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Comparison of tolerance to gold tailings slag among six woody plant
species under different substrate improvements

TAN Ping', LIU Jun', YANG Hang', LIU Zhihong®, CHEN Yonghua'

(1. School of Ecology and Environment, Central South University of Forestry & Technology, Changsha 410004, Hunan, China;
2. Hengyang Forestry Bureau, Hengyang 421000, Hunan, China)

Abstract: [Objective] To investigate the effects of mushroom residue (SMC) addition on the improvement of gold tailings
substrate and plant growth, and to screen plant species with good adaptability and tolerance to gold tailings. [Method] In
view of the problems existing in gold tailings, such as extreme nutrient deficiency, poor water and fertilizer retention capacity,
unsatisfactory physical structure, excessive accumulation of heavy metals, and the dominance of herbs in existing remediation
plants, Koelreuteria paniculata, Nerium oleander, Paulownia fortunei, Rhus typhina, Syringa vulgaris and Acacia podalyriifolia
were selected as test plants, and mushroom residue (SMC) was used as the amendment. The physical and chemical properties
of three substrates (100% gold tailings as control (CK), 90% tailings + 10% SMC (S1), 80% tailings + 20% SMC (S2)), as well
as the differences in physiological and biochemical characteristics, heavy metal uptake and translocation of plants in different
substrates were compared. [Result] 1) After adding SMC to tailings, the water content increased by 4.21-16.53 percentage points,
total porosity increased by 12.39-25.44 percentage points, and organic matter content and cation exchange capacity increased by
66.55%-100.35% and 36.71%-63.24% respectively compared with the control.; 2) Compared with the control group, plants in the
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amended groups showed better overall performance in growth vigor, biomass, height increment, chlorophyll content, heavy metal

uptake and translocation factor; however, there were interspecific differences among plant species within the amended groups;

3) Overall, Paulownia fortunei, Nerium oleander and Koelreuteria paniculata exhibited strong heavy metal tolerance, especially

Nerium oleander, which had the best comprehensive performance under S2 treatment. The TOPSIS comprehensive evaluation

method was used to comprehensively assess various physiological and biochemical indicators, and it obtained the highest score.

[ Conclusion] The addition of SMC makes the tailings structure looser and more porous, enhances water permeability and aeration,

and effectively improves soil fertility. The growth and development of plants in the amended groups are generally better than those in

the control group. Based on comprehensive growth and physiological indicators, Nerium oleander performs the best under S2 treatment

(80% tailings + 20% SMC), and can be used as a dominant remediation plant for improved gold tailings.

Keywords: gold tailings; mushroom residue; phytoremediation; screening of tolerant woody plants
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Table 1 Basic information of the tested plants

KAERE, B T B LA TR A St U Plantname §4 Family ki Life form
S TGS, ST BRI K A gy R Rochaweria paniculata LR TR ZAEARRITR
W2 AR, HARKBTAL I 1 T, e WA Paulownia fortunei Z 5k} ZELEEMTRAR
0 ,EEQE%Wﬁ%kﬁiftﬁl é?ﬁé FNTHE Nerium oleander — JXTHERE  HARHEA SN TRA
73 em, DOUIRIIREAMRICLE 1 e IR Rhus ophina— WERIFL BEERABUNA
A= 0 N S S P e g 2 o L = = B N3 BRI T & Syringa vulgaris KER EIREASNA
FEEE, HFERW AR T RS R K, HR 4B W Acacia podalyriifolia  SF} W EHEARB N
HEeRTRAMBEE FLEERS R &, £
R2 BHIEISHSETHEREHE'
Table 2 Basic chemical characteristics of mushroom residue and tailings
AIEE  GESE OBEE OSSR _ e .
- H Organic Total Total Total # 42 )8 ¥ & Heavy metal content /(mg-kg ')
Ni; t;x II—)Ivalue matter nitrogen phosphorus  potassium
p content / content / content / content / Mn As 7n Pb
gkg)  (gkg) gkg)  (gkg)
Mushfjri%‘esidue 7.16%£0.02 53.46+037 6.32£0.02 3.28+0.01 8.16%+0.03 513+4.02 1.95%0.13 29+2.87 17+1.61
Gﬁdﬁtﬁiﬁggs 8.62+0.07 5.65+025 2.68+0.01 1.26+0.02 1.03+0.01 2548+5.27 675+4.32 77+3.12 26+1.95

BRI IIME £ AR#EZE . The data are all presented as mean + standard deviation.
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Table 3 Effects of the addition of mushroom residue on the physical and chemical properties of the substrate

reamen P rgane ok TR L s
aroup pH value matter /(g-kg") Water content /%  Bulk density /(g-cm ™) Porosity /% amount /(cmol-kg ')
CK 8.62+0.07 a 5.651+0.25¢ 0.154+0.05¢ 1.494+0.03 a 43.88+1.29¢ 19.15+2.48¢
S1 8.27+0.20 ab 9.41+0.83b 4361+0.65b 1.160.02 b 56.27+0.71b 26.18+3.65b
S2 8.094+0.20b 11.32+£0.79 a 16.68+1.01 a 0.81£0.02 ¢ 69.32+0.78 a 31.26+2.73 a

T OBURSIDSTIME £ bR, ARVNSFREOR AR RE (P <0.05) .

