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Abstract

In order to explain why native tree species can tolerate the stress of heavy metals and other ad-
verse environmental factors, and the relationship between the rhizosphere soil microbial com-
munity of native tree species and environmental factors, the inductively coupled plasma mass spec-
trometer (ICP-MS) was used to detect the content of Mn, Pb, Zn, Cu, Cd, As and other heavy metals
in the rhizosphere soil of native tree species such as Liquidambar formosana, Ginkgo biloba, Yula-
nia liliiflora, and Styphnolobium japonicum. The lltmina high-throughput sequencing method was
used to compare and analyze the bacterial communities in the rhizosphere soil of native tree spe-
cies. The results showed that: 1). Liquidambar formosana, Ginkgo biloba, Yulania liliiflora and Styphno-
lobium japonicum had strong tolerance to heavy metal elements of Mn, Zn, As, Pb; 2). The abun-
dance of Proteobacteria, Chloroflexomycota, Nitrospira and Blastomonas in KQ (Mining area) group
is significantly higher than that of the FKQ (Non-mining area) group; 3). The characteristic micro-
bes in the rhizosphere soil of the native tree species in the mining area are Nitrospira and Rhizo-
bium. It is inferred that the role of the two is mainly to change the nitrogen environment in the soil,
enhance the nitrogen fixation cycle of plants, and improve plant metabolism capacity, thereby streng-
thening the plant’s tolerance to heavy metals. It can be seen that heavy metals have an important
effect on the rhizosphere soil microbial diversity and bacterial community structure of native tree
species, and rhizosphere soil microorganisms have an important regulatory role on the plant’s
heavy metal tolerance and absorption capacity.
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1. 51§

UTAER, B2 B B 2005 1) e R S T AGEFRR A, 1498 58 4 J v e ) 2 B AN I o el 4 2014
R (A E RS JUR LR AR RiE, % Cd. Pb. Hg. Cr. Zn. Ni. As. Cu %55 & @i Yeft) 1%
5 19.4%, L, %2 Cd. As. Pb & HE 4RI 4AIBHEAUE 2 x 10° km?, £ 5K /5 [1]. H
i, HEESEGGEEEAYHEEE .. WEBEENEYEE .. ISR RAE R, WHEE ST
B R —kis g A EERER R, (A SmAR, BEREEK, HHATRBNE R EY
(hyperaccumulator) (&A%, YR/, HMHXEARVIARBBREARMHE MH. Hil, ©LEESE
SYAE R R 2 PR AR 0, T ARAED D H W K.

WA EEFE AL, B RRIEEE, e, 8. B W ERE SR GEEEMA, PN E TR 2
EEERPGMEAEF I, BT KERF. R, 8. 8 8. 8. . B, &, WERBeE &
i BEEAES R PE[2]. AT 2 BRSO A2 WICRE 1 SR PR R A 2 R
FFEFRE, R ltmina =@ &N FEOR, WAHE ZFEE. R 4iig KOS RISV i A BOC REE T
i, BT X 53R X 2 LRI B L e B oo R e SRR R, DUATE S Je i skbrig b, 4
SRR BRI, WERI £ W FiR B - S5 A Pl [R] A B X B A 4 R X
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LI R IS Y AR T
2. M5 %
2.1 HERESLHE

KA F BB TS A RIEE T 6 0T IE R SOE EE A . DA X e,
SRR i G LA™ A XSG AT B M WEATRE fh R4, T GPS HEAT AL

2019 4 10 A )% 2020 £ 5 A M), Jefa ZRENEA e mi X, 6 L HRE SR X
BRI BEAT IR WER AR . RIS LU — Bt dk, READ 2 BRI REE 3 MR UL AN FIREAR (AR P 1 388
AN R AEdD o D 1 S U5 AN (7] 58 < P 30 X A AR B IR AL D 2 AR PR AR, TR SRER AR XA
J82 % - RO AR s - SARE i AT A i A 0 TR

IR SRR, FAG AT KAV R AR A SRR et 2 LI YU N 0~20 eom BOARER L, FH DY 7302
HORE, —#7 3eE f A T KB RO SRL B B 8rh, (RIRORAE, ARG RISEIR S, JFON-86 CHEIRIR UK IR
FarORAE, M HIEGZEY) DNA FPBIIIE RACEZ FEVE s 55— B HIERE S B AR AT TR
G, BRI R AR, g A M 5 R A R .

