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Abstract; Fast urbanization has resulted in serious environmental pollution. The polluted pattern distributed from central
city to the country. Urban parks are the major areas for the green spaces in Beijing. Urban parks are not only the important
public spaces for the leisure of residents and tourists, but also could response to the environmental pollution, such as soil
metal pollution. In this study, we investigated soil fungal community under six common tree species in six urban parks that
distributed from central city to the country, aiming to understand the characteristics of fungal community, including
diversity and community composition, and the effect factors on fungal community. Soil fungal species, soil heavy mental,
soil physical and chemical parameters were measured. The results showed that soil fungal community diversity, composition

and dominant species were significantly influenced by soil pH, soil nutrient content, soil water content and Pb content
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through six parks. Soil fungal diversity was reduced with the increase of heavy metal Pb. Moreover, soil Pb content
significantly influenced the dominated family species Basidiomycota, which occupied 73% of the total fungal community
species. There was close relationship between community composition of soil pathogen and soil Pb content. It indicates a
potential threat to human health from Pb pollution and consequent change in pathogens. Overall, our results provide insight
into the importance of soil Pb modifying soil fungal communities in urban parks, increasing our knowledge of soil Pb

pollution and being helpful for improving urban park management.
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Table 1 Basic information of sampling parks

N HEAEAR (year) 7 Hb [ A/ hm? HbFR A £t iy

Park Date of completion Area covered Position Latitude and longitude

A1z 1530 20.6 7S N39°5524.37" N,E116°27'1.47"E
Hiz 1530 8.12 — N39°55'27.26" N,E116°21'11. 82"E
W5 1984 6.4 =0 N39°58'28.96" N, E116°2252. 58"E
I 2001 1.6 =3 N39°56'38.76" N,E116°22'3. 04"F,
i5E 7 el 1750 290 PO N40°0"37.71"N,E116°17'14. 45"E
[E3] Y el 1707 350 ILIEZN N40°0'53. 13"N,E116°18'35.29"F,

2017 4 10 A 7E A e kT 28 Pl 04 T - 39 E St R4 . LI A2 R BOAH ] R s o, A A 2 el 43 ) e B 6
HOLTE AR AP Horp 3 Bl - I R AL 35 4R 7Y ( Ginkgo biloba L. ) | [E#E ( Sophora japonica L. ) . & 4% ( Populus
tomentosa Carr. ) Fl 3 Ff % £ I3 K AL 35 WM A ( Pinus tabulaeformis Carr. ) . FH B2 ¥ ( Pinus bungeana Zucc. ex
Endl. ) [ ( Sabina chinensis (L. ) Ant.), HFMRFIBEHLLEI 4 BRI (20—30 ERIE Z 1], 950 73 BUOAE 2
AT ISR B ARTERE 1. 3m AL A BAR . DARE TR O AE DU R (50em A ) 4300 % B 4 AN BURE A7 s R 4R
0—10cm )2 448 (R v URS T 35 BE A by, B S0 E S sk 2B b R A TE D 2 ) L4 A B HERE S TR
G AR —MNRA LR, BRI EHER AR 143 (6 DA X6 M Fixd N =144 4>, (LA 7 B
AR EE 1R o FHRA RS BE R B A AR /N 5245 3 2mm (9 JE BT, —8453 20 100g &£ 47,
RSB 171 48 7E - 80°C VKAR PRAF , AT B8 BB I 2 5 5 —3 o0 - 49 i T I ik 100 B i, 10 i
LT, AR AR SEIR A R A IR, FHER )R T AR & T Sk e
1.2 e bR e

148 pH B FREUR T L3RR 10g 2247, B T T4 B9 S0mL Bedr i, in A 25mL J6 CO, 7K (7K £ LR
2.5:1) AR ELF) pH 7 (#5E SartoriusPB-10 A5 ) #E1 7 %E

FIEE K (SM) AR 20g 5+ |, BT TR KBRS P A K7 BARE  MERIE 0. 01 g, IRA CL A E
105°C FRHLAR T pb s B 261 BUH R A TR g N AT H R s I8, SEAT R S i, el b 20 ek 6 4 AL +
Z(HBE IR,

TR (TN) FIAR (TC) & it FREBUXT 3R 51 2 20mg, B T8 54, R G R 41 (F8 [ Vario
macro cube -5 ) AT E

THEE EJRAT(Pb) 5 (Cr) H(Cd) JBE(Zn) i (Cu) BR(ND) B (Mn) & 5 FRECZY 0. 0500 (FF ) 21
0.0001g) (100 HJE e ) XA 1 FEF J DU 5 &M =5 B, AR YOI 3mLHNO3 , ImLHF, ImLHCI04 , #£ 17
i, R ] 1ICP-OES HLBGI G55 85 1 R BHGIE ( 3& [F ICAP6300 #4-5) AT AE .

