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Abstract
According to the Greek Ministry of Environment, there are 2,000 contaminated sites in Greece. The agricultural production in these sites should

be evaluated to provide an assessment and recommendations on the necessary actions required for crop sustainability. This study investigated

the  effects  of  heavy  metals  on  White  clover  (Trifolium  repens L.)  growth  in  an  above-referenced  multi-metal  contaminated  site  in  the

absence/presence of  zeolite  as  an agent  empowering the rehabilitation of  pollution and immobilization of  heavy metals.  The addition of  1%

zeolite to the polluted soils significantly contributed to plant growth by limiting the availability of Cd, Pb and Zn. However, the dry biomass of

plants grown in the presence of zeolite was evaluated to be unsuitable as a raw material (feed) in livestock production, due to the high Cd toxicity.

In  the  context  of  sustainable  production,  this  study  aims  to  holistically  approach  and  evaluate  mechanisms  of  phytoremediation,

bioaccumulation and the disposal of the bioaccumulator as a high value-added product (feed).
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 Introduction

Industrial  areas  near  arable  land  and  coastal  locations  may
engender  a  wide  variety  of  environmental  problems  with
impacts  that  extend  considerably  beyond  the  plant  sites
(Malizia  et  al.,  2012; Muthusaravanan  et  al.,  2018).  These
impacts  range  from  relatively  minor  disturbances  (such  as
temporary)  to  major  disruptions  e.g.,  water  and  soil  pollution
caused  by  toxic  chemicals  such  as  heavy  metals  (Tóth  et  al.,
2016).  The  most  commonly  found  heavy  metals  in  industrial
waste include arsenic, cadmium, chromium, copper, lead, nickel
and  zinc  (Papamanolis  et  al.,  2018)  and  are  the  most  frequent
form  of  environmental  pollution  around  industrial  areas
(Malizia  et  al.,  2012).  Previously  studies  indicated  that  the
interaction  between  Pb  (II)  ions,  organic  matter  (humic  acids)
(Giannakopoulos et al.,  2005) and clays (Giannakopoulos et al.,
2006) results in the formation and stabilization of new radicals
with  a  striking  feature  being  their  unusually  low  g-values,  i.e.,
below  the  free  electron  g-value  allowing  for  the  formation  of
stable  chelating  Pb  (II)  complexes  of  Pb  (II)  with  humic  sub-
stances  of  soil.  This  metal-accumulation  in  soils  at  concentra-
tions  above  the  upper  limit  may  cause  soil  malfunctions  and
toxicity  in  plants,  animals  and  humans  (Tóth  et  al.,  2016; MEF,
2007). In the case of plants, the heavy metal uptake is evaluated
by  the  bioaccumulation  factor  (BF)  (Zhuang  et  al.,  2007).  As
reported by Netty et al. (2013), if BF > 1, the plants are defined
as 'metal super' accumulators; when the BF ranges between 0.1

and  1  the  plants  belong  to  the  'moderate'  accumulators;  and
when the BF is between 0.01 and 0.1 the plants are classified as
'weak' accumulators.

According  to  the  principles  of  sustainable  development  in
order to preserve natural  resources and minimise the environ-
mental  impact  of  pollution  upon  plants,  animals  and  humans,
every agricultural production in multi-metal contaminated soils
must  be  evaluated  and  provide  an  assessment  and  recom-
mendations  on  the  necessary  actions  required  for  crop  sus-
tainability  (Tripathi  et  al.,  2017).  Nowadays,  natural  zeolites
have  been  increasingly  used  in  various  application  areas  such
as  industry  (Mench  et  al.,  2002),  agriculture  (Tsadilas  et  al.,
1997), environmental protection, and even medicine (Eroglu et
al.,  2017).  More  than  40  naturally  occurring  zeolites  were
reported  by  different  research  groups,  and  clinoptilolite,
erionite, chabazite, heulandite, mordenite, stilbit and philipsite
are the most well-known (Eroglu et al., 2017; Polat et al., 2004).
Natural zeolites were discovered more than 200 years ago, and
are  studied  due  to  their  peculiar  characteristics  such  as  high
degree  of  hydration,  high  degree  of  crystallinity,  low  density
and  the  large  volume  of  free  spaces  (dehydrated);  shape
selectivity,  ion  exchange  characteristics,  catalytic  characte-
ristics, sorption of molecules and ions and electric conductivity
(Morante-Carballo  et  al.,  2021).  They  can  be  described  as
'crystalline  aluminosilicates  with  a  three-dimensional  structure
based  on  repeating  units  of  silicon-oxygen  (SiO4)  and
aluminium-oxygen (AlO4) tetrahedra', and are also attributed as
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'molecular  sieves'  due  to  their  ability  to  accept  and  reject
molecules  based  on  their  size  (Morante-Carballo  et  al.,  2021).
The  studies  mainly  focus  on  water  treatment,  wastewater
management, soil decontamination, and nuclear waste. Zeolite
applications in environmental remediation are mainly due to its
ion  exchange  properties,  where,  depending  on  the  type  of
zeolite, its pore size, the shape of its internal channels, and the
type of exchange cation—it can interact with cations from the
environment,  with  which  it  can  have  high  selectivity  such  as
heavy metals (Morante-Carballo et al., 2021).

The  most  common  for  agricultural  applications  is  clinopti-
lolite  since  it  has  high  absorption,  cation  exchange,  catalysis
and  dehydration  capacities  (Polat  et  al.,  2004).  Its  ability  to
absorb  toxic  and  radioactive  ions  from  liquids  and  soils  is  of
great  importance  to  ecology  and  human  health  (Misaelides  et
al.,  2011).  Kim  et  al.  (2012),  indicated  that  the  zeolite  demon-
strate  high heavy metal  immobilization efficiency,  reduces the
availability of plants, and simultaneously mitigates the threat of
food chain contamination with heavy metal  ions.  In  particular,
the  addition  of  zeolite  (at  concentration  <  1%)  in  the  metal-
contaminated soils contributes significantly to plant growth by
limiting the availability of heavy metals (Muthusaravanan et al.,
2018).  As  reported  by  Ahmed  et  al.  (2010),  and  Prasad  et  al.
(2014),  the  presence  of  zeolite  in  a  metal  contaminated  soil
increases the soil surface due to its porous structure and results
in  better  aeration  of  the  plants.  Since  zeolite  absorbs  heavy
metals and nutrients enables the increase of plant growth and
crop yield.

A survey report issued by the Greek Ministry of Environment
on  the  rehabilitation  of  sites  contaminated  by  industrial  and
hazardous  waste  showed  that  there  are  2,000  contaminated
sites in Greece, out of which 300 need immediate rehabilitation
according to the principles of sustainable development in order
to preserve natural  resources and minimise the environmental
impact of pollution on future generations (GME, 2016).

The  purpose  of  this  investigation  was  to  examine  the
alternative  use  of  white  clover  as  a  metal  accumulator  plant
and as a raw material (feed) after its cultivation in heavy-metal
contaminated  soils.  The  selection  of  white  clover  is  due  to  its
properties  as  a  versatile  plant  species  that  is  widely  used  in
sustainable agriculture to improve soil  fertility (Abbasi & Khan,
2004)  and  has  great  agronomic  value  as  it  is  used  as  forage,
cover crop and a basic feed (Bailey & Laidlaw, 1998). In addition,
the possibility of using zeolite as a strengthening agent for the
restoration of pollution and the immobilization of heavy metals
was  assessed.  The  aforementioned  characteristics  are  in
accordance  with  the  new  EU  Common  Agricultural  Policy
(Green  Deal)  (EC,  2020).  Nowadays,  the  EU  Farm  to  Fork
strategy has increased the urgency to focus research on the use
of white clover for reduction of chemical N fertiliser use and the
restoration of pollution and the immobilization of heavy metals
(EC,  2020a).  In  this  framework,  the  evaluation  of  the  effects  of
heavy metals on crop growth in multi-metal contaminated soils
is  necessary for reducing the associated risks,  making the land
resources available for agricultural production, enhancing food
security  and  scaling  down  land  tenure  problems  arising  from
changes in the land use pattern (EC, 2020a; Tripathi et al., 2017).

