WL Publisher

*\ Science and Technology

Journal of Food, Agriculture & Environment Vol.10 (2): 1253-1256. 2012  Www.wor|d-food.net

Meri-Rastilantie 3 B, FI-00980
Hesinki, Finland

e-mail: info@world-food.net

Phytoextractive potential of Miscanthus giganteus and Sida hermaphrodita growing
under moder ate pollution of soil with Zn and Pb

Anna Kocon * and Mariusz Matyka 2
1 Department of Plant Nutrition and Fertilization, 2Department of Systems and Economics of Crop Production, Institute of Soil
Science and Plant Cultivation, Sate Research Institute, ul. Czartoryskich 8, 24-100 Pufawy, Poland.
*e-mail: akocon@iung.pulawy.pl, mmatyka@iung.pulawy.pl

Received 6 February 2012, accepted 26 April 2012.

Abdgract
The most cost-effective and pro-ecological method of purifying the environment moderately contaminated with heavy metalsisthe extraction of such
substances from the soil by plants, which are able to grow under conditions of high concentrations of toxic metals and to accumulate them in their
tissue. The 3-year micropl ot experiment with perennial energy crops, miscanthus (Miscanthus giganteus) and Virginiamallow (Sda hermaphrodita),
was conducted in the Experimental Station of the Institute of Soil Science and Plant Cultivation in Putawy, Poland (51°25'N, 21°58'E). The
experiment was carried out on two different soils with varying levels of acidity, moderately contaminated with zinc and lead. The results from the
three first years of cultivation of these plants (2008-2010) indicate that miscanthus and Virginia mallow can be cultivated on soils, moderately
contaminated with zinc and lead. Miscanthus turned out to be a more tolerant species. Its dry matter yield on average was two times higher and
accumulated higher quantities of zinc and lead in biomass compared to Virginia mallow. Thus, the phytoextraction of Zn and Pb from the sail

contaminated with metals was much greater for the miscanthus than for mallow, and significantly higher uptake of Zn than Pb was observed.
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Introduction

Increased concentration of zinc and lead in soils of Poland was
found only in a few percent of the area, mainly in the soils of
industria regions-2. Soil contaminated by heavy metds, including
excessive amounts of Zn and Pb, requires recultivation, because
it cannot be used in typical agricultural production such asfood
or fodder. A good way of managing and recultivating contaminated
soils seems to be their use under energy crops cultivation.
Cultivation of perennial energy crops in the areas moderately
contaminated with heavy metal's, in addition to the production of
biomass for energy purposes, can also help in progressive
purifying the soil of these contaminants. At present, studies are
conducted worldwide on the possibility of using different plant
speciesincluding perennia energy crops, for phytoremediation
purposes *. Phytoextraction is one of the phytoremediation
methods that uses plants to purify the soil from inorganic
pollutants, mainly heavy metals. The mechanism of this process
involves absorption of metallic contaminantsfrom the soil by the
roots of plants and their translocation and storage in the aerial
partsof plants. Phytoextraction isbecomingincreasingly popular
becauseit is cost-effective, smpleand environment friendly 87

Effective phytoextraction of pollutants from soilsrequiresthe
tolerance of plantsto the pollutantsand their high “removal” with
yield by concentration in aerial parts of the plant. It is expected
that the perennial energy crops, including miscanthusand Virginia
mallow are not typical hyper-accumulators of heavy metals, but
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purifying the soil from these pollutants occurs through the
accumulation of these elementsin ahigh biomass of their aeria
parts. Differences are due to the nature of the pollutants and the
degree of contamination of soil aswell as the species and even
varieties of plants. The advantage of such cropsisalong period
of their growing in one place, which on average ranges between
15to 20 years, and their biomassisharvested every year, asin the
case of miscanthus and mallow, or every few years in the case
willow. This helps in progressive cleansing of soils from the
contamination with heavy metals. Phytoextraction technologies
of heavy metals are till at the stage of the selection of species,
agro-technology and the development of methods of the
subsequent disposal of undesirable substances. It is known that
remediation of soils from heavy metals by phytoextraction is a
long process, counted in tens of years®,

