+ # (Soils), 2019, 51(1): 51-60

DOI: 10.13758/j.cnki.tr.2019.01.008

REERIRE VBRSNS M

ﬁ =g Bl J }"‘
2 =] l%. =2 l}nsl i ﬁ}l:
12 1* 2
9 9 5
a /
2
MiSeq Illumina
16S rRNA V4+V5 ITS1+ITS2
4 554 OTU 1 298
8 (RDA)
61% >pH>
[llumina
S663.9 A
(Fragaria ananassa Duch.) (Rosa-
ceae)
[1]
[2]
[3] ”
[4]
[5]
(BE2016369)
* (njzhaomz@163.com)

(1993—)

http://soils.issas.ac.cn

210014
230601)
15
OTU
16
pH
> > > > >
Biolog [d1
[llumina MiSeq
[6-7]
MiSeq
[8-9]
113 ”» “
[10]
(SXGC[2017]261)

E-mail: 843003818@qq.com



52

51

1
2016 9—11
1.1
4
0~20cm (BM)
(G) (S) (FJB)
(CK)
1.2
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5'-GTGCCAGCMGCCGCGG-3" R 5'-CCGTCAATT-

CMTTTRAGTTT-3") ITS1+ITS2 (F 5'-CTT-
GGTCATTTAGAGGAAGTAA-3" R 5'-GCTGCGTT-
CTTCATCGATGC-3")
PCR PCR 15 mmol/L MgCl,
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73.0 ul 100 pl PCR
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BM Reads 547 484
S Raw Tags 542 038  Clean Tags
FIB pH 1298 OTU [13]
2.2 OTU
15 Reads 97% OTU
623 498  Raw Tags 566 667 ( D
Clean Tags 4554 OTU 15

x1 EHEIRERIIREBAER

Table 1 Physiochemical properties of strawberry rhizosphere soils

(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) pH

CK 152+001b 1.06+0.0lc 853+00le 17.13+0.0l1c 0.14£0.01Db 041+0a 0.12+0.02d 7.3+0.02a
BM 1.79+0.02a 1.61+0.03a 855+£0.03d 2666+0.02a 0.11£0.02¢ 0.36+0.03b 0.23+0.03a 7.26+0.001b
S 147+£00lc 148+0.01b 10.07+0.0la 21.45+0.04b 0.15£0.03a 0.24+0.01 ¢ 020+£0.001 b  6.51£0.02¢

FIB 0.86+0.03e 0.59+0.02e 9.07+0.03¢c 12.63+0.0le 0.11+0.02d 0.21+£0.04d 0.12+0.01 e 58+0.01e

G 1.04+0.01d 0.89+0.03d 9.86+0.00b 14.83+0.01d 0.007+0e¢ 0.14+02e¢ 0.15+0.01 ¢ 6.4+0.02d
CK BM S FIB G
P<0.05

