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Phytoextraction is an important technique used for the decontamination of areas polluted by lead. Consequently, an
understanding of the physiological responses to tolerance of tropical species subjected to increasing levels of
contamination is fundamental before considering their use as phytoextractors in contaminated areas. The objective of
this study was to assess the lead (Pb) uptake and the tolerance of Ricinus communis L. The plants were cultivated in
nutrient solution in a greenhouse under controlled conditions. Lead was tested at concentrations of 0, 100, 200 and 400
µmol L-1. The experimental set-up was a block design, using a 4 x 1 factorial scheme, with three replicates. Biometric
analyses, photosynthesis rates, and Pb content in the nutritive solution as well as in roots and shoots were performed.
In conclusion, R. communis L is a hyperaccumulator species for Pb and presents tolerance properties in lead light
concentration.
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Lead uptake and tolerance of Ricinus communis L.

Pontencial fitoextrator de Ricinus communis L. para chumbo: A fitoextração é uma técnica remediadora importante para
áreas contaminadas por chumbo (Pb), sendo importantes os estudos que relacionam a tolerância de espécies de clima
tropical, desenvolvidas em níveis crescentes de contaminação, com a sua fisiologia, para que possam ser cultivadas
como fitoextratoras em áreas contaminadas. Este trabalho teve o objetivo de estudar a espécie Ricinus communis L.
como potencial fitoextratora de Pb. As plantas foram cultivadas em solução nutritiva, em casa de vegetação, sob
condições semi-controladas. Testaram-se as concentrações 0, 100, 200 e 400 µmol Pb L-1. Os experimentos foram instala-
dos em blocos ao acaso, em esquema fatorial 4 x 1, com três repetições. Foram realizadas análises biométricas e medidas
as taxas de fotossíntese, bem como as concentrações de Pb na solução nutritiva, nas raízes e na parte aérea das plantas.
Concluiu-se que R. communis L é uma espécie hiperacumuladora e apresenta tolerância ao Pb em baixas concentrações.
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INTRODUCTION
The intense and inadequate use of fertilizers and

pesticides in the soil, coupled with the increase in industrial
activity and mining are the main reasons for the
contamination of soil, waterways and the water table by
heavy metals (Malavolta, 1994). Among the existing
pollutants, lead (Pb) is the major contaminant of the soil
(Gratão et al., 2005) poising significant environmental
problems (Shen et al., 2002), including the risk of poisoning
for humans and especially children (Lasat, 2002).

In November 2006, the Technology and
Environmental Sanitation Company of the São Paulo
State, Brazil (CETESB) reported the existence of 1822 (238

with metals) contaminated areas in the State of São Paulo.
Brazilian legislation requires, however, as in the majority
of other countries, that areas degraded by pollution be
decontaminated in order to reduce the risk to both the
population and environment (CETESB, 2006).

Lead absorption is regulated by pH, cation exchange
capacity of the soil, as well as by exudation and
physicochemical parameters (Alloway, 1992; Parker et al.,
1995; Lasat, 2000). Absorption by roots from the soil
occurs via the plasma membrane, probably involving
cationic channels such as calcium channels. Roots are
capable of accumulating significant quantities of this
heavy metal and simultaneously restrict its translocation
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to the shoot (Lane and Martin, 1977). The retention of Pb
in roots involves binding to the cell wall and extracellular
precipitation, mainly in the form of lead carbonate, which
is deposited in the cell wall. At low concentration, Pb can
move through root tissue, mainly via the apoplast and
radially through the cortex where it accumulates near the
endoderm. The endoderm acts as a partial barrier to the
translocation of Pb through the root to the shoot. This
may be one of the reasons for the much greater
accumulation of Pb in roots than in shoots (Jones et al.,
1973; Verma and Dubey, 2003). In a study using three
cultivars of lettuce, Michalska (2001) showed that 0.5 mM
Pb in the nutrient solution resulted in greater Pb
accumulation in roots. Ultrastructural studies have
revealed the presence of Pb mainly in the intercellular
spaces, cell wall, and vacuoles with little deposited in the
endoplasmatic reticulum, dictyosomes and vesicles
derived from the dictyosomes. The cell wall and the
vacuole together account for 96% of the Pb absorbed
(Wierzbicka and Antosiewicz, 1993).

