
This is a  refereed journal and all articles are professionally screened and reviewed                       ORIGINAL ARTICLE

Advances in Environmental Biology, 3(3): 255-262, 2009

ISSN 1995-0756

© 2009, American-Eurasian Network for Scientific Information 

255

Corresponding Author
Lina Sun, Key Laboratory of Eco-remediation of Contaminated Environment and Resource
Reuse, Shenyang University, Shenyang 110044, China. 
E-mail: jesonniu@126.com

Response of Root and Aerial Biomass to Phytoextraction of Cd and Pb by
Sunflower, Castor bean, Alfalfa and Mustard

Zhixin Niu, Lina Sun, Tieheng Sun 1 1 1,2

Key Laboratory of Eco-remediation of Contaminated Environment and Resource Reuse, Shenyang University,1

Shenyang 110044, China

Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China2

Zhixin Niu, Lina Sun, Tieheng Sun; Response of Root and Aerial Biomass to Phytoextraction of Cd

and Pb by Sunflower, Castor bean, Alfalfa and Mustard; Adv. Environ. Biol., 3(3): 255-262, 2009

ABSTRACT

Soil contamination originated from heavy metals is one of the global problems. Phytoremediation is a more

advanced approach compared with physicochemical methods for their cheap and “green” characters. In this

paper, sunflower (Helianthus annuus L.), mustard (Brassica juncea L.), alfalfa (Medicago sativa L.), castor

bean (Ricinus communis L.) were used to test the bioaccumulation of Cd and Pb in hydroponic culture. The

results showed that roots and aerials of these plants had dissimilar ability to uptake heavy metals. Moreover,

the translocation of heavy metals in some treatments was significantly correlated with the ratios of root and

aerial biomass. Thus these ratios could be a useful index to estimate the efficiency of bioremediation of heavy

metals.
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Introduction

In recent years, one of the most important global

problems is the pollution of the environment by

heavy metals from our industrial, economic or social

activities. Heavy metals are known to decrease plant

growth, ground cover and have a negative impact on

soil microflora[14]. Heavy metal pollution possesses

a trait with soil residence times of thousands of

years, and presents numerous health dangers to

higher organisms[8]. The current practice for

remediating heavy metal-contaminated soils relies

heavily on ‘dig-and-dump’ or encapsulation, neither

of which addresses the issue of decontamination of

the  so il.  Immobilization or extraction by

physicochemical techniques can be expensive and is

often appropriate only for small areas where rapid,

complete decontamination is required[17]. Some

methods, such as soil washing, have an adverse effect

on biological activity, soil structure and fertility, and

some require significant engineering costs. Presently,

phytoremediation is an attractive alternative as it

offers site restoration, partial decontamination,

maintenance of the biological activity and physical

structure of soils, and is potentially cheap, visually

unobtrusive, and there is the possibility of

biorecovery of metals[1]. Some studies showed that

sunflower could phytoremediate soil polluted by Cd2+

in association with Pseudomonas putida[4] and Pb-

contaminated soil[2]. Ricinus had been shown to

accumulate Cd in a pot experiment at the

concentrations from 10 mg kg  to 400 mg kg-1 -1

during 60 days[12]. Miller et al.[15] reported that

afalfa could accumulate Cd in soils receiving high

rates of sewage sludge (equivalent to 4.6 Cd kg/ha).

Begonia[2] reported that Indian mustard was
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considered as a hyperaccumulator which had the

most tolerance to lead. However, there were few

studies about the comparison of these four plants

accumulating Cd or Pb systematically.

Generally, the existence of toxic metals could

affect the growth of plants. Although most heavy

metal accumulating plants have a small biomass and

are slow growing, their biomass can be a useful

index of the tolerance of plants to toxic metals and

the efficiency of phytoextraction[9]. Lim et al.[10]

showed that the root and aerial biomass of wheat

decreased with increasing concentrations of Cd, Pb,

Cu, Zn in a pot experiment. Regarding to the

phytoextraction of Cd, Pb, Cu, Zn and As by

Eulaliopsis binata, Tie et al.[21] indicated that dry

biomass of roots and aerials were largely influenced

by the kinds of metals. Moreover, the fresh weight,

height, and germination percentage of plants were

negatively affected by Zn, Pb and Cd when wheat

seedlings were used to remediate these metals[13].

Thus, plants biomass response to heavy metals could

be considered when plants were used to phytoextract

toxic metals in soil. 

