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Abstract. Hilmi M, Hamim H, Sulistyaningsih YC, Taufikurahman. 2018. Growth, histochemical and physiological responses of non-
edible oil producing plant (Reutealis trisperma) to gold mine tailings. Biodiversitas 19: 1294-1302. Reutealis trisperma (Blanco) Airy
Shaw is a non-edible biodiesel producing plant that is able to grow well in various unfavorable environmental conditions. The study
aimed to analyze the growth, physiological, and anatomical responses of R. trisperma to gold mine tailings. Three-month-old of R.
trisperma were grown in 8 kg of polybags contained with mixed soil-compost medium treated with 0, 25, 50 and 100% of gold mine
tailings for 3 months. Root and shoot growth, physiological and anatomical characters, and histochemical analysis of Pb inside the roots
and leaves were examined. The root and shoot growth as well as chlorophyll a and b contents of R. trisperma grown in sole gold mine
tailing at 100% significantly decreased, while at the lower concentration of gold mine tailings, the decrease of the growth performances
was not significant, or even increased shown in that of 25% of tailing treatment. The treatment of gold mine tailing at 100% also
induced lipid peroxidation, indicated by the significant increase in malondialdehyde (MDA) contents in the root as well as the leaves.
Histochemical analysis showed that accumulation of Pb occurred both in roots as well as in leaves of R. trisperma treated with 100% of
tailings. High-level tailing treatment also induced anatomical alteration in roots as well as leaves of the species. These results indicated

that gold mine tailings induced oxidative stress in roots and leaves of R. trisperma resulted in growth inhibition.
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INTRODUCTION

Utilization of renewable energy resources is encouraged
to prevent energy scarcity since the consumption of energy
from fossil fuel is increasing every year, while its
availability is limited. Biodiesel is one of most prospective
renewable energy resources (Manzanera et al. 2008),
because there are many species that produce high content
of oil including from edible as well as non-edible oil-
producing plants (Karmee et al. 2005; Haldar et al. 2009;
Kumar and Sharma 2011). Reutealis trisperma (Blanco)
Airy Shaw, is one of non-edible oil-producing plants which
has a good prospect as biodiesel feedstock in Indonesia due
to some superior characteristics including high seeds
production and oil content, large canopy, deep root system,
and able to grow on critical lands such as sloping land,
acidic, dry, and even infertile land, which very useful for
reclamation of critical lands (Herman et al. 2013).

Indonesia has about 24.3 million ha of critical land
(BPS 2013), one of which was due to mineral mining
activities. The operation of industrial and small-scale
mining disrupted soil horizons and structure, soil microbe
populations, and nutrient cycles (Kundu and Ghose 1997).
In addition, mining activities usually produces a large
amounts of waste (tailings) contains fine rocks, sand, and
dust, with very low organic matter, and in many cases
especially for gold mining it also contains heavy metal

components (Mensah et al. 2015) such as As, Cd, Ni, Pb,
Cu, Zn, Co and Hg (Hidayati et al. 2009; Fashola et al.
2016; Setyaningsih et al. 2017). Mining wastes can cover
large areas of mine land, which reduce soil productivity
(Mensah et al. 2015). Therefore, land reclamation is
strongly required to restore the quality and productivity of
degraded land due to mining activities. R. trisperma is a
good plant candidate to be used for reclamation planning,
because of its characteristics (Herman et al. 2013). It has
deep roots systems and produces high amount of organic
matter, which is necessary to accelerate the reclamation
process (Sheoran et al. 2010). Organic matters can improve
soil fertility through microbe activities (Mimmo et al.
2004) by decomposing mineral and organic matters and
also promoting plant growth (Beneduzi et al. 2012;
Altuhaish et al. 2014; Grobelak et al. 2015).

The elevation of heavy metals content which normally
common in gold mine lands generally produces common
toxic effects on plants, such as inhibition of growth and
photosynthesis, chlorosis, the alteration of water balance
and nutrient assimilation, and senescence induction, which
ultimately caused plant death (Singh et al. 2016). All these
effects are related to the disturbance of biochemical, and
molecular changes in plant tissues and cells, as well as
ultrastructure alterations because of the presence of heavy
metals (Gamalero et al. 2009).
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Previous research showed that R. trisperma is able to
grow well on critical land including sloping land, dry-acid
land, and even degraded lands in the area of post tin-
mining (Herman et al. 2013). In addition, this plant was
also able to grow well in water culture containing high
concentration of cyanide from gold-mine wastewater
(Hamim et al. 2017%). However, this plants has never been
grown in the area of gold mine tailing which normally has
many obstacles especially due to higher heavy metal
content. Therefore this study was aimed to investigate the
effect of gold mine tailing on growth, histochemical and
physiological properties of Reutealis trisperma (Blanco)
Airy Shaw.

MATERIALS AND METHODS

The experiment was carried out in field laboratory of
Department of Biology, Bogor Agricultural University,
Indonesia using 8 kg of polybag from July 2016 until
February 2016. The analysis of physiology, anatomy and
histochemical was conducted at Laboratory of Plant
Physiology and Molecular, and Laboratory of Plant
Anatomy of the Department of Biology, Faculty of
Mathematics and Natural Sciences, Bogor Agricultural
University, Bogor, Indonesia.

Materials

Plant materials used in this experiment were 3-month
old of Reutealis trisperma obtained from Research Institute
for Industrial and Refreshment Crops, Ministry of
Agriculture, Republic of Indonesia. The media used in this
experiment consisted of a mixture of soil and compost (4:
1). Goldmine tailing was obtained from tailing dam of
Indonesian gold-mine industry Aneka Tambang Inc. (PT
ANTAM) UPBE Pongkor, Bogor, Indonesia.

Analysis of tailing content

The metal content in the tailings was analyzed using
atomic absorption spectrophotometry method (AAS).
Tailings samples were dried at 105°C for 1 day. The dried
samples were then crushed using porcelain mortar and
pestles. Five grams of samples were fed into 250 mL
Erlenmeyer, followed by the addition of 5 mL of
concentrated HNO3 and 50 mL of distilled water. The
samples were destructed using a heat mantle to form a clear
solution and their volume became 10 mL, which were then
filtrated using Whatman paper No.41. The filtrate of the
samples was diluted to 50 mL, and the concentration of
metals in the samples were analyzed by atomic absorption
spectrophotometer (AAS) AA7000 (Shimadzu, Japan).

