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Abstract: [ Objective ] 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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— B RAET 20 CUKAE, M THEHL-48 DNA J
JE SEE R BT

+ R DL R FEA B TR bR AR I ( ek
WAk A0 ) P, soC g HLREA HL
fiie 5 >R FH B 6 TR R AL Ab— M AR DU 22 o TN Al
HLA R4 5 R P SO DL TG R D o 3
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B VR4 J5 7E Tllumina Miseq PE300 -5 ( #2675 46
P 7R AT BRASF] ) AT 0L o 38 S o X S
GRIF AT B AL 0E, H R 70%0) 43 2B AR K
97%HYFHEE R 3484 73 26 5ot (OTU ). BJm, #k
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J %4 ¥ ( Permutational multivariate analysis of
variance, PERMANOVA ) ¥ 56 f /4 Y ek 22 55 fff
2 4E/RK 5 ( Mantel test, 999 permutations ) 4347

=
=1

http://pedologica.issas.ac.cn



S T g 90 200 T R EC TR 7 45 R 0 AT LR A Wi 1 1741

W HF5MAEYRENCR, AIH R REET
“psych™ B AT A Y W AR DG PERE 4 53 B, 1R
K¢ JR 2 ( Spearman ) A REL > 0.6/ H B &4 P
< 0.05 By RIAL EE A0 TR - L AL I 4%, {fi ] Gephi
0.9.7 #{F1¥) Fruchterman Reingold %5745 J7) 1145 ¥
TS Ry QO e N R = N R S P 8
He s W) SRR SPSS 64T Z arBhn i fbAb
W, T R# (Pearson ) FHICTEHT I 48 8 TR 55
WEHFIXER,

LIS
2.1 AR TR R

®ONAPEHER, mReT L, SR SRIK
HEFE AN e % (A LB &5 8 fe iy, 3 bR S

AT o A S AT R v L O S e, S AR
Bk, WES THAAVDE (P <0.05), Hik
FITH s HE L 9 4 0 o de e, R LA DL R 2.3
fi~7.1 4%, BLoh, BEMBERERK ECAE5 5N
5.11 F13.65 mS-cm ™', W& & FHABA WK (P <
0.05 ),

5 CK #HIt, WA PR i3 4k SOC
M EC Sy & Fhm (1), 8RS 3h 34.1%~
87.0%H1 12.7%~49.0%. BR, BRC, GWC Al BC
ARFE TN & i 2 TR IR 10.6%~14.7%.GW |
GWC #l BR 4b# + 3 DOC fl MBC .37,
BN 24.2%~56.2%F1 24.3%~49.5%. GW .,
GWC F1 PT b33 + 33 pH B F&(K, BC ALH pH i
FETHE . IEAh, BC AREEAJE TP AN TK &K,
SR 1.2 gkg ' F119.1 gkg .

x1 BUREELER

Table 1 Properties of organic materials

AU PR IR o ) )
H 53R EC/ S STk FH 4R Bk B R e Sk
Organic Organic C/ Total N/
(mS-cm™") Alkyl C/% Methoxyl C/% O-alkyl C/%
material (gke") (gke")
S 375.0+7.3a 3.89+0.20f 1.07+0.03d 6.3310.01c 7.1740.12¢ 52.98+0.40a
SRPEHERR® 352.248.1ab 10.23+0.09¢ 0.7240.00¢ 6.9540.05¢ 11.73+0.09b 45.93+0.21b
B 218.0+7.1b 27.67+0.12a 5.11£0.13a 51.51+0.67a 12.77+0.35ab 13.09+1.39¢
T AR 175.0+0.8¢ 23.3740.03b 3.65+0.03b 50.73+0.86a 14.07+0.34a 9.97+1.03d
blizy/ 365.940.9a 6.33+0.25¢ 0.31£0.01f 17.2140.12b 4.58+0.20d 45.95+0.81b
7 230.745.9b 8.87+0.62d 3.0140.04¢ 40.69+0.30ab 2.2240.10e 1.3240.22¢
AHLYEL i . . 5B PR R
AR T Stk i B i P Sk
Organic Aromaticity
Di-O-alkyl C/% Aromatic C/% Phenolic C/% Carbonyl C/%
material index
> .631+0.14a .3740.07¢ . A7a 5.95+0. .15940.
E2 473 11.63+0.14 9.3740.0 6.57 0.17 95+0.26d 0.159+0.002b
L P N 10.26+0.14b 11.40+0.13b 6.92 0.03a 6.8120.15¢ 0.183+0.001b
bENLY 0.94+0.19d 0.74+0.12¢ 2.11 0.07d 18.84+0.27b 0.029+0.001d
BT 0.61+0.18d 1.7840.02d 1.77 0.10d 21.08+0.46a 0.035+0.001d
e 9.84+0.20b 10.26+0.34bc 4.67 0.24c 7.4840.18¢ 0.149+0.004¢c
W 3.5540.20¢ 40.96+0.54a 5.62 0.16b 5.6240.08d 0.466+0.005a

F e BN EAARER (n=3), F—3H/N NG FRARRZREBEE 27 8% (P<0.05), Note: DGreen waste; @Green

waste compost; @Biogas 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.
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BC: WinA4:¥rc; CK:
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ABIA IR PR ZELPRIERE (=3 ), AN[R/NEFREFIRABER] 2553 B3 (P <0.05), F[Al, Note: GW: adding green waste;
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same below.