Numera literature datahave been reported on the use of energy
crops including willow, poplar, maize and sunflower for
phytoremediation *+ 12, Thereislimited number of research on
yielding of miscanthus and Virginia mallow in the areas
contaminated with Pb and Zn, or assessment of their capacity for
accumulation of metals. Inthe present study, therewas an attempt
made to assess the yield and bioaccumul ative — phytoextractive
capacity of miscanthus and mallow grown on soils contaminated
with zinc and lead, inthefirst three years of their cultivation.
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Materialsand M ethods

A microplot experiment with perennial energy crops. miscanthus
(Miscanthus giganteus) and Virginiamallow (Sda hermaphrodita)
werecarried out inthe Experimenta Station of the Institute of Sail
Scienceand Plant Cultivationin Putawy, Poland (51°25'N, 21°58'E),
during 2008-2010. Meteorological conditions were as follows:;
averagetotd precipitation for many yearswas 586 mm and average
temperature of the air 7.7°C. In the years of the research, these
parameterswere; 697 mm, 9.6°C (2008), 676 mm, 8.7°C (2009) and
551 mmand 8.2°C (2010). The experiment was performedin plots
(2 mx 1m), filled morethan 20 yearsago with loamy or sandy soil,
being at two different pH levels. The soilswere several yearsago
artificidly contaminated with Pb and Zn (loam: 700 and 1100; sand:
600 and 900 mg Pb and Zn per kg of sail ). It should be added that
after the pollution of the soil with these metals, those plots were
for the first 3 years covered with crop plants, and in subsequent
yearsfallowed until the start of this experiment.

In the spring of 2008, prior to setting up of the plantation of
energy crops, initial analyses of the soil were performed. The
average pollution with lead and zinc for both types of soilsin
0-40 cm layer varied depending onthetypeof soil and pH (Table 1).
Vegetative seedlings of miscanthus and Virginia mallow were
plantedinApril 2008, inthedensity of two plantsper plot. Seedlings
were derived from the fragmentation of previously cultivated
3-4 year old shrub roots of these plants from uncontaminated
soils. Plantsin thefirst year of study were watered in periods of
drought. During the growing season in each year both plant
specieswerefertilized with an uniform dose of NPK (3:2:4 g per
plot first year and 9:3:8 g in two successive years of cultivation).
Harvesting biomass of aeria parts of the plant was carried out
every year inthelate autumn or winter at the humidity of biomass
of about 25%. Then the biomasswas dried for several daysinan
dryer at thetemperature of 60°C, and theyield of dry massaerial
parts was determined for each plot. The presented data are an
average from 3replicates.

Table 1. Characteristics of experimental soil (depth 0-40 cm).

Soil pH ka1 Zn* Pb* C org. SF <0.02mm*
mgkg”’ % %
I. Loam 5.7 875 626 0.7 25
6.3 1002 571 0.7 25
II. Sand 5.2 635 512 1.1 12
6.1 783 408 1.2 12

*- total metal concentrations, SF- Soil Fraction.

Theinitia content of organic carbon was determined by Tiurin
method (Polish standard No PN-91/Z-15005) and soil pH was
measured in KCl. Zinc and lead in soil werefirst extracted in agua
regia and then determined using the AAS method. Plant tissues
weredry ashed in amufflefurnace, digested in hydrochloric acid
and Zn and Pb were determined by the AAS method.
Bioaccumulation of Znand Pb in plant organswas cal cul ated for
2008 asthe ratio of concentration of these metalsin the biomass
of plants to the concentration of these elementsin the soil. The
plant yieldswere statistically analysed using analysis of variance.
Theleast significant difference at P = 0.05 was cal culated using
Tukey'stest.
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Resultsand Discussion

