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ABSTRACT
The use of ornamental plants for the phytoremediation of potentially toxic elements in polluted
soils is an interesting task. It makes possible to combine environmental restoration, re-use of land,
and the production of goods and services of economic interest. In this work, in vitro experiments
using three cultivars of Chrysanthemum (Asteraceae) were carried out with 0, 300, 600, 900, and
1500mg/kg of lead concentrations for a period of 12weeks. The objective was to obtain data
about their lead tolerance and bioaccumulation capacity in order to know their potential as phy-
toremediators in a densely populated Caribbean area of the Dominican Republic with a high con-
centration of lead in soils. The variations in biomass, root growth as well as accumulation of this
element in the plants were measured. The results suggest that the three cultivars have a good
potential for phytoextraction at moderate pollution levels, as they showed a good bioaccumula-
tion of lead, which had mild effects on their biomass production and root elongation. Additional
studies should be carried out to assess their effectiveness as phytoextractors under field condi-
tions, as well as other alternative uses that could generate esthetic, environmental, and/or eco-
nomic benefits for tropical areas contaminated by Pb.
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Introduction

Certain trace elements that are not essential for plant growth
and metabolism, such as lead (Pb), can generate environ-
mental pollution problems due to their accumulation in the
food chain, which implies a risk to ecosystems and the
human population (Wenzel et al. 2003). High concentrations
of potentially toxic elements in plants tend to inhibit seed
germination, growth, and the development of explants, as
well as alter many physiological and biochemical processes
(Sanita di Toppi and Gabbrielli 1999). They also affect the
developing radicle and the growth of the plant (Monni et al.
2001). Essential biological functions such as enzymatic and
non-enzymatic activities, in addition to photosynthesis may
be affected by high concentrations of Pb (Sharma and
Dubey 2005; Song et al. 2018; Zhou et al. 2018). Likewise,
according to these authors, this toxic element can cause
structural damage as well as affect the balance of nutrients
and water in the plant, which may eventually induce intoxi-
cation symptoms that can affect the development of plants.
The tolerance of a plant species to the availability of high
concentrations of metals in the medium may greatly affect
its usefulness in the field of phytoremediation (Pilon-
Smits 2005).

The use of plants to remove, degrade, or reduce the tox-
icity of certain chemical elements and substances is known

as phytoremediation, a low cost and effective technology
under certain circumstances (Organum and Bacon 2006).
Phytoremediation comprises a series of phytotechnologies,
including the elimination of contaminants by phytoextrac-
tion techniques, and their immobilization by phytostabiliza-
tion techniques (Raskin 1995; Salt et al. 1995).
Phytoextraction is considered efficient when the edaphic lev-
els of a certain pollutant decrease to reach acceptable levels
(LeDuc and Terry 2005). The success of any phytoextraction
strategy depends on the identification of suitable plant spe-
cies which accumulate high concentrations of metals and
produce large quantities of biomass; however, few species of
plants are adapted to live in soils polluted with metals
(Reeves 1992).

Phytoextraction, also called phytoaccumulation, is one of
the most interesting techniques due to its ability to com-
pletely remove toxic waste from polluted soils; it is based on
the fact that the root systems of plants capture and absorb
contaminants for storage in the aerial part, mainly in leaves
and stems (Cunningham and Berti 2000; Manousaki et al.
2008; Nagajyoti et al. 2010). Some plants can capture, toler-
ate, and even hyperaccumulate trace elements and other
toxic substances from the environment, soil, and water
(Sharma and Dubey 2005). Nevertheless, most of the plants
that grow in soils rich in metallic elements are not hyperac-
cumulators, but heavy metal-excluding species, and therefore
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they can be used in phytostabilization programs. A relevant
feature of these excluder plants is that they can transform
elements into less active forms, without removing them
from the substrate (Chaney et al. 1997), using mechanisms
of root absorption, adsorption, and accumulation, as well as
precipitation of toxic substances in the rhizospheric environ-
ment (Wong 2003).

For this reason, only some plant species can be selected
for phytoremediation purposes, depending on their ability to
tolerate, accumulate, and/or modify polluting elements.
Thus, through proper management, environmental restor-
ation can be made compatible with contaminated land use
and the production of goods and services of economic inter-
est, as suggested by LeDuc and Terry (2005). In this respect,
the dual utility of phytoremediation technology should be
noted, since it has a positive economic impact while generat-
ing the environmental recovery of the polluted soil.
Therefore, it is necessary to redirect the lines of current
research toward more applied aspects, which is of particular
interest for developing countries.

The ability of some ornamental species for the phytore-
mediation of potentially toxic elements and the creation of
benefits was evaluated by Nakbanpote et al. (2016). These
authors emphasized the advantages of using this kind of
plant, in order to enhance landscape esthetics and enable
recovery of the environment, while generating employment
and economic benefits. There is also the interest of decreas-
ing the risk of contaminants entering the food chain because
many of these plants are not edible. When addressing the
study of the tolerance and accumulation level of a metal by
plants, and their phytoremediation potential, there are sev-
eral strategies to follow. Probably the best way is to cultivate
them under field conditions (Salt et al. 1995), but another
good and practical way is to grow them in an in vitro sys-
tem, as it allows a quick characterization of plants for their
effectiveness in tolerating and accumulating metals
(Kali�sov�a-�Spirochov�a et al. 2003; Di Lonardo et al. 2011;
Wiszniewska et al. 2015).

