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ABSTRACT

Generally abandoned mine soils have serious problems for introducing vegetation such as nutrient deficiency, poor
physical properties, and phytotoxicity due to high levels of heavy metals. It is required to improve soil amenity for
revegetation. One of its strategies is using organic materials such as compost manure and sludge. The pot experiments was
conducted to evaluate the effects of pig manure and municipal sewage sludge on revegetation of mining area soil surface
with Artemisia princeps and Zoysia japonica. Application rate of pig manure and municipal sewage sludge was 75~225
Mg/ha and 150~450 Mg/ha, respectively. The results showed that the application of manure and sludge increased organic
matter about two-fold and total nitrogen contents about five-fold of mine soil and improved the growth of plants in all
treatments compared to the control. The result of plant tissue analysis showed that both plants accumulate Cd, Cu and Zn
in root tissue rather than shoot tissues. Increased sludge application reduced Zn accumulation in both plant tissue.
Sequential extraction results indicated that addition of soil amendment induced increment of organically bound fractions of
Cu and Zn. Organically bound fraction of Zn was significantly increased from 7.84% to 13.58% in Artemisia princeps
planted soil and from 7.84% to 14.16% in Zoysia japonica planted soil, thereby bioavailability of heavy metals was
reduced. The results suggested that application of organic materials to mine soil can reduce phytotoxicity of heavy metals
and be helpful in introducing successful revegetation.
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Table 1. Chemical properties of mine soil, sewage sludge and pig manure

pH oM Water contents TKN NO;-N  NH,-N Cd Cu Pb
............ o - g KTl e

soil A 7.9 1.47 - 0.03 18.67 65.33 6780.20 7.35 93.25 21.75

sludge 6.4 17.72 296.63 3.86 217.56 27422 561.92 5.58 296.05 61.11

manure 54 31.02 75.39 2.62 1861.24 139.81 67.944 1.30 32.200 27.33
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Table 2. Treatment descriptions for pot experiment

Treatments  Descriptions (samples mixed by w/w ratio)
Control Non amendments
M3 3% manure (75 Mg ha™!)
M6 6% manure (150 Mg ha™")
M9 9% manure (225 Mg ha™)
S6 6% siudge (150 Mg ha™)
S12 12% sludge (300 Mg ha™)
S18 18% sludge (450 Mg ha™)
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Table 3. Sequential extraction procedure and designated chemical form extracted

Conc. of extractant Density of extractant Equilibrating time on shaker Designated
Extractant 3
™M) (gem™) (hours) form
KNO; 0.5 1.03 16 Exchangeable
NaOH 0.5 1.02 16 Organically bound
Na,-EDTA 0.05 1.00 6 Oxide/carbonate
HNO; 4.0 1.12 16 (not on shaker) Sulfide/Residual
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Table 4. Chemical properties of amended mine soils after 30 days aging

oM TN C/N K* Ca® Na* Mg
e Qe vraneennans coneeeeomol(H) kgl e e
Control 1.452 0.045 18.72 0310 2.529 1.172 0.022
M 3 2416 0216 649 0414 3.103 1.992 0.039
M 6 2.662 0.198 7.80 0.396 2.988 1.717 0.029
M9 3.310 0.263 730 0.451 4.970 3.533 0.061
S6 2.102 0.145 8.41 0.535 3.074 4.642 0.027
S 12 2227 0.173 747 0.491 4.769 2.974 0.037
S 18 2.007 0.273 4.26 0319 6.033 2.999 0.047
Upland Soil 2.500 0.280 5.18 0.550 5.500 - 1.750
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Fig. 1. Shoot and root dry weight of Artemisia Princeps and Zoysia japonica grown in mine soil amended with pig manure (M) and
sewage sludge (S) for 60 days (vertical bars are standard errors; n= 5 and different letters above bars indicate a significant difference at
p < 0.05 by Tukey test).

Table S. Concentration of heavy metals in shoot and root tissue of Arfemisia Princeps at the end of experiments

M3 Meé M9 Sé6 S12 S18
g K@ e
Shoot
- cd 285+ 67X  320% 98X 467+ 170XYZ 583t 114YZ 412 % 128XY 634 % 121Z
Cu 86 15A 24.7 £ 6.8BC 17.0 = 72 AB 323+ 88C 185 = 99 AB 22.1 £ 6.7BC

Zn 7046 £ 78.1a 1296.7 £ 337.2cd 14382 + 118.0d 11054 = 108.1bc1060.3 = 38.8bc 961.8 = 108.8ab
Root