Plant growing and treatment experiment

Three-month-old of Reutealis trisperma seedlings were
transplanted to 8 kg capacity of polybags filled with media
contained a combination of soil and different
concentrations of gold mine tailings. The composition of
each treatment was as follow: (i) 100% soil (S) and 0%
tailings (T) (as control), (ii) 25% S and 75% T, (iii) 50% S
and 50% T, and (iv) 100% T and 0% S.
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During the planting, each polybag was supplemented
with 0.5 kg of compost and 0.5 g of NPK fertilizer (6: 6: 6).
The plants were then well maintained and watered every 3
days when there was no rain. R. trisperma plants were
grown for 3 months for further growth, anatomical and
physiological analysis.

Growth parameters analysis

For growth parameters, the measurement of root and
shoot dry weight, root length, shoot height, and leaf area
was carried out. Dry weight was calculated by weighing
separately the roots and shoot after drying for 3 days using
the oven at temperature of 70°C. Root length and shoot
height were measured using 50 cm ruler. Leaf area
measurements were performed using a digital image
analysis method according to Schneider et al. (2012),
where the whole leaves were scanned using a printer
scanner HP 1050 (Hewlett Packard-USA) with a resolution
of 300 dpi and the area of images then were measured
using ImageJ (National Institute of Health, USA).

Determination of photosynthetic pigment contents

After 3 months, the upper fully expanded leaves were
sampled for analysis of photosynthetic pigments contents
according to Quinet et al. (2012) to quantify chlorophyll
(Chl a and Chl b) and total carotenoid (xanthophyll + b-
carotene). The 0.1 g of fresh weight frozen samples were
ground in a pre-chilled mortar in the presence of 10 mL
cold acetone 80% (Merck, Germany). After the extraction
was completed, the mixture was centrifuged (3000g) for 10
min at 4°C. The absorbance of the supernatant was read at
663, 646 and 470 nm using Thermospectronic Genesys 20
spectrophotometer  (Thermo, USA), and pigment
concentrations were calculated according to formula from
Lichtenthaler (1987).

Chla =12.25 A663-2.79 A646
Chl b =21.50 A646-5.10 A663
Cx+c = (1000 A470-1.82 Ca-85.02 Cb) / 198

Where :

Chl a = Chlorophyll a

Chl b = Chlorophyll b

Cx+c = Total carotenoids

A663 = The absorbance at the A of 663 nm
A646 = The absorbance at the A of 646 nm
A470 = The absorbance at the A 0of 470 nm

Determination of malondialdehyde (MDA)

MDA content was estimated based on the corrected
TBA method by Hodges et al, (1999) with a little
modification. Fresh functional leaves (0.5 g) were taken
and ground in 5 mL 5% TCA (Merck, Germany) extraction
solution, followed by centrifugation at 2500¢ for 30 min at
4°C (Heraeus Labofuge 400R, Germany), and the
supernatant is the MDA extract solution. Two milliliters of
extract solution and 3 mL 0.5% TBA (Merck, Germany)
including 5% TCA were mixed vigorously. The mixture
was heated at 80°C in constant temperature water bath for
30 min and was then cooled to room temperature. Cooled
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mixture was centrifuged at 2500g for 30 min at 4°C, and
finally the supernatant of the mixture was detected at 450,
532 and 600 nm. The concentration of MDA was
determined using the formula:

CMDA (umol mL™) = 6.45 x (D532-D600)-0.56 x D450

Where: D450, D532, and D600 are the absorbencies at
450, 532 and 600 nm.

Analysis of roots and leaves anatomy

Anatomical studies were carried out to observe the
transversal section of roots and leaves taken from R.
trisperma, which were grown in media without tailings (as
control) and with 100% tailing treatment. Samples for
observation were prepared using standard freehand
sectioning (Ruzin 1999). The sections were cut with
smooth stokes and transferred from the blade into a
microscope slide and stained with 1% safranin solution.
Stained samples were observed using Olympus CX-23 light
microscope and the picture of the samples was taken using
Optilab® camera.

Histochemical analysis of lead (Pb)

The observation of lead accumulated by plant tissues
was carried out using sodium rhodizonate according to the
method proposed by Tung and Temple (1996) with some
modification. Samples for observation were prepared with
standard freehand sectioning according to Ruzin (1999).
Freshly cut thin sections of the samples were soaked in
sodium rhodizonate staining solution for 60 minutes. To
improve the staining effects, the cut thin sections were
soaked in light green 0.1% for 2 minutes. Stained samples
were observed using Olympus CX-23 light microscope and
the picture of the samples was taken using Optilab®
camera.

Analysis of root and leaves ultrastructure

The analysis of ultrastructure of the samples was
carried out using transmission electron microscopy (TEM)
with the preparation methods according to Cortadellas et al.
(2010). Root segments of about 2 mm in length were cut
for about 1 cm above the root tip, and leaf rectangular
segments (1 x 2 mm) were sectioned from a fully expanded
leaf, which was then immediately transferred to 4%
glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) at 4°C
for overnight fixation. After rinsing three times with the
same buffer for 15 min each, the samples were post-fixed
in 1% OsO4 in the same buffer for 2 hours, followed by
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washing three times in the same buffer. Segments were
dehydrated in a graded series of ethanol (30%, 50%, 70%,
90%, and 100%) and were then infiltrated with resin
overnight. Ultrathin (80 nm) sections were cut using ultra-
microtome Reichert S Ultracut (Leica, Austria). Ultrathin
sections were mounted on copper grids and then observed
with transmission electron microscope (TEM) JEM 1010
(JEOL, Japan).

Statistical analysis

Statistical analysis was carried out by one-way
ANOVA using SPSS 19.0 statistical software and the
means were compared by Duncan’s Multi Range Test
(DMRT) and independent-samples T (non-factorial) test at
the 5% probability level.

RESULTS AND DISCUSSION

The tailings used in this experiment contained very low
organic matter (<1%) and low macro elements such as N,
P, and K with the pH of 7.0. The tailings also contained a
variety of metals classified as both essential and non-
essential elements for the plants (Table 1). Some essential
elements were abundant in the tailings with the
concentration were listed according to the highest as
follow: Fe > Mg > Mn > Zn > Co > Cu > Mo. In addition,
some non-essential (heavy metals) elements were also
contained in the tailings including Pb, Ag, Cd, and Hg
(Table 1).