Biomassyield: Yield of biomassof theaerial parts of miscanthus
and Virginiamallow depended on the speciesof cultivated plants,
age of the plantation, the degree of contamination of soil with
Zn+Ph, type and pH of the soil (Table 2). In the experimental

condition, ahigher yield was obtained for miscanthus ascompared
to mallow, regardless of the age of plantations. Yields of both
plants on soil contaminated with metals were lowest in the first
year of the experiment (2008). In the second year of cultivation,
they increased and were largest in the 3Yyear of the studies; on
average about 7 times higher for miscanthus and 6 times higher
for mallow in relation to the first year. According to Starck 23, the
youngest plants grown on polluted soils are more sensitive to
stress associated with an excess of heavy metal sthan older plants;
which with time had become more tolerant to pollutants. In the
case of energy crops which were harvested every year, the
conditions for plant growth were enhanced in the consecutive
yearsof their growing, becausein every year apart of metalswas
taken out from the soil with thebiomass. Moreover, itispresumed
that root system of older plants outgrew the top layers of the
contaminated soil and reached deeper soil layer which isfree of
contaminants.

Miscanthusand Virginiamallow alwaysyielded better on sandy
soil (I1) wherethe concentrations of Zn and Pb werelower than on
the loamy soil (1). They also yielded better at higher soil pH of
whatever type, even if the total concentration of Zn was higher.
Zincisavery mobile metal in the soil and is easily available to
plants, especialy at thelow pH. Zinc excessin the soil can affect
plant growth 334, Small et al. *> argued that |owering the pH of the
podsolic soil contaminated with metalsby aunit, (with apH of 6.8
t05.7) caused ahigher than 10-fold increase of the biocavailability
of Znto plants.

Miscanthus turned out to be more tolerant to the total soil
contamination with Zn+Pb than mallow and yielded higher
regardless of thetype of soil and itspH. It gave on average nearly
atwo timeshigher yield of biomass (Table 2) than mallow. It must
be added that the two examined species cultivated on arable
uncontaminated soils in Poland also differ in terms of yield of
biomass; miscanthus generally yiel ds better than mallow 6.

Concentration and accumulation of Zn and Pbin plant biomass:
Concentrations of zinc and lead in the biomass of plants showed
largevariationfor Znrangefrom 982 to 27 mg per kg and for the Pb
from 114 to 0.60 mg per kg of dry mass of plant (Fig. 1). These
values, especially for the youngest test crops, exceeded the natural
content of metalsin plantseven several times, which according to
Kabata-Pendias and Pendias® may rangefrom 15to 80 for Znand
from 1to 10 mg per kg of d. m. for Pb. The highest concentration
of these metals in plant tissue of both species, was found in the
first year of cultivation. Morezinc and lead were accumul ated by
mallow than by miscanthus. Inthe second year, the concentration
of Znand Pbin plant tissuewas significantly lower, and the lowest
in the oldest plants of the 3 year harvest due to the dilution of
the analysed elements in the higher biomass of plants. The
concentrations of zinc and lead in aerid partsof plants(Fig. 1), in
addition to the plant species and age of plant, wereinfluenced by
the contents of metals in the soil, soil pH and organic matter
content in soils. At ahigher pH of soil, and a higher amount of
organic matter, heavy metals are absorbed and retained in a soil
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Table 2. Plant yield —biomass of whole plantsintheyears(d. m.
of aeria parts) (g plot?).

Plant Soil pHka 2008 2009 2010 Mean
1. Loam 5.7 194 be* 1216 d 1518 ¢ 976
6.3 375d 1390e 2014d 1260
Miscanthus 1. Sand 5.2 379d 2067 g 3084e¢ 1843
6.1 546 ¢ 2087 g 3454f 2029
Mean 374 1690 2517 1527
1. Loam 5.7 49 a 255a 854a 386
Virginia 6.3 130 b 429b  1199b 586
mallow II. Sand 5.2 248 ¢ 720 ¢ 1171b 713
6.1 499 e 1531 f 2128d 1386
Mean 231 734 1338 768

*values in columns followed by the same letters did not differ significantly according to Tukey’s test
(P=0.05).
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Figure 1. Concentration of Zn (a) and Pb (b) in plant biomass of
Miscanthus giganteus and Virginiamallow depending on soil and study
yedr.

complex to ahigher degree, and thuslessavailableto plants® 4.7,
By analysing the values of an indicator of bioaccumulation of
Znand Pb (Table 3) in the biomass of plantsfromthefirst harvest,
it can be concluded that they were generally higher for Virginia
mallow than for miscanthus. In addition, regardless of the species
of plants, theseindicators had aways higher valuesfor zinc than
lead; the highest for the biomass of plantsfrom the soil with lower
soil pH. According to Kabata-Pendias and Pendias * and
Kuboi et al.®®, dicotyledon plants, including Virginia mallow,
accumulate higher amounts of toxic heavy metals in the aeria

Table 3. Indicator of biocaccumulation of Znand Pbin plant
biomassof miscanthusand mallow for 2008.

