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Effect of Substrate Amelioration on the Growth of Robinia pseudoacacia in a Typical Deserted Zinc Smelting Site.
LIN Wen-jie' , XIAO Tang-fu® (1. Department of Chemistry, Hanshan Normal University, Chaozhou 521041, China;
2. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang
550002, China)

Abstract; Revegetation can be a suitable option to control pollution in deserted mining sites. A pot experiment and a field
experiment using Robinia pseudoacacia were carried out in a deserted zinc smelting site, typical of Hezhang County,
Guizhou Province, China to explore the effects of various soil amelioration approaches on soil physical-chemical properties,
contents of heavy metals, growth of R. pseudoacacia and limiting factors in revegetation. Results show that the limiting fac-
tors in revegetation of slag wasteland were mainly salt-alkali stress, low contents of total N, available N and total K, high
concentrations of Pb, Zn and Cd and low water retention capacity. Although elevated Pb, Zn and Cd concentrations were
present in the slag wasteland, their exchangeable fractions were low. Amendment of the new slag wasteland with the soil
from the site may lower pH and EC, reduce salt-alkali stress and increase water retention capacity of the land, thus signifi-
cantly improving the survival and growth rate of R. pseudoacacia therein. Therefore, the amendment was an effective meth-
od to ameliorate the substrate or the wasteland for revegetation. Years of leaching significantly reduced salt-alkali stress to
the trees, and increased available soil water content of the wastelands. Application of hydrogel or soil from the mining site
can effectively help the survive and establish of R. pseudoacacia in old slag wastelands.
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Table 1 Effects of different substrates on growth of Robinia pseudoacacia

