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Biodiversity of bacteria and fungi in rhizosphere of strawberry with
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Abstract: [Objective] The aim of this study was to explore the changes of soil bacteria and fungal
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diversity with strawberry rhizosphere soil of different continuous cropping years, to provide
theoretical basis for the control of strawberry continuous cropping obstacles. [Methods] The soils
without continuous cropping (CK), continuous cropping for 1 year (1Y) and continuous cropping
for 8 years (8Y) were separately mixed with perlite in a ratio of 3:1. ‘Ningyu’ strawberry plants
were transplanted in the potted soil on 10™ of September in 2016; soil samples were collected 50 d
after transplanting (before flowering); genomic DNA was extracted, and PCR was amplified to
establish libraries. The 16S rRNA genes V4+V5 regions of soil bacteria and fungal ITS1+ITS2
regions were sequenced by Illumina high-throughput sequencing technology on MiSeq platform,
and related biological analysis was conducted to explore the changes of soil bacterial and fungal
abundances, diversities and structures. [Results] A total of 3 192 bacterial operational taxonomic
units (OTUs) and 762 fungal OTUs were obtained from 9 strawberry rhizosphere soil samples.
Among them, Proteobacteria, Fimicutes, Actinobacteria, Bacteroidetes and Cyanobacteria were the
dominant bacteria, which abundances of total bacteria were 87.86%, 64.83% and 61.79%
respectively in strawberry rhizosphere soil of CK, 1Y, 8Y. Ascomycota and Basidiomycota were
dominant fungi, which abundances of fungal community were 69.17%, 69.06% and 76.18%
respectively in strawberry rhizosphere soil of CK, 1Y, 8Y. At phylum level, the ratios of
Acidobacteria, Actinobacteria, Bacteroidetes, Fimicutes, Chloroflexi, Cyanobacteria, Planctomyces,
Gemmatimonadetes, Proteobacteria, Ascomycota, Zygomycota and Chytridiomycota were significantly
changed in different cropping years (P<0.05), The analysis at the genera level also showed that the
ratios of 29 genera of bacteria and 19 genera of fungi were significantly changed in different
cropping years (P<0.05). [Conclusion] With the extension of continuous cropping years, ratios of
various kinds of bacterial and fungi in ecosystem of strawberry rhizosphere soil will be changed
significantly.

Keywords: Strawberry, Rhizosphere soil, Illumina high-throughput sequencing, Soil bacteria, Soil
fungi
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Table 1 The basic physical and chemical properties of the tested soil

Treatments pH oM Total N Total K Total P Alkalyzable  Available P Readily available K
(g/kg) (g/kg) (mg/g) (g/kg) N (mg/kg) (mg/kg) (mg/kg)
CK 7.31 21.49 0.85 10.68 1.02 65.28 42.38 229.30
1Y 6.80 38.40 2.35 12.61 2.01 142.53 97.49 389.53
8Y 6.79 32.22 2.38 12.34 2.12 153.67 110.02 491.99
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Table 2 OTUs’ abundance and diversity of strawberry rhizosphere bacteria and fungi of different continuous
cropping years

(V4+V5 ) Bacterial (V4+V5) (ITS1+ITS2 ) Fungal (ITS1+ITS2)
Treatments  Observed species  Chao  Simpson  Shannon  Observed species  Chao Simpson Shannon
CK 1533.33 2 069.88 0.97 6.98 106.33 154.31 0.84 3.09
1Y 2114.33 2 538.94 1.00 9.15 456.00 484.72 0.97 6.26
8Y 1961.33 2 332.86 1.00 9.09 300.00 326.14 0.93 5.05
1Y 7.24%  8.12% 1Y (Firmicutes) (Actinobacteria)
Observed species Chao CK (Bacteroidetes)
33 2.1 8Y (Gemmatim-onadetes) (Verrucomicrobia)
Observed species Chao CK (Chloroflexi) (Acidobacteria)
1.1 1.1 1 (Cyanobacteria) (Planctomycetes)
3421%  32.64%
(3
1 CK 1Y 8Y
8 87.86% 64.83%  61.79%
Simpson Shannon ( 3
2 1Y Simpson
Shannon CK 3.09% 1Y
31.09% 8Y Simpson CK 8Y
1Y Shannon 1Y CK 8Y
0.66% 1Y Simpson
Shannon CK 1548% 1 5 (Ascomycota)
8Y Simpson Shannon (Basidiomycota) (Zygomycota)
1Y 4.12% 19.33% (Chytridiomycota)
(Neocallimastigomycota) ( 3)
1 CK 1Y 8Y
8 69.17% 69.06%
76.18%
23 ARIEEFERESRRIIEMEDIED] 1Y
HKAR CK
10 (Proteobacteria)
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Table 3 Changes in relative abundance of the microorganisms at the phyla and genera level in the rhizosphere
soil of strawberry

Taxonomy Ratios (%)