Object pH of Miscanthus Mallow
soil Zn Pb Zn Pb
1. Loam 5.7 0.59 0.048 1.12 0.182
6.3 0.28 0.024 0.84 0.058
II. Sand 52 0.88 0.019 1.08 0.034
6.1 0.30 0.019 0.20 0.015
Mean 0.51 0.028 0.81 0.072
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parts of plants in relation to monocotyledons,including
Miscanthus giganteus. According to the mentioned authors and
Korzeniowskaet al. °, zincisan element, whichisusually absorbed
in the highest quantities of aerial parts of plants, while lead is
generally absorbed in roots °. Furthermore, under conditions of
soil contamination with Zn and Pb, plants collect more of thefirst
rather than the second element, since zinc isamore mobile metal
and more easily accessible for plantsthan lead + 22,

Under the conditions of the experiment, the greatest quantities
of zinc were absorbed and accumulated in the biomass by
Miscanthus giganteusin thethird year of growing (718 mg Zn per
plot), while Virginia mallow, in the first year of its growing
accumulated 169 mg Zn per plot; from sandy soil at itslower pH
(Fig. 2a). Average removal of zinc in the biomass of miscanthus
was about 3 times higher and amounted to 283, and for mallow
98 mg Zn per plot per year. The amount of lead uptakein crops of
the tested plants was significantly smaller, on average, for
miscanthus up to 80 timesand for mallow 40 timeslower compared
with zinc. Most Pb was collected in the biomass of plantsin the
first year of cultivation (Fig. 2b), with the exception of the
miscanthus growing on the sandy soil with alower pH. It took
most of thiselementinthethird year of growing (8.5 mg of plot).
Average removal of lead from the plot, under the conditions of
the experiment, was higher for miscanthus and reached 3.6 while
for mallow it was 2.3 mg Pb per plotintheyear.

Theabsorption of Znand Pbfrom soil by plantsisavery complex
process, depending on many factors including the species and
variety of plants *6 11320 The excess of elements in the soil
frequently causestheir excessive accumulation in plants, even of
the components necessary for plant development including Zn.
The amount often exceeds their physiological needs. Excess of
these elements can be toxic to the growth and development of
plants. Tolerance of plant speciesto the pollution of soil with trace
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Figure2. Accumulation of Zn (a) and Pb (b) in plant biomass of Miscanthus
giganteusand Virginiamallow depending on soil and study year.
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edementsisdifferent. It isdescribed quitewell in literature 141718,
Tolerance of energy cropsto selected environmental pollutionis
also different and widely studied. It concerns plant species and
varietiescultivated under different climatic conditionsin different
regions of theworld, often characteristic for them 351012,

Conclusions

Preliminary test resultsonthefirst 3 yearsof cultivation of plants
allow to formulate the following conclusions:

1.Perennial energy crops, including Miscanthus giganteusand
Virginiamallow can begrown on the soilsmoderately contaminated
with zinc and lead. Miscanthus is a more tolerant species to the
total contamination of soil with Zn and Pb to mallow.

2.Miscanthus grown on the soil moderately contaminated with
Zn and Pb always yields better, and accumulates much higher
amounts of heavy metalsin the biomass of plant in comparisonto
Virginiamallow.

3.The possibility of bioaccumulation of zinc and lead in the
biomass of the tested plants— phytoextraction of Znand Pb from
the soils contaminated with these metals are much higher for
Miscanthus giganteusthan Virginiamallow, and also significantly
higher for zinc than thelead.
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