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Abstract

In order to illustrate the feasibility of using native tree species for soil heavy metal pollution con-
trol, ICP-MS was used to determine the heavy metal content in leaves and rhizosphere soils of five
native tree species, including Choerospondias axillaris, Osmanthus fragrans, Cinnamomum burmannii,
Ligustrum lucidum and Hovenia dulcis. The single-factor pollution index method, Nemerow pollu-
tion index method and geoaccumulation index method were used to evaluate the heavy metal pollu-
tion in the rhizosphere soil of different native tree species, and the heavy metal enrichment coeffi-
cient and enrichment capacity of leaves of different native tree species were compared and ana-
lyzed. The results show that: 1) The content of heavy metal elements such as Mn, Cu, Zn, As, Cd,
and Pb in the soil of the study area is much higher than the background value of the soil in Guangxi
and the soil of the whole country, and has reached severe pollution. The cause of the pollution may
be related to mineral mining. 2) Choerospondias axillaris, Osmanthus fragrans, Cinnamomum bur-
mannii, Ligustrum lucidum and Hovenia dulcis have strong tolerance to heavy metals. Although the
enrichment coefficients of these native tree species to heavy metals are small, the total amount of
accumulated heavy metals is relatively large; 3) Native tree species have large biomass, strong
adaptability and low requirements for habitat. Therefore, if it can be reasonably configured and
combined with other effective measures, it is feasible to use native tree species to control soil
heavy metal pollution.
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1. 5|8

P AT ok, AR ML BB B RSESRGR, WA GOERR R, R, o
B 7.0%A1 4.8% [1]; EFREBA FIBE, = b B A SRS YL AL 3488 JiwT, BB
QLT ARk 7899 Jiwi. EAJEIEMER, BENLEEMELGIER, HEA R, 2SBChEIREREE
e, EEERES R, KNSR S g B ™ B, X AEAS R G RIRRE IE AN REZIR2] [3] [4].

TEEGRG G S M. MEEE TRER, ELURIARE " WEBEADURAR, m
HAEGER GG, MWBEE MNP — MRS AL i aoR, RALBEEAM. BORFA. T
RIS YRR A[5] [6]. BIOY H AT A B E & JE i R RZ MR 7]-[12], FrEL, DMETTREM
TIRE SR REMEE NG, K2 RFEFEAEYIIN, T AR BT SO B, RIE N H
ARAWEY), RERIMFEEER . W, FA M A5 28, IR, YA MREAE[13] [14]. REE R A
Pooxot 98 E s RSO B v, BRI A SR R B BN, IR ORN e i 4
JERIBCREA R, 0 SR SN Y S A A ) < Jm S e AT B, R E A A P A, A
PP IS AT T B RCR DRI 8 S B B2 AR AN REAR L ML HE) T [15] [16]. SREAEYIMLL, AAMH
MBARARKIE Adw A, EMEKR, EeEmtEmmsEiesy . A X AL ERAE KB THRE K
Z M R G R AT R, AT R KRR EYAEIR R P SIS, iR
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BT REMEE B AR T %, e LIRE SRS Ja B8 .

JTHE SRR R, (B2 ITRANG AN L, MIMELER | — @R T 4e[17] [18]. ELIRE S
JEISHREMEL T, WA AT TR SRR R A B R R IT AR G J1[19] [20]. BRERSENE
X rE KB A S By X A=A BRIV B (pyrus pyrifolia) #REE(Castanea mollissima)~ 378
(Hovenia acerba)? 8 FhvAMI Fh ()i by S HAR & J [l 3 LW 8 Jm & kAT E . AR R, A X
) IR E S A E B TT REE RE, Hb Cd Ein s EGE )T IR S 1200 £5): ASER
B % Moy Zn, Cu. As. Cd. Sn. Sb. Pb FHEEILERIA —ERENRILEET), SZEaHERME
RIS B FE R 2R, P8 AR T DUE AT X LI E &R i5 J e B i RIEm AP [21]. B8 HErEILE
SEYV XE&REFRAEDEE R ST T 2 EREERF[22]-[27], RINE (Liquidambar formosana)~
A (Ginkgo biloba)~ EL(Styphnolobium japonicum) %% =%(Yulania liliiflora)%5 2 T FHXF Mn. Zn.
As.Pb. Cu. Cd %5 5 & J& B F BRI UL EE 11[28], FEER & (Choerospondi asaxillaris)« H:AE(Osmanthus
fragrans) W& (Cinnamomum burmannii)~ KW 22 v (Ligustrum lucidum) R EAETICE OB X K
HE D XK Ry, 58 HX L3R E &8T5 3] fe A BRI M —E e 2. Bk, R&ET L
w5 P ERF R R AR PR IR, B R E SR A EMINE, RS IR A A,
FRE AN [F)FE Vo0t 2 4 T M AR W /e g B FEXP PR BRI a&E N, 256 0 M B B & g s e L3 1)
AT, DMEANT TOE GEEY X ASHE RS, DK IS SR TS Sy 200 R Fh i £e 42 4t
wE%,

2. RIS
2.1. HREIRERALE

RN FEFRAE) VO R B YA X Rl 2 AR M BRI R) L Bk ) XA E R R X
k. 2019 4F 8 H ) 2021 4 8 H, FEIESE I 2 LM CRAE RURSEM P B il A1 E IR it R e . K2k
FEA I, SRR 3 BRUL KIS R 2 LR, 0 HA R AL I iy AT R s SRARAH R AH
PRI BR T3S, 4% B RURFE 7 1R 4R 0~20 em &4, MUF AR R IC AR AR DR, R R Bl 256
EHEAT AR

e s [P SE AR i, ORI AR I AR B e T e A 15 min, fEA RSB 7K, BT T
ik 60°CHET, ME)aId 100 HIETH, FAFMCH I BRIE S, R TR, &, T3
FESE TR RAL BRI, DR S, ARV B T RIS ARie, B
HE R ENE.

