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Changes of soil bacterial and fungal diversity in paddy soils under different
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Abstract: Different paddy field soils were used as materials to investigate the effects of different rotation patterns on soil
microbes. A total of four treatments including rice-wheat, rice-rapeseed, rice-green manure, and paddy-free were set up. Soil
samples were collected after rice harvest, genomic DNA was extracted, libraries were constructed, and high-throughput sequen-
cing of Illumina Mi Seq was used to study the richness, diversity index, and changes in community structure at the phyla and ge-
nus levels of soil bacteria and fungi. A total of 24 537 bacterial OUTs and 5 882 fungal OTUs were obtained from 12 soil samples.
Among them, Proteobacteria, Chloroflexi, Acidobacteria, Actinobacteria and Gemmatimonadetes were the dominant soil bacteria.
Ascomycota and Basidiomycota conjugated bacteria were the dominant fungal phyla. From the perspective of the classification of
phyla, the proportions of the composition of the bacteria and fungal communities in the soil also changed. The genus level analysis

results also showed that the abundance of bacteria in the first 20 dominant genus and the abundance of fungus in the top 10 domi-

nant genus also changed significantly. Different rotation crops
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changed the proportion of beneficial microorganisms in the
soil, and the proportion of beneficial microorganisms under
rice-green manure and paddy-free treatments was higher than

that under other treatments. As rotation crops changes, the
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Table 1 The biological classification statistics of bacteria and fungi

in paddy soils under different rotation patterns

] HF

N I - A N N

b

A 34 99 131 196 246 11 22 59 95 134
B 37 103 139 210 273 11 24 59 95 129
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4.29% ., B AbFR A3 BB Chao $84UH1 ACE 5504
T C AP G T 3. 65% F1 4. 64% , #1%F T D
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Table 2 OTUs’ abundance and diversity of paddy fields bacteria and fungi under different rotation patterns

A (V3+V4) X

LB (ITSI+ITS2) X

o Simpson F5 % Chao 545 ACE 5% Shannon #8%X  Simpson 54X Chao 5% ACE #8%% Shannon $5%X
A 0.998 8a 3 710a 3758a 10.88a 0.960 7a 810a 816 a 6.52ab
B 0.998 8a 3 891a 4 040a 10.85a 0.967 9a 822a 819a 6.67ab
C 0.998 5a 4312a 4 418a 10.91a 0.939 5a 792a 781a 5.95a
D 0.998 7a 4 118a 4 316a 10.93a 0.970 4a 962a 959a 6.88b

FAEPEWF 1, Bl AR R R 22 5 B3 (P<0.05)
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ria 5.38% ~ 8.39% , 2F FA I & [ ] Gemmatimonadetes
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Fig.1 Phylum distribution of bacteria (a) and fungi (b) in paddy soils under different rotation patterns
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E&H

A B.C.D #&/EAb 385 5 A 40 1 246,273,
276 277 J&, HH 134 129 121 138 J&, 40 A
20 MEHE EEZ MK 51.08% ~ 54. 59% , E I
10 g 2 F ok 48.8% ~55.27% ., W&
(R F71 43 BT 2 B0, AN [R) 56 4 = 48 v 200 B R L 1A
T 2 R L ) IR R % AR B B ol A (R 3) . HoR

] % 3% B uncultured Anaerolineaceae . unidentified

Chloroflexi , /A A 3% 37 0% 2 B0 0 B uncultured Gem-
matimonadaceae ,Anaeromyxobacter . Pseudomonas , un-
cultured Chloroflexi, Haliangium . uncultured Chlo-
roflexi 7 &Y BLAE 4 AN Ab B 40 B A9 HT 20 £
JE (FES2%) B ERAE T AL, HopAs
EE KNI Pseudomonas , 7£ D AbHLH A 26 3 L4 JR
(5.54%) ,7E C bR 25 4 48 (3.88%) ,
TE A REERE RS 6 L8 (2. 49%) , 7E B Ab 3R
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Table 3 The dominant genus distribution of bacteria and fungi in paddy soils under different rotation patterns

