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Abstract: [Objective] In order to reveal the response mechanism of microbial community and ecological network
to straw returning process in typical fluvo-aquic soil, we experimented with different straw-returning treatments
under long-term wheat-maize rotation. [ Method] The high-throughput sequencing and ecological network methods
were utilized to analyze the soil bacterial community composition, bacterial network co-occurrence and their
relationships with soil nutrient concentrations. [Result] The results indicated that compared to straw removal and
no nitrogen fertilizer treatment, straw returning with conventional fertilization treatments significantly reduced soil
pH, while increasing the content of TN, SOC, AP, AK and NO3™-N (P < 0.05). The treatments of straw burying with
nitrogen fertilizers were beneficial for increasing soil nutrient content. Moreover, no significant difference in
bacterial alpha diversity was observed between different straw-returning methods and different amounts of nitrogen
fertilizers, but a significant difference was observed in bacterial community structure. Factors such as pH, SOC, and
TN drove variations in bacterial community structure.Also, Acidobacteriota, Proteobacteria, Bacteroidota and
Chloroflexi were the dominant phyla in the fluvo-aquic soil. Furthermore, co-occurrence network analysis revealed
four main ecological clusters that were significantly correlated with soil nutrients. The abundances of taxa in module
1 were found to be inversely correlated with SOC, TN, TP, NO3 -N, AP and AK (P <0.001), and positively correlated
with pH (P < 0.001). Conversely, the abundances of taxa in module 2 and module 3 were significantly positively
correlated with most nutrient content, and negatively related to pH. [ Conclusion] Therefore, it can be concluded
that straw burying combined with nitrogen fertilizers can improve soil nutrient by regulating microbial interactions.
The findings of this study can provide a scientific basis for the efficient utilization of straw and the efficient
management of soil fertilization.
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Fig. 1 Soil beta-diversity of bacteria community under different treatments
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Table 1 Nutrient concentrations of soil under different treatments

e HEA PR Eot £ el THA A SR A Rk AL
pH soc TN TP TK NOs -N NH;* -N AP AK
Treatment
Ngkg") Ngkgh) Ngkg") Ngkeg™ /(mg-kg™) /(mg-kg™) A(mg-kg™) /(mg-kg)
T1 8.03+0.06a 10.57+0.68e 0.48+0.03f 0.78+0.02¢ 14.54+0.28a 5.02+0.07g 4.88+0.31cd 8.54+0.42¢ 48.57+1.65f
T2 7.9440.03ab 11.200.14de 0.5740.01e 0.7740.02¢ 14.9140.09a 9.7340.38ef 8.0740.36a 9.0940.57¢ 75.2340.93de
T3 7.92+0.06ab 11.524-0.69de 0.560.03¢ 0.93+0.04ab 14.5040.16a 6.3410.41g 6.332:0.16b 19.90+3.35hc 61.90+3.45¢f
T4 7.6740.13¢ 13.53+0.16abc 0.7140.01abc 0.96+0.03a 15.1340.06a 17.86-1.09bc 5.4240.09c 26.90+4.25ab 126.33+12.33a
T5 7.7340.08hc 13.58+0.41abc 0.7040.01abc 0.9740.02a 14.91+0.43a 18.55+0.51b 5.2240.02c 33.23+3.88ab 117.33+6.64ab
T6 7.834:0.04abc 13.60-0.73abc 0.6540.02cd 0.86+0.02b 15.194-0.06a 16.074:0.72cd 4.82+0.38cd 20.83+1.10bc 86.67+4.16¢d
T7 7.8640.06abc 14.53+0.16ab 0.7440.01ab 0.9140.03ab 14.75+0.14a 24.5441.40a 4.6340.23cd 31.03+2.88ab 96.3346.38hcd
T8 7.76£0.06hc 15.024-0.46a 0.75+0.03a 0.8720.04b 13.89+1.08a 14.5440.38d 4.860.20cd 36.17+4.74ab 88.43+11.40cd
T9 7.7540.10hc 13.02+0.69bc 0.6740.02bcd 0.96+0.03a 14.7740.21a 22.6840.08a 8.3340.29a 31.87+5.22ab  100.23+7.780cd
T10 7.86-0.04abc 13.314:0.21bc 0.68-0.04abcd 0.9740.01a 14.96+0.17a 23.64+1.32a 6.67--0.18b 26.77+527ab  114.33+12.86ab
T11 7.8340.04abc 12.4240.50cd 0.6240.01de 0.9140.01ab 15.0140.75a 11.71+0.23e 7.81+0.44a 39.50+12.66a  104.33+9.61abc
T12 7.79+0.030c 14.5740.40ab 0.69-0.03abc 0.9940.02a 15.12+0.53a 9.17+0.67f 4.3440.09d 27.33+304ab  106.67+4.06abc