Excess Pb causes a variety of toxicity symptoms in
plants, such as reduced growth, chlorosis and darkening
of the root system. Inhibition of root growth appears to
result from Pb-induced inhibition of cell division of the
root meristem (Eun et al . ,  2000).  Lead inhibits
photosynthesis, alters the mineral nutrition and water
balance, modifies hormone levels and affects the
structure and permeability of the plasma membrane
(Sharma and Dubey, 2005).

Plants pump water, solutes and organic matter from
the surrounding medium as part  of their natural
physiological processes. This potential can be explored
to stabilize, remove or breakdown contaminants in the
soil  (Robinson et al . ,  2003).  In this respect,
phytoextraction, a technique that uses hyperaccumulator
plants to remove metals from the soil, stands out among
other forms of phytoremediation of soils contaminated by
heavy metals (Khan et al., 2000).

Phytoremediaton involves several steps: transfer of
metals from the bulk soil to the roots surfaces, uptake into
the roots and translocation to the shoots. Nutrient
solution experiments address the latter two steps (Tandy
et al., 2005). An alternative means of selecting plants with
potential for phytoextraction is through the use of
nutrient solutions for the growth of the plants. Such a
procedure allows an adequate control of metal

availability, and a consistent interpretation of the plant
response. The technique of growing plants with nutrient
solution is a well-established procedure for the
evaluation of plant tolerance to a great variety of
elements with a potential for phytotoxicity (Furlani and
Clarck, 1981; Mcquattie and Schier, 1990; Alva and Chen,
1995).

Plants of the families Brassicaceae, Euphorbiaceae,
Asteraceae, Lamiaceae e Scrophulariaceae have been
identified as having potential for the extraction of lead
from the soil (USEPA, 2003). According to Tang et al.
(2001),  the species Elsholtzia haichowensis  and
Commelina communis, during growth in hydroponic
solution containing 66-224 mg Pb kg-1 accumulated Pb in
greater concentration in the roots than in the shoots.
Boonyapookana et al .  (2005) studied of the
hyperaccumulation potential for Pb of sunflower, tobacco
and vetiver, and concluded that all three accumulated Pb
in their leaves and stems, but the former was the most
efficient accumulator.

The majority of plants that are known to be able to of
Pb phytoextraction are from temperate climates (Accioly
and Siqueira, 2000). In view of the importance of
phytoextraction as a technique for phytoremediation of
areas contaminated by lead, the search for tropical plant
species that are tolerant to this metal becomes essential.
Therefore, the aim of the present investigation was to
study the response of Ricinus communis L. to Pb and
investigate its lead uptake and tolerance properties with
regard to this heavy metal.

MATERIAL  AND METHODS

The experiments were carried out at the Central Experi-
mental Centre of the Agronomy Institute situated in the
city of Campinas (22 24' S, 44°05' W, 674 m a.s.l.), São
Paulo State, Brazil, from 26 March 2004 to 04 May 2004.
Plants were grown hydroponically in a greenhouse in
nutrient solution under controlled conditions of
temperature, with mean temperature of 28/22ºC (day/
night). The experimental set-up was a randomized block
design, using a 4 x 1 factorial scheme with three
replicates. Castor bean (R. communis L.) plants were
cultivated with solutions containing 0, 100, 200 and 400
μmol Pb L-1, supplied as lead acetate, with five plants per
replicate.
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Seeds were germinated on moist filter-paper (CEL-065)
and kept in a germination chamber at 20-35°C for 6 d,
according to established rules for the analysis of seeds
(Brasil, 1992). After 7 d the seedlings were transferred to
pots containing nutrient solution (Furlani and Furlani,
1988), aerated continuously by compressed air through
porous stones. After 11 d the nutrient solution was
replaced by another nutrient solution containing
different concentrations of lead. Eight days after
initiating the Pb treatments, three plants of each treatment
were selected and labelled for the measurements of
height,  taken at 6-d intervals for a total of four
measurements. Twenty-four days after being placed in
the hydroponic system, the rates of CO2 uptake and the
stomatal conductance to water vapour were measured
using a portable infra red gas analyser (Li 6200, LiCor,
Nebraska, USA). The same plants used for height
measurements were also used for leaf area measurements,
using an area meter (model L. I 3.100 SR, LiCor, Nebraska,
USA).