A1

Fig. 1

ARIMA A XT I T SR it TR A S
KB E AR

TR HERE Ab P BRC )1 84§ ACE 5 Shannon
FEROE BT LT GW . GWC Fl PT AbFH; GW
M GWC AP +3EH 7 Shannon #5502 F 54500 &
T HAB AL, A [E A DL R AL B+ 1 5 ACE I
Chaol fE8 S LR EES (K 2), BT,
IS IN7E HLRE X S T kb - AN B o 2 REPEFR SO
W d 50, {HL 5 2539 i -3 P ACE 2 Chaol 54K
(P < 0.05), HEH ACE & Chaol $6%%'5 1+ EC
EWEFEFMELCR (F2),

PR &t 3L A A Proteobacteria |
Acidobacteria . Actinobacteria . Chloroflexi il
Firmicutes, (7 405 S F T 78.4%~82.2% (& 3 ),
I INAT WL R 28 + 3 Acidobacteria 1 Chloroflexi
AR X FE B CK & 5.7% ~ 62.0% Al 22.0% ~
63.3%; M, Bk BC AbBRAL, AAHLYRHE 3 A 1
Actinobacteria FJAHXFJE IE CK K 6.4%~23.4%.
5 CK #H Lk, BR I BRC 43 /il Firmicutes [ 4H X}
FE, RO L, JIER ( Vicinamibacteraceae ).
ZF 71 FF 5 BF ( Bacillaceae ) . W il 1k B0 g 3 #}

2.2

Error lines are standard deviation( n=3 ). Different lowercase letters denote significant differences at P < 0.05. The

B A LR 3R P i

Soil physicochemical properties after 16 months application of organic materials

( Nitrosomonadaceae ) Ml Mk W 5l & B
( Pyrinomonadaceae ) ALHMAY) . 5 CK L,
WA ALY R B8N Vicinamibacteraceae AYAH X} =F
. 5 GW. GWC. PT I BC Akb#AHLL, BR Al
BRC 4b B hN Bacillaceae ({41 XF=E 1, i F I
Nitrosomonadaceae Fl Pyrinomonadaceae [ #H X}
FE.

W gk EMPBE RN Ascomycota,
Basidiomycota %1% [ ] ( Mortierellomycota ), i
HH B R 84.5%~94.0% (& 3), 5 CK ML,
LRPZALEE (GW ) MIZRIEHEACALBE (GWC ) I35 3
Jin Ascomycota FAH XS = JBEC 516 K 24.2%~31.9% ),
M [ AIX Basidiomycota £l Mortierellomycota 4 4 X =
BE o TERN A OKE b, A Ak B SR S TR R
( Sordariaceae ), E5¢H £} ( Chaetomiaceae ), #{{
2+ ( Mortierellaceae ) FI/NEEFF} ( Microascaceae )
X FERm. 5 CK ML, WAL R AL
Microascaceae HJAHXT T, FEIREN 46.5%~76.7%;
Fx PT #1 BC 4 A, & mA HLY K m
Chaetomiaceae AYMIXT=FEE, BR AbHIMfiRER K. 5
BR. BRC. PT il BC &b #AH L, GW FI GWC 4b 2
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Fig. 2 Effects of organic materials application on soil bacterial (a) and fungal (b ) alpha-diversity index

x2

RIMARENYR LIEMEY Alpha ZHMERHSHER FRMBEXE

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

4 Bacteria

E T4 Fungi

W HET
Shannon F5 %% ACE 5% Chaol 5% Shannon F5%% ACE F5%¢ Chaol #8%L
Environmental 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
C/N 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*
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23R
4114 Bacteria HE# Fungi
WA T
Shannon $5 % ACE #8451 Chaol #5841 Shannon 5%k ACE 5% Chaol #8%k
Environmental factor

Shannon index ACE index Chaol index Shannon index ACE index Chaol index

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: HHEAMLER; TN: &% ; CO/N: LEEAHR/AE; DOC: HMIEANEE; MBC: BUEWIEYRI; EC. B,
TK: 44#; TP: £#f. Aromaticity index: F5 HFEFEE . *F/R P<0.05; **FL/R P<0.0l, F[H. 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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Fig. 3 Effects of organic materials application on the relative abundance of microbe at phylum ( up panel ) and family ( down panel ) level
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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

R3 ANMTRENYHLERENEELEHNSNERTFHERH RO

Table 3 Mantel test of the relationships between the environmental factors and microbial community in soils after 16 months application of
organic materials

