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Effects of different organic wastes on plant growth and tailings properties of a Pb—Zn mine

WANG Lu"?, YANG Sheng—xiang®, ZHAO Dong-bo’, PENG Xi-zhu', LI Feng—mei', CHEN Gong—xi'

(1. College of Biology and Environmental Science, Jishou University, Jishou 416000, China; 2. College of Resources and Environment,
Zunyi Normal University, Zunyi 563006, China)

Abstract: The effects of different organic wastes to amend the physio—chemical properties of Pb—Zn mine tailings were studied. A field
experiment was conducted on Pb—Zn mine tailings to evaluate the efficiency of different treatments on nutrients, diethylene—triamine—
pentaacetic acid (DTPA) —extracted heavy metal, enzyme activity, plant biomass and coverage, and heavy metal content in plants. The
principal findings were as follows: the mine tailings had the lowest nutrient elements, enzyme activity, vegetation coverage, and biomass,
whereas the DTPA—extracted heavy metal in the tailings and the heavy metal content in plants were the highest. The application of different

organic wastes significantly increased the organic matter content, available phosphorus, ammonium nitrogen, and available potassium,
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which were 0.68~5.52, 1.50~14.46, 1.62~4.59, and 0.16~1.08 times higher, respectively, than those in the tailings. Compared with the
tailings, the DTPA-Cd, DTPA-Cu, DTPA-Pb, and DTPA-Zn concentrations in organic waste—amended plots decreased by 27.33%~
62.06%, 6.98%~35.19%, 0.50%~32.41%, and 19.37%~43.98%, respectively. Dehydrogenase, glucosidase, urease, and phosphatase
increased by 0.08~11.00, 0.05~1.72, 0.59~17.38, and 1.71~6.74 times, respectively. Plant biomass and coverage increased by 1.59~
215.57 and 12.75~84.75 times, respectively. Cd, Cu, Pb, and Zn in plants decreased by 23.18%~82.76%, 3.30%~39.52%, 67.30%~
81.46%, and 44.98%~75.60%, respectively. Chicken manure and municipal sludge had the highest effect on nutrient elements,

dehydrogenase, urease and phosphatase activity, and plant biomass and coverage with a significance level of P<0.05. Organic matter and
available phosphorus and potassium in the chicken manure—amended plots increased by 5.52, 14.46, and 1.08 times, respectively, and
ammonium nitrogen in the municipal sludge—amended plots increased by 4.59 times. Dehydrogenase, urease, and phosphatase in the
chicken manure—amended and municipal sludge—amended plots increased by 11.00 and 10.12, 17.38 and 16.74, and 6.74 and 5.94 times,
respectively. The plant biomass and coverage of the chicken manure—amended and municipal sludge—amended plots increased by 214.80

and 215.57, 84.75 and 80.25 times, respectively. Overall, these eight organic wastes favor plant survival and growth. The chicken manure—

amended and municipal sludge—amended plots have potential to greatly improve Pb—Zn mine tailing practices.

Keywords: organic wastes; Pb—Zn mine tailings; heavy metals; tailings properties; plant growth
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Table 1 General physico—chemical properties of the mine lailings and amendments used in the study (n=5, mean + SE)

ZH Parameters W Tailings {578 MS TIHESSY  HZhil MHR B4 SMC X826 CM FEFFCS AJEWS  BARBIE GR
Fki Clay/% 13+0.25 — — — — — — — —
HYRLSilv% 22+0.30 — — — — — — — —
W Sand/% 65+0.42 — — — — — — — —
JRT%EE pH 7.9+0.02 5.8+0.11 6.3+0.09 5.9+0.09 6.6+0.15 6.9+0.24 6.5+0.15 5.60.08 5.720.06

HLREC/(dS m™)  1.520.45 1.9+0.27 2.2+0.57 3.3+0.36 2.6+0.44 2.4+0.15 1.9+023  040£0.01 22001
AHLFTOM/%  0.08+0.029 167093  13.6+0.74 141033  11.9+047  13.6+1.33  13.1x0.67  6.9+0.13 6.9+0.12
2 TP/ (mg-kg')  1620.89 897+93 740436 590+23 651+33 977+85 547+13 648422  475+26.9
SR TN/(g-kg)  0.32+0.01 15+0.28 7.720.15 12+0.52 8.8+0.23 19+0.13 8.2+0.14  0.09+<0.01  0.730.01
2HITK/(mg-kg')  405£32  2686+100  1659+97 209166  1606+345 2970+138  2702+146  949+10.7  697+33.2
fifi As/(mg-kg™) 2.4+0.08 124055  045+0.10 037020  1.0+0.19 1.4+0.21 0.324£0.10  0.42+0.11  <0.01%<0.01

i Cd/(mg-kg™) 22+1.3 0.83+0.24  0.29+0.03  0.62#0.25  0.64+0.08  0.95+0.13  0.38+0.20  0.14+0.01  0.01%0.01

5% Cr/(mg-kg™) 24+1.8 13+1.1 1.6£0.12 6.2+0.48 4.9+0.23 8.0+1.2 3.6+0.83 22+0.06  0.02+0.01

i Cu/(mg-kg™) 13+0.40 9.4+0.79 7.5+0.30 4.4+0.52 4.3+0.14 8.9+0.73 5.5+0.27 2.3+0.02 2.620.10

