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Abstract 
During two years, was studied the phytoextraction potential of some perennial species (Medicago sativa and 
Trifolium pretense, Festuca arundinacea and Lolium perenne), for Zn, Cd, and Pb from soils polluted with waste 
mining. The experiment was done on kernozem soil with adding of 20 kg waste mining/m2 and 8 kg biosolid/m2. The 
results showed that in all experiments, rye-grass is a good extractor for Zn and Cd, and leguminous species for Pb. 
Both leguminous species, especially M. sativa, presented a high tolerance for lead toxicity, even with 3-4 times 
greater values than maximum allowable level from actual legislation. In all cases, regardless of the experimental 
variant, raygrass (Lolium perenne) is a good accumulator of Zn and Cd, and red clover (Trifolium pratense) of Pb. 
The values of metal bioaccumulation increase gradually with their concentration in soil. Quality of very good 
extractor of Pb displayed by Trifolium pratense species are kept even in case of excessive pollution with Pb, when it 
exceed 3.4 times the maximum permissible norms. This proves, as Medicago sativa species, a good tolerance and 
resistance to toxicity of this metal. In case of addition of natural zeolite-volcanic tuff there was no increase in the rate 
of Zn bioaccumulation. Only in case of Cd at Lolium perenne and Pb at Trifolium pratense appear the favourable 
effect of metallic ions bioavailability in soil for plants. 
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1. Introduction 
 
It was noted that plants of the species so-called 
metal-extractors, characterized by a high 
hiperacumulator potential, recorded lower rates of 
growth and development and biomass production 
per unit area. [3, 4, 7, 9, 10, 13]  
Also, plant species with a high production of 
biomass have a low metal-extractor potential, 
despite the richness and range of rhizosphere 
system. [1, 2, 3, 5]1 
If through geotechnical and biogeochemical 
activity could be increase soil biodisponibilization 
function of metal pollutants in accordance with 
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stimulation of adsorption and absorption processes 
from soil-rhizosphere symbiotic system, it is 
estimated that in the case of plant species with a 
good growth- development rate, the rate of 
phytoremediation of contaminated soils would 
increase dramatically. [4-8] 
In this sense, have been outlined two directions:  
- Use of crop plants, forage or grain, equipped 
with a good bio-productive potential and  
- Use of fertilizing materials (composting) and 
amendment with positive synergistic effects in 
translocation of excessive metals.  
Results obtained using maize (Zea mays), 
characterized by hefty metabolic and rhizosphere 
development, and showed that maize is a very 
good extractor for Zn and Cd, with a 
phytoextraction efficiency of 52-56% in the first 
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year of vegetation, which reaches 66-68% in the 
second year of vegetation. [9-11,13] 
In a sustainable agriculture system, should be 
avoided soil despoliation by practicing more than 
two years of the same crops on the same sole. In 
this sense, phytoremediation process may continue 
through successive growing of perennial fodder 
plant species such as alfalfa (Medicago sativa), 
red clover (Trifolium pratense), ryegrass (Lolium 
perenne) or mixtures of these species. [9,10,12,13] 
 
2. Materials and methods 
 
The study of phytoremediation process was 
conducted on soils contaminated with metals from 
three sources: mine tailings, biosolids and 
artificial pollution. Was also studied the effect of 
amendment with natural zeolite in type of 
indigenous volcanic tuff. 
Biological material was composed of two species 
of forage plants: red clover (Trifolium pratense) 
and ryegrass (Lolium perenne) sowed in 
experimental plots of a block with 14 versions. 
Composition of the experimental block was as 
follows:  
- 7 variants, of which 6 experimental variants (V1 
- V6) + M1 control for Trifolium pratense; 
- 7 variants, of which 6 experimental variants (V7 
- V12) + M2 control for Lolium perenne. 
Experimental variants were: M1 and M2 – control, 
V1 and V7 – soil with mine tailings, V2 and V8 - 
soil with biosolids, V3 and V9 - soil with 
biosolids and mine tailings, V4 and V10 - soil 
with biosolids, mine tailings and volcanic tuff, V5 
and V11 - soil with biosolids and artificial 
pollution with Zn, Cd and Pb, V6 and V12 - soil 
with biosolids and artificial pollution with Zn, Cd 
and Pb. 
Artificial pollution was: 2000 mg Zn / kg soil SU, 
4.5 mg Cd / kg soil SU, and 120 mg Pb / kg soil 
d.m.  
Quantities of sterile and biosolids were 20 kg 
mine tailings / m2, respectively, 8 kg biosolids 
(fermentated sewage sludge) / m2, resulting in a 
sterile-soil ratio of 1:2,5.  
Experimental plot area was of 3 m2 (1.5 x 2 m) 
with alley between in width of 1 m. The 
experimental location was situated in the 
experimental field of discipline of Ecology from 
Didactical Station of USAMVB Timisoara. The 
soil in this location is in type of mold leachate, 
characteristic for low plain of Banat.  

