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Effects of a microbial mixture on the growth and rhizosphere
functional microbial community of processing tomatoes

ZHOU Hao"', FAN Yongbin"', YAO Nan', CHEN Kedi', FAN Fangbin', BAO Shaojie',
WANG Aiying ', ZHANG Ge’

1 Shihezi University Key Laboratory of Agricultural Biotechnology, Key Laboratory of Oasis Town and Mountain-basin
System Ecological Corps, College of Life Sciences, Shihezi University, Shihezi 832003, Xinjiang, China
2 Xinfan Seed Industry Limited Company of Shihezi Development Zone, Shihezi 832000, Xinjiang, China

Abstract: [Background] Processing tomatoes are one of the major crops for the “red”
planting industry in Xinjiang. Due to the excessive application of chemical fertilizers in
processing tomato production, bio-fertilizer has attracted increasing attention. [Objective] To
explore the effect of a microbial mixture on the growth of processing tomatoes, stimulate the
changes of functional microbial populations in the rhizosphere soil, and provide a theoretical
and practical basis for the development and utilization of microbial agents in the future.
[Methods] We applied the microbial mixture to the rhizosphere and then determined the
agronomic traits of processing tomatoes during the growth period, so as to explore the effects of
the microbial mixture on the growth of processing tomatoes. The 16S rRNA gene amplicon
analysis was employed to explore the effects of the microbial mixture on the microbial
community composition and structure in the rhizosphere soil. [Results] After the treatment with
the microbial mixture, the fruit weight, fruit number per plant, and fruit sugar content increased,
which improved the quality of fruits. Furthermore, the treatment altered the microbial
population and community composition and structure. Specifically, the relative abundance of
Actinobacteria, Acidobacteria, and Bacteroidetes increased. The correlation analysis indicated
that the microbial mixture affected the growth of processing tomatoes. [Conclusion] The
application of the water-dispersible microbial mixture composed of Bacillus tequilensis C-9 and
Sphingomonas A1 in the rhizosphere of processing tomatoes affected the functional microbial
community structure (increasing the relative abundance of some functional microorganisms) in
the rhizosphere of processing tomatoes. It promoted the interaction between rhizosphere
microorganisms and plants, thus improving the quality of processing tomato fruits.

Keywords: microbial mixture; processing tomato; analysis of 16S rRNA gene amplicons;
functional microorganisms

AR — M BA T R (ERREY R A2 N Z R, I%J?Im
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%ﬁ%ﬁﬁﬁ%ﬁ’]ék A RANEST S HETRF R R R AR K

S ARBRAE AR T AT DLE i F B AR R I ZE AR A (Bacillus tequilensis) C-9
WAARBR GRS, WUEEY RN R T HIS RN N e AR AR R 1, SRR C A TS
FHHT SRS A, Z B HN) iz e FWNZR R AT ™, B ) A
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P 7 BRI VE B /K SR R L T L™ A B 1
YR % B AT (Sphingobacterium) Al
O3 BUR R BT BRAR PR, S 2t IRBA TR, RE
PR LR AR R - R BE- 1R IR
(1-aminocyclopropane-1-carboxylate, ACC) it %
fitg, BATESRAIE A, A = B i Al
MR ZEAAT I C-9 IRAH & MEEYE
A, AR 1:9 B9IRE HE T BA SR r)
B At 2 sOR i L T — R A

Jin 1.7 i (Lycopersicon esculentum Mill)J&
108 A 50 P A — bR R 28 1Y, B R N A
IR Z M ERZ —, FERE X E oy it A =
KN T ALK 22— i it [X g T LR
KRBT 5, BRI 22K JEfeE . H IR
RERR &2 /0, N LR AAE R I A G 19 28 1T
AT, H A S A LA A
A #9342 A A
AN 7 Ml 8 7 ARl 228 5% U Je 1 B 2
AR IR A AR A oA | BRAE R SR
BOR, A=A P B sk i BB AR
S¢St ipied AN B2 S R N il N U (B
L A BB SR R, RO T 8 K R K
A WNE I FH A I T8 a0 A 7 S e ) £

AR 38 2 o0 T ki A AR AR Bt fin T 5K
SRR AR, A T i AR R R A R IR
PR, RITIR S BRI 3 i A K 152
FFFIH 16S rRNA P4 3G 1M 7 B R IRSTIR
B B AR PR G 9 000 BV 2B % R s 24
FOSZI L LU D A 1 T 00 ) T e A S B A
I B AL B 0 92 LA

