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Abstract: [ Objective 1 Although adding organic waste materials into soils significantly affects microbial
characteristics, the responses of soil bacterial and fungal diversity, community composition and their interactions to
different organic material amendments in urban green soils remain poorly understood. [ Method] Using the mesh
bag method, six types of organic materials including green waste (GW), green waste compost (GWC), biogas residue
(BR), biogas residue compost (BRC), peat (PT) and biochar (BC) were selected to investigate the effects of organic
materials addition on soil properties, microbial communities and co-occurrence network in urban green soils through
a 16-month in situ experiment. [ Result] The addition of organic materials greatly increased soil electrical
conductivity, soil organic carbon, and soil total nitrogen content by 12.7%-49.0%, 34.1%-87.0%, and 4.2%-14.7%,
respectively. Soil bacterial alpha (o) diversity did not change among all the treatments, while soil fungal o diversity
was obviously increased after organic materials addition, which was mainly regulated by soil electrical conductivity.
The dominant fungi were Ascomycota in urban green soils. Fungal communities in GW and GWC treatments
significantly differed from other treatments, which was significantly influenced by soil pH and microbial biomass
carbon. In contrast, Proteobacteria, Acidobacteria, Chloroflexi and Firmicutes were abundant in urban green soils.
Bacterial communities in BR and BRC treatments were distinctly separated from other treatments, which was
primarily driven by the aromaticity index of organic materials. Further analysis of co-occurrence network revealed
six main ecological clusters. The relative abundances of microbes in each module were different among all the
treatments and were significantly correlated with soil nutrients and aromaticity index of organic materials.
Specifically, the highest relative abundance of bacterial community in module 2, 3 and 4 was observed in BR and
BRC treatments, which was positively correlated with dissolved organic carbon, microbial biomass carbon, and soil
total nitrogen, indicating that addition of biogas residue and biogas residue compost might enhance soil nutrient
availability and subsequently facilitate microbial activity. [ Conclusion] This study concludes that adding different
types of organic materials can regulate urban green soil microbial community composition and interaction patterns
by influencing soil physicochemical properties, thereby altering soil carbon cycling. Organic materials with low
aromaticity index, which are more easily decomposed by microorganisms, may accelerate soil carbon cycling,
whereas organic materials with high aromaticity index may favor carbon retention in soils. These findings hold
significant implications for accurately assessing the resource utilization of urban organic wastes and the
improvement of microbial diversity and ecological function in green space soils.

Key words: Organic waste; Urban green soil; Bacteria; Fungi; Co-occurrence network
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MR S A TARA IR A R 2021 FAZRAE M XEBT AR (2) W, RIET B
HEAE VD RE R PR A 0ol B R B 2o IRAEUR IR AR I S TR AR (3) SRIMENE, W%k
SRR RED NI EE L A= 35 ), 725 7K 50%~60%- IRHR A L 25~30. HE(ARIEE 60 °CLA
FRSHET, IWRKEL 2 NA RIS (4 BBl B EREERnAREE,
[E 57K B 50%~60%. DRI A L 25~30. HEMRIRE 55 °CLA BI&AT T, IFEURI#L 2 4 H
JEH &G (5) Y%, I HE Plantaflor Humus Verkaufs-Gmbh A& ;  (6) 4%, i
BHEVIRH A FRA FPEAT R EHE 450 °C2& A A ] 45 11 B o

WL E 7 MEH: (D ARIEIAE (CKD : () HmImEE (GW) 5 (3)
IRINEERHEL (GWC) 5 (4) I (BR) 3  (5) #INVEEHEAE (BRC) 5 (6) N
PR (PT) ¢ () WwhEY®R (BC) « BMEBERE 3 MEF /DX, &/PXHA3m? (1
mx3m) , BENLAAT. otk b LIRSV NIRRT 2, R F e e
SRR AT LI AT . LA MR 2 mm RS, 56 LR 1:50 (ETED
PR IRAGS), JRN 105 /> 40 HEJE KMEE (15 cm x 10 cm) JEFEHL 4T 20 cm IR &
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i 16 M H JE T 2023 42 9 H i — WSy Bl S0 %, & /NX A AR A 1) I ALk
REMBISNRERA— MRG0, — W& XATAFE & A Tl SOC. TN, pH. EC.
A (TP A4 (TKO &8 — I RAFT 4 °CUKFE— R il e T3 E A Y&k (MBC)
MEAHEE PR (DOC) &&; 7 0 RFT-20 °CUKFE, A THEH 3% DNA 5450
HEW5HT .
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B4, i 0.45 um ERRIEN S, HBRE BT (Multi N/C 3100, Analytik Jena, 4% [E) il
5E o K pH it (SevenCompact S210, Mettler Toledo, ¥ 5 +3% pH (B EL R 1:2.5) .
KA H 3 #A (inoLab Cond 7310, WTW, ) Jii%E EC (B 1:5) o AHIkHRES
PR FH B 2S5 4R %4 (Bruker Avance 111400, Bruker BioSpin AG, F&landen, Fi-) il
JE o AZHEILIR B AR 73 B MestReNova B AF 7, R~ 7 AME2EIX, 3403k 7 FhE fg
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W% (Di-O-alkyl C) . 7538k (AromaticC) « MyJ&fi (PhenolicC) AIFRILHE (Carbonyl C)
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(Shannon, ACE Al Chaol #8%0) %/ Mothur (v1.30.2) #AFEAT /04T, aZFEtEiEsER
BRI WL R 3 5 5 FR 3R R AE Yo 2 BEPEF R B EU AR

