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Effects of Hea\'y Metal Conten; on’ Fungal Commumty Structu'i‘e in Urban Soil - ,,

GUO Da lu, ZHANG Jlan SHEN Si, YU Zi-jie, YANG Jiin-shun LU0 Hong-yan * i el » '

(Col],ege of Resources and Environment, Southwest Univ ersuy, Chongqu)g 400715 China) . F

Abstrz}‘pt Asfan 1mp0rlant-pan of the soil microbial system fungl dan dearly ind 1cate changes in the soil emlmnmem Human activities in the city can easily affect the soil
conditioh, 0 the phengmenon of arfificial heavy metal enrichment ofien appears “in.uiban soil. The objective of this study was to analyze the fungal community structure in
different urbaq'fﬁnctidhal argas and to determine the effect of heavy metal ¢ontent n different urban functional areas on the soil fungal community structure. This study provides
theoretical basis for protecting and repairing the urban soil ecosystem and transforming and improving urhan environmental quality. Soil samples from eight sampling sites in five
functional‘dreas of Beibei District in Chongqing were taken as the research objects. The diversity and community structure of fungi in soil were studied using high-throughput
sequencing technology. The content of Cd and Hg in the soil of different functional areas in Beibei District exceeded the environmental background value of Chongging. The
20-40 cm and 40-60 cm soil layers of JD were slightly polluted. The 20-40 cm soil layer and 0-20 ¢m soil layer of JLD and ZYY, respectively, were in the alerting state of
heavy metal pollution. The Sobs index, Chao 1 index, and Ace index of most sampling points decreased with the increase in soil depth. The NMDS analysis showed that the
composition of fungal communities between the 0-20 ¢m and 20-40 cm soil depths in both JD and ZYY were quite different. From the perspective of community composition,
Ascomycota was the most abundant phylum in the soil, followed by unclassified _k _ Fungi and Basidiomycota. At the genus level, unclassified_k_Fungt, unclassified_p_
Ascomycota , unclassified_o_Sordariales , Scopuloides, Robillarda, and Dactylonectria had higher abundances. The redundancy analysis (RDA) showed that Pb and Zn had the
greatest effect on the samples, and the effect on the fungal community structure was significantly different. This study has deepened the understanding of the relationship
between the content of heavy metals in different urban functional areas and the structure of fungal communities and has provided a scientific basis for the rational use and
planning of urban soil.

Key words; urban soils; different functional areas; heavy metal; fungal community structure; high-throughput sequencing
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Table 1  Basic physical and chemical properties of different sections of the tested soil

K SRR +)RRE o EC  o(FAHLE) o(2F) o(2#) o(2H) o(WFE) o (AR o(HHH)  CEC

/em /mS-em”~! /g-kgT! /gkgT! /gekgT! /gekgT! /mgkgT! /mgekg™! /mg-kg™! /emol-kg !
wpx pxg 070 820 018 20. 02 0.53 0. 61 2413 121.76 9.18 106. 00 20. 06
20~40 8.50  0.13 6. 82 0.33 0.38 23.55 70. 55 5.74 71.00 19.73
0~20 7.90 0.25 4.39 0.57 0. 54 33.02 61.10  15.30 93.00 15.95
PP D 20-40 570 0.12 14. 36 0.77 0.58 35. 42 99.80  42.08 90. 00 15.53
40~60 540  0.09 15.97 0.20 0.73 3413 106.02  46.67 103. 00 15.79
0~20 840 0.13 9. 84 0.59 0. 69 32.39 82.24 6. 50 109. 00 18. 53
W)y JC 20~40 8.70  0.11 6. 81 0.32 0.72 32.51 70. 49 6.12 78. 00 12. 69
40~60 8.60 0.12 5.77 0.28 0. 67 33.10 66. 47 5.74 87.00 18.43
0~20 820 0.25 9.07 0.52 0.33 29. 02 79.26  10.33 230. 00 18.59
WXW  20~40 8.50  0.17 27. 11 0.54 0. 47 19.06  149.24  11.86 250. 00 19.28
LK 40~60 850 0.16 26. 45 0.50 0.58 30.14  146.69 8. 80 380. 00 17. 96
0~20 8.00 0.17 24.18 1.07 0.59 2413 137.88  15.68 77.00 22.17
WLK 20~40 8.40  0.11 11.01 0.63 0. 45 25.69 86. 81 11.86 106. 00 19. 96
40~60 830 0.12 13. 88 0.51 0.45 23.16 97.94  13.77 100. 00 22.75
0-~20 7.80 0.14 26. 80 0.34 0.70 31.50  148.03  11.09 100. 00 2441
JL 20~40  8.30  0.19 13. 84 0. 74 0.70 37.25 97.78 7.27 6400 21.5.2
40~60 830 0.16 12.78 0. 64 0.70 36. 68 93. 67 7.65 65. 00 18 ‘64
EEX 0~20 820 0.15 11.95 0. 64 0.57 31.69] ==90. 46 4.97 84. 00 14. 86
JLD  20~40 820 0.15 12. 2447 0.76 0.53 31.43 91.57 Ty 1 4.59 71.00° 41359