Tailing was derived from the processing of mineral
rocks and ores in gold-mine industry involving milling,
washing and other processes, which causes the lower
content of organic matter and higher mineral elements. The
high content of heavy metals in the tailings is caused by
leaching of minerals and chemical compounds that are
normally used to separate gold from their rocks and other
minerals. In addition, during the extraction process of gold,
heavy metals that are naturally contained in the rock
minerals were washed (Fashola et al. 2016).

After 90 days of treatment using gold mine tailings with
different concentration, the response of R. trisperma was
varied depended on the tailing concentration and the type
of parameters that were analyzed. This result will present
and discuss the response of the plant to the tailings
treatment started from morphological (growth) followed by
physiological and anatomical characters, and finalized by
histochemical analysis.

Table 1. The content of essential and non-essential elements of gold mine tailing

Essential elements Mg Fe Mn Zn Co Cu Mo
Concentration (ppm) 3962.71 10348.15 1791.46 22.64 3.59 1.18 <0.005
Non-essential elements Pb Ag Cd Hg

Concentration (ppm) 93.59 13.36 1.26 0.064




HILMI et al. — Growth, histochemical and physiological responses of Reutealis trisperma

Growth inhibition is a common response of the plants
subjected to abiotic stress including heavy metals stress
(Malar et al. 2014). The results of this study showed that
plant growth was affected by gold mine tailings for 90
days, especially at high concentration (100% of tailings)
(Table 2). All growth parameters except for plant height
apparently increased at the 25% of tailings treatment, and
at 50% of tailing, while at 100% of tailing treatment, all
parameters were decreased significantly, except for plant
height (Table 2). The decrease of root and shoot dry weight
was 59.6% and 45% respectively, root length was 41.7%,
and leaf area was 28%, while plant height was only 19.6%.
The decrease of growth in 100% of tailing treatment may
associate to the characteristics of gold mine tailing that has
lower organic compounds and other major nutrient
elements such as N, P and K, which are required to support
plant growth (Setyaningsih et al. 2017). For the plants
treated with 100% of tailings, the source of macronutrient
compounds was obtained only from the compost (0.5 kg)
provided at the beginning of the treatment to support the
growth for 90 days, while the other treatments the plants
also got support from the media (mixed soil and compost).
In addition, nutrition shortage may happen during 90 days
of growth. This is because the tailings also contained heavy
metal especially Pb at moderate level (Table 1), which may
have negative effect to the plant growth. Heavy metals such
as Pb have negative affects to the plant metabolisms

particularly  photosynthesis, through inhibition of
photosynthetic enzymes as well as chlorophyll
biosynthesis, and caused the damage of chloroplast

membrane, which interfered photosynthetic electron
transport (Anggarwal et al. 2011). Heavy metals toxicity
also reduced roots ability for nutrients and water uptake
(Poschenrieder and Barceld6 2004), reduced enzyme
activities due to metal binding to the activation site of
enzyme (Asati et al. 2016), which ultimately lead to growth
inhibition (Pendias 2001).

Based on growth parameters, R. trisperma treated with
a low concentration of tailings had an increased growth
(Table 2). This could happen because gold mine tailings
used in the experiment contained higher concentration of
some essential nutrients such as Fe, Mg, Mn, Zn, Co, Cu,
Mo (Table 1). These metals are involved in essential
biological functions, and therefore have positive biological
effects in terms of growth and crop productivity, even
though the excessive amount of these metals both in the
growth media or plant body can generate toxic effects to
the plants (Shahid et al. 2015). The other metals such as Pb,
Cd, Hg and Ag which are non-essential heavy metals (Asati
et al. 2016) and also contained in the tailings may not have
negative impact to R. frisperma plants at lower (25%)
tailing treatments. This data suggested that R. frisperma
was tolerant to gold-mine tailings indicated by favor growth
under 25 and 50% of gold mine tailings without any toxicity
symptom such as chlorosis or necrosis in their leaves.

In agreement with this experiment, many studies also
reported that low concentration of heavy metals in the
growth media increased plant growth, while the higher
concentration caused the decrease of plant growth. Jadia
and Fulekar (2008) who worked with sunflower, for
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example, showed that that the treatment of heavy metals
(Pb, Cd, Ni, and Cu) at 10 and 20 ppm improved root and
shoot dry weight of sunflower, however the dry weight of
the plants decreased gradually as the concentration of
heavy metals in the media increased up to 40 and 50 ppm.
In Jatropha curcas, Shu et al. (2011) also found that the
treatment with low concentration of Pb treatment (0.5 mM)
increased leaves area of the plants, while higher
concentrations (1, 2, 3 and 4 mM) resulted in significant
reduction of leaves. The reduction of roots and shoot due to
heavy metals application has been reported in many other
studies (such as Surjendu et al. 2007; Daud et al. 2009;
Chaves et al. 2011; Li et al. 2004).

To analyze the effect of tailing treatment to
physiological parameters, photosynthesis pigments of the
leaves and malondialdehyde content of roots and leaves
were investigated. As presented in Figure 1, photosynthetic
pigment contents of leaves especially chlorophyll a and b
decreased significantly in the tailing treatment at 100%,
while carotenoid content did not change in response to the
treatments. The decrease of chlorophyll b due to 100%
tailing treatment was more (46,3%) than that of chlorophyll
a (20.5%). This result was in agreement with the previous
study conducted by Singh and Tewari (2003) who
described that the content of chlorophyll b in Brassica
juncea treated with Cd was lower than the content of
chlorophyll a due to the higher degradation of chlorophyll
b and lower interconversion of chlorophyll b from
chlorophyll a. Interestingly, the treatment with 25% of
tailing significantly increased chlorophyll a content, while
chlorophyll b content was slightly higher as compared to
the control but not significantly different (Figure 1). The
alteration in pigment composition, especially in the lower
level of light-harvesting chlorophyll proteins (LHCPS), is
one of the defense mechanism of plants to help them
survive under adverse conditions, including heavy metal
stress (Malar et al. 2014).

The decrease of chlorophyll content is among the
parameters when the plants undergo abiotic stress,
including heavy metal stress and to some extent, it caused
leaf chlorosis. Some previous studies described that heavy
metals can inhibit two key enzymes involved in chlorophyll
biosynthesis, i.e., 6-aminolevulinic acid (ALA)-dehydratase
(EC 4.2.1.24) and protochlorophyllide reductase (Van
Assche and Clijsters 1990; De Filippis and Pallaghy 1994).

