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Resistance to and uptake of heavy metals by Vetiveria zizanioides

and Paspalum notatum from lead/zinc mine tailings

XIA Han-Ping',SHU Wen-Sheng® (1. South China Institute of Botany, the Chinese Academy of Sciences,
Guangzhou 510650, Chinas; 2.School of Life Sciences. Zhongshan University, Guangzhou 510275, China)
Abstract : Mine tailings are usually hostile to plant colonization,and also toxic to animals and man through
the food chain. It has long been a highlight in the field of restoration ecology how to substantially mitigate
the toxicity of adverse factors(e. g. heavy metals,infertility ,acidity .etc. Jand then to make plant coloniza-
tion successfully in mine tailings. A greenhouse experiment was implemented for the purposes of evaluat-
ing:1)the phyto-toxicity of lead/zinc mine tailings located in northern Guangdong Province,China, 2)the
growing performance of vetiver grass (Vetiveria zizanioides Nash)and bahia grass (Paspalum notatum
Flugge )in the mine tailings,and 3)the heavy metals uptake of both grasses from substrates of the mine
tailings with different concentrations of heavy metals. The experiment was conducted with a method of pot-
cultivation undertaken in a glasshouse,which was ventilated and pervious to light. There were five treat-
ments with foure duplicates for each treatment and they were arranged as follows:100% (w/w)mine tail-
ings, 75% tailings + 25% domestic refuse, 50% tailings +50% refuse, 25% tailings + 75% refuse,and
100% refuse. The most distinct characteristics of the mine tailings and the domestic refuse were high con-

centrations of heavy metals (including Pb,Zn and Cu)and organic matter,respectively. Seedlings of vetiver

or bahia were planted into the pots treated with the above treatments three tillers of same species for
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each pot and 20 pots (5 treatments X 4 duplicates)for each species. Before plants were put into pots,the
shoots and roots of vetiver were pruned to 30 cm and 3 cm,respectively,and one-half of the leaves of bahia
were removed and its roots also trimmed to 3 cm. After cultivation for 130 days,the height and tiller num-
bers of vetiver were measured,and then all plants were harvested and prepared for chemical analysis,in-
cluding the respective contents of Pb,Zn,and Cu in roots and shoots of the two species.

The following results were obtained:1) Both vetiver and bahia could survive in lead/zinc mine tail-
ings.refuse or their mixed substrates,but grew worst in pure tailings and best in pure refuse;therefore,
refuse could be used as an ameliorant to improve the growth of plants on tailings. 2) The biomass of vetiver
was influenced by heavy metals more severely than that of bahia,which meant that bahia was more resis-
tant to heavy metals than vetiver under the condition of confined space,e. g. pot cultivation ;however,vetiv-
er produced far more biomass than bahia due to its bulk morphology. 3)The contents of Pb.Zn,and Cu in
both grasses all presented in the order Zn>>Pb>Cu,but their ability to accumulate different metals into
roots from substrates were different;vetiver’s accumulative ability to the three metals ranked in the se-
quence of Zn>>Cu>>Pb whereas bahia’s was Cu>>Zn>>Pb. 4)There was a substantial retention function for
roots of the two species to heavy metals,and their retention rates in different treatments were almost all
greater than 50% ,namely the two plants kept much higher concentrations of heavy metals in roots than in
their respective shoots smoreover the retention rates in same species to different elements were not identi-
cal.and the biggest value in vetiver was Ph.averagely up to 80% .and that in bahia was Cu.averagely up to
77%.5)Vetiver absorbed the greatest amounts of heavy metals from the 50/50 tailings/refuse treatment,
whereas bahia did so at the 75/25 tailings/refuse treatment. Thereby,an addition of 25% ~50% refuse into
the substrate made the removal of heavy metals from the tailings more effectively and accordingly made
plant colonization in the tailings more easily,and the refuse resource could also be utilized more fully and
rationally. 6)On the whole,vetiver could absorb more amounts of heavy metals in comparison with bahia,
but it was not so easy to result in the second pollution or biocaccumulation as bahia,due to its higher reten-
tion capacity to heavy metals and its poorer palatability to animals. It may be concluded from this study,
therefore ,that vetiver grass is more suitable for phytopurification and phytomediation of Pb/Zn mine tail-
ings .whereas bahia grass is a better species for the purpose of revegetation of tailings.
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Table 1 Chemical properties and heavy metal contents of mine tailings,life garbage.and their mixed treatments