 Materials and methods

 Experiment soil sampling

Soil  sampling  was  applied  according  to  the  protocol
developed by Ahmad et al. (2018), and carried out on two field
sites  in  the  Thessaly  Region  of  Greece.  The  first  experimental
site  (coded  as  polluted  soil,  'P')  was  located  on  soil  polluted
with heavy metals (Pb, Cd and Zn) in Volos, Greece (GME, 2016).
In  particular,  the  'P'  site  is  agricultural  land  affected  by  heavy
metals  soil  contamination  resulting  from  a  decommissioned
industrial  activity.  This  soil  has  contents  of  Cd,  Pb and Zn that
exceed the limits set by Greek law for arable lands (GME, 2015)
and  on  the  basis  of  the  GME's  survey  (GME,  2016)  needs
immediate  rehabilitation  according  to  the  principles  of
sustainable  development  (Tripathi  et  al.,  2017).  The  second
experimental site (coded as unpolluted soil, 'C') was located on
unpolluted land (control) surrounding the Institute of Industrial
and  Forage  crops  of  the  Hellenic  Agricultural  Organization-
Demeter (HAO-DEMETER) at Larissa, Greece.

 Soil sample preparation
Soil  samples  were  collected,  according  to  the  protocol

developed by Ahmad et al. (2018), from the outer surface, i.e., 5
to 30 cm depth, after removing surface contamination that may
consist  of  leaves  or  other  transportable  materials  using  a  soil
sampler  or  a  simple  shovel,  up  to  the  depth  of  30  cm.  The
samples  were  collected  in  self-locking  polythene  bags  and
were sealed in double bags. The samples were then mixed and
dried at 30 °C for 48 h, then ground with a porcelain mortar and
pestle and sieved through a 2 mm sieve to remove large debris,
stones  and pebbles.  The <  2  mm fraction of  the  soil  was  used
for all soil analyses.

 Soil analysis
Soil  physicochemical  analysis  was  performed  according  to

the protocol developed by Allison (1965), and Allison & Moodie
(1965), whilst the essential nutrients such as Nitrogen, Phospho-
rus,  and  Potassium  were  determined  as  described  by
Hutchinson  &  Meema  (1987).  Particle-size  analysis  was
performed by the hydrometer method (Bouyoucos et al., 1962),
pH  and  electrical  conductivity  (EC)  were  measured  in  1:1
suspension with water, and organic carbon was determined by
the wet oxidation method (Walkley & Black, 1934). The method
used  for  carbonate  content  was  the  Bernard  method,  by
measuring  the  evolved  CO2 after  the  addition  of  HCl  (Nelson,
1982). Soil-available P was extracted by employing the method
suggested  by  Olsen  &  Sommers  (1982)  and  determined  using
spectrophotometry.  Exchangeable  cations  were  determined
after  extraction  with  1M  CH3COONH4 at  pH  7  (Knudsen  et  al.,
1982),  with a Jenway PFP7 flame photometer  used for  measu-
ring K (Jones & Case, 1990).

Moreover,  the  total  metal  (Cd,  Pb,  and  Zn)  concentrations
were determined by an atomic absorption spectrophotometer
(Thermo  Scientific,  iCE  3000  Series)  according  to  Hutchinson
and  Meema's  protocol  (Hutchinson  &  Meema,  1987)  as
described  in  the  EPA  3050  method  (determination  of  pseudo-
total  heavy  metals  in  soil  samples  by aqua  regia digestion  at
140 oC  for  5  h  with  3:1  concentrated  HCl  :  HNO3)  (ISO/DIS
11466,  1994).  Pseudo-total  metals  in  particular,  are  acid-
leachable metals that are not part of the silicate matrix (Relic et
al.,  2011).  All  the  results  are  summarised  in Table  1.  X-ray
diffraction (XRD) was performed on the soil  samples 'C'  and 'P'
to  assess  the  altered  degree  of  mineralogical  composition  in
the soils after amendments were added (1% Zeolite), in order to
decipher  the  soil-texture  of  the  modified  soils  as  described
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earlier  (Michas  et  al.,  2020).  Powder  X-ray  diffraction  (XRD)  of
the  soils  was  performed  on  a  Bruker  D8  Advance  diffracto-
meter,  using a nickel-filtered CuKα (1.5418 Å) radiation source.
The data collection was carried out in the range of 5° ≤ 2θ ≤ 80°
with  a  step  of  0.02°  and  an  acquisition  time  of  0.5  s  and
diffraction  data  were  analyzed  by  the  Bruker  DIFFRAC.EVA
software,  using  the  fully  Crystallography  Open  Database,  as
described earlier (Flogeac et al., 2005).

 Natural zeolite (Clinoptilolite)
Clinoptilolite rich tuff Zeolite (commercial sample: BZM 0.15,

supplied by Imerys Minerals AD, Bulgaria) was used in this work
is  from the Beli  Plast  deposit  (Bulgaria)  and contains  nearly  85
wt.  %  clinoptilolite,  opal-CT  ~15  wt.  %  and  cation  exchange
capacity  (CEC)  >  150 cmol+/kg.  The chemical  composition (wt.
%)  –  69.62  SiO2,  13.62  Al2O3,  2.94  K2O,  0.55  Na2O,  0.75  Fe2O3,
0.11  TiO2,  3.28  CaO  and  0.9  MnO  of  this  clinoptilolite  results
from  the  following  crystal  chemical  formula:
Na0.3K1.8Ca2.0Mg0.3Al6.3Si28.7O72.21H2O (Lihareva et al., 2015).

 Pot culture experiments
In  order  to  investigate  the  soil  remediation  potential  of

zeolite  we applied 1% zeolite  in  a  heavy-metal  polluted Greek
soil  cultivated with white  clover  and in  a  non-polluted control
soil.  The  addition  of  amendments  into  the  soil  could  make
heavy  metals  less  bioavailable  and  thus  could  be  suitable  for
heavy  metal  uptake  mitigation  by  plants  (Ahmed  et  al.,  2010;
Prasad  et  al.,  2014).  However,  information  about  the  effect  of
inorganic  amendments  on  agricultural  soils  mainly  with  Cd
(metal  with  high  toxicity  degree)  is  scarce.  Keller  et  al.  (2005)
reported  that  the  addition  of  zeolite  in  heavy  metal-polluted
soil  at a dose of 1%, instead of 5%, was the most efficient way
for  reducing  the  average  Cd  concentration  in  tobacco  plants.
Under  these  considerations,  pot  experiments  were  performed
in  a  HAO-DEMETER  greenhouse  to  investigate  the  bio-
accumulation  capacity  of  White  clover  in  a  Cd,  Pb,  and  Zn
polluted soil remediation program in conjunction with incorpo-
rating 1% zeolite into the soil, as described earlier (Michas et al.,
2020).