VE: BPEIEAE 1=3), A—3EEEEAR/NS 7 RRRE RIS 5%53% /K F. Note: Data shown as the mean of three samples (n=3), different lowercase letters after the same column of data indicated

significant differences at the 5% level among different treatments.
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R 2 NELETHIRAERE Alpha ZHE1E

Table 2 Soil alpha-diversity of bacterial community under different treatments

Sl Chao1#%  Shannon f5%k AbE Chao1#8%r  Shannon 8%
Treatment Chao 1 index Shannon index Treatment Chao 1 index Shannon index

T1 2294+13a 7.0540.04a T7 2 280498a 7.0740.03a

T2 2 240450a 7.0740.01a T8 2551+35a 7.1340.05a

T3 2 466443a 7.1340.04a T9 2122#31a 6.99+40.05a

T4 2 174+57a 7.0140.08a T10 2076+57a 6.98+40.05a

T5 2 335+76a 7.0640.07a T11 2 444+195a 7.0640.07a

T6 2 257+276a 7.0240.10a T12 2 279464a 7.0640.02a

e RAPEIRNHE =3, F—FIEHEEARZERRRZ 1L 5% K. Note: Data shown as the mean of three
samples (n=3), different lowercase letters after the same column of data indicated significant differences at the 5% level among different
treatments.

R3 AENETHRARENERSTHEN

Table 3 Permutational multivariate analysis of variance for soil bacterial community under different treatments

b3 J7 755Uk BENEPMH BH 2 IES P i
Treatment Variation (R?) P. value P. adjusted
T1/T2 0.390 451 0.1 0.1
T1/T3 0.420 972 0.1 0.1
T1/Others 0.153 409 0.001 0.004**
T2/T3 0.427 339 0.1 0.1
T2/Others 0.114 817 0.002 0.004**
T3/Others 0.069 082 0.002 0.004**

#: Others /R T4 ~T12, **%7~ P<0.01. Note: Others indicated treatments of T4 ~ T12, **indicated P < 0.01.
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MFERRE (P<0.05) LT HARLLIE: =B TAMATE]T (Bacteroidota), “F-IJAHXT
F I 14.02%, EREFTE AT, BEIEAE (T4 BE (P<0.05) @ T A IELLEE (T2);
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http://pedologica.issas.ac.cn



+ 5

Acta Pedologica Sinica

60
a)]ﬂﬂ l b) Family
Il Roseillexaceae
1] | [ ] - - Steroidobacteraceae
L] | bl | 3 . . . l l . l [l Opitutaceac
. I Xanthobacteraceac

. Flavobacteriaceac
_ HpSlm=m =
: I I I I I IRA3-20
L Phylum e I I I I I Il Dedosphaeraceae
I Others L Il Comamonadaccac
Il Mecthylomirabilota . l . l Gcmmmjmonadaccac
L Il Myxococeota 'k . l . . l . . W WD2101_soil_group
Gemmatimonadota S . I Nocardioidaceae
M Verrucomicrobiota 0 M Pirellulaceae
Planclomycetota Nitrosomonadaceae
0 I Actinobacteriota I I I I I I Chitinophagaceae

3
O
o

=Y
=]
=
c

S
R %
Relative abundance
a
C

HASTEEE %
Relative abundance

(=)