The present work focuses on the study of the effect of Pb
on the growth of several plants of agronomic interest for the
Dominican Republic, where, for example, lead is the most
important pollutant of the soils of the municipality of
Haina, located in the province of San Crist�obal. This densely
populated area was considered as the third most contami-
nated site on the planet, due to the enormous accumulation
of heavy metals, especially Pb (Blacksmith Institute 2006;
McCartor and Becker 2010). Three cultivars (cv) of the
genus Chrysanthemum L. (Asteraceae) were studied in an
in vitro culture system, as information on the impact of
heavy metals on the tissues of these plants remains small
and fragmentary. In general, chrysanthemums are very
popular cut flowers and ornamental pot plants of high eco-
nomic value (Mi~nano et al. 2009). The variations in the lev-
els of growth, as well as accumulation of this element in the
plants, were measured in five different treatments with
increasing Pb concentrations in the substrate in order to
examine their mechanisms of tolerance and resistance to Pb
and their capacity as hyperaccumulators.

The main goal of this research was to evaluate the lead
tolerance and bioaccumulation of three cv of the genus
Chrysanthemum as a previous step to know their potential
use as phytoremediators, for phytoextraction or phytostabili-
zation purposes. Subjecting the plants to the stress of con-
tamination by Pb in the substrate we intended to explore
their possible use in contaminated soils of a densely popu-
lated Caribbean area of the Dominican Republic while gen-
erating economic benefits.

Materials and methods

Plant material

After evaluating the most frequent cultivated plants of com-
mercial interest or thought to be of potential interest in the
Haina area, cv belonging to the genus Chrysanthemum were
selected, according to their availability in the country, eco-
nomic value, and biological characteristics.

The following commercial cv were studied: ‘Renella,’
‘Reyellow,’ and ‘Sheena.’ All three cv belong to the
Chrysanthemum indicum L. group (PlantScope database:
https://www.plantscope.nl/pls/pswprd/!psw_main.pagina).
The plants were obtained from the work collection of the
Institute of Innovation in Biotechnology and Industry (IIBI)
of Santo Domingo, Dominican Republic. They were
imported into the country as potted ornamental plants for
use in gardening and as cut flowers for decoration.

The “International Code of Nomenclature for Cultivated
Plants” (Brickell et al. 2009) was followed.

A summarized description and breeder information of
each taxon are given below:

‘Renella’ is a relatively robust perennial plant, 65–75 cm
stem length, with about five capitula each that can have dif-
ferent color. Breeder: Deliflor (obtained from Sierra Flowers
Trading Inc.).

‘Reyellow’ is a perennial very compact plant, 60–70 cm
stem length, with single, deep yellow capitula with 4 cm in
diameter. Breeder: Chrysanthemum Breeder Bv (An)
(obtained from The International Union for the Protection
of New Varieties of Plants, UPOV).

‘Sheena’ is a tender perennial plant, 100–150 cm stem
length with pale capitula and keeled flowers, darker toward
the center, produced in late autumn. Breeder: Twyford Plant
Lab. Ltd./Southern Glass House Produce L/Golstock
Breeding (obtained from UPOV).

In vitro cultures

The growth of plants in controlled laboratory conditions
using a culture medium containing different Pb concentra-
tion allows knowing the response of the plants toward this
contaminant. In this way, the behavior of plants is not influ-
enced by the interaction between several toxic elements or
other environmental factors, as would be the case under
field conditions (Rout and Das 2003).

In order to have genetically uniform plant material, we
used vegetative parts of plants and not seeds. The ends of
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the stems of plants grown in a nursery for six weeks were
excised. Each fragment, 1 cm in length and 1 cm in diameter
contained the meristematic ends (the apical vegetative point
and the nearest young leaves). Prior to inoculation in vitro,
the plants were cleaned with liquid soap and rinsed with
distilled water. They were then placed in a 70% ethanol
solution for 20–30 s, rinsed again with sterile deionized
water, and placed in a 10% (w/v) solution of commercial
bleach (1.58% sodium hypochlorite) for about 20–30min
(Salas Salmer�on 2007; Felek et al. 2015). Subsequently, they
were rinsed three more times with sterile deionized water.
The disinfected plants were placed in glass flasks of 100ml
capacity, containing 20ml of the Murashige and Skoog (MS)
basal medium (Murashige and Skoog 1962) supplemented
with 3% sucrose, at a pH of 5.7 and solidified with 6.3 g/L
agar. The flasks were then placed in a dark incubation
chamber at a temperature of 25 �C until growth began
(1–17weeks). They were then allowed to grow for five weeks
with a photoperiod of 8 h of darkness and 16 h light at
25 ± 3.0 �C, after which treatment with Pb was started. To
this end, the seedlings were transplanted into the flasks con-
taining the culture medium to which the Pb was added and
allowed to incubate for 12 weeks in order to simulate the
actual process of phytoremediation. The stage of plants
development analyzed corresponded to their young vegeta-
tive system, without flowers.