2.2. SEWFE

2.2.1. HIRBUMBRAIE

3% pH 190 A FLAECK R 2.5:1); 8K & R IE H E v, IR ErlE HA
AL R — B bbbk, IR S 2 I E FIRIRE AR 174 [29]: HIEE VLR & = /0E H
BRI BN —— e VE[30]: IR S B0 E YLK E I3,

222. EERIEBHNIE

R FEVETE YA LIRS, F AR 55 B TR TR (ICP-MS) W 4 4. e b, 48 S
6 Fi 4@ G R WA AT E [32] [33] [34]; T 4FE S E &R o= A S S ®MIE, | EDTA-2Na 1218,
HL IR & 55 1 IR T 12 [35] [36] .
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2.2.3. TEESRBISHRTM
W 7T XA [H] £ LR R B -3 5 4 B V5 e v, 20 B BN s YedB 3k, WD LB is YLk
BrF A BAR R B0 [37].

2.3. BURAE

EARFERMR S RE S, FAFERENESM 3 ANER, S5RBCFHE, LTI £ dEE” B
RFER. FURKAABESHT, D WFHEIRS % 4E Excel 2010, SPSS 22.0 HE4T, S2ie 4 B30 K 2 ) 1
Origin 9.0 #£47; FH /N i 25 25 S 90(LSD) iR AT S 56 B4k 11 22 = EL e 70 M

3. ERESH
3.1. FREZ HFIRERTIRAVIEILFF 1%

ANE 2 LR PR R B R A e g R 1. bR, SRAE S L3RR pH A 5.61~7.28, &
KN 0.20~5.84 %, LI HLUHE SN 9.51~65.37 gk, RS EN 0.16~1.54 g/kg, &BE &8N 0.03~1.21
g/kg, S EN 7.66~159.84 mg/kg. 13 pH HPEMWELS, FKERG. M4 E S IR HIEE &R
S RERIE38], ABEFAIR £ LR FRER LAY S B TS A ERAE A 2 R R bR 5 ) 4
A BN, BRAWMR R LR S BN =, . PIE KM il H e u S 8N T
R Z . IRERZ AN Z 2 8], PR bR LI AR S B R AR S, MBS B AR EE. DR RY
BB 5 M2 LRFIRA — @ N R /877, HAEBE. SR LSS Igae R g A K. ZHEEE
SERER, EMHFEIRMFRARA RS, F— LRSI A — e ER, Y2 TRAE

REPET™, X ABGRAT R IR R -

Table 1. Results of physical and chemical properties of rhizosphere soils of different native tree species

% 1. FE 2 HRFIRER LA LM RN R s R

i pH MC(%) SOM(g/kg) TN(g/kg) TP(g/kg) AP(mg/kg)
Sz1 7.11£0.03% 1.61 +0.00° 16.68 + 1.02° 0.46 +0.02™ 0.14 £ 0.00" 29.54+ 121"
Sz2 7.24+0.02° 0.20 + 0.00° 9.51+1.01° 0.16 £ 0.01" 0.03 £ 0.00° 9.68 £0.76™
SZ3 7.28 £0.02° 2.10 £0.00™  31.55+0.38° 0.44+0.02™  0.17£0.00™ 27.83 + 1.42'
S74 7.02+£0.03% 5.84+0.00° 4936059 1.02+£0.06*  0.15£0.00™  8.69+0.40™
SZ5 7.28 £0.02° 1.03 +0.00" 22.87 +0.079 0.46 +0.03™ 0.04 £0.02° 9.98 £ 1.56™
GHI 6.90 + 0.04"* 2.57 0.00' 50.75 +0.96% 0.69+0.01  0.14+0.01™ 14.47 +2.34
GH2 6.94+0.01" 2.74+0.00"  50.65+048%°  0.84+0.12%  0.14+0.01™  6524+151°
GH3  694+0.11"  130+0.00°  37.83+0.04"  0.83+0.03%  030+0.03"  48.88+2.08°
GH4 6.42 +0.08" 2.08 +0.00™ 55.92+0.11° 0.78 + 0.03"k 0.36 £ 0.01/ 38.98 + 1.49°
GH5 6.77+0.04™ 2,19 +0.00" 47.80 +0.278 0.81 +0.05¢" 0.31+0.01 4823 +1.19°
YXI1 6.82+0.03™  2.17+0.00Y"  48.12+0.90® 0.96 + 0.02% 0.13 +0.00" 11.75 + 1.72™™
YX2 7.01£0.04% 265+ 0.00" 4527 £0.56" 0.80 + 0.01"i 0.14 +0.00" 16.84 +3.16
YX3 6.67 £0.04° 2.27 £ 0.00¥ 49.76 £ 0.39° 0.96 +0.01% 0.46 £ 0.00° 75.01 +3.58°
YX4  6.82+0.01""  225+0.00" 4834 +034%  0.90+0.06  0.40+0.02" 57.49 +1.13¢
YX5 7.19 £ 0.04™ 3.55+0.00° 36.96£0.49™  0.72+0.03% 0.43 £ 0.008 50.18 £2.52°
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DYNZI  7.05+0.05 1.35 +0.00¢ 48.70 + 1.35' 0.69 + 0,04~ 0.19 £ 0.00' 2124 +2.66

DYNZ2  6.50+0.02° 1.61 +0.00° 52.03 + 1.04¢ 0.93 +0.03%"  0.53+0.00° 159.84 = 3.06"

DYNZ3  6.44£0.02° 3.16 + 0.008 46.02 +0.35" 0.85 + 0.04¢" 0.18 £0.01' 7.66 £ 0.59"
GZ1 6.92 +0.03" 1.73 +0.00° 39.17 + 0.44% 0.69 + 0.03* 0.29 +0.01* 32.97 +0.48%"
Gz2  698+0.05™  266+0.00"  3894+0.62  0.93+002%  039+001" = 2794+120
GZ3 6.83+£0.04""  3.82+0.00° 4143 +0.52' 1.54£0.13° 1.21 £ 0.00° 157.35 + 1.41°
GZ4  6.96=0.028"  183+0.00" 2491 +0.20° 0.69 +0.03" 0.39 +0.01' 35.16 + 0.56
GZ5 6.71 £0.01™ 4.36 +0.00° 54.66 + 1.87° 1.11 £0.05 0.54 +0.02° 34.04 + 1.00¢
GZ6 5.61+0.01" 4.11 +0.00° 48.27 +1.35% 1.09 + 0.06™ 0.88£0.01° 34,01 +1.628
GZ7 6.00 +0.047 3.68 +0.00° 40.84 + 0.86" 10240029 041001  67.24+0.70°
GZ8 7.15 4 0.04% 2.40 + 0.00/ 3423 +0.10" 0.65 + 0.05' 0.65+0.01° 72.49 +3.46°
GZ9 6.89 + 0.04 2.57 +0.00' 3536+0.14™  0.89+0.02%  0.42+0.01%" 74.55 +1.20°
GZ10 5.72+£0.02° 3.74 +0.00% 65.37 +0.69° 1.13£0.05" 0.58 = 0.02¢ 23.72 £2.86
GZ11 5.85+0.01" 3.82 +0.00¢ 59.21 +0.68" 1.09 +0.05" 0.59 +0.02¢ 21.66+ 121

