614 555 + 5 o iR Vol. 61, No. 5
2024 4E9 H ACTA PEDOLOGICA SINICA Sep., 2024

DOI: 10.11766/trxb202303090096

XIBIRG, IR, sk, sk, BREOr, &% 5. IR AT M Ot 8 NE % L S A T B P8 R e S R (], LA, 2024, 61(5):
1374-1385.

LIU Mingfeng, ZHOU Guixiang, ZHANG Jiabao, ZHANG Congzhi, XUE Zaiqi, ZHAO Zhanhui. Effects of Long-term Straw Burying and

Nitrogen Fertilizer Application on Soil Bacterial Community Characteristics[J]. Acta Pedologica Sinica, 2024, 61 (5): 1374-1385.
Ny — sz < *

KHARG T B B b AL X L IR & B 5 4 ERY 2

irlJ Eﬁﬁkl’ 29 }%ﬁél’ 2, gﬁfi_ﬁil’ 2T, yﬁ/;}‘\#‘\:x‘ly 29 -ég%kiﬁl, /“i% 5%53

(1. P EBR2EGEE gl AR (o ERERE R o AT ), Mt 211135; 2. shEBRZEBERZ, JbaT 100049; 3. Tl mdl a2 Bl
2 ST 2 G B 2E b, WRSETR L 467036)

& E: i ENE + RE PEE AR S RS R H A R AL, SR NG - FOREAE T AR AR B
I ARG, P e T e AR S 28 AT, WA AR IO RS [R) BN SN A P A R B 2 AP O R DA
K5 R, 5RRIT: (1) SRR HAEZUICAbBEAR b, FEFFIA B A Rt AIE Ak FEL 0 2 A AR+ 398 pHL, 4
7 T 14 TN, SOC. AP, AK flNO;-N & (P <0.05), fEFHEAUEENLA A THom w08, (2) RRFSFEH
Dy 2R AN it F B A R AN Alpha ZREMETC R 225, MANERHEZN2F 8% . pH. SOC Ml TN 5K T3R5 T 41 B
TGS . TRATIAT) . RIS ) AN o | 12 ) A i v 1) EZR T . (3) LB A 2 4 D%
MAASERRE, 45 TR WA OCHE . B 1 P AP EEE S SOC, TN, TP, NO;-N . AP Fl AK 2R B E AL (P<
0.001), 5 pH ZM B FH EASE (P <0.001); &k 2 A 3 rhiypfh £ 2 5 R o0 & B IEADE, 5 pH RHMARX, £
LR, REFA R R T DGR AN AR S S R, NIMEEE R0 Ty o ST SR T RS FE R SRR A A et e
PR LR

KR RO, HIANR; MERE T

FESES: S154.1 MHEFRERG: A

Effects of Long-term Straw Burying and Nitrogen Fertilizer Application on Soil
Bacterial Community Characteristics

LIU Mingfeng" ?, ZHOU Guixiang"?, ZHANG Jiabao" *", ZHANG Congzhi" ?, XUE Zaiqi', ZHAO Zhanhui’

(1. Fenggqiu Argo-Ecological National Experimental Station, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. School of Surveying and Urban Spatial Information, Henan
University of Urban Construction, Pingdingshan, Henan 467036, China)
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returning process in typical fluvo-aquic soil, we experimented with different straw-returning treatments under long-term
wheat-maize rotation.[ Method JThe 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
NO;-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, NO5;-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 ecological relationships of microorganisms. The findings of this study can provide a

scientific basis for the efficient utilization of straw and the efficient management of soil fertilization.

Key words: Straw returning; Soil organic carbon; Bacterial community; Network analysis

T ERAT = B fE A g 0r, Jageit, B4R e
7 AL~9 ACE R, — B LR, RIS 1
SEAEAM L= Z BN T, RS FE AT AR
LEAP AR YR AT B R4 L RAF AR L — T T LA
Ao B P R 1) S B (AN R E AR YRR LA 3R
G, BTN, A I R S
3 — 75 11 0] LA B A W v ) 2 S 25 A
IS IR IR 4R e TR Y 2 B A
M, HE— B AR IR WX HL R R AR B Y
KU, SAMAC A RIECACAR L, SEREFS AT A5 A B
Ykl ar LU S pUE RIS TIiRE ), X RUEY)
T V& TR 2 B R 42 A IO, DRI 9 A A R R £
SRR I3 RIS WU RE T 52 e %) S BUAR M A= 25 R G Y
QESE- ¥ dESS &