RN R REER I, REREA RSO R IEHE A, (R A 5e %, RIS AR S RS R . K
FiREah T ISR S G, RN TG KN B oK, AR E, BT 105°C [ H AR R T RAE
A7 30 min, FRRHEZZE 60CHET, BHERFE, 1 100 JEJeit, S ABRH 48T, Hlm TR tR A7,
# Mo

22. SEWAE

2.2.1. B REE
K& AR, HIEaREHFMEY KER], T4 e NaOH At —HE bt
k4], B4 BRI E F NaOH H fih— K It VE[4] .

222 BEEREEMNE
TR A AT R R S R AIE, HHRIE A, B S S A BUE S (1ICP-MS) #E4T[5] [6]
(71181 [9]-

2.2.3. RIS DNA FFIRMIE

FIF Fast kit DNA {75 & $2BURPR H 3 5 DNA, A7 T—20°CUKAE PR A7 % - 371 16S rRNA £ [A]
1) V3-V4 X3k, HiEZ MiSeq Wl 7-F GO FF[10]. HEZRFEN: FE5H& 2Rk —~PCR #3 — =
Wratib i 4 — SCPE LS —~ MiSeq EHLI .

2.2.4. BIEALE

AERIM 3 NERE, SRECTIME, R4 H Excel 2010 A1 SPSS 22.0 #k47[11]. il &
I Fr#cdfa A8 H] QUIMEL Pipeline V1.9.0 ALBEANI 731 ER 46 F7 71 [12]. ANCOM, ANOVA, Kruskal Wallis, LEfSe
1 DEseq2 %5 J7 1243 FH SR % 78 4 dLRVBREAR [1) =5 B A 2 S 4 [13]

Alpha £ 4 DL K Beta ZFEE #4301 322 A giime2 diversity ff{F 5. Alpha 2 FEPESREUE XA
FES R PIFP Z AR b, A RS R R A ) S BRI ST AN R &, 3@ H A ObservedOTU,
Shannon DL % Faith’s Phylogenetic Diversity 55 BCRVEAG SEMEA VIR Z R, FEEUES, RFFEAT
R 2

B ZFEME D HT(B diversity) IRIEFEA ) OTU £ {5 E i+ 5 Bray Curtis, Weighted Unifrac F1 Unweighted
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Unifrac B BISRITAS AN [ R S 8] A R E e S5 F 22 57
3. ZRENH
3.1. AR Z L WFRER T IRAOIBIL 4

AR LA PR PR IR A PR M 25 SR W 1o BHUbnln, AE 2 LRFRER 4% pH A
4.93~7.81, KT +E&/KEN 1.61%~6.58%, +IEAHUFE S &N 21.47 gkg™~98.9 gkg™, HAE & RN 0.15
gkg'~1.77 gkgt, BBEESE N 033 gkg '~2.71 kg, BATE RN 2.42 g-kg '~4.00 gkg s AN[ESEAE A
20, £ HMMRE RN E S R EER.

Table 1. Comparison of basic physical and chemical characteristics of rhizosphere soil of different native tree species