% Mn/(mg-kg™) 412+66 86=14 32+1.9 70+6.8 63+5.4 123£25 54+45  <0.01x<0.01  116+3.9

BANI/(mg-kg™) 6.4+0.34 3.220.45 1.1£0.22 2.9+0.14 1.9+0.20 5.8+0.14 3.8+0.45  0.19+0.03 <0.012<0.01

5 Ph/(mg-kg™) 600+2.1 114=13 9.9+3.58 4.7+0.53 2.3+0.26 710.56 2.7+0.50 3.120.13 1.3+0.06

BEZn/(mg-kg')  2452+822  185%3.9 78+7.3 131£5.7 103+4.7 176£20 81+3.1 1355041  10.50.56

5 Ca/(mg-kg™) 623+24 354257 155+11 163£24 326424 330+48 15936 2398+26.4 6467102
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Table 2 Plant planting situation

%% Number B4 Family name WIBh £ %R Specific name $iT 4 Latin name #&Fi i Seeding rate/g
1 RAFL 1= Miscanthus sinensis 2
2 RAFL MR Pennisetum alopecuroides 4
3 RAFE} MR Cynodon dactylon 2
4 R Uil aa Lespedeza bicolor 4
5 SR =y Indigofera bungeana 4
6 SR R Robinia pseudoacacia 10
7 R G H Xanthium strumarium 3
8 R WAL Artemisia annua 3
9 Eapes R E Erigeron canadensis 24
10 BiRt 3 Chenopodium album 3
11 Rk il Dysphania ambrosioides 2.9
12 SRR PR Boehmeria nivea 3
13 VAR BETENH Patrinia monandra 1.1
14 HUbiTER 1AL A Paulownia fortunei 0.4
15 Jisa gise] Cupressus funebris 6.6
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Different lowercase letters indicate significant difference among different treatments of the same index (P<0.05). The same below

Bl ARANEFYLENET EREFTRIENTIMN (n=4, THEIREE)

Figure 1 Effects of different organic wastes on nutrient content in Pb=7n mine tailings (n=4, mean + SE)
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Figure 4 Effects of different organic wastes on vegetation coverage and biomass (n=4, mean + SE)
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Table 3 Effects of different organic wastes on heavy metal contents in plants (n=4 ,mean + SE)

AbFH Treatments Cd/(mg-kg™") Cu/(mg-kg™") Pb/(mg-kg™) Zn/(mg-kg™")
MS 2.46+1.08cd 7.95+1.48ab 5.26+0.33bc 271.82+26.88¢
SSV 1.16+0.40e 5.31+0.50d 4.27+1.26¢ 275.43+64.07¢

MHR 1.77+0.45de 7.18+0.89bc 5.56+1.22bc 346.84=111.47¢
SMC 1.66+0.20de 6.42+0.19¢d 6.34+1.68bc 352.29+67.63¢
CM 5.17+£1.30b 8.49+1.42ab 6.19+1.17be 355.33+81.25¢
CS 1.59+0.52de 6.23+0.33cd 5.57+1.10bc 309.79+91.18¢
WS 3.51+0.92¢ 7.13+0.89bc 6.51+0.95bc 613.03+80.79b
GR 2.65+0.70cd 7.53+1.42abc 7.53+1.06b 582.92+113.42b

=200 6.73+1.20a 8.78+1.13a 23.03+4.86a 1 114.14+147.52a

TE « (Al — S B A AR /NE R () — R i hRA [R)Ab B ) 22 55 (82 (P<0.05)
Note: Different lowercase letters after the same column of values represent significant differences among different treatments of the same measurement
index(P<0.05).
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Table 4 Pearson’s correlation coefficients between tailings properties and plant parameters

A L

FEHH) B % Plant parameters

Tailings properties H: )18 Biomass i JE Coverage Cd Cu Pb Zn
DTPA-Cd -0.288 -0.390% 0.430%* 0.331% 0.606%* 0.603%%
DTPA-Cu -0.094 -0.130 0.427%% 0.284 0.507%% 0.406*
DTPA-Pb -0.315 -0.291 0.121 0.085 0.314 0.312
DTPA-Zn -0.228 -0.348% 0.711%+% 0.518%* 0.740%% 0.6647

Jii (/i Dehydrogenase 0.955% 0.905% 0.017 0.220 -0.350% -0.500%*
WM Glucosidase 0.091 0.174 -0.567%* -0.659%* -0.371%* -0.467%*
[k Urease 0.935% 0.921% -0.093 0.115 -0.429%%* -0.611%*
WA Phosphatase 0.827%% 0.894% -0.263 0.011 -0.587% -0.697%
AHLE OM 0.712%% 0.809% -0.036 0.111 -0.469% -0.545%
R AP 0.894% 0.879% 0.022 0.074 -0.367* ~0.488:%

B S NH-N 0.673%* 0.736% -0.398% -0.108 -0.683% ~0.749%
AR AK 0.829% 0.813%% -0.009 0.303 -0.399% -0.495%%

T 2o I A 5 (P<0.01) , * i 2 AH 5 (P<0.05) .

Note : ** extremely significant correlation(P<0.01) ,* significant correlation(P<0.05).

*H%O
3 g
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