1.3 TIEEEREEIE

143 24 DNA {81 1] DNeasy Power Soil Kit( Qiagen, 12888-100, DE) i & & HAR R AR, R0
JEHE T ( NanoDrop2000 ) A6 4= 18 DNA ¥ B 5 i 5, B T - 80°C VKA M- A7 B E AT N — /M it i, (i
PCR X ( ABI GeneAmp® 9700 %!) i#£47 PCR 93, 514/% 57 ITS3F (5'-GCATCGATGAAGAACGCAGC -3") il
ITS4R (5'-TCCTCCGCTTATTGATATGC -3"), % F TransStart Fastpfu DNA Polymerase , 20wl 2 W 1K £ 5 x
FastPfu 2% i (4 L) ,2. Smmol/L dNTPs (2uL) ,5Spwmol/L Forward Primer (0. 8pL) ,5uwmol/L Reverse Primer
(0.8uL) ,FastPfu Polymerase(0.4wL) ,BSA(0.2pL) ,JE K4 DNA (10ng) , #hAZE/K 2 20pL, PCR Jx iS4
A2 (1)95°C FiAEME 3min (2) FEFFEL:30x (95°C & ,305355°C iR 'k ,305s;72°C ZEAH 455 ) (3)72°C H#4F 10min K
FH 2% B A5 B R8s L KRG T PCR 7= 9, 3 REAS I F 9k P, B A B9 2k KN IE W, W B A3 )5, 28
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Hlumina MiSeq W71 15 (375 L) B2 RHEA FRA W) AT 2D

FIF Trimmomatic 44351 % X Tlumina MiSeq I 7 19 )5 46 Ko 547 B i i I8, SR 5 # B DL b i
Flash AT BHEF S, 1) B BHEEART 20 AFFFIER2 B 2 2) KBS 50bp #0R B KT 50bp BRI 2% ;
3) A NI GRS AN 25 54) ST AR 2 DMEHRRANILES;5) G IF ES K EE R T 10bp BYFH1,
1T 1TSx FRBRIEIRIF A SCOF AR B R 511 fE QUMER XHEFESFETT(OTU) BEAT RS, 158, (]
giime vsearch dereplicate-sequences fiy 2> X R IR F AT H AL AL B SR G (# ] giime feature-table filter-features iy
2 M 20 e SR h 2 5 singleton *H qiime vsearch cluster-features- Open-reference A TE 97 % W AH DL
AT OTU R2853Hr; BT UNITE £0Hi8 2, (5 giime feature-classifier classify-sklearn 4> #5477 51 X} FL 3R
BUPRMER . 2T QUME2 3/ B AR B4R, R ] FUNGuild (http://www. stbates. org/guilds/app. php)
TEZR HOXF, X T e BB REVE DORESR B HEA TR 3o Sl 1 VA R ot TR B8 1) S S, X 3 5 i — 2L AT 1 — Ak
AbPE SRR E] 12436 4~ OTU HFIRZe5e 140 #T .
1.4 Hmibs

KM R 3.4.3 BT EAR B GE3AT . R 2 BT (Turkey test) 0BT AN 24 bl + 5475
e IR 7 L 2R ROV T 22 5 5 SR TR 5 RSN AR Y 53 B 3 T 2 el 28 B0k 4 338 AL P 1~ TN LT 2
FEVER SR, bR Ah RO A2 S BEAIL S 5 5 R vegan A8 ¥ A A7 3 T IR 25 Y TUAR 43 HT (db-RDA ) 60 i 3%
SR L ECTR R A v 2E S A O BRRE LR 1, 5 P [ D7 12 23-A 398 TR D BE SRR AR A v 2L B0 o 4 J S R 3F
$55 72t Y E A SR