Table 2. Effect of tailings application on growth of Reutealis
trisperma after 90 days treatment

Growth parameters

Tailings Root dry Shoot Root Shoot
o . dry . Leaf area
conc. (%) weight . length  height 2
weight (cm”)
(® (@ (cm) (cm)
0 11.4° 27.9% 28.3b 36.82 204.40°
25 13.5% 35.5¢ 33.0° 38.32 252.18¢
50 14.9% 32.4b¢ 27.3b 3432 202.56°
100 4.6* 15.22 16.5% 32.0* 147.18*

Note: The numbers within the same columns followed by the
same uppercase letters are not significantly different at P < 0.05,
as determined by Duncan test
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In addition, excessive amount of heavy metals in plants
generates oxygen radicals, which may induce lipid
peroxidation and cause the damage of thylakoid membrane
and photosynthetic pigments (Droppa and Horvath 1990).
Different from chlorophyll, carotenoid contents was not
significant affected by tailings treatments of 100% (Figure
1). The biggest decrease of carotenoid content occur at
100% tailings treatment by 8.5%.The less effect on
carotenoid content in R. trisperma might represent
supportive role of carotenoid compounds against oxidative
stress caused by heavy metals (Candan and Tarhan 2003).

The data of MDA measurement in the roots and leaves
showed that MDA content generally increased gradually in
accordance to the increase of tailings in growth medium,
except MDA content in root with 25% tailings treatment
(Figure 2). The increase of MDA content in the roots was
significantly higher than that in leaves in response to the
tailing concentration. The maximum MDA contents were
found in the roots treated with100% of tailings which
increased at about 74.4% compared with their control,
while in the leaves, it was only 34.2% higher (Figure 2).
Malondialdehyde (MDA) is the product of lipid
peroxidation in the cell when a plant undergoes abiotic
stress, and MDA content is often used as an indicator of the
extent of oxidative stress in the plant (Hu et al. 2012;
Repetto et al. 2010; Hamim et al. 2017%). The higher MDA
content in the roots suggested that R. trisperma underwent
more stress due to the treatment of gold-mine tailings than
that in the shoot. This was understandable because the first
organ exposed to gold mine tailings containing heavy metal
such as Pb, Ag, and Cd was the roots. [

In many species, the root has ability to prevent or
reduce uptake of heavy metals by binding them to the cell
wall (Manara 2012). However, not all metal content could
be stopped from entering the cell. The accumulation of
metal ions in the root cell induced ROS, which may
increase lipid peroxidation and lead to the increase of
MDA production (Del Rio et al. 2002). The similar results
have been reported in wheat seedlings grown at media
containing Cd and Pb (Surjendu et al. 2007; Malar et al.
2011), in tomato plant (Borges et al. 2018), and in
Camellia sinensis exposed to Cd (Mohanpuria et al. 2007).

To understand the response of gold mine tailing to plant
anatomy, microscopic analysis of transversal leaves and
roots anatomy were carried out to control plants and the
plant treated with 100% gold mine tailings. Roots and
leaves anatomy data showed that the size of root tissues of
the plants treated by 100% tailings treatments was changed.
The diameter of vascular bundle of R. trisperma roots
decreased from 332.14 pm in control plants to 270.88 pum
(18.4%) in 100% gold mine tailing treatment (Table 3). In
contrast, the thickness of exodermis and endodermis layer
increased significantly. The thickness of exodermis layer of
treated plant increased from 80.72 pm to 99.00 pm
(22.7%), while the thickness of endodermis layer also
increased from 17.12 pm to 23.66 pum (55.7%) in response
to 100% gold mine tailings. The decrease in vascular
bundle diameter is one of effects of heavy metal stress on
plants (Poschenrieder and Barceldo 2004). The decrease of
vascular bundle diameter as an impact of heavy metals
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toxicity has also been observed in many species such as in
Triticum aestivum exposed to Cu stress (Atabayeva et al.
2016) and Salix caprea treated with combination of Cd and
Zn (Vaculik et al. 2012).

Exodermis and endodermis are typical angiosperm
tissue, which has function to regulate the flow of water,
nutrient, and other material through apoplastic. Both tissues
are characterized by specific cell wall modifications with
Kasparian strip structure and may develop suberin and
thickening tertiary walls. These tissues play important role

Tailings:
Do%
w259
W50%
B100%

Pigment Contents (ng/'g FW)

Chlorophylla Chlorophyll b Carotenoid

Figure 1. The effect of gold mine tailings treatment on the
content of photosynthetic pigment (chlorophyll a, chlorophyll b
and carotenoids) of R. trisperma. Different letters above the bars
indicate significant differences according to Duncan's Multiple
Range test at P<0.05. Error bars show SE

3,00
2,30
[
z
£ Tailings:
02,00
El D0%
= .
E 1.50 m25%
g m30%
1,00
5 @100%
=]
=
0.50
0,00 -

Root T.eaf

Figure 2. Effect of gold mine tailings treatment on MDA content
of R. trisperma roots and leaves. Different letters above the bars
indicate significant differences according to Duncan's Multiple
Range test at P<0.05. Error bars show SE.

Table 3. Anatomical characteristics of root tissues in R. trisperma
control plants and plants treated with 100% tailings

Diameter of Exodermis Endodermis Amount of

Concentration

of tailing vascular  thickness thickness crystal
bundle (um) (um) (pm) (mm-2)
0% 332.14b 80.72a 17.12a 8a
100% 270.88a 99.00b 23.66b 92b

Note: Mean within the same columns followed by the same
uppercase letter indicates no significant difference at P < 0.05, as
determined by an independent-samples t-test
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in the protection against various types of stress such as
drought, pathogens, organic contaminants, salinity and
heavy metals (Enstone et al. 2003). The thickening of these
tissues in R. trisperma under 100% tailing treatment may
have important role to minimize the translocation of heavy
metals contained in the tailings. By analyzing some tolerant
and susceptible varieties of wheat, Atabayeva et al. (2016)
considered that the increase of exodermis and endodermis
thickening was an important indicator of adaptive
mechanism to heavy metal stress. The increase of
exodermis and endodermis thickening was observed by
Gomes et al. (2011) in the root tissues of Brachiaria
decumbens due to heavy metals contamination (Cd, Pb, Zn,
Cu). High proportions of exodermis and endodermis tissue
in roots were also characterized as high tolerance to heavy
metals (Lux et al. 2004).