#: @ SZ. GH. YX. DYNZ. GZ /Al A%, . A&, Ry, THE; @ #F4 pH. MC. SOM.
TN. TP. AP 3 3lfgH3E pH . S/KE. AHR. &%, SBIENESE; © R HARNS 7R£
INEREFH(P<0.05), FH.

32. FRZAMFAREIRNECESE

ZEMMIRR N ESEEERNESE R K 2, GRESEENNESERINE 3. Hikrl5, Eir
W) Mn. Cu. Zn. As. Cd. Pb &5 6 Fit &=+, HERMS S ES A NEEN 4.55%~70.49%- 6.37%~95.59%-
8.70%~79.03%-. 0.02%~31.30%- 12.18%~86.80%F 12.75%~89.54%.

Table 2. Total amount of heavy metals in the rhizosphere soil of different native tree species (mg/kg)

%2 FRZ TRMRFRTIENESE S E(mg/ke)

5 Mn Cu Zn As Cd Pb

SZ1 85.69 + 1.05" 44.96 + 1.88¢ 2799.09 + 29.45% 18.00 + 3.05™ 36.11+0.74™ 379.94 + 7.98"
S72 139.61 + 3.54" 45.94 + 8.10™ 38967.58 + 297.86" 21.40 +1.92™ 172.13 +3.36° 1281.25 +22.43%
SZ3 1077.50 + 18.42Y 87.01 £0.53™°  39645.09 +692.19°  105.99 +5.214™ 240.65 + 3.04° 11046.95 + 69.39°
Sz4 2410.02 + 157.08°  147.09 £26.51"7  26941.92 + 868.06" 340.71 + 49.15° 168.67 +2.87° 7377.40 + 133.52°
SZ5 838.81 + 14.05¢ 80.65+0.95™  30836.03 +152.24°  179.11 + 0.29*™ 24334 +3.07° 5121.11 + 8.36
GH1 3127.00 + 46.22° 151.94 £ 029"  21565.53 +281.59¢  169.38 +4.28™ 170.79 + 0.75° 3862.93 +31.52"
GH2 606.68 + 10.55' 91.96 + 4.73"™ 19258.15+£98.09"  134.29 + 11.58™™ 199.60 + 5.91° 3273.86 + 19.36
GH3 1215.00 + 4.25" 12596 £3.92™ 22898 57 +328.54" 22774 £2.37Km 185.76 £2.41¢ 497536 £ 103.13%
GH4 1055.69 + 8.65' 142.42 £ 1.23"%  13963.95 £ 333.40’ 153.37 + 7.54%m 120.58 £ 4.612" 3472.75 £ 9.92
GH5 613.70 = 1.93' 82.03 + 4.09™™ 11828.44 +31.89" 117.15 + 1.10%™ 99.46 + 1.73! 2330.65 + 0.49™
YX1 2176.85 + 29.00° 132.61 £9.56™  25369.65 = 103.45° 242.71 +0.24M 206.43 + 0.83° 482724 + 38.92¢
YX2 445 84 + 12.64™ 54.16 £ 2.62°M 6704.61 + 54.67™ 57.13 £2.974m 50.12 +2.29 1184.00 + 9.68"
YX3 839.92 + 16.17" 11330 £ 8.078™  14316.84 955491 220.78 + 8.65M™ 151.48 +16.89" 2960.65 +211.08!
YX4 1206.99 = 11.19" 141.87 + 1.83Mk 1417038 £32.79'  223.14 % 13.77%™ 129.89 + 1.71¢ 3269.23 + 18.72"
YX5 2107.46 + 52.44° 207.17 +£10.69°°  57359.10 £ 880.82°  147.21 491%™ 60.04 £ 0.79 14387.09 + 118.96*
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DYNZ1
DYNZ2
DYNZ3
GZ1
GZ2
GZ3
Gz4
GZ5
GZ6
GzZ7
GZ8
GZ9
GZ10
GZ11

850.53 + 30.86"
57635+ 6.91'
156437 + 5.30°
607.15 = 5.01'
1219.83 £30.11"
1060.03 +2.45
920.75 + 14.85"
1443.63 + 28.40%
1489.52 + 72.31°%
503.68 + 6.66™
2632.34 +26.39°
1556.50 + 28.47°"
1193.25 + 103.91"
1405.34 + 56.94¢

125.54 + 3,55
74.49 + 8.71"
91.86 +2.83™
75.86 + 2.38"M
25335+1.97¢
170.84 + 5.64%"
234.85 +0.28%
187.61 £ 13.10%
468.75 +27.03°
108.91 + 6.444™
301.32 4 1.32°
150.23 + 12.63"
462.63 +35.96
1004.97 + 30.46"

18404.92 + 473.33"
5214.71 +8.22°
7465.88 + 43.76"
7665.40 +25.16"
9059.93 +21.48™
5792.65 + 170.78
6059.97 + 144.00%
3633.01 + 121.96¢
6709.91 + 204.04™
2169.26 £ 5.41°
15363.60 + 44.87'
3697.75 + 62.579
12851.79 + 781.99"
27267.96 + 262.42°