Five different treatments were applied, consisting of the
addition to the basal MS medium of increasing Pb concen-
trations (0, 300, 600, 900, and 1,500mg/kg) in the form of
Pb nitrate (Pb(NO3)2), which gave equivalent concentrations
in mg/kg in the growth substrate. The 0mg/kg concentra-
tion was used as control; 300mg/kg as a low-moderate Pb
concentration; 600mg/kg as a high moderate and �900mg/
kg as a high concentration.

These concentrations corresponded to the range used in
similar studies (Garc�ıa et al. 2004) and coincided with the
range to which these taxa could be exposed in the Haina
area soils (Ram�ırez S�anchez 2017). Three replicates of each
treatment were made for each cv, making a total of 15 sam-
ples of each cv.

Processing and analysis of plant samples

At harvest, the plants were rinsed with tap water, paying
special attention to the cleaning of the root portion. A brush
was used in order to remove the traces of culture medium
and avoid damage to the roots. Subsequently, they were
rinsed twice with distilled water. The length of the main
root of the cultivated explants was measured and the fresh
weight of the plants was then quantified. Also, the dry
weight was obtained after fragmentation and drying at 60 �C
for 48 h in an oven. They were then crushed in a mill and
approximately 5 g dry weight was taken from each. An
Ohaus precision balance, model AR2140, was used for
weighing. Subsequently, the samples were digested with a
mixture of HNO3 (65% concentration) and H2O2 (30% con-
centration) in a 4:1 ratio, in a microwave oven (Li et al.
2007). The elemental composition was analyzed by Atomic

Absorption Spectroscopy (EAA) (Thermo Scientific iCE
3000 Atomic Absorption Spectrometer) at the Laboratory of
Mineralogy of IIBI.

Quality control

High-quality grade reagents provided by Fisher-Scientific
were used, while solutions and dilutions were performed
with purified water obtained from an Elix 3/Milli-Q Element
system (Millipore, Billerica, MA, USA). All glassware and
polyethylene material used were previously treated for at
least 24 h in 10% NHO3 (v/v) and rinsed with deionized
water before use.

Reagent blanks and reference samples were used to docu-
ment the bias and precision of the analytical process. A
reagent blank refers to an error in test results that comes
from the reagents themselves and that should be subtracted
from test results. In order to avoid these errors, Pb free
reagents were used. As a consequence, all analytical results
for these reagent blanks were zero. On the other hand, one
reference sample was prepared for every 10 samples to be
analyzed by adding a known and variable quantity of the
element of interest to a given amount of pure water. These
reference samples were sent blindly to the analysis labora-
tory with each batch of samples. For the analyzed reference
samples the mean recovery value, in percentage, was
around 92 ± 3.

In addition, replicates were used to improve the accuracy
of the calculations and for statistical purposes. In this sense,
it is generally better to work, at least, with three replicates,
when possible.

Bioaccumulation factor

The phytoextractive or bioaccumulative capacity of Pb from
each cv was evaluated from the bioaccumulation factor (BF).
This factor indicates the efficiency of plants to accumulate
in their tissues the metal present in the substrate in which it
grows and is equal to the concentration of this element in
the plant tissues, divided by the content of that same elem-
ent in the substrate (Vyslouzilova et al. 2003). For each cv
three replicates per treatment were made.

Statistical analyses

The standard descriptive statistics for metal concentrations
as mean values and standard deviation of biomass produc-
tion and root elongation as well as the BF were calculated
using program R 3.3.1 (R Development Core Team 2016).
The same program was used to determine the regression
lines between variables. For the correct interpretation of the
data, it was important to estimate in what proportion the
observed values fit the regression line. This function is ful-
filled by the coefficient of determination R2 with values
ranges between 0 and 1 and is equal to the square of the
correlation coefficient. Since a regression line with a slope
other than 0 shows that at least one of the concentrations of
Pb used differs from the others in terms of the expected
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value and does not specify how many differ or identify
them, a Conover test (Conover and Iman 1979) was used to
identify treatments that resulted in significant deviations
from the control samples. This test is non-parametric, so
that it does not depend on the assumptions necessary to
carry out an ANOVA. The necessary calculations were car-
ried out using the PMCMR package available under R
(Pohlert 2014). When carrying out multiple comparisons,
the correction of Benjamini and Hochberg (1995) was
applied in order to adjust the p values.

Finally, for the visual presentation of the statistical data
in the form of diagrams, the ggplot2 package (Wickham
2009) was used (within R 3.1.1; R Development Core
Team 2016).

Results and discussion

Studies of in vitro grown plants can be considered as a first
approach to research the ability of a plant to resist one or
more elements under “ideal” conditions. In this work, three
variables were evaluated in the three Chrysanthemum cv
selected when growing in substrates to which increasing
amounts of Pb were added. These variables were: the pro-
duction of plant biomass, the root growth, and the magni-
tude of the bioaccumulation of the contaminating element
by the plants.