AR T A 0T A B AR R, AR 70 s B SR BRI SRS IR Y, 5 5 AR I 28 % 77
gy e RN, BB G o i E A WL, A AR AT S b e A A FE RS, X TR, BRAT
Bl (Acidobacteria) . JAZLH ] (Actinobacteria) . Z¢Z5 (] (Chloroflexi) AV ]
(Planctomycetes) #5258 F A AN B KA (K-360%) , T JEBER ] (Firmicutes)
ZFHAEEET] (Gemmatimonadetes)  fUATE ] (Bacteroidetes) #5724 & & 77 B4 (1 41 B S
(r-3R0%) , HTAE] (Proteobacteria) Bt ARG K B MAH L REM:, REHMXTF
FEZ) AR IR 25%, HRME KB, XTHE, 7 E] (Basidiomycota) AlFFEE (]
(Ascomycota) 73l #5338 K-SRI r- SRS Tl A=), AR B A5 40 (Fold change)
PA Loga CHSINAHLIRE - 3308 A M AR X = B ot R 3 e A SR ) A, P4k
#& 1% % NCBI Sequence Read Archive 1, J¥%1]"5 5 PRINA1067289.
1.4 BRSH

iz A SPSS 22.0 11 Origin Pro 9.0 A4 AT A Fl2x ] . SR FLR 2277 2 734t (One-
ANOVA) Flfg/ME % 25710 LSD (P <0.05) A56AbH | (1) 2 5 W . A R 4.2.2 8
“vegan 4T FALFRZM T (Principal coordinates analysis, PCoA) A1TT 44 4T (Redundancy
analysis, RDA) ; fii [l & #:% ¢ 7 28 (Permutational multivariate analysis of variance,
PERMANOVA) fiie i - Viitve 2= (A 28 /K k% (Mantel test, 999 permutations) 47
MBS N 7 ST AE I REVE IR R o FIA R BAR2E T “ psych™ 60 HEAT 3 AR 0 W PioRE S Mo [ 4y
Mr, MRS (Spearman) HHISME R % r> (0.6] HLE 251 P < 0.05 HI4FAL) E2 41 B - L
L%, 18 Gephi 0.9.7 #4EH) Fruchterman Reingold 50247 J& 115 M g fi Hefb, 228, %
20 TR - L RN 25 [ RSB R B A ) SRAR S FE ) SPSS HHT Z rBUba A b3, K
TR R (Pearson) FHIGHE S BT I 28 A H S5 R Rl T R R &R

2 45 R

2.1 RINEH AR T 4R b 3R IR AL M BR AV S2 M
XL NEHENERT, BRERFTI, SR, SRIEHENEATE R AN S B m, &8 bt
B o5 AT o AEWR B A B EL N B 5 BB, S A REAR RO R, B S T HARA MR
(P <0.05) . VHEMBERIEK A ERm, aHMAENET 2.3 f5~7.1 f%. 14,
TR FIVE A HEAL ) EC 1854374 5.11 F1 3.65mS-cm™L, &% & T HAWEHIE (P<0.05) .
=1 BRI R

Table 1 Properties of organic materials

AHLE AL e e EC/ - R o
Organic Organic C/ Total N/ T GRS
(mS-cm?) Alkyl C/% Methoxyl C/% O-alkyl C/%

material (g'kg™) (g-kg™)

