gl A Wi o >k 4 ikl
B TARZEG IR, 25 50 & AN T 2 R B
Wang 258t FHZE /AT FKM10 HEFT 70kt
Iy, SRR SN RAML, A MEFEE
FER ARSI, A YR v A e A AR
o TERACE b, LA AR 254 Lb PR 3 2 fifi s
B ¥ 8 (Brevundimonas) Fl ¥ AT I )&
(Flavobacterium) B X £ R, FhEL RN
NS R T 0 245 3 iy — bk - 55 0 U 5 7
Xt NS R EA A EM . Kwak ZPETF
75 HE DR 2 27 o3 A AT AR 3R 6 5 R s 31— ok
BOFFTE,  FLREA R 36 i Al 0 A
W, HERIA B ZEFUAT 1 (B. subtilis) Z54 16— E
JE EA g T AR R i R W AR

WRMAEY REE BN IhEE, WY
RAVE SR | TR, R Y 2
A FAEAE Y IE , X 4ERR Y (R 2
HEAEH . LERRBMAEDFEAE N — AR
b, B B R SR SAE I AR . WS
KU, AR Z RIS MG, R
DU LG 38 A A Py 38 A RE AR i . AR
PR ] LUs sk R R0y . PR
RE L FHFRPUrE . BUBH R WA S =K
AR MR R R A M Rl R B AL B RN 2548 . Berg S50
W AN IR A T E R AR FR AR W A T A 0
o6 R R AL A
Z RIS EBIE N AR S R
FE BG5S R AR
Vol VB TR R IR TR o T BRI A S R R
B AN EL R 2 A T B R e R B AR PR,
FIRE T HEYRER R 2R, JF R T
FFFTR . AR T SA  ZE Y 5 b A

FERI, AR R 254, TP2-3 A3 TR
) g GACEE W) AR 2, (HRRRAIR T B )
MR Z R, JUHE TR Z54 W52 38
= MEWTR KR Z54 15 s TR VR B35 AR A
DU B bR S s RIS DA, BB AR 2 Fh it
WY, X HAA Y A T RIVE R, AR T
SRS SRR Rl WA E S N (1] AR T G X 7 i -3
M E B BB A ) 2R
fiX, A VHT A ) RN, TR B 5T vh 4
2B AT 4 e - R AR M AR R, TR
2B R 4 25t R M B RIAE TR, AR
TR E & AR E A, i, 7Rk
TGS, AL AR BN T AR R E P e
AR ZIA R A (o A B X

PR A R TEAE AR ) 7 . 15 48 FAE I g
FIR T AR R A A A B SOR RS E M R B 3
R, TR AR MR, A
P 25 R U T B B AR X E &, R X R A
A TR TE B AR PR B K- AT 46 0] 5 . T
) — S B 53 0 R X R A R AL T AR GT 1 =
% . filhn: Zhang %PYE AFLP %€ B
subtilis NCD-2 Fl P. protegens FD6 fH: 5 B,
SR 5 R TS 2 B PCR ARG ST T 4 5 AU A
7k, 9T T R EARTE /N ZE AR PR Y 28 B 1 O 5
Guo 5P T —Fh i EAH G B F B b
e, 5L AT DUl i AR bR B R S A )
DRI 2 (R 5 DU BSC U ARL, VA A b A 0 R T 1 B4
Py 1) 1 A e AR i A P 20 51 ) R LT
o BT Bk ik, AU R T AR AR A=
PR CEAE ) AR 2R 1Y) 0 B 100 LA AR 3 A P A
ATE DL

g bk, fERFUREE AT, it AR R
M B (Pseudomonas sp.) JP2-3 FlAk B 2F f T T8
(B. subtilis) Z54 fe it T HFMAK . AR &
AR 22 4 TR A VR A RAE T K F B 5 38R 5 A
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L, EEJEKT FABRRZESR . B 2 Fifd
AR T R RN BRI o ZREME, B
&0 & AR BORM Z A FR B s AR, T FL
Rk Z54 REPRAH P AR B2 0 2 Rl A= Bkt
e AR 22 20 DA RE TR ) AL R A8 7 A TR TR Y
SN, TARE Z54 R AR R AR IR 2R
AT HIR AR L, W ER TP2-3 XHEETE AR
MR XIS /IN . Hefh 2 PR AR TR, 433 m T
AN A S AR AT R, A BTk
YRR, FIRZEA RS A AT
2B TR ROV IR IRR . R 5E ]
DLiE o 7 B D A 2 TS SR A 4 5 2 5 455 10
FBW AR R AR DIRE, b BRI Y
VERMLHI SR AL E A L
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