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S B AR AT AN 5 | RS P AR ) B 0 A 1 — Rk
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A 2B 2 PR A B W 1 B B A R A, AN LA [
AR SR E YU A B IR TR, 1 BLAF
TE T AR A A A 20 T 5 Sl e g 0 R
B IR AUA BY T4 15 50t L3R Wl b A
Bh TR0 A E PSR LY. NI AR E R
MR A AR (A) 0 (B) V320 (C) (ZU(D) | i far
(E) DA K 75 it B4 (F) kb B, 1) Tllumina MiSeq
T B o BT AR RE ) £ AR e 7 i PRVE AR R
PR B ) 22 R S REVE AR, B 7R R A D i i
VERR AR b 2 T it ] 45 R R AR S FR B R R R &R
PLJTT % R A 25 32k o o R L B AR 4 5 B R
WA

1 #MHEFE

1.1 e

FARF i AP 868 (Hh IF A A B RHE AT R
NEER ) HAEEY SO M 315 4T iR
B TA RN R LT ) ; S5 ah P | 25 21

B 262( X4 TR F AP FARAFIEE ) AT
i AR AT (VL9 A A S K RARAFRER) .
A S AR A 25 (IR A8 A8 M B A PR 2 W 328
B 2R 20 (A0 AR L2 2 el Aol A BR A
AR E ) A TR R T
1.2 XIE LR

8 T 20204 6—12 H1E) TU R AR A B 3
Fe 4 (108°17'25"E, 22°51' 02" N) 47 R AAfAL
R 35 em, 242 30 em) , Bl T 43 5% 20 kg
to RHERRUNARZUEE, BAEPERATT . pH 5.71, A 4L
JF 8.42 mg/kg, 4 & 0.51 mg/kg, Wi 0.67 mg/kg,
Sf 7.21 g/kg, AL BE 0.59 mg/kg, HALE 51.01
mg/kg, Blf# A& 13.17 mg/kg.
1.3 REigIT

P ILB E 6 AL B AR A A2 3R (Lactuca sa-
tiva) (A) 75 iR 0838 (Amaranthus tricolor) (B) |
i P A= 320 (Brassica chinensis var. parachinensis)
(C) F A2 (Allium fistulosum) (D) & mnfEA:
T (Mentha canadensis) (E) & i BAE(F) .

P 2B AR 3 a3 DL A R A ot 2B A2 10 em
A IRIE RS R AEAE VR, Bk 6 A A BRI R & i
5EM . BRI, HEWE RS A A R i
WgFe i F 7 A R 4
1.4 HmRESLHE

A ARAR R AR AL T 2020 4F 9 H R, BA
Ah SRR ATL A H 3 M 5 — B et AR AR , T B
R AT R S BB A2 24 25 em W B BE 2, 8K )
TR bR ZZ 5T, R, SR EMR
PP AT R AR PR R bR EHES A R K eh
MR R HEE NIRRT R R R 2R, B R
HRZR R TC % 5T, FHH B2 4 1 57 U1 55 JRURE AR AR R A
i, R ATCTR H B 4807 B S0 %, TR R AR I
IR T A AR S BT
1.5 IRZEFmmE DNARI.PCR ¥ G701 F 5 E

HRZFE i B DNA $EHC PCR 934 A01)3 510 1 2%
F6 e AR Y BE 2GR IRA W 3517 . I Axy-
PrepDNA # i [ iR 57 £ R 4% FastDNA® Spin Kit
for Soil 5 £ (MP Biomedicals, 3¢ [ ) 15 B - 2
DNA, DNA i B #1402 {f | NanoDrop2000 43565t
J# 11 (Thermo Fisher Scientific, 35 [E ) £ , 7 ABI
GeneAmp®9700 | #E47 PCR §" 14 MR & N 2L 40T .
HE PCRIMF SR 1 R .
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Ilumina MiSeq M JF : [7] —#E A PCR 7 9%
H AxyPrep DNAGel Extraction Kit (Axygen Biosci-
ences, 3& [ ) #-47 RIS alifh R4 5 226 BEhE
BEEE AT [T, IR ] Quantus™ Fluorometer