263.00 £ 19.71%
55.27 +£2.428m
109.46 + 2,138
78.38 +0.30K™
3607.93 + 59.52¢
4970.05 + 197.30°
422039 + 115.47"
3699.28 + 116.48¢
12226.51 + 340.90°
866.46 + 18.53
7947.55 + 191.50°
3050.23 + 174.84"
6195.35 + 22.80¢
7257.54 + 83.76°

163.84 + 7.70°F
4227 +£2.20™
60.05 121
60.69 + 2.83"
7836+ 1.14
42.70 + 0.06™
52.41 +1.334
33.01 £1.19™
57.12+0.20F
12.50 + 1.07°
119.49 + 1.58%
27.71 +0.58"
110.90 + 14.37"
296.43 +7.18"

3167.36 + 45.85"
987.30 + 15.79"
1468.99 + 17.28”
142239 + 12.08™
3857.06 +20.23"
1638.18 + 17.27™
986.53 + 1.49"
837.34 +21.23"
1786.86 + 94.33"
999.67 + 12.60°
3639.70 + 39.33!
1560.07 + 12.73%
5549.03 + 72.18¢
5140.86 + 110.18°

Table 3. The available content of heavy metals in the rhizosphere soil of different native tree species (mg/kg)

F 3. FNEZ IRMIRFF RN E SR AV E(ng/ke)

I Mn Cu Zn As Cd Pb
SZ1 59.55 +1.58™ 9.11 +0.49° 2212.09 + 65.37" 5.63+0.71% 8.33 +0.24% 253.46 £5.91°
S72 31.35+1.35° 12.60 + 0.03™ 14200.12 + 24.51¢ 3.50 +0.98%* 73.15+£1.73° 856.38 + 7.93*
S73 150.55 + 12.88* 27.41 +2.12Km 24025.15 + 744.99° 4.01 £0.00% 76.77 £ 1.10° 9891.58 +70.01*
Sz4 1055.81 + 48.35" 2731+ 1174 9083.51 + 64.128 1.06 £ 0.22" 79.14 £3.76 3720.23 + 140.65°
SZ5 135.13 £ 12.06* 23.34+0.92" 18696.19 + 205.96° 3.74 +0.25* 112.62 +1.26° 2583.32 + 3.49¢
GH1 501.01 + 14.00° 145.23 +0.29° 16806.24 + 48.39° 424 +027% 146.95 + 1.67° 2663.19 +19.15¢
GH2 262.16 £ 1.90% 37.80£0.17" 10827.12 £209.57° 7.45+0.44 62.26 +1.29" 2623.33 +£26.77°
GH3 82.93 + 0.84™ 36.02 £ 1.11" 5947.16 + 87.93" 1.87 +0.44% 61.64£0.73 2014.74 + 12.05°
GH4 67.19 £ 4.37™ 37.87+131" 4357.61 £ 16.83" 0.80 +0.16" 49.46 +2.90" 1065.16 £ 19.65'
GH5 107.51 £4.018™ 24.60 = 0.39™ 4533.71 £3.20" 2.69+0.19% 52.38 £0.41" 914.01 £ 1.13
YX1 176.25 + 6.58" 44.93+0.51% 8998.52 + 112.70¢ 0.38 +0.02" 91.65 £ 1.00° 1862.47 + 70.64"
YX2 222.65 +2.27% 15.15+0.09" 2188.62+2.18" 0.15+0.21% 30.24 £ 1.32™™ 806.22 + 6.28"
YX3 5821+ 1.17™ 17.41£0.23" 2945.64 +11.05™ 2.83 +£0.26" 4516+ 027 1116.60 + 12.22'
YX4 54.89 + 1.40™ 28.57 + 0.96™ 3325.80 + 30.224 220+ 0.14* 45.41 +0.39 1072.33 + 34.01
YX5 278.85 + 4.96" 30.79 + 0.25% 10385.41 £ 18.56" 0.03 +0.05* 27.09 + 0.79" 5871.50 + 10.90°
DYNZI 44.85+ 1.57™ 29.87 +0.70% 343535 + 123.29¢ 1.46 +0.17 36.55+1.25 808.24 + 17.06
DYNZ2 58.39 +3.02" 7.36 +£0.92° 779.29 + 51.65° 0.12+0.21% 9.67 +0.27% 297.42 + 12.43™
DYNZ3  115.05+101.18 5.86+0.81° 649.90 +97.11° 0.21+0.37¢ 7.32+0.57" 246.88 +29.28°
GZ1 217.77 + 0.25% 26.64 + 1,05 2765.87 +29.07™ 1.28 +£0.19 38.15 + 0.60F 804.28 + 6.46¢
G722 215.38 £3.30" 35.47+0.71" 1940.67 + 11.11" 178.32 +5.19° 16.01 +0.89° 491.67 + 0.60™
GZ3 339.55 +2.42° 81.57 + 0.80° 3029.62 + 83.31'™ 91.95 + 7.25¢ 31.64 £ 0.39! 1330.14 +£9.28"
Gz4 446.02 +9.23¢ 63.91 +0.32° 2686.47 + 3.88™ 81.49 + 0.88° 27.33+0.52™ 516.06 + 2.94™
GZ5 534.78 £2.01° 49.50 + 1.04" 1530.86 + 22.65° 173.45 + 1.54° 20.32+0.91° 532.61 +10.50"
GZ6 433.27 + 6.90° 68.52 +2.95° 2087.70 + 71.82" 148.02 + 3.65° 21.57 +0.94° 384.99 +37.21"
Gz7 355.06 + 1.22° 33.11+0.10M 693.62 +0.73° 163.71 £3.16" 10.85+0.21¢ 601.90 + 5.41"
GZ8 424.42 +5.03¢ 81.80 +0.79¢ 5593.83 + 67.71" 38.35+0.39" 44.62 +0.95 1253.40 +21.03"
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GZ9 624.26 + 3.54° 43.97 +£0.45¢% 1461.70 +2.32° 70.82 + 0.66 16.63 +£0.41° 551.05 +£2.05™
GZ10 111.68 + 1,784 87.49 +£1.26° 4262.07 £79.07 23.42 £6.02' 48.73 £ 0.06' 1488.94 +24.228
GZ11 22398 +11.01& 13542 +8.18° 4693.62 + 96.76' 44.54 +1.77¢ 57.55 + 3.408 1042.44 + 44.04'