St®)
S
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7 BM1 & - g]\Kﬁ
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Fig. 1 Bacterial (A) and fungal (B) rarefaction curves of strawberry rhizosphere soils
2.3 Observed species Chao CK
Observed species Chao 4.18% 7.06% 7.41% 8.35%
2 BM S Observed CK FIB G Observed
species Chao CK species Chao Observed species
10.80% 14.50% 10.84% 13.28% CK 40.74% 40.88%
CK FIB G Observed Chao CK
species CK 24.04% 37.32% 38.51% FJIB CK G
21.61% Chao FIB CK CK BM S FIB G
G CK BM S G FIB G
FJB BM S
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S FIB G Simpson CK
Simpson Shannon 4.26% 3.19% 3298% S FIB
2 BM S Simpson CK G CK
Shannon CK Shannon BM S FIB G CK
3.12% 5.34% 3.12% 8.25% FJB G 1.72% 9.78% 17.67% 42.53%
Simpson Shannon FIB G CK CK
CK  Simpson 1.04% Shannon BM S FIB BM S G
8.62% G CK 3.13%
12.50% FIB G CK BM
Simpson CK 2.13%
®2 ESRNIBRARMERHEFEEMSFEEY
Table 2 OTUs’ abundance and diversity of bacteria and fungi in strawberry rhizosphere soils
(V4+V5 )
Observed species Chao Simpson Shannon
CK 1 855.67 = 78.69 ab 2 304.00 £ 66.53 a 0.96+0.04 a 824+0.77 a
BM 2 056.00+51.19 a 2 638.05+49.75a 0.99+0.00 a 8.68£0.24a
S 2 056.00 £ 50.29 a 2 610.39 £46.60 a 0.99+0.00 a 8.92+0.13a
FIB 1409.67 £22.48 ¢ 1806.02+15.29b 0.97+0.01a 7.53+0.34a
G 1651.00 = 186.12 be 2265.79 +£242.09 a 0.93+£0.05a 721+1.10a
(ITSI+ITS2 )
Observed species Chao Simpson Shannon
CK 351.00 £55.61 a 371.75 £ 66.14 ab 0.94+0.03 a 5.83+0.35a
BM 365.67£29.34a 398.01 £42.20 a 0.96+£0.01 a 573+0.13 a
S 377.67+27.72 a 402.79+30.24 a 0.90+0.06 a 526+0.58a
FJB 208.00 = 12.06 b 219.77+15.70 ¢ 091+0.02a 4.80+0.17 ab
G 220.00 +£51.63 b 228.60 £ 55.53 be 0.63+0.14b 3.35+£0.88b
2.4 ( 3
(
10 3)
52.39% ~ 87.67% 1.88% ~
7.79% 3.06% ~ 18.23%
FIB(87.67%)
« 3 G(85.02%) S(66.79%) CK(60.35%) BM(52.39%)
23.51% ~ 35.46% BM S FIB G CK
11.51% ~ 29.17%
8.48% ~ 16.48% 6.4% ~
15.14% 5.88% ~10.39% CK (1.74%)
BM S FIB (12.60%)  Nocardioides(1.11%) BM
G CK FIB CK BM Escherichia-Shigella(3.44%)
S FJB G CK (1.71%) (6.58%) (2.19%)
FJB CK (2.23%) Nocardioides(2.81%)
(1.29%) S (7.04%)
(3.21%)  Nocardioides(1.36%)  Gaiella
5 (1.04%) (2.1%) (1.14%)
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FJB (7.68%) Massilia
(1.83%) (11.78%) (2.44%)

(5.60%) Nocardioides(1.29%)
(2.24%) G (1.28%)

(19.65%) (3.29%) Oceanobacillus
(2.68%) (1.53%)

( 3 CK
(5.25%) BM
*3

(6.8%) (4.45%) Mycothermus
(6.13%)  Westerdykella(3.62%) (7.26%)
Phylloporus(2.72%) S
(18.04%) (2.36%) (1.85%)
(7.41%) (1.5%) FJB
(28.52%) (13.87%) (1.47%)
(1.1%) (2.63%) G
(1.86%) (2.16%) Mycothermus
(1.44%) (1.18%)

EERFDIEMENEIMBKELNEETIL(%)

Table 3 Changes in relative abundance of microorganisms at phyla and genera level in strawberry rhizosphere soils

CK BM S FIB G
31.19+5.13a  3546+3.77a 3139+22la 3294+440a 2351+537a
0.02+£0.00b  0.11+0.07b  044+0.15b 7.68+2.86a 1.28+043b

