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Studies on the Influence of Tree Species and Ecological Restoration Period
on Waste Tailings of Oil Shale in Maoming

ZHANG Xiaogian'?, LUO Xianzhen', ZHANG Lingling', WANG Shu', WEN Dazhi!-**

(1. Key Laboratory of Vegetation Restoration and Management of Degraded Ecosystem, South China Botanical Garden, Chinese Academy of Sciences,

Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The dominant tree species Acacia auriculiformis and Eucalyptus urophylla growing on two abandoned
oil shale tailings with different restoration years and their root zone soil were used as objects, the influences of
tree species and restoration years on the ecological restoration effect of waste lands were studied. The results
showed that the heavy metal pollution coefficient of soil in the southern tailing mine after 31 years of restoration
was 8, which was significantly lower than the 12.33 of the north tailing mine after 18 years of restoration,
indicating that the current heavy metal pollution degree of soil in the southern tailing mine was lighter. The heavy
metal concentration and enrichment coefficient in leaves of A. auriculiformis and E. urophylla in the southern
tailing mine were significantly higher than those in the northern tailing mine, and the remediation effect of trees in
the southern tailing mine was better than that in the northern tailing mine. In addition to the more manganese
enrichment in E. urophylla leaves, A. auriculiformis leaves had higher concentration of carbon, zinc, and cadmium,
suggesting that A. auriculiformis planted in oil shale tailing remediation with multiple pollution elements could

achieve better ecological effects than E. urophylla. Therefore, both A. auriculiformis and E. urophylla had strong
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ability to remove heavy metals and other harmful elements from oil shale tailings and improve soil quality, and

especially A. auriculiformis showed more advantages than E. urophylla under the coexisted stresses of site

poverty and multi-element pollution.

Key words: Oil shale tailings wastland; Heavy mental; Phytoremediation; Acacia auriculiformis; Eucalyptus

urophylla
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South tailing
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Fig. 1 Satellite image and sampling points of south and north tailing mine
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KE. N, PEEUADEE WY EE S TR,
K FETrHE. dbHEmEAMEE R s e, H
LA R AE S KR AR TR HE, TR
FEIT 20 a FREYIAE KANEE IR (C) N, P 2375
TR RGN, Rt T R R ERE . F k3% pH
. P H&EMPEESSELEEE T, dt
He+3% pH Em T4, (HP. K S EHETH,
XA R AR L SR R R KB RTE
FAEYE AR FTE . 2 WEFP AR b B AR A 1 T 1)
ERARRE, KBRS cR S 'S T
I, 2R B A B B R I A A e A
JI77 T B .

KA By 8% &3P C. N PILER

%1 EHEE AT

Table 1 Basic physical and chemical properties of soil

THE AR HEAILHE ] 2 R A B (R 2). Ptk
Rtz L A IR NP C:P M T L
He, RUTEHEE M0 PEIA A EAEHE R M 5
R, AR HERM R C:N Hedb ks, RIbHEE
Fi LA S R ) N ) P 2880 B s B K AR sk N R 1
AR . C:N R RAEFVE VTR I E AR R, 2
fIRA C:N ERERTED 2 i 52 N RN, 5 T4
LW, Co Ny PAEMRMIAI R, BA B
M R IR RE . R LA A B X R AR JE AT
R CN SR T R %, w]ReRE N KM A
B EE N AR, i AEVEY N SRR
A . thah, KRR NP & TR, &
WRAE KA BN P oREBURERAE K32 PRI, /&
A8 P ELASEILRE R A 77

M R SkE o HHL AN B P i K IR Soil texture /%

Site  Soil  SWC/% SOC (g/kg) (grkg) (grkg) (g/kg) W+t Sand Kt Silt %t Clay

[ReEils I 5.83+0.43 3.88£0.05a  10.68+1.48 0.42£0.04A  0.04£0.0la  5.20+2.00a 54.50£0.96Aa 17.67+0.89a  19.83+0.95

tsa‘;ﬁ;hg I 6.95+0.33 3.83+0.10Aa 16.24+3.17 0.56£0.07A  0.04£0.01a  11.30+1.1Ab 52.00+2.08ab  18.83+1.19a  20.33+1.02
I 6.20+0.51A  3.54+0.04Ab 13.29+2.80 0.40£0.06A  0.03:0.01Ab 7.50+2.30ab 48.50+1.61b  22.50£0.96b  20.83+1.35
IV 633:026A  3.75+0.53A 13.04£1.73 0.45£0.38A  0.04+0.01A  8.00+1.20A 51.67+1.06A  20.07£0.74  20.330.61

JeHE I 6.38+0.31 4.36+0.08Ba 10.69+2.95a  0.85+0.11B  0.04£0.0la  2.20£0.20a 58.33+1.41B  19.83+0.70  16.50+1.98a