3 C/N SRSk ORI R A
WHFERY], RS FRE H 2R O/N, filf 138
AEYRERRE T AV RET . FEFFL H G
A, feftm LA SR, FEEPHE L ON,
ZEY SIE ARG, ey K
I PEFIRSFE AR AL T AR e, FAFIE AL
it P AL 2 — 3] F5 2 AN AR, PTG SR
e R, R e 2R, fedtS
Hemk . Al BEIRIRAEOCIBUE AR, BIIER
HEMANIL, SEICMLL, HASRem (&

N. P. K %), HMEZNKY, Fb# AR 2 EF
Je, By 2R i 2 5 me R A L H ) ) A
Uy

R AE R 3 R IS PER R o R ERE
PIRRA 70%~90%, FE I AL AFS FF o0 pte
HFE BRI e R R 3 o A A A
M, AR I R AR, B T E 4R
B A A U2 E R S A T BT 22 4 b e
RS . 2R Dhfg s DL S PR R AH ¢
P Y Al XA A T RS FE AR A9 45 e
R 7= X A KA [ R R R i AS
FAMNEEE T, WO FAEB MR fEHRR L
S HNTEBEE AR R B R

BT, ARG ERE BB ol A2
SEEGUG, SR 16S rRNA il 2 07 5 AR 4 s #F
Rl . FEFT 2 43 1 B it AS ) ERE 2% 18 R 4 i A
GEF LRI, 07 P 190 25 20 A7 g 40 T A =22 )
(A 3 HE 25 R 45 R AR A BB, ST 3500 5 A TR R
W E8REAE Z B B OCHK , 5 FE4E /s fdb b XOAS [R] 75 #F
s FET Sy 2K 0t A ] R o 3R 4% . AR o )
ARG ZOR N 5 SE B B R, B RS AT )
T AN 1] Bb A9 %) 0N 08 2 55 A e o AR P Bl 2 E
B, SR B TR0 - Hb RS AT 09 IR A I B (AL B
W

http://pedologica.issas.ac.cn



1376 + b1

=

61 %

1 BPRHS

1.1 REiEit

KA A AL T E R B ROl AR AR 0
(35°01'N, 114°32'E ) K W01 A5 44 P it 201 1K
Mo ST b A 2SR Ay 2 T 5 A I ) I i 2R XL
S, AR 13.9 €, A EREKE 615 mm,
A SR Sy e AR, AR U B R OK -
KINERAE . 2011 AR R 3 FRSAFIEH . 4
AR AILAE XS 26 sl To AL R it FH B B (430
MR ER 0%, 8%. 16%F1 24% ) SFs5F— 4T
IR, $t 12 AMbE. BAACh T1. FiFFEER+PK
fE; T2. FEFFEE+PK E; T3: FEFFEFR+NPK AL
(100%TCHLANE ); T4: FEFFAT #+NPK AL (100%7C
HLANE ); T5: FEFFHEHE+NPK AR ( 100%CHLANE );
T6: FiFFHEHE+8% 4 HL A +NPK B ( 92%LHLANE );
T7: B FFHE I +16%47 HL A +NPK JE( 84%TCHLANE );
T8 : Fi A +24% AT HLA+ANPK JE( 76%TEHLANE );
T9: F5FFHEHE+8% I HL A +NPK AL ( 92%TCHLANE );
T10: FEAHEH+16%TCHLA+NPK JE ( 84%TCHLA
AED); T11: FEFFAEHE+24% CHLAANPK B ( 76%JC
FLARNE ); T12: FEFFHEME+EJEF+NPK 2 (100%
TEHLEAE ). 186 it A AL RHL A U (210 kg-hm ),
WAL (P,05 157 kg-hm™ ), #AE (K,0 105 kg-hm™ ).
/NXTEFL 40 m? (8 mx5 m), &/NXPYREMEH 1 m
I KIERR RS o At TR TR R L2 /N IX R
A B B0 L SCHR[15]
1.2 HEEESHH