Escherichia-Shigella ~ 0.04+0.02a  3.44+341b  0.04+00la 0.08+0.04a 0.12+0.05a
075+034a  047+026a  042+0.19a 053+0.16a 043+0.0la
Massilia 0.52+0.12b  029+0.05b  045+0.13b  1.83+032a 028=0.12b
031+£0.08a 1.71£1.55b  034+0.03a 0540052 035=0.13a
Haliangium 097+0.04a  058+£0.07b  082+005a 053+007b 0.25%0.09c
16.10+3.39a 13.48+257a 11.514098a 18.17+4.94a 29.17+4.59a
1260+ 1.12b  6.58+239b  7.04+071b 11.78+3.83b 19.65+1.55b
174+ 147b  084+033b  063+=009b 244+089b  3.29+1.28b
Oceanobacillus 0.50+£049a  029+0.11a  032=0.19a 022+022a 2.68=2.14b
0.11+£0.04a  2.19+£2.17b  0.00=£0.00a 0.11+0.02a 0.1820.10a
0.07+0.05b  0.04+£0.0lb  002+£0.0lb 024+0.13b  0.25=0.08b
9.09+1.02bc 1459+1.91ab 14.64+1.76ab 1648+237a 848=1.94¢
070+£020b 223+1.19ab 321%159ab 5.60+226a 1.53%0.51 ab
Nocardioides 1.11£0.14bc  281+043a  136+0.07b 1.29+037bc  0.60+0.09 be
Gaiella 0.83+£0.03ab 0.65+£0.11b  1.04£002a 0.05+0.0lc 0.74%0.21 ab
029+002bc  0.66=0.11a  044+0.10b 022+0.03c 0.12+0.04c
0.66+020a  0.04+0.00c  0.15+0.03bc 0.06+0.0lc 0.10+0.02 be
Solirubrobacter 037+0.05a  040+£0.06a  034+005a 0.01£00lb 007=0.01b
15.14+£390a 6.82+0.83ab 820+053ab 640+ 1.89b 10.62+4.24 ab
Blastocatella 098+040a  0.09+0.02b  0.10+£0.02b 0.04+0.01b 0.04+0.02b
Candidatus Solibacter ~ 0.09+0.02b  0.06+0.00b  0.15+0.02b  0.66+026a 0.16+0.08b
Bryobacter 041+0.14a  0.3+002b  0.07£0.02b 0.19£0.05b 0.07£0.03b
%%ZZ:[Z;S 0.02£00lb  0.05+001b  009£0.04b 036+0.10a 0.05%0.03b
0.00+£0.00b  0.00£0.00b  0.00£0.00b 0.05+0.0la 0.00=0.00b
Granulicella 0.00+£0.00b  0.00£0.00b  0.00£0.00b 0.03+0.02a 0.00=0.00b
6.11£1.08b 9.10£0.89ab  10.39+0.12a 588+0.76b 634+195b
0.58+0.10b  039+£008c  099+003a 0.10£003d 022=0.05cd
Nitrolancea 003+00lc  004+£002c  029+000b 0.63+0.10a 032+0.11b
0.01£000b  037+0.03a  003£00lb 025+009a 0.05=0.02b
Litorilinea 002+001a 002=£0.0lab 001=0.0lab 0.00=0.00b 0.00+0.00b
004+00la  001£00lb  0.00£000b 0.00=£0.00b 0.00+0.00b
0.00+£0.00b  0.01£0.00b  0.00£0.00b 0.02+0.00a 0.00=0.00b
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(P<0.05)

CK BM S FIB G
5.50£090b 4.63+0470 831+0.55a 5.08£0.60b 398+1.33b
098+0.15b 0.70 £ 0.07 be 2.10£0.17a 224+0.38a 0.60+0.18 bc
580+ 1.26a 517+0.12a 4.18+0.56ab 2.76+047b 3.59+0.73 ab
026+0.10a 0.23+£0.08a 0.71+033a 056+029a 0.52+028a

