XES: 1000-0283(2024)04-0034-08
DOI: 10. 12193/]j. laing. 2024. 04. 0034. 005
HE 52T TUIB6

MERFRERD: A

W FsHEA: 2024-01-15

f&EIHHA: 2024-03-05

FEURN

1970 F4E /B /iTALREA / 1B L/ 5UR /#h
RT3 B9t Rt £ 5 R 2 M AE IR R
(REMERRNENA

SRAEE
1986 FE /& /WL EES A /B /.
S0/ ARG EAATEMENESSE

*B(SEF (Author for correspondence)
E-mail: 55779620@qq.com

34 | D

BER, 2024, 41(04) : 34-41.

LB THASHEN TR ARSI

Soil Fungal Diversity in the Typical Urban Ecological Corridors in
Shanghai

BN IRER kas'”

HAN Jigang'? LUO Yuzhen' ZHANG Weiwei'”’

(LRI AR AR, B 2002325 2 RIEKAER BB TR SHEIABE, 8515 066004; 3. R IFA:
SHRPA AR R IBITR L,  1iE 202162)

( 1. Shanghai Academy of Landscape Architecture Science and Planning, Shanghai, China, 200232; 2. School of Resources and
Materials, Northeastern University at Qinhuangdao, Qinhuangdao, Hebei, China, 066004; 3. Shanghai Wildlife and Protected Natural
Areas Research Center, Shanghai, China, 202162 )

wE

DT 2 RN [ Sk b R T A S RGE (SR, B 1 AN Sk RN PR SR A R G, R
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Ascomycota ( T 1), Basidiomycota (#HTFI]) F1Zygomycota ( Z5A 1) J& i MLAY T AR A5 igiE
FHORE TR, HAR R Bk 50.5% . 14.9% F114.2%,  FHGHUEUTITA: 5 BERE 3w iR
JREEIA OINE, 144 MFIRCF2ERE 3 LA A 48 &, 35 MFKCFEERE, Fusarium 2@/ F3
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XS5k, pH. EC. &, AU, SCHEmN. AH A s m LAY I L AR AL 3 2
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Abstract

Park green spaces and road green spaces are typical forms of urban ecological corridors. Park green spaces and road green
spaces in Shanghai were selected as research objects. High-throughput sequencing technology was used to analyze soil fungal
diversity characteristics. The results showed that there were nine major fungal groups in the soil of typical urban ecological
corridors in Shanghai, among which Ascomycota, Basidiomycota, and Zygomycota were the dominant fungi in the soil of typ-
ical urban ecological corridors in Shanghai, with relative abundances of 59.5%, 14.9%, and 14.2%, respectively. There were 91
genera and 144 species or groups at the species level of plant pathogenic fungi in the soil of typical urban ecological corridors
in Shanghai. There were 48 genera and 35 species or groups at the species level of soil-borne pathogenic fungi, with Fusarium
being the most abundant pathogenic fungi at the genus level and Fusarium solani being the most abundant pathogenic fungi
at the species level or closely related groups at the species level, respectively. There were significant differences in soil fungal
communities and pathogenic fungal communities between park and road green spaces. There were substantial differences in the
microbial communities of Mortierella, Taularomyces, Guehomyces, Trichobotrys, Metrohizium, Mycoarachis, Cytofilobasidium,
Penicillium, Gibberella, and Curvularia between park and road green spaces. Soil pH, EC, total potassium, available potassium,
exchangeable sodium, total lead, and total copper were the main factors affecting the composition of soil-borne plant pathogen-
ic fungal communities.
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1HE5%EZE
11 HiEERRE

8™ 16 MTBX AR SIATEES
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. KEARTREESTEEAREAR
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th, HRXEERRSFHE QAESML
B MPRERBSEXAE, RIERITER
FUBERK/), B8 ~ RPBERRA—
i ; BESMRXBEEEXEE S PH
HRIBA—MEfR. AIRARE0 ML

B, SR ARS HERINERE
TR0 (5R1),

1.2 TIEMF AT IE

BEFRER, G700 - 0mEREIER
BFMIERE? - 3kg, KT LEBHRS,
ICIEHERWE, AR TIEPHMNE A
0 BIRERY, FRESEEEmRESE
4, BTA4CKEN-20CKAERT BTE
SEIOANE,

