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Effects of Coupling of Straw and Water on Microbial Community
Composition in Paddy Field

GAN Guoyu', LIU Benfu!, CHEN Gaohang', FENG Fanwen!, LI Jifu**
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434000, Hubei, China)

Abstract: To deeply understand the effects of different moisture and straw addition on the composition, structure
and diversity of soil microbial phosphorus cycling functional gene communities in paddy fields, typical paddy soil
in Jianghan Plain was selected as the research object. Four treatments were set up including simulated dry land,
dry land with straw addition, paddy field and paddy field with straw addition. The samples were incubated at a
constant temperature of 25 ‘C for 30 days. The community composition and diversity of soil bacteria and fungi
and the responses of dominant bacterial groups to changes in soil moisture and straw addition were analyzed by
using Illumina Miseq high-throughput sequencing technology. The results showed that the richness and diversity
of bacterial communities in simulated dry land were higher than those in paddy fields; while the richness and
diversity of fungal communities in simulated paddy fields were higher than those in dry land. Straw addition was
conducive to increasing the richness of soil phoD gene communities, while moisture had a relatively weak effect
on its richness. Redundancy analysis indicated that moisture had a greater impact on the structure of soil bacterial
communities; while straw addition had a greater impact on the structure of soil fungal communities. At the

phylum level, soil bacteria and fungi were not affected by moisture and straw addition. The dominant bacteria in
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the soil bacterial communities of each treatment were Proteobacteria and Acidobacteria (relative abundance>

15.0%); the dominant fungi in the soil fungal communities were Ascomycota and Basidiobolomycota (relative

abundance>5.0%). Therefore, soil moisture and straw addition have significant effects on the composition and

structure of soil phosphorus cycling microbial communities in paddy fields.

Key words: Paddy soil; Upland; Straw; Soil phosphorus; Microorganism
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1.1 Btk

T HERAE X AL T KA K 2 B R 50 H 4,
BT JE S H(30°21' N 112°09' E, ##4k 32 m),
REBFERAENASMERIX IR R ST K
L R AR X, SEHIR 16.5 °C, FEXFKE
291095 mm, =35 HHRISF[A] 1718 ho Hi N KALELE,
293 m, X RAEW I BN N (Triticum aestivum)-
JKFE(Oryza sativa)~ £ K(Zea mays)FiH =% (Brassica
napus)5F. 12021 47 7, /KFEBEEIH, FIH TR
HURESRAERS 4520 om VK2 138), KT EH
FEH . ARIEHT 0~20 om BFZ IR AT M A
pH fH 7.72. H 3.31 g/kg. E 0.79 g/kg. HHT
6.13 g/kg. AHLIR 25.61 g/kg. B R A 136.7 mg/kg.
AR 15.33 mg/kg. HAH 35.58 mg/kg.

FEFT B KTL R 5 0 B hal e Fe s, T
2021 F 7 H, KFEUGRI, N T REKRERF,
B Ial s 56 = B AR T, md B AU A& A . K
TEREFT IR & & 403.1 g/kg. B & & 3.64 g/kg. B
TR 0.9 g/kg. BRAA 110.7,
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AR = AR IR AT, IR E R
(D). FHUZSINFEFF(DS)~ 7K H (W) FI7K FH SIS FF
(WS) 4 M3, FAHEERE 3 ANEE.

FEAMAEFEL 200 g HIEAE L REN 250 mL 2R &
SR TR, AL EE AR 4R 40% 1 5 B AN 25
KE, KEAAFELRERK 2 cm @, HAREFL
ARSI 4 g KFEREFTAR R . TEBE R 25 ‘C1H
BB FEAE TR % 30 do & 3 d FIHFREIEN
AEFRBEATANK,  DLERFFIE E 1) 3 S KA
1.3 £ SR