Briefly,  an  equal  number  of  pots  were  filled  with  3  kg  of
contaminated,  soil  'P'  (12  pots)  and  non-contaminated,  soil  'C'
(12 pots). For each soil type half of the pots (6 pots in each soil)
were treated with 1% zeolite per kg as descripted by Keller et al.
(2005).  Twenty  seeds  of  white  clover  per  pot  were  sown  for
each  soil  treatment  while  non-sown  pots  per  treatment  were
left as a control. Three replicates were applied that correspond
to 24 pots in total. Across all the treatments, 1.1 g P was applied
to  pots  sown  with  white  clover  (Pederson,  1995)  after  taking
into  account  the  soil  content  of  the  above nutrients  based on

Table 1. The protocol proposed by Li et al. (2018), was followed
during  the  growth  period  whereby  all  the  pots  remained  free
from weeds. The moisture content of each pot was adjusted to
60% of soil water capacity (Li et al., 2018) by weighing the pots
twice  a  week  and  supplementing  the  corresponding  water
quantity.  For  the  water  capacity  calculation,  the  weight  of  dry
soil  in  each  pot  was  calculated  and  subsequently  water  was
added  until  saturation.  The  pot  was  weighed  again  and  the
difference  corresponded  to  the  water  capacity  value.  Total
plant samples were collected 90 d after sowing. Samples were
washed  with  tap  water  to  eliminate  soil  particles,  rinsed  with
0.1 M HCl and 0.1% soap substitute and deionized water, dried
at 75 °C for 24 h and the dry matter was finally measured.

 Quantitative analysis of metal uptake by plants:
bioaccumulation factor (BF)

The  BF  in  white  clover  plants  with  Cd,  Pb,  and  Zn  was
calculated with the following equation (1) (Zhuang et al., 2007):

BF =
Cpt

Cs
(1)

where: Cpt is the metal concentration in plant tissue, and Cs is the
metal concentration in soil.

Specifically, Cpt corresponds to Cd, Pb, and Zn concentration
in roots and shoots, whereas Ctot corresponds to the total heavy
metal  concentration in  the soil  types used for  the experiment.
The  total  Cd,  Pb  and  Zn  concentrations  in  plant  tissues  were
determined  by  Dry  Ashing  Procedures  (Jones  &  Case,  1990),
whilst the available concentrations of Pb, Cd and Zn in the soil
were determined with the extraction method (Giannakopoulos
et  al.,  2017).  For  the  statistical  analysis  a  JPM8  statistical  pro-
gram  (SAS  Institute,  ver.  2nd,  2009)  was  used  to  analyze  the
variance and compare the means. All differences among all soil
samples were determined with One-way Anova (F-test, p < 0.05).

 Results

 Physical and chemical characteristics of the tested soils
The  composition  of  the  'C'  soil  samples  that  were  collected

from  around  the  HAO-DEMETER  institute  was  found  to  be
clayey  (USDA,  2009)  (Table  1);  the  samples  were  described  as
neutral,  pH = 7.32,  with very low organic matter,  0.67%, and a
high  ion  exchange  capacity  36.31  meq/100gr.  On  the  other
hand,  the  'P'  soil  samples  near  the  industrial  area  were  mode-
rately alkaline and rich in organic matter (3.21%) (Table 1).

The  CEC  was  high,  34.92  meq/100gr,  resulting  in  greater
sorption  and  immobilization  of  the  metals  (Lasat,  2000).  The
soil  was  sandy  loamy  belonging  to  the  coarse  soils  (USDA,
2009) with high pH (Table 1). The XRD diffractograms of the soil

Table 1.    Nutrients, physical and chemical characteristics of the tested soils.

Soil

Nutrients and physicochemical properties Metal concentration
(mg/kg dry soil)

N
(g/100g)

P
(mg/kg)

K
(cmol+/kg)

pH
(+0.01)

Organic
matter

%

CaCO3
%

CEC
(meq/100 g

dry soil)

Sand
%

Clay
%

Silt
%

Soil
type Cd Pb Zn

'P' 0.10 11 0.74 8.24 3.21 1.10 34.92 64.0 12.1 24.2 Sandy
loam 4.30a 291.10a 1,458.12a

'C' 0.11 10 1.51 7.32 0.67 2.21 36.31 31.0 44.2 25.0 Clay nd** 17.32c 76.21c
Maximum allowable values* 1.00 60.0 200.0

* Ministry of the Environment–Finland (MEF, 2007). nd**: Not Detectable. P: polluted soil, C: unpolluted soil (control). Different letters in each column indicate
statistically significant differences (F-test, p < 0.05).
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'P' and soil 'C' in Fig. 1 show major peaks of SiO2 (Flogeac et al.,
2005).

Table  1 summarizes  the  concentrations  of  heavy  metals  Cd,
Pb, and Zn in the soils used as plant substrates (not detectable,
17.32 and 76.21 mg/kg of dry soil C and 4.3, 291.1 and 1,458.12
mg/kg of dry soil  P,  in Cd, Pb, and Zn, respectively).  According
to  our  findings,  the  concentrations  of  Cd,  Pb,  and  Zn  in  the
contaminated soil 'P' were higher than the maximum allowable
values of MEF (2007) (1, 60 and 200 mg/kg of dry soil, in Cd, Pb,
and Zn, respectively).

 Dry matter measurements of white clover plants
White  clover  plants  grown  in  contaminated  soil  'P'  and

unpolluted 'C' soil, yielded higher dry matter of 2.83 g (= 8.33 −
5.50) and of 1.6 g (= 6.83 − 5.17) respectively, when the soil was
amended with zeolite (Fig.  2).  It  is  noteworthy that  the largest
quantity of biomass for White clover plants has been observed
in contaminated 'P2' soil in the presence of zeolite. In particular,
the  addition  of  zeolite  in  'P'  and  'C'  soils  increased  the  dry
biomass of plants by 51.4% and 32.1%, respectively.

 Concentration of Cd, Pb and Zn on the total plant tissue
(roots and shoots) of white clover plants

The  heavy  metal  bioaccumulation  order  in  the  total  plant
tissues of white clover plant followed the sequence: Zn > Pb >
Cd. The concentrations of Cd, Pb, and Zn were also found to be
significantly  higher  in  the  total  plant  tissue  of  white  clover
grown in contaminated soil, with 1.93, 11.74 and 199.31 mg/kg
respectively,  compared  to  that  measured  in  the  total  plant
tissue  in  unpolluted  soil  (nd**),  5.58  and  60.92  mg/kg,
respectively (Table 2).

The  statistical  significant  differences  were  also  detected  in
the concentration of Cd, Pb and Zn in the total plant tissues of
white clover plants grown in contaminated soil with or without
zeolite (Table 2). The treatments of white clover grown in soil P
with zeolite showed a significant 28.8 % reduction in Zn uptake,
25.9 % reduction in Cd uptake and 32 % reduction in Pb uptake.
The  reduction  of  Pb  uptake  of  white  clover  in  soil  C  after  the
zeolite amendment was significant, reaching 34.4%.

On  the  basis  of Table  2,  it  is  noteworthy  that  the  concen-
tration  of  Cd  in  the  white  clover  plant  tissue  developed  in
contaminated  soil  with  or  without  zeolite  in  soil  was  higher,
namely 1.43, 1.93 mg/kg dry weight of plant respectively, than
normal consumption limits as dry biomass, namely 0.50 mg/kg
dry weight of plant.

 BF of white clover plants
White clover was found to act as a 'moderate' accumulator of

Cd and Zn,  whilst  the ability  of  white  clover  to  accumulate Pb
seems  to  be  'weak'  (Fig.  3).  The  addition  of  zeolite  to  the  soil
contributed to the reduction in the BF of heavy metals (Fig. 3).