Effect of Pb concentration in the substrate on
biomass production

The total biomass of the studied cv was examined as a
measure of their response to the stress produced by Pb. The
average dry weight expressed in g ± standard deviation for
each cv used and the different treatments with Pb (Table 1)
was obtained.

‘Reyellow’ and ‘Sheena’ showed biomass reductions of up
to 75% when grown at or above 900mg/kg Pb concentra-
tions in the substrate; although in the case of ‘Reyellow’ the
Conover test was not significant. In ‘Renella’, there were no
significant effects on biomass production as a function of Pb
concentration in the substrate (Figure 1).

It was also verified that many of the plants exposed to
the highest concentrations of Pb (900 and 1,500mg/kg) died
or suffered leaf fall and general decay. Only in the
300mg/kg treatments were ‘Renella’ and ‘Reyellow’ able to
maintain good growth throughout the experiment, essen-
tially similar to that of the control group. In the 900 and
1,500mg/kg treatments, plants of ‘Reyellow’ and ‘Sheena’

showed difficulties in maintaining normal growth. This sug-
gests a strong impact of Pb on growth in both cv, particu-
larly in ‘Sheena’, which may be due to the metal-induced
toxicity interfering with the normal physiological processes
of these plants. Some of the described physiological damages
are related to the increase in electrolyte leakage and malon-
dialdehyde content in leaves, the decrease in peroxidase
activity, soluble protein level and photosynthetic pigment
content in leaves, and the chloroplast structure change
(Gallego et al. 1996; Shakoor et al. 2014; Song et al. 2018;
Zhou et al. 2018). Also, physiological functions can be lost
due to cell membrane permeability increase, and decrease in
plasticity and elasticity of the cell wall when plants are
treated with Pb (Cao et al. 2005).

Our findings are in accordance with the results obtained
by previous authors. For example, Mishra et al. (2006) and
Chen et al. (2015) pointed in Ceratophyllum demersum L. to
the interaction between the duration of exposure and the Pb
concentration in the substrate as an important factor influ-
encing the biomass production. Also, Song et al. (2018)
observed the inhibition of biomass accumulation in Larix
olgensis A. Henry when Pb accumulation in fine roots and
leaves took place. With our results, it can be stated that the
effects of Pb on plant growth may vary not only between
plant species, as Hu et al. (2012) observed, but even between
cv of the same species.

Effect of Pb concentration in the substrate on
root growth

The effects of Pb toxicity on root length of the studied cv,
estimated as an indicator of overall plant growth and stress
status, are shown in Table 2. The rapid inhibition of root
growth is one of the primary effects of Pb toxicity in plants,
probably due to the hitch of cell division in the root apex
(Eun et al. 2000; Fahr et al. 2013; Nas and Ali 2018).

All the plants studied presented a negative and strong
relationship between the values of the root length and the
increasing concentration of Pb in the substrate (Figure 2).
‘Renella’ and ‘Sheena’ showed particularly strong reductions
in root length (43 and 57%, respectively) at and above
300mg/kg of Pb in the substrate. At 900 and 1,500mg/kg,
the reductions reached values of more than 75 and 95%,
respectively. ‘Reyellow’ manifested a more moderate effect
on root length, with a reduction of 33% for 600mg/kg of Pb
in the substrate, reaching maximum reduction for the high-
est concentration of Pb considered (1,500mg/kg). These
results show that even the lowest concentration of Pb

Table 1. Average biomass production (g dry weight ± standard deviation) for each Chrysanthemum cultivar studied and treatment
with different concentrations of Pb in the culture substrate.

Cultivar 0mg/kg 300mg/kg 600mg/kg 900mg/kg 1,500mg/kg

Chrysanthemum ‘Renella’ 0.12 ± 0.04 0.14 ± 0.03 0.14 ± 0.03 0.12 ± 0.02 0.11 ± 0.03
p¼ 0.76908 p¼ 0.76908 p¼ 0.92707 p¼ 0.92077

Chrysanthemum ‘Reyellow’ 0.12 ± 0.06 0.12 ± 0.01 0.13 ± 0.02 0.06 ± 0.02 0.05 ± 0.01
p¼ 0.78419 p¼ 0.62027 p¼ 0.34180 p¼ 0.22094

Chrysanthemum ‘Sheena’ 0.21 ± 0.02 0.16 ± 0.00 0.17 ± 0.07 0.05 ± 0.02 0.07 ± 0.01
p¼ 0.31154 p¼ 0.46360 p¼ 0.01348 p¼ 0.02675

The p values (obtained by the Conover test and Benjamini & Hochberg correction) indicate the probability that the biomass reached
with the Pb treatment is equal to the biomass of the control (0mg/kg). Significant p values (p< 0.05) are marked in bold.
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(300mg/kg) produced a reduction in root growth of some
of the taxa considered, although significant differences with
plant control values were generally found for Pb concentra-
tions above 600mg/kg.