Cd 721+ 183X 793 £ 129XY 86.1 £ 22.7XY 1061 £ 44.1X 651+ 151Y 1390+ 2842Z
Cu 1051 = 0.1AB 998 £ 54 AB 133.8 £ 31.1BC 1542 + 294C 784 £ 222A 1079 + 22.0AB
Zn 3209.1 £ 301.7a4098.0 £ 305.5ab 36883 £ 383.4ab 7389.9 £ 1083.4c 46162 £ 841.9b 32793 = 407.1a

* n=5 and different letters indicate a significant difference at p <0.05 by Tukey test.
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o i) A F l’? Pge ok AW, AW HEH T 28U o AEst & AR Hud
FE% I Qo) MBSV, AFANY Aok TAF vk ek Fig. 19] BFF 2AAT) Table 5, 69 A

3 -'@} 18 5= 3I3{ThH(Table 5, 6). 2R & 5 glxo] HulEnh s8R AL 27}
olde =REHIY A Bl Aulg &3 Zr)e] 7} Aslgal Bk 2 @ ZAsk AEFe] %7

AR, AR BE AR 27k we AEEt 2 3% 9 4389 o} ARkl Fesdn dust of
Phe Wi, el wdle] AR RET 4% I B 9] NEAUE Follel 98 = oy FAEAA
% Al Aol ofs) AREel oAETl Yol & 7o ABAEY] 218088 2NN BE I3
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Table 6. Concentration of heavy metals ir shoot and root tissue of Zoysia japonica at the end of experiments

M3 M6 M9 S6 S12 S18
Shoot
Cd 285 £ 170XY 569 £ 13.1Z 303 £ 5.0XY 404 £ 29YZ 154 £ 81X 153 =+ 48X
Cu 17.1 £ 69A 384 + 46B 152+ 12A 473+ 196B 163+ 45A 175 £ 2.1A

Zn 9360 £ 1929a 8422 + 256.6a 1432.8 £ 2400c 1219.7 + 290.7bc 1087.1 £ 106.0ab  876.1 + 96.0a
Root

Cd 1296 £ 260X 1400 = 131X 104.1 £ 109X 112.0 £ 395X 201.7 = 31.8Y 2452 + 282Y
Cu 97.0 £ 126 A 1644 £ 166 ABC 2286 + 724BC 269.1 + 1442C 1245 + 195 AB 86.1 £ 114 A

Zn 34613 + 4705a 43535+ 7054a  7039.0 £ 17689b 6273.1 £ 913.6b 4254.7 + 8296a 36712 £ 2559a
* n=35 and different letters indicate a significant difference at p<0.05 by Tukey test. :
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=8 ool slold 28F 7 AFAl Heade ok
AJolatA Uekstedl, %9 729 A4S 2 A &
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SAGGEHA Al thalA Algo] Z7Kel wet T NN N NN NN BB T
1229.7 mg/keollA 876.1 mgkglE St A JEZ 100
o] olgo] A3 Zase Aow vehdth I F 7 V4 7 .
(19992 A28kt AY o] Aol AU 71=F -
e ZAVS A3 Aol 26.85 mgkg THE A= .

Bt uf Qe B A3 BulAE S 7P A8E0]

Ao Aei7el 2 Fo) A FF 0] 285467 mg I I .

kg2 fA Anugrt. v I B - . L

= AU o154 2 EY F olFAe] v ey J 1N I I I NN

8319 B0 7|lale] Aatiel] wlal| A ojH T 7

o] ojds} Fh=FRTE e AoT ZFAEUN EY F o o

o] A8 =] Ga] 7R e AoZ Ve
A 7ke] 2ol BRIFE=H, HHlAETe ¢ 0]

Aol Zvle) wE} AP, sk BT FEle] gl ol

2o Aoz vk W, Sl B Helgo) | -

5%lA 10%=2 Z7HE9S o AU )9 o] 2o “T__._-_-_._u_.j

3 AV B ABTE A2t 57.3 B 50.8%, A< ’ Control M10 M20 M30 85 S10 S15

78T AVSFE R AT A7) 345 F 463% HAREHE

SO et Table 194 WERA uish o] "= AT Fig. 2. Chemical speciation of heavy metals in amended soils
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Fig. 3. Changes of exchangeable fractions of heavy metals in amended soils by cultivation with 4rtemisia Princeps.
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Fig. 4. Changes of organically bound fractions of heavy metals in amended soils by cultivation with Artemisia Princeps.
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Fig. 5. Changes of exchangeable fraction:; of heavy metals in amended soils by cultivation with Zoysia japonica.
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