AR

1.1 ##
1.1.1 I EmMFRIRXEE
MTHE MM T NATE 475, HAaTITAX

BRI A PR AR s RREAR ZF AT B (Bacillus
tequilensis) C-9 . ¥ %4 5 FT 14 (Sphingobacterium)
Al SR AAMF KRR A Y EARE LS,
1.1.2 EHFRE

LB R 7 3(g/L): NaCl 10.0, FHE 10.0,

M BRI 5.0, BUIEHY 16.0-20.0 ([E14), 121 °C
K 20 min?!,
1.1.3  EERXFIFNES

+HERUE Y DNA S0 &, LRk 4
PR ) A PR F] 5 2xHieff® Robust PCR Master
Mix {776, YEASEN 2~ #], HLHVIE I 554
HFEMERAEEOARA R A mHEE 0L, #]
A LB AR T B AT R A F] 2t 1)
R OEAE £ 5, L-COR A,
1.2 EEAE

PREUL R R C-9 A1 23 B4R T 50 mL LB
Frgisbr, 25 °C. 160 r/min fHIRIEFE 16 h H4%
PP SRIGTRIBURAFI T 2.5 mL (A1:C-9 &
TR 194685 50 mL KA LB Bt
H1, 28 °C. 160 r/min & 72 h il lIE A B &
P . BUR R AR T 16 °C. 4 000 r/min Z5.0>
10 min, 7 40 mL B35, ¥ 10 mL BiHRYS
DUUEIRS), TRABIRSI

ol A7 TR ARG ) B 751 ) TR A TRy
AT 900 uL Z&IE/KAY 6 32 1.5 mL B0 KA,
WEHL 100 pL R EERIIAGE 1 L 0E Y,
WEKFTRE], WHZ B L IR A N
107" FRG R, AN 107 R RR A B0 I 100 pL
TR, A 107 R R B, AN 2 4
PRSI A . B350 R G R R . R BR
PIFRREI AT L S0 L i 205557 e 3km, Ik
At R BRI ST IR A TE R TR e R, B TS
FRAE 28 °CHi R 1 d JR i TEE 4L
1.3 MIBEMEEMKEERE

IMTFERMFEN, EENAEAREK30d
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e, BN TLEmA B EEAMENE 7d, REH
AENKH A
1.4 REBEFTIAYAM

WEAHE AR O EER) 2. 4 A
6 g/kg T3, HAACEE 4 AERE, RIS HR 16 4
MK, N ERARE R 8 m (K)*2 m (FE), B/
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TR AR =], WS T2 i i AR
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HR B it v A B 7
1.5 EEEFEANNIEMRE KNS
1.5.1 MIFEmMEKIENR

BEMLEURE 3—10 R4, [A]—4& 2R i
UBCHIR] , TE I 38 AR 4 & 7 s 00 0 e HL ke
L B ER, MRS E, R
S AR AR B R B R R R
SCREAR . RSEEMEE . ARG AL, RS
S IRBORUE R TE o g5 A o T A AR A
AR,

RIS B {6 ] IBM SPSS statistics 23 X il
E W SR IR EE AT BN 2R 25 400, HRR Il
il {# F Origin 2019, F[d],
152 MHAEMSZRRASHINE

K2t 2 1 1 15 OB 500 E R S kit
DN I T2 e R D REN A ARSI 2 3
PICSE MR E N 10%-15%,
W KA TALIF B2 SN 300 mL/min, .
- H RN 28 °C. T 7:00 JF4f i E 2GR 2
AL, BUM RO R, BEASARERI S i,
25 22 9 S 8500 R F i XSRS Hie R 40
FI 23 229G 2 HEA T o B0 1 ]
F 5 KRR KA EZE (vapor pressure defici, VPD)
PEFEAE 1.2-1.8 kPa 22 JA]
1,53 MIBFMRIREMNE

N3 Al R S A 25 T R B T

B BB o R == ) B T B S s B
B R AT 6
1.54 MIBMREAAMEIENNE

BT g fin T3 At SR 52 A 22 i 3 mL it
o, ArIRPEEAEER, FEFEE 10 mL BO0E, R
2B DEEE, 4 000 r/min B0 10 min,
W B WROE 2516 25 mL 5. B 1 mL A
A VI 1 mL ZE1RK, IIA 1.5 mL 3,5- - fig &
JK#1R (3,5-dinitrosalicylic acid, DNS)F,
K 5 min, BHJGIA 16.5 mL 2508k, 1R
Ja A6 HIAE , 73 Biid 5% ODsyo fH o
1.6 SREETAXIRRLIERE DR
S HIFZ 00
1.6.1 MMIFEMMRFRLIBUEIEEEL DNA
RE