There is, then, clear evidence of a strong impact of Pb on
root development in the affected plants even at moderate Pb
concentration in substrate, which coincides with the obser-
vations of other authors (Mani et al. 2015). It should not be
forgotten that Pb accumulates mainly in the roots of plants,
and its transfer to the aerial parts is difficult (Yoon et al.
2006), which increases the risk of deleterious effects in these
underground parts of the plants.

The root length clearly shows how Pb affects root growth
as the Pb concentrations increase in the culture medium,
which corresponds to the description of a nonspecific visual
symptom (Sharma and Dubey 2005). These results reflect
those described by other authors. For example, Hussain
et al. (2013) observed that the root–shoot length in Zea
mays L showed inhibition in seed germination at different
lead concentrations. Also in other vascular plant species, a
decrease in the length and root dry mass under Pb toxicity

was reported in Triticum aestivum L. (Dey et al. 2007; Kaur
et al. 2013), Pisum sativum L. (Malecka et al. 2009), and
Sedum alfredii Hance (Gupta et al. 2010).

A particular case is ‘Renella’ cv, which seemed not to be
affected in its above surface biomass production even at the
highest Pb concentration in substrate, although it had an
impact on the root’s growth. Even though usually root
elongation inhibition implies that fresh and dry weights of
both roots and shoots are also reduced (Fahr et al. 2013),
this does not always happen under in vitro conditions where
mineral salts and water are not limiting factors, particularly
in the case of hyperaccumulators and young plants (Seregin
and Ivanov 2001).

Therefore, in our experiment, root length of all the
studied cultivars was reduced by the different treatments,
although the statistical tests were not significant for
‘Reyellow’. While the physiological and biochemical effects
of Pb in roots in the case of Chrysanthemum are not known,
authors such as Fahr et al. (2013) reported effects of lead on
root development and plant physiology, emphasizing dam-
ages at cellular level, mineral homeostasis and genotoxicity.
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Figure 1. Graphical representation of average biomass production (expressed in g of dry weight) achieved by the Chrysanthemum cultivars studied for each of the
Pb treatments (expressed in mg/kg) after 12weeks of in vitro culture. The regression line is marked in blue, and the confidence interval (95%) is indicated by the
dark blue zone. The p value indicates the probability that the concentration of Pb has no significant effect on biomass production and the coefficient of determin-
ation R2 with value ranges between 0 and 1 is equal to the square of the correlation coefficient.

Table 2. Root length (mm± standard deviation) for each Chrysanthemum cultivar studied and each concentration of Pb in the cul-
ture substrate.

Cultivar 0mg/kg 300mg/kg 600mg/kg 900mg/kg 1,500mg/kg

Chrysanthemum ‘Renella’ 20.67 ± 8.02 12.47 ± 2.54 11.10 ± 4.71 5.23 ± 0.87 4.60 ± 0.69
p¼ 0.35915 p¼ 0.35915 p¼ 0.02658 p¼ 0.01789

Chrysanthemum ‘Reyellow’ 8.77 ± 3.02 11.97 ± 4.05 5.57 ± 1.60 6.60 ± 2.25 3.47 ± 1.27
p¼ 0.58320 p¼ 0.28682 p¼ 0.48060 p¼ 0.15849

Chrysanthemum ‘Sheena’ 22.67 ± 9.29 10.00 ± 6.14 6.93 ± 5.40 1.10 ± 0.85 1.50 ± 0.40
p¼ 0.31530 p¼ 0.13379 p¼ 0.02467 p¼ 0.03524

The p values (obtained by the Conover test and Benjamini & Hochberg correction) indicate the probability that the root length
reached with the Pb treatment is equal to the root length of the control (0mg/kg). Significant p values (p< 0.05) are marked
in bold.
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Pb concentration in plant tissues. BF

In relation to the average concentration of Pb in plant tis-
sues (Table 3), the plants showed visible symptoms of
intoxication for the highest concentrations of Pb in the sub-
strate (900 and 1,500mg/kg). These symptoms consisted in
the decrease in root density and the woody and thick
appearance of the roots, what agrees with Seregin and
Ivanov (2001) who observed that roots can also respond via
changes in volume and diameter, with the production or
inhibition of lateral roots. In the case of ‘Renella’, the levels
of Pb concentration showed a progressive increase from 300
to 1,500mg/kg (Figure 3). ‘Reyellow’ and ‘Sheena’ showed a
similar gradual but significant increase in Pb accumulation
up to 900mg/kg; however, ‘Reyellow’ showed a slight
decrease in Pb concentration (16%), and ‘Sheena’ a strong
decrease (50%) in Pb concentration in the tissues from 900
to 1,500mg/kg (Table 3). In this respect, Chen et al. (2015)
also found that the concentration of Pb in some plants fell
after reaching a maximum. When plants are developed in
substrates affected by toxic trace elements, such as Pb, they
can be affected by these elements to a greater or lesser
extent (Sridhara Chary et al. 2008; Zhuang et al. 2009; Zhao

et al. 2010; Khillare et al. 2012; Minkina et al. 2012; Chen
et al. 2014).