2 GRE5SW

2.1 WA AFETRAT

RIFEAFETRAT 43 pH A, B3 SKE(SM) ARA ST = (TIN) (2S5 (TC) MRAL (C/N) ¥A B3
PEZESF (£ 2), pH (HIEETE 8. 14—8. 72, HiGd i A 8. 72, [RI W el fe ik A 8. 14 2l 3 s A (i mai v:
HopE A A 4s Hiz B FE A pH B & T OB RE B fel ;. SM IR el 35 = ok 16. 98% , 15 A ] F 1K A
12.25% ; +3 TC 1 TN S XU BB, 43500 2. 27/ kg 139, 87g/kg W TN £ AN 1. 24g/kg, H
bel TC & A&l 23. 49g/kg; H4% C/N B a4 20. 14, BFIGE A% 4 13,76, AR HIEFE 4R a4
JEAT(Pb) B it m BMRAR O B e > A 35> BB > BURGE > H 35> 0055 (HAR IR B Ge 1124 B 8 K7 (P =
0.056) ; HABTE /@8 (Cr) HH(Cd) F¥(Zn) i (Cu) BR(ND) Bl (Mn) & BRI 225 5% (P<0. 001)
(£2),

K2 AMETREFATLHEESRMEBAER

Table 2 Heavy metals and Physic-chemical properties of soil in six urban park

[N Factors Hiz Az WH B 5 A [ER] 1 fl F P
ey K
ii%é%u i/ (mg/kg) 45.43+1.39a 65.75+14.02a 35.40+1.36a 68.70+3.54a 53.06+8.93a 63.30+12.63a 2.22 0.056
Soil Pb content
9 Ly A I:L/ > k’
i%%&ﬂ H/ (mg/ke) 80.88+2.12b  132.75+3.92a 81.53+1.42b 150.63+6. 14a 73.81+1.82b 76.82+4.44b 30.12 <0.001
Soil Zn content
2 ] /\\5/ k
Ei:i,{%!ﬁlﬁ] Fria/ (mg/ke) 25.13+3.34ab  25.28+1.12ab 20.65+0.71b 32.07+£2.03a 18.59+3.24b 16.57+1.20b 6.68 <0.001
Soil Cu content
e/ (my/k
i%hlﬂ i/ (me/ke) 441.57+7.45ab  423.00+7.29b 442.63+6.71ab  472.25+5.02a  405.03+4.61b  480.75+12.01a 5.67 <0.001
Soil Mn content
Bk i/ (mg/k
j:%%d 2/ (mg/kg) 54.18+3.09b  202.89+14.79a 31.99+1.23b  280.12+50. 18a 33.31£1.47b 35.96+2.11b 34.90 <0.001
Soil Cr content
ory =N
j:%%ﬂ it/ (mg/kg) 19.810. 85a 20.21£0.97a 18.39+0. 35ab 18.26+0. 30ab 15.05+0.41c 15.98+0. 45hc 9.80 <0.001
Soil Ni content
Sk A/ (me/ke
IR (me/ k) 0.14+0.01c 0.24+0.02a 0.17£0.01bc 0.21£0.01ab 0.14£0.01c 0.16+0.01c 15.73 <0.001

Soil Cd content
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[HF Factors Hiz Az W5 B [ 701 ] (58 B el F P
14 pH
Soil pH 8.72+0.03a 8.510.04b 8.28+0.03¢ 8.46+0.03b 8.5+0.06b 8.14£0.03¢ 30.34 <0.001
01 p
i%ﬁﬂ =% 16.56+0. 47ab 14.37+0. 76bc 16.160. 56ab 15.01+0.44ab 16.98+0.45a 12.25+0. 56¢ 10.35 <0.001
Soil moisture

Rew/ (yk
R/ (¢/ke) 2.04£0.11ab  1.9240.19ab  2.27:0.13a 1.240. 04e 1.830.17ab  1.55:0.08bc  8.19 <0.001
Total nitrogen, TN
SRR (g/k
R (g/‘g) 31.02£1.62b 27.77+2.25b 39.87+2.45a 24.02+1.48b 24.96+2.31b 23.49+1.05b 10.72 <0.001
Total carbon TC
kA L
C/N rati 15.48+0.67b 16.15+1.93ab 17.63+0. 58ab 20.14+1.55a 13.76+0. 32b 15.62+0. 66ab 3.74 <0.01