Phyla Genera CK 1Y 8Y
26.10+0.26¢ 38.95+0.76a 32.33+0.87b
Bacteria 0.09+0.02b 2.28+0.35a 0.16+0.01b
Haliangium 0.39+0.03¢ 1.15+0.08a 0.70+0.02b
4.43+0.30a 0.01+0.01b 0.01+£0.01b
0.24+0.02¢ 1.04+0.05a 0.93+0.01b
13.88+0.51a 2.89+0.27¢ 4.93+0.33b
5.42+0.16a 0.04+0.02b 0.01+0.01b
0.26+0.02c 0.72+0.03b 1.23+0.08a
4.11£0.16a 0.01+0.01b 0.00+0.00b
0.99+0.07a 0.34+0.04b 0.35+0.03b
1.28+0.13a 0.00+0.00b 0.00+0.00b
29.98+0.29a 13.25+1.48b 16.30+1.11b
Gaiella 0.29+0.05¢ 1.17+0.24a 0.75+0.18b
1.80+0.11a 0.05+0.02¢ 0.07+0.03b
7.57+0.15a 0.09+0.03b 0.06+0.01b
0.61+0.06¢ 1.97+0.23b 2.84+0.20a
1.17+0.05b 2.95+0.28¢c 5.61+0.36a
3.64+0.20a 0.00+0.00b 0.02+0.01b
8.71+£0.11a 5.04+0.42b 5.76+0.40b
2.81£0.24a 0.59+0.07b 0.33+0.02¢
Olivibacter 3.36+0.04a 0.00+0.00b 0.00+0.00b
Niastella 0.20+0.04a 0.29+0.05a 0.22+0.02a
Flavisolibacter 0.06+0.04a 0.13+0.01a 0.35+0.12a
1.62+0.10b 5.314£0.25a 5.89+0.23a
0.37£0.02¢c 1.69+0.13a 0.92+0.09b
0.83+0.08a 1.49+0.30a 2.17+£0.31a
0.75+0.10a 1.34+0.28a 1.94+0.22a
0.02+0.01b 0.08+0.02a 0.09+0.02a
Luteolibacter 0.00+0.00a 0.01+0.01a 0.01+0.00a
3.14+0.09¢c 9.06+0.22b 11.27+0.39a
0.26+0.02b 0.54+0.05a 0.41£0.01a
0.01+0.01b 0.04+0.02b 0.57+0.04a
Nitrolancea 0.05+0.02a 0.10+0.01a 0.06+0.02a
3.13+0.15¢ 10.62+0.45a 8.79+0.34b
Blastocatella 0.18+0.03b 0.42+0.06a 0.32+0.02a
Bryobacter 0.09+0.02b 0.20+0.01a 0.24+0.07a
Candidatus Solibacter 0.06+0.00b 0.16+0.03a 0.07+0.02b
9.19+0.22a 4.70+0.68b 2.47+0.08b
Microcoleus 0.27+0.02a 0.28+0.05a 0.11+0.02b

C )
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C )
Persicaria minor 0.12+0.03a 0.19+0.05a 0.04+0.02a
0.26+0.01a 0.03+0.01b 0.00+0.00b
1.59+0.03b 4.58+0.51a 4.53+0.57a
0.31+0.01b 1.11+0.14a 0.86+0.13b
0.20+0.05b 0.49+0.04a 0.72+0.09a
Gemmata 0.19+0.01b 0.49+0.05a 0.58+0.01a
1.80-+0.09¢ 4.214£0.29b 5.554+0.20a
Fungi 68.91+0.56a 52.40+0.73a 60.43+3.39a
0.42+0.04a 0.36+0.02b 0.06+0.01c
0.00+0.00b 0.00+0.00b 0.80+0.25a
0.09+0.02¢ 1.97+0.18b 5.99+0.06a
0.00+0.00b 0.31+0.11a 0.34+0.09a
0.01+0.01b 0.43+0.08a 0.00+0.00b
0.00+0.00b 0.77+0.06a 0.01+0.01b
Mycothermus 0.01+0.00b 1.7940.15a 2.02+0.21a
0.00+0.01b 0.30+0.03a 0.39+0.12a
Parascedosporium 0.00+0.00b 0.03+0.00b 0.94+0.08a
0.02+0.01¢ 0.98+0.08b 2.30+0.20a
Remersonia 0.00+0.00c 0.21+0.05b 1.84+0.16a
0.00+0.00c 0.14+0.06b 0.25+0.03a
0.01+0.01b 1.29+0.19a 1.42+0.10a
Westerdykella 0.00+0.00b 0.00-£0.00b 0.67+0.07a
0.26+0.03b 16.66+0.86a 15.75+0.14a
Phylloporus 0.01+0.01b 0.80+0.23a 0.85+0.13a
Pseudozyma 0.00-£0.00c 0.15+0.02b 0.27+0.10a
0.03+0.02b 0.28+0.08a 0.00+0.00b
0.02+0.00b 7.28+0.16a 15.874+2.79a
0.02+0.00a 7.28+0.16b 15.154+2.80c¢
0.04+0.01c 5.49+0.21a 1.51+0.13b
Rhizophlyctis 0.00+0.00b 1.42+0.10a 0.00+0.01b
Pateramyces 0.00+0.00a 0.00+£0.00a 0.05+0.02a
Rhizophydium 0.01+0.01a 0.01+0.00a 0.00+0.00a
0.00+0.00a 0.00+0.00a 0.02+0.01a
Anaeromyces 0.00+0.00a 0.00+£0.00a 0.02+0.01a
30.77+0.54a 18.17+0.05b 6.44+0.54¢
Reads / Reads . xts (n=3). (P<0.05).

Note The relative abundance of each given group of bacterial was calculated based on pertentage of the reading of sequences of the given

group to the reading of the total sequences measured. Data shown were x+s (n=3). Different letters mean significant difference (P<0.05). Only
established genera were listed here.
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Table 4 Reads of observed soil bacterial and

fungal OTUs
(V4+Vs5 ) (ITS1+HITS2 )
OTU OTU
Treatments  Bacterial (V4+V5) Fungal (ITS1+ITS2)
OTU numbers OTU numbers

CK 2 089 153

1Y 2 639 592

8Y 2420 417
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