=37 375.0+7.3a 3.89+0.20f 1.0740.03d 6.33+0.01c 7.17+0.12c 52.98+0.40a
LR HE 352.2+8.1ab 10.23+0.09¢ 0.7240.00e 6.95+0.05¢ 11.73+0.09b 45.93+0.21b
Bk 218.0+7.1b 27.67+0.12a 5.1140.13a 51.51+0.67a 12.77+0.35ab 13.09+1.39c
R 175.0+0.8¢ 2337+0.03b  3.6520.03b 50.73+0.86a 14.07+0.34a 9.97+1.03d
P’ 365.9+0.9a 6.33+0.25¢ 0.3140.01f 17.2140.12b 4,58+0.20d 45,95+0.81b
A" 230.745.9b 8.87+0.62d 3.0140.04c 40.69+0.30ab 2.22+0.10e 1.3240.22¢
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HHLWE 75 B ) 755 LR AL
_ X _ ST AT -
Organic Aromatic Aromaticity
Di-O-alkyl C/% Phenolic C/% Carbonyl C/%
material Cl% index
GEIR 11.63+0.14a 9.37+0.07c 6.57 0.17a 5.95+0.26d 0.159+0.002b
IR HERE 10.26+0.14b 11.40+0.13b 6.92 0.03a 6.81+0.15¢ 0.183+0.001b
A 0.94+0.19d 0.74+0.12¢ 2.11 0.07d 18.84+0.27b 0.029+0.001d
THVEHENL 0.61+0.18d 1.78+0.02d 1.77 0.10d 21.08+0.46a 0.035+0.001d
VeI 9.84+0.20b 10.26+0.34bc 4.67 0.24c 7.48+0.18c 0.149+0.004c
AR 3.55+0.20c 40.96+0.54a  5.62 0.16b 5.62+0.08d 0.466+0.005a

e TEHE T B ER (n=3) , [ 8/ NS FRAE RN AL BLR £ 7 8 2% (P<0.05) .

Note: (DGreen waste;

®@Green waste compost; 3Biogas residue; @Biogas residue compost; ®Peat; ©Biochar. Data in the table are means +

standard deviation (n=3). Different lowercase letters within the same row denote significant differences at P < 0.05.

5 CK M, WA WA G i 4eHh SOC M EC &M EETE (B 1), HMiEsS
BN 34.1%~87.0%F11 12.7%~49.0%. BR. BRC. GWC F1 BC 43 TN & & EE 5w, Mg

4 10.6%~14.7%.GW.GWC #1 BR 4t 133 DOC F1 MBC & & F+ 5, B g 43
1 24.3%~49.5%., GW. GWC I PT k&b# + 43
BC 4b¥ 13 TP A1 TK S E & A,

pH i (%, BC 4bF pH
23N 1.2 g-kg 1 A119.1 g-kg L.

235K 24.2%~56.2%
SEFE. Ak,

ENY) 10 30 2.0
g — —~
o) ] 4
S0 a a o4 e b ¢ ab 2 % 216
2 8 b b T g ° e’ 2 20fa ab a 21, b b :
S c c = X o 8 be g & °cd B i
= ° 3 = ° o c c c
= :
@ 6 d 7 51 08s ¢ . N
B °
H 4 6 10 0.4
10 0,09 pa0; 160
o a E g § @ i’14o ab
<009 a ab o a =700 E
2 ab ) a o ? =
S lacé ¢ sy E @ |p S 120(be }
= o8} ° + ¢ 3006f ° = 600} o c g 1, d
I s m | S 3 ¢ E cd 4 =10007 @ ¢
) d ] cd K 3
<H 0.7 “‘1‘]‘ ? HJW'H 500 S d = e de
B i = rd T 8 °
Y 003 Lo 2 60 :
 oWNCeReRCPT 8Ok GMoWNCeReRCPT eC Ot 1 oMoNCeReRCET BCCk E oNpNCeReRCeT 80 ok
AbEE Treatment 4b3E Treatment & AbFE Treatment A3 Treatment

IR BC: WINEMR; CK:
TIA. Note: GW: adding green

T GW: WRINZRIE: GWC: INLREEHEAL; BR: WRINAE; BRC: WRINVAEHAL; PT:
ANEMAIEL. iRz gmiiEik (n=3) , RE/NGFRFFRRAH R 2R 2% (P<0.05) .
waste; GWC: adding green waste compost; BR: adding biogas residue; BRC: adding biogas residue compost; PT: adding peat; BC: adding
biochar; CK: no organic material. ~ Error lines are standard deviation (n=3). Different lowercase letters denote significant differences at P
< 0.05. The same below.

B 1 IS EA LR S A P 5T
Fig. 1 Soil physicochemical properties after 16 months application of organic materials

2 ANANAIRIIIR TR TR S A R B R E R AR

TEEHEAEALEE (BRC) 441 B ACE 5 Shannon fr#0% 78 2K T GW. GWC Al
PT 4b#H; GW I GWC b3+ F1F Shannon 45402 F 80 E ZK T HAB AL 2, AFEAHL
PURHAE P 3% 3 ACE FI Chaol fe¥iizE UL 227 (K 2) « BEME, HInAH
YRR ST 2+ A TR o 2 AR IR R RO B B 5, HR 2E 1Y N 3% 1 ACE K Chaol 1
# (P<0.05) , HEIH ACE X Chaol 55t EC 2EZIEMKKR (£ 2) .
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adapaa £450 ﬁm jLa%%qLﬂLE
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< 4200 ol 2
o
e ° o =5 >~
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@ 3900 o5 3]
< <o <
0.0 3600 & gol LA 200
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3 = e 3
] £ a a a a
aaa. aa CS4400 =g jLaJrquLiE
1.0 a 9 o & 1.0 o 800}
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L o e
#4000 REEET b i
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S ©xz S
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AbHE Treatment AbFE Treatment