Interestingly, the treatment with100% tailings also
caused a significant increase in the amount of crystals
observed in cortical tissue of root plants (Table 3).The
average number of crystal found in the cortical cell of the
plants treated with gold mine tailing 100% increased up to
92 crystals per mm?, while in the control plants it was only
8 crystals per mm? (Table 3). The function of crystals
formation inside cells was estimated to detoxify heavy
metals in plant tissues (Franceschi and Nakata 2005).
Crystals development may part of the mechanism of heavy
metals detoxification by binding and immobilization of
heavy metals to reduce its toxicity (Punz and Sieghardt
1993). The increasing amount of crystals because of
tailings treatment was also observed by Todeschini et al.
(2011), who demonstrated that Zn contamination in poplar
(Populus alba) induced formation of calcium-oxalate
crystals. Heavy metals such as Cd, Co, Fe, Pb, Sr, and Zn
were also reported to cause an increase in calcium oxalate
crystals formation (Punz and Sieghardt 1993). The changes
of the root anatomy of plant treated by 100% gold mine
tailings and the development of crystal inside the cells were
presented in Figure 3.[]

Tailings treatment was also induced anatomical changes
in leaves tissue of R. trisperma, which include the decrease
of upper and lower epidermis thickness resulted in the
decrease of leaf blade (lamina) thickness significantly
(Table 4). Almost similar, the thickness of upper and lower
epidermis decreased approximately 28% due to gold mine
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tailing treatment which caused the decrease of lamina by
6.2%. The previous studies conducted by Al-Saadi et al.
(2013) also found similar results that heavy metals such as
Ag and Cu caused a decrease of leaf blade thickness of
Potamogeton plant. In Pisum sativum, Cd toxicity also
decreased the leaf size and thickened lamina (Tran et al.
2013). Heavy metals also caused growth inhibition of leaf
mesophyll tissues, reduced leaf blade thickness, and also
reduced the size of epidermal cells (Tang et al. 2013). In
addition, heavy metals may affect the leaf size and
structure through inhibition of water transport from the root
to the shoot, and cause a decrease of osmotic pressure in
the leaves. The decrease of osmotic pressure caused by
inhibition of water transport affects the leaf cells turgidity
and reduces the leaf cell size which results in the decrease
of lamina thickness (Rucinska-Sobkowiak 2016).

A histochemical staining technique using sodium
rhodizonate was conducted for detecting lead in root and
leaf tissues of control plant and treated plant with 100% of
tailings. The appearance of red stains was observed in the
root and leave tissues from the plant treated with 100% of
gold mine tailings, while there was no red stains observed
in roots and leaves tissue of control plants (Figure 4 and 5).
In the root tissues of the plants treated by 100% of gold
mine tailing, lead deposits were detected in epidermal cells,
exodermal layer, cortical layer (Figure 4.C), endodermal
cells, xylem vessels and phloem elements (Figure 4.D).
The large area of lead deposits was found in the
surrounding of vascular tissues (Figure 4.D). The deposits
of lead were dominant on the cell walls and at the
intercellular spaces of the cells.

Table 4. Anatomical characteristics of leaves tissues in R.
trisperma control plants and plants treated with 100% tailings.

. Leaf blade Upper Lower
Concentration Thickness epidermis epidermis
of tailing (um) Thickness thickness[

. ) (pm)
0% 213.40° 36.18° 32.04°
100% 200.24* 25.94° 23.30°

Note: The numbers within the same columns followed by the
same uppercase letter indicates no significant difference at P <
0.05, as determined by an independent-samples t-test.

Figure 3. Root anatomical structure of R. trisperma without tailings treatment (A) and treated with 100% tailings (B), druce-form
crystal (C). Ep: epidermis, Ex: exodermis, C: cortex, Cr: crystal, En: endodermis, Ph: phloem, X: xylem. Bar length: 50 um.



1300

BIODIVERSITAS 19 (4): 1294-1302, July 2018

Figure 4. Histochemical analysis of lead using sodium rhodizonate in roots tissue of control plants (A and B) and plants treated with
100% tailings (C and D). E: epidermis, Ex: exodermis, C: cortex, En: endodermis, P: pericycle, X: xylem, Ph: phloem. Red-stained

tissues showed deposition of lead. Bar length: 50 pm

Figure 5. Histochemical analysis of lead using sodium rhodizonate in leaves tissue. Control plants (A and B) and plants treated with
100% tailings (C and D). Red-stained tissues showed accumulation of lead. E: epidermis, UE: upper epidermis, LE: lower epidermis, P:
parenchyma, X: xylem, Ph: phloem. Red-stained tissues showed deposition of lead. Bar length: 50 um

Various studies have been done to verify the absorption
of lead by some of terrestrial plants with focus on the roots
organ (Tung and Temple 1996; Baranowska-Morek and
Wierzbicka 2004). In roots, the lead is primarily
accumulated in apoplastic spaces with little lead transport
into aboveground portions of the plant (Tanton and Crowdy
1971). Lead was first absorbed by root hairs and
accumulated in epidermis cell walls. The metal binding at
the epidermis cell wall is part of a strategy to prevent metal
from going further into the internal tissues at roots.
However, in the plants exposed to high concentration of
lead, the substance was also transported apoplastically into
the internal tissues such as cortical, endodermal and even
vascular tissue (Tung and Temple 1996).

Histochemical analysis of this study showed that R.
trisperma exposed to high concentration of tailings (100%)
apparently accumulated lead in the root tissues. This data
indicated that 100% of gold mine tailing may contain high
enough Pb which caused the plant absorbed this metal into
the internal tissues of the roots. The presence of Pb in the
vascular tissues of the roots enabled the plants to transport
and distribute this metal to other parts of the tissues
including leaves. [

Histochemical analysis of leaves was carried out by
observing the transverse leave petioles and laminas of
control plants and treated plants with 100% of tailing
(Figure 5). In the leaf petiole of plants treated with 100%
gold mine tailings, lead deposition was found in the

epidermal cells, parenchymal cells, and xylem vessels
indicated by red color, while it has not appeared in the
phloem tissues (Figure 5.B). This data showed that the
distribution of Pb in this plant was attributed mostly by
water flow through xylem and transpiration from roots to
the leaves. In the lamina leaf, lead deposition was also
found in almost all the tissues including upper and lower
epidermis, parenchymal tissues as well as stomatal
openings in the lower part of epidermal tissues (Figure
5.D). From anatomy analysis showed that R. trisperma was
absorbed and accumulated Pb in the roots and in the leaves
suggesting that this plant may have ability, to some extent,
to tolerate Pb from gold mine tailings. [