KAE-/NEFAE(A) IKAE-IHSEEEAE(B) IKAF-SREFAE(C) KAE-A INEEAE(D)
ey
& FHE (%) & FHE (%) & FHE (%) & FHE (%)
20T 1 uncultured Anaero-  11.14  uncultured Anaero-  10.67  uncultured Anaero- 9.08 uncultured Anaero- 10.84
lineaceae lineaceae lineaceae lineaceae
2 unidentified  Chlo- 5.51  unidentified Chlo- 5.73  unidentified Chlo- 5.91 Pseudomonas 5.54
roflexi roflexi roflexi
3 uncultured  Gem- 5.01  uncultured Gem- 4.47  Anaeromyxobacter 3.89 unidentified Chlo- 4.74
matimonadaceae matimonadaceae roflexi
4 Anaeromyxobacter 4.00  Anaeromyxobacter 4.16  Pseudomonas 3.88 uncultured  Gem- 3.23
matimonadaceae
5 uncultured  Chlo- 2.84  uncultured  Chlo- 2.69  uncultured Gem- 3.84  Anaeromyxobacter 3.14
roflexi roflexi matimonadaceae
6 Pseudomonas 2.49  Haliangium 2.18  uncultured  Chlo- 3.53 uncultured  Chlo- 2.58
roflexi roflexi
7 uncultured  Chlo- 2.39  uncultured  Chlo- 2.07  Haliangium 2.37 Haliangium 2.07
roflexi roflexi
8 Haliangium 2.14  uncultured  Nitro- 1.87  uncultured  Sub- 2.01 uncultured  Chlo- 2.03
spirales group roflexi
9 uncultured  Nitro- 1.88  uncultured  Nitro- 1.80 Sideroxydans 1.93 uncultured  Sub- 1.87
spirales somonadaceae group
10 Sideroxydans 1.86  uncultured  Sub- 1.80  unidentified  Sub- 1.85 unidentified Chlo- 1.83
group group roflexi
11 uncultured Latesci- 1.80  unidentified  Sub- 1.61  uncultured  Chlo- 1.79 unidentified  Sub- 1.73
bacteri group roflexi group
12 unidentified Chlo- 1.77  unidentified Chlo- 1.56  Stenotrophomonas 1.62 uncultured  Nitro- 1.70
roflexi roflexi somonadaceae
13 uncultured Subgroup 1.76  Thioalkalispira 1.48  Geobacter 1.61 Roseiflexus 1.51
14 unidentified ~ Sub- 1.69  unidentified 1.46  Roseiflexus 1.56 unidentified 1.28
group Deltaproteobacteria Deltaproteobacteria
15 unidentified 1.50  Sideroxydans 1.44  uncultured Nitro- 1.30 Gemmatimonas 1.27
Deltaproteobacteria spirales
16 uncultured  Nitro- 1.47  uncultured Latesci- 1.37  uncultured  Nitro- 1.29 Sideroxydans 1.22
somonadaceae bacteri somonadaceae
17 Roseiflexus 1.48  Roseiflexus 1.31  unidentified Chlo- 1.23 Anaerolinea 1.22
roflexi
18 Thioalkalispira 1.39  Geobacter 1.15  Gemmatimonas 1.18 Candidatus  Soli- 1.22
bacter
19 Anaerolinea 1.33  uncultured  Xan- 1.14  uncultured Latesci- 1.05 uncultured  Nitro- 1.15
thobacteraceae bacteri spirales
20 Candidatus  Soli- 1.14  uncultured  Nitro- 1.12  Thioalkalispira 0.83 uncultured Latesci- 1.07
bacter spiraceae bacteri
HH 1 Talaromyces 12.53  Talaromyces 11.58  Harzia 9.36 Talaromyces 13.51
2 Dendroclathra 7.13  Podospora 8.93  Talaromyces 6.94 Zopfiella 6.41
3 Podospora 5.10  Zopfiella 7.74  Zopfiella 6.61 unidentified  Sor- 6.10
dariomycetes
4 unidentified  Sor- 4.48  unidentified  Py- 5.19  Trechispora 6.48 Dendroclathra 5.92
dariomycetes ronemataceae
5 unidentified Asco- 3.90  unidentified Asco- 4.94  unidentified Hypo- 5.40 unidentified Asco- 3.7
mycota mycota creales mycota
6 unidentified Cordy- 3.73  unidentified  Sor- 4.13  unidentified  Sor- 3.98 Acremonium 3.69
cipitaceae dariomycetes dariales
7 Zopfiella 3.53  Dendroclathra 4.06  unidentified  Sor- 3.83 Cryptococcus 2.65
dariomycetes
8 Cryptococcus 3.10  unidentified  Sor- 2.94  Dendroclathra 3.80 Penicillium 2.47
dariales
9 Chaetomium 2.92  Cryptococcus 2.89  Podospora 2.99 unidentified  Sor- 2.42
dariales
10 unidentified  Py- 2.39  Chaetomium 2.88  unidentified  Py- 2.41 Podospora 2.39
ronemataceae ronemataceae
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TEEE T, 4 NMEB PG R A 5 4 : Talaro-
myces , Zopfiella . Dendroclathra . Podospora , unidentified
Sordariomycetes,, HrpFE i KA . Talaromy-
ces , 75 A AP ONER 1 IL3YE (12.53%) ,B HI C Ab 3
R s 1 AHE (11.58% (13.51%) ,1E D b Firh
FEZ55 2 J& (6. 94%) ; unidentified Ascomycota, N A |
B.D 3 ML 5 & (3.90% 4. 49% 3. 70%) ,{H
RHEIAE C ACFRAYET 10 B, BRILZ AN, Harzia
C AbFRE 1 HE#JE (9. 36%) , unidentified Hypocreales
A CAEBRAE 5 L3RR (5. 40%) |, Trechispora hy C Ak
HERYER 4 TRBJE (6.48%) ,3X 3 B JE A H B
A.B.D ALFRAYRT 10 J& b nl b, A RS VEAE)
AR T - S T RN B R R A OB S5 4, A3 s &
HA YA T84k, H R R R BOR
25 ARBEEXTLETZMEYNTK