1.3 TR RS
RIBR2 FRBIRE M R e,
MEE I TR IR L

1.4 HIEHRRESEARBNE
1.4.1 +1ZEDNARJEER

FTEE T IEAE RIS 2 MM, 4% BB FastDNA
spin kit for sol iz & (MR, £[E) B PRI
TR0 HIEAESADNA, BRI 4100 ul,
188 F3 NanoDrop 2000 1% & 93 J¢ ¢ & 11 F01% 3%
BEAEREREE X (BBE : 5 Viem, EHa) : 20 min)
SHEBUGHIDNAFITRER W, MFtmciE
EN-80CHKSE,

142 HEHREREENF

{FE B ITSTFITS2R 3|44 (ITSTF,  5-CTTGGTCAT
TTAGAGGAAGTAA-3'; ITS2R, 5-GCTGCGTTCTTCATC
GATGC-3) ¥igtiEamTSxX ™, MSIFE |45
iyt 10 bp gy barcode A FX 3 4dm, ¥ 38~
P R/N00 bp 2. PCR e 4R (5 A TransGen
AP221-02 (TransGen, b)) RFIEEH, K
NAKZR A« 5xFastPiu Buffer 4 ul, 2.5 mM dNTPs
2 ul, FestPu Poymerase 04 ul, IEMEE[14F0R
@514 (05 uM) %08 ul, L 1EDNAT0ng,
IAKANE20 L, PRV &M T
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Tab. 1 The number of park and road green space soil samples in each district

YNFEE= i) SEFEES o)
FEX Park green space Road green space Bt
District YNFEEZ B BB R BN Total
Park name Number Road name Number
N KR4 25 2 AL 2 4
FRIX - — .
2 R YA 2 el 2 W2 2 4
s ¥ bl 2 BRI 2 4
(Al
i LA 2 AT il 2 4
12,
S |2 VAL 2 i&ﬁ% 2 4
R YN 2 BARALER 2 4
- CREEON: 2 AT 2 4
b HE KA 2 L 2 4
N T
B RS 2 ‘%M% 2 4
AR 2 F53% LB 2 4
. FRLAR 0 FE 1 HE B P 2 3
B L2 2 K 2 4
FE o I 2 BN 1 3
ARk S UYL 2 b 2 4
. LRSGVALE| 2 e % 2 4
AT <y N | 2 FAHRKE 2 4
N ikt 25 2 Y1 i 2 4
X o -
I 5 ISR 2N 2 FElIPAS S 2 4
S Wit 2 e 1 3
" [N 1 e 2 3
< 2 PN 2 4
T &%@%E f*A%
&I ER AR A 2 RGN 1% 2 4
e L[5k 23 2 WIEHLS % 2 4
T X ;
RN B 2 -S| g 2 4
HE 2% 2 A ) 1l 2 4
Al 9E E/NI ﬁ@IﬂEkL
ZHRAH 2 TR 2N % 2 4
, ZifPU 7R A 1 Wi A 2 3
WX you
TS [ R AR 2 22 el i 1 3
. KM 2 B 2 B 2 4
FifX
7k [ 1 S LWAY S 1 2
==% i /N T M
s SEWHTIR A 2 Bl 2 % 2 4
FRoFRRAR A B 2 INE SR 2 4

95°C, 5min, FfEEFH ADNEIA: 94T,
Tmin; 51°C, 1min; 72°C, Tmn; &/
72°C, 10min,

PCRF™= 40 1t 17 2% B 4% AL BB kAR M, 28
B B R S AxyPrep DNA %8 [ 0 7
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= (Aygen, £E) [, HEARATISHCZE
AR, 2 JEfE A QuantFuor ™ ST I B3 e &
ARG PRI TN E 8, 95 Mseq L
FE. BEE7E lumina PESO0 & #H TR ( L8
EEEYERAT).

1.5 $HESET 4T

TR Z L Timmomatic B 5 %, 3k
BEREFS. RELE" ARG
BENT, FHIAELINE> 97% M A E—OTU,
TENCBIE R EE AT OTUR R FILERS, 4R
BEGAZRINERTS, HEBTOTUSE
Moz, F A FUNGUIdZR R R B TR KBS,
RS LB AN A SRR TIERAT B A
HEYFRERER. MAHERY. BEY
BRERM. BEEH—FPSCEAFTHEL
X, #E HIEREEN L EEDRREED
B. FEsES.