Plants were exposed to Pb for a period of 28 d,
maintaining the nutrient solution pH at 5.5. At harvest,
the shoots and roots were separated, washed with
deionized water, and dried to constant mass in an oven
(65-75°C). The dried material was then ground in a Wiley
mill, using a 1 mm mesh sieve. For Pb analysis the
powdered material was dry digested by incineration and
after solubilizing the ashes in HCl, Pb was determined by
inductively coupled plasma optical emission
spectrometry (ICP - OES - model JY50P - Jobin Yvon,
Longjumeau, France). Data were subjected to an analysis
of variance and means were compared using Tukey´s test,
at  P < 0.05.

RESULTS AND DISCUSSION
There was a reduction in plant height with increasing

concentrations of Pb, irrespective of the time after
application (Table 1). Similar results were observed by
Tandy et al. (2005) for Helianthus annuus growing in
nutrient solution with Pb (123 μmol L-1). Table 1 also
reveals that the difference in height for plants from the
zero and 400 mmol Pb L-1 treatments increased with time.
This suggests that, over time, Pb must have interfered
more strongly with the metabolic processes of the plant.

In this study, Pb treatments did decrease stomatal

Table 1. Plant height of castor bean (Ricinus communis L.)
grown in hydroponics with different concentrations of lead.
Within each column, means followed by a same letter did not
differ significantly (Tukey’s test, P < 0.05, n = 3)

                          8                 14                  20                 26
         0               6.89 a 9.00 a          10.11 a          10.67 a
       100  7.00 a 7.67 a        8.44 ab          9.22 ab
       200    6.78 a 7.78 a        8.11 ab     8.56 ab
       400    7.00 a 7.55 a        7.78 b     8.11 b

Days after treatment applicationPb
(µmol L-1)

conductance to a greater extent than net photosynthetic
rates (Figure 1A,B). Decreases in photosynthesis were
relatively small, reaching statistical significance only in
plants grown with 400 µmol Pb L-1 (Figure 1A). It has been
suggested that lead can alter photosynthesis through
effects on stomata or directly on mesophyll cells in which
both photochemical and biochemical reactions can be
affected (Kosobrukhov et al., 2004). In barley seedlings,
elevated levels of Pb in the soil reduce photosynthesis
either through reduced carboxylase activity or through
effects on the metabolites of the Calvin cycle (Stiborova
et al., 1987). Consequently, the effect of Pb is perceived
as a decrease in growth and development of the plant.
Here, despite the sharp decreases in stomatal
conductance, mesophyll limitations to photosynthesis
cannot be ruled out, but, in any case, the present results
suggest that inhibition of growth associated with
decreases in photosynthesis in Pb-treated plants is
rather unlike.

According to Kosobrukhov et al. (2004), application
of Pb brings about a considerable decrease in dry mass
accumulation of different plant parts.  In Vetiver
zizanioides and V. nemoralis the biomass accumulation
of plants was reduced with increasing Pb concentrations
(Chantachon, 2004). Nevertheless, for castor bean we
observed a reduction in leaf area and dry mass of the
shoots and roots up to the Pb concentration of 200 µmol
L-1, but additional increases in concentration did not alter
these values further (Figures 2, 3A and 3B). On the other
hand, beetroot (Beta vulgaris var. saccharifera) grown in
hydroponics with Pb showed an increase in root dry mass
without any change in shoots, even in 2 mM Pb, resulting
in an increased root to shoot ratio.(Larbi et al., 2002).
For  castor  bean,  there  was no  significant change  in
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Figure 2. Leaf areas of castor bean (Ricinus communis L.)
plants after growing for 40 d in hydroponics with
different concentrations of lead. Statistic as in Figure 1.

this ratio, which was about 0.65 regardless of Pb
concentrations, thus suggesting parallel changes in
growth of both roots and shoots. The inhibition of root
growth may be due to a decrease in calcium in root tips,
leading to a decrease in cell division or cell elongation
(Haussling et al., 1988; Eun et al., 2000). The inhibition of
growth of shoot may be due to a decrease in
photosynthesis, in upsets mineral nutrition and water
balance, changes hormonal status and affects membrane
structure and permeability (Sharma and Dubey, 2005).