F# 1. NE 2 ERMIRFRTIRE AR ERIEL AR

iy pH MC/% SOM/g-kg™* TN/g-kg™ TP/g-kg™ TK/gkg™ £
LFH1 7.34+0.38% 3.12 +0.36F 62.52 +1.38° 0.65 + 0.05° 0.70 £0.01° 3.51+0.01F FKQ
LFH2 7.37 £0.04* 6.58 +0.48* 62.50 + 7.30° 0.15+0.01° 0.96 +0.01° 2.84 +0.00° KQ
LFH3 7.23+0.02% 454 +0.01° 74.78 £ 0.03* 1.23+0.13* 0.93 +0.00° 2.84 +0.00% KQ
LFH4 6.22 +0.04° 3.23 +0.05°¢ 62.91 + 6.90° 0.56 +0.02° 0.61 +0.00% 3.82£0.03° KQ
LFH5 5.25 + 0.03° 3.12+0.01F 63.89 + 2.30° 0.69 + 0.04¢ 0.58 +0.017 3.74 +0.05° KQ
LFH6 5.42 +0.02° 3.72+0.18° 63.25 + 2.30° 1.14 £ 0.03%® 2.71+£0.00" 3.90 £ 0.017® KQ
LFH7 6.54 +0.03° 5.69 + 0.07° 61.10 +1.16° 0.99 + 0.06° 0.42 +0.00¢ 3.91 +0.06" KQ
GBL1 7.31+0.54° 2.84 +0.04° 60.34 +0.01" 0.57 +0.02° 0.52 +0.00% 3.20+£0.01° FKQ
GBL2 7.13+0.028 3.03 £0.04° 40.11+261° 0.82 +0.06° 0.82 +0.00° 3.88+0.03"° KQ
GBL 5.48 +0.02° 4.27 +0.08° 61.48 + 1.33" 0.76 +0.31° 2.14 +£0.00% 3.87 £0.00° KQ
GBL4 4,93 +0.01F 472 +£0.03* 59.29 +0.71% 151+0.14* 1.88 +0.00° 3.91+0.00" KQ
GBL5 6.05 + 0.02¢ 1.61+0.02° 36.65 + 3.31° 0.85 +0.03® 0.62 £ 0.00° 3.27 £0.01° FKQ
GBL6 7.81+0.05" 1.78 £ 0.03¢ 39.06 + 8.80° 0.94 +0.128 0.61 £0.01° 3.11 +0.00% FKQ
YL1 7.03 +0.03° 3.49 +0.04% 21.47 +1.27° 0.70 + 0.45° 0.57 +0.00% 3.50 +0.01* FKQ
YL2 7.28 +0.015¢ 3.33+0.14° 52.69 + 13.23% 0.81+0.01° 2.23+0.00% 2.42 +£0.00¢ KQ
YL3 7.71+£0.04* 2.20 £0.03° 51.03 + 0.63% 0.85 +0.03° 0.64 +0.00° 3.20£0.01° KQ
YL4 7.65 + 0.42°8 2.25 +0.06° 51.79 +1.43% 0.53+0.01° 2.20 +0.00® 3.72 +0.00" KQ
YL5 7.55 +0.03"8 3.19 +0.06° 80.25 + 0.91 0.98 +0.05* 1.06 + 0.00° 2.63 +1.05° KQ

SJ1 7.74 £0.02°8 1.62 +0.03° 62.15 + 7.41°8 0.88 +0.00° 1.10 + 0.00¢ 3.80+0.01¢ KQ

SJ2 7.54+0.01¢ 2.23+0.01° 64.70 + 10.76° 1.05+0.14° 0.33 +0.00" 3.79 +0.00° KQ

SJ3 7.09 +0.04° 4.96 +0.53* 98.00 + 3.15" 1.18 + 0.00° 1.25 +0.00° 4.00 £0.00" FKQ

Sl4 7.80 £0.174 2.11+0.01° 42.83+0.81° 0.83 £0.03° 0.70 +0.00% 3.83 +£0.00° FKQ

SJ5 7.56 + 0.06° 5.03 +0.00" 98.90 + 4.48" 1.00 +0.79® 0.80 +0.01° 3.64 +0.00° KQ

SJ6 7.64 £ 0.045C 5.02 +0.04% 59.95 + 2.108 1.77 £ 0.29* 1.53 +0.00* 3.80 +0.01¢ KQ

7 D KQ Ml FKQ Zr BN X MAED X RERFES: @ LFH. GBL. YL. SI MBI AME. M. LE2MEM, FH; @ £ MC.
SOM. TN. TP. TK /3 Hl$8 LIE/KE. AR &% &HANEMEE; @ F—Fh, RAKES 7R SAHREEE R LA )T
E7ER, p<0.01.
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32. FRIZ HHREFEIREMHAHSNESRSE