BINGEHIRL. *%7R P<0.05. Note: OM: adding organic material. * indicates P < 0.05.
2 WINANYDRL HIRE (a) MERE (b) Alpha ZEEMEFE B 20

Fig. 2 Effects of organic materials application on soil bacterial (a) and fungal (b) alpha-diversity index

3R 2 RMARBHAIE TR Alpha SRR SIMEE TAIEX M

Table 2 Pearson's correlation coefficients showing the relationships between environmental factors and the alpha diversity of

bacteria and fungi in soils after 16 months application of organic materials

HEH T 41 Bacteria i Fungi
Environmental Shannon F53 ACE 184 Chaol #5% Shannon &% ACE 8% Chaol 53
factor Shannon index ACE index Chaol index Shannon index ACE index Chaol index
SoC 0.227 0.406* 0.303 -0.379 0.196 0.147
TN -0.219 0.223 0.293 -0.293 0.316 0.273
CIN 0.272 0.346 0.237 -0.284 0.120 0.084
DOC -0.574** 0.012 0.095 -0.320 0.222 0.183
MBC -0.070 0.376 0.321 -0.677** 0.107 0.017
pH -0.166 -0.361 -0.221 0.492* -0.028 0.039
EC -0.474* -0.159 0.022 0.252 0.402* 0.408*
TP -0.413* -0.210 -0.048 0.562** 0.376 0.441*
TK 0.504* 0.367 0.253 -0.155 0.041 0.030
Aromaticity index 0.399 -0.001 -0.081 0.162 -0.183 -0.149
: SOC: LHEATHLBE: TN: 2% CIN: LA HIB A% DOC: WMYEAHLE: MBC: BMUAEMAEMER: EC: BSXK,

TK: 24, TP: 4f. Aromaticityindex: 75#& 184, *&7x~ P<0.05; **%&7~x P<0.01. F[d. Note: SOC: soil organic carbon;

TN: total nitrogen; C/N: the ratio of SOC to TN; DOC: dissolved organic carbon; MBC: microbial biomass carbon; EC: electrical

conductivity; TK: total potassium; TP: total phosphorus. * indicates P < 0.05; ** indicates P < 0.01. The same below.
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T Gt Hb 3 A S5 40 T Proteobacteria. Acidobacteria. Actinobacteria. Chloroflexi £l
Firmicutes, 540 & 31 78.4%~82.2% ([ 3) o WA MLk b 13 Acidobacteria 1
Chloroflexi FIAHY 3 Ltk CK 5 5.7%~62.0%1 22.0%~63.3%; /%, Bk BC &bHEsh, HHLA
KL+ 3 Actinobacteria (A F FZLE CK Ik 6.4%~23.4%. 5 CK #iLL, BR #1 BRC AL
B m Firmicutes FARXS F=2 . ERMr 2K F, 9REF (Vicinamibacteraceae) + ZF flF B}
(Bacillaceae) - W1k 5. M 1% £} (Nitrosomonadaceae ) FHH I 5 i % £} (Pyrinomonadaceae)
NIRBFAEY) . 5 CK AL, BIA RS N Vicinamibacteraceae AR+ . 5 GW,
GWC. PT fI BC ##AHLL, BR F1 BRC A3 /n Bacillaceae MIAHXT =, T B AR
Nitrosomonadaceae A1 Pyrinomonadaceae FJ4H %} 3 .

[TAKSFEAR R
i Relative abundance at phylum level/% LT
Bacteria Fungi
Proteobacleria 100 I Ascomycota
I Acidobacteriota Basidiomycota

oo

I Actinobacteriota , ‘i“\“ unclassified_Fungi
I Chloroflexi ‘) “““ Mortierellomycota
I Fimicutes I/ /, :“!L I Glomeromycota

Il Myxococcota
Il Gemmatimonadota
I Bacteroidota
Il Methylomirabilota
Planctomycetota
Il Verrucomicrobiota

114> )
{ll! '{fﬂ it Trcalmch
\\\\\ (g&-
GWC
BRC 1
PT

I Chytridiomycota
Il 7 copagomycota
I Others

Patescibacteria
Unclassified Bactena 1
Nitrospirota BC !
Others 0
FIKT AR i »
gl Relative abundance at family level/% L
Bacteria Fungi

Vicinamibacteraceae

Sordariaceae
unclassified Fungi

Bacillaceae “hactomiaceae
B o_Vicinamibacterales 100 — (L!hl"l::‘v’;:\lrlltlt:&
I Nitrosomonadaceae ~ Mortierell:

Pyrinomonadaceae N B Micro:
B Gemmatimonadaceae ‘ Neetri;
B Xanthobacteraceae \ Pseudeurotiaceae
= c‘ K!N-‘)(» 1/ ) B ¢ Sordariomycetes
-] 5p‘h|ngn|\m||mlucuzlc on ‘ Sordariales_fam_Incertae_sedis
B Micrococcaceae BBz AR B Treatment N, Pyronemataceac
B Comamonadaceae -4 EA % //,///, CK o ' ] Simronniucc:lc

o_Gaiellales % '&%” ,/'I GW W Sy ’ I Aspergillaceae

¢ Bacteriap25 ",“’O, /Q' GWC «w RS y Agaricale

: . A o_Agaricales

Gaiellaceae ‘0: ." BR ) \\\\ B Trichocomaceae

Nocardioidaceae .~ BRC I ¢ Agaricomycetes
I o Rokubacteriales “ ]BJE . us‘lilpha:dﬁ&:ﬁ\&:
I o SBR1031 0 Didymosphaeriaceae

B ¢ MB-A2-108
I Dongiaceae

Il Agaricaceae
B Bionectriaceae

Chitinophagaceae
Others

Others

B 3 VIR F LR R 0 T RURE KT R 2
Fig. 3 Effects of organic materials application on the relative abundance of microbe at phylum (up panel) and family (down
panel) level

I T S b - 34 5 E A Ascomycota., Basidiomycota A1 i [ ] ( Mortierellomycota) ,
5 FLE SR LY 84.5%~94.0% (18] 3) . 55 CKAHEL, SRR AT (GW) MER IR HENEAL HE (GWC)
TN Ascomycota FUAHXN FEE (MEIEN 24.2%~31.9%) , T F&fik Basidiomycota F1
Mortierellomycota [RIAHNTE . FERM KK E, S35 H AL (Sordariaceae) &
FEH AL (Chaetomiaceae) . #ifti% A} (Mortierellaceae) /N AL (Microascaceae) X}
FE B . 5 CK AL, BINE HLARIFEE Microascaceae AR F-1, PR A 46.5%~76.7%:;
Bx PT F1 BC 4b¥EAh, WRINAHLAZEIE N Chaetomiaceae HAHNT F£E, BR AHMMIER K. 5
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BR. BRC. PT #ll BC 4:FEAHEL, GW Al GWC A1 n Sordariaceae FIAIXS 1, 1M FEAK
Mortierellaceae fJAHN 425 .

BR Fll BRC AbHf + 340 B R4 5 HAMAL BEAE PCL # LA B2 (K 4a) , SRR OHT
B, SOC. TN. DOC. pH. EC HZ5 & EIREE M B va 5 i F 2 m R+ (R 3D,
Ho 55 FEFR B E R BR 1 BRC AN AHTE 45 /7E 5 (I 4b) o AFTAlE S,
GW 1 GWC Ab#f + 3 F B 5 HAh AL HE/E PCL #l - RAE /355, MBC Al pH & H # B
R EE R, Hd, MBC EEE GW fl GWC A B HEEEMER (£3) . It
A&, ISR} L S B r- SR S AR ) = B AR S S G HURL DS B BE AR 4 2 B35 R %
KER (H5 .

a)

04 24 Bacteria 04 H 1 Fungi b3
’ . - ' Treatment
Adonists % Adonis test | A Adonistt %:Adonis test | @ CK
R?=0.56 P = 0.001 * R?=0.79 P = 0.001 o GW
0.2r 02F
< X = S B GWC
= A7 0B & 2T 4 BR
S AX A b O BRC
S 00r 0 o Soof @ B A PT
=
< % o < | *xaA = * BC
O a A O %
o o
0.2+ -0.2+
9
-0.4 Il Il Il Il -0.4 Il Il Il Il Il
-0.2 -0.1 0.0 0.1 0.2 0.3 -0.2 0.0 0.2 0.4 0.6
PCoA1 (23.4%) PCoA1 (52.2%)
b) ZH 14 Bacteria ) F P Fungi b3
Treatment
r N MBé: BG 00 ; g\?/
1DOC TN
EC‘QO}i\Iﬁ a7 soc r ™ \§ /16/4 . o 8 GWC
s &TP‘é\\\\; 8% »CN & V\\ NN/ A BR
= S a & - soc
T P o T S pHeate O T O BRC
= oHA LY AU B GaaE RS A PT
<D( ’!& “\Aromaticity index <D( i TK * BC
x| o ! o “‘
1r -9 iAromaticity index
-2 1 l 1 -2 1 1 1
-2 -1 0 1 2 -2 -1 0 1 2
RDAL (35.2%) RDAL1 (47.5%)