(Promega, USA) X [ 7= 4y g A7 4 I o i filf ]
NEXTFLEX® RapidDNA-Seq Kit #47 8 £ . F] 1
Tlumina 2% 7§ MiSeq PE250 -5 YE47 0 7 ( 58
HAYE R BRA R

®1 WFEESS|MFIETR
Table 1 Sequencing type and primer sequence

EiE/ESid EIE/E2 195 (5—3") M6 P/ bp
Primer type Primer name Primer sequence(5—3") Sequencing platform Product length

R YA Al A 1192R ACGGGCGGTGTGTRC MiSeq PE250 394

Root endophytic bacteria 799F AACMGGATTAGATACCCKG
o 1193R ACGTCATCCCCACCTTCC
MR A FUA
. . ITSIF CTTGGTCATTTAGAGGAAGTAA MiSeq PE250 350
Rootendophytic fungi
ITS2R GCTGCGTTCTTCATCGATGC

1.6 Sitaih

B R H Excel 2019 #1 IBM SPSS Statistics23
Geiti AT ge i oA, R Bt 3 55 AR W B 25 R
Hi A FRA 7 ) T-sanger = 8088 70 B F- & AT R 26 5k
53T o R FH Shannon 48 #0F1 Simpson #8807/~ N
AR Z FEPE |, Ace 38 R Chaol 8 %053 B 4 14 -F

wIE.

2 FHRE5HMH

21 HELEFMERRRNENESFHE

1) F& A AR & N A2 41 1 OTUs (operational taxo-
nomic units, 7 ZEEAERLIT) AT, 20T, 5
T 97 Y6 MU RTRE S AU 3 A TR I 53
BT, BRI 6T R N AE A BRI Pl o3 21077 .47
4,131 H 2138+, 380 J& 596 F #1873 4~ OTUs.

®2 FEFELEBTERFMERIREANEDBRDH S ESIT

Table 2 Statistical table of bacterial classifications in root of tomatoes under different associated cultivations

BRI OTUs AIRA B C A2 %0 Number of different taxonomic categories
Cultivation modes ["J Phylum 4 Class H Order Al Family J& Genus il Species
A 617 19 41 108 173 298 443
B 571 18 37 95 161 290 425
C 637 19 42 104 170 304 458
D 631 19 37 99 165 299 458
555 19 35 97 158 275 408
F 616 19 40 106 172 298 453
it Total 873 21 47 131 213 380 596

TE A TR PEAE A3 B T PEAE T3 5 C i FRAE S0 s D A2 28 B i FEAE AT s F o 30 B . T 1A) . Note: A - Solanum Ly-

copersicum associated cultivations with Lactuca sativa; B: Solanum Lycopersicum associated cultivations with Amaranthus tricolor; C: Solanum
lycopersicum associated cultivations with Brassica chinensis var. parachinensis; D: Solanum lycopersicum associated cultivations with Allium

fistulosum; E : Solanum [ycopersicum associated cultivations with Mentha canadensis; F : Tomato monoculture. The same as follows.

2) TR AR N AN Alpha Z e, HFE 3T
A T S A S A B SR, HAB RRAR 2R N
A 40 T AR R B i R8O 0.99(2>0.97) , R BT
FPa R AAGRIE AR P A M R 2 e, AR AR
VEW) 32K 7 Al AE PR AR 3 9 42 4 78 Shannon 5 205 %
il BAAE Z (] AN A AR Sk 2 25 5 5 [A) I AN ) A 2 Ah 3
Z AV IRANAETE 35 25 57 5 R B A i per b R AT, A B
HE AL BR 5 i BAE (F ) Ace #1 Chaol 8 BUIRANTFAE i
xR, LRGTRIY A SFORFEIED AR
B3 i ek AR B i A R AR R N AR A T Y Z2 RPN

F AT B

3)FAAR RN AN ]2 K. HE1A]
AU, FEARAR R AT N A GH TR 1] 53 2KF R 2 B
b KT 1%) R : A E 1T (Proteobacteria) (i 2k 1471
(Actinobacteriota)  JEBE [ ] (Firmicutes) £ 25 # ]
(Chloroflexi) #LFT ] (Bacteroidota) . 5 & il BAE
(F)AH L, FEA R 5 X et AR AR R v, B 4 13U
FETR T T4 B X — 4 S A S N A R 12 [RI A
FERRAR R OLFA N AR AR T 126 R B 5 b S HEY K A7
b, 85 2, AR AR R A AN AR T 3R e oni A Ak
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Table 3 Alpha diversity indexes of bacteria in root of tomatoes under different associated cultivations

