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PHYTOREMEDIATION STUDIES OF ZN POLLUTED SOILS
USING Bromus rubens L.

J. Pastor', A.J. Hernández2 and N. Prieto'

Centro Ciencias Medioambientales CSIC, Madrid.

Dto. Interuniversitario de Ecología, Universidad de Alcalá.

Introduction

In the South of Madrid, áreas occupied by abandoned urban and industrial waste
landfills, are the most polluted soils (CAM, 1998). In these zones, physical degradation,
salinisation (Pastor et al. 1993a; Hernández et al. 1998) and heavy metal pollution are the
most significant. Among the heavy metáis present, Zn is particularly problematic. The Zn
levéis of the cover soils of these landfills are 600 ppm, but they do approach valúes for which
remediation measures are recommended, and even surpass these in áreas prone to leaching
(Hernández et a/., 1998). One such measure is the use of native plants that are capable of
growth in polluted soil. This study was designed to search for a suitable candidate.

Experimental design, materials and methods

Bromus rubens is a characteristic species of subnitrophilic pastures of the central Spanish
región, which appears when land given over to cereal cultivation is left fallow, and is
commonly found in ancient landfills that overlie carbonated arkoses in the SW Madrid área.
Table 1 provides the ecological profile of this species for Zn, which shows that it is well
represented in soils with the highest levéis of this metal. These data were obtained in a
preliminary ecological study on herbaceous species growing on degraded, polluted soils of
the central región, where it is common to find that B. rubens specimens attain a good size and
ampie coverage.

Table 1.- Ecological profile of Br. rubens with respect to the total soil Zn level

Observations Entropy.sp. Mutual Zn (ppm)
(n°) information. <24 24-30 30-40 40-60 60-80 80-960
44 0.9 0.05 100 99 87 110 200 171

The soil selected for an 18-week bioassay conducted in pots under greenhouse
conditions was a Calcic Luvisol. This soil type presents similar chemical properties to the
mean valúes recorded in the landfills with following characteristics: pH 7.6; OM 0.8%; total
N 0.063%; K 14.2, Ca 327, Mg 8.7 and Na 1.4 mg/lOOg soil; Zn 67 ppm. Each pot was filled
with 1 kg of sieved soil in triplícate for each Zn concentration used (100, 300 and 500
ppm/pot). A further 3 replícate pots served as controls. Zn was added in the form of ZnCl2

(Pastor et a/.,1993b). Each pot was sown with 8 seeds from a sample collected from an
abandoned crop land. The seeds had been previously germinated in a growth chamber in the
dark at 24"C. In parallel, a Petri dish bioassay was performed to evalúate the effect of Zn
levéis of 100 and 200 ppm on germination (4 replicates/Zn level plus a deionised water
control). Chemical analyses of the soils were conducted as described in several of the
published reports cited. Treatments were compared by ANOVA. We used the LSD option as
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a post-hoc test of significance of düferences among means for the treatments. Treatments
sharing the same letter did not differ significantly at a p= 0.05.

Results and Discussion

Table 2 shows that germination percentages were similar for all the treatments and that
root growth showed most significant differences among treatments, along with the marked
decrease of mean plant length in the most contaminated soil. The negative effect was
somewhat compensated by the higher degree branching of roots growing in conditions of
highest Zn. Aerial plant height was not very reduced at levéis of 100 and 200 ppm, including
extractable levéis corresponding to total Zn concentrations of 300 and 500 ppm and higher
(unpublished data).

Table 2.- Percentage germination and root and aerial plant height
of B. rubens at increasing soil ZnCl2 levéis

Level
Control

100 ppm

200 ppm

300 ppm

% Germination
82.9 a

87.2 a

80.0 a

77.5 a

Length (mm)
Aerial part

69.56 a

69.75 a

63.99 b

52.19 c

Root
47.37 a

39.51 b

24.23 c

13.53 d

Table 3 shows the percentage plant survival and dry weights at the end of the
experiment (at the onset of ear formation). Given thal this is a wild (non-improved) species,
the cióse to 23% mortality rate recorded for the control is not surprising. The dry weight (per
pot and per plant) increase noted with rising Zn levéis indicates the potential tolerance of
this species for the Zn concentrations tested.

Table 3.- Percent surviving plañís and end-of-trial dry weight per pot per plant

Zn level
Control

100 ppm

300 ppm

500 ppm

% Survival
77.4a

66.7 a

49.0 a

40.0 a

Weight (g)
Pot

1 .62 a

1.55 a

1.75 a

1.98 b

Plant
0.29a

0.30 a

0.54 ab

1 . 1 2 b

Table 4.-Mean Zn levéis in the root and aerial part
of B. Rubens in soils of different Zn levéis

Root

Aerial pan

Control

476.0 a
27.7 a

100 ppm 300 ppm 500 ppm

539.3 a 588 ab 803.7 b

169.0 b 330 c 506.7 d

Table 4 shows that increasing soil Zn levéis mainly affect the contení of this metal in ihe
roots, bul also result in higher levéis in the aerial part of the plant. Good Zn absorption via
ihe roots was deteciable even in ihe control. Valúes recorded in this species were higher than
those reported in the literature for olher gramineae (Dudka et al. 1996).
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Conclusions

It is well known that rather than "accumulating species" there are "accumulating
ecotypes". The good initial behaviour of an ecotype of B. rubens collected from a non-
polluted soil prompted us to look for new material of the same species in soils clearly
contaminated with Zn. The relatively high Zn accumulation in roots, even when growing in
low Zn soil, such as in the control, is of interest, since it suggests the possibility that, despite
its annual nature, this species is capable of capturing and accumulating appreciable amounts
of the pollutant especially from autumn, when it germinales, to the end of spring. During
this last period, the time of most rainfall in the Mediterranean área, Zn might be transponed
along with leachates.
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