Previously, in the same locations and under the 
same experimental conditions were investigated 
fitoextractive processes on Festuca arundinaceea 
and Medicago sativa species. This allowed us to 
study differential and comparative fitoextraction 
process in different climatic conditions, using 
leguminous and gramineous perennial species in 
two successive years.  
At all plants species was used the same technique 
of sowing: 6 rows / plot, distance between rows of 
20 cm and sowing depth of 2 cm. It was used a 
quantity of seed of 60 kg per ha of Trifolium 
pratense and 120 kg / ha for Lolium perenne.  
Determination of metal ions was made by atomic 
absorption spectrometry, and finally, based on the 
amount of metals accumulated and translocated in 
plants was calculated the fitoextraction efficiency. 
 
3. Results and discussion 
 
Comparative and summative analysis of 
phytoextraction values of the two experiments 
(Experiment 1 / 2007 and Experiment 2 / 2008) is 
presented in Tables 1 and 2. 
Table 1 shows the results for phytoextraction 
efficiency in case of soil mixed with sterile and 
biosolids compared with variations of soil mixed 
with sterile, biosolids and volcanic tuff. 
It is noted that gramineous have a higher rate of 
phytoextraction for Zn and Cd, and leguminous 
for Pb. The addition of volcanic tuff does not 
stimulate the rate of Zn phytoextraction in both 
types of forage plants. If on soils with sterile and 
biosolids, gramineous have a Cd phytoextraction 
efficiency higher then leguminous, following 
amendment with tuff, phytoextractive values 
increase more than 2 times (50.68 mg to 25.23 
mg). 
Analysis of Pb phytoextraction show a net 
advantage of the leguminous species, however, in 
case of amendment with tuff is reduced by about 2 
times (17.20 mg to 36.20 mg). 
Cumulative Summary of these differences is 
shown in Figure 1. 
Table 2 presents results for phytoectraction 
efficiency in case of polluted soil fertilized with 
biosolids in comparison with polluted soil with 
adition of biosolids and volcanic tuff. 
Phytoextraction values from this table come from 
the variants of soil with the highest degree of 
pollution (see experimental methodology).
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Table 1 - Comparative and summative values of phytoextraction efficiency of Zn, Cd and Pb in case of cultivation of 
leguminous and gramineous perennial species on polluted soils with mine tailings and biosolids 

Metal 
pollutants 

Phytoextraction efficiency 
(%) 

Variants soil + sterile + biosolids Variants soil + sterile + biosolids+ volcanic tuff 
L1 L2 TOTAL G1 G2 TOTAL L1 L2 TOTAL G1 G2 TOTAL 

Zn 5.36 60.30 65.66 7.45 80.10 87.55 3.67 62.54 66.21 5.66 67.67 73.33 
Cd 4.81 15.44 20.25 10.18 15.05 25.23 - 24.44 24.44 33.88 16.80 50.68 
Pb 20.86 15.34 36.20 3.65 1.87 5.52 14.43 2.77 17.20 8.60 1.83 10.43 

Legendă: 
L1 – Medicago sativa – Exp. 1 / 2007   G1 – Festuca arundinaceea – Exp. 1 / 2007 
L2 – Trifolium pratense – Exp. 2 / 2008  G2 – Lolium perenne – Exp. 2 / 2008 
 

 

Figure 1 - Summary of the cumulative processes of phytoextraction  
 
Table 2 - Comparative and summative values of phytoextraction efficiency of Zn, Cd and Pb in case of cultivation of 

leguminous and gramineous perennial species on artificially polluted soils 

Metal 
pollutants 

Phytoextraction efficiency 
(%) 

Variants soil + AP + B Variante sol + AP + B + T 
L1 L2 TOTAL G1 G2 TOTAL L1 L2 TOTAL G1 G2 TOTAL 

Zn 2,22 77,84 80,06 2,88 99,98 102,86 1,13 62,45 63,58 1,23 90,09 91,32 
Cd 0,97 69,14 70,11 98,05 84,69 182,74 9,44 92,78 102,22 4,72 184,69 189,41 
Pb 27,09 5,92 33,11 16,89 4,52 21,41 22,60 7,18 29,78 17,78 2,95 20,73 

L1 – Medicago sativa – Exp. 1 / 2007  G1 – Festuca arundinaceea – Exp. 1 / 2007 
L2 – Trifolium pratense – Exp. 2 / 2008 G2 – Lolium perenne – Exp. 2 / 2008 

 
Figure 2 – Summary of the cumulative processes of phytoextraction on soils with high pollution level  
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Data analysis of Table 2 shows similar results to 
those obtained in case of leguminous and 
gramineous cultures on soils contaminated from 
mine tailings. Thus, and this time gramineous are 
better extractor of Zn and Cd, and leguminous of 
Pb . Amendment with tuff has the same effect as 
in the previous case. 
The element that differentiates the two versions is 
that cumulated phytoextraction of Zn and Cd from 
soils with and without zeolite amendment, as 
phytoextraction of Cd from soil with zeolite, 
exceeds 100%. 
In Figure 2 are presented these differences. 
 