The objectives of this paper were to monitor the

bioaccumulation of Cd and Pb by the four plants:

sunflower (Helianthus annuus L.), mustard (Brassica

juncea L.), alfalfa (Medicago sativa L.), and castor

bean (Ricinus communis L.) in a hydroponic culture;

and to evaluate the relationships between biomass

and phytoextraction in order to provide available

information for thorough phytoremediation of toxic

metal-polluted soil.

Materials and methods

Seed sources and preparation

Seeds of the test plants (sunflower, mustard,

alfalfa and castor bean) were obtained from

Shenyang University Key Laboratory of Eco-

remediation of Contaminated Environment and

Resource Reuse. Seeds were surface sterilized by

immersion in 20% v/v commercial bleach and shaken

at 144 rpm on an orbital shaker (Beijing) in sterile

distilled water for 6 h. The sterilized seeds were

sown onto stainless pan with aseptic gauze and

incubated at 28 ºC and 60% relative humidity.

Seedlings were allowed to grow to a length of 2 cm

and then transplanted to hydroponic culture under

sterile conditions.

Establishment of hydroponic cultures and growth

condition

Plants were grown hydroponically to study their

ability to accumulate and tolerate different

concentrations of Cd and Pb. Seedlings were placed

through a perforation in a plastic platform in a 450

ml plastic jar containing 400 ml of Hoagland’s

solution[7], so that their roots were immersed in

liquid medium and the aerials were above the

platform. Sterility checks were conducted in

preparation cultures simultaneously.

The heavy metal salts (reagent grade) used in

2 2 3 2 2this study included CdCl •2.5H O, Pb(NO ) •H O.

The salts were separately diluted in deionized water

and added into hydroponic plant culture, respectively.

Treatments were prepared at the following

concentrations of (i) control (without Cd or Pb); (ii)

Cd 5 mg/l, 10 mg/l, 20 mg/l (designated as Cd5,

Cd10, Cd20, respectively); and (iii) Pb 50 mg/l, 100

mg/l, 200 mg/l (following as Pb50, Pb100, Pb200,

respectively). 

Plants were grown in half-strength modified

Hoagland’s solution during the first week, and then

cultures were changed to full Hoagland’s solution.

Plants were maintained at 25 ºC with a 16 h

photoperiod in a greenhouse and arranged in a

completely randomized design with 3 replications.

During the 5-week experimental period, cultures were

replaced every 4 days and supplied deionized water

to maintain 400 ml in all treatments.

Measurements of biomass and the contents of Cd

and Pb

At the end of the experiment (5 weeks), each

plant was harvested by clipping the aerial at the

culture level. The dry weights were recorded by

electronic balance (the limit is 0.1 mg). The roots

and aerials were washed in dilute detergent solution,

followed by several rinses in distilled water. All plant

parts were dried in an oven at 70 ºC for 72 h.

Samples including roots and aerials were digested,

and the digestion was accomplished using an electric

hot plate (Beijing) at 105 ºC for 15 min with 10 ml

3of concentrated HNO  (trace pure). Subsequently, the

sample volume was adjusted to 20 ml with deionized

distilled water and all sample extractions were

analyzed using a flame atomic absorption

spectroscopy (Spectra AA220, Varian).

Two bioconcentration factors, as defined in Eqs.

(1) and (2) and calculated from the designed

concentrations, were used to discuss the results from

this study.

plants cultureBCF (bioconcentration factors) = C  / C     (1)

roots culture aerials cultureBCFr = C  /C ;  BCFa = C  /C  

aerials rootsTF (translocation factors) = C  /C        (2)

where C = concentrations of Cd or Pb; BCFr = BCF

of roots; BCFa = BCF of aerials.
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Statistical analysis

All data were analyzed using SPSS software

package (SPSS Inc., Chicago, IL, USA). Multiple

comparisons and analyses of variance (ANOVA)

were used to determine the differences among the

treatments. Pearson correlation coefficients were used

to  evaluate  the relationships  between the

corresponding variables. Differences at P < 0.05

were considered significant. 

Results and discussion

The accumulation of Cd and Pb by plants

At the end of this experiment, Cd phytoextracted

by roots of the four plants increased with Cd

concentrations, and the Cd contents were significantly

higher in roots than in shoots (P < 0.05) (Fig. 1).

No significant differences in contents of Cd were

found in shoots. From data of total contents

accumulated by plants, the highest value appeared in

the S+Cd20 treatment (327.34 mg/kg) (P  < 0.05).

Moreover, alfalfa and mustard showed almost the

same uptake ability of Cd in the Cd20 treatment.