AN 2 LR bR 33 A o AE i B R S B RME AE IR WAL 2. HULATA, ARKAEN X 2
FIARFR TIEHE Mn. Zn, As. Pb Ebbiis, HA, LFH-2 41 Mn & &iA 5160.00 mg/kg, LFH-7 #1 Zn
ik 8020 mg/kg, LFH-6 71 As & &4 5910 mg/kg, Pb & &4 2760 mg/kg: GBL-2 H1 Mn & &% 2920
mg/kg. Zn &Ik 4260 mg/kg, GBL-4 ' As ¥ &4 7120 mg/kg, GBL-3 H' Pb & &% 2630 mg/kg; YL-5
F Mn & &k 4504 mg/kg; Zn & &k 13821.23 mg/kg. As & &k 9513.90 mg/kg. Pb & 87X 5066.17 mg/kg;
SJ-6 F1 Mn & &AL 3284 mg/kg; Zn & &1A 16453.35 mg/kg. As & &k 9184.52 mg/kg.Pb & &k 4196.127
mg/kg.

SRER ARG, m R R E SR S BB R L EEE SRS 2 LR, H A
B GEMMNRE:; S5 XEYDH AL, 65 XEYH AR E SRS BRI A
[t 2 LAY+, LFH & GBL M A Mn & &M Zn &5 YL ) SIHAH Mn. Zn. As. Pb &
b HA & B TR S & .

Table 2. Comparison of heavy metal content in rhizosphere soil and leaf samples of different native tree species
# 2. TEZ INMRFLIREMHEHERESRES SR
B T E SRS R (mg/kg) Pt F B4R & (mg/kg)
S Mn cu Zn As cd Pb Mn cu  zn As  cd Pb
LFH1 169.00 32.88 240.18  20.35 34.82 29.20 173.94 739 2499 007 147 109 FKQ
LFH2 5160.00 74.00 311.00 33.40 8.73 8.73 95248 820 3359 0.00 0.00 5.33 KQ
LFH3 4880.00 46.00 164.00 11.80 2.60 2.60 25886 6.98 33.15 3.22 3.22 2.33 KQ
LFH4 1710.00  20.00 171.00 18100 130 122.00 94134 881 4947 285 026 328 KQ
LFH5 1600.00  7.00 89.00 3020 125  61.00 930.73 821 3504 195 050 400 KQ
LFH6 2150.00 278.00 6030.00 5910.00 64.60 2760.00 283.96 571 140.75 7.03 6.81 2824 KQ
LFH7 1390.00 241.00 8020.00 4080.00 7290 1270.00 28253 642 13835 1160 4.62 14.00 KQ
GBL1 485.00 23.00 249.00 129.00 1.64 90.00 16.23 513 26.56 1.32 0.05 3.02 FKQ
GBL2 2920.00 667.00 4260.00 5390.00 4040 698.00 1591 365 4018 440 031 578  KQ
GBL3 830.00 579.00 1590.00 1470.00 16.20 2630.00 13.81 352 36.74 6.30 0.24 4.37 KQ
GBL  995.00 479.00 920.00 7120.00 5.58 1810.00 10.53 3.60 4759 6.54 0.32 1.45 KQ
GBL5 1216.63 52.80 816.03 43787 557  307.67 1971 248 1691 169  0.08 512  FKQ
GBL6 117456  64.08 987.69 31958 516  349.72 2077 344 1590 232 0.0 569 FKQ
YL1 176.36 7.38 85.74 11.33 0.04 70.70 5.86 496 2218 0.41 0.02 3.04 FKQ
YL2 2640.00 243.00 1100.00 8650.00 112.00 3720.00 71.39 6.94  87.05 4559  0.77 56.21 KQ
YL3 171585 151.55 4104.02 1333.34 20.69 119674 1365 583 11595 2273 023 1333 KQ
YL4 2588.66 319.59 12914.42 7649.64 91.42 3662.35 16.90 7.01 6580 1827 030 2025 KQ
YL5 4504.71 276.36 13821.23 9513.90 95.63 5066.17 35.06 6.50 78.19 39.63 0.44 26.24 KQ
SJ1  2760.00 173.00 1740.00 196.00 25.00 2340.00 37.10 555 34.23 3.23 0.84 1451 KQ
SJ2  3220.00 130.00 1080.00 136.00 17.80 1540.00 51.69 264  28.86 0.95 0.26 5.58 KQ
SJ3 46212  23.24 90.96 9.53 154  22.23 2406 335 2782 040 0.05 163  FKQ
SJ4 650.75 39.05 275.70  236.27 1.85 324.55 52.94 372 1821 1.20 0.08 294  FKQ
SJ5  1265.39 271.73 94373 18182 41415 43.16 7741 637 5183 1451 391 6.16 KQ
SJ6 328449 678.37 16453.35 918452 142.66 4196.12  91.08  7.44 47737 2556 254 1925 KQ