FREL 2.5-3.0 g IR G ST HIARPR 1, WA
TR, SR FH 4554k ) DNA $2BGR 7] & 42 BUR
PrRiscd: ¥y 72 JE R 40 DNA, 4 °CIEc. i 3 hg
W BE I FL VKRN DNA it
1.6.2 16S rRNA EFE{ T 54

R 4 BT T G TR R X6F - 3 A4 TR h AR 1) 52 )
XTHHTR 16S rRNA JE K ¥4 1) V3-V4 A A8 X i
17 PCRY G, w44 22 2 B0 6 (ol FH U B 5
PEJH 341F (5-CCTACGGGNGGCWGCAG-3")H
805R (5'-GACTACHVGGGTATCTAATCC-3")K
314 . PCR J W& £ : 2xHieff® Robust PCR Master
Mix 15 pL., Bar-PCR primer F (0.2 umol/L) 1 pL,
Primer R (0.2 umol/L) 1 uL, #i4iz DNA (9-30 ng/uL)
1 uL, ddH,0 #M 2 30 uL. PCR i 444 94 °C
3min; 94°C30s, 45°C20s, 65°C30s, 54
fEFR; 94°C20s, 55°C20s, 72°C30s, 204
E¥F: 72 °C 5 min, 26 2 %P 15| A Illumina ¥
3L PCR M %5514 . PCR S 14 R : 2xHieff* Robust
PCR Master Mix 15 pL, Primer F (0.2 pmol/L)
1 uL, Index-PCR Primer R (0.2 pumol/L) 1 uL,
}i# DNA (9-30 ng/uL) 1 uL, ddH,0 #ME 30 pl.
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163 HiE4biE 2 HERE540
MR T BRI, | s s o Ty e
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(operational taxonomic unit, OTU)RZE[PIE T hin 17 i T 48 A SR M T 0 A 4 25 35 e A
J¥ 51| 2% 5 (amplicon sequence varian, ASV)Z: ] HeAHR(E 1), S5RF, X HRSZER (control
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£ 7
& 100 5 50
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g F g be 2 —~ 40} b ab a
, : i
2 2 3 §35r g M [L
S 60 g =30 .
5 2 225t
S 40t © ﬁ 20t
3 g £ s
> 20+ 2 A/~ 10+t
= =
& . 2 . St .
= CK 2 4 6 5 CK 2 4 6 CK 2 4 6
© Concentration of bacterial z Concentration of bacterial Concentration of bacterial
agent applied (g/kg) agent applied (g/kg) agent applied (g/kg)
D 18f E 18-
_ 15r a a = 1.5} a a
Buzp b <iof 0
Y =
g 6f =06
)
3t =03
0 - 0.0 .
CK 2 4 6 CK 2 4 6
Concentration of bacterial Concentration of bacterial
agent applied (g/kg) agent applied (g/kg)

1 AELETMIFMEKEFRENL A A HEREE. B: LG HEE. C: #k. D: ZEHL E:
Mo FIREEE. ANF/NG FRERIR 25 5 B 2 (P<0.05); CK 7m0 BRZL (G it in i1 51 b #). W)

Figure 1 Growth index changes of processing tomato under different treatments. A: Chlorophyll content of
leaves. B: Net photosynthetic rate. C: Plant height. D: Stem diameter. E: Fresh weight. Different lowercase
letters indicate significant different (P<0.05); CK represents the control group (no microbial agent treatment).
The same below.
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W3 WAL, iR A R AL B T
AR SR

T it A SIOBE B e A LR IR S XU |
AN HAD B 5 B A 5, R e R

A 14p
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Fruit number
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=
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1.0F o
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%10t
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= a a ab
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Figure 2 Changes of fruit growth indexes of processing

tomato under different treatments. A: Fruit number.
B: Total fruit weight. C: Sugar content of fruit.
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Figure 3 Changes of fruit quality of processing tomato under different treatments. A: Red fruit number and

total fruit number. B: Fruit diameter aspect ratio.
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KE 2-3 HAMFERIEZHEEMEEEST
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ACE #880h CK Q)b PR e, HAS 47 16K
B 6-3 LHAMYIRF] 98%LA |, (HEMEAKEE, &
AR Z (B ZAEPERS B A O e R 2
Ui TR A B R A B T F AR AR PR - A 2
FE B 52 e AN B
232 BEEMEXMSH