Data for residual Pb concentrations in the hydroponic
nutrient solutions used for the growth of castor bean

Figure 1. Rate of net CO2 uptake (A) and stomatal
conductance (B) by castor bean (Ricinus communis L.)
plants after growing in hydroponics with different
concentrations of lead. Means followed by a same letter
did not differ significantly (Tukey’s test, P < 0.05, n = 3).

revealed that, at the treatment concentrations of 100 and
200 µmol Pb L-1, the plants removed almost all the Pb from
the solution. At the highest concentration used, the
removal of Pb was much lower compared to the others
(Figure 4A). These data are consistent with the levels of
Pb found in shoots and roots, where above 200 µmol L-1

translocation and absorption should have been
diminished (Figures 4B,C).

The castor bean plants were able to accumulate large
quantities of Pb, especially in roots, demonstrating the
high capacity for Pb absorption and accumulation of that
organ (Figure 4C). Similar results were obtained for Carex
rostrata, Eriophorum angustifolium and Phragmites
australis grown in hydroponics (Stoltz and Greger, 2002).
A high capacity for Pb retention in the roots with
restricted translocation to the shoots was reported for
Helianthus annus L. (Romeiro, 2005), Pinus radiata
(Jarvis and Leung, 2002), spinach (Tsen et al., 2002) and
Prosopis spp. (Aldrich et al., 2004).

According to Raskin et al .  (1994), Pb hyper-
accumulator plants are those capable of extracting and
accumulating over 1.0 g kg-1 DM in their tissues. Here we
always found larger values, in the range 10.54 to 24.61 g
Pb kg-1 (Figure 5). Therefore, despite the occurrence of
reduced growth, we may infer that castor bean has

0

150

300

450

600

0 100 200 400

Lead concentration (μmol L -1)
Le

af
 a

re
a 

(c
m

 2 )

a

b

c
c

0.0

0.3

0.5

0.8

0 100 200 400

Lead concentration (μmol L-1)

St
om

at
al

 c
on

du
ct

an
ce

 (m
ol

 m
  -2

 s-1
)

a

b b

ab

0

3

6

9

12

15

0 100 200 400
Lead concentration (μmol L-1)

R
at

e 
of

 n
et

 C
O

 2 
up

ta
ke

 (μ
m

ol
 m

  -2
 s-1

)

a

b
ab

A

ab

B



487

Braz. J. Plant Physiol, 18(4):483-489, 2006

LEAD UPTAKE AND TOLERANCE OF Ricinus communis

Figure 3. Dry mass of the shoot (A) and the roots (B) of
castor bean (Ricinus communis L.) plants after growing
for 40 d in hydroponics with different concentrations of
lead. Statistic as in Figure 1.

Figure 4. Lead concentration of the nutrient solution (A), as
well as of shoots (B) and roots (C), after growing of castor bean
(Ricinus communis L.) plants for 40 d in hydroponics with
different concentrations of lead. Statistic as in Figure 1.

hyperaccumulator characteristics for Pb. This species is
also considered as a hyperaccumulator and tolerant to
several other heavy metals, including cadmium, zinc and
nickel (Khan et al., 1998; Prasad, 2001). Taken together,
these characteristics make castor bean plants as a poten-
tial plant species for heavy metal phytoextraction.

The ideal plant for phytoremediation should present
rapid growth, high biomass production, deep roots, be
easy to harvest, tolerate various metals and accumulate
them in the shoots and/or the plant parts to be analyzed
(Garbisu and Alkorta, 2001; Clemens et al., 2002). In the
present investigation the greatest accumulation of Pb
taken up from the nutrient solution was found in roots. In
such cases, the use of complexing agents that increase
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