Flavisolibacter 0.51+0.24 a 0.15+0.02 b 0.13+0.0lb 028+0.03ab 0.12+0.05b
Niastella 0.08+£0.03abc  0.16+0.05a 0.05+£0.0l bc 0.12+0.02ab 0.07 £ 0.02 abc
Ohtaekwangia 0.14+£0.03b 021£0.02a 0.03+0.01c 0.00£0.00c  0.04+£0.02¢
Chitinophaga 0.28 £0.18 a 0.00 £0.00 b 0.03£0.00b 0.03£0.01b 0.07+0.04 ab
4.64+0.88 a 455+£051a 386+025a 396+033a 3.09+092a
0.85+028a 039+0.03ab 0.44+0.03ab 0.64+0.09ab 0.38+0.16 ab
0.62+0.15a 0.74£0.08 a 0.61+£003a 0.17+0.01b 048+0.13a
0.66+0.16a 0.50£0.04 a 0.21+0.03b 0.17+0.04b 0.11+0.05b
Pird lineage 0.16 = 0.05 be 0.33+£0.05a 0.16+0.01bc 0.01+0.01d 0.19+0.06b
Singulisphaera 0.13+0.03b 0.0820.02 b 0.13+0.01 b 029+0.04a 0.09+0.04b
1.95+1.14 ab 142+£0.29b 1.07£021b 3.14+0.83ab 7.07+3.68a
0.03+0.02 a 0.00 £ 0.00 a 0.04 £ 0.02a 0.00£0.00a 0.02+0.00a
0.01+0.00 a 0.04 £0.04 a 0.00+£0.00a  0.00+0.00a 0.01+£0.00a
0.00+£0.00b 0.03+£0.01 a 0.00£0.00b 0.00£0.00b 0.00£0.00b
0.00£0.00 a 0.03+£0.02a 0.01+0.0la 000+0.00a 0.00+0.00a
Chlorogloeopsis 0.00+0.00 b 0.04+0.02a 0.00£0.00 b 0.00+0.00 b 0.00+0.00 b
Persicaria minor 0.00£0.00 b 0.00£0.00b 0.00£000b  0.01£0.00a 0.01+0.01a
0.74£0.06 b 1.37+£0.07 a 1.24+£0.19ab 0.80+0.04b 0.71+0.13b
0.64+£0.02b 1.29+£0.07 a 1.14+£021ab 0.74£0.04ab 0.57+0.10b
0.00£0.00 ¢ 0.06+0.01ab  0.02+0.01bc 0.02£0.00bc 0.07+0.03a
0.00 £ 0.00 a 0.00 £ 0.00 a 0.00£0.00a 0.00+£0.00a 0.00£0.00a
0.00£0.00 a 0.00 £ 0.00 a 0.00+£0.00a  0.00+0.00a 0.00+0.00a
60.35+7.15b 52.39+0.73b 66.79£4.83b 87.67+1.11a 85.02+5.33a
0.83+0.38b 6.80+045b 18.04+1.84ab 28.52+492a 1.86+0.27b
095+£025¢ 445+0.65bc  236+0.77bc 13.87+2.83a 2.16+0.87 bc
Mycothermus 0.00£0.00¢ 6.13+1.00a 0.11£0.02bc  0.00£0.00c 1.44+044b
0.59+031a 0.30£0.03a 0.70+0.24 a 147+£027a 1.18+0.53a
0.81£0.37 ab 0.21 +£0.07b 1.85+0.86a 1.10£0.22ab 0.13+£0.09b
Westerdykella 0.06£0.01b 3.62+£0.90a 0.04+0.02b  0.04+0.02b 0.03+£0.02b
525+ 1.51 ab 7.79+138a 741+£2.15a 2.64+039b 1.88+0.66b
525+ 1.5l abc 7.26+1.18ab 741+215a 2.63+0.38cd 0.58+0.29d
0.00+0.00 a 0.00£0.00 a 0.00+£0.00a  000+0.00a 0.00+0.00a
18.23 £9.61a 1547+5.73a 720+234a 3.06+£0.77 a 532+1.72a
Phylloporus 0.90+029a 272+248a 0.17+0.09a  007+0.05a 033+0.17a
0.11+0.10b 0.+£+0.26 b 0.22+£0.04b 023+0.11b 0.67+0.44Db
Pseudozyma 0.85+0.69 a 0.19+£0.06 a 0.63+020a 051+003a 026+0.11a
0.01+0.01a 0.02+0.01 a 1.50+1.49a  0.00+0.00a 0.00£0.00a
0.04+£0.02b 0.01£0.00b 0.01+£000b 0.01+000b 0.03+0.03b
Bjerkandera 0.08+0.07a 0.05+0.03a 0.07+0.02a 030+027a 0.02+0.0la
2.10+0.69 b 6.16+229a 0.30£0.11b 0.04+0.02b 1.07+0.34b
Spizellomyces 0.00 +0.00 b 0.39+0.16 a 0.00 £ 0.00 b 0.00£0.00b  0.00+0.00b
Pateramyces 0.01+0.00b 0.24+£0.06 a 0.07+0.06b  0.00+0.00b  0.00£0.00b
Rhizophlyctis 0.00 = 0.00 a 0.00 £ 0.00 a 0.01+00la 001+00la 0.00£0.00a
0.02+0.02a 0.00+£0.00 a 0.00+£0.00a  0.00+0.00a 0.00+0.00a
0.08 £ 0.02 ab 0.19+£0.10a 0.00£0.00b  0.00+£0.00b 0.00£0.00b
Paraglomus 0.00£0.00 b 0.19+£0.10a 0.00£000b  0.00+£0.00b 0.00£0.00b
0.07+0.0l a 0.00£0.00b 0.00£0.00b  0.00+£0.00b 0.00£0.00b
13.99 +3.80 18.00 £ 2.05 18.30 £ 1.92 6.59 +0.46 6.71£2.72
Reads / Reads Xts (n=3)
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2.5 OTU
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CK BM S G FIB 1858 2058 2064 806 OTU 107 OTU CK BM S
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Fig. 2 Venn diagrams of bacterial (A) and fungal (B) community in strawberry rhizosphere soils
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Fig. 3 Redundancy analysis to explore relationship between
(P<0.01) microorganism community (phylum) and physiochemical
( P<0.05) characteristics of strawberry rhizosphere soils
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F4 TEMBEBOIKT)E IRELERAEXE
Table 4  Correlation between dominant microorganisms (phylum) and physiochemical characteristics of strawberry rhizosphere soils
pH
0.382 0.303 ~0.457 0.444 0.254 0.460 0.400 0.182
—-0.577" —-0.552° 0.265 -0.801" —0.450 -0.571" —0.558" —-0.298
-0.016 0.121 -0.033 0.315 0.305 ~0.064 0.217 ~-0.373
0.566" 0.788" 0.282 0.372 0.811" 0.112 0.726" 0.225
0.126 -0.097 -0.161 0.084 -0.408 0.319 -0.198 0.412
-0.955™ -0.821"" 0.489 —0.498 —-0.602° —-0.839" —0.837" —0.8717"
0.68" 0.438 -0.582" 0.271 0.151 0.765™" 0.456 0.776"
0.820" 0.842" -0.187 0.577" 0.716" 0.584" 0.826" 0.565"
* P<0.05 ok P<0.01
(14] 0.13% ~ 1.85%
[15] (
)
[16] [28]
3.2
23.51% ~ 35.46%
[17] [18] [19]
6.4% ~ ( 2
15.14% 201 peralta Y
[22] [23]
[24]
3)
4 Liu B%
[31] pH
pH [32]
[25]
5
[26]
[27] [34]
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Microbial Community Structures and Diversities in Strawberry
Rhizosphere Soils Based on High-throughput Sequencing