F 2022 4F 6 H/NZ AWK AR 5 om
() -5 535 % 2% /N X BB RAE 54 0~20 em B2 £
e, WA HIAE, IrAa ks B TORRAN, vk
PREEIE PSR EE . KRR . Ak RIS,
it 2 mm 54, — I RAFET-80 C, 1T DNA &
B, 5 — O W E T2 dabn . TSR HR An g iR
CEHegr AL 22 b i ) VO AT 2 . 4 3¢ pH fifi
A pH I ; HIEAHLGK ( SOC ) >R 2 % iR B
AASMmBGEIE; 2f/ (TN), 28 (TP) A
2 (TK) 3 53R HTEL IR GE Bk iR A R
A EH B BT L 0 3 R A AR AL B i — K ' B 1
FE; AR (NO;-N) AERA ( NH,-N ) R
WA B E s R (AP) SRR S 4=
AP Ak B (AK) SR G IR B4 i
KIGICEE T

1.3 TEMAEYHESEENRF

132 51 DNA K f Fast DNA Spin Kit for Soil i
#l& (MP Bio, USA) #£Ht; flifI/F31 515F-907R
SIMHY AT 16S tRNA FEH K va~V5 X, F
[lumina MiSeq V- &5 #4738 5l 77 5 {#H QIIME2
A4 1 ASVs ( Amplicon Sequence Variants );
i3 Sliva B8 ERY rdp classifier X ASVs SEAY,
R ER (BB RA —&FHIN ASVs); LUFSI
B /DR SO AR EE AR s BT E AL AR o8
UG S50 . W72 - 1% 2 NCBI Sequence Read
Archive ', 3B T4 “PRINA9S7048” FRHL,
1.4 HIESW

JIi A #diE F Excel 2019 %23, SPSS 27.0 X kb3
AT 2R 7 22501, 32K H Duncan J ki 4T o 3%
PERZH: (P < 0.05). Chaol #5%0f1 Shannon 5 %%
AR 4.2.2 [ ‘microeco’ W it5H., HTRAFLN R FEE
Alpha ZFEME, T R 4.2.2 3155 kb3 [E] Bray-Curtis
PRy, Jfilid PCA 7rHral #ifk Beta ZHEME, LIK
TIE 240 R R V% 45 4 22 5 S 5 3R 0 PR b I RE DG 1 o JE
‘vegan’fU k1T PERMANOVA 437, FFH R 4.2.2
BEARXT B AE T 0.5%MPFh, 1 ‘psych’
AL AT AR MR RE RS #T, £ $F Spearman A 5C M R %K
r>10.6| LB M P <0.01 BEEIEITN A, S
A Gephi f# F Fruchterman Reingold .45 J&i , 115
BEAL R AL, 153 EL IR R NI, Jf
TE R 4.2.2 GEit AN Y 32 B304 M A o R
fi F “microeco’ G TH5 0 £ J 14 1 I 28 B ke, 2 HCT
SUBTHR PN 58 B ( Zi ) RS R) %58 ( Pi ), 251 Zi-Pi
Ko >k Pearson #HICH: ST FRAE W 45 5 e 5 3R 5
PRI R AH O

2 45 R

2.1 KHEAEMHEIEAAERT T ERSH I

Zd KW R ALAL B , AH T RS FRRZBR HL
AH AN (T1), FEFFE HELEEE (T4 F1T5) B
F AR 3% pH, #9411 SOC. TN, TP, AP, AK FlI
NO;-N &t (R 1), BB EAKANL (T1) By
SOC ik @ F K T HAB AL H ; S5FEFF R 5 ELAS it &L
B (T1) fHE, F5FF5S 24%E HLENE IR H a4 3
(T8) WIMEIRACR I, WERE T 42.06%S0C %
i FERS AP ECAG AN R AR B, e
HHLANLH (T6 ~ T8) Y SOC & T IHl

http://pedologica.issas.ac.cn



1377

“SIUSW)BAI) JUDIQJJIP SUOWER [9AI] 944G Y} J& SIOUIIJIP JUBDIJIUSIS PAIRIIPUI BIRD JO
UWN[O9 SWES 3Y) I9)JE SINIO[ ISIIIMO] JUAIAJJIP *( =4 ) SA[WES 331y} JO UBDW O} Se UMOYS BIR( 910N ° Ac M4 1% L5 223 i o B[] N B W WE i — 1] (€= ) H)Gr A NE 2