4 TRINASFAHUR LSRR AR i () MIZEIREVE SR T TR 728 ()
Fig. 4 Principal coordinates analysis (PCoA) (a) and Redundancy analysis (RDA) of microbial community and environmental
factors (b) after 16 months application of organic materials
& 3 RMAEANIH LRBE MR AN SHTER FRESF RS
Table 3 Mantel test of the relationships between the environmental factors and microbial community in soils after 16 months

application of organic materials

N 214 Bacteria F i Fungi
T — —~
) R1E BEMPHE R1E BEEPE
Environmental factor
R value P value R value P value

SOoC 0.256* 0.016 0.104 0.240

TN 0.292* 0.018 0.014 0.894

CIN 0.268** 0.007 0.147 0.081

DOC 0.297** 0.008 0.045 0.678
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MBC 0.033 0.708 0.427** 0.001
pH 0.192* 0.015 0.186* 0.018
EC 0.358** 0.003 0.048 0.623
TP 0.086 0.332 0.139 0.072
TK 0.036 0.694 0.064 0.439
Aromaticity index 0.319** 0.003 0.015 0.883
0.8 I _ _ 08 . » _ .
r-SRHE 2T r-strategist of bacteria r-S & L r-strategist of fungi
— < K-SRHE 2N K-strategist of bacteria ~ —~ A K-S B K-strategist of fungi
(5] (5]
2 04} 2 04} [ ]
S & S
o o
=] o
2 o0} R 4 £ 00} g ~ A
g L1 ¢ g , gt@‘ )
- ng - - ]
& 04} ! & -04F
3 L R=082 ﬁ
> P =0.04 A\_J
o8l DAY
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
75 7 & 5 B0 Aromaticity index 75 7 ¥ ¥8 30 Aromaticity index

5 WA HLY R L% r- SR K- SRS SR M AR 3 B R 2 S5 A LA AR J5 & FE R 500 [ )3 43 B
Fig. 5 Regression analysis of soil r- and K- strategist communities and aromaticity index of organic material
2.3 ANINBENADRHN T SR ith T IR R A YT LE
LR g, QRS 57.3%, HEMAEL 427%, HEWARZHME N

Proteobacteria, E %y Ascomycota A1 Basidiomycota (& 6) . MZ&AHI5E &, Wyhfla)oe
AR 62.7%NIEM IS, 37.3% Ny FAHK, R B I EVE T sa e . SLI 2%
G106 MR, S8 B 10.167, PR R % 0.482, PR K 2.590, BERE R %L 0.504.
ARSI E A AR F A B E R, Hrh, B 1 a8uR®, DANEREEN T

CH YRR SR 37.3%~43.2%) , WA HLIEL L3 (Br GW Ab) R4 B AORE 0 =F 2 B35
KT CK (B 7> 5 B 2 hAEHETE G S A VA 1) 30.6%~40.4%, AR rb 2 T A7) o AF X
FJELE BR A BRC b H g K BEH 3 #Y15  LL Ascomycota 3, GW Al GWC 4bH i) 3
BRI = B s AR 4 T A MO SR FEAE BR A BRC ALBE AL R, TR
Tl FEAE GW Al GWC A ik, Pearson AR AT W, AR 1 R4l B MR AE X
FRESANARLT & R ¥R B3 IEAE, 5 1:3% DOC. MBC Al EC £ 2.3 Ui ¢ 1%,
BB 2, 3 A0 4 iR £ 5138 DOC. MBC Fl TN 2 &35 IEASC. itk 4 K
BRI FE 5 4% pH. DOC. MBC Al TP 2 53 IEA G, LA 45 R E 3 i 4t 115
ININE MLYRH G 8 I 5 - A TR R A R R RS S HAE R R
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1 #17% Negative relation FXT=FEFZ Relative abundance/%

iE#I% Positive relation

T L YRR E] Spearman AHOGREL (1D > 0.6, KRIEFM P < 0.05. LKL RIEMIRR, WRERFARKR.

RRIIBUEARR AR o 5 SRR /MEIR R (5201 R R A ) IR, R , 15 58K . Note: Only nodes

that were significantly correlated with each other were connected (Spearman’s correlation coefficient (r) > 0.6, FDR-adjusted P < 0.05).

The red and blue lines indicate positive and negative correlation, respectively. The nodes are colored according to the module. The size of

each node is proportional to the size of degree (that is, the number of edges connected to the nodes), and the more connected edges, the
larger the nodes.