ZHAO Fan'?, ZHAO Mizhen'", WANG Yu®, GUAN Ling', PANG Fuhua'

(1 Institute of Pomology, Jiangsu Academy of Agricultural Sciences & Jiangsu Key Laboratory for Horticultural Crop
Genetic Improvement, Nanjing 210014, China; 2 College of Resources and Environment Engineering, Anhui University,
Hefei 230601, China)

Abstract: It is important for constructing and maintaining a healthy soil ecosystem to explore microbial community
composition and structure in strawberry rhizosphere soil. Strawberry rhizosphere soils in different places were collected and used
as study targets, the 16S rRNA genes of V4+VS5 regions of soil bacteria and of ITS1+ITS2 regions of soil fungi were sequenced
and analyzed by Illumina high-throughput sequencing technology on MiSeq platform combined with related bioinformatics
analysis to explore the changes of abundances, diversities and structures of soil bacteria and fungi. Results showed that a total of
4 554 bacterial operational taxonomic units (OTUs) and 1 298 fungal OTUs were obtained from 15 strawberry rhizosphere soil
samples. At phylum level, dominant bacteria were Proteobacteria, Firmicutes, Actinobacteria, Acidobacteria and Chloroflexi,
dominant fungi were Ascomycota, Zygomycota and Basidiomycota. At genera level, there were 16 genera of dominant bacteria
and 8 genera of dominant fungi. Redundancy analysis (RDA) showed that total nitrogen and pH had the greatest effect on soil
microbial community structure, explaining 61% of the community changes. The order of contribution rate was total nitrogen > pH
> available phosphorus > total potassium > total phosphorus > organic matter > available potassium > alkali-hydrolyzable
nitrogen. Correlation analysis also showed that soil physiochemical characteristics were significantly correlated with different
dominant microbial community. This study deepens the understanding on microbial community in strawberry rhizosphere and
provides references for the relation between microbial composition and diversity with environmental factors.

Key words: Strawberry; Rhizosphere soil; Illumina high-throughput sequencing; Soil microbial community; Soil

physiochemical characteristics
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