A Treatment A B Treatment B C Treatment C D Treatment B E Treatment E

(100% ) (715% +25% )(50% +50% )(25% +75% ) (100% )

frem (100% MT*) (T5%UMT+25%4LG) (G0YUMT+50%LG) (75%4MT+25%LG) (100% LG)
pH 7.19 6.98 6.77 6.56 6. 35
EC(dS/m) 2.42 1.93 1.44 0.95 0.46
W(g/kg) 5. 44 12.4 19. 4 26.4 33.4
N® (mg/kg) 441 702 964 1226 1488
P® (mg/kg) 527 1199 1871 2543 3214
K™ (mg/kg) 1890 2485 3079 3673 4267
Pb® (mg/kg) 3251 2487 1723 958 194
Zn‘® (mg/kg) 3523 2668 1812 957 101
Cu'” (mg/kg) 144 123 102 81.3 60. 4
Cd® (mg/kg) 21.7 16.9 12.1 7.35 2.55
Pb® (mg/kg) 144 109 74.5 39.8 5.12
Zn1? (mg/kg) 99.0 75.3 51.6 27.9 4.17
CuP (Mg/kg) 4.92 4.28 3. 64 3.00 2.37
Cd“'? (mg/kg) 0. 69 0.40 0. 30 0. 20 0.10

% MT :Mine tailings; LG :Life garbage; (1)Organic matter, (2) Total N, (3)Total P, (4) Total K. (5)Total Pb, (6)
Total Zn, (7)Total Cu, (8)Total Cd, (9)Available Pb, (10)Available Zn, (11)Available Cu, (12)Available Cd
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Table 2 The plant height and the tillers number of vetiver grass 130d after growing in different treatments

A

B

Growing index Treatment A

(cm)

Treatment B

Treatment C

C D
Treatment D

Treatment E

LSD(0. 05)

Plant height 104. 5a(2.8)"

Number of tillers 4 3a(0. )

116. 0ab(5.0)

5. 0a(0. 2)

132.3b(5. 1)

8. 7b(0. 4)

154. 5¢(3.7)

10. 0b (0. 5)

10. 5b(0. 7)

151. 8¢ (3. 4)

% Means (with(SE) ,n=4)followed by different letters in the same row indicate a significant difference at 5% level

according to LSD test
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Table 3 Comparison for the changes of the resistance index of biomass of Vetiver and Bahia in different substrates

Root Shoot Total
Treatment Vetiver Bahia Vetiver Bahia Vetiver Bahia
A 0. 40 0.54 0. 39 0.48 0. 39 0.49
B 0. 38 0. 84 0. 39 0.72 0. 39 0.74
C 0.58 0. 88 0.58 0.74 0.58 0.76
D 0.75 0. 88 0.74 0.98 0.74 0.96
2.2.3 2
Pb.Zn o ( E), Pb s
,Zn , 26mg/kg(  5), s
( D A, Pb.Zn N s ,Pb.Zn
90 50mg/kg, s
’ ° Cu ’
2 Cu (<30mg/kg) .Cu
’ s o ’ CU
° ’ 1. 5~2m, ’
16cm 15cm, o s
2.3 Pb.Zn.Cu
2.3.1 Pb.Zn.Cu 4 s A E. ,
s Pb.Zn.Cu s —
o s (A) (E).
o s 4 s A Pb E 6.55 ( )
6.56 ( ) A Zn E 5.49 ( ) 6.57( ) A Cu
E 4.20 ( ) 3.52 ( ) E A 2.10  (
) 1.71 «( ). , A E, 3
.’ 3

Cd.Cr.Cu,Ni,



1126 21

K el ,3 C 4,
. Pb.Zn.Cu (
4), ( Cl- Nab b,
4 130d Pb.Zn.Cu (mg/kg)

Table 4 Contents of Pb,Zn,Cu in Vetiver and Bahia 103 days after growing in different substrates

0% 25% 50% 75% 100% LSD

Species Element ~ Organ 0% tailings  25% tailings 50% tailings 75% tailings 100% tailings (0. 05)
Pb Shoot 11.9a(0. 6) 19.1b(1. 9) 35.2c¢(2. 1) 42.3d(3.6) 46.3d(3.5) 6.2