rato

FHEUEE 2N AR R, P<0. 001 FREFW B P<0.05 BREFDE

2.2 W AFETEAT T B R A O

AL PR A I M - 3 LT OTU S 12436 A, fi I 1 Al 0, A 00 Hh A L 1) 2 AL TR )
( Ascomycota) FHF 1 [] ( Basidiomycota ) . #% i3 5[] ( Mortierellomycota ) . 4% & | ] ( Chytridiomycota ) \ BR%E 4 []
( Glomeromycota) B2 ELE ] ( Rozellomycota ) DL S A A 7& L 14 ( Unidentified_Fungi ) , 733K K 5 EE A OTU 1Y
73% 14% 4.5% 0.3% 0.1% \0.3% F7.9% , LHFEIEMEEZ N THRIATT, HIOHETRIT], i Z A
55 OTU 1 87%

P FRERR T — 20 S E B KPR A

. w g . Y Glomeromycota Rozellomycota _ Unidentified
B, B2 X ( Saccharomycetes ). # H 0.1% 030t 079%

( Pezizomycetes ) | [R 7% 7 49 ( Orbiliomycetes ) . 4% 75t 24X Chytri(;ii;;nycota
N 0
( Lecanoromycetes ) .57 1 20 ( Sordariomycetes ) | HU 9% B M‘miezel;;mycma
. 0

%X ( Laboulbeniomycetes ) . (%% [# 44 ( Eurotiomycetes ) | fift
T ( Leotiomycetes ) | JA % & 24 ( Dothideomycetes )
AU SE T BT ( Ascomycota_unidentified ) (5] 2) , Hrf
FEFCH AN TR T T DL ASERE R O e e 20 2
GEIN € TELS

ANTR) 23 Bl 22 8] - 49 L R I 2H 2 S B, b 3
FERANAE HIn H YA XG5 BB | BBl A5 1 Bl A E1 EES I
FARTEE 5 68.43% 66.51% 44.98% 55.82% .  Fig. 1 Pie chart of fungal phyla in the soils of Bejing
42.69% H149.55% , R Fel 10 1 el (1 A X o i | 3 vrban parks
BT L R R 0 e 0 T e RS L %% B, Ascomycotaijﬁ\? ol ,.B'asidinmycotaf; 53 ?@jﬁ l:] ,
AT B 2 5 B R ARy e L, codomnss B 2R 1L

’ Glomeromycota; [ L B '], Rozellomycota ; 432 il {37 A ) & # 1
FRICRF IS, S HAB A RIA B Z R R Unidentfied_Fung
NTEH IR AR 328 3 i T HAL A B 5 X055 T
HE.

HFHE B R AE KRB AL F5 . XU 1 49 ( Geminibasidiomycetes ) . #MH T 5§ 24X ( Exobasidiomycetes ) |
HEHH T T8 2N ( Cystobasidiomycetes ) , ( Classiculomycetes ) . /N i 4 7 29 ( Microbotryomycetes ) . 2& ¥ & 4
( Ustilaginomycetes ) fRH-4X ( Tremellomycetes ) M55 749 ( Pucciniomycetes ) <P Ff 24 ( Agaricomycetes ) FlI A #f 22
&1 ( Basidiomycota_unidentified ) , H- AR H- A4 R F0F- BT 1AL BN, R DA 49, oA TR 9 76 40 - 1
FIrb b b BT W M 2 e, AR EAAH NS AR H ok A 35 BT B B | BRT B B  eh gyl S
61.56% 85.18% \73.96% 62.46% 48.88% \55.84% ,7E H 45 MAHAXT = 18t 2 w8 oAb 2 el ; < B 44 7 B A1
B AR XS = B 3 e T A N B 5 AN S T AN ( Pucciniomycetes ) TEXLT FVE [l AN A7 AE H RUFH B 4R 7 5] B

Ascomycota
73.0%

http ; //www. ecologica. cn



1840 A F E MR 41 %
M Saccharomycetes B Laboulbeniomycetes B Geminibasidiomycetes Ustilaginomycetes
[ Pezizomycetes M Eurotiomycetes B Exobasidiomycetes Tremellomycetes
W Orbiliomycetes B Leotiomycetes l Cystobasidiomycetes B Pucciniomycetes
Il Lecanoromycetes I Dothideomycetes M Classiculomycetes Agaricomycetes
I Sordariomycetes I Microbotryomycetes
Ascomycota_unidentified Basidiomycota_unidentified
THERE] WAl
1.00 = mE B W BN
0.75 —
3
=
<
=
=}
=3
o
<
2
5 0.50
Q
-4
-8
H#
&
Ez
025
0