 Determination of heavy metals and their availability to
plants in soils after harvesting white clover plants

A  decrease  in  the  total  concentration  of  Cd  (45.81%),  Pb
(25.91%), and Zn (31.64%) was observed in the polluted soil 'P1'
without  the  addition  of  1%  zeolite  (Tables  1 & 3)  after  the
cultivation  of  white  clover.  This  decrease,  in  case  of  the

(Ⅱ)
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soil 'P2'
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Fig.  1    X-ray  powder  diffraction  pattern  of  the  (I)  soil-'C'  and  (II)
soil-'P'.  The  dotted  lines  show  similar  peaks.  (C1:  unpolluted  soil,
C2: unpolluted soil with the addition of 1% zeolite, P1: polluted soil
and P2: polluted soil with the addition of 1% zeolite).
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Fig. 2    Dry weight of white clover plants grown on the different
tested  soils.  (P1:  polluted  soil  without  the  addition  of  1%  zeolite,
P2: polluted soil with the addition of 1% zeolite, C1: unpolluted soil
without  the  addition  of  1%  zeolite,  C2:  unpolluted  soil  with  the
addition of 1% zeolite). * Different letters in each column indicate
statistically significant differences (F-test, p < 0.05). Values ± SD.

Table 2.    Concentration of Cd, Pb and Zn in the total plant tissue of white
clover plants.

Soil
White clover (mg/kg dry weight of plant)

Cd Pb Zn

P1 1.93a* 11.74a 199.31a
P2 1.43b 7.98b 141.95b
C1 nd** 5.58c 60.92c
C2 nd** 3.66d 54.16c

Normal consumption
limits as dry biomass:

0.50 30.00 300.00

P1: polluted soil without the addition of 1% zeolite, P2: polluted soil with the
addition  of  1%  zeolite,  C1:  unpolluted  soil  without  the  addition  of  1%
zeolite, C2: unpolluted soil with the addition of 1% zeolite. *Different letters
in each column indicate statistically significant differences (F-test,  p < 0.05)
nd**: not detectable.
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polluted  soil  'P2'  with  the  addition  of  1%  zeolite  was  lower,
namely: 39.01 % for Cd, 24.31% for Pb, and 28.45% for Zn (Table 3).
Also,  there  is  a  statistically  significant  difference  between  the
total and available heavy metals' soil concentration in polluted
and  unpolluted  soil,  studied  after  the  plants  harvest  (Table  3).
The potentially available metal fraction in soils may be a strong
indication  of  recent  metal  depositions.  Thus,  using  both  total
and potential available data sets for metal forms and examining
their interrelations may assist with comprehending the possible
effects  by  metals  levels  in  soils  on  biological  systems  and  the
sources of current pollution events (Massas et al., 2013; Michas
et al., 2020). However, after the white clover plants harvest, the
total and available metal concentrations in the soil followed the
descending  order:  Cd  >  Zn  >  Pb,  independently  of  the
treatment used with or without zeolite (Table 3).

 Discussion

The low percentage addition of  zeolite  in  soil  (Michas  et  al.,
2020)  did  not  alter  the  soil  matrix  as  was  found  by  the  XRD
diffractograms  (Fig.  1).  On  the  other  hand  the  polluted  soils
where  rich  in  organic  matter  (Table  1),  as  compared  to  the
average content of organic matter in Greek soils, which ranges
between 1-2.5% (Zdruli et al., 2004).

To assess the level of heavy metals concentration in the soil,
we consulted the maximum allowable limits of heavy metals in
the soil that was adopted by the Finnish legislation (MEF, 2007)

and after  investigation between the many different  options of
European  countries  (EC)  (Tóth  et  al.,  2016).  As  mentioned  by
Carlon  et  al.  (2007),  the  above  metal  concentration  limits  of
MEF  (2007),  taken  into  account  herein,  represent  the  average
values  in  the  national  laws  of  different  European  Union
countries,  and  are  internationally  implemented  for  evaluating
and  utilizing  polluted  soils  in  agricultural  production  (UNEP,
2013).

Hence  the  studied  soil  was  heavily  polluted  with  heavy
metals (Table 1), indicating that the industrial zone significantly
contributes to the contamination of the adjacent areas with Cd,
Pb  and  Zn  (MEF,  2007).  In  addition,  as  reported  by  Iqbal  &
Saeed  (2007)  and  by  Vijayaraghavan  &  Yun  (2008),  in  alkaline
soils with pH > 8, the available concentration decreases due to
precipitation  and  hydrolysis  of  the  metal  complexes,  while
some  heavy  metals  were  combined  with  carbonated  ions  by
replacing  calcium  in  the  crystalline  matrix  of  the  carbonated
minerals, thus limiting their availability (Hooda, 2010).

The  application  of  zeolite  in  both  control  and  polluted  soils
resulted  in  the  increase  of  white  clover  dry  biomass  (Fig.  2).
These  results  are  in  accordance  with  Lin  &  Zhou  (2009),
whereby  the  incorporation  of  zeolite  into  soil  contaminated
with  Pb,  Cd  and  Cu  has  a  positive  effect  on  plant  growth  by
preventing the uptake of heavy metals. As reported by Bidar et
al.  (2007),  this  could  be  attributed  to  the  physiological
resistance  mechanisms  with  less  oxidative  damage  in  white
clover  in  comparison  to  other  plants.  Plants  exposed  to  envi-
ronmental  stress  (i.e.  temperature  changes,  UV  light,  ozone
exposure,  water  deficiency,  metallic  ion  excess,  presence  of
redox active heavy metals)  generally  showed some alterations
in  the  electron  transport  processes  such  as  photosynthesis
(chloroplast)  and  mitochondrial  respiration.  Thereafter,  the
disruption  in  the  electron  transport  contributes  to  Reactive
Oxygen Species (ROS) production, as well as the impairment in
sophisticated  enzymatic  and/or  non-enzymatic  ROS  scaveng-
ing  systems.  To  counteract  the  adverse  effects  of  ROS,  plants
developed antioxidant defense systems comprising enzymes as
catalases,  peroxidases  superoxide  dismutases  and  non-
enzymatic  constituents  (a-tocopherol,  ascorbate,  reduced
glutathione,  etc.),  which  remove,  neutralize,  and/or  scavenge
oxidative species (Bidar et al., 2007).

As  expected,  the  total  plant  tissue  of  white  clover  in  the
polluted soil  was found to possess  significant  higher  values of
heavy metals (> 110%) than in the control soil (Table 2), which
are  in  accordance  with  Rebah  et  al.  (2002),  and  Khan  et  al.
(2011).  Moreover,  the  application  of  zeolite  resulted  in  the
significant reduction of the heavy metals uptake of white clover
in  the  polluted  soil  (Table  2),  that  is  in  line  with  Chlopecka  &
Andriano  (1997),  which  found  that  zeolite  and  apatite  can
reduce the Cd, Pb and Zn accumulation in maize leaves. In fact,
zeolite  with  its  negative  charge  provides  an  ideal  trap  for
positive  cations  such  as  Na+,  Ca2+,  Mg2+ and  K+,  and  for
positively  charged  groups  such  as  water  and  NH4

+ (Taffarel  &
Rubio,  2009).  Therefore  carbonate  and  nitrate  ions  can  be
bound within zeolites. Inasmuch, metallic cations are attracted
in  the  same  way  and  water  can  be  absorbed  by  zeolites
(Rhoades, 1982). Absorbed cations due to their weak attraction
are  relatively  mobile  and  can  be  replaced  by  using  ion-
exchange  techniques.  In  addition,  as  reported  by  Kim  et  al.
(2012),  zeolites  have  a  wide  range  of  surface  areas  contain-
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Fig. 3    Bioaccumulation factor (BF) of white clover for Cd, Pb, and
Zn.  (P1:  polluted  soil  without  the  addition  of  1%  zeolite,  and  P2:
polluted  soil  with  the  addition  of  1%  zeolite,).  Different  letters  in
each column indicate statistically significant differences (F-test, p <
0.05). Values ± SD.