Root 27.9a(6.0) 135.6b(22.6) 233.6c(17.9) 287.5d(11.3) 309.5d(11.9) 45.4

Zn Shoot 20. 1a(1.5) 46.1b(3. 1) 87.5¢c(6.7) 93.5cd(8.1) 105.1d(5.4) 15.3

Vetiver Root 76.3a(4.8) 215.6b(17.0) 219.5c(15.4) 326.6c(12.2) 380.4d(16.7) 37.1
Cu Shoot 3.5a(0.5) 3.1a(0. 3) 7.1b(0. 2) 6. 0b(0. 6) 6.9b(0.5) 1.2

Root 6.9a(0.7) 14. 9b(0. 9) 19.6¢(0.9)  21.2cd(2.3)  25.2d(1.9) 1.4

Pb Shoot 14. 6a(1.6) 35.2b(3.6) 76.6¢(5.4) 80. 6¢(4. 3) 95.7d(3.8) 11.8

Root 33.3a(3.8) 79.8b(6.9) 135.9c(16.9) 209.4d(6.9) 218.5(13.2) 32.1

Zn Shoot 31.3a(3.0) 48.9a(4.1) 103.1b(2.6) 139.4c(7.4) 171.8d(11.7) 20. 1

Bahia Root 50.5a(7.5) 139.3b(11.5) 219.2c(13.9) 327.7d(5.5) 331.8d(10.6) 30. 8
Cu Shoot 4.3a(0.4) 6. 7a(0.5) 14. 9¢(0. 6) 14.5¢(1.4) 18.1d(0. 9 2.6

Root 18. 2a(2.3) 44.9b(1.9) 62. 1c(4. 4) 65. 3c(4. 6) 64.204.5) 11.3

* Means (with(SE) ,n=4){ollowed by different letters in the same row indicate a significant difference at P=0. 05

accirdubg to LSD test
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Table 5 F values and their significant levels(P)for the effects of species(df=1) .treatment(df=4),

and species X treatment interaction(d/=4)on biomass and Pb,Zn,and Cu concntrations in Vetiver and Bahia

Species Treatment X Species X treatment
Aanlytic item F r F r F r
m 203.79 <0. 0001 47. 37 <0. 0001 15.02 <C0. 0001
@ 74.24 <0. 0001 23.74 <0. 0001 13. 40 <0. 0001
® 206. 11 <0. 0001 49.73 <0. 0001 17.16 <0. 0001
Pb W 59.11 <0. 0001 113.09 <C0. 0001 5.10 0.0029
Pb ® 140. 01 <C0. 0001 67.97 <0. 0001 10. 68 <C0. 0001
Zn o 18.01 0. 0002 146. 85 <C0. 0001 4.14 0. 0087
Zn m 50. 26 <0. 0001 121. 88 <0. 0001 8. 45 0. 0001
Cu X 344. 85 <C0. 0001 44.76 <C0. 0001 11. 25 <C0. 0001
Cu S 225.00 <C0. 0001 65.50 <C0. 0001 19. 00 <C0. 0001

(1)Shoot biomass, (2)Root biomass , (3) Total biomass, (4)Pb content in root, (5)Pb content in shoot, (6)Zn content

in root, (7)Zn content in shoot, (8)Cu content in root, (9)Cu content in shoot
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Table 6 Comparison of detention rates (%) of Pb, Zn, and Cu in roots of Vetiver and Bahia
0% 25% 50% 75% 100%
Species Element 0% tailings 25% tailings 50%tailing  75%tailing 100 % tailing Average
Vetiver Pb 57.6 85.9 84.9 86.5 85.0 80. 0
Zn 73.7 78.6 70.0 71. 4 69.9 72.7
Cu 48.6 79.6 63.7 71.8 72.7 67.3
Bahia Pb 56. 2 50. 4 43. 6 64. 2 56. 2 54.1
Zn 38.1 64.9 53.0 60. 0 48. 2 52.8
Cu 76.4 85.1 75.9 77.8 71.9 77.4
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Fig. 3 Uptake amounts of heavy metals by Vetiver and Bahia and their changes
with concentration of tailings in the substrates
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