M

FEXT - e A BRI AR (Y 5

=
R

Jitd

AT HE T

o IR

RULEVARS

54

0qe90'y F L9901 qQey0'c F €CLT P600FVEY JL9OFLI6 BECOFTISI BZO'0F 660 9qeg0'0 F69°0 qQeoy'0 F LS VI 9qE0°0F6L°L CIL
0qe[9°6 F €€ V01 B99'CI ¥ 0S°6€ ey 0+ 18°L PETOFILII BCLOFI0°CI QeI0'0*F 160 PIOOFT90 PI0S0F T Tl o0qey ()0 *F €8°L ITL
qQeog' Tl F €CPII qQeLTCFLLIT 9810 FL99 BTETFV9°€T BLI'0OF 96V BIO0OFL60  PO9ey0°0 F89°0 OQITOFICCl 0qey()'() F98°L 0TL
POq8L 'L F €T001 qezT e F LY'IE BOT0FEE BR0'0 ¥ 89°CC BITOFLLYVI BEO'0F96°0 P3qZ0°0* L9°0 99690 FTO°CI Q0T 0FSLL 6L
PIOYIT * €788 qQeyLy FL19¢€ Po0T0*98't P8EOF S ¥I BR0'I F68°¢CI 9¥0°0 F L8O BEO'OFSLO BOY 0 FCOSI 99900 F9L°L 8L
Poqg8¢€'9 F ££96 qeg8 T+ C0'I¢ POET O+ E9Y B0V * ¥S¥C BpI0FSL VI Q0’0+ 160 qQeI0'0+F¥L0 qQeor 0 F €S¥I 9qe90)'() F98°L LL
P9Iy F L9798 0q0I'T F€80C Poge 0 +F78'tv POTL 0O FLO91 8OO0 F61°C1 qZ0'0F98°0 PIT00 FS9°0 0qegL0 F09°¢Cl Qe ()0 F €8°L 9L
qQey9 9 F €CLII qe8g8'¢ F €T’ € 0700 FTTS qIe 0+ <S8l BEPOF 1611 BZ00FL60 0qBT00 F0L°0 o0qe[y () *F8S°€CIl 9980°0 F€L'L SL
BECTI F €€9T1 qQesTy F069C 0600 F 'S 99601 F98°LI 8OO0 F CI'SI BEO'0F96°0 0qeI00FIL0 0qe9[ Q) F €S°¢l OCT'0FLI9'L L
PSP EF 0619 Qe EF06'61 Q910+ €€9 Sy 0FHE9 BOI0F0S¥I qQey0'0F €60 €00 F9S°0 P69 0FCSII qeo0’'0 FC6'L €L
PE6'0 F €TSL 9LS0F606 B9C'0FLO'S JO8E0F¢EL6 B600F 1611 0TO0FLLO Q00 F LSO PYI'OFOTII qQeco'0 Fv6'L (A
JSO'T * LS8V 0TV 0 F¥S'8 POIE0+88Y 3L00F20°S BRTOF Sl 9T0'0*F8L0 JEO0F8¥0 989°0F LSOI BOO'0F€0'8 1L
( Bvsu) (Bysu) (3430) (BA30) (43) (543) (545) (45)
JUSUIBAI],
v /v /N-"HN /N-fON ML /dL INL /D08 Hd
T Ly o o i e wE ST e