6 WS INASIRIAT AL 30 40 B R S A 3 0 I 4 B A R A o = 2

Fig. 6 Co-occurrence network of soil bacteria and fungi and the relative abundance of microbe at phylum level of each module
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Fig. 7 Relative abundance (Z-score) of bacterial and fungal community of each module in co-occurrence network and correlation

analysis between microbial relative abundance and environmental factors
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3.1 B xR T 4Rt 1B A Mo 2R R0

TAERETR Z FEVE R PPN LI B W E AR IE R, SRS, RVES RRNMHIR
A B AR A KA AL, R E SR, A VAR i A YRt 78 2 1574, RE
BN IR AR N R AR RS 24, R TR, FEIRTT SR R N A R 26
RENEL 16 MHJE, MEaZFEEREBOR K BN MR, HioZ N RREEER .,
F59) % ACE Al Chaol 6% (9 2) . X5 Cui ZUOHF 745 A &, %I N E R B
BT IREEIE S, TR A B B SRR B AR A 1 UM R 55 ). DU TR B, AR
B ME LI AR 2 AR VRS 4 pH IR TEAH ORI 28, AR E B AR K pH VBRI E . |k
IR T ot g AR (P 1) 7, X ] B A A B R SR AR K pH YE ], FR
Hil 7B HETE 2 AR Ak, TSR 2 e S MR TR, iR Oy AR AT e
Wi - A 2 . Epp Schmidt S5 281 B3 i FH B A8 AN s 4 B HE V% 2 FE 1, VDR
T VR AR o ASRIG X I AT R 2 FAEY), IR R R A 20, BN T 720 1 7 i
PEo FHECANER, F B C/IN By, REIE 7 Wb M A7) Al P R A WL, 75 S 2 R S B
HAERARIAEN, A FEA NG VRS & A 505 LU B MEFR AR (e 250 55 ZE RN
Py B p A o5 LEOY 21.2%~87.2%) , EEA R T AR E RAEE LI E T, B H i 2
PR ESETE . deAh, Sun SR I A NG ISR 2% 30 R f5, AMEEEYIF G DA
F 5 EM 10.9%, KGR E & i i /Mg 5§ T 583 20T gkt I8 U o 2 R
Bahn. SR R B e AR 0 pH. KB IR A, SR 2 R A
oMl AHEFEH, E B Chaol 1 ACE #E45 13 pH. SOC. TN, DOC K TK ) JiAH
Kok, M5 EC REFEMIKR (K2 . FEHEAREZE, — 5, SINEHYEER
T3 EC (K 1), FWAHMRE S B0 35T 203 He AER T FEL AL AR A (R 5& R EOT, - A
T SR L B SRR AR s 5 — D T FE R E I ANERAE R AR R U o T R A WL,
Pt e SR AL B IR Y, DI I E Y, RS R A
3.2 B4R I T 4R M IR B TE LR R A B2

AT 5T KB, Proteobacteria A1 Acidobacteria /23 7 4k ih IR AN, X 585 ANER
FH o Pt b B it S5 14-15 23-240 2 B i it 9 8 SRORH — 30, SR WY St 5 oA A 38 R G 1Y) 4R
AN TR 2R A A ANER2 . AR DR} SRR Ik T St L IR A B VA A (B 3D, FEA ML
TR0 5 N AR HH AR 1 4 358 rh 38 R X — IR 00 181, IR SR R AR M v 2= e

SO RO ARAO R, IR IR AIE A HEAEAL B (BR A1 BRC) LI E LR Z K

Firmicutes. {E & & F-M401E, Firmicutes & 7Ef FHAEIR L3 b 5 3= S Hbfr . TR, A
FUYEHE] CIN Yesg A HIEL 3 AN 77253 BT3B, VRS FITEEHEAL K] CIN Jy 7~8, AH L HiAth
AHIREE G AE YR CIN (8~25) , S G 70 A . BR Al BRC AL B A mif)
DOC. TP Ml TK kB HiESE L3R T S HRZRY), BegilBL r- 3R A oA K . 5 tkfR
I, ARBFRKIMEREAETE (GW) |« SEHEAEALEE (GWC) | JesRALEE (PT) A b
(BC) 3 4HE Al Vicinamibacteraceae 1 Pyrinomonadaceae (3%J& T Acidobacteria) A%}
FRHm (B3) . X5 Wang SR &5 R —5, MATRINEE 724 B Acidobacteria 7E AR
Jo 2 ST P A AT LB 23 A R b A H e EEE R o AH LG B AR B IRV R VA A R HE A,
SRIRMENEAE YR A NS B 8 B 07 52k, XM PRk e 78 a5 b KO AR e B AR Y.
BRI, ANFEAEE L SRS S AR BRI E A (B 5)
WS A WL S 48 117 S b - 358 s A B ARV 0 ' S0 181, HLGUAE DRV 1 e 1 22
F BTG HLAEH B S BN R ke 181,