Zﬁj;hg I 10.80+1.94 4.17+0.07Ba 33.09+9.04b  1.92+0.50B  0.05+0.0la  0.40+0.7Bab 55.67+1.33 21.17+0.48  16.33+1.98a
I 10.02+1.3B  3.80+0.03Bb 20.71+4.84ab  1.90+0.33B  0.15+0.04Bb 5.1120.9b  53.00+3.33 20.50+0.82  23.33x1.91b
IV 883+0.85B  4.11£0.66B 21.45+4.01 1.56£0.23B  0.08+0.02B  3.82+0.50B 55.67+1.31B  20.50£0.82  18.72+1.32

L RHehk: I KUPAIEAK L 0 IV TS, FIPEHRRRRA . NG5 ER BFTR 5 4 W A — WL ) — S AR R A 0 1
A % 7 3% (P<0.05). TIH
I: Eucalyptus urophylla forest; 1I: Acacia auriculiformis forest; III: Bare land; IV: Average. Data followed different capital and small letters within column indicate

significant differences at 0.05 level among different restoration years of the same plant and between two species at the same restoration years. The same below

w2 R REDS LHOTRIF R

Table 2 Elemental stoichiometry ratio in fresh leaves, litter and soil

Hb A Site FiFh Species TiH Ttem CN N:P C:P
rE ik A Leaf 27Aa 15Aa 396a
South tailing Eucalyptus urophylla VETEW Litter 71a 18Aa 1277Aa

+1% Soil 27A 3A 73
R IHAR i Leaf 15b 46b 673b
Acacia auriculiformis FTEY) Litter 29b 53b 1 570b
14 Soil 32 4 36
JeHE ik A Leaf 19Ba 23Aa 434a
North tailing E. urophylla JH7E) Litter 65a 26Ba 1 698B
14 Soil 11B 4B 50
KAHE A Leaf 15b 42b 607b
A. auriculiformis JEEYD Litter 32b 490 1568

+:3% Soil 17 6 101
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JEE H AR FH K IH AR JELAE 2 M X R 2 HK A R
I, PR ER RBIES . FBEER. WK 3 T,
JEHERARAE R A A AP B 22 R, HHER
AR FAHMER RN S AT, e HERH AR
B RSN T B . sHEREM M N S EE T

2 3 AR AR IH AR B8 B A PR

Table 3 Basic status of Eucalyptus urophylla and Acacia auriculiformis

fF, K & &N & TAbHE, 5P e N MK & &
WiG. HAh, 2 MERXARHAEM N S =X
HrETRM AL, TP S ENEERT R, RAE
TR AR N J5 iR RS E T RE G PR
i, T A R A LKA JE PR R A B e
IR P RGN BE

Hb A g W (m) W42 (cm) 4K a 4R b AL TN TP TK
Site Species Height Diameter  Chl a (ug/cm?) Chlb (ug/cm?) SOC (g/kg) (g/kg) (g/kg) (g/kg)
Ak JE i 20.00+£0.58A 24.67+£1.20a  35.33+12.12 31.37+21.44 448.63+5.22 16.51+0.75aA  1.14+£0.07a  63.37+2.03A

South E. urophylla

tailing KA 18.33+0.88A  17.33+2.03bA 52.84+10.50  54.22421.97 463.10+3.66  31.77+0.88b 0.69+0.04b  117.90+17.08
A. auriculiformis

JbHE Jnf Az 15.67+0.33B  32.33£3.93 46.20+9.00 53.10+£20.85 453.87+1.33  24.25+0.94aB  1.05+0.05a  94.37+2.04B

North E. urophylla

tailing K AE 11.67+1.45B  35.33£0.838B  70.39+4.69 78.5942.02  460.63+4.65  31.61+1.00b 0.76£0.02b  73.10+5.23

A. auriculiformis

TN: & N; TP: i P; TK: & Ko

TN: Total N; TP: Total P; TK: Total K.

23 BV LRESELRSE

E 2 ML E SRR E S R #
TR E(E 2), BrPb4bh, dbHEERHL1IE Mn. Zn.
As. Cd. Al GRS EWE TR, RUEBE
FAHE S AR RO HE R . F AR X 1%
St g o RS REREER, mAtHEEM

