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Effects of Three Industrial Organic Wastes as Amendments on Plant Growth and

the Biochemical Properties of a Pb/Zn Mine Tailings
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Abstract: A field trial was conducted in an abandoned Pb/Zn mine tailings to evaluate the effectiveness of three industrial wastes
[ sweet sorghum vinasse (SSV), medicinal herb residues (MHR) and spent mushroom compost (SMC) ] as organic amendments on
plant growth, soil nutrients and enzyme activities, and heavy metal concentrations in plant tissues and the mine tailings. The main
findings were as follows: (D The mean concentrations of diethylene-triamine-pentaacetic acid ( DTPA ) -extractable Cd, Cu, Pb and Zn
in SSV, MHR and SMC treatments decreased by 24. 2% -27.3% , 45. 7% -48.3% , 18. 0% -20. 9% and 10. 1% -14. 2% as compared
to the control tailings. When compared to the control tailings, the mean values of organic matter, ammonium-N and available P in SSV,
MHR and SMC treatments increased by 2.27-2.32, 12.4-12. 8 and 4. 04-4. 74 times, respectively. Similarly, the addition of SSV,
MHR and SMC significantly enhanced soil enzyme activities ( dehydrogenase, B-glucosidase, urease and phosphatase), being 5.51-
6.37, 1.72-1.96, 6.32-6.62 and 2.35-2.62 times higher than those in the control tailings. @ The application of these wastes
promoted seed germination and seedling growth. The vegetation cover reached 84% , 79% and 86% at SSV, MHR and SMC subplots.
For Lolium perenne and Cynodon dactylon, the addition of SSV, MHR and SMC led to significant increases in the shoot biomass yields
with 4.2-5.6 and 15.7-17. 3 times greater than those in the tailings. Moreover, the addition of SSV, MHR and SMC significantly
reduced the concentrations of Cd, Cu, Pb and Zn in the shoots of L. perenne and C. dactylon in comparison with the control tailings.
(3 Pearson’s correlation coefficients showed that the vegetation cover and biomass were positively correlated with soil nutrient elements
and enzyme activities. Significant negative correlations were observed between DTPA-extractable metal concentrations and vegetation
cover and biomass. The metal concentrations in plants were positively correlated with soil DTPA-extractable metal concentrations and

negatively correlated with soil nutrient elements and enzyme activities. The results obtained in this field study confirmed that the three
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organic-rich industrial wastes could be used as amendments for aided phytostabilization of some types of mine tailings.
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Table 1 ~ General physico-chemical properties of the mine tailings and amendments used in the study (mean +SE, n=5)

SR 220N B+ A ey BT
pH 8.48 +0.09 5.31+0.09 6.42 +0.04 5.01 £0.03 6.54 +0.35
SR EC/dS-m ™! 1.67 £0.14 0.12 +£0.01 3.93+£0.71 3.22+£0.36 2.64 £0.14
WL/ g kg ™! 2.85+0.17 8.93 £0.31 769.86 +7.43 831.25 £10.40 510.09 +40.28
B/ mg-kg ! 0.04 +0.01 0.22 +0.03 1.14 £0.12 0.38 +0.01 0.77 £0.10
B/ mg kg ! 12.12 £2.34 29.27 +£2.52 904.65 +88.44 636.63 +109. 87 710.95 £72.23
B/ mg kg ™! 454.87 +23.67 852.19 £38.24 2737.12 £268.76 2061.31 £151.44 1432.48 +£188.42
Cd/mg-kg ™! 37.37 £0.38 0.32+0.02 0.29 +£0.08 0.44 £0.05 0.68 +0.05
Cu/mg-kg ™! 11.46 £0. 64 6.40 +0.54 7.22 +0.36 8.94 +0.60 7.65 +0.69
Cr/mg-kg ™' 22.31+0.42 6.71 £0.33 5.84 £0.18 9.28 £0.51 8.63 £0.36
Mn/mg-kg ! 388.76 +51.58 136.45 +29.46 105.89 +50.37 98.21 £24.12 105.21 +37.32
Ph/mg-kg ™! 712.63 +53.75 19.17 +6.61 3.14 £0.30 3.20 +0.06 6.29 +0.90
Zn/mg-kg ! 2652.19 £228.43 145.21 £26.42 65.46 £3.84 124.76 +£15.33 119.58 +27.21
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Table 2 Effects of three industrial organic wastes on pH, EC and DTPA-extractable Cd, Cu, Pb and Zn concentrations in Pb/Zn tailings

EC DTPA-Cd DTPA-Cu DTPA-Pb DTPA-Zn

Qb pH -1 -1 -1 -1 -1
/dS+m /mg-kg /mg-kg /mg-kg /mg-kg

==n 8.81 £0.02a 1.64 £0.05¢ 0.99 £0. 03a 6.56 £0.45a 47.18 £4.77a 97.42 £3.29a
1w+ 8.63 +0. 06ab 1.6 £0. 11c 0.89 0. 05a 6.27 £0.41a 45.21 £2.90ab 97.01 £2.87a
i 8.42 +0.05b 2.6 0. 14ab 0.73 £0. 04b 3.50 +0.28b 38.69 £1.82b 87.63 £1.99ab
REZp/C 8.51 +0.02b 2.2 +0.10b 0.75 £0. 04b 3.39 +0.27b 37.33 £1.45b 83.60 £4.42b
BERE 8.44 £0.02b 3.1+0.09a 0.72 £0. 02b 3.57 £0.27h 38.15 £1.70b 85.44 £7.62ab
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Effects of three industrial organic wastes on organic matter,

ammonium-N and available P in Pb/Zn tailings
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Fig. 2 Effects of three industrial organic wastes on soil enzyme activities in Ph/Zn tailings
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FHAE, S50 SRR A . SRk R
FU T HEAH bE, R | P2 | B A A SR N X
BERAEY RTINS T 4.2 ~5.6 £ S0 A A
AW A R T 15,7 ~17. 3 5.
2.5 3MTALANESY X EYH EHsELR
A