) 41T Bacteria HTA Fungi
FR b T - -
RAH BEM PE R{H BEMPE
Environmental factor

R value P value R value P value

SOC 0.256* 0.016 0.104 0.240

TN 0.292* 0.018 0.014 0.894

C/N 0.268** 0.007 0.147 0.081

DOC 0.297** 0.008 0.045 0.678

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
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Fig. 5 Regression analysis of soil r- and K- strategist communities and aromaticity index of organic material

2.3 RMAEN R T R A W I M K

L%, AR 57.3%, FLRERNA S
42.7%, HPET AR ZAYIE N Proteobacteria, EL
# & Ascomycota Fil Basidiomycota ( & 6 ), MZ&4H
KX, WIRhE R 62.7%NIEAHL, 37.3% N
FHOG, RAGAEY Z B D FE & T3 B .
P3N 6 ARk, SFIREE 10.167, FHHAE
FH00.482, PR K 2.590, Bibfb 2 %L 0.504.
AN [l B A ) A AR E A I 25 e,
H, REH 1 W EBURS, DIMNEEREN T (A
ST 37.3%~43.2% ), iSIA PR (Br GW
A8 ) BYYN YRR ARG R BE LT CK (K’ 7);
o2 Ui BERE bR TR RV 1 30.6%~40.4%, 15
Herh 41 & 9 A AR 2 B2 7E BR F BRC b B K
Kk 3 (9795 5 L Ascomycota S ¥, GW Fl GWC 4b
PR ECTE AR FE B s R 4 rf i 4 R A
AT BEE BR AT BRC Ab B P i, 1 34 581 4 o A
X FEELE GW Ml GWC 4B 5K . Pearson 31
SR, BIE 1 R A R AR X S S LR
FFEEIRE BFEEMHC, 515 DOC., MBC #l
EC 2 W FEMAHI; MR, B2, 3 4 PAEY
FhARXT 5 4+ DOC \MBC I TN &£ I 2 1E A5G,
P 4 vh ECR Y AP AR YT 2 B 5 3% pH., DOC ., MBC
TP BB EIEANG, DL 25 A i 4k b 4 45

AT HLPARE I i i 5 ) 9 P A A 4 A )
AFRPF R E R EAELR

3 3 ®

3.0 BRI H S T EME DS HFIER

A

T YIETE 2 FE PP T R N W)
febr, ZRevEME, R4S RG0S T
AP RN KRR R, A YLk
AR RUE Y PR e R A SR Ay, BE R AR
IEE B F B B REEDS 2 AR R B, 1R
Mgk P A IR R A WL 16 A G, 1Ko
ZREMTREOR KA MR, ER a2 FEEFE 5
TR, RS2 ACE Ml Chaol #6881 (K 2), x5
Cui ZEVOVKRFFEEE AN, P FT N B BT 4
JUROEREEE M, R EL A R - R B AR LAY
BRURAPE AR 59 AR AR R, A vk s R 4 4
A 2R S 3 pH BE AN 29, gnEE
HARKN pH JEREPAE . LI Skl 3
SagtE (B 1) BT, 3on] AR 3050 20 R A A o
WK pH TEH, FRE| T A0S 0 ZREME . A,
T Skt 22y SR AT b A AR TR, A MR O R
L AT RESE 0 4 et A Y 2 #EPE. Epp Schmidt %Y

http://pedologica.issas.ac.cn



5 A T et - SRR BRUR L TR AT SR X AT AL A e ) 1747

J—— M Bacteria
NN . [ Unclassified Bacteria

] Others (Bacteria)

[ ] Methylomirabilota

[ 1 Gemmatimonadota

[ Nitrospirota

[_] Bacteroidota

[ Firmicutes

[ Myxococcota

[_] Actinobacteriota

[ Acidobacteriota

] Chloroflexi

[ Proteobacteria

Bt Module

-
e

i

B Fungi

I Unclassified Fungi
[ Others (Fungi)
I Glomeromycota
I Zoopagomycota
I Chytridiomycota
6 I Mortierellomycota

@ Kb 1 Modulel @ £iHe2 Module2 @#::3 Module3 : 1 ] = g;gi"({ﬂ)ﬁ‘;‘;ta

@ 54 Moduled @ FiHt5 Module5 @56 Module6 0 20 40 60 80
— 1EAHZE Positive relation —— HiAH¢ Negative relation HXF Relative abundance/%

e R Y FiE) Spearman FHE R KL (r) > 0.6, WIEJFH P <0.05, ALFRIEMELR, BLERTOMAERE, AW
PR R IR . A R /N B (59200 sUEH R B0 ) 19/ N R, SRR 2 , 19 SUBIK . Note: Only nodes that were
significantly correlated with each other were connected ( Spearman’s correlation coefficient ( #) = 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 ASINASFIA HLA AL - S 200 T AR L i 3 0 2% B 46 RS g ok 0 2
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