MR IX HIE) Zn. As. Al BB EACT 4, Kot
MERX EIER TR SEMGH N ZR AR E.
g RS E SRR TR, HER TR EE
A PRI PRI Sl SR B R R

REETOR A AR N . PR AR IR As.
Al T RMARE, Pb & &8 80T KA 8 L35,

16 bB 16
al abB al bB 100 - B
12} 12F 80 -
oot %10— ab %z B B
EIN D 4 2 oof
Z o, a Z 6} a g_c: cA a S sof A
4rE bea A 4r ol A A
uliniN | :
0 0 0
025
o w0l bA B
60}
351 iﬂ 020}
_ —~ 30} —_
on of on
§)40— ab ézs— . pad B éo.ls-
= = 01 = ool
Yol A A oy ~
aB 10r 005t
A ‘| L & A
N R 6 s R R

e Soil type

+ 52 Soil type

LAY Soil type

B2 MHAF~3)AUEHEd~0) TIREE RO R 1,4: B 2, 50 KHHIEM; 3, 6: Bt A EAFIR, NG PR AFRRARIE R FERF — Y+

BEAN[A] — 18 5 9 IR [ hE A7) L 38 1) 22 = 2 3 (P<0.05) . T IF]

Fig. 2 Concentration of heavy metal elements in soils of south (1-3) and north (4-6) tailings. 1, 4: Eucalyptus urophylla forest; 2, 5: Acacia auriculiformis

forest; 3, 6: Bare land. Different capital and small letters upon column indicate significant differences at 0.05 level among different restoration years of the same

plant and between two species at the same restoration years. The same below
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Fig. 3 Heavy metal pollution index of soil in south and north tailing mine

# 4 FHAICHHE Y B G R TR

As. Cd. Mn. Zn. Pb f)V5 448 50(K 3). +3ET
R RENAT KA miAER 155 31 a
He, B3 AL As SR T UM R SE, 7
JLFRHY AN 11,064 1.01, HAl & F A Lty
SfH. MR 18 a b3 Al. As. CdiEH
FelE, BHRFEEU AN 16.99, 3.05 F1 1.57, Mn.
Zn. Pb KRk F)5 YKo ZHOTRIEICHRITE 448
o TrahE, 2 Mg adium s Al &k, 18
BT G te B LTS AR S YRR, B
MR M E SRS 15 B E0N 8, b 12.33,
2 W N E S YK
24 HMESBTERSE

FHHMEE XY Mn. Zn, Cd S EHEE
AT AbHEGR 4), X S5HMA T R TR S ERT I
gE A, R rEHAE Y I TR N E R /15
FAbHE AT Mn JeER IR 2 T KR,
{ERHAHIEXT Zny Cd FIRISE T R rtbx . KT S
KRR SE B 42 8 0 3R 1) SRR L R R A

Table 4 Concentration of heavy metal elements in plant leaf of the north and south tailings

H A A7) Mn Zn As cd Pb Al

Site Species (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg)
FafE FEM¥% Eucalyptus urophylla 1 848.60+£85.29aA  48.67+7.23A 2.02+1.63  0.17£0.02A  3.22+#1.20  258.75+4.61
South tailing 4118 Acacia auriculiformis  262.22+32.73b 56.05+8.98 0.40£0.10  0.12£0.02A  336+0.63  297.78+12.37
JeHE FEMA% E. urophylla 732.22+103.7aB 19.99+1.46aB 0.75+0.59  0.01+0.01aB  1.82+0.29  237.50+10.74
North tailing  Sepp 418 4 quriculiformis 269.03£59.48b  35.20+1.93b 024003  0.05:0.01bB  1.66+0.19  269.86+60.40

25 EMEERRH

B RBUE RS RS R A &
ALY R E A SRS H, BRI
B ERSES TIEP N TR SN E. HE 4
L, B8 31 a FeHER A 10 & S R EUE A L E
15 18 a AbHW A o T HE R A AR AR S
H As. Pb B RE L NIEHER 4 R 2 %, Zn.
Cd. Mn. Al WMAFFAERZE 2. o, mMHEEEMN
¥ Mn B% A2 . ERFKE E, BHEE
4% Mn. Pb &4 R2ECKT RHAHE, HI5#HK Al
BEANE S dtHEEM RS KA R E R R
ERAREZE,

3 SRS

3.0 REEAEABERER
4 pH. E/KE. N. P& & 7 R

JPIRIL, 158 5 b AT 358 (1 W L O R K A A
RAERE ), [FIRER LIRIEHRIE . —, I RICME
REAE Fh > >0 08190, pb - RAEE RE S (HIE S
P b, AFTTH, 2 g RS KRR, pH
fiX, AHLBK. N. P S REEML, RYLEERMEL
BT LR+ S e, AR R, &
FE AR . KRR, ALHHMEER AR, 2
XA A K S SR R AL TR, R
MR REAI I B 5 227 J 080 3B 1 5= 7 fan N
X R S RACR R . A YA KK L
8, JeHE-3E pH. S/KELURFS TR GBI
Hr Tt HnbtSERER T LS
AMERELF, RWAEHER T RAE T, JEHER
K& pH AT IO G E RS TR HE, XATReR
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Fig. 4 Heavy metal enrichment coefficient in leaves of south (1-2) and north (3—4) tailings. 1, 4: Eucalyptus urophylla; 2, 5: Acacia auriculiformis.
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