A 2R A VA B Y A B
AT AR AW AR 4 2 e s S
SIRMEIR LTSI A KR RIS (K )
VERXF A% 95 3 WP 5 1 B W 5 VTAR G,

x4 TRREEABHIEFEZHAENERETN

Pseudomonas Streptomyces . Bacillus \Actinoplanes ,Caten-
ulispora Lysobacter 55 7] LA 1 7= H fi A RIS W) it
TR AR A 0 7 OB e S B R R B E . B
AEFR RSSO ) B Ak P 25 b, A
KRENZ 5 TR BRI, B I ),
BN B E U Roseiflexus . Gemmatimonas , Bra-
dyrhizobium . Rhizobium . Mesorhizobium | Devosia , Dong-
ia, FS A6 A0 W FE AL 20 B Nitrobacter . Nitrospira , Nitro-
somonadaceae , it B Sphingomonas , 2 Yk & 4y i
Cellulomonas 55, FLTA A BR 28 TR Glomeromycota H[
KRR (- Arbuscular mycorrhizae , AM) Fg-5 Hi Bk I
90% FIREAREE T R AF 364 C R T TE A b3
HEEER 0.45% , 55 A ACBEAHLETE B .C.D 3 MAb B
IR T 0.11% .0.23% .0.04%, 3 4 W LLFE
AR EY U T A wR U P L], 4
A4k B AT 4R AR W R L 0 23 50 Dl 16.01%
13. 75% .19. 28% .19. 70% , VA 7K FE-2R NE 7K -4 PR b
ATt R LA

Table 4 The change of beneficial bacteria and fungi in paddy soils under different rotation patterns

PR FE (%)
e i e NAE B CAE DA

itz Bacyeria Pseudomonas 5% B8 & PR R R s E11IT:) 2.49 0.43 3.88 5.54
Nitrosomonadaceae WA Ak 1.47 1.80 1.29 1.70
Roseiflexus W HOGA 4T EE~) 1.48 1.31 1.56 1.51
Gemmatimonas BT & [#] 4 1.11 1.07 1.18 1.27
Stenotrophomonas 337 ¥ fitl T I fit FF X i 1.13 0.27 1.62 0.77
Nitrobacter iR )& fisitk 0.59 0.71 0.94 0.64
Nitrospira T fL IR 15 J& firifk 0.64 0.64 0.49 0.55
Sphingomonas % FE 2 1 )& fitg 0.32 0.33 0.47 0.43
Thiobacillus B AL ARTT AR PR RS R 0.36 0.40 0.32 0.36
Streptomyces B F & FrAbAE 0.30 0.18 0.20 0.23
Bradyrhizobium %5 A8 15 )& Ak FA 0.12 0.14 0.21 0.15
Actinoplanes Ji# L2 7 s A ZFEUER 0.08 0.09 0.17 0.17
Bacillus *F AT 1% & PGPR 0.08 0.15 0.10 0.11
Rhizobium M3 7 EE=) 0.07 0.06 0.13 0.06
Mesorhizobium A= K988 T [# 4 0.06 0.06 0.09 0.09
Devosia oA [ A 0.07 0.04 0.08 0.08
Lysobacter VAT )& Hhibt Z A i 0.03 0.06 0.10 0.04
Dongia A 0.02 0.03 0.05 0.02
Catenulispora AR 0.01 - 0.01 -
Cellulomonas £ 4E 20 il IR YE S - - 0.01 -

HH# Fungi Chaetomium BF5 )8 [ figp 21 4 2.92 2.88 2.66 2.16
Penicillium 5 %58 Ffi e de % 1.71 2.32 1.29 2.47
Trichoderma K758 [GF AR 0.50 0.44 2.21 0.94
Glomeromycota BR# TE AR 2544 0.45 0.34 0.22 0.41
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