20 M Chioroflexi 104 Microscillaceae
W Bactercidota W Pyrinomonadaceae
I Protecbacteria I Anaerolineaceae
0 Acidobacteriota 0 Vicinamibacteraceae

T T2 T3 T4 T5 Toe T7 T8 T TIOTI1 TI2

T 12 13 T 15 Te 17 18 19 T10 111 T12
4P Treatment

BRI Treatment

B2 AR RN R 1 1KCT AR K2R
Fig. 2 Soil bacteria community composition at the phylum level and family level under different treatments
2.3 DIRMEEFEASLTIMLE
T MFPAF RGN ASVs, DREAD =M T 0.5%H7 1216 4> ASVs @It M
2%, 193] 4 D EEAESER (B 3). MZKRFEIEE 5516, THRIEARL 0.643, T
BAE 4.566, PHLGRE 1,762, 4T N4 AR RRAT I T IR T3 1 1R o 0 19 B 2 (K23

by 100

1
a) Others
Tty o Verrucomicrobiota
- Mgd“fe Ja " = [l Proteobacteria
° e L o A . [ Planctomycetota
1l kS

Nitrospirota
NB1-j
Myxococcola
Methylomirabilota

~1
wh

Latescibacterota
Gemmatimonadota
TFirmicutes
Entotheonellacota
Elusimicrobiota
Desulfobacterota

||
[ |
o
) |
. [ |
el e o S = e [l Dependentiae
|
[ |
[ |
[ |
[ |
[ |

L]
@
5
s
N
LY
AR
g

Relative abundance

@ |l .. - e | *

Dadabacteria
Cyanobacteria
Chloroflexi
Bdellovibrionota
Bacteroidota
Armatimonadota
Actinobacteriota
Acidobacteriota

1 2 3 4 Phylum
FEE Module
7E: a) ASV KT AT, 5 s AR K B T A RIBEH) ASVs; b) B fh Bt 1K P4t it B Note:a)  the network

L
@ e 25
@

analysis diagram at the ASV level; node colors indicated ASVs from different modules; b) cumulative abundance statistics of module

species at the phylum level.
Bl 3 3 iR o 1A S N 2%
Fig. 3 Soil bacterial co-occurrence patterns
i Zi-Pi B (B 4a) AT DU I 28 K5 7 s i A AERR A1 2% (Peripheral nodes), ¥4
A S ARE 10 MEHAUG AL (Module hubs, Zi > 2.5 H Pi < 0.62), A5 HE T
Microscillaceae FNFRHFF B 1 TH Vicinamibacteria 25, 28 /NMi&EH:T5 55 (Connectors, Zi < 2.5 H.
Pi > 0.62), WIEBAFE T Vicinamibacteraceae . A% JE 14 '] Y] Xanthomonadaceae #lI
Comamonadaceae. T B 1% Microscillaceae Al Chitinophagaceae 25 (K 4), IX LU ST

PR R L5 X 28 AR (R AR T B R A AR

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

a) 7 b)

41 -028 05 048 056 —0.05 031 -0.2 05 036

3 04 039 043 006 001 034 002 043 039 Corrclation
* B x Pty P P * )

_______________ A S P
€2 X3 0.5
. == 0.0
' ., . 0.5
Mk B 2| -0.51 0.81 083 0.6 014 065 —0.18 074 08 210
e Pl T e P P o :
R S
0 . "; «
L LI
iy y e T 1] 059 072 075 072 008 059 012 066 067
P TX I o . \ ol 2 T R b ot
el g v, fiiB bl Module hubs
) * JEH i Connectors
000 025 050 075 1.00 ° jf#/Peripheral nodes €2~ Q,OC SR & 2 2 N Y‘,&'
Zi o »