Terrestrial plants tend to absorb lead from the soil and
retain most of this substance in their roots. However, there
is some evidence that plant foliage may also take up lead,
and it is possible that this lead is moved to other parts of
the plant (Asati et al. 2016). Some accumulator plants such
as Chenopodium rubrum, Aster subulatus, Brassica
chinensis and Amaranthus mangostanus were able to
accumulate lead in their above-ground tissues and
considered better candidates for phytoremediation (Yuan et
al. 2016). Many ultrastructural studies also showed heavy
metals accumulation in the cell wall, vacuoles, and
intercellular spaces and it is signed with deposition of
metals (Almeida et al. 2007; Pourrut et al. 2013;
Wierzbicka 1999). Sites of heavy metals deposition depend
on the metal and plant species (Kouhi et al. 2016). Positive
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response of R. trisperma on gold mine tailing with better
growth under lower concentration (25%) and its capacity to
sustain growth under 100% of gold mine tailing for 90 days
(Table 2) and the indication of Pb accumulation inside the
leaves (Figures 3-5) without any significant toxic symptom
suggesting that this plant is tolerant to gold mine tailing
and potential to be used for phytoremediation program.

In conclusion, growth, anatomical and physiological
characters of R. trisperma grown on the media containing
various concentration of gold mine tailings were analyzed
for 90 days. Low levels of gold mine tailings (25%)
improved growth parameters of R. trisperma, but the
highest concentration of tailings (100%) significantly
decreased all growth parameters. Goldmine tailing at 100%
caused the decrease of photosynthetic pigments of the
leaves, but not carotenoid, with the reduction of
chlorophyll b was higher than chlorophyll a. Conversely,
100% of gold mine tailing caused significant increase of
malondialdehyde (MDA) content in roots and leaves of R.
trisperma, suggesting that the plants underwent oxidative
stress, even though its increase was higher in the roots than
in the leaves. There were significant changes in roots and
leaves anatomy in response to gold mine tailings. The
treatment of 100% tailing decreased diameter of vascular
bundle, increased the thickness of exodermal and epidermal
layer of the roots, and induced accumulation of crystals in
the root cells. In leaves, tailings caused a decrease of upper
and lower epidermis thickness resulted in declining leaf
blade thickness. From histochemical analysis, it showed
that lead was entered to the roots of R. trisperma and
distributed to all part of the leaf tissues. Based on present
studies, the abilities of R. trisperma to sustain growth under
gold mine tailing up to 100% for 90 days without any
symptom of toxicity suggesting that this plant is tolerant to
gold mine tailing and potential to be used for
phytoremediation program.

ACKNOWLEDGEMENTS

We gratefully acknowledge the funding from USAID
through the SHERA Program, Centre for Development of
Sustainable Region (CDSR), Yogyakarta, Indonesia

REFERENCES

Almeida A-AF, Valle RR, Mielke MS, Gomes FP. 2007. Tolerance and
prospection of phytoremediator woody species of Cd, Pb, Cu, and Cr.
Braz J Plant Physiol 19: 83-98.

Al-Saadi SAAM, Al-Asaadi WM, Al-Waheeb ANH. 2013. The effect of
some heavy metals accumulation on physiological and anatomical
characteristic of some Potamogeton L. plant. J Ecol Environ Sci 4 (1):
100-108.

Altuhaish A, Hamim, Tjahjoleksono A. 2014. Biofertilizer effects in
combination with different drying system and storage period on
growth and production of tomato plant under field conditions. Emir J
Food Agric 26 (8): 716-722.

Anggarwal A, Sharma I, Tripathi BN, Munjal AK, Baunthiyal M, Sharma
V. 2011. Metal toxicity and photosynthesis. In: Itoh S, Mohanty P,
Guruprasad KN (eds) Photosynthesis: Overviews on recent progress
and future perspective. International Publishers, India.

Asati A, Pichhode M, Nikhil K. 2016. Effect of heavy metals on plants: an
overview. Intl J Appl Innov Eng Manag 5 (3): 56-66.

1301

Atabayeva S, Nurmahanova A, Akhmetova A, Narmuratova M, Asrandina
S, Beisenova A, Alybayeva R, Lee T. 2016. Anatomical peculiarities
in wheat (Triticum aestivum L.) varieties under copper stress. Pak J
Bot 48 (4): 1399-1405.

Baranowska-Morek A, Wierzbicka M. 2004. Localization of lead in root
tip of Dianthus carthusianorum. Acta Biol Crac Ser Bot 46: 45-56.
Beneduzi A, Ambrosini A, Passaglia LMP. 2012. Plant growth-promoting
rhizobacteria (PGPR): Their potential as antagonists and biocontrol

agents. Gen Mol Biol 35 (4): 1044-1051.

BPS. 2013. Extent and Distribution of Critical Land 2005-2013. Central
Bureau of Statistics, Jakarta. www.bps.go.id

Borges KLR, Salvato F, Alcantara BK, Nalin RS, Piotto FA, Azevedo
RA. 2018. Temporal dynamic responses of roots in contrasting
tomato genotypes to cadmium tolerance. Ecotoxicol 27 (3): 245-258.

Candan N, Tarhan L .2003. Relationship among chlorophyll-carotenoid
content, antioxidant enzyme activities and lipid peroxidation levels by
Mg?" deficiency in the Mentha pulegium leaves. Plant Physiol
Biochem 41: 35-40.

Chaves LHG, Estrela MA, de Souza RS. 2011. Effect on plant growth and
heavy metal accumulation by sunflower. J Phytology 3: 4-9.

Cortadellas N, Garcia A, Ferandez E. 2010. Transmission electron
microscopy in cell biology: Sample preparation techniques and image
information. In: Seoane JR (eds) Handbook of instrumental
techniques. CCiTUB, Barcelona.

Daud MK, Sun Y, Dawood M, Hayat Y, Variath MT, Wu YX, Raziuddin,
Mishkat U, Salahuddin, Najeeb U, Zhu S. 2009. Cadmium-induced
functional and ultrastructural alterations in roots of two transgenic
cotton cultivars. J Hazard Mat 161: 463-473.

De Filippis LF, Pallaghy CK. 1994. Heavy Metals: Sources and Biological
Effects. In: Rai LC, Gaur JP, Soeder CJ (eds) Advances in Limnology
Series: Algae and Water Pollution. E. Scheizerbartsche Press,
Stuttgart.

Del Rio, L.A, Corpas FJ, Sandalio LM, Palma JM, Gomez M, Barroso JB.
2002. Reactive oxygen species, antioxidant systems and nitric oxide
in peroxisomes. J Exp Bot 53: 1255-1272.