3.3. RXEBTRESRESEATN
3.3.1. BRFFRERMAET SREY

A4 T UL W AT 6 FhAS 5] 2546 8 70 2 I PR 75 B4R 507 il 0.45~20.10 (Cu)+ 10.85~229.44
(Zn) 0.60~305.66 (As). 41.67~988.10 (Cd)F13.17~119.89 (Pb). FEFTHHIREES T, RE 2 LR R+
B Zn, Cd A P & EIAR| T EEEIG PSS . 72.41 %0 KA £ Cu Al 93.10% 1 KAE 4. As A 7EANH
FEEEMG 3. Hort, 41.38%KAF A Cu 1 6.90%KAE £t As J& THI5 4%, 13.79%KAF 5 Cu 1 6.90%
KEES As JB T RIS, 17.24%KFE 51 Cu A1 79.31%KAE S0 As JB T HEE GG Ry FR E 2 A i
SE Mn 5 Qe AR DCARE, OIS Pl il oy P o DR PR 25575 Y4B BB B B Dy 31.96~725.56, i
mT 3.0, FTLL, FTARFE S 2 LAMAR R T E &8 S B T RS SN

Table 4. Single factor pollution index and Nemerow pollution index of heavy metals in rhizosphere soil of different native

tree species

F 4. TRZ IHMHRIFLIRES BN EE FISRIERNNEET SRIER

ﬁlﬁqéﬁ% Pi-Cu Pi-Zn Pi-As Pi—Cd Pi-Pb P 2
Sz1 0.45 11.20 0.60 120.38 3.17 87.26
S72 0.46 155.87 0.71 573.77 10.68 419.05
SZ3 0.87 158.58 3.53 802.17 92.06 586.59
SzZ4 1.47 107.77 11.36 562.22 61.48 411.25
SZ5 0.81 123.34 5.97 811.12 42.68 590.19
GH1 1.52 86.26 5.65 569.31 32.19 414.39
GH2 0.92 77.03 4.48 665.33 27.28 483.06
GH3 1.26 91.59 7.59 619.21 41.46 450.88
GH4 2.85 69.82 3.83 401.92 38.59 293.45
GH5 0.82 47.31 3.91 331.52 19.42 241.25
YX1 1.33 101.48 8.09 688.09 40.23 500.82
YX2 0.54 26.82 1.90 167.05 9.87 121.67
YX3 1.13 57.27 7.36 504.92 24.67 366.83
YX4 1.42 56.68 7.44 432,98 27.24 315.06
YX5 9.42 229.44 491 200.14 119.89 180.77

DYNZ1 1.26 73.62 8.77 546.14 26.39 397.17
DYNZ2 1.49 26.07 1.38 140.91 10.97 102.87
DYNZ3 1.84 37.33 2.74 200.18 16.32 146.19
GZ1 0.76 30.66 2.61 202.30 11.85 147.29
GZ2 2.53 36.24 120.26 261.21 32.14 195.47
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GZ3 1.71 23.17 165.67 142.33 13.65 126.98
GZz4 2.35 2424 140.68 174.71 8.22 133.10
GZ5 1.88 14.53 123.31 110.02 6.98 94.45
GZ6 9.38 33.55 305.66 190.40 19.85 230.13
GZ7 2.18 10.85 21.66 41.67 11.11 31.96
GZ8 3.01 61.45 264.92 398.31 30.33 301.36
GZ9 1.50 14.79 101.67 92.36 13.00 78.52
GZ10 9.25 64.26 154.88 369.68 61.66 277.55
GZ11 20.10 136.34 181.44 988.10 57.12 725.56

3.3.2. WIRFEH

A & L F IR BRI E S B T R BRGNS0 Bk a1, EARFRIER 6 Fh
BEEF/LET, Zn. Cd A Pb LIRS YN T, (B Zn A1 Pb 4 1 REE SN0 - ORISR, PbH
—ANKAE NG Y Y; Mn Al Cu BLH 5 YRl - 575 4 v, {2 Mn Fl Cu f77E— @ B R i5 4
FIRRIG R As V5 G HAE T 1805 G IR TS G 2 1]

Table 5. Soil heavy metal geo-accumulation index

=5 TRESEMERIER

FE Y5 Igeo-Mn Igeo-Cu Igeo-Zn Igeo-As Igeo-Cd Igeo-Pb
SZ1 -1.59 0.53 5.33 0.27 8.61 3.75
S72 -0.89 0.56 9.13 0.52 10.86 5.50
SZ3 2.06 1.48 9.15 2.83 11.34 8.61
Sz4 3.22 2.24 8.60 4.51 10.83 8.03
SZ5 1.70 1.37 8.79 3.59 11.36 7.50
GHI 3.59 2.28 8.27 3.50 10.85 7.10
GH2 1.23 1.56 8.11 3.17 11.07 6.86
GH3 2.23 2.01 8.36 3.93 10.97 7.46
GH4 2.03 2.19 7.65 3.36 10.35 6.94
GH5 1.25 1.40 7.41 2.97 10.07 6.37
YXI1 3.07 2.09 8.51 4.02 11.12 7.42
YX2 0.78 0.80 6.59 1.94 9.08 5.39
YX3 1.70 1.86 7.68 3.89 10.68 6.71
YX4 222 2.19 7.67 3.90 10.45 6.86
YXS5 3.03 2.73 9.69 3.30 9.34 8.99

DYNZI 1.72 2.01 8.05 4.14 10.79 6.81
DYNZ2 1.15 1.26 6.23 1.89 8.84 5.13
DYNZ3 2.60 1.56 6.74 2.87 9.34 5.70
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GZ1 1.23 1.28 6.78 2.39 9.36 5.65
GZ2 224 3.02 7.02 7.92 9.73 7.09
GZ3 2.03 2.45 6.38 8.38 8.85 5.86
GZz4 1.83 2.91 6.44 8.14 9.15 5.13
GZ5 2.48 2.59 5.71 7.95 8.48 4.89
GZ6 2.52 3.91 6.59 9.68 9.27 5.98
GzZ7 0.96 1.80 4.96 5.86 7.08 5.15
GZ8 3.35 3.27 7.79 9.06 10.33 7.01
GZ9 2.59 2.27 5.73 7.68 8.23 5.79
GZ10 2.20 3.89 7.53 8.70 10.23 7.62
GZ11 2.44 5.01 8.61 8.93 11.65 7.51

T MRBIEHS R TR REETI .