1334 Nutrient concentrations
VE: @) g Zi-Pi s b) BB RIE 5 LRI R IT, (R, BEORRA, R ORRIERX,
*HIR P < 0.05, ¥R P <001, **%K P <0.001. Note: a) was Zi-Pi plot; b) was correlation analysis between the cumulative
abundance of modules and soil nutrient concentrations; The color column indicated correlation, green indicated negative correlation, and
purple indicated positive correlation, *indicated P < 0.05, **indicated P < 0.01, ***indicated P <0.001.
Bl 4 SRR oA R IS IR R AR A S b
Fig. 4 Module species node distribution and correlation analysis between module species and soil nutrient concentrations
KH Pearson AHICHERAE 73 PEAL T ILEIMN 28 4 AN F BRI L3R5 2 AR R
PRV R (B 4b) KW, B 1 WWIFFEES SOC. TN, TP. NOs;-N. AP fl AK
R E AR (P<0.001), 5 pH 2EFIEMHA (P<0.001); BEH 2 AYFFEE S SOC,
TN. TP. NOs-N. AP ll AK 23 EAHK (P<0.001), 5 pH 2 EF AR (P<0.01);
R 3 IR EE S SOC (P<0.05). TN (P<0.01). TP (P<0.001). NO3-N (P<0.05).
AP (P<0.01) fIAK (P<0.05) RERFIEMRK, 5pH ZRFMML (P<0.05); Hibk4
YR EERE S SOC (P<0.01). TN (P<0.01). TP (P<0.001). AP (P<0.01) fl AK (P<
0.05) REFEIEAIC. DA g Ryl A R RS ARk 7 20n] DL i 2038 -+ 358557 7 75 1 O 4 T8
PHEER EAE R R, (EdbRr e Mt A, it — P oo L E A 2

30w

ARG AR AT LA, FEFE HALEE B 2 = 128 SOC. A&, AP Ml AK ##5&,
X5 FT NOT- ISR T 25 R AR — 8, FEF A TR R A i v, R A R A L)
BIEREISTE S, Wl RFR T B AE D E R, AR iR A T X A7 T 38000, R A4
THC it S AIEAC X £ 5 SOC & AR B W3, L R v] B2 DR A RS AT 3 ] DL 6o 3
SHEIEFEF P COp JEASHEN RS AR, Jf B AR ARG EE R, HHARR ON L, 2
A EYEYE, RIERSFIRZ R, A RT3 SOC iy AR, RO it A AL
JEALHE SOC & T ICHL AR AR EE, 5 PR o] G2 TTHLEAE N S B E, 5 #5 K Bk
M LRI RR SO RS TR i R R R R 7250 AN AN E AT S/ FEE AR, B
AN T IEA YR, JFHESHEREMAEY, ORI, i+ soC &
2, ARIG S Fh KB, FEFTHEHE AL i FUIE AL R 0% B A R B = AR . AP fil AK
G, ATRER AT AT W LA A 4% NPK 354y,  HRSFRE H AE 8 [F 2 JIER), F5FTRE
fig 3t om0 B A A R R R . L T 7T 242513 5 P ) B B P9 3 3R iR IR 96T
FAF I AT DR HIA LS BN b, IEEE, REBAEFHE, IR RS

http://pedologica.issas.ac.cn



+ B R
Acta Pedologica Sinica
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CU A B 90 3R B RAT 1 1 T AN = FE Rl pHL ) BT 38 i), DRI AE ANt IR 26 4 T, R
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Verrucomicrobiota (ASV450) s&A5dk 2. 3 F1 4 wf B B F LT A, 1 B IX sedypfhm] DL T
B S5 LR AR, £ ISR G AR R 2 HEAE B, PR, J8 i P ) 2 A
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Table 4 Key species of network modules