Ak REER, M/ Hiz/ K/ Ay,

thCA R BT % cm mm cm g
R NS 48.9+5.1* 3.53+1. 18* 1.10+0. 14* 2.86+0.19° 0.17+0. 06
EoY Al 0S 73.3+6.7" 8.33+1.36° 1. 74£0. 26¢ 4.96+1.09" 0.53+0.07"
BR s+ B2 NS+SA 51.1+5.1° 5.33%0. 44% 1.24+0. 19* 3.36+0. 55° 0.22+0. 04°
T i+ K 5 NS+HY 52.2+3. 8% 4.69+0.97* 1.11+0. 13° 2.91+0.32° 0.17+0. 04°
T + S NS+HU 55.6+6.9* 4.77+1.25" 1.21+0. 12* 2.72+0.22° 0.17+0. 03"
BB+ IX L NS+PS 75.6+6.9" 6.86+1. 07" 1.520. 27" 5.17x0. 87" 0.38x0. 09"
WX 4% PS 74.4+5. 1> 6.66+1. 37" 1.45+0. 212 5.02+0.75" 0.44+0. 08"
X A+ i K PS+S0 74.4+1.9> 11.70+1.71¢ 2.59+0. 30¢ 7.70£0. 93¢ 0.820. 14°
L] BS 72.2+6.9" 11.30=1. 76 2.27+0. 26" 7.02£0.76¢ 0.78+0. 16°
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Table 2 Chemical properties of the substrates
Qb7 CEC/ EC/ u(iru)/ w( W)/ w( 28/ w( B ”*)/w( xiﬁz*)/w(]_xﬁl%ﬁi)/
IR TEUtS pH (emol » kg™ ) (mS - em™) (g-kg™') (g-ke™') (g-kg') (mg-kg') (mg-kg™) (mg-kg™")
B NS 8.97+0.43° 3.4+0.2° 2.85+2.40% 0.5+0.11* 1.0+0.34° 1.1£0.21* 5.3+0.2* 12.5+0.4° 73.3+7.5%
e Rl 0S 8.23+0.65% 14.6=1.2¢ 2.25+0.31° 0.5+0.12* 0.9+0.09° 1.3+0.11* 8.8+1.2* 13.8+2.1° 88.4=11.0%
PURE+HIER NS+SA  7.32+0.86° 3.8%0.3" 2.56+0.26% 0.5+0.09* 1.0£0.21* 1.1£0.08" 5.8+0.9* 13.2£2.3° 78.6+6.5"
HEE+HKF] NS+HY  8.89+0.76° 3.5+0.2° 2.67+0.32% 0.5+0.07° 1.10.21* 1.2+0.14* 5.4%1.2° 12.4%1.9° 75.4+6.7%
RIS NS+HU  8.58+0. 689 10.3£1.2" 3.0220.24% 1.7+0.16° 1.0£0. 12* 1.5£0. 18" 82.6+9. 8% 17.7x2.19226.0+23.0°
HURB+H X+ NS+PS  8.03x0.76° 8.9+0.8" 2.04+0.14° 0.8+0.10* 0.9+0. 11* 4. 6+0.78" 37.6+3.6"> 8.3+1.2> 92.5+17.0"
X L4 PS 4.50+0.36° 12.5+1.8% 0.15+0.03* 1.1+0.17" 0.8+0.14* 6.3+0.86° 75.8+7.8¢ 0.5+0.1* 91.0+7.5"
B X L IE+EA K PS+SO  7.52+0.54° 14.2+1.5% 0.6120.07" 1.0=0. 10® 0.7+0.12* 5.2+0.98° 35.7+4.2" 11.2+1.3° 73.4x4. 9*
et BS 5.39+0.43" 14.1+1.6% 0.07+0.01° 1.0+0.11" 1.0+0.08* 6.5+1.21° 55.3+5.4° 1.1+0.2° 61.7+4.5°
Bl R bt 22 5 TR —3 3 SONG FAREAR [E R A B 8 bR 22 57 .35 (P<0.05) . CEC A FHE T3¢l EC A TR,
%3 FEERMYIBE
Table 3 Physical properties of the substrates
G OBLi M AR K i w/ o v BALBR EEILBE/ EEEILPRE/
T R BT %o (g+em™) %o %o %o
K NS 27.2+1.97* 0.94+x0. 02" 68.4+1. 1" 34.4%2. 9" 34.0+4. 0
EA Al 0S 26.5+2. 14* 0.98+0. 03" 66.9+0. 4 31.5+2. 6% 35.3+2.8"
BT it + B R NS+SA 26.7+1.38" 0.95+0. 02" 68.3x0. 5" 32.2£1.9" 36. 1+2. 3P
BRI+ K5 NS+HY 34.9+1.53" 0.72+0. 03" 71.8+1,2¢ 34.9+2. 4" 36.9+3. 6"
I T + 5 R NS+HU 31.2+1. 64" 0.69+0.01° 69.6+2. 1° 28.0+1.7° 41.5+3.7°
R+ X 1 NS+PS 32.5+1.12° 0.99+0. 05" 66.5+1.0" 42.5+1.3¢ 24.0+1.9°
X A4 PS 33.8+2.00" 1.01£0. 03¢ 63.2+1.7* 45.6+3. 4 17.7£2. 9
B IX B A R PS+S0 33.6+0. 38" 1.0420. 04° 61.1+1. 0" 44.9+1.7° 16.2£2. 6*
APt BS 33.2+0.26" 1.03+0. 03¢ 62.5+1. 0" 45.3+1.1° 17.3+1.9®
Bl R bR tE2E 5 R —F 9 /NG FREA ) Fm A B ) S dr 25 5 i 35 (P<0. 05)
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Pb . Zn Fl Cd & & F#AF 28 B0 R 8 1% i Fh 2
WS IX 475 5 48 BT IX - BRI TR A S
EEBEENTHRBEMY X LI (F4), 58
25 Ph Zn M Cd F i FRIE N X 45875 5t 3>
L SR, BRI AN X VR A 2 A )
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Table 4 Heavy metals contents in the substrates

LA Ph Zn Fl Cd 5B M Z R AR, 71X
TIEIATEAT K, pH {E T, W] 28478 Ph Zn F1 Cd
i R, B T SR R R R, R R R B AIR
pH {H, B m P3S4 Ph . Zn A1 Cd &, BTE
WA S BT, PR AT 52 5 2 Ph A Cd 75 it b 3