Similar to Cd treatments, Pb in roots and the

whole plants showed increment with concentrations,

and the highest value was 597.22 mg kg  in the-1

M+Pb200 treatment (P < 0.05) (Fig. 2). Pb

transported into shoots of plants showed no

difference among treatments. Sunflower, alfalfa,

mustard in the Pb200 treatment could accumulate

more Pb (917.82 mg kg , 835.53 mg kg  and 892.98-1 -1

mg kg , respectively) (P < 0.05).-1

Biomass and BCF values in the Cd treatments

After 5 weeks, BCF values of sunflower

increased but those of alfalfa and mustard decreased

with increasing concentrations of Cd (Fig. 3). The

highest BCFr values were exhibited by plants

exposed to treatments A+Cd5, A+Cd10 and M+Cd5

(15.08, 14.41 and 15.75, respectively), and the lowest

was 2.60 in the C+Cd20 treatment. 

The root biomass of sunflower decreased with

increasing Cd concentrations. The root biomass was

significant higher in sunflower and castor bean than

in alfalfa and mustard (P < 0.05), and mustard had

the lowest root biomass ranging from 0.0723 g to

0.1112 g. 

Data from Fig. 4 showed that aerial BCF values

of castor bean, alfalfa and mustard decreased with

increment of Cd concentrations. However, the highest

BCFa (5.96) of sunflower was exhibited in the

S+Cd10 treatment. In all treatments, the biomass was

significantly higher in sunflower than in castor bean,

alfalfa and mustard (P < 0.05). Aerial biomass of

sunflower and alfalfa decreased with increasing

concentrations of Cd, and no significant differences

were observed among the aerials biomass of castor

bean and mustard treated with Cd.

Biomass and BCF values in the Pb treatments

When the four plants were used to phytoextract

Pb in hydroponic culture, the BCF of roots of

sunflower, castor bean and alfalfa decreased with the

increment of Pb concentrations (Fig. 5). The highest

BCFr value (6.67) was exhibited in the S+Pb50

treatment, and the root biomass exhibited a similar

trend in the S+Pb50 and C+Pb50 treatments. No

significant differences in root biomass of alfalfa and

mustard were found among the Pb treatments. 

In the Pb treatments, the BCFa values of

sunflower, alfalfa and mustard showed a decreasing

trend with the increment of concentrations, but no

significant differences in BCFa were observed among

the C+Pb treatments (Fig. 6). The highest BCFa

values were presented in the S+Pb50 and M+Pb50

treatments (5.12 and 4.93, respectively).

TF and the ratios of aerial and root biomass

After 35 days, the highest TF value (1.27)

appeared in the C+Cd5 treatment (Fig. 7). When

sunflower and castor bean were used to accumulate

Cd in cultures, the TF values decreased with the

increasing of Cd concentrations. However, no

differences in the TF values were found among the

A+Cd and M+Cd treatments.

TF values of Pb-treated sunflower and castor

bean increased with increasing Pb concentrations, and

the highest TF (1.32) was observed in the M+Pb50

treatment (Fig. 8).

TF values of Pb-treated sunflower and castor

bean increased with increasing Pb concentrations, and

the highest TF (1.32) was observed in the M+Pb50

treatment (Fig. 8). In alfalfa and mustard treatments,

the changes in Aw/Rw were positively correlated

with TF values (r = 0.996, r = 0.983, respectively).

TF values in Pb-treated alfalfa and mustard were

negatively correlated with Pb concentrations (r = -

0.973, r = -0.884, respectively) (Table 1).

Table 1: Correlation coefficients between TF values and
Aw/Rw, Cd or Pb concentrations

Index TF-Cd TF-Pb

Sunflower C -0.957* 0.997*
Aw/Rw -0.678 0.636

Castor bean C -0.771* 0.996*
Aw/Rw -0.549 0.159

Alfalfa C -0.938* -0.973*
Aw/Rw 0.876* 0.996*

Mustard C 0.56 -0.884*
Aw/Rw 0.992* 0.983*

Note: Aw/Rw stands for the ratios of aerial biomass and root
biomass; * represents significant level at P < 0.05.
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Fig. 1: The contents of Cd in roots, shoots and the whole plants (S = sunflower, C = castor bean, A =

alfalfa, M = mustard; r = roots; s = shoots; t = total; bar = standard error)

Fig. 2: The contents of Pb in roots, shoots and the whole plants (S=sunflower, C=castor bean, A=alfalfa,

M=mustard; r= roots; s: shoots; t: total; bar=standard error)