Y EH (25N ] el e
ASV Zi Pi
Taxa roles Module Phylum Class Family
ASV57 1.01 0.62 Connectors 1 Bacteroidota Bacteroidia Microscillaceae
ASV215 0.34 0.63 Connectors 1 Acidobacteriota Blastocatellia Pyrinomonadaceae
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ASV349 0.01 0.72 Connectors 1 Bacteroidota Bacteroidia Microscillaceae
ASV369 2.90 0.00 Module hubs 1 Proteobacteria Gammaproteobacteria Sutterellaceae
ASV411 -0.33 0.72 Connectors 1 Chloroflexi Anaerolineae Anaerolineaceae
ASV428 -0.21 0.67 Connectors 1 Acidobacteriota Acidobacteriae PAUC26f
ASV4T9 -0.33 0.64 Connectors 1 Actinobacteriota Actinobacteria Microbacteriaceae
ASV632 5.12 0.44 Module hubs 1 Proteobacteria Gammaproteobacteria Comamonadaceae
ASV696 -0.88 0.63 Connectors 1 NA NA NA
ASV905 -0.88 0.63 Connectors 1 Proteobacteria Gammaproteobacteria Comamonadaceae
ASV1042 -0.66 0.65 Connectors 1 Bacteroidota Bacteroidia Chitinophagaceae
ASV1055 2.90 0.00 Module hubs 1 Dependentiae Babeliae Vermiphilaceae
ASV115 -0.62 0.63 Connectors 2 Proteobacteria Gammaproteobacteria TRA3-20
ASV151 1.28 0.63 Connectors 2 Acidobacteriota Vicinamibacteria uncultured
ASV226 1.49 0.63 Connectors 2 Proteobacteria Gammaproteobacteria PLTA13
ASV470 -0.62 0.67 Connectors 2 Bacteroidota Bacteroidia Chitinophagaceae
ASV805 -0.51 0.72 Connectors 2 Acidobacteriota Vicinamibacteria NA
ASV812 3.70 0.00 Module hubs 2 Proteobacteria Gammaproteobacteria SC-1-84
ASVE851 -0.62 0.63 Connectors 2 Acidobacteriota Holophagae Subgroup_7
ASV937 -0.62 0.73 Connectors 2 Chloroflexi Anaerolineae Anaerolineaceae
ASVI72 -0.93 0.67 Connectors 2 Proteobacteria Gammaproteobacteria Xanthomonadaceae
ASV6 4.36 0.00 Module hubs 3 Bacteroidota Bacteroidia Microscillaceae
ASV46 3.22 0.47 Module hubs 3 Bacteroidota Bacteroidia Microscillaceae
ASV172 2.54 0.29 Module hubs 3 Bacteroidota Bacteroidia Microscillaceae
ASV178 -0.88 0.67 Connectors 3 Myxococcota Myxococcia Myxococcaceae
ASV452 2,77 0.00 Module hubs 3 Planctomycetota Phycisphaerae WD2101_soil_group
ASV553 -0.65 0.67 Connectors 3 Fibrobacterota Fibrobacteria Fibrobacteraceae
ASV594 -0.42 071 Connectors 3 Latescibacterota Latescibacterota Latescibacterota
ASV1006 0.95 0.69 Connectors 3 Proteobacteria Gammaproteobacteria NA
ASV1097 -0.42 0.63 Connectors 3 Proteobacteria Gammaproteobacteria Xanthomonadaceae
ASV1180 -0.88 0.63 Connectors 3 Acidobacteriota Vicinamibacteria uncultured
ASV200 3.26 0.50 Module hubs 4 Acidobacteriota Vicinamibacteria uncultured
ASV450 -0.61 0.64 Connectors 4 Verrucomicrobiota Verrucomicrobiae Pedosphaeraceae
ASV617 3.69 0.00 Module hubs 4 Chloroflexi Anaerolineae uncultured
ASV692 -0.39 0.63 Connectors 4 Myxococcota Polyangia BIfdi19
ASVT721 -0.61 0.66 Connectors 4 Actinobacteriota Acidimicrobiia uncultured
ASVT744 -0.61 0.67 Connectors 4 Chloroflexi JG30-KF-CM66 JG30-KF-CM66
ASV808 0.68 0.67 Connectors 4 Acidobacteriota Vicinamibacteria Vicinamibacteraceae
4 45 it

KRR S 22U (TS~TI12) RefgidmtEsRn &8, A HEIE, H
BB FEE 4. pH, SOC Al TN Z8F2 50 Fab5 & W AU T RE VR 25 A I B LR 3R o 48 2 #ir
BE) 4 NEBERESER, 2. 3 F1 4 d1f) Verrucomicrobiota (ASV450). B B £}

(Xanthomonadaceae, ASV972 1 ASV1097) FIMEHHIE Rl (Comamonadaceae, ASV632
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