Therefore, in general, an increase in the substrate Pb con-
centration had a positive effect on the bioaccumulation of
Pb by all the cv considered. In any case, one aspect that
must considered is the effect of the plant biomass on the
accumulation rate. To the extent that the BF is a ratio
between the concentration of the element studied in the
plant tissues and the concentration of this element in the
substrate in which the plant lives, the greater or lesser bio-
mass itself has no effect on this accumulation rate. A separ-
ate issue is the fact that, especially in woody species (Aman
et al. 2018) or with a full development (Kaur et al. 2018), a
greater development of biomass implies the appearance of
vegetative or reproductive structures in which accumulation
of the elements can be different regarding the considered
plant organ, what might entail a dilution of the final con-
centration bioaccumulated by the plant, mainly if we focus
our analysis only in roots and leaves. This aspect should be
taken into account when considering an experiment under
field conditions and for long periods of time, in which the
plant can develop a higher biomass, with vegetative and
reproductive structures, so the bioaccumulative behavior of
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Figure 2. Graphical representation of the average root length (expressed in mm) reached by the Chrysanthemum cultivars studied for each of the Pb treatments
(expressed in mg/kg) after 12weeks of in vitro culture. Regression line, confidence interval, and R2 information is the same as in Figure 1. The p value indicates the
probability that the concentration of Pb has no significant effect on the length of the roots.

Table 3. Average concentration of Pb in the tissues of plants (mg/kg ± standard deviation) for each Chrysanthemum cultivar studied and each concentration of
Pb in the culture substrate, as well as the average concentration values for all treatments.

Cultivar 0mg/kg 300mg/kg 600mg/kg 900mg/kg 1,500mg/kg Average values all treatments

Chrysanthemum ‘Renella’ 0.00 ± 0.00 1431.57 ± 173.46 1464.91 ± 440.22 1699.98 ± 239.18 5029.36 ± 1031.69 1925.16
p¼ 0.16937 p¼ 0.16937 p¼ 0.07021 p¼ 0.00389

Chrysanthemum ‘Reyellow’ 0.00 ± 0.00 1321.14 ± 247.25 1178.46 ± 138.00 3863.58 ± 2700.26 3224.82 ± 1895.88 1917.60
p¼ 0.18985 p¼ 0.19963 p¼ 0.02395 p¼ 0.02675

Chrysanthemum ‘Sheena’ 22.53 ± 3.54 2289.01 ± 986.20 2322.66 ± 1945.12 3884.05 ± 1388.57 1937.87 ± 246.73 2091.22
p¼ 0.11044 p¼ 0.08921 p¼ 0.01036 p¼ 0.14412

The p values (obtained by the Conover test and Benjamini & Hochberg correction) indicate the probability that the amount of Pb in the tissues grown under dif-
ferent treatments is equal to that of the control treatment (0mg/kg). Significant p values (p< 0.05) are marked in bold.
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these plants may not be the same as the one observed in
this laboratory experiment. In this respect, it has been sug-
gested that high concentrations of Pb can cause alterations
in cell membranes that can adversely affect the ability of the
soil/plant barrier to control its absorption (Yang et al.
2000). However, the tendency observed in our study indi-
cates that the absorption and translocation of Pb toward the
aerial part is proportional to the increase in Pb in the
medium, at least under the controlled conditions of an
in vitro assay as developed here.

In relation to the fact that the Conover test in all the cv
was not significant at Pb concentrations of 300 and even
600mg/kg (Table 3), which also showed a high standard
deviation, it must be considered that the Benjamini and
Hochberg correction was used to correct the effects of mul-
tiple comparisons. A comparison of two groups by a
Student’s t test without correction gives much lower p values
(data not shown).

The three cv studied exhibited different BF values,
although in all cases they were clearly >1.0 (Table 4). The
average BF value for all treatments was 4.27 for ‘Sheena’,
3.20 for ‘Reyellow’ and 3.10 for ‘Renella’. It can be seen in
Figure 4 how the BF depends on the concentration of Pb in
the growing medium. ‘Sheena’ was the only cv in which
there was a correlation between the BF and the Pb values in
the substrate.

Interest of the cultivars studied in the field of
phytoremediation

The use of selected plant species for metal phytoremediation
programs (Vangronsveld et al. 2009) or even to eliminate
chemical compounds (Wang et al. 2018) has become a very
frequent and interesting tool. When looking for suitable spe-
cies for a metal phytoremediation program several factors
must be taken into account. First of all, they must be toler-
ant, but in the case of phytoextraction they must also have
good biomass production and high metal accumulation in
above ground parts of the plant, or in the case of phytosta-
bilization a good root system and accumulation in the aerial
parts (Vangronsveld et al. 2009). Therefore, they should also
show good levels of accumulation in aerial parts, with BF
>1.0 for the case of phytoextraction and quite the opposite
for the case of phytostabilization (Garc�ıa Fern�andez and
Angeler 2001; Pilon-Smits 2005; Wei et al. 2008;
Vangronsveld et al. 2009).