34. FEIZ THMHAEFHNECERE

ANF 2 LR B RS R S B N  4.67~1088.63 mg/kg (Mn). 1.73~7.37 mg/kg (Cu)+ 20.56~226.20
mg/kg (Zn). 0.26~60.84 mg/kg (As) 0.18~15.62 mg/kg (Cd)F 1.30~123.17 mg/kg (Pb). 1, Mn. Zn F1 Pb
& ER A, NAERFE S As T EE S NZHEUESNNERTLEH, ER—MFIARANMEF, [
—HEEGECERNEE R —E R, UL E — R Fh AN R R [R]— 5 4 s o 3% AW RE T REAS
. BARMERIE 6 MK 1. BHUEPTLAUEL, A2 LR R fE— o R G EWFE—EER, U

W AN [ oot ] — 2 < J oo 2 (KO HAL RE T AN TR

Table 6. Heavy metal content in leaves of different native tree species (mg/kg)

% 6. TRZ LRFHNHAESES B (mgke)

i 5 Mn Cu Zn As Cd Pb

Sz1 15.97 + 0.40° 3.91 +0.50° 57.11 £0.87° 1.49 + 0.06% 0.40 + 0.02° 10.38 +0.20°
S72 19.23 +0.38° 2.89 +£0.07° 46.39 +5.90° 0.56 + 0.07¢ 0.34 +0.02¢ 6.51 +0.98°
SZ3 18.74 £0.37° 3.69 + 0.06* 111.33 £9.54° 0.81 +0.09¢ 0.76 + 0.02° 12.35+0.29°
Sz4 49.14 + 1.49* 3.67 +0.23° 81.98 £9.10° 1.58 £0.15° 0.44 +0.02° 18.63+2.13°
SZ5 12.02 +0.32¢ 2.63+0.18° 106.15 + 4.33 1.36+£0.12° 0.73+0.01° 20.31 +0.84%
GH1 15.88 +0.28° 3.73+£0.07° 178.43 +3.66° 0.76 £ 0.16" 5.79 + 0.06° 13.51 + 1.09%
GH2 81.49 +2.92° 4.30+0.22° 226.20 + 11.65 0.93 +0.09" 15.62 +0.63% 16.46 +1.13°
GH3 11.53+0.23%  4.06 +0.05® 140.97 + 6.30° 0.58 +0.09° 5.42 +0.05° 9.61 £2.57°
GH4 13.96 £ 0.56* 435+027 120.91 = 7.61¢ 1.59 +0.08° 3.35+0.02¢ 11.18 £2.21%
GH5 9.90 +0.38¢ 4.05+0.14% 103.19 +0.58° 0.65 + 0.03° 3.82 +0.06° 13.94 + 1.89%
YX1 11.34+0.19¢ 3.65+1.30° 7279 £1.16* 0.59 £0.12° 421 +0.05 8.93+1.01°
YX2 9.07 +0.38¢ 3.89 +0.29° 78.98 +9.94° 0.60 =0.13° 4.02 +0.09° 13.63 £ 0.50%
YX3 4.67+0.17¢ 2.31+0.05° 20.56 +0.62¢ 0.26 £0.01¢ 0.55 + 0.03¢ 3.10 + 0.08¢
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YX4 26.51+1.03° 2.26+0.14° 32.05 +3.70° 1.96 £ 0.31° 0.84 £ 0.06° 4.96 +0.30°
YX5 33.10 £ 0.63* 1.73 £0.08° 26.56 +1.23% 0.35+0.01*  0.55+0.00¢ 4.65+0.43¢

DYNZI 13.03 £ 0.08° 4.74 +0.05° 189.05 +2.18? 1.15 +0.45° 3.19+£0.02° 12.35+0.28°

DYNZ2 5.81+0.17° 3.95+0.26° 31.05 £ 2.40° 0.46 +0.46°  0.18 +0.00° 1.30+0.10°

DYNZ3 14.49 £0.21% 22240.11° 169.60 = 2.28° 0.63 £ 0.55° 1.36 £0.01° 4.90 +0.50°
GZ1 21.77 £0.34" 5.45+0.22¢ 55.54 + 4.58% 2.09+£0.17%  039+0.02¢  13.62+0.69
GZ2 1088.63 +17.66*  3.77+0.13° 38.70 + 1.33°f 17.54+029° 031 +0.01" 28.44 +0.23¢
GZ3 85.43 + 0.99 737 £0.33% 108.41 £1.85*  60.84+1.85*  1.09+0.02° 93.80 +1.17°
Gz4 237.51 +4.25% 424 +0.11° 64.88 +4.12% 11.05+0.14"  1.08 +0.05° 9.90 + 0.09'
GZ5 176.98 + 4.84° 4.81 +0.08¢ 49.78 + 1.44% 1433+£0.118  0.87+0.04°  12.15+0.35%
GZ6 24527 +5.22° 457+022%  106.90+10.19* 2549+048'  2.14+0.07° 13.59 + 0.47°
Gz7 224.77 £1.47° 4.86+0.12¢ 32.47 £0.60° 21.73+£0.57° 032+0017  42.29+0.32¢
GZ8 37.21+0338 3.61£0.17° 75.95 +0.30° 29.57+0.39°  0.45+0.02° 55.88 £ 1.96°
GZ9 517.91 +3.93° 6.62+0.28° 98.56 £ 6.16* 50.62+£0.59°  1.01£0.02°  123.17 +1.48°
GZ10 44.81 £ 0.402 5.64 £0.27° 44,18 £3.47° 5.41 £2.36 0.82 +0.01¢ 6.86 + 0.24¢
GZl11 4933 £2.45¢2 4.82 +0.16¢ 63.10 + 14.46° 8.32 £0.63 141+0.15° 1552+12.57"

e AEF SRR, ERVEMT R F R FAMR R LR, ARVNG R IR 57 3 (p < 0.05).
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Figure 1. Comparison of average values of heavy metal elements in leaves of different native tree species