Table  3.    Total  and  available  metal  concentration  in  the  soils  after
harvesting white clover plants.

Soil

Metal concentration (mg/kg dry soil)

Total Available

Cd Pb Zn Cd Pb Zn

P1 2.33a 215.67a* 996.67a 0.39a 31.00a 84.67a
P2 2.74b 220.33b 1043.33b 0.40a 32.33a 93.67b
C1 nd** 12.00c 73.33c nd** 2.07b 5.97c
C2 nd** 13.33c 70.00c nd** 2.1b 6.87c

P1: polluted soil without the addition of 1% zeolite. P2: polluted soil with the
addition  of  1%  zeolite.  C1:  unpolluted  soil  without  the  addition  of  1%
zeolite. C2: unpolluted soil with the addition of 1% zeolite. * Different letters
in each column indicate statistically significant differences (F-test, p < 0.05).
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ing  multi-functional  groups  where  heavy  metals  can  be
adsorbed and complexed.

Nevertheless,  since  for  the  case  of  Cd  the  application  of
zeolite  did  not  result  in  the  reduction  of  its  content  in  soil  in
lower  levels  than  0.5  mg/kg  (Table  2),  this  signifies  that  the
consumption of its dry mass from animals such as cattle, sheep,
pigs  and  chickens  could  cause  serious  toxic  effects  and  even
lead to death. Potentially,  if  the concentration of heavy metals
in roots and shoots had been measured separately,  the results
could be more encouraging with regard to its consumption by
animals.  This is  confirmed by studies of Bidar et al.  (2007),  and
Farrag et al. (2016), according to which the roots of white clover
plants store higher concentrations of Cd, Pb and Zn than those
measured  in  the  shoots  (stem)  and  leaves  of  the  plant.  As
reported by Farrag et al. (2016), this limitation can be overcome
by the removal of the roots of white clover plants from biomass
(animal feed), resulting in low risk to animals (NRC, 1980).

In this point it is important to state that even if the ability of
white  clover  to  accumulate  Pb  seems  to  be  'weak',  the  appli-
cation  of  zeolite  resulted  in  32%–34.4%  reduction  in  both
polluted and control soil  (Table 2).  Therefore,  the synchronous
application  of  zeolite  and  white  clover  could  result  as  a  good
practice for soil rehabilitation.

Our  findings  are  in  accordance  with  Pricop  et  al.  (2010),
regarding  the  bioaccumulation  capacity  of  white  clover  in
heavy  metal  contaminated  soils.  Additionally,  Peuke  &
Rennenberg  (2005)  found  that  constructive  and  cost-effective
phytoremediation  requires  the  use  of  plants  with  a  bioaccu-
mulation  coefficient  over  10  and  biomass  production  capacity
of  at  least  20  tn/ha,  or  alternatively  the  plants  must  at  least
have  a  bioaccumulation  coefficient  of  20  and  biomass
production  greater  than  10  tn/ha.  On  the  other  hand,  the
investigation of  Ali  et  al.  (2012),  showed that  the  use  of  white
clover alexandrinum for  phytoremediation  (by  considering
uprooting  the  plants  in  which  case  the  accumulated  heavy
metals  in  the  roots  are  removed  from  the  soil)  has  many
advantages.  For  example,  it  produces  considerable  biomass,
has  a  relatively  short  life  cycle,  is  resistant  to  prevailing
environmental  and  climatic  conditions  and  above  all  offers
multiple  harvests  in  a  single  growth  period.  Thus,  this
candidate  species  can  be  used  for  phytoremediation  of  toxic
heavy metals (Michas et al., 2020).

According  to  Massas  et  al.  (2013),  using  both  total  and
potential  available  data  sets  for  metal  forms  and  examining
their interrelations may assist with comprehending the possible
effects  by  metals  levels  in  soils  on  biological  systems  and  the
sources of current pollution events (Table 3). In this context we
found that the addition of zeolite soil controls the heavy-metal
pollution  in  the  soil  matrix  (Table  3),  not  allowing  the  white
clover plants to bio-accumulate them into their biomass (Table
2). According to Ahmed et al. (2010), the presence of zeolite in
the soil increases the retention of heavy metals as an absorber,
thus,  increasing  crop  yield.  In  fact,  Ali  et  al.  (2012),  indicated
that  the  white  clover  species  such  as  Trifolium alexandrinum
can  be  used  for  phytoremediation  of  toxic  heavy  metals  and
metalloids,  including  Cd,  Pb,  and  Zn  (Gatliff  et  al.,  2016).
Nevertheless, the total concentration of metals in the soil after
the cultivation of white clover plants is lower but still above the
permitted  limits  (Table  3)  for  Cd,  Pb,  and  Zn  (MEF,  2007),  so
perhaps  the  systematic  monoculture  of  white  clover  with  or
without  the  zeolite  amendment  in  the  future  may  define

whether  the  time  and  energy  cost  are  enough  to  justify  the
practice.

 Conclusions

This  study  demonstrated  that  the  white  clover  plant  is  a
'moderate' accumulator  of  Cd and Zn,  while  its  ability  to  accu-
mulate  Pb  is  'weak';  the  addition  of  zeolite  in  the  heavy  metal
contaminated  soils  can  minimise  metal  pollution  in  the
environment  and positively  contribute  to  the  growth of  white
clover  plants.  Moreover,  the  study  showed  that  the  concen-
tration  of  Cd  in  the  white  clover  plant  tissue  developed  in
contaminated soil  with or  without zeolite  in soil  was higher in
its dry biomass than the normal consumption limits. Therefore,
the  white  clover  dry  biomass  consumption  from  animals  such
as  cattle,  sheep,  pigs  and  chickens  could  cause  serious  bio-
accumulation  toxic  effects  and  even  lead  to  death.  Conse-
quently,  the  white  clover  alone  seems  to  be  inappropriate  for
soil  remediation  from  Cd  contamination  in  the  context  of
sustainable  development.  On  the  other  hand,  the  concentra-
tions of Pb and Zn in the total plant tissue of white clover plants
are  below  the  maximum  allowable  limits  for  animal  feed,
resulting  in  low  risk  to  animals.  In  order  to  achieve  this  goal
contaminated  fields  with  high  concentrations  of  heavy  metals
should  not  be  left  unexploited  during  any  growing  season  in
order to decontaminate or  reduce their  pollution (exploitation
of contaminated fields). Furthermore, previously polluted fields
can  be  decontaminated  or  reduce  their  pollution  with  white
clover which can be promoted for other uses such as dry fodder
or  for  energy production contributing to  the financial  support
of  farmers.  Moreover,  the  reduction  of  the  soil  heavy  metals
concentration  leads  to  a  reduction  of  the  toxic  elements
amount that enter the underground aquifer with direct positive
effects on the agro-ecosystem and the environment in general.
Finally, the application of zeolite contributes to the increase of
agricultural  production  as  well  as  to  the  production  of  safe
agricultural  products.  These  results  are  expected  to  increase
the productive actors'  awareness on environmental  issues and
particularly on those related to the preservation of soil quality.
In  fact  since  soil  is  a  natural  resource  closely  related  to
agricultural  productivity  it  is  our  outmost  duty  to  protect  it  in
order to provide sustainability for the future generations.