S)USWILAI} JUAIQJJIP 1OPUN [IOS JO SUOIBIIUIIUOD JUALNNN | J[qBL

L BFE T L B (2l

12

http://pedologica.issas.ac.cn



1378 +

T 61%

RAICALHE (TO~TI1), Ed A TN &i, KL
PEATASFEIA AL B DL AERE H3E TN S, WA
SMNRA R A GE BB TN; 5K A AL P
(T1RIT2) AHEG, A FFHE 2Pt 200 A P BE B 4%
Hife i+ AR B, AR (T1 fil T3)
[ NO3 -N 7% £ i I T oA b 2
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13.86% (&l 1), FEFFREEREEA AL 3 (T1, T2
FlT3) 78 PC1 il 15 JFHC A A 34 200 17 45+ W X 43
B 18RS T pH. SOC F1 TN, NHj -N 254K 5
TR R, Horh pH R B E 2 RS FT
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AT 26 5 0 A ST BH 7 ikOE PAE, 45
IOUE T REFF R PREA G ANEALEE (T1, T2 A1 T3) 5
FoAth b 2 ) 25 57 353K 3 K- (P<0.01, #3),

*2 FRELETHIRMERTE Alpha 1

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

Qb Chao 1 ¥5%k Shannon F5 %% Ab ¥ Chao 1 ¥5%k Shannon F5 %L
Treatment Chao 1 index Shannon index Treatment Chao 1 index Shannon index

Tl 2294+113a 7.05+0.04a T7 2 280+98a 7.07+0.03a

T2 2 240+50a 7.07+0.01a T8 2 551x135a 7.13£0.05a

T3 2 466+43a 7.13+£0.04a T9 2 122+131a 6.99+0.05a

T4 2 174£157a 7.01+£0.08a T10 2 076+157a 6.98+0.05a

TS 2 335+176a 7.06+£0.07a T11 2 444+195a 7.06+£0.07a

T6 2 257+276a 7.02+0.10a T12 2 279+64a 7.06+£0.02a

e RPEIERME (n=3), R—FEREERFE TR R2ZERE 5% 8 F/KFE, 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 FRLETLHRAEHEZNERZTHAEIN

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

b3 WEUILN BEMPM BHKIER PE
Treatment Variation ( R*) P value P adjusted

T1/T2 0.390 451 0.1 0.1

T1U/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, **#/~ P<0.01. Note: Others
indicated treatments of T4~T12, **indicated P <0.01.

YR LE 1 AKSE B AP Al an il 2a s . 3f—
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FHE 22.81%, FfFEEAMANLLAIE (T2) BF

NH-N

JLpii
Treatment
Tl

o T2
T3
T4
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o T6

o T7

o T8
T9

® TI10

: ® TIl1

1 | I ® TI12

PC2(13.86 %)

PC1(48.39 %)

K1 AFEAEET IR RER Beta ZHE1E
Fig. 1 Soil beta-diversity of bacteria community under different
treatments
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Fig.2 Soil bacteria community composition at the phylum level and family level under different treatments
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Fig. 3 Soil bacterial co-occurrence patterns
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AFFEE T Microscillaceae F1 Chitinophagaceae 45
(2 4). IXLELICHETY SV PP TEGE 37 N 28 B B A2
PEFHEA TR

K Pearson FHOCHEIAE S A PEAG T B0 6 2%
Ho4 A RS TSR Z AR R . OGS
Mresdf (K 4b) R, Bk 1 WM FES SOC,
TN, TP, NO;-N . AP il AK 2 # B EMAME (P <
0.001), 5 pH 2R FIEMX (P < 0.001); B2
WYIFIFJEE SOC., TN, TP, NO;-N . AP il AK

W EFEIEME (P<0.001), 5 pH & E& X
(P<0.01); B3 YFFERELL SOC (P<0.05).
TN(P<0.01), TP(P<0.001 ), NO;-N (P <0.05),
AP (P <0.01) il AK (P <0.05) 5@ FFH-E,
5 pH £ W EHRME (P < 0.05); Bk 4 Pfp=FRE
5 S0C(P<0.01), TN(P<0.01), TP(P<0.001),
AP (P <0.01) fil AK (P <0.05) 2 EIEM%,
P 1 25 5150 A R [R) A A F 5 5XmT DA o i A 4 3
T U A R R R AR AR OC R, R R R
AR, T E— 2 MR + SR R AR