Fig. 3: Comparisons of BCFr and root biomass of sunflower, castor bean, alfalfa and mustard in Cd

treatments (S=sunflower, C=castor bean, A=alfalfa, M=mustard; r= roots; bar=standard error)
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Fig. 4: Comparisons of BCFa and aerial biomass of sunflower, castor bean, alfalfa and mustard in Cd

treatments (S = sunflower, C = castor bean, A = alfalfa, M = mustard; a = aerials; bar = standard

error)

Fig. 5: Comparisons of BCFr and root biomass of sunflower, castor bean, alfalfa and mustard in Pb

treatments (S = sunflower, C = castor bean, A = alfalfa, M = mustard; r = root; bar = standard error)

Fig. 6: Comparisons of BCFa and aerial biomass of sunflower, castor bean, alfalfa and mustard in Pb

treatments (S = sunflower, C = castor bean, A = alfalfa, M = mustard; a = aerials; bar = standard

error)
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Fig. 7: Changes in TFs and Aw/Rw of sunflower, castor bean, alfalfa and mustard in Cd treatments (Aw/Rw

= ratio of aerial biomass and root biomass, S = sunflower, C = castor bean, A = alfalfa, M =

mustard; bar = standard error)

Fig. 8: Changes in TFs and Aw/Rw of sunflower, castor bean, alfalfa and mustard in Pb treatments (Aw/Rw

= ratio of aerial biomass and root biomass, S = sunflower, C = castor bean, A = alfalfa, M =

mustard; bar = standard error)

Discussion

BCF values can be used as an index to estimate

a plant’s ability of accumulating heavy metals

according to the bioconcentration[18]. In the present

study, the bioaccumulation of Cd or Pb by roots and

aerials were different among treatments. Some

reasons may explain these differences. First of all,

the level of Cd in plants might be affected by several

physiological factors of plants, including Cd uptake

from the solution, xylem translocation from root to

the aerial, sequestration of Cd (in subcellar

compartments or as organic complexes)[6].

B ioaccumulation depends not only on the

characteristics of the organism itself, but also on the

characteristics of metals. In this experiment, heavy

metals used had particular toxicity to plants; and as

a result, plants showed dissimilar responses to Cd or

Pb. Mohan and Hosetti[16] reported that metals

affect many enzymes involved in RNA, DNA and

protein metabolism. For instance, Cd or Pb may

cause deleterious effects on much of the biochemical

machinery required for cell survival. Cd or Pb has

numerous sites of action within plants. It is more

likely that accumulation will be associated with a

mechanism that sequestering it in a less toxic form,

the mechanism of heavy metals accumulation and the

response of plants to these toxic metals are quite

complex and can not be explained without thorough

investigation. 
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Also, concentrations of heavy metals in cultures

could influence the efficiency of phytoextraction.

Sunflower, castor bean, alfalfa, and mustard used in

this experiment showed distinct accumulation at

different concentrations. Higher concentration may

lead to an increase in the contents of heavy metals in

tissue compartments of plants, but at the same time,

it could damage the growth of plants, and

consequently lead to decreased accumulation of

metals. These results were in line with those of Lu

and He[12], who reported that Ricinus communis

could bioaccumulate Cd in soil at concentrations

ranging from10 mg/kg to 400 mg/kg. Growth of

castor bean began to be slow and inhibited at

concentrations beyond 40 mg kg . Bioaccumulation-1

reached the maximum (4460.3 mg/kg) at the 360

mg/kg treatment, but at 400 mg/kg, the metabolism

of castor bean was greatly affected such that its

accumulation ability was weakened. 

Additionally, plants have different responses to

heavy metals which can result to changes of biomass.

The existence of heavy metals might affect many

processes in plants and severely depress plant

photosynthesis, which in turn reduces plant

productivity. Biomass of roots and aerials in this

study was significantly correlated with the BCF

values. Generally, biomass of plants decreased with

increment of toxic metals in this experiment. The

phytotoxic metals at high concentrations may be

more harmful to tissues of plants than at low

concentrations. Toxic metal ions interfere with

respiratory carbohydrate metabolism in plant cells,

probably by substituting irreversibly for another

micronutrient in critical enzymes. They also inhibit

the formation of chlorophyll by interfering with

protochlorophyllide reduction and the synthesis of

aminoevulinic acid[20]. Habash et al.[5] showed that

heavy metals might interfere with different steps of

the Calvin cycle, resulting in the inhibition of

2photosynthetic CO  fixation. However, Lu and He[12]

reported that low concentration of