Droppa M, Horvath G. 1990. The role of Cu in photosynthesis. CRC Crit
Rev Plant Sci 9 (2): 111-124.

Enstone DE, Peterson CA, Ma F. 2003. Root endodermis and
exodermis: structure, function and responses to the environment.
] Plant Growth Regul 21: 335-351.

Fashola MO, Ngole-Jeme VM, Babalola OO. 2016. Heavy metal pollution
from gold mines: environmental effects and bacterial strategies for
resistance. Intl J Environ Res Public Health 13: 1-20.

Franceschi VR, Nakata PA. 2005. Calcium oxalate in plants: Formation
and function. Ann Rev Plant Biol 56: 41-71.

Gamalero E, Lingua G, Berta G, Glick BR. 2009. Beneficial role of plant
growth promoting bacteria and arbuscular mycorrhizal fungi on plant
responses to heavy metal stress. Canadian J Microbiol 55 (5): 501-
514.

Gomes MP, de Sac MMTCLL, de Oliveira GNM, de Castro EM, Soares
AM. 2011. Ecophysiological and anatomical changes due to uptake
and accumulation of heavy metal in Brachiaria decumbens. Sci Agric
68 (5): 566-573.

Grobelak A, Napora A, Kacprzak M. 2015. Using plant growth-promoting
rhizobacteria (PGPR) to improve plant growth. Ecol Engin 84: 22-28.

Giinthardt-Goerg MS, Vollenweiden P. 2002. Cellular injury, heavy metal
uptake and growth of poplar, willow and spruce influenced by heavy
metals and soil acidity. In: Prasad MNV (eds) Heavy metals stress in
plants: from biomolecules to ecosystems. Springer, New Y ork.

Haldar SK, Ghosh BB, Nag A. 2009. Utilization of unattended Putranjiva
roxburghii non-edible oil as fuel in diesel engine. Renew Energy 34:
343-347.

Hamim H, Hilmi M, Pranowo D, Saprudin D, Setyaningsih L. 2017
Morpho-physiological changes of biodiesel producer plants Reutealis
trisperma (Blanco) in response to gold-mining wastewater. Pak J Biol
Sci 20 (9): 423-435.

Hamim H, Violita V, Triadiati T, Miftahudin M. 2017°. Oxidative stress
and photosynthesis reduction of cultivated (Glycine max L.) and wild
soybean (G. tomentella L.) exposed to drought and paraquat. Asian J
Plant Sci 16 (2): 65-77.

Herman M, Syakir M, Pranowo D, Saefudin, Sumanto. 2013. Kemiri
Sunan (Reutealis trisperma (Blanco) Airy Shaw) Tanaman Penghasil
Minyak Nabati dan Konservasi Lahan. (Kemiri Sunan (Reutealis
trisperma (Blanco) Airy Shaw) Plant for producing biofuel and land
conservation). IAARD Press, Jakarta. [Indonesian].



1302

Hidayati N, Juhaeti T, Syarif F. 2009. Mercury cyanide contaminations in
gold mine environment and possible solution of cleaning up by using
phytoextraction. HAYATI J Biosci 16 (3): 88-94.

Hodges DM, Delong JM, Forney CF, Prange RK. 1999. Improving the
thiobarbituric acid reactive-substances assay for estimating lipid
peroxidation in plant tissue containing anthocyanin and other
interfering compounds. Planta 207: 604-611.

Hu R, Sun K, Su X, Pan Y, Zhang Y, Wang X. 2012. Physiological
responses and tolerance mechanisms to Pb in two xerophils: Salsola
passerina Bunge and Chenopodium album L. J Hazard Mater 205-
206: 131-138.

Jadia CD, Fulekar MH. 2008. Phytoremediaton: The application of
vermicompost to remove zinc, cadmium, copper, nickel and lead by
sunflower plant. Environ Eng Manag J 7 (5): 547-558.

Jiang Y, He Z, Yang X. 2007. Role of soil rhizobacteria in
phytoremediation of heavy metal contaminated soils. J Zhejiang Univ
Sci B. 8 (3): 192-207.

Karmee SK, Chadha A. 2005. Preparation of biodiesel from crude oil of
Pongamia pinnata. Biores Technol 96: 1425-1429.

Kouhi SMM, Lahouti M, Ganjeali A, Entezari M. 2016. Anatomical and
ultrastructural responses of Brassica napus after long-term exposure
to excess zinc. Turk J Biol 40: 652-660.

Kumar A, Sharma S. 2011. Potential non-edible oil resources as biodiesel
feedstock: An Indian perspective. Renew Sustain En Rev 15: 1791-
1800.

Kundu NK, Ghose MK. 1997. Soil profile Characteristic in Rajmahal
Coalfield area. India J Soil Water Conserv. 25 (1): 28-32.

Li B, Quan-Wang C, Liu H, Li HX, Yang J, Song WP, Chen L, Zeng M.
2014. Effect of Cd** ions on root anatomical structure of four rice
genotypes. J Environ Biol 35: 751-757.

Lichtenthaler HK. 1987. Chlorophylls and carotenoid: pigments of
photosynthetic biomembranes. Method Enzymol 148: 350-382.

Lux A, Sottnikova A, Opatrna J, Greger M. 2004. Differences in structure
of adventitious roots in Salix clones with contrasting characteristics of
cadmium accumulation and sensitivity. Physiol Plant 120: 537-545.

Malar S, Sahi SV, Paulo JCF, Venkatachalam P. 2011. Lead heavy metal
toxicity induced changes on growth and antioxidative enzymes level
in water hyacinths [Eichhornia crassipes (Mart.)]. Bot Stud 55: 54.

Malar S, Vikram SS, Favas PJC, Perumal V. 2014. Lead heavy metal
toxicity induced changes on growth and antioxidative enzymes level
in water hyacinths [Eichhornia crassipes (Mart.)]. Bot Stud 55: 54-
65.

Manara A. 2012. Plant responses to heavy metal toxicity. In: Furini A
(eds) Plants and heavy metals. Springer, Netherlands.

Manzanera M, Molina-Mufioz M, Gonzéalez-Lopez J. 2008. Biodiesel: an
alternative fuel. Recent Pat Biotechnol 2 (1): 25-34.

Mensah AK, Mahiri 10, Owusu O, Mireku OD, Wireko I, Kissi EA. 2015.
Environmental impacts of mining: a study of mining communities in
Ghana. Appl Ecol Environ Sci 3 (3): 81-94.