IURERT, KA b HE H IR AT, RERE 15 g
+3%, H Omega Soil DNA Kit i 7] & (Omega E4)
FR AT, 3 E)FEHC R 5 A DNA, 258 H
1.2%35 fg Bt Iz i vk A NanoDrop 2000 43¢ ¢ FE it
Kl DNA KB 5e 8404 (5 Viem, 20 min). <Al
A pElS), 3N 16S rDNA V4 X3 14K 1F 7] 5]
¥ 515F (5-GTGYCAGCMGCCGCGGTAA-3")Fl %
1] 514 806R (5-GGACTACNVGGGTWTCTAAT-3"),
FBE TS ¥R FH 1IE 17 5149 TS5 (5'-GGAAGTAA-
AAGTCGTAACAAGG-3")fl1 2 [ 54 ITS2 (5'-GCT-
GCGTTCTTCATCGATGC-3")'9, phoD 3 4% FH 514
ALPS-F730 (5-CAGTGGGACGACCACGAGGT-3')fll
ALPS-R1101 (5-GAGGCCGATCGGCATGTCG-3'""1,
16S F1ITS 44 73 {4 H High- Fidelity DNA 5 & i
A1 25 uL RNtk R . PCR ¥ 34HE 7 98 C AR
2 min, ZHEFEE > AE 27, 35 K, TEAER
45 98 CAME: 155, 55 CiBk 30's, 72 CHEH 30 s;
72 CHEAH 5 min 5 10 ‘CE 1k, {RAENS,

PSR PCR PRI 205 4 R
E BB IR, ] Illumina Novaseq Il 71 4 (PE250)
BT SCRERIEE . DU, 4 o R B AR ) 22 R 1 e

I E ZIC R AR A R A =) 58 (I 2 1 H
SYRARRINT a-v p-ZREVES T DR
Hr AR BT EE) o
1.4 HyEaE

I8 B 7 45 R4 R = S 15 B index Al
barcode {7 BT SEFMEAK 73, FH2:BR barcode
FEH, BT B LRI . WA [F] A3 - 3
a3 B2E IR B AR B AT JE 7R, 8] Krona 3K
HATREIE Jy s 2 A8 B2 7R U200, i B QIIME2
AR, A A ST 1) ASV 1T 5 IR Chaol
T #UF Species TR B PURAEFEIE VA FE =, U
Shannon 5401 Simpson e £ IRAEFFE VI P I 2
FEME . R0 %5 K H MS Excel. Origin 2021b %
THE AL, Adobe Hlustrator B AFHE1T B & 1H A0
S, LSD LKL P<0.05 Ron &% % 5. KH
Canoco5.0 B AFHEAT FREE H 755 - 3Rl 2 4 T R
3T

2 SR

2.1 XFHIBME . HEM phoD a-Z FEMERIE

2o 1) o i 1 28 10 7 B TP o A il AR R A
o-Z AR ES . HE 1 AT, 4 HAFR R+
A it 1A s 8 4 B 24 AE 1~ IR FE I 2] 50 000 5
BfaTrH, R a-ZFEERGEH . a- 2 FEIETR
5 ASV Bl R A R, RUTNF4RC 2%
SRR A BT AL S I 2 R, 4R n & e
T3R5 1) 1 AR IR B ASV

ANEZK G FORE AT AR DAL B 6 2 S A B . LB
A1 phoD FV& B3 B, AT F B A phoD 1)
ZRETC W B RIA(R 1) B FFECE D ALHE R Chaol
F840. Species 8%, Simpson F5%(F1 Shannon F5%%

TFEFFS1%L Number of test sequence

TFERF 514 Number of test sequence

M Bacteria L7 Fungi hoD
Z 3500, N g0 . A Fune 2500 1 P
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Fig. 1 Sparse curves of soil bacteria, fungi, and phoD under different treatments. D: Dry land; DS: Dry land+straw; W: Paddy soil; WS: Paddy soil+straw. The

same below
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i, 20N 31864 31764 0.998 2 F110.30; D &b
N BE T E AR T W, T IR
AbHE SR AR TS T B T 2 e 2 PRk ds . BT
TEAE W AL R Chaol $8%UFN Species %051, 75
N 724 F1722; 7 WS 4bFE R Simpson $5£0UF1 Shannon
Te¥mes, 3N 0.967 7 Al 6.46; ININFSFFALER S,

F 1 RECHIEME . A phoD BV L5 M Alpha £ REME

DS. WS FIF5 FEREE NG, mErEaisE
| TH#a%4 . phoD BEELE WS 4LF T Chaol $8¥U =,
N 2107; 7€ DS 4bFE N Species ¥ E, N 2 052;
£ D 4b¥E R Simpson a4 Shannon f8%i &=, 7
A9 0.991 8 A1 8.53; ININFEFFALEE S, DS. WS F
B AR FIHES, SRR AR .