AT, Ascomycota I AL IR AEE, X E5HAMRBHAEMAETZ RS H
B 70 45 SRR — 200 34, w4k I S B8IYE -y AR 2 A S b - 3 0 R B & Ascomycota, 2R
Bl , Baruch Z513604 45 A KRS 5 FAS [R] 21 R0 30 11 ot b - 458 1) B T 3 V% LA Ascomycota
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NFE. FHEEZ R, Basidiomycota NI IACHTEAR 3 & & AR AR LI R ECEIRET, At
TR, BRIBESMA HLADRY A [FIFRE BE AR 17 2 th 138 Basidiomycota AR 12, X
5 Ye SFISEA H I ORI T 25 FARAL, AR TR 27 St alifE kit & =+
B4y, Aefeidt Ascomycota 4K, {HHNHI Basidiomycota £ K. Ma ZR8IgE—5HR H, v
FEFFWIHEA 38 0 5 7 IR (I 3 Ascomycota 751, (HEEE AR E RIIIFER, MEREMILE
IR R 1A F) T Basidiomycota 42+ . 7 F& 21| FL IR & /& DNA 78 L3 EL 41 DNA H 53
SE, AR PAHIEYER 16 4~ H 5 Basidiomycota A% = FE AT BE st 7 HoHH LA
I I PR S BB 95 J 1900, A SR AT 75 K S M 0 39 B B R TR A A LR R, IS
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755 HA A EELE PCoA 3 —HifrE % % 5, JUH Sordariaceae 7EiX /ML -+ 58 HH I B &
£, RS ANEF SEHEEWARRAYERA K. EMT AR, AT
Peb HIEPE R 0, 0 pH. JRYA RS . X S5 AT RDA 5 Mantel 734145 S AH— 2L,
W] 3 pH [ MBC 2 F2 My 2t 38 B R 1) 1 2R 1 5 BV R 2, BR A BRC
ABE IR R B ARG (B 3D, R B IR VIR IR E o, B oy,
PrAE RS AT REAE L3R AR B IR RS e L SR RIS AE DI RENA), A ST TR N SR AR IV VAN T EE
T S 38 1) A 25 XU TPl

3.3 B xR T SR ith IR A B TR L I 4R Y 22 )

FLIL N 2 mT AR A 1) 2 (R EBEATL O OC JR 5 2B 181, Liu S5P1 T iit FH A ATLAE F%
AR FH R 2% 48 2% B AR A= 8] i IE AR S LU 8] o A S, ASHIE 78 R LS NG HLADREE 1 35k
T3 & 1t =SS A= WD A 18] () TE AR SR, R BN DA AL R 30 i e it = 338l A M e
WM EVER , 3Esm T TIRAES Rgtfae . 5 Liu FPIF 45 R Z el Rere T, Ahi]
HIBI 0 X B kU N 35 AFAHLIER) 138, H SOC AR HH 7 70ilk FE 35 8.3 = T A At 7t
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MAETR PR FEAR I TR e vk, Wi 38 5 B4 5% 28 DA van A5GER B - 4e vhoA7 BRUE) B2 U AT
W& A WL R 3 R Ja BT E A AU AR 8, IR PR e M BRI AE R R, X
A RIS AT KT IR B M (e R0, AREF AR, AR 1. 2 A 3 WA T R
%, Zr#ILL Proteobacteria. Acidobacteria A1 Ascomycota (GEHHAT, FHIE AT GRS /2%
o M R OB A P R 00200 ) 2 A5 e e Wy b A G = 5 3 o Sl 2B A G, e L ASE R 2,
3 F1 4 i YA AN 2 S 3R 4R B i DOC.MBC A TN 45 52 5 2 1EA S 7).
BEEL 2. 3 1 4 FR AN RF A XS FEEEAE BR I BRC AbBE R, R BN INTEESSA IR
Bt R, REE A, Itk LR IR IR A A . M, BREER 1 g A
AT LR INE HIRI SR A AR A (GW Al BC) HiEdfm, S5HEFRSRIRE
FE AR, SENAIRLDT A& EIREUR 2 B, R 1 METR 7 B Z A R oG
DCTE o, A IR PN 55 75 B P 4 B30 e (A MLADRL AT B PR i) L 77 73 ) 338 mh 1 A A AR 3R
BU, Z8 ERTiR, AN BRIGERHE AR 03 32 R0, RBP4 A5 e )
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RIS [F) R A LR 3 T 2t 3R B R o 2R VE T, T a2 REPETC ] B3R 1k
AR SR IR VIR TR G540, Sk PR AN 2 PR HENE AL B3 N Ascomycota (AN 525 A
TNV HE AL B R O AR K r- SRS A TR SR, A WL DT 7 PR 502 20 B R 7 AL R )
HER T IS INEEAN A AL i e B AE R A B S R, (et 7 IR AR SRR
PN AT YA AR SE B, X IR IR E L - G5 b, ANLDEIBR A R 1 e I T
i LSRR R TE R, 05 A FEAREUIR A B RERT I T bt 33 57 0 S TR B« AR
it 48 A T KPR DX 22 57 55, IR AT I T AL 3R 2N 22 IR 30 L3R AR i e s E Y
Aok U B 2 bt 9 A PR ) FEE N 5T LR S B IR DA I T AR S RGN W HREE R R
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