40~60 8.10  0.16 13.31 0.85 0. 68 32.66 1 95.71 ! 421 97.00 4 17. 7

vy 07200 820 0.10 10.28 0.61 0.23 21,772 ‘u,sé. 96 7. 65 45.00 _ 4. 43¢

.20 ~40 8.10 0.18 11110 ™. #70.50; 0.26 23.55 ©87.16 1,4.97 41.00 18.07

p— a7 ¥

123 it%ié}%w; wiw ) HOE

HE CrloHg | Cu 1 Zn J] HF- HNO HClO n%s

xﬁﬁkka%?w&cﬁj‘ﬁ;‘ﬁﬁ M Pb ﬂl Cd

KFHEE@%%A#%?MK%%M@'E As ‘{
xﬁﬁ)??%;‘é;‘ﬁﬁﬂi{mﬂ“” P s Taﬁ“”’
3 PSR A L o 1 7 4 Vs ek HAT
Fav/(Il

P, = [(lez + PLI?—)\Z)/ZJVZ

T Py F P gy 53 501 2 - X BRI G 38 BRI e R
PATHTS YeFE R, NI R B TR S IR K 1+ R
B3 R bR iE(GB 15618-2018).
1.2.4 T EEERERE ZHEENE

3 ELA A E . MR SRR 4] DNA (1)
R Al b7 18 E. Z. N. A. Soil DNA Kit ¢l 54
1 $RIBUS R A% R & £ /X NanoDrop2000 Il i DNA
WEE  JT28 2% SEREEEE RS LUK XT DNA K 5 iE A7 K
DU A5 5 T AR SO 5 DASS 384 i B DNA
SIS, X BB TS Xl 514 ITS1-F (5'-CTTGGT
CATTTAGAGGAAGTAA-3") 1 ITS2-R (5'-GCTGCGT
TCTTCATCGATGC-3") #47 PCR $"3%; K Ilumina
MiSeq MJFF- & X5 PCR 414 7 ¥y 47 X ) 53
At OB AL RN e T I3k WL SCR[ 18 . 2
FE 1536 AW B 2R PR A R S8 A
1.3 Hdssbr

i F Uparse 314 (http ;//drive5. com/uparse/ )

# = J‘
Xt FJ?ﬁ A1) itk OTU kﬂﬁ% HTF97% E’J?FHM

@imoméﬁaﬂmﬁﬁwwﬁrmmmmﬁ
¥ ( htps; _//ww_w.

mothur. org/wiki/ Download _

o mothur ) B8 FH 025 1) ZREVEFE L. L Unite N8

PP AT B [RIAEAS A EL TR L ) A 7K P 4 k.

NMDS, RDA, LEfSe 431443 14 36 7 22 & (www.

i-sanger. com ) 52 i, 37 F F Microsoft Excel 2010 X
Hpik g s A it Rk,

2 HFREHM

2.1 W 3 E AR Vs ekl

Wi 2 PR N R BT OB 1 AL
DXIR T 4458 1% B 4 J ¥ YR B AR R L R
HH BT B S Y RN RS e T RE X, B S
(D) e X R SE I, b T+ 58 5 4 5 YL B 2k
() D)) R DX 2 8 X, LA 3 i Tl e DX 34 A Hh R e
SR RIS, K S ANE -4 20 ~40 em I
40 ~60 cm TR RIEREEIG YL BURTTAMEI SRR A
[ 20 ~40 em +JZFEBEMFIEBET 0 ~20 em + /23
A TR, AN, JURE XA RE X+ ¢d Al
Hg By & 3w TH R ARG Sl 261 5ok
Fil 13987 20 ~40 em F140 ~60 cm 12, ) 370
0~20 cm, 20 ~40 cm F140 ~60 cm )2 S 5 AR T7
HNEIZRAEA Y 20 ~40 em +JZ29 Ph ISR E T E
RS S S 3ol 309 20 ~40 em



14

SRR AT - T 15 X T S RV S5 B R T

513

TR G R A0 40 ~60 em HE AR
i HMEIAEAT B 20 ~40 em 12T Zn A RIS
FHERITHEET S, SRR, AR X R D EE X
4R Cd, Pb A1 Hg & F 25 YL H T Cd IIR)E
WO R BREFFEBE > BRI MBI SRk > 2560 3
> AR TAMEA R > AT > U H > SR >

B . P WO BE LU ) 38 e AR YN
B Y > S0 et > P AT > BREMTITRE > it
ARITHNEE R > SCRWE > 5URTT AN SR > T
1. Hg AHRIE = BRAKUCA 5O T SN ELE B > 3
REBFSERE > STV > HUARTTAMEISRAEAT > 50 12
b > AT > HER O > 4.