W I%E B RS ANE RS ST
48, {8 A3 PERMANOVA 434 (Bonferroni#: 1E) 4%
WAANER. BEYRREENLERRER
BAEEH RN ; F B RAYstats #1048 B,
15 F Wiloox A4S (TrA21E) AT RE)ZEE
FHEYREEEN L ERREREKTE
YIFESR ; &I A CANOCO 5y CCAMTIN
BENT T R T EEY R R ERE
AR R

28R 51tHe
21 HETR MR

TR RNIEAMERINRI AR, T
FEKE, pHE. ECE. AR 28/ &
B 2. BRA. BUEE AR A
AR, M. AR, 2% 2% 2
8. 8. el tENAZ:
70% ~ 304%. 53 ~ 88. 210 ~ 55800 psfem,
67 ~ 729 gkg. 03 ~ 30gkg. 03 ~ 30 gkg.
141 ~ 252 g/kg. 40 ~ 5940 mg/kg. 08 ~ 1300 mgkg.
28.2 ~ 622.0 mg/kg. 9.9 ~ 4 407.0 mg/kg.
3.2 ~4186.0 mg/L. 0.8 ~5182.0 mg/L.
30.7 ~ 132.0 mg/kg. 13.2 ~ 95.3 mg/kg.
14.6 ~ 86.5 mg/kg. 69.8 ~ 731.0 mg/kg.
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Tab. 2 Determination methods of soil physicochemical properties

EMR wWTTE UERE
Physicochemical properties Determination methods Instrumentations
£ k3 (RWC) NS R
pH CEN Az pH it (XL600, Fisher scientific)
EC LSk HL S
AHLE (SOM) EERPPALL — shm#ig: AB A E A
L% (TN) HLEE RS SAZERIL
ARA (AN) R — Bk ERTR
45 (TP NaOH it SO LA IOITELY (PElambda2s,
erkin Elmer)
20 (TK) NaOH £ifitis: }E?‘%ﬁﬂiﬁ}j‘ﬁj‘ﬁ%i‘egE AA-800, Perkin
4k (AP) AB-DTPA {2447 ICP-MS (Agilent 7900, Agilent)
3 (AK) AB-DTPA it ICP-OES (PE 8300DV, Perkin Elmer)
Rt (AS) AB-DTPA =47k ICP-MS (Agilent 7900, Agilent)
A (CD) FRIBFIFRR / RERRER T -
234N (eNa) KRS R ICP-OES (PE 8300DV, Perkin Elmer)
4 (As) SR SR REL (AFS-9700, i)
425 (Cu) TR ICP-MS (Agilent 7900, Agilent)
2% (Zn) ATHRD: ICP-MS (Agilent 7900, Agilent)
425 (Pb) LR ICP-MS (Agilent 7900, Agilent)
4% (Cr) SRR ICP-MS (Agilent 7900, Agilent)
AR (Ni) A THRD: ICP-MS (Agilent 7900, Agilent)

RS _Ligs RS ERE A M ANE B AR M A0 T IRIR L MR

Tab. 3 Soil physicochemical properties of typical urban ecological corridors in Shanghai

B R NEEED B R TREH /%
Physicochemical properties Park green space Road green space  Coefficients of variation

RWC/% 17.0 £ 3.8 a 163 £35a 22.1

pH & 7.8 £ 04a 7.8 +05a 5.9

EC{H / (us/cm) 134.0 + 42.1a 293.0 + 702.0b 199.0
SOM/ (g/kg) 26.0 £ 12.0a 229 + 84a 44.8
TN/ (g/kg) 1.3 +04a 1.1 +04a 344
TP/ (g/kg) 09 £ 04a 09 +04a 40.6
TK/ (g/kg) 187 + 1.6a 188 £ 14a 8.2
AN/ (mg/kg) 89.5 £ 37.1a 106.0 + 90.0 b 57.7
AP/ (mg/kg) 10.6 £ 139a 13.1 £ 142 a 126.0
AK/ (mg/kg) 127.0 £ 52.5a 172.0 £ 95.0b 48.9
AS/ (mg/kg) 18.1 £ 11.5a 189.0 = 586.0b 506.0
eNa/ (mg/L) 15.6 £ 304 a 203.0 + 582.0b 498.0
Cl/ (mg/L) 269 £ 439a 190.0 + 658.0b 504.0
Cr/ (mg/kg) 769 + 11.8a 774 + 78a 14.3
Ni/ (mg/kg) 323 £ 54a 323 +45a 17.2
Cu/ (mg/kg) 314 £ 109a 312 £ 9.1a 33.6
Zn/ (mg/kg) 120.0 + 540 a 125.0 £ 334a 41.5
As/ (mg/kg) 71 £ 14a 7.7 £48b 35.7
Pb/ (mg/kg) 33.0 £ 14.0a 331 £ 114a 40.8

i AP RRAFEATARNEEMER (p<005),

40 ~ 41.2 mg/kgF017.2 ~ 113.0 mg/kg, ErAA,
EESH HRICE. BRAER. B B
. M. ARENHEEREST
NEEH (p<005) ; TNEZMAEI LK
K, pHE. B 2% 28 29 &
WEE. 2. 2R 2. 2ENSBNE
ELTREMER.