IR A F AR M 1 T A R S Lk 3.
HTFEER . BN EYRIT 0.5 ¢, A2 MUH
AA3HT, i LA X 55 A0 B 1 T 44 b 134y 7 4
B SR . BAORE, BER | AR
B4 4 R AR R AR e AR R AE R RNIE & /D

X RRAZ R F A AR 35> FE 48 Cd, Cu, Pb,
Zn FE AR RS USR5 | B s
FEAR T B S AU 2 A L 4| &, 5%
SRR R R R BEAE B, BR S R R4 Cd
BRI T 75.5% ~78.4% ,Cu SR T 38.5%
~43.4% ,Pb FE TR T 75.1% ~76.8% ,Zn & i
FRET 69.5% ~73.4% . F A AR M 134 Cd & &
TRET 45.4% ~61.4% ,Cu SR T T 46.6% ~
59.3% ,Pb 58 FF% T 75.7% ~79.3% ,7Zn &5 &

KT 78.0% ~81.0%. Ziit/rHraH, Ui
A2 3 LY DL AN R b 7 R 5 L i



306 7

i

B % 37 %

STEGE G RICREEER(P>0.05).
2.6 JBAIETTAE YL A T S AR ) S B0 A G
Sl

FIH] Pearson AHICHE 73 AT X 2 25 57 AE My fb. 2
PR S W) 2 8O AT b (R 4). Arfr
MM AR SR ERERICR (AL
. BEAS A RO ) A S E G P (SR B

PR, DKW, W2 MG ) S A B E IEAHOC (P <
0.01), 5RW i &E & J8 A7 5038 & & (DTPA-Cd,
DTPA-Cu, DTPA-Pb, DTPA-Zn) 24 B3 A AHC (P
<0.01). HEYHs I35 H 4 )8 (Cd, Cu, Pb, Zn)
TSR EERITER | RIS TR A P R
HX(P<0.01), 5SEVERESBANESSHE
W IEAH G (P <0.01).

£3 3HILENEFYELRLENEYH LRI ESEL2HHM /mg-kg '

Table 3  Effects of three industrial organic wastes on the concentrations of Cd, Cu, Pb and Zn in the shoots of L. perenne and C. dactylon/mg-kg "

Jb 3 BETE BRI
Cd Cu Pb Zn Cd Cu Pb Zn
By 12.63 £2.57a 17.44 +1.43a 107.44 £9.87a 368.21 £23.98a 10.86 +2.75a 22.14 +1.26a 97.82 +12.29a 408.76 +23.21a
IE#H+ 10.56+1.38b 15.35+1.61b 88.87 +7.04b 296.70 +19.98b  8.09 +2.53a 19.03 +1.48b 88.62 +10.56b 313.88 +24.42b
iy 2.92+0.24c 11.02 £0.49¢ 26.74 +0.51c  97.91 £14.61c  4.19+0.55b  9.02+£0.49¢ 23.77 £4.34c¢  85.58 £9.35¢
hzhl 2.73+0.12¢ 9.87 £0.18¢  25.14 £0.69¢ 112.27 £10.82¢  4.70 £0.84b 10.17 £0.89¢ 21.06 +2.63¢  89.98 +17.93¢
BEAEE 3.09 £0.52¢ 10.73 £1.33be 24.89 +1.63¢ 106.78 +11.42¢  5.93+0.74b 11.83 £1.31c 20.28 +1.47c¢  77.73 £16.52¢
1) R FRER R W) — 6 Jm A AR FHR) 1 22 53 0. 05 7K
*4 EUEREVUBERSENSEREXES T
Table 4  Pearson’s correlation coefficients between plant parameters and soil biochemical properties

S S L Ty ST p— e __ , TS

iR p-AZMEITEE DR B§MRE  DTPA-Cd  DTPA-Cu  DTPA-Pb  DTPA-Zn
B 0.860™ 0.936™ 0.945™ 0.947 " 0. 889 ™ 0.949™ 0.884™ -0.833" -0.888™ -0.576" -0.579™
A 0.807" 0.927™ 0.935™ 0.912* 0.807 ** 0.938" 0.865™ -0.826" -0.871" -0.629™ -0.642™
FH-Cd -0.767" -0.846™ -0.828" -0.827" -0.792 ™ -0.828" -0.782" 0.682 ™ 0.828 ™ 0. 605 ** 0.584 ™
HE-Cu -0.710™ -0.728™ -0.763™ -0.696 " -0.732* -0.724™ -0.595 " 0.642 ™ 0.716 ™ 0.392 0.617 ™
#H-Pb -0.874™ -0.935™ -0.944™ -0.940 " -0.899 ™ -0.937" -0.884 ™ 0.786 ™ 0.924 0.652* 0.546 "
H-Zn -0.796" -0.899™ -0.876™ -0.912* -0.849™ -0.900 ™ -0.828 " 0.741 ™ 0.918 ™ 0.765 ™ 0.561 *

1) *= F/RP<0.05, * = F/RP<0.01
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