1. TRIZ MMM ANESRBTRESETERER

35 FEIZ TRFH FNESRERRY
Br 7RG SO GZ2 ZAh, ABRTEH) 5 A2 LRI T E SR EE RSN T 050, 2H08:
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0.0051~0.8924 (Mn). 0.0048~0.0870 (Cu). 0.0005~0.0267 (Zn). 0.0009~0.0830 (As). 0.0020~0.0802 (Cd)-
0.0003~0.0790 (Pb). M-FIJMEFKE, BREX Mn 8 EREEA, HIKN Cu, 73518 0.0752. 0.0500,

[FIRF, FRAAEZIX 5 Fp 2 LA o Cu & 4R REURRHIA A HEfERIX S B 2 LA Cd &5 R
BROKHIR AL, HEHEREON 0.0415, HEEEX Zn. As F1 Pb HE 4 ZBEE N BIE MK L jTpRxt
Cu E B REECRIL, W HARE S B RN E R RN, X Po MEEREmD: iR SFHEZ
LR Mn F Pb & S R AR, HUE S R E 008 0.2200 A1 0.0225. EARTESL L 7.

Table 7. Enrichment coefficients of heavy metals in leaves of different native tree species

*7. FRZ MMM ANESRHNEERRY

g Mn Cu Zn As Cd Pb
Sz1 0.1863 0.0870 0.0204 0.0830 0.0109 0.0273
S72 0.1377 0.0629 0.0012 0.0260 0.0020 0.0051
SZ3 0.0174 0.0424 0.0028 0.0077 0.0032 0.0011
Sz4 0.0204 0.0249 0.0030 0.0047 0.0026 0.0025
SZ5 0.0143 0.0327 0.0034 0.0076 0.0030 0.0040

“FiME 0.0752 0.0500 0.0062 0.0258 0.0043 0.0080
GH1 0.0051 0.0246 0.0083 0.0045 0.0339 0.0035
GH2 0.1343 0.0467 0.0117 0.0070 0.0783 0.0050
GH3 0.0095 0.0322 0.0062 0.0026 0.0292 0.0019
GH4 0.0132 0.0306 0.0087 0.0103 0.0278 0.0032
GH5 0.0161 0.0494 0.0087 0.0055 0.0384 0.0060

FE1E 0.0356 0.0367 0.0087 0.0060 0.0415 0.0039
YX1 0.0052 0.0275 0.0029 0.0024 0.0204 0.0018
YX2 0.0203 0.0718 0.0118 0.0105 0.0802 0.0115
YX3 0.0056 0.0204 0.0014 0.0012 0.0036 0.0010
YX4 0.0220 0.0159 0.0023 0.0088 0.0064 0.0015
YX5 0.0157 0.0083 0.0005 0.0024 0.0091 0.0003

FE1E 0.0138 0.0288 0.0038 0.0051 0.0240 0.0032

DYNZ1 0.0153 0.0378 0.0103 0.0044 0.0195 0.0039

DYNZ2 0.0101 0.0530 0.0060 0.0084 0.0043 0.0013

DYNZ3 0.0093 0.0242 0.0227 0.0058 0.0227 0.0033

FHE 0.0116 0.0383 0.0130 0.0062 0.0155 0.0029
GZ1 0.0359 0.0718 0.0072 0.0267 0.0064 0.0096
GZ2 0.8924 0.0149 0.0043 0.0049 0.0040 0.0074
GZ3 0.0806 0.0431 0.0187 0.0122 0.0254 0.0573
GZ4 0.2580 0.0180 0.0107 0.0026 0.0206 0.0100
GZ5 0.1226 0.0256 0.0137 0.0039 0.0263 0.0145
GZ6 0.1647 0.0097 0.0159 0.0021 0.0374 0.0076
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GzZ7 0.4463 0.0446 0.0150 0.0251 0.0253 0.0423
GZ8 0.0141 0.0120 0.0049 0.0037 0.0038 0.0154
GZ9 0.3327 0.0441 0.0267 0.0166 0.0363 0.0790
GZ10 0.0376 0.0122 0.0034 0.0009 0.0074 0.0012
GZ11 0.0351 0.0048 0.0023 0.0011 0.0048 0.0030
FIME 0.2200 0.0274 0.0112 0.0091 0.0180 0.0225
3.6. XM

Z BRI R S R SRS IR E SR S RS T R LA 8 A 9. e 8 IR, K
WP A B AR PR IR 0 e B A 2E ARG, SR PR e i e AT B2 EAOG M
il 5 5 FAR B IR OB AR A e 03 PORISG, SR Pr IR R e AT IR 2 IEAR G . ik 9 mT,
FEAI R AR 5 FAR B T S P B KA RS S B M 3 IEARSG A A IR 5 5 AR B L 4 4
AT R AT RS 5 AT 3 IEAHOG; A P R 25 5 AR s 338 m R i P A 2080 5 A A M 5 e
FHIEAHIG . WARSCIE T 5 R AT, FEATT TR 5 Fh 2 AR RE R, Al 6 Mmoo R
Mn. Cu. Zn. As. Cd. Pb ({155, Bk Cd 24k, HREMEETRZI, KHAEE SR Z LK,
XL g o s K AR BRI, ORI, FTRE S M3 R W R G Aok, B2
M1 N i s id B ) 3 B g i AT