EREN T EEBARFRNERRE,
ZDECE. BXHE. B, IR
BRENEZFREDBHI0%, BFRE
%, R\XOMIIBEAFHIELRER, ~
EHRENEREA. BKE. BR £
A = BYAR. BRHEUELE. £
i 2. 2. 2ENRNTRANE
143% ~ 489%, BTFHEEELTR, AN
[ERAE S BIREHRAEXS 8L ; PHAEFNE SR
TRAREDFIH59%F82%, /NF10%, B
FELR, HAHEMSHNEER et
Gt TIEPNDIRAEIE.

2.2 TIEER D TIHE
SRENFFH7RIZLZERISH
BFE, BIMMEARNBRFIIA022 +
3388%. FAInHTaREE, G A A SR
EAESMINERKEM HIENEREXRFE
¥ Ascomycota ( F-52&1 7). Basidomycota (8
B17). Zygomycota ( #£ & E171). Rozellomycota
(EREF)]). Gomeromycota ( BREE D).
Chytridiomycota ( &2 &[] ). Blastocladiomycota ( ZF
HED) &, Hr, Ascomycota, Basidiomycota
ANZygomycota B TIEPHIL B EERE, X
FEHH)H595%, 149%F1142% (F4). &
Ascomycota,  Zygomycota A8 X = B 4F 5= B H )
F100%5N, HABERXBHEANFENTR
REE S T100%, o H 2 Blastocadiomycota F
Rozelomycota 2L BB, i BA-RE LI
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MEEFFEHEMERBRR.

PERMANOVA 34 45 R 3R, AR
MEBFWH L BEERREFEREER
(F=3.97, R’=0.013, p=0.001). Wilcox #&FN#&
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2.3 TIEEYIRIRE R S
231 YRR EE RS EAR
FUNGuld > 2K 25 R 3R BR, LigsaAAZS
JERE A ZxhATIE BE 2R th TP RIAEYIRIR
HEEHBINE, 1440 T E MK KRS
FEEFMERT B ALTNE, 28£8 0 Fsk
BEMOKERE ; mRERERSIMRE
53ME, SAFFSETKFREE, &OMEN
NE, SPFEETPKFEEE (R5).
TEREAKYEL, Fusarum. Volutella ( BRI &
FE). Acemonum (XIRFEE). Conostachys (k5
SERE).Gbberela (FEEIE). Monogaphela (7)\
475 )8). Gbeluopss % 243 + B E R
RERE, SEDHREREZOURLLE DY
Bl 4365%. 61%. 50%. 49%. 48%. 41%F0
2%, FHA, Asaim BN FEEANH R RS
HBEEDRRER, SHAR43%, 1l
FH100%, Hp6MEVHRERBIGE
B H15952%. 981%. 955%., 929%. 96.8%
F192.6%, FEIXLER BB, Fusaium EE B
FEEeLH. KRFEEY, sIEEMER;
Volutellaw] DUR R B EMAR, BIEMEH
ERMEERERE 2" ; Conostachys 1
AR IR B Y B R E 2~ — ; Gibberella /&

IE]
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x4 LIEHBESEHEARSMFLERG HETEERKFEMNEE (71KF)
Tab. 4 The relative abundance of fungi in the soil of typical urban ecological corridors in Shanghai (at
phylum level)

HER RIME/% &KRE/ % Fi9E/%  RERE/% LTRER/ %
Fungal group Minimum  Maximum  Average Standard deviation Coefficients of variation
Ascomycota 10.4 96.3 59.5 18.4 31

Basidiomycota 0.5 84.8 14.9 15.6 104
Zygomycota 0.3 64.6 14.2 11.9 83.5
Rozellomycota 0 15.5 0.5 1.7 314
Chytridiomycota 0 2.6 0.2 0.3 189
Glomeromycota 0 34 0.1 0.3 273
Blastocladiomycota 0 0.3 0 0 678

#5 LiSHARASREFEARSMINERZ TIEPREERE. MK ERBERITIN
Tab. 5 Statistical analysis of pathogenic fungi in the soil of typical urban ecological corridors in
Shanghai at genus and species level

sEkE BAEA MEA PHEA RERE B
Fungal group Maximum Minimum  Average Standard deviation  Total
HEYRIRER (R) 53 11 34 7 9]
TR (FCr28E) 54 5 28 8 144
HrEHYRIRERE (F) 27 6 15 3 48
HAEHEYRIR B (Fhok ) 17 1 6 3 35