ik
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3.3. TIMAEMAFRIE L

3.3.1. L1 WMRFRLTIMME Alpha ZRIERIGIH 24T

AT W FCRIREARTE 24 A, B 73 Dy 5 26T 4 B RE 7 S5 A 3EAT 2 b, Lo FRAL(FKQ) 3L 7 AMFEAR,
LIGA(KQ)L 17 MEEA ., Fil B AR RN T L4 619,835 A %% 4, Hrseibddt 17 MEA, 3k
5 445,538 2 XE A RHRAL 7 AMREAS, LIRS 174,297 A BUF S, FIFIARSIAEA t K56 GOt i
BHEEARE T 5 FI R =E & a8 (species richness) F4) 1 £ FE 14 5 £ (species diversity) #E(T LLE 44T, A
[ ZH S BE A< %5 T shannon, chaol ¥ AN 26 30 H 2 1 (p > 0.05), {H B & 7] & HH 40 B 2 REME 5 5 FKQ > KQ.
ZER P 1R 2,

1400 4
3
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€ 12001
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[e]
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Figure 1. Box plot of Chaol index
1. Chaol fe 8 HIFERIE
10.01
3
2 951 Category2
5 B3 Fka
c
& = B ka
<
@ 9.0

Groups

Figure 2. Box plot of Shannon index
[& 2. Shannon fEHAIFHTLE

3.3.2. £ WMRIRTIMEE B ELE S

B ZFEMEHT(B diversity) e FH K EL B R 22 FEME 7 THIAFAE IR 22 5 K/, SR A Unweighted Unifrac
TeHUT i B ZREME, S5 LK 3 (p<0.05). Bk ATHEWT KQ 5 FKQ 4R B BF LS M7/ 35 2 5 . R %
FEEAF I 20 b7 B R 7 25 TR PR B Az, RO T A AR I (R A P e s 5 A A DL P R, 22 SR
BN BIREARAAAE M ZESL, B IX £ H R RS2 4L(KQ) AR X £ W Folt Xof HE 4L (FKQ) ) B i 22 S S A S 1
TERH R X 35k
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Figure 3. Analysis of soil microbial B diversity
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Figure 4. Column chart of the relative distribution of soil bacterial communities at the phylum level
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334, TMMEFHEERKFRENER

KA 16SIRNA P EARH X 5 3EH X £ LA AR PR LI RE 5 40 B @ K 2R #r, S5 R LA
5. WEIIAHXTFERE, KQ AR LT B AL H & (4.66%) 2 fAT )& (1.5%) 154075 & (1.85%)
SRR (1.01%): FKQ A RRRIR 34 B N 20057 3 181 8 (3.99%) [t — Le R 4B I JE 55 . B KPR E,
KQ 2 LA MARPREFERAE Y IR o . AR, AR F EAEXT A 2 P s FKQ 2 L il
MRBRRHIE A AR 8 AT R D AR, AR F AR N e . BRI 6.
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Figure 5. Column chart of the relative distribution of soil bacterial communities at the genus level
5. TIRAERIRERKT LHEXM S HIERERE

Bl FKQ [EE KQ

p_Prbteobacteria
: c_AIphapréteubacteria
f_Bradythizobiaceae
g_ Bragyrhizobium
o_NitrospiraIes
p;Nitrospirae
¢__Nitrospira
f__Nitrospiraceae
g_ Nitrospira
f_Streptomycetaceae
] g streptomyces :
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Figure 6. LDA bar graph of LEfSe analysis
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Figure 7. Correlation between different environmental factors and the genera
of soil bacteria
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Figure 8. Heat map of the correlation between microbial species and phenotype at the genus level
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