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Effect of different amendments on growth and heavy metal accumulation
in Vicia villosa Roth varglabrescens cv Yunguangzao in soils polluted
with lead/zinc mine tailings

LI Zheng-Qiang®, XIONG Jun-Fen?, MA Qiong-Fang®, ZHANG De-Shan?, HE Zhong-Jun?, WANG Ji-Xiu?

(1. Soil and Fertilizer Station of Lijiang City, Lijiang 674100, China; 2. Faculty of Resources and Environment, Yunnan Agricultural
University, Kunming 650201, China)

Abstract A pot experiment was conducted to determine the effect of four amendment substances (organic manure, lime, vermicu-
lite and dolomite) on growth and heavy metal (Cu, Cd, Pb and Zn) accumulation in Vicia villosa Roth varglabrescens cv Yunguang-
zao in soils contaminated with lead /zinc mine tailings. Changes in soil pH and available heavy metal content induced by the amend-
ments were also analyzed. The results show that the four amendments significantly increase soil pH while reducing available heavy
metal content in soil. Hence transportation of Cd and Pb from the root to shoot of V. villosa is limited, which reduces heavy metal
accumulation in the shoot. The amendments significantly improve growth of V. villosa, while increasing plant height, shoot and root
fresh weight and chlorophyll content of V. villosa. The induced changes in plant height and shoot fresh weight are significant (P <
0.05) compared to CK. Amendments significantly affect heavy metal accumulation in the root of V. villosa. The effects of the four
amendments on root heavy metals content in V. villosa are also significant.
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Tab. 1 Physical and chemical properties of tested soils
Index Value Index Value
pH 6.04 |EC(ms-cm™)  0.54
Organic matter (g -kg®) 6.39 | Cd(mg-kg™') 8.68
Available N (mg - kg™)  123.60 | Pb(mg-kg™) 1148.62
Total N (g - kg™) 3.13 | Zn(mg-kg™) 724.62
Available P (mg -kg™) 4.85 | Cu(mg-kg?) 146.45
Available K (mg - kg™) 2362 | As(mg-kg™") 84.96
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Tab. 2  Effects of different amendments on plant height, shoot and root fresh weight of V. villosa grown on soils polluted
by lead/zinc mine tailings

Amendment Treatment level (g - kg™%) Plant height (cm) Shoot fresh wight (g - pot™) Root fresh weight (g - pot™)
CcK 0 42.02+1.67¢B 9.97+0.18eC 1.1240.08dC
10 52.53£0.27bA 19.93+2.89¢dB 3.72+0.83abcA
Organic fertilizer 20 59.40+3.54ab 19.40+1.78cd 4.13+0.68abc
40 52.20+0.46b 17.87+1.51d 5.38+1.06a
10 52.53+5.67bA 18.77+1.21dB 2.29+0.19cdAB
Lime 20 58.20+2.90ab 19.78+3.10cd 3.28+0.38bcd
40 54.00+2.48b 24.14+3.36¢d 5.00+1.47ab
10 50.80+0.27abA 20.07+1.10cdB 2.09+0.17cdBC
Vermiculite 20 55.27:+4.85b 25.91+2.51bc 2.61+0.68cd
40 54.47+1.90b 20.22+2.55¢d 2.21+0.47¢d
10 57.90+3.85abA 30.80+1.36abA 2.38+0.25cdBC
Dolomite 20 66.27+0.68a 32.50+0.85a 2.57+0.26¢cd
40 67.07+1.95a 33.91+1.45a 2.52+0.25¢d
(P<0.05), ; (P < 0.05) Different small letters

within one column indicate significant difference at 5% level among levels of one treatment, the same below; different capital letters indicate signifi-
cant difference at 5% level among different amendments (LSD test).
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Tab. 3 Effects of different amendments on chlorophyll content of V. villosa grown on soils polluted by lead/zinc mine tailings

Chlorophyll content (mg - kg™)