Taking into consideration the BF values and also the Pb
content of the tissues of the cv studied, the latter greater
than the threshold value used by various authors when con-
sidering a taxon as hyperaccumulator (1,000mg/kg) (Baker
and Brooks 1989), these three taxa can be considered more
efficient than other cited as Pb accumulators (Bech et al.
2002; Salas Salmer�on 2007; Garc�ıa-Salgado et al. 2012). We
deduce that the three cv are clearly Pb hyperaccumulators,
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Figure 3. Graphical representation of the average concentration of Pb (expressed in mg/kg) in the tissues of the Chrysanthemum cultivars studied for each of the
Pb treatments (expressed in mg/kg). Regression line, confidence interval, and R2 information is the same as in Figure 1. The p value indicates the probability that
the concentration of Pb in the substrate has no significant effect on the concentration of Pb in plants.

Table 4. Average bioaccumulation factor (BF) for each Chrysanthemum cultivar studied and each treatment with different concentrations of Pb
in the substrate, as well as the average values for all treatments.

Cultivar 300mg/kg 600mg/kg 900mg/kg 1,500mg/kg Average values all treatments

Chrysanthemum ‘Renella’ 4.77 2.39 1.89 3.35 3.10
Chrysanthemum ‘Reyellow’ 4.40 1.96 4.29 2.15 3.20
Chrysanthemum ‘Sheena’ 7.63 3.87 4.32 1.29 4.27
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with an absolute increase in the concentration of this elem-
ent in tissues as the substrate concentration increased,
although maximum accumulation in ‘Reyellow’ and ‘Sheena’
occurred at 900mg/kg. However, the regression lines showed
a positive slope in all cases, except ‘Sheena’, which did not
show a significant regression.

Tolerance to the presence of Pb was then evaluated to
complete the evaluation of this capacity within the field of
phytoremediation. This was done by reference to the pro-
duction of biomass and the degree to which root growth
was affected.

In relation to total biomass production, it should be
noted that the presence of Pb in the growing environment
produced a significant decrease in biomass in most of the
treatments in ‘Sheena’. However, the opposite was true for
‘Renella’ and ‘Reyellow’ cv, which showed no significant
effects on biomass production, seemingly reflecting its high
tolerance to the action of Pb.

As regards root growth, it should be noted that the most
tolerant (lower degree of root growth reduction) toward
increasing concentrations of Pb in the substrate was
‘Reyellow’ cv, followed by ‘Renella’ cv.

With respect to the Pb concentration in plant tissues, this
parameter increased gradually in all three cv up to 900mg/
kg in ‘Reyellow’ and ‘Sheena’ and up to 1,500mg/kg
in ‘Renella’.

In light of these findings, it can be said that ‘Renella’
presents great potential for phytoextraction purposes, as it
shows a good bioaccumulation of Pb, while its biomass pro-
duction is little affected and its root elongation moderately
so. In either case, all the studied cultivars showed sufficient
potential to be considered for phytoextraction purposes,
especially in environments with moderate or low levels of
Pb contamination.

As regards the genus Chrysanthemum in general, it
should be noted that, according to Abdullah and Sarem
(2010), it has a good capacity to accumulate Pb, and is con-
sidered very useful for reducing toxic levels in soils after
several months of cultivation. However, metal concentration
in the plant tissues was higher in roots and decreased pro-
gressively in shoots and flowers, results that are in accord-
ance with Seregin and Ivanov (2001) and Sharma and
Dubey (2005) who stated that the content of the heavy met-
als in plant organs decreases in the order:
roots> leaves> stems> inflorescences> seeds. Based on
these data, and with a view to its large-scale application, it
would be necessary to assess the levels of accumulation in
the above ground parts of the plant under real production
conditions (Vangronsveld et al. 2009).

In the specific case of C. indicum, when it was subjected
to increasing concentrations of Pb in the substrate, it was
observed that above a concentration of 50mg/kg of Pb in
the soil, the plant showed an important reduction in size, as
well as in root length and foliar and root biomass (Mani
et al. 2015). These authors concluded that C. indicum
showed phytoextraction potential in Pb-contaminated soils,
despite the very low threshold from which plants suffer
negative effects on their growth. In this respect, data from
our experiments under controlled conditions revealed much
higher tolerance levels for the studied taxa, with almost nor-
mal biomass in substrates with a Pb concentration of up to
600mg/kg, which is a threshold almost 12 times higher than
that described by Mani et al. (2015). However, in terms of
root length, these thresholds were slightly lower to those
observed for biomass production.

The data of Mani et al. (2015) are in agreement with the
obtained in our in vitro study and suggest that the three cv
studied here (that belong to the C. indicum group) could be
used for phytoextraction of areas moderately polluted with
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Figure 4. Average bioaccumulation factor (BF) of the Chrysanthemum cultivars studied under the different Pb treatments. Regression line, confidence interval, and
R2 information is the same as in Figure 1. The p value indicates the probability that the concentration of Pb in the substrate has no significant effect on the BF.
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lead in the Dominican area of Haina, with Pb concentration
values in soil below 600mg/kg. Nevertheless, there is still a
need to make an assessment of the tolerance, accumulation
of Pb at each part of the plant and degree of biomass pro-
duction in the studied cv under field conditions in order to
evaluate the real phytoextractor potential of these taxa, as
well as the risks associated with the aerial parts of the plants
according to their level of Pb.