Acknowledgments

Preliminary results of the project were presented at the 11th

European  Conference  on  Pesticides  and  Related  Organic
Micropollutants  &  17th Symposium  on  Chemistry  and  Fate  of
Modern  Pesticides  in  Ioannina,  Greece  23  to  26  June  2022.  A
part  of  the  research  project  was  funded  by  the  University  of
Patras,  in  the  frame  work  of  the  program  'MEDIKOS,  81938'.
Also,  we would  like  to  thank Institute  of  Industrial  and Forage
crops  HAO-DEMETER  in  Larissa,  Greece  for  the  logistic
infrastructure that was provided in the experiments.

Conflict of interest

Marios  Drosos  is  the  Editorial  Board  member  of  Journal Soil
Science  and  Envrionment.  He  was  blinded  from  reviewing  or
making decisions on the manuscript. The article was subject to
the  journal's  standard  procedures,  with  peer-review  handled

 
Soil remediation by Trifolium crop and zeolite

Page 6 of 8   Sotiriou et al. Soil Science and Environment 2023, 2:4



independently of this Editorial Board members and his research
groups.

Dates

Received  5  March  2023;  Accepted  20  April  2023;  Published
online 19 May 2023

References

Abbasi  MK,  Khan  MN. 2004.  Introduction  of  white  clover  for  herbage
production and nitrogen fixation in  the  hilly  areas  of  Azad Jammu
and Kashmir. Mountain Research and Development 24(2):134−40

Ahmad  M,  Usman  ARA,  Al-Faraj  AS,  Ahmad  M,  Sallam  A,  et  al. 2018.
Phosphorus-loaded  biochar  changes  soil  heavy  metals  availability
and  uptake  potential  of  maize  (Zea  mays L.)  plants. Chemosphere
194:327−39

Ahmed OH, Sumalatha G, Muhamad ABN. 2010. Use of zeolite in maize
(Zea  mays)  cultivation  on  nitrogen,  potassium  and  phosphorus
uptake  and  use  efficiency. International  Journal  of  Physical  Sciences
5(15):2393−01

Ali H, Naseer M, Sajad MA. 2012. Phytoremediation of heavy metals by
Trifolium  alexandrinum. International  Journal  of  Environmental
Sciences 2(3):1459−69

Allison LE.  1965.  Organic  carbon.  In Method  of  soil  analysis, Part  1,  eds.
Black  CA. Madison,  Wisconsin,  USA: American  Society  of
Agronomy. pp. 1367−78.

Allison LE, Moodie CD. 1965. Carbonate. In Method of soil analysis, Part 2,
Chemical  and  microbiological  properties, eds.  Black  CA. Madison,
Wisconsin, USA: American Society of Agronomy. pp. 1379–98.

Bailey  J,  Laidlaw  A. 1998.  Growth  and  development  of  white  clover
(Trifolium  repens L.)  as  influenced  by  P  and  K  nutrition. Annals  of
Botany, 81(6):783−86

Bidar G, Garçon G, Pruvot C, Dewaele D, Cazier F, et al. 2007. Behavior of
Trifolium  repens  and  Lolium  perenne  growing  in  a  heavy  metal
contaminated  field:  Plant  metal  concentration  and  phytotoxicity.
Environmental Pollution 147:546−53

Bouyoucos GJ. 1962. Hydrometer method improved for making particle
size analysis of soils. Agronomy Journal 54:464−65

Carlon C, D'Alessandro M, Swartjes FA. 2007. Derivation methods of soil
screening values in Europe: a review of national procedures towards
harmonisation. Report.  EUR22805  EN,  Scientific  and  Technical
Research  Series.  Office  for  Official  Publications  of  the  European
Communities,  European  Commission.  Joint  Research  Centre,  Ispra
Italy. www.eugris.info/displayresource.aspx?r=6252

Chlopecka A, Adriano DC. 1997. Inactivation of metals in polluted soils
using  natural  zeolite  and  apatite. Proceedings  of  the  Extended  Ab-
stracts from the 4th International Conference on the Biogeochemistry of
Trace  Elements.  U.  S.  Army  Cold  Regions  Research  and  Engineering
Laboratory, Hanover, NH. pp. 415–16.

EC.  2020.  Sustainable agriculture in the CAP. The common agricultural
policy  takes  a  combined  and  ambitious  approach  towards  sus-
tainability.  European  Commission  (EC). https://agriculture.ec.euro
pa.eu//sustainability_en

EC.  2020a.  Farm  to  Fork  Strategy:  For  a  fair,  healthy  and  environmen-
tally-friendly  food  system. https://ec.europa.eu/food/system/files/
2020-05/f2f_action-plan_2020_strategy-info_en.pdf

Eroglu  N,  Emekci  M,  Athanassiou  CG. 2017.  Applications  of  natural
zeolites on agriculture and food production. Journal of the Science of
Food and Agriculture 97(11):3487−99

Farrag  Κ,  Elbastamy  Ε,  Ramadan  Α. 2016.  Health  risk  assessment  of
heavy  metals  in  irrigated  agricultural  crops,  El-Saff  wastewater
canal, Egypt. CLEAN - Soil Air Water 44(9):1174−83

Flogeac  K,  Guillon  E,  Aplincourt  M,  Marceau  E,  Stievano  L,  et  al. 2005.
Characterization  of  soil  particles  by  X-ray  diffraction  (XRD),  X-ray

photoelectron  spectroscopy  (XPS),  electron  paramagnetic  reson-
ance (EPR)  and transmission electron microscopy (TEM). Agronomy
for Sustainable Development 25(3):345−53

Gatliff  E,  Linton  PJ,  Riddle  DJ,  Thomas  PR.  2016.  Phytoremediation  of
soil  and  groundwater:  economic  benefits  over  traditional  metho-
dologies.  In Bioremediation  and  Bioeconomy,  ed.  Prasad  MNV.  1st

Edition.  Netherlands:  Elsevier.  pp.  589−608. https://doi.org/10.
1016/B978-0-12-802830-8.00023-X

Giannakopoulos  E,  Christoforidis  KC,  Tsipis  A,  Jerzykiewicz  M,
Deligiannakis Y. 2005. Influence of Pb(II) on the radical properties of
humic substances and model compounds. Agronomy for Sustainable
Development 109:2223−32

Giannakopoulos E,  Stathi  P,  Dimos K,  Gournis  D,  Sanakis  Y,  et  al. 2006.
Adsorption  and  radical  stabilization  of  humic-acid  analogues  and
Pb2+ on restricted phyllomorphous clay. Langmuir 22:6863−73

Giannakopoulos  E,  Kalavrouziotis  IK,  Dimitrelos  H,  Koukoulakis  PH,
Varnavas  SP,  et  al. 2017.  Evaluation  of  interactions  among  sewage
sludge  bioavailable  metals  from  WWTPs  using  DTPA  agent.
Desalination and Water Treatment 71:25−31

GME. 2015. Regulation of the Greek Ministry of Environment on Waste
Management (in Greek). Greek Ministry of Environment (GME).

GME.  2016.  Project:  "Restoration  of  contaminated  sites  from  industrial
and  hazardous  waste".  Greek  Ministry  of  Environment  (GME),
Partnership Agreement (PA) 2014−2020: Greece-European Union.