',

Abr w(Ph)/(mg - kg™") w(Zn)/(mg - kg™") w(Cd)/(mg - kg™")
Hh A R RS GBS JENT CIEE JENi A A JENiiy
B NS 0. 15+0. 05° 5 365+354¢ 0.50+0. 12° 7 521+563¢ 0. 10£0. 06* 67.6+15.1¢
E YRl 08 0.25+0. 05° 5132+321¢ 1.23+0.21" 6 879+612¢ 0.23+0. 34" 58.6+13. 41
B i+ B IR NS+SA 1.34+0.36° 5 246+319¢ 11.45+2.30° 7 318+594¢ 6.38+0. 85¢ 65.7+11. 4"
B + PR NS+HY 0.14£0.03*  5234+351¢ 0.56+0.22° 7 689+543¢ 0.13+0.07* 66.8+13.5¢
I + S R NS+HU 0.64+0. 15" 5 135+3649 0.67+0. 14° 7 123+6359 0.22+0. 08" 59.9x12. 61
R+ X £ NS+PS 0.22+0. 04* 3 028+236° 1.40=+0.31" 4 030£465¢ 0.19+0. 04" 35.1+8.6°
IR A4 PS 1.42+0. 12¢ 223+17" 11.40+1.21°¢ 353+254" 7.85+1.13¢ 21.9+1.8"
X -4+ BaA K PS+S0 0.85+0. 24" 218+21" 2.30+0. 43¢ 346+311° 1.23+0.21° 19.7+2. 1%
HactiE BS 0.78+0. 14" 63+5° 6.79+1. 12¢ 114242 0.34+0. 06" 1.0+0.2°
Bl R P bR tE 22 5 R —F 9 S0ONG FREA R 3 7m A B ) S A 25 57 35 (P<0. 05)
2.4 EFRHIKSYFE Ja ki oK B a2 R EOC R, YA K E

JR FE MBI JT ) K SRR 2 (8] 1) Fe B, 4% 2
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Fig.1 Soil water retention curve of the 3 types of

wastelands different in substrate

Table 5 Hydraulic dynamics of the substrates and survival of Robinia pseudoacacia therein under drought stress

Jb 3 AT B i) B 5T 5 7K A w0/ % TR A A

TR BT EBIPN EBIIPN %21 K 531K 41 R d
R NS 27.6+3.2° 16.3+2. 1 12.6+2.2° 9.73%1. 90" 6.9+0. 89* 24.7+2. 0
EoY Al 0S 26.5+2.1° 16.5+1.3" 12.3+1.4° 9.83+0.97° 6.7+0. 56 30.3+2. 6"
B+ R NS+SA 26.7+3.2° 15.9+1.4° 11.9x1.3® 9.33+0.97° 5.9+0. 45° 25.0£2.1°
B i+ UK 5 NS+HY 34.9£3,2> 22.7+2.4" 17.0£2. 1" 11.30£1. 50 8.3+0. 88¢ 30.0+3. 2"
T TS + IR A NS+HU 31.2+2. 4> 23.5+2.6" 18.9+1. 7" 11.60+2. 10 7.4x0. 87" 30.0£2. 8"
R+ X 4 NS+PS 32.5+4. 20 23.5+2.7" 17.2+1. 9" 9.47+(. 89° 7.3£0. 78" 36.3+1. 3"
B IX g PS 33.8+2.6" 24.6+2.2" 18.7+1.6" 10. 50+0. 97* 7.2+0. 56" 40.0+2. 5¢
B X -+ K PS+SO 33.6£3.1" 22.1+2.4> 18.9+1.7" 11.90+1. 20" 8.0x0. 78" 40.0+3. 4
g BS 33.2+4. 1" 22.4%1.9" 17.421. 4 10. 50+ 1. 20% 7.1£0.92%¢ 40.3+3.2°

Bl N PRI AR R B3SO NG FREA R R AL BRI b7 22 5 35 (P<0.05)
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TRAF R 35 4w {H g B2 P A2 0 1 25 e 2 0K
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PRAFA TN v 2 I 25 B, b A A= ) T I 25 78 1k
R ARG, SRR PR AT 3 | i LR i A2 2
JotwE AL, B IR IE  RIEAE K

IR AL, e X b R RE B4 A
K, iR A e JE i S e

3 itig
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Table 6 Growth of Robinia pseudoacacia in the wastelands of the field experiment

0B PRI/ =94 i/

AR WS % cm mm
B IX -4 PS 84.3+5. 4¢ 38.2+4.5¢ 6.83+0. 78*
B 0S 45.7+5.6" 27.8+3.2> 6.15+0. 67°
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BIEE AT IX b 0S+PS 75.6+8.6° 30.6+4. 3" 6.23+0. 86
B IR i R 0S+HY 70.5+12.5¢ 30.4+4. 1" 6.15+0. 89°
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