W AN R Ak BN AR B - HEREAS ) OTU
HATHRR, 25BN (E 7) CK. 2. 4 F16 g/kg
TIEFFINAG 0 OTU & 53718 2 490, 2 466,
2466 12436, HH AR T LA OTU
Kl 2 086, AT OTU B34k 404, 380,
380 11 350, 43l EEH 64.33%. 60.51%.
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x1 TELETMIEMRETIRMAE SRR

Table 1 Analysis of bacterial diversity index in rhizosphere soil of processing tomato under different
treatments

Sample OTUs  Shannon Chaol ACE Simpson Shannoneven Coverage (%)
2-1 1967 6.284 9 2435.003 6 2 380.793 0 0.004 6 0.828 7 98.22

2-2 1908 6.209 6 2221.698 2 2 288.209 4 0.005 2 0.822 0 98.31

2-3 1984 6.3317 2349.0353 2 356.909 9 0.004 0 0.8339 98.34

4-1 2008 6.299 9 2422342 1 2 378.288 6 0.004 2 0.828 4 98.57

4-2 1753 6.186 1 2131.828 6 2176.640 5 0.004 7 0.828 2 98.10

4-3 1982 6.192 6 23949811 2429.984 0 0.006 0 0.8157 98.22

6-1 1718 6.173 0 2182.902 5 2211.6657 0.004 8 0.828 7 97.58

6-2 1955 6.259 6 2310.229 5 2325.903 8 0.004 5 0.826 0 98.40

6-3 2001 6.294 0 2387.574 6 2401.698 3 0.004 1 0.828 0 98.31

CK-1 1 824 6.127 5 22153943 2234.057 8 0.005 5 0.816 0 98.32

CK-2 2084 6.2933 2410.253 4 2403.730 6 0.004 3 0.823 5 98.88

CK-3 2061 6.312 6 2472.1395 2459.930 2 0.004 1 0.827 2 98.50

233 IDNEEMRMEMBEN S
G277 B R AR LR T 1K B
VR L5 HE o N A FEAS BV S5 K8 43 BT EE X 22 1
AT FEEEAR E (B 8A). ZR TR, MRS
PR 710 ) Ah 3 2 5550 R Jn T 7 o AR B = 3 v
RN R ] (Actinobacteria) AE L 1R 7]
(Proteobacteria) . FRFT | ](Acidobacteria).

4 g/kg 6 g/kg
CK - - 2 gfke
35 26 28
20 81 69 14
2086
31 B 2
88 109
40

&7 AELCETMIEMRREAREOTU HHE

Figure 7 The distribution of OTUs in processing
tomato rhizosphere bacteria under different treatments
Venn diagram.
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W5 4N ] (Cyanobacteria) , 225 1 [ J(Chloroflexi) .
ZF B T ] (Gemmatimonadetes) . 48l 4T 1 ]
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Figure 8 The relative abundance of dominant bacteria in the rhizosphere of processing tomato under
different treatments. A: Dominant bacteria in each treatment group. B: Dominant bacteria at the phylum level.
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Table 2 Correlation analysis between functional microbial community and growth index of processing tomato

Functional Actinobacteria  Acidobacteria Bacteroidetes Sugar  Total fruit Fruit Aboveground Plant Stem
communites and content weight number fresh weight height thick
characters

Actinobacteria 1

Acidobacteria  0.601 1

Bacteroidetes 0.271 0.920 1

Sugar content 0.335 0.951* 0.995%* 1

Total fruit weight 0.877 0.839 0.559 0.633 1

Fruit 0.914 0.858 0.591 0.656  0.987* 1

number

Aboveground 0.934 0.395 0.106 0.145 0.655 0.736 1

fresh weight

Plant height 0.827 0.876 0.622 0.694  0.995** 0.977* 0.585 1

Stem thick 0.922 0.815 0.524 0.596  0.994**  0.995** 0.731 0.980* 1

*: P<0.05; **: P<0.01.
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a5 P A PR R YR A S A A 2R AT I
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