Iqbal  M,  Saeed  A. 2007.  Production  of  an  immobilized  hybrid
biosorbent for the sorption of Ni(II)  from aqueous solution. Process
Biochemistry 42:148−57

Jones  JB  Jr,  Case  VW.  1990.  Sampling,  handling,  and  analyzing  plant
tissue  samples.  In Soil  testing  and  plant  analysis,  ed. Westerman
RL. 3rd  Edition.  Madison  WI,  USA: Soil  Science  Society  of  America.
pp. 384–447

Keller  C,  Marchetti  M,  Rossi  L,  Lugon-Moulin  N. 2005.  Reduction  of
cadmium  availability  to  tobacco  (Nicotiana  tabacum)  plants  using
soil amendments in low cadmium contaminated agricultural soils: a
pot experiment. Plant and Soil 276:69−84

Khan MJ,  Jan MT,  Mohammad M. 2011.  Heavy metal  content  of  alfalfa
irrigated  with  waste  and  tubewell  water. Soil  and  Environment
30(2):104−9

Kim  KR,  Kim  JG,  Park  JS,  Kim  MS,  Owens  G,  et  al. 2012.  Immobilizer-
assisted  management  of  metal-contaminated  agricultural  soils  for
safer  food  production. Journal  of  Environmental  Management
102:88−95

Knudsen  D,  Peterson  GA,  Pratt  PF.  1982.  Lithium,  sodium,  and
potassium. In Methods of  soil  analysis, Part  2.  2nd Edition. Agronomy
Monograph, 9 (part 2). Madison, WI, USA: ASA and SSSA. pp. 225−46

Lasat MM. 2000. The use of plants for the removal of toxic metals from
contaminated soil.

Li  Y,  Luo  J,  Yu  J,  Xia  L,  Zhou  C,  et  al. 2018.  Improvement  of  the
phytoremediation efficiency of Neyraudia reynaudiana for lead-zinc
mine-contaminated soil  under the interactive effect of earthworms
and EDTA. Scientific Reports 8:6417

Lihareva  N,  Petrov  O,  Tzvetanova  Y,  Kadiyski  M,  Nikashina  VA. 2015.
Evaluation  of  the  possible  use  of  a  Bulgarian  clinoptilolite  for
removing strontium from water media. Clay Minerals 50:55−64

Lin  D,  Zhou  Q. 2009.  Effects  of  soil  amendments  on  the  extractability
and speciation of cadmium, lead and copper in a contaminated soil.
Bulletin of Environmental Contamination and Toxicology 83:136−40

Malizia  D,  Giuliano  A,  Ortaggi  G,  Masotti  A. 2012.  Common  plants  as
alternative  analytical  tools  to  monitor  heavy  metals  in  soil.
Chemistry Central Journal 6:S6

Massas I,  Kalivas D, Ehaliotis C, Gasparatos D. 2013. Total and available
heavy  metal  concentrations  in  soils  of  the  Thriassio,  plain  (Greece)
and assessment of soil  pollution indexes. Environmental Monitoring
and Assessment 185(8):6751−66

MEF  (Ministry  of  the  Environment-Finland).  2007.  Government  Decree
on  the  Assessment  of  Soil  Contamination  and  Remediation  Needs
(214/2007,  March  1,  2007). https://leap.unep.org/countries/fi/
national-legislation/government-decree-assessment-soil-

Soil remediation by Trifolium crop and zeolite
 

Sotiriou et al. Soil Science and Environment 2023, 2:4   Page 7 of 8

https://doi.org/10.1659/0276-4741(2004)024[0134:IOWCFH]2.0.CO;2
https://doi.org/10.1016/j.chemosphere.2017.11.156
https://doi.org/10.6088/ijes.00202030031
https://doi.org/10.6088/ijes.00202030031
https://doi.org/10.1006/anbo.1998.0636
https://doi.org/10.1006/anbo.1998.0636
https://doi.org/10.1016/j.envpol.2006.10.013
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://www.eugris.info/displayresource.aspx?r=6252
https://agriculture.ec.europa.eu//sustainability_en
https://agriculture.ec.europa.eu//sustainability_en
https://ec.europa.eu/food/system/files/2020-05/f2f_action-plan_2020_strategy-info_en.pdf
https://ec.europa.eu/food/system/files/2020-05/f2f_action-plan_2020_strategy-info_en.pdf
https://doi.org/10.1002/jsfa.8312
https://doi.org/10.1002/jsfa.8312
https://doi.org/10.1002/clen.201500715
https://doi.org/10.1051/agro:2005037
https://doi.org/10.1051/agro:2005037
https://doi.org/10.1016/B978-0-12-802830-8.00023-X
https://doi.org/10.1016/B978-0-12-802830-8.00023-X
https://doi.org/10.1021/jp045121q
https://doi.org/10.1021/jp045121q
https://doi.org/10.1021/la053273m
https://doi.org/10.5004/dwt.2017.20436
https://doi.org/10.1016/j.procbio.2006.07.022
https://doi.org/10.1016/j.procbio.2006.07.022
https://doi.org/10.1007/s11104-005-3101-y
https://doi.org/10.1016/j.jenvman.2012.02.001
https://doi.org/10.1038/s41598-018-24715-2
https://doi.org/10.1180/claymin.2015.050.1.06
https://doi.org/10.1007/s00128-009-9727-3
https://doi.org/10.1186/1752-153X-6-S2-S6
https://doi.org/10.1007/s10661-013-3062-1
https://doi.org/10.1007/s10661-013-3062-1
https://leap.unep.org/countries/fi/national-legislation/government-decree-assessment-soil-contamination-and-remediation
https://leap.unep.org/countries/fi/national-legislation/government-decree-assessment-soil-contamination-and-remediation


contamination-and-remediation
Mench M, Bussière S, Boisson J, Castaing E, Vangronsveld J, et al. 2003.

Progress  in  remediation  and  revegetation  of  the  barren  Jales  gold
mine spoil after in situ treatments. Plant and Soil 249:187−202

Michas  G,  Giannakopoulos  E,  Petropoulos  G,  Kargiotidou  A,
Vlachostergios  D,  et  al. 2020.  The  growth  of  Triticale  (Triticosecale
wittm) in multimetal-contaminated soils by use zeolite: A pilot plant
study. Current Environmental Management 7(1):55−66

Misaelides  P. 2011.  Application  of  natural  zeolites  in  environmental
remediation: A short review. Microporous and Mesoporous Materials
26:15−18

Morante-Carballo  F,  Montalván-Burbano  N,  Carrión-Mero  P,  Jácome-
Francis K. 2021. Worldwide Research Analysis on natural zeolites as
environmental remediation materials. Sustainability 13:6378

Muthusaravanan  S,  Sivarajasekar  N,  Vivek  JS,  Paramasivan  T,  Naushad
M,  et  al. 2018.  Phytoremediation  of  heavy  metals:  mechanisms,
methods  and  enhancements. Environmental  Chemistry  Letters
16:1339−59

National  Research  Council  (NRC).  1980.  Mineral  tolerance  of  domestic
animals,  national  academy  of  sciences.  Washington,  DC:  National
Research Council (NRC). 577 pp.

Nelson RE. 1982. Carbonate and gypsum. In Methods of soil analysis, Part
2,  eds.  Page AL,  et  al.  2nd Edition. Agronomy Monograph,  9  (part  2).
Madison, WI, USA: ASA and SSSA. pp. 181−97

Netty  S,  Wardiyati  T,  Maghfoer  MD,  Handayanto  E. 2013.  Bioaccumu-
lation  of  nickel  by  five  wild  plant  species  on  nickel-contaminated
soil. IOSR Journal of Engineering 3(5):1−6

Olsen  SR,  Sommers  LE.  1982.  Phosphorus.  In Methods  of  soil  analysis,
Part 2, eds. Page AL, et al. 2nd Edition. Agronomy Monograph, 9 (part
2). Madison, WI, USA: ASA and SSSA. pp. 403−30

Page  AL,  Chang  AC,  El-Amamy  M.  1987.  Cadmium  levels  in  soils  and
crops in the United States. In Lead, mercury, cadmium and arsenic in
the  environment,  eds.  Hutchinson  TC,  Meema  KM.  Chichester,  NY:
John Wiley & Sons. pp. 119−46.