Table 1 Alpha diversity of community structure of soil bacteria, fungi, and phoD under different treatments

P b FEEEFEE Richness index Z FEPEFEEL Diversity index e
Taxon Treatment Chaol Species Simpson Shannon Coverage

il D 3 186.00a 3176.00a 1.00a 10.30a 1.00a

Bacteria DS 3.038.00b 3.027.00b 1.00a 10.09 1.00a

w 316.00a 3 147.00a 1.00a 10.13a 1.00a

WS 2 288.00c 2 286.00c 0.98a 8.67b 1.00a

HE D 623.00c 623.00c 0.91a 5.71b 1.00a

Fungus DS 513.00d 513.00d 0.93a 5.37b 1.00a

\4 724.00a 722.00a 0.94a 6.27a 1.00a

WS 679.00b 679.00b 0.97a 6.46a 1.00a

phoD D 1 706.00b 1 659.00b 0.99a 8.53a 1.00a

DS 2 090.00a 2052.00a 0.99a 8.50a 1.00a

w 1 676.00c 1 630.00b 0.99a 8.43a 1.00a

WS 2107.00a 2030.00a 0.99% 8.44a 1.00a

[ 5 B85 5 AN ) - BE R 7R 22 7 2. 3 (P<0.05) .

Data followed different letters indicate significant differences at 0.05 level.

2.2 XHIEAE . EBE phoD YFhZEF KW
PCoA F Hi 7 At Al ks I A MR VR 2 FE I
ZE S AE T AEARRRIE L, B 1R A 2 T DU
BT R . 2 I, AEZK SRS RN
AEFR S TR AR ) ZE A AR REA o X 4 B R A 1T
=, 8 1 EE(PCoADNTIE 2 FH (PCoA2) > 5
R 10 59.8%1 28.1%, &t 87.9%; Hh, 4t
R A] ¥ PE B9 AT, 3R AN IR K 43 RRE AT 48 Ak R A
P340 B B 2 R AR KR A o K T L B R
T8 1 E RO RS 2 F R o) BIARRE 2 11 50.1%
A1 27.8%, HIFTTHRE 77.9%; HINASFT AL H

FI S K TR IN/K 23 Ab 3. %FT phoD BEE T 5,
51 FROT RIS 2 R IR 2 R 1) 49.1% 1
30.6%, S iFTTERE 79.7%; WRINFSFTALFEXT phoD
FEV& R0 K TS INK 73 R B

H P 3 AT, HIEREAH AN ASV H1i17 350 4,
He D, DS. W il WS 4 NMAbH 43 565 3169,
3012, 3123 A1 2280 /™ ASV; 4 NMEFEAA ) ASV
LB 5354 1294 (40.8%) 1341 (44.5%)~ 1295
(41.5%)H1 1099 (48.2%). TIEFEAPEE ASV 3L
it 1781, Hrh D, DS. W A1 WS &3 73 il 05
619501 669 A1 713 4~ ASV; 4 MACFEMA ] ASV

06 o5 63
S ws 04 oW S |7 e 03 | w g |° WS 43
8 02 s um| & WS 2 01 f
“ L S « " P O "t z B W
ft: 1o 05 o, L* ols ft: -5 -0.1 ®, 0f5 i -03,, 01y, L 0l o‘... 03
§_ 04 B DS §_ At -03 r b § DS 02 + D
s DS
5

\YAY

PCoA Axis 1 (59.8%)
B2 REAFRIEA) EH(B)F phoD (C)#ETS PCoA TALFRIHT

raw-
\va

PCoA Axis 1 (50.1%)

a2
=y

PCoA Axis 1 (49.1%)