Amendment Treatment level (g - kg™) achl.a b Chl. b Total chl. Chl. a/i/b
CcK 0 0.8420.02e 0.2620.03c 1.1040.02j 3.23
10 1.53+0.08abcd 0.42+0.03bc 1.9740.02f 3.64
Organic fertilizer 20 1.82+0.15ab 0.4420.01bc 2.26+0.01d 4.14
40 1.080.16de 0.52+0.07bc 1.6240.02i 2.08
10 1.38£0.13bcde 0.57+0.23bc 1.9740.02f 2.42
Lime 20 1.70+0.06abc 0.48+0.01bc 2.1840.01e 354
40 1.78+0.08ab 0.52+0.03bc 2.3240.03c 3.42
10 1.2740.20cde 0.36£0.06bc 1.640.01i 353
Vermiculite 20 1.68+0.23abc 1.03+0.30a 2.73+0.03a 1.63
40 1.1840.41cde 0.72£0.11ab 1.89+0.01g 1.64
10 1.770.02ab 0.4820.02bc 2.25£0.01d 3.69
Dolomite 20 2.01£0.02ab 0.59+0.03bc 2.62+0.02b 3.41
40 1.32+0.13bcde 0.39+0.03bc 1.70+0.03h 3.38
49.09%~138.18% > , Pb > > >
a/b , Cu > > ,
2.3 Zn >
Cd Zn 4
4 )
Cd
, Cd Pb Zn Pb
(P<0.05), 10.06%-~ Cu Zn
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Cu Zn ; Pb
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Tab. 4 Effects of different amendments on accumulation and distribution of heavy metals in V. villosa grown on soils
polluted by lead/zinc mine tailings
Part Amendment Treatment level (g - kg’l) Cd (mg - kg?l) Pb (mg - kgil) Cu(mg - kgil) Zn (mg - kgil)
CK 0 1.79+0.04a 163.20+1.70a 9.82+0.07a 87.85+1.60a
Shoot 10 1.38+0.02¢ 139.08:+4.28b 9.34+0.02bc 85.28+0.32b
gr’t@:fgg 20 1.08+0.02¢ 122.26+0.96d 9.15+0.28cd 83.14+0.36¢
40 0.97+0.01f 104.34:+4.47ef 8.88+0.1de 80.01:+0.33d
10 0.99+0.02f 77.0740.77h 8.20+0.06f 75.20+0.30ef
Lime 20 1.12+0.03e 64.75+0.15i 8.50+0.05ef 75.84+0.16e
40 0.97+0.01fg 96.51+0.759 9.72+0.04ab 74.09+0.07ef
10 1.61+0.05h 131.08+2.22¢ 9.26+0.24cd 85.44+1.24b
Vermiculite 20 1.57+0.03b 99.82+0.84fg 8.09+0.07fg 83.28+0.18¢
40 1.32+0.03cd 123.42+0.64d 8.16:0.04f 83.07+0.29¢
10 1.28+0.02d 107.00£1.00e 7.7420.069 80.97+0.19d
Dolomite 20 0.92:0.02f 42.10+0.55] 6.20:£0.20h 73.29+0.31f
40 1.1240.02e 71.85+1.70h 8.40+0.06f 79.23+0.33d
CK 0 15.38+0.08a 1020.12+1.34c 39.00+0.60c 121.22+1.22b
Root 10 14.31+0.05h 1090.76+0.99a 41.21+0.35b 121.95+0.11ab
f(zr’gfg'ecr 20 9.79+0.04h 890.54+0.76f 25.9240.14h 109.21+0.45d
40 7.20+0.011 572.71+6.841 25.07+0.09h 90.90+0.269
10 9.37+0.03i 1049.80+2.16h 34.10+0.21d 113.2320.37¢
Lime 20 8.330.07j 919.22+2.54e 43.04+0.92a 123.09+0.31a
40 6.39+0.04m 1015.33+2.57¢ 27.60+0.39g 82.92+0.18h
10 7.50+0.05k 662.35+3.46] 29.21+0.25f 102.71+0.09f
Vermiculite 20 13.270.04c 766.04+0.17h 29.93+0.17f 109.21+0.45d
40 12.37+0.07d 929.67+5.89d 31.98+0.22¢ 110.47+1.04d
10 11.19+0.04e 641.41+0.54k 29.49+0.07f 103.04:0.06f
Dolomite 20 10.86:+0.06f 721.12+2.14i 31.58+0.48e 106.27+0.38e
40 10.27+0.07g 803.12+1.23g 44.1740.33a 109.45+0.71d
Cu , 5 ,
Zn pH,
2.4 , pH
P 3 itie
Ca Mg
( 5) [4]
. Cd > ;
> > ,Pb Cu Zzn >
> > , an
5 , pH,
Cu Cd Pb3
: , pH (
Cu Cd Pb ca® Mg* ,
Cd )
> > [6] ,
> . Pb > > > , Cu : , pH



162 2010 18

x5 BRFIMEFETSRERIBEPAMHELEENREEREERY. 1B pH REERBEVNTIENTMN
Tab. 5 Effects of amendments on soil pH, available heavy metals contents and transfer of heavy metals in V. villosa grown
on soils polluted by lead/zinc mine tailings

Transfer coefficient Available heavy metal content (mg - kg™)
Treatment pH
Amendment  level g pp cu zn cd Pb Cu zn
(9-kg™)
CK 0 0.12 0.16 0.25 0.72 2.62+0.01a 307.99+1.13a 2.54+0.05a 11.76+0.12a 6.04
10 0.10 0.13 023 0.70 2.25+0.01b 227.78+1.10g 1.43+0.02c 11.23+0.04bcd 6.14
Organic 20 0.11 0.14 0.35 0.76 2.0240.01de 239.98+1.53e 1.46+0.04c 11.3940.06b 6.27
fertilizer 40 0.13 0.18 0.35 0.88 1.98+0.01e 256.36+1.18d 2.00+0.02b 11.28+0.06bc 6.19
10 0.11 0.07 0.24 0.66 1.54+0.02g 123.10+0.32k 0.16+0.01i 10.54+0.05e 7.62
Lime 20 0.13 0.07 0.20 0.62 0.20+0.01h 98.16+0.241 0.29+0.02h 9.81+0.01f 7.89
40 0.15 0.10 0.35 0.89 2.15+0.03¢ 97.17+0.711 0.85+0.01e 8.69+0.04g 8.82
10 0.21 0.20 0.32 0.83 2.19+0.01bc 261.80+0.60c 1.02+0.01d 11.13+0.06cd 7.07
Vermiculite 20 0.12 0.13 0.27 0.76 2.05+0.01d 235.82+0.02f 0.75+0.04f 11.2840.04bc 7.03
40 0.11 0.13 0.26 0.75 1.91+0.02f 221.3340.44h 0.1940.02i 11.11+0.02cd 7.05
10 0.11 0.17 0.26 0.79 2.16+0.01c 296.74+0.60b 0.57+0.03g 11.06+0.04d 6.98
Dolomite 20 0.08 0.06 0.20 0.69 2.18+0.06¢ 206.94+0.62i 0.53+0.03g 11.16+0.04cd 6.91
40 0.11 0.09 021 072 1.90+0.02f 191.26+0.44j 0.22+0.01i 11.13+0.02cd 6.96
= / Transfer coefficient=shoot heavy metal content / root heavy metal content.
[” 209 -kg™ 109 -kg™ : , a
b , a/b
, , a/b
Ca2+ Mgz+ ’ 4
, , Cd 20
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