R2 BEXETLIEESESH

Table 2 Distribution of heavy metals in urban soils in Beibei District

WK TEEA +ERE o(2F) o(2f)  o(2f)  o(2)  o(2R)  o(2fl)  o(2f) WP
/cm /mg-kg™" /mg-kg™'  /mg-kg!  /mg-kg™'  /mg-kg”!  /mg-kg™!  /mg-kg”! (Pg)
0~20 28.23 0. 47 22.15 1.80 0.12 15.08 68. 56 0.56
Tk X BXJ
20 ~40 30. 49 0. 44 19.34 1.54 0.13 14.27 75.15 0. 54
0~20 33.77 0.53 21.22 2.22 0.13 18.59 75.90 0. 64
BHF M JD 20 ~40 37.86 0.55 24. 89 2.45 0.13 22.18 71.22 1.34
40 ~ 60 28. 60 0. 56 22.96 2.22 0.16 18.72 72. 86 1.36
0~20 31.27 0.36 23.26 1.93 0.11 17.22 68. 17 0. 44
WHiry o Je 20 ~40 31.42 0.48 24.15 2.18 0.13 13.59 75.41 0.58
40 ~ 60 29. 83 0.45 26. 67 1.77 0.16 20. 65 80. 01 055
0~20 24.15 0.36 16.76 1.50 0. 14 12.68 5218 77 @B
WXW 20 ~40 20. 28 0.53 12,20 1.82 0.12 9.87 44. 68 I 064l
40 ~60 23.76 0. 50 16. 73 1.94 0.12 == 11.77 47.76 £0. 60
Ja B IX i =
0~20 20. 11 0. 41 215,73 2.13 0.12. 10. 22 41.39 09
WLK 20 ~40 18.81 _0.40 . 13.47 1.87 012" 10. 34 37.51 J0.48 ey
40 ~60 2.61 [ [0.58 [ 4 16.12 2.06 0.17 1 ~ 11.76 49.10 10,69 A7
#0~20 21.45 0.50 | 17624 2.09 Jole ¥ 12.82, | 67.76 " 0. 60
. IL /20840 2073 041/ R 1.91 018 =0 10.53 & 45.60 0.49" ||
A0 Jaoke0 19,44 W07 7 S0 2.15 0,13 120447 53.46 0.33
. -~ , 0~20 24.82 ~ .55~ “,-16.(2] 1.68 0.13 14475 60.08 0.66. il
‘ JED. 20 ~40 29.03 0,60 2369 1.40 ‘0. 19:'59 80.96 740,73
30 ~ 60 26.96 0.55 U 20.67 2.08 0716 14.51 67.31 0.66/F
fl Ay @-~20 28.26 | JO.‘69 4 893 ] 1.59 0.15 14.28 72.20 0.83
AN 20 ~40=1  33.00 0.40 19.53" o 2.14 0.13 21.13 66.22 0.48
wEm A : 49.08 0. 14 2220 6.99 0.04 22.00 78.22
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Yige |X,."—- v KA TJZEHE/ em I Sobs 54X '.’;ff(-)-\'/_erage 840 Chaol F5%K Ace 1525 Shannon #8%(  Simpson 54§
ﬁﬂk'b(! BXJ 0~20 354 0.996 7 417.90 406. 82 3.42 0.1049
20 ~40 274 0.999 2 280. 18 281. 17 3.83 0.0518
0~20 352 0.998 3 376.23 367. 36 4.03 0.0429
BHIFRE A D 20 ~40 211 0.999 6 218.20 214.05 3.72 0.0623
40 ~ 60 76 0.999 7 83.50 81.55 2.97 0.1054
0~20 155 0.998 8 174. 50 172.78 2.60 0.1392
W jcC 20 ~40 110 0.999 8 111. 67 111. 49 1.92 0.2854
40 ~ 60 51 0.999 4 70. 50 85.32 1.35 0.466 9
0~20 44 0.999 7 59. 00 49.90 1.98 0.3203
WXW 20 ~40 288 0.999 0 307.09 298. 96 4. 67 0.0167
X 40 ~60 174 0.999 3 191. 14 184.22 3.34 0.1120
0~20 386 0.998 3 406. 18 402. 85 4.33 0.029 6
WLK 20 ~40 210 0.9989 225.81 221. 40 2.66 0.170 4
40 ~ 60 208 0.999 1 215.43 216. 11 2. 66 0.1625
0~20 311 0.997 6 335.06 344.33 3.51 0.0856
JL 20 ~40 236 0.999 5 241. 50 239.19 3.86 0.0450
40 ~ 60 114 0.999 7 116. 63 117. 10 1.82 0.3593
B 0~20 233 0.998 2 254. 17 258.20 2.03 0.3803
JLD 20 ~40 238 0.997 8 275.28 272.74 2.51 0.267 1
40 ~ 60 367 0.996 4 430. 61 431. 84 3.06 0.1818
VY 0~20 332 0.99717 361. 17 362. 12 3. 64 0.074 2
20 ~40 344 0.998 2 360. 74 361. 12 3.66 0.0733

2.3 W A E AR AL [A) 0 =2 € R ) ( Ascomycota) | ARTRATE

IR 4 AT 78 B T KE b ASEEREE S AN W ] 2% (unclassified _ k _ Fungi ). 1 F &
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