Fig. 2 Principal coordinate analysis of PCoA communities of bacteria (A), fungi (B), and phoD (C) under different treatments
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(18.24%) (14.95%) (23.08%) (13.19%) (14.63%) (9.6%)
185 (2147]1/) 65 63 (121130/ ) 72 225 (31§‘5'.,/) 86
(2.52%) A (0.88%) (3.54%) S (4.04%) (6.08%) 227 (2.33%)
1294 66 52 1295 337 25 22 356 584 129 93 331
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65 (8.67%) 152 20 (5.33%) 5 110 (18.25%) 0
(0.88%) 119 402 (2.07%) (1.12%) 31 (2.53%) (2.97%) 90 128 (3.24%)
(1.62%)  (5.47%) (1.74%) (243%)  (3.46%)
401 37 107
(5.46%) (2.08%) (2.89%)

3 YHE(A). HE(B)H phoD (C)JET ASV 42K J7 1 BIK

Fig. 3 Venn diagram of bacteria (A), fungi (B), and phoD (C) based on ASV classification method

FIEEA 5353 337 (54.4%)~ 235 (46.9%)+ 356 (53.2%)
H1411 (57.6%). LIEFEAH phoD ASV HLit 3 698
AN, H DL DS W Il WS A FE 45155 355, 584+
331 1 541 4~ ASV; 4 NMAGERACE ) ASV LG43
A 1662 (21.4%) 2 048 (28.5%)~ 1630 (20.3%)
F12 035 (26.7%).
2.3 X IRAHEE . EE R phoD Y 4H B HI S T
HE 4 AW, MITKFE, D. DS MW &b#
+ 2 1 77, Proteobacteria. Acidobacteria A Actino-
bacteria AN F R fe sy, JBOLHBRE, 135 Ly
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HA 33.9% 16.7%H1 14.9%; 1 WS b3+ 5841 14
I'T9, Proteobacteria. Acidobacteria F1 Bacteroidetes
IR =F B e, SR AL BERE, 5 L2008 59.3%.
14.3%%1 8.1%. D DS\ W Il WS &b2E +- 8 F B v,
Ascomycota. Basidiobolomycota 1 Glomeromycota
FRIRES == B dwe e JRALABERE, 7000 o 83.7%.
10.4%#1 7.5%. D. DS. W 1 WS 43 +3% phoD
/1, Proteobacteria. Actinobacteria Al Firmicutes ]
FXS F= B de e JRALFH AR, 3700015 78.9%.
21.5%A1 12.4%.
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Fig. 4 Relative abundance of bacteria (A), fungi (B), and phoD (C) at the phylum level
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i 8.21%- 6.2%F1 5.3%; i WS Kb F - S5 4 1
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Sphingomonas~ Acinetobacter A1 Brevundimonas 1#H
X AR, R ERE, 200 h 8.1%. 21.5%A1
4.1%. D AFRTIRF R Y, Botryotrichum Fusarium
H Sordariomycetes WIMX FE i =, JBILBERE, 4
5l 39.5%. 7.5%F1 7.9%; DS kb ¥+ 38 FL B
Botryotrichum~ Chaetomium F1 Mycosphaerella FIFHX}
R B JRAIUH RIE, 7393015 17.3%-31.4%411 7.3%;

W b HIEE R Y, Botryotrichum. Coniochaeta
Curvularia WAEX F= e, BOLH TR, 200
30.2%- 7.7%H11 8.1%; 1Mii WS AbHE +-3EE F ., Botryo-

JRRFABERE, 7305 16.9%- 16.4%F1 11.9%. D ib#R
+3E phoD ', Luteitalea Phenylobacterium F Sinorhi-
zobium WA T iy, BINHABEE, 7304 3.3%.
2.5%#11 2.3%; DS AbFE 135 phoD H', Streptomyces-
Sinorhizobium 1 Xanthomonas WX F & f e, JBL
HARBEE 2915 7.5%-3.3%F1 2.8%; W 4b 3 +3% phoD
", Sinorhizobium- Luteitalea 1 Phenylobacterium ]
A F e, B ERE, 4l 3.5%. 3.1%
1 2.3%; 1 WS 4 133 phoD H', Cupriavidus-
Sinorhizobium 1 Luteitalea WIABXT = FE ey, JRALH

. . . H 25 —H Ty o
trichum~ Coniochaeta 1 Aspergillus WIFIX=F & &1, B, ld 6.7% 4.8%F1 2.5%.
60~ A 91 B 45 ¢
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S 70+ 35t
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