Papamanolis  G,  Giannakopoulos  E,  Kalavrouziotis  IK. 2018.  Shipyards
waste  and  sustainable  management  in  Greece:  Case  study.
Desalination and Water Treatment 127:90−96

Pederson  GA.  1995.  White  cloves  and  other  perennial  clovers.  In
Forages,  eds.  Barnes  RF,  Miller  DA,  Nelson  CJ.  Vol.  I.  Ames,  Iowa,
USA: Iowa State University Press. pp. 227−36.

Peuke AD,  Rennenberg H. 2005.  Phytoremediation:  molecular  biology,
requirements  for  application,  environmental  protection,  public
attention and feasibility. EMBO Reports 6(6):497−501

Polat E,  Karaca M, Halil  Demir H,  Onus AN. 2004.  Use of natural  zeolite
(clinoptilolite)  in  agriculture. Journal  of  fruit  and  ornamental  plant
research 12:183−89

Prasad  R,  Kumar  V,  Prasad  KS. 2014.  Nanotechnology  in  sustainable
agriculture:  present concerns and future aspects. African  Journal  of
Biotechnology 13(6):705−13

Pricop  A,  Lixandru  B,  Dragomir  N,  Bogatu  C,  Mâşu  S,  et  al. 2010.
Phytoextraction  of  Heavy  Metals  from  Soil  Polluted  with  Waste
Mining  by  Using  Forage  Plants  in  Successive  Cultures. Animal
Science and Biotechnologies. 43(2):129−32

Rebah  FB,  Prevost  O,  Tyagi  RD. 2002.  Growth  of  alfalfa  in  sludge

amended  soils  and  inoculated  with  rhizobia  produced  in  sludge.
Journal of Environmental Quality 31(4):1339−48

Relić D,  Đorđević D,  Popović A.  2011.  Assessment  of  the  pseudo total
metal  content  in  alluvial  sediments  from  Danube  River,  Serbia.
Environmental Earth Sciences 63:1303−17

Rhoades  J.  1982. Cation  exchange  capacity.  In Methods  of  soil  analyses,
Part  2: Chemical  and  microbiological  properties,  eds.  Page AL,  Miller
RH, Keeney DR. 2nd Edition. Agronomy monograph No. 9. Madison,
USA: ASA-SSSA. pp. 149–57

Tack FMG. 2010. Trace elements: General soil chemistry, principles and
processes. In Trace Elements in Soils, ed. Hooda PS. United Kingdom:
Blackwell Publishing Ltd. pp. 9−37.

Taffarel  SR,  Rubio  J. 2009.  On the  removal  of  Mn2+ ions  by  adsorption
onto  natural  and  activated  Chilean  zeolites. Minerals  Engineering
22:336−43

The  International  Organization  for  Standardization  (ISO).1995. Soil
Quality  -  Extraction of  Trace Elements Soluble in Aqua Regia. Interna-
tional Standard, ISO 11466. Switzerland. pp. 1−6

Tóth G, Hermann T, Da Silva MR, Montanarella L. 2016. Heavy metals in
agricultural  soils  of  the  European Union with  implications  for  food
safety. Environment International 88:299−309

Tripathi V, Edrisi SA, Chen B, Gupta VK, Vilu R, et al. 2017. Biotechnolo-
gical  Advances  for  Restoring  Degraded  Land  for  Sustainable
Development. Trends in Biotechnology 35(9):847−59

Tsadilas  CD,  Dimoyiannis  D,  Samaras  V. 1997.  Effect  of  zeolite  appli-
cation and soil pH on cadmium sorption in soils. Communications in
Soil Science and Plant Analysis 28:1591−602

UNEP. 2013. Creating a Sustainable Food Future. A menu of solutions to
sustainably feed more than 9 billion people by 2050. United Nations
Environment  Programme-UNEP,  World  Resources  Report  2013–14:
Interim  Findings.  World  Resources  Institute  (Ed.). https://wedocs.
unep.org/bitstream/handle/20.500.11822/10731/CreatingSustainab
leFoodFuture.pdf

USDA. 2009. Soil Classification. Technical References. Natural Resources
Conservation Service-United States Department of Agriculture.

Vijayaraghavan K, Yun YS. 2008. Bacterial biosorbents and biosorption.
Biotechnology Advances 26(3):266−91

Walkley A, Black IA. 1934. An examination of the Degtjareff method for
determining  soil  organic  matter,  and  a  proposed  modification  of
the chromic acid titration method. Soil Science 37:29−38

Zdruli P, Jones RJA, Montanarella L. 2004. Organic matter in the soils of
southern  Europe. European  Soil  Bureau  Technical  Report. EUR  21083
EN.  Office  for  Official  Publications  of  the  European  Communities,
Luxembourg. pp. 16.

Zhuang P, Yang QW, Wang HB, Shu WS. 2007. Phytoextraction of heavy
metals  by  eight  plant  species  in  the  field. Water,  Air,  and  Soil
Pollution 184:235−42

Copyright:  © 2023 by the author(s).  Published by
Maximum  Academic  Press  on  behalf  of  Nanjing

Agricultural  University.  This  article  is  an  open  access  article
distributed  under  Creative  Commons  Attribution  License  (CC  BY
4.0), visit https://creativecommons.org/licenses/by/4.0/.

 
Soil remediation by Trifolium crop and zeolite

Page 8 of 8   Sotiriou et al. Soil Science and Environment 2023, 2:4

https://leap.unep.org/countries/fi/national-legislation/government-decree-assessment-soil-contamination-and-remediation
https://doi.org/10.1023/A%3A1022566431272
https://doi.org/10.2174/2666214007666200818113057
https://doi.org/10.1016/j.micromeso.2011.03.024
https://doi.org/10.3390/su13116378
https://doi.org/10.1007/s10311-018-0762-3
https://doi.org/10.9790/3021-03510106
https://doi.org/10.5004/dwt.2018.22595
https://doi.org/10.1038/sj.embor.7400445
https://doi.org/10.5897/AJBX2013.13554
https://doi.org/10.5897/AJBX2013.13554
https://doi.org/10.2134/jeq2002.1339
https://doi.org/10.1007/s12665-010-0802-1
https://doi.org/10.1016/j.mineng.2008.09.007
https://doi.org/10.1016/j.envint.2015.12.017
https://doi.org/10.1016/j.tibtech.2017.05.001
https://doi.org/10.1080/00103629709369899
https://doi.org/10.1080/00103629709369899
https://wedocs.unep.org/bitstream/handle/20.500.11822/10731/CreatingSustainableFoodFuture.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/10731/CreatingSustainableFoodFuture.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/10731/CreatingSustainableFoodFuture.pdf
https://doi.org/10.1016/j.biotechadv.2008.02.002
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1007/s11270-007-9412-2
https://doi.org/10.1007/s11270-007-9412-2
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Materials and methods
	Experiment soil sampling
	Soil sample preparation
	Soil analysis
	Natural zeolite (Clinoptilolite)
	Pot culture experiments
	Quantitative analysis of metal uptake by plants: bioaccumulation factor (BF)

	Results
	Physical and chemical characteristics of the tested soils
	Dry matter measurements of white clover plants
	Concentration of Cd, Pb and Zn on the total plant tissue (roots and shoots) of white clover plants
	BF of white clover plants
	Determination of heavy metals and their availability to plants in soils after harvesting white clover plants

	Discussion
	Conclusions
	References