B A FUBH Ace it Chio 1HH H %
Cultivation modes Shannon index Simpson index Ace index Chao 1 index Coverage
A 4.154-0.18a 0.074-0.035a 519.00412.54a 521.234-27.45ab 0.99
B 4.2240.18a 0.04=0.005b 481.144-29.08a 484.46+18.02ab 0.99
C 4.4940.21a 0.0340.010b 555.08+63.87a 554.22434.11a 0.99
D 4.3540.18a 0.04=0.003b 523.35411.09a 515.29426.25ab 0.99
E 4.19+0.16a 0.04-£0.007b 470.79459.38a 460.364-64.46b 0.99
F 4.4140.13a 0.0340.001b 543.75+67.06a 552.37473.00a 0.99
HAts Others & UFFIAT ] Bacteroidota M CAE T J& (Herpetosiphon) , F it A i (E) R A

m [EBERET | Firmicutes m ZVE I ] Chloroflexi

BB ] Actinobacteriota m ZEFEIAT | Proteobacteria
1.0

0.8

at phylum level
£ g

I IRPREE AN L/ %
Percent of community abundance
%

0.0
A B C D E F

AL Cultivation mode
1 AEFELEEREMERIRRANENE
115 KK FEEAT S
Fig. 1 Relative distribution of endophytic bacteria
in roots of tomatoes at phylum level under
different associated cultivations

R ZR I F N A= A0 T AR VR AR, [ I R ek s T AR AR
PR A AR 12 F 2 S T

4) AL ZR N AE AR & 3K o Bl PAEFIAS
() 4 A Ao T 2 AP AR AR R A H DI 58 P 24 A o i (A
XFFEBE AT R TF 106334 (E 2) o TSR (A) i
H(B) 30 (C) (D) AT (E) LR A A (F) Y
PleA Ab T T A ARAR FR 0 N A AN R 230 A 22,
20.22.19.23.23/> Horr i fiE S AR B AT
PP A CHER BT S AN R - BE R W (Streptomy-
ces) . Burkholderia-Caballeronia-Paraburkholderia .
TEIRITCIRE (Devosia) 254 K K J& (Nocardioi-
des) IR R (Massilia) . HHE T i HAE(F) 18
HRIE R (Bradyrhizobium) AN & (Asticca-
caulis) ST A AEAE AL B A B E FrA 9085509 8 41
J& o B bR AR 2 (AR A 103 PN 2B 20 o s A B
HNB B JE (Noviherbaspirillum) , 2 i £ 00 52
(B) R A BN A 40 0 s e sh il & i s (At
noplanes) , T i fEAE 2 (D) FEA AR E N A 4 7 R

B AT 32 PN A 40 B R R IOFE T R (Microbacterium) o
A (F )RR D0 35 N A 20 1 s 6 365 25 F AT 1
J& (Bacillus) WK I & (Marmoricola) FUHEE
J& (Glycomyces) . 5 RFH : HEAMELNEA L, BIR
FAMEA A FEVEY I A $2 5 FARF AR RN
A A& 53 K B T AR FE AR RN
A LA TR & S Sk R EE T
22 HEQEFMEKRENEERSHNE

DFEMWARNAEEREOTUs BEMr. 2T
97 Y6 ALK XA it 7 SIS 7] 43 20K S A T R 2 43
Br(F4), &I 644 PR 2 AL SRRV 7T 43
HOTT.3144 .71 H (127 B 216 J& | 301 Fl Fl 595 4>
OTUs,

2) T RN A A Alpha 280, HEFRS5T]
AL AR AE AN REY) AR AAERAR R N A A AR
T8 RO R TE 85 2 Al AR Z (R DR AN 2 2
55 (Al AS ) A 28 b 3 2 ] DO AR 7E 0 3 25 575 Ik
Hh, RAEAR 2 A B & F 5 B2 1Y Ace Fl Chao 1484,
B A 2B ey (E) A1 AR 26 (A) b ERAD , A R[] A Ak
M5 FEAMPAE(F) ZRIIIAFIEREER . LRSS
SRR AHEFE 5 FPAS [FRIVE ) A8 A 7 i b 3L, TR
Tl T 2 4w AR R A AR AR RN A R R 2R
PR B