The data are all presented as mean + standard deviation. Different lowercase letters indicate significant differences among different treatments (P << 0.05).
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Fig.3 Chlorophyll content of plants under different treatments
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Table 4 Plant root system growth under different treatments

FE Y SR Total root length /em MR T Root surface area /cm’ JSHRZREL Total number of root tips / />
No.  Plant CK sl s2 CK s1 s2 CK sl s2
1 Z8M 2069+47.6b 291.7+£54b 404.8+43.6a 71.61%£33.1b 744+273b 80.8+263a 600+38c 1180£81b 1636%55a
2 Ik 307.7£29.8b 368.7+£6.5b 513.3+45.6a 1758%43.6b 173.3£26.5b 180.6£33.4a 800%+29¢ 1600+77b 1983 £50a
3 JBMd 267.1£38.6b 270.3+£9.8b 377.3+£36.8a 109.7£36.8b 110.1£19.8b 112.3+38.6a 823+£45b 923+65b 1261+60a

BRSO £+ bR, ARVNS TR AR R R (P <0.05) .

The data are all presented as mean *+ standard deviation. Different lowercase letters indicate significant differences among different treatments (P << 0.05).
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Fig. 4 Heavy metal absorption amounts in the aboveground and underground parts of plants under different treatments
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HER, BN ELESI WS EWE b
b 14.565%, tREIGKE S 13.326%, ME4EERS
& E 9.660%, AR L 11.824%, R
i EE 19.149%, SARARE S 13.716%. X T H &
JEICE, Mn [FRICE & 9.968%, HEERKE R
BOAUE 5 e, IAF) 31.879%; As W IE b
Lt 16.663%, {HHFER & REAE SR, N

8.899%; Zn MWL U & &7 Lk 20.284%, # & R
BUE (5 HE 9.459%; Pb UM = (5 b 15.164%, %%
B RBOE S 11.582%. AEFRBUS PR E 5,
BT AR A H AT TS A ) A KR R S
B (R . HRTATUES, FATH. A,

IERHE S2 AL FE R I ZRE 1940 58 CK AR BE R 73 70l $2
TH#] 80.57% 82.14% A1 146.01%, 5 B 2 K75 i1

£S5 TRLBTEUNESRNEBERE

Table 5 Transfer coefficient of heavy metals in plants under different treatments %
et Mn As
Plant CK S1 S2 CcK S1 )
50 Koelreuteria paniculata 65.661+0.90 67.15+4.15 65.971+5.59 34.87%+1.72 37.294+1.23 40.51+1.84
JeNT Bk Nerium oleander 63.8240.78 63.9240.54 64.91+0.97 44.23+2.93 45.15+£2.91 4247+£1.82
WaHd Paulownia fortunei 72.66+1.39 85.00+1.28 84.124+0.93 46.84+1.13 46.02+0.82 46.97+0.54
) Zn Pb
Plant CK St S2 CK St S2
5K Koelreuteria paniculata 41.15£0.97 40.65+1.23 4470+ 1.56 40.48+1.93 49.22+5.28 52444524
AT Bk Nerium oleander 61.45+2.13 61.38+1.65 64.34+1.28 45.13+£4.13 45954221  49.651+5.94
VA Paulownia fortunei 38.6010.87 34.35+0.23 21.96£1.32 29.09+1.26 24.67£0.98 29.24+223
BN EIME £ AR#EZE . The data are all presented as mean +standard deviation.
R6 HIFMIEIRHIINE
Table 6 index weight calculation
PEANFEFR Evaluation index & KR {E Information entropy value 15 E 4T {H Information utility value A Weight /%
Y)Y Plant biomass 0.854 0.146 14.565
TPk 4 B Increment of plant height 0.867 0.133 13.326
Fi -4 Plant chlorophyll 0.903 0.097 9.660
AR Total root length 0.882 0.118 11.824
R AN Root surface area 0.809 0.191 19.149
SRR Total number of root tips 0.863 0.137 13.716
Mn W15 Mn absorption amount 0.900 0.100 9.968
Mn #8250 Mn transfer coefficient 0.681 0.319 31.879
As TSCE: As absorption amount 0.833 0.167 16.663
As F 5 5 R % As transfer coefficient 0.911 0.089 8.899
Zn Y Zn absorption amount 0.797 0.203 20.284
Zn ¥:F5 5 R % Zn transfer coefficient 0.905 0.095 9.459
Pb W IiL = Pb absorption amount 0.848 0.152 15.164
Pb #:#% & 54 Pb transfer coefficient 0.884 0.116 11.582
&7 T TOPSIS ZRAERIHTEER
Table 7 TOPSIS evaluation method calculation results
MR ERREE SBBHEE Gr i MR HE

Distance to the positive ideal Distance to the negative ideal

Plant treatment group solution/ (D+) solution/ (D-) Comprehensive score index ~ Rank
458 (CK) Koelreuteria paniculata CK 0.268 768 370 0.049 738 745 0.156 162 115 9
54 (S1) Koelreuteria paniculata S1 0.211 811 994 0.097 837 471 0.315 962 021 7
5K} (S2) Koelreuteria paniculata S2 0.213 679 141 0.133 298 697 0.384 170 637 5
Jer Bk (CK) Nerium oleander CK 0.215 892 811 0.131 934 058 0.379 309 563 6
Jerik (S1) Nerium oleander S1 0.157 038 599 0.186 280 292 0.542 586 780 3
JeAT B (S2) Nerium oleander S2 0.108 496 488 0.235 834 315 0.684 906 237 1
WA (CK) Paulownia fortunei CK 0.227 059 640 0.100 364 993 0.306 528 534 8
Wik (S1) Paulownia fortunei S1 0.184 597 945 0.162 351 506 0.467 939 943 4
Wik (S2) Paulownia fortunei S2 0.161 719 016 0.204 418 079 0.558 310 212 2
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