AGRIGEE AT LLE Y, RS FF A AL P 25 4
413 SOC, AZE. AP Il AK Hir& & (£ 1), X
Sar AT g g AR — 3, FEAPhEE 3R
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a) 7 b)
) : 4| -028 05 048 056 -0.05 031 —02 0.5 036
' Wk ko wE %
4 i
: o E o 3| =04 039 043 0.6 -001 0.34 —0.02 0.43 0.39 | Correlation
_______ PP = * ¥ RE Kk P P 1.0
S 0.5
Z 0.0
i 05
2| -0.51 0.81 083 06 0.14 065 -0.18 0.74 0.8
Wk ok kR ok sk ks | b —1.0
” 0.59 -0.72 —-0.75 -0.72 —0.08 —0.59 0.12 —-0.66 —0.67
o Frdr.>Module hubs sk kdk kkR Rk sk sokk kR
o 4 4% 55 Connectors

100 © %k s Peripheral nodes

&

O

¢

SR E x> xR F
‘%Q ~ QQW

+ 3%/ Nutrient concentrations

W oa) R Zi-Pi 5 b) AAEH Bt RS S AR A S E T s AR R, EF RS, BOFRRIEME,
* RN P<0.05,**F/R P<0.01, ***F/x 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.

Pl 4 BLBRMRN Y R S R R AR A S

Fig. 4 Module species node distribution and correlation analysis between module species and soil nutrient concentrations

R4 WEERCEYM

Table 4 Key species of network modules

WA (EER Il £ #
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
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
ASV479  -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
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gk
WRME T I e P
ASV Zi Pi
Taxa roles Module Phylum Class Family
ASVS812 3.70 0.00 Module hubs 2 Proteobacteria Gammaproteobacteria SC-1-84
ASV851 -0.62 0.63 Connectors 2 Acidobacteriota Holophagae Subgroup_7
ASV937  -0.62 0.73 Connectors 2 Chloroflexi Anaerolineae Anaerolineaceae
ASV972 -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
ASVS553 —-0.65 0.67 Connectors 3 Fibrobacterota Fibrobacteria Fibrobacteraceae
ASV594 -0.42 0.71 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
ASVI1180 -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 BIfdil9
ASVT721 -0.61 0.66 Connectors 4 Actinobacteriota Acidimicrobiia uncultured
ASV744 —0.61 0.67 Connectors 4 Chloroflexi JG30-KF-CM66 JG30-KF-CM66
ASV808 0.68 0.67 Connectors 4 Acidobacteriota Vicinamibacteria Vicinamibacteraceae

Sy R A s, AR I A LR I R R
5y, WAL IRATE U E i R, DA o5k
PR 2 A7 T U0 R R it 15 e RN Ak B
X SOC U R o 2, LS IR v] RE A% A6
AT LAk S o i R R DL CO, TR S AR HPY,
It BAERRIHA IS A, TR R ON L, 2
E AT, REEREFRIRZ R, R AT+
e SOC it BARP AL HE HEL it A HLAUIE AR B SOC
S TIOHLEE AR B, 5 AT e = LA N
HACEAE, ¥R ok, ME DL AT RS A A
ff it AR R R I MANIEE A EAEE
A HLT, EAEEANTE R PR E, JF S R
JEREY), T MR SERS AF R ALl B, #5014 SOC
TP ARG ZE AW, R AT P bt 28 Ak
PRAR A AU A & A L AP FLAK i, W
JERUAFEFFA B 1] AR 78 +HE NPK 524y, HASFFIR

FH A% [ 5 U, RS FE g aod i v 00 8 1) A W
fRAE B R . B B 7E P hE ad [ A al =
R RIS I T RS AR 8 1T DUE E + A LSRR
Wik, INEATES, REARAHE, IF BRI
At B2 b= A AT PILIR AT LAGE o 3w i RE I, A
T AT it FH o