ERETEREMEY, BERERTER;

Monographella 2 3 | #2841 BT s B s B i =~

— - Gibeluiopsis M BT 3 | #2 AL ZE R 2,
HEFAKE L, 5 Fusarium solani ( J& B2

KRN FERRTREHREREIL T 480%.
H, F solan ST DURZARM. AT &5 20
EtEY, SEEMEER. RERSEZM
HEY S R vagum T AR FABDRAREE, B

Sk T)E) . Monographella cucumerina ( KAEESE 7] ARIBIAIED,
) Clonostachys osea ( ¥y £ #h &) . Gbelulopsis
nigrescens ( 2 &K E) FAcemonum atemaum  2.3.2 TR EEE SN

PERMANOVA 3 43R BB, /A 4% b A0 3E B
i HIETNEYRREREBRE T EEE
2 2 (FE=417, R=0013, p=0001). Wicox
AT AT & B, Didymospheera ( B FAIBK 7%
(e ETEE ). Rhizopyonis vagum ( FR ). 1E). Themomyces (FEHEEE) . Colletotichum ()
BHE). Massaina (FEREHEFIE). Conothyrium
(JEFBE). Phialophora (B JE) . Chalara (#57AJR)
ERHELAEEHNENFERESTE
B, Cladosporum (7 JE) BIAEXSFEFE
ERGMTEEES (p<005) (E2),

(E4ATAE) HEREHENFERS, 9
235 261%. 97%. 94%. 61%. 56%, 7EAE
m YA B 5> Bl 4100%, 92.6%. 93.6%.
926%F083%. BrIL=IN 5 Myothecum vemucara

Thermomyces lanuginosus ( FEFVELER) . Stachybotrys
dichoa ( —@EEFREE) F0 Acremonium polyohiomum
LRI R th 2 RSV A ZSERE A FE 4
WANE R G TIBEPANFERS (57T
15%) MEYHREER, B5S dohoatfit
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Fig. 1 Variance analysis of soil fungi in Shanghai park and road green space (at genus level)

E2 RESMERFIT T EERREEMMERST (BAFE)

Fig. 2 Variance analysis of plant pathogenic fungi in park and road green space soil (at genus level)
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Altemaria ( 55 +& 70 J& ) . Periconia ( BaE).
Phoma ( £ R BI8) . Prenocheets (RRFF2JE) 71
Pestabiops’s (YA Z EF0E) BN FERS,
RIAE]491%. 18.3%. 74%. 6.5%. 31%. 24%.
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242 T YRR ER SRS
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= 52 (F{g=455, R=0014, p=0.002), Wilcox
RRAIAG G 5347 BB, Helminthosporium ( < 15 76
B). Fusaium ( &
TIHE). Rhizopus (ARBJE). Aspergilus ( g Z
J&). Chala ($578I8) . Arenochaeta (ARFTFAIE)
Thanateohorus ( T-E & &) . Ganoderma ( R E &)
EREEM HEPRENFE EE S TIER
£ ; Cadosporum (A%76E) 7B REERH 1%
PRENFE BE ST ARSI (p<005),

E&). Coniothyrium ( JE7H= B

243 TEEYRREFEEAMS TIRE L ERIE
ESE )
R EammRERS 19 R AE

: fl&f EIE ’ ) ‘
2
FRATCOADYT, SERFMPHE. O 2

R B M. RS TRE
% 8r386%, THEIEWMRSTEEY
AR ERAMRIERER ST, 7E CCARTH,
TR R E SREEE NS LB mE)
RANFZERTREENAXERS, CCA
#E BR B, Acemonium., Altemaria 5 ECEF1 Az 3
MR E BEFARXAR, A HIEECEFNZL
361 40 X Acremonium 1 Altemaria (9 A8 5o =E & 87
N &S K ; Aspeilus. Prenochaela 5448, 4455
EREREXRXER, MATESE. 28X
Aspergilus F1 Pyrenochaeta FIFE I FE FE 22 MmER K ;
Perconia 5 T2 HE BEFHEALLR, i
A 18 2 S Perioonia VAR F SR
Cuvdar, Athrinum 5 T3 pH £ BEIFAEREER,
V5% BE £ 138 pHAE X Cunvlar, Arthrinium FOFERS £ /&
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AME RS G TE L ERRERES T2,
B AL RS, RETIEHE.
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LA EYRRERREEERNTERER
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