4. Conclusions 
 
In all cases, regardless of the experimental variant, 
raygrass (Lolium perenne) is a good accumulator 
of Zn and Cd, and red clover (Trifolium pratense) 
of Pb. The values of metal bioaccumulation 
increase gradually with their concentration in soil.  
Quality of very good extractor of Pb displayed by 
Trifolium pratense species are kept even in case of 
excessive pollution with Pb, when it exceed 3.4 
times the maximum permissible norms. This 
proves, as Medicago sativa species, a good 
tolerance and resistance to toxicity of this metal.  
In case of addition of natural zeolite-volcanic tuff 
there was no increase in the rate of Zn 
bioaccumulation. Only in case of Cd at Lolium 
perenne and Pb at Trifolium pratense appear the 
favourable effect of metallic ions bioavailability in 
soil for plants. 
Cumulating the results of the two experiments, the 
best efficiency of Zn phytoextraction was 
recorded by gramineous species, the values 
growing in proportion with the concentration of 
Zn ions in soil.  
In the process of phytoremediation of mine 
tailings mixed with soil in ratio of 2.5 parts sterile 
to 1 part soil, and administration of 8 kg biosolids 
/ m2 as organic support for the establishment of 
grass phytocenosys, recorded a pollution level 
higher than the norms, in case of Zn, 4.7 times 
higher and 1.8 times in case of Cd and 3.4 times 
for Pb. 
 
References 
1. Baker, A.J.M., Proctor, J., The influence of 
cadmium, copper, lead and zinc on the distribution and 
evolution of metallophytes, In the British Isles. Plant 
Syst. Evol., 1990, 173:91-108  

2. Baker, A.J.M., Reeves, R.D. McGrath, S.P., In situ 
decontamination of heavy metal polluted soils using 
cops of metal-accumulating plants – a feasibility study. 
In: Hinchee, R.E. and Olfenbuttel, R.F., Editors. In situ 
Bioreclamation, Butterworth-Heinemann, Stoneham, 
MA, 1991, pp. 539-544  
3. Cairns, Jr., J., The status of the theoretical and 
applied science of restoration ecology. Environ. Prof., 
1991, 13:186-194.  
4. Cooke J.A., Johnson M.S., Ecological restoration of 
land with particular reference to the mining of metals 
and industrial minerals. A review of theory and 
practice. Environ. Rev., 2002, 10:41-71  
5. Hobbs, R.J., Restoration of disturbed ecosystems. In 
Ecosystems of disturbed ground. Edited by L. Walker. 
Ecosystems of the world, Elsevier, Amsterdam, 1999, 
p.691-705.  
6. Koutev V., N. Dinev., Use of straw water ectract 
from farmyard manure for remediation of heavy metals 
polluted soils. Recycling of Agricultural, Municipal 
and Industrial Residues in Agriculture, 2002, p. 455.  
7. Lasat M.M., Phytoextraction of metals from 
contaminated soil: A revive of plant/soil/metal 
interaction and assessment of pertinent agronomic 
issues, J. of Hazardous Substance Research, vol. II, 
2002, p. 5-1  
8. Leggo P.J., B. Ledesert, G. Chiristie., The role 
clinoptilolite inorgano-zeolitic-soil systems used 
phytoremediation, Science of the Total Environment, 
363, 2006, p. 1-10  
9. Lixandru B., S. Mâşu, G. Trandafir, V. Rus., 
Phytextrtaction of zinc from polluted soils under 
amendded conditions, Proceedings of the 12h 
Symposium on Analytical and Environmental 
Problems, Universitatea din Szeged, Ungaria, 2005. 
10. Lixandru B., Mâşu Smaranda, Andres L., Pricop 
Anca, Bogatu C., Morariu Florica., Study of heavy 
metals acumulation index in plants used in polluted 
soils phytoremediation process. Lucrări ştiinţifice 
Zootehnie şi Biotehnologii, vol. 41, 2008, Timişoara  
11. Lixandru B., Rus Valeria, Peţ I, Pricop Anca, Mâşu 
Smaranda, Rechiţean D., The effect of biosolids on 
Medicago sativa and Festuca arundinaceea plants 
phytoremediation process of waste dump. Lucrări 
ştiinţifice Zootehnie şi Biotehnologii, vol. 41, 2008, 
Timişoara  
12. Mâşu S., C. Bogatu, B. Lixandru, L. Andres., Some 
aspects concerning phytoremediation of soils polluted 
with heavy metals and treated wtih biosolids, Part. II, 
Proceedings of the 13h Symposium on Analytical and 
Environmental Problems, Universitatea din Szeged, 
Ungaria, 2006, p. 195-198.  
13. Nascimento C.W., Xing B., Phytoremediation: a 
review on enhanced metal availability and plant 
accumulation. Sci. Agric., 3, 3, 2006, p. 299-311  

 