3 FEMMARNAE R 150K & 3rAl,
T A AL B AR AR RSN A R T T2 T3
B 1] (Ascomycota) . iH14% B [ ] (Olpidiomycota) 0¥
B ] (Basidiomycota) \unclassified_k_Fungi Bk %& 5
I"T(Glomeromycota) Flai # ] (Chytridiomycota) . %
AAEAE AR SR (A) VL3R (B) V320 (C) V(D) | o
(E) KA KA B AE (F) RS N A JR T 128 (R
R T 10 Bea 4350 3.4.5.4.4.5, Hp E2X
SAE T8 unclassified_k_Fungi, iX—25RE0H . 1
A AL BRI D T AR A A AR R AR R R A 2R AR A
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Fig. 2 Relative distribution of endophytic bacteria in roots of tomatoes at genus level under
different associated cultivations

x4 FEFELEBEREBHERRENEEED T LT

Table 4 Statistical table of fungal classifications in root of tomatoes under different associated cultivations

FER by OTUs AR5 288 JCIH 2880 Number of different taxonomic categories
Cultivation modes ["] Phylum 2 Class H Order Bl Family J& Genus T Species
A 142 7 18 32 54 77 93
B 233 7 9 45 79 109 135
C 259 7 21 41 69 105 135
D 247 7 26 44 72 98 127
E 167 8 19 32 57 81 108
F 285 8 22 43 75 117 157
BT Total 595 9 31 71 127 216 301
£5 RREEMERBEREHRR N EEE Alpha SIS
Table 5 Alpha diversity indexes of fungi in root of tomatoes under different associated cultivations
A ARG AR L Ace FE 5L Chao 14541 BiR
Cultivation modes Shannon index Simpson index Ace index Chao 1 index Coverage
A 1.26£0.84a 0.544-0.23a 71.79£31.70b 71.54+32.12¢ 1.00
B 2.27+1.64a 0.3640.45a 120.244-50.48ab 121.844-49.07abc 1.00
C 2.13£0.86a 0.33£0.23a 148.10x12.22a 150.27+£11.78ab 1.00
D 2.6340.27a 0.194-0.05a 129.764-33.99ab 131.154=37.19abc 1.00
E 1.83£0.95a 0.3540.22a 92.75+22.48ab 87.54425.43bc 1.00
F 1.984+1.18a 0.34£0.32a 160.70+49.33a 160.19449.52a 1.00

0B R AR ING B R AN R b B 2 (8] 22 53 18 35 (P<<0.05) . Note: Values followed by different small letters mean significant differ-

ence between different treatments(P<<0.05).
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Fig.3 Relative distribution of fungi at phylum level in
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Fig. 4 Relative distribution of fungi community in root of tomatoes at genus level under different treatments
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FEA AR S5 BRI 3E Rhizophagus . Plectosphae-
rella . Geminibasidium , % it 11 4= 25 (D) F¢ 41 19
WA B L5 unclassified_p_Chytridiomycota . un-
classified_f_Ceratobasidiaceae . Ceratorhiza . unclassi-
fied_o_Boletales . unclassified_p_Basidiomycota, H
IRGER AT, S A AEA L, AR R R E ) T 2
T A AR AR AR AN A A LR e B AR ARk, I
BT F AR AR R N A T LS T R 43 2K Y
FHE A
3 i i’

YN A TE ) IZAETE TR 45 4% B A 4Urh AR
TS PA) A= 40 e 5 e e O ZH 2 oA A A T LA [
A SRR L K SRR PO | R YIRTIR T &y
T PR o R 4R 5 R 5 % IRV TR A R s
A DL 3 AR el T R T | A Y P I AR 25 0 1Y
A R AR B ] L L S TR P AR S N A
T X TR R PG TG AR AT — 2 SR

5 SR (F)AH EE A AR ARG AL B A 2 AE T
T2 R T A R AR R A AP A A TR S VR A T
IR WUE TR R NS A i T2 F R S T .
AN, 2R JE B T (Proteobacteria ) 4H B 41 & £ Ak ib P 3%
HAR R A4 XL 3 N AR TR 128, R e i
1509 Tian 251076 % B 4 e 2 AL RRAR 22 PN 2
Y PR AR SR B R AR TE B TT (Proteobacteria ) 41 18 5 H
T, £ A AN [ VE P b BRI By T 3 736 R AR £ 4 ik
PR