Mimmo T, Del Buono D, Terzano R, Tomasi N, Vigani G, Crecchio C,
Pinton R, Zocchi G, Cesco S. 2004. Rhizospheric organic compounds
in the soil-microorganism-plant system: their role in iron availability.
Europ J Soil Sci 65 (5): 629-642.

Mohanpuria P, Rana NK, Yadav SK. 2007. Cadmium-induced oxidative
stress influence on glutathione metabolic genes of Camellia sinensis
(L.) O. Kuntze. Environ Toxicol 22: 368-374.

Pendias KA. 2001. Trace Elements in Soils and Plants (3" ed.). CRC
Press, Boca Raton, USA.

Pokhrel LR, Dubey B. 2013. Evaluation of developmental responses of
two crop plants exposed to silver and zinc oxide nanoparticles. Sci
Total Environ 452-453: 321-332.

Poschenrieder C, Barcelo J. 2004. Water relations in heavy metal-stressed
plants. In: Prasad MNV (ed) Heavy Metals Stress in Plants: From
Biomolecules to Ecosystems. 2nd ed. Springer, Berlin.

Pourrut B, Shahid M, Douay F, Dumat C, Pinelli E. 2013. Molecular
mechanisms involved in lead uptake, toxicity and detoxification in
higher plants. In: Gupta DK, Corpas FJ, Palma JM (eds) Heavy Metal
Stress in Plants. Springer, Berlin.

Punz WF, Sieghardt H. 1993. The response of roots of herbaceous plant
species to heavy metals. Environ Exp Bot 33 (1): 85-98.

BIODIVERSITAS 19 (4): 1294-1302, July 2018

Quinet M, Vromman D, Clippe A, Bertin P, Lequeex H, Dufey I, Lutts S,
Lefévre 1. 2012. Combined transcriptomic and physiological
approaches reveal strong differences between short-and long-term
responses of rice (Oryza sativa) to iron toxicity. Plant Cell Environ 35
(10): 1837-1859.

Repetto MG, Ferrarotti NF, Boveris A. 2010. The involvement of
transition metal ions on iron-dependent lipid peroxidation. Arch
Toxicol 84: 255-262.

Rucinska-Sobkowiak R. 2016.Water relations in plants subjected to heavy
metal stresses. Acta Physiol Plant 38: 257

Ruzin SE. 1999. Plant microtechnique and microscopy. Oxford University
Press, New Y ork.

Schneider CA, Rasband WS, Eliceiri KW. 2012. NIH Image to ImagelJ: 25
years of image analysis. Nat Methods 9: 671-675.

Setyaningsih L, Setiadi Y, Budi SW, Hamim H, Sopandie D. 2017. Lead
accumulation by jabon seedling (4nthocephalus cadamba) on tailing
media with application of compost and arbuscular mycorrhizal fungi.
IOP Conf. Series: Earth and Environmental Science 58 (2017)
012053.

Shahid M, Khalid S, Abbas G, Shahid N, Nadeem M, Sabir M, Aslam M,
Dumat C. 2015. Heavy metal stress and crop productivity. In:
Hakeem KR (ed) Crop Production and Global Environmental Issues.
Springer International Publishing, Basel (Switzerland).

Sheoran V, Sheoran AS, Poonia P. 2010. Soil reclamation of abandoned
mine land by revegetation: a review. Int J Soil Sed Wat 3 (2): 1-20.
Shu X, Yin L, Zhang Q, Wang W. 2011. Effect of Pb toxicity on leaf
growth, antioxidant enzyme activities, and photosynthesis in cuttings
and seedlings of Jatropha curcas L. Environ Sci Pollut Res 19 (3):

893-902.

Singh S, Parihar P, Singh R, Singh VP, Prasad SM. 2016. Heavy metal
tolerance in plants: Role of transcriptomics, proteomics,
metabolomics, and ionomics. Front Plant Sci 6: 1143.

Singh PK, Tewari RK. 2003. Cadmium toxicity induced changes in plant
water relations and oxidative metabolism of Brassica juncea L.
plants. J Environ Biol 24: 107-112.

Surjendu KD, Jayashree D, Sanjukta P, Debasmita P. 2007. Changes in
the antioxidative enzyme activities and lipid peroxidation in wheat
seedlings exposed to cadmium and lead stress. Braz J Plant Physiol
19 (1): 53-60.

Tang L, Ying RR, Jiang D, Zeng XW, Morel JL, Tang YT, Qiu RL. 2013.
Impaired leaf CO, diffusion mediates Cd-induced inhibition of
photosynthesis in the Zn/Cd hyperaccumulator Picris divaricata.
Plant Physiol Biochem 73: 70-76

Tanton TW, Crowdy SH. 1971. The distribution of lead chelate in the
transpiration stream of higher plants. Pestic Sci 2: 211-213.

Tiwari KK, Dwivedi S, Singh NK, Rai UN, Tripathi RD. 2009. Chromium
(VI) induced phytotoxicity and oxidative stress in pea (Pisum sativum
L.): Biochemical changes and translocation of essential nutrients. J
Environ Biol 30: 389-394.

Todeschini V, Lingua G, Agostino GD, Carniato F, Roccotiello E, Berta
G. 2011. Effects of high zinc concentration on poplar leaves: a
morphological and biochemical study. Environ Exp Bot 71 (1): 50-56.

Tran TA, Vassileva V, Petrov P, Popova LP. 2013. Cadmium induced
structural disturbances in Pisum sativum leaves are alleviated by nitric
oxide. Turk J Bot 37: 698-707.

Tung G, Temple PJ. 1996. Histochemical detection of lead in plant
tissues. Environ Toxicol Chem 15 (6): 906-914.

Vaculik M, Konlecher C, Langer I, Adlassnig W, Puschenreiter M, Lux A,
Hauser MT. 2012. Root anatomy and element distribution vary
between two Salix caprea isolates with different Cd accumulation
capacities. Environ Pollut 163: 117-126.

Van Assche FV, Clijster H. 1990. Effect of metals on enzyme activity in
plants. Plant Cell Environ 13: 195-206.

Wierzbicka M. 1999. Comparison of lead tolerance in A/lium cepa with
other plant species. Environ Pollut 104: 41-52.

Yuan Y, Yu S, Bafiuelos GS, He Y. 2016. Comparative Accumulation of
Cr, Cd, Pb, Cu, and Zn by plants in tanning sludge storage sites:
opportunities for contamination bioindication and phytoremediation.
Environ Sci Pollut Res 23 (22): 22477-22487.