Table 8. Correlation between the content of heavy metals in plant leaves and the total amount of heavy metals in soil

xS EYMHARESRAESHRESRSEMBEXN

Mn 4 Cu Zn As Cd 4 Pb Mn s Cu 148 n ian AS 14n Cd 145 Pb isn
Mn 1
Cu y 0218 1
Zn -0.177  0.129 1
Asy 0.432"  0.6747  —0.047 1
Cd —0.144 0.048  0.719"  —0.208 1
Pb 4 0383 0.6367  0.068 09057  —0.109 1
Mn iz 0.031 -0.121  0.157 0.137 0.002 0.141 1
Cuisn  0.128 0225  —0.147 0185  —0.117 0017 0.265 1
Zn e —0286 —0.504" 0032  —0.392°  0.052 -0.29 0.276 0.07 1
AS 14w 0.298 0.399"  —0.122 05707  —0.185 0.29 0.255 0732 —0.244 1
Cdise 0305  —0.273 0312  —0414" 0309 -0.29 0.185 0287  0.6267  —0.12 1
Pb ..z —0.119 —0358 —0.025 —0260 —0.025 —0.185  0.430 0.157  0.838"  —0.113  0.446 1
Table 9. Correlation between the content of heavy metals in plant leaves and the available content of heavy metals in soil
9. EYMHAESRRAES I EESCRBAYSI=SMNMEAM
Mn y Cu Zn y As Cd 4 Pb Mn #s Cu s Zn s AS g Cd #us Pb s
Mn 1
Cu 5 0.218 1
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Zn -0.177 0.129 1
As 0.432" 0.674™ —0.047 1
Cdy —0.144 0.048 0.719™ -0.208 1
Pb 0.383" 0.636** 0.068 0.905%* -0.109 1
Mn ¢ 0.236 0.269 0.033 0.402" —0.049 0.413" 1
Cu 0.035 0.376" 0.153 0.319 0.116 0.209 0.316 1
Zn -0.270 -0.329 0.276 -0.317 0.197 -0.173 0.003 0.107 1
AS pas 0.707" 0.397" —0.248 0.598" -0.223 0.356 0.356 0.226 —0.386" 1
Cd gx -0.339 -0.216 0.339 -0.336 0.317 -0.187 0.088 0.374" 0.798™ —0.433" 1
Pb -0.206 -0.253 0.126 -0.221 0.066 -0.121 0.101 -0.006 0.785™ -0.295 0.425" 1

. BUR#b(Pearson) etk : “AHICHETE 0.05 )2 EEFECUR), “HISEMELE 0.01 E L EEGUR).

4. g
4.1. AREXETEELSRISRAORA

DR V5 YR MO T DU M — 4 B R T 095 AR R, I B v e PR B I T LR i LR
SR T WA TS AR [39] . MU BAE B —F R 2 T L AR BRI T %
VEFS AT RS BRI CAE S X I 4R TS Y S, DRI %y i A AT B S e e R 4 A 4 1
SRAFARAE, T LT U W A A B 6 R BE B, 2 (X 43 398 ep 8 4 IR S LT 1 2 B B 40 40]
I IR SR AR I REE T, ARRY, AP IR E SRS Y E, Mn. Cu. Zn.
As. Cd J Pb JCE ()4 ik i T PR30 4 [ - 8 5L, JEeb, Zn. Cd A Pb 2 1 ZE Y5 e T
% 5 B S A AR SR04 AR MA[41] [42]. HIEMOBFICR I, Zn. Cd 1 Pb 75 +39erh () 7 B A
SANAENERKRR, LHR ST WIERRE X A= E S0 5.

4.2. NEZ WA ESRIOEERAE

£ W) 'E 5 Z B (Biological Concentration Factor, BCF) ] LATE — & 25 - e WitAE 470 5% -+ 338 v 2 4 J I AL
AEJIMRSS([30], B AEREE S, RPHEYRIESEI R E. — S RF AN, KAEDNE £ R
KT 0.4 WHEERETJ58, 7£ 0.1~0.4 ZEWA—ERMEERE S, DT 0.1 WBERE B [43]. 5 Hh
2 LRt I E SR EERECKE, HBERZ /T 0.1, UHHM X EL BN E SRR IR . =
fathf2, SO BCFIFEACRAMEUE A HIBEE SR E, A HBEESESEmRSNEL T, 1T
RIS SR IR /)N, TR D AR S fe 8 A 338 VAR IR SOR e is i) B B e ROV A RS, W R A g =
SEICEMN ARG S ERIHE BCF, FrA8UEH e R e R (RS UL IE] 2). BT 3% R B
HREBFAARS T 5B 70 IRE iy, TeVErH B AR A A T EE 5 R A ia R, WG I8 ik e IR vt P i ' R 2L
AR S [P R Y B AR A A v AT A S Y (32 AE FE 4 FE RSV e IX AR K R B B, o0 H 42 & i 1)
HA BRI 32 1%, (AN [P 25 4 J8 1) & SR AN A% R AR AE — E 72 R [44], AT IR 45 5 Z AL
FEARWIIT 5 FANE 2 LM, BRAX Cu & &R RE Ui, HAEXT Cd s &R 1k, 4785 Mn
HIPb I SERE T ok, %45 RS IR AH S 7 P S B 45 AR 21], (B 5385 & B Fu 45 R A — 2
ARe St X LIRS SR & B m A Ok, BARJE A ek — 28 400 o A [FRR AN [RIAN A (R ) ) 2 4
BRI RE S AFAE — € 25, ATRE S A EMEI B RS, A KRS A5G, BAd 5t A fir gk
— B

DOI: 10.12677/aep.2022.124100

805 BRI AT AT


https://doi.org/10.12677/aep.2022.124100

Wi 2%

4.3. FIF 2 TRFRITHRESRISRABHNTITHE

TEARFFLR) S Fh 2 LRI, 580 51 Mn & & 514 1088.63 mg/kg, Pb & & ik 123.17 mg/kg,
FEAEH B () Zn & B ik 226.20 mg/kg. BAR 2 LA o & 8 1S RV, BHM AP EESR
e BARAL, HARRED R EYEA LB, ME/ s 2~3 m DLk, BRI ) 5 4 )8 5 & JF
45 B, AL BIFF . R Ze yUR 23 B RIFRIE S JEmt 2 Hlh], B E 4R BAA— @ i
WehEJ, BT 2 P 4 R 1 E SRR IR E], QnRe LA AR A AN (R4 P 7 48 R 4 v IR B
EYMEE TS, PN 4 S Geth X LA S AR ST 2 (I $E(46], REMYGS Jeinl i, 34k
Wi, WA R RS, AU S LRFOS ARSI ER AN G, SRR S IR e Z P85 o
B, B, HAE 188 5 6w s Yevh B A 8L B ) R
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Figure 2. Comparison of enrichment coefficients of soil heavy metal available states in leaves of different native tree species
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