57 (F) AL SHAR L, f AR Ab 2 SR T B T
025 P T A A AR AR R N A AR 2 AR (H R T
WAE R Y+ 5 . 18 R R W R (Bradyrhizobi-
um) E=FEE A PSR R . 5T CAIESE 18 A iU
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Effects of different associated crops on endophytic microbial
community structure in tomato roots

QIN Xinyi ', HE Lizhen', XIAO Kezhuo', PANG Shichan®, SONG Jingjing®, YANG Shangdong'

1.National Experimental Teaching Demonstration Center of Plant Science/
College of Agriculture , Guangzi University , Nanning 530004, China;
2.Guangxi South Subtropical Agricultural Research Institute , Chongzuo 532415, China;
3.Guangxi Key Laboratory of Beibu Gulf Marine Biodiversity Conservation,
College of Marine Sciences , Beibu Gulf University , Qinzhou 535011, China

Abstract The effects of different associated crops on the structure of endophytic microbial communi-
ty in tomato roots were analyzed to study the diversity and structure of endophytic microbial community in
tomato roots, and to explore and develop the functions of beneficial microorganisms. Five associated crops
and monoculture treatments including tomato associated lettuce (A ), amaranth (B), cabbage (C), chive
(D), mint(E) and monoculture (F ) were set under the same conditions. The structures of endophytic mi-
crobial community in tomato roots were analyzed with MiSeq high-throughput sequencing technology. The
results showed that Streptomyces, Burkholderia-Caballeronia-Paraburkholderia, Devosia, Nocardioides
and Massilia were the top five common dominant endophytic bacterial genera in roots of tomatoes under as-
sociated and monoculture systems. However, Noviherbaspirillum was the special dominant endophytic bac-
terial genus in roots of tomatoes under tomato companioned lettuce (A) associated system; Meanwhile,
Actinoplanes was also the unique dominant endophytic bacterial genera in roots of tomatoes under tomato
companioned amaranth (B) associated system. Moreover, Herpetosiphon was the special dominant endo-
phytic bacterial genera in roots of tomatoes under tomato companioned chive (D) associated system.Fur-
thermore , Microbacterium was the special dominant endophytic bacterial genus in roots of tomatoes under
tomato companioned mint (E). By contrast, Bacillus, Marmoricola and Glycomyces were the unique dom-
inant endophytic bacterial genera in roots of tomatoes in monoculture system (F). In addition, Olpidium,
unclassified_o_Sordariales and unclassified_p_Ascomycota were the common dominant endophytic fungal
genera in roots of tomatoes under associated and monoculture systems. And /mmersiella was the special
dominant endophytic fungal genera in roots of tomatoes under tomato companioned lettuce (A ) associated
system; Meanwhile, Candida, unclassified_c_Agaricomycetes, Phialemonium were the unique dominant
endophytic fungal genera in roots of tomatoes under tomato companioned amaranth (B) ; Geminibasidium ,
Plectosphaerella and Rhizophagus were the unique dominant endophytic fungal genera in roots of tomatoes
under tomato companioned cabbage (C) ; unclassified_p_Chytridiomycota, unclassified_f_Ceratobasidiace-
ae, Ceratorhiza, unclassified_o_Boletales, and unclassified_p_Basidiomycota were the special dominant
endophytic fungal genera in roots of tomatoes under tomato companioned chive (D) ; By contrast, Gibber-
ella was the unique dominant endophytic fungal genera in roots of tomatoes under monoculture system
(F). It is indicated that the compositions of dominant endophytic bacteria and fungi at phylum or genera
level in tomato roots can be altered by associated cultivation with other crops in comparison with the mono-
culture of tomato. The special dominant endophytic bacterial and fungal genera can be enriched by associated
with other crops. The composition of specific dominant endophytic microorganisms enriched by associated
cultivation has the potential to enhance the resistance of tomato to environmental biological or abiotic stresses.

Keywords tomato; associated cultivation; root system; endophytic microorganism; continuous crop-
ping obstacle ; environmental stress
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