HiIzZ
A1z
W35

¥ N W
o m &

(T
B [
JE]  Jr

(T
i
JE]  Jr

B2 TEHEAFEHERKEHEANESE

Fig.2 Relative abundance of soil fungal OTUs at class level

HIEFINFEAAEAE ; Classiculomycetes 75 R B 2l | H Y5 W F5 B W ASAFAE 5 22003 B 4R 78 B0 RN 2] A H 38
FA1E

XSRS el ) L 2 R (ELHEA T SR S A7, e HRCHE 44 6 T 32 A e 38 1 s e 30 i /K F b R 2 >
5%o) ,AFEMEHE RIS (E 3) , Gt Kruskal-Wallis tests K305 51, AN A ML H R A W5 1E £ 7
(P=0.438), K 3 7%, HIx 2 E A Gibberella sp. 1 Bl 5 EAK 13.18% , Ascomycota_unidentified
sp.2 J& A A e A BK RS 0. 13% 5 H 35 3 BEl HB Chrysosporium sp. 1 J& 20 A fe ) 5 BUR 17, 59% |
Plectosphaerella J& 737 /0 5 B 0. 21% ; W55 /5 TEl 1 Tausonia J& 4347 f¢) 15 B K 20. 94% , Ascobolus J& 43
/D5 BAK 0.01% ;B B 2 FEl H Tausonia J& 70 A fe ) b7 S A 17. 57% ; Plectosphaerella J& 434 £ /0 i S {4
0.003% ; i Fl el 23 el H Ascomycota_unidentified sp. 6 J& 701 i) 15 &AK 23. 70% , Cheilymenia J& 73 1 £/ 5
AR 0.01% ;IR B el 23 78l H Ascomycota_unidentified sp. 6 J& 43 i) i &K 27. 09% ;5 Ascobolus J& 5347 e /b i
FAA0.002%
2.3 W APEIRAT L EE SR

ARV 28 Pl 2 18] - S E R A A AR AR PR A B IR RO S R U A R R E 25 5w (% 3) , B H
IR Ryt R BB A, A AR 2 REMEAE B R h s BURAR YO - HIR>WUF5 B bl > H 32 > BRI > (5 B
s 8 IR AR th = BRI < B 32> XU > B Bl > BRI Bl > H 32> 50 WY el 5 1455 BEFR 802 2R v B IR
s HIE>XUF5 VB B> H 32 >Eor b | [5 B Fe
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Hiz Hiz  WF FHE BiRE R
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3 ARAEFATHEREREEERKERESFTRE
Fig.3 Heatmap of dominant fungal species in the soils of different parks
®3 HHAETEEESFEEY
Table 3 Diversity index of soil fungi in urban parks
T TR Z R ot NN ESCY Eip 4 TR A AR AL
Park Fungal Shannon diversity index (H) Fungal richness (S) Fungal eveness (J)
Hiz 4.18+0.07a 745.71+25.88a 0.63+0.01a
Hiz 3.79+0.08hb 605.96+22.36b 0.59+0.01ab
W5 3.98+0.09ab 657.83+20.45ab 0.61+0.01ab
Gz 3.98+0.09ab 653.46+22.80b 0.61+0.01ab
[ 711 el 3.73x0. 10b 645.61+23.41b 0.58=0.01b
[58] 17 el 3.67£0.07b 582.13+18.19h 0.58=0.01b
F 5.58 6.32 5.08
P <0.001 <0.001 <0.001

Feh B IE R AR R, P<0. 001 FRH R E, P<0.05 Fm

2.4 SEMARKH A PEIRAT LR R A R

i RDA Z3Ar LSRR L5 5 R 5T I 1 (LR B m AL 18 b ) BOAH G, NI 4 ol DU HY
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Fig.4 The composition of entire fungal community and their
relationship with environmental factors based on db-RDA analysis
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Fig.5 The composition of ascomycota and basidiomycota fungi in the soils of different parks based on db-RDA analysis
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Fig.6 The composition of functional fungal groups in the soils of different parks based on db-RDA analysis
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