Studies of phytoremediation in tropical areas have mainly
been carried out in Asian areas, such as India, Malaysia, and
Thailand (Ang et al. 2010; Nakbanpote et al. 2016), but far
fewer works deal with tropical Caribbean areas. Particular
note should be taken of Thailand, where wide scale com-
mercial and technological development has taken place in
the cultivation of various ornamental species for the produc-
tion of flowers and even seeds (Nakbanpote et al. 2016).

The use of ornamental plants for phytoremediation such
as the studied Chrysanthemum cv, has the advantage of pre-
venting accumulated heavy metals from entering the food
chain (Nakbanpote et al. 2016; Lajayer et al. 2019). An
important aspect to consider is that the main interest of
ornamental plants lies in their aerial parts (flowers, foliage,
scent, etc.), while their roots are irrelevant in this regard. As
an example of this, various authors (Chintakovid et al. 2008;
Liu et al. 2008; Trigueros et al. 2012; Cui et al. 2013;
Chaturvedi et al. 2014; P�erez-L�opez et al. 2014) showed that
several ornamental genera such as Antirrhinum L.,
Calendula L., Erica L., Nerium L., and Tagetes L., among
others, concentrate heavy metals in roots.

What is for sure, in all events, is that the Chrysanthemum
cv used in this study could be grown for landscape and dec-
orative purposes at the same time than for phytoremediation
of these lands. Even during their growth in the field, they
have an esthetic value enriching the landscape, especially in
urban areas (Prapagdee and Wankumpha 2017). They would
certainly modify the aspect of the affected area, making it an
attractive landscape for tourism. But only if the accumula-
tion level in the capitula were low, as some authors seem to
remark (Seregin and Ivanov 2001; Sharma and Dubey 2005;
Mani et al. 2015), these plants could be marketed as cut
flowers generating wealth and employment for the local
population, and providing a steady source of incomes
(Nakbanpote et al. 2016; Lajayer et al. 2019).

In any case, it would be very important that parts of the
plants containing the highest concentration of heavy metals
are not dispersedly discarded after death or harvest, but
managed and disposed safely; techniques such as compost-
ing, compacting, pyrolysis, as well as use of bio sorbents as
biochar and the biogas production are under development
(Ghosh and Singh 2005; Prasad and Prasad 2012; Godwin
et al. 2019).

In order to consider this as a model to follow in the
Haina area, there are two considerations that should be
taken into account. One is the pollution level of the conta-
minated area and the tolerance of the plants to this level of
contamination, and the other one refers to the bioaccumula-
tion of Pb in the aerial parts of the plants. In accordance to
our data, the studied taxa could get a good growth rate at

pollution levels up to 600mg/kg, what could allow imple-
menting phytoremediation programs in big areas with a
moderate Pb pollution level in the Haina area. Regarding
the bioaccumulation of Pb in the above ground parts of
these plants, unfortunately, our in vitro experiments did not
provide information about the metal accumulation in roots
and shoots separately. In this regard, it would be necessary
to complete the entire cycle of vegetative development and
flowering of the studied cv in order to assess the bio-
accumulation level in the aerial parts under field conditions.

In light of the above considerations, we consider that
proper use of these ornamental plant taxa would add a new
aspect to the utilization of plants for the management and
restoration of polluted terrestrial ecosystems in trop-
ical areas.

Conclusions

The results obtained from plants grown in laboratory
(in vitro) lead us to deduce that the three Chrysanthemum
cv analyzed in this work are good Pb accumulators, even
hyperaccumulators. We are dealing, therefore, with taxa
that, at least from the physiological point of view and under
laboratory conditions, reveal a high degree of tolerance and
accumulation even at moderate Pb contamination levels.
Therefore, it can be concluded that all three cv present very
good potential for the phytoremediation of Pb polluted soils.
However, due to reduction of biomass production and root�s
length with increasing presence of lead, these cv could be
used for phytoextraction purposes in the Haina area in soils
with a moderate Pb pollution (below 600mg/kg). Although
‘Renella’ showed the greatest potential, all the studied taxa
have sufficient potential to be considered for phytoextraction
work. Prior to its application to real scale, this study should
be complemented with cultivation experiences under field
conditions for long growth periods, so that the real aptitudes
of these taxa and organs such as foliage and flowers could
be assessed in the Haina area and the Caribbean in general.
In any case, these ornamental taxa would contribute to the
natural beautify improving the esthetic values of the Haina
landscape and, in the case of low Pb accumulation level in
the flowering shoots, these cultivars could also allow the
commercial production of inedible products, such as cut
flowers, providing incomes for the local population.
Nevertheless, the parts of the plants containing high Pb con-
centrations should be safely managed. Finally, more data are
needed on the field yield of the cv studied to quantify the
underlying economic and environmental benefits, and there-
fore the viability of this promising technology in trop-
ical areas.
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