- v R S ) AN TR A SR A B RS TS i
R E SEEVE Y, R ZFR AR S TR B AR
ERAEREIRIE R, PCA Mt B T 7EAS [R) A FT
i 5 ARt Z KA B, 3R A AR AL
SR T AR VE 9454 (18 1), PERMANOVA %5
BOE 1 RS AT A F it 20N Ak 34 55 S At Ak PR P 200 R
TELERAE 225 (2 3), Fierer PG HF 5 45 1
F Wt P AL XS 240 8 2 FEVESE R S, 3R e 4
WRE S5 1, IR 3E s 5 SR A A0 TR 2 () AF AT 3 2 3
i, BEARTE R, X SRR R 3.
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BRFFRIT T ZSERT] . PRI SR IR R
2 12 A AbE - S PR 00 E 20T (& 2 ),
b PR B SR R AR F A —E 2. B
R R IR TROAEXS E BB pH A9 RT3
1| R v i ¢ o T AW 3 B N T B S B L) S
A, HLRRAT TR 1 I AR 32 B2 25 5 TR FF RS BR A 28
BIRWI RS SERMAME, EAERESKEES
BRI LA R F R R ek 00, R A i
RMFMT, FEFE SR P AR R T AR X 3 B
S TR R ., FERFAFESEAMT, M
TNME AL H, it Ak 3w A R AT TR AR X
FEE, HAE TRAENAIRMAR S, X
N IPNOE e S G
AR, TEI R 28 B RRAT B T T AR TR T
I SR Y 12 (B 3b), URIIRRAT B 11 RIS I
PR T TR AR R A0 T X 28 B M SRS . A I 4%
RIS R 5 24 ISR de At 1 2 A O
JUHGRBEH 1 R 2 NRYAITERET (5] 4b ). L
Be 1 vt Wy A B 34 5 O LR AT AR bR A
ARG, ULRHALE 1 rh Y Fp IS AR KAE R & i
BARM G . T HEFR B N R T SR A
WA, (S H IR A 2 A AL, AT
OB TR A . PIEEBIE 1 o R
HIRRFFIR ], AR OCEEY) P Blastocatellia( ASV215)
FMNTE A E R ( Comamonadaceae, ASV632 il
ASV905 ) IS i - AE K AEE TR = AR
(£ 4), H5 SOC EWFMAIKR, BRIEIHEEIR
AR, 7E SOC & A R SR e I % H
FAEHPPL, FERE 2 3 R 4 AT AR R
HREAR, HADRMEEAX R T, PRl =AM g
FEOTFEPRHIA OGS R KA T A8k, 5 2. 3 Wfh:
J£5 SOC. TN, TP, AP Hil AK 2B E IEHISCER,
Ui P SR o 1) S SHEA) R LR R AT R ik o 2 v b 25 AR
YERL, ARHEREFFIR 0 e 57 A, 1e TR MaER
JrAFFE AR HEams 2 Fhid ASVOT72 HIfSiH 3
FHY ASV1097 IH)E T2 Fifl A+ Xanthomonadaceae ),
REIE A AT A A SRR AE KB BT RE
FE MR AT B T 1H) Vicinamibacteria 2t 2. 3., 4 3t
A B SHEAEE, AT REH A KAz 1Y N T g
oy E R R K ALY B 3 AR
FOCEEI RN ASVAS2 J& TR %A 1 HIESE
f1 5 R E PR AR, BRI HE AIE 1Y 2R

At BB, TS 3 NH-N I NO; N 36t 5
POFF B 116 1 — SR BB % 43 WA W36 1R it AR ML IR 1Y T
J&, PR b A TR I, B A AR

J& T B2 FT #11] f) Holophagae ( ASV851 ). %l []
( Myxococcota, ASV692) J& T#i A 2HF, (HIHF
Verrucomicrobiota ( ASV450 ) 24 2 3 f1 4 i
TR, B LY R ] DB S S 5
By At 2, AE RIS ORI I R R I 2 AR
FAPS Rk, i b o AR G ) R 22 5

ATDUH R Ty E s st 2%, VR R i 1%
B AR AR W A R HE R, R S IR AR R
FHIC B A R ALK, AT AR - 398 200 P V% 45 R A
ARSI AR, TS 0 A M U ) S - AR )

4 %5 ©

F R AH A P b 2 1 I8 (TS5 ~ T12) fig
ey SRy A A, PRI IRy, IR A E
HEVRZERY . pH, SOC HI TN 25355035 2 5 1 41 14
MR ETERE, MEOHEE 4 HFEEML
EERE, B 2. 3 M 4 AY Verrucomicrobiota
( ASV450 ). BB A ( Xanthomonadaceae, ASV972
il ASV1097 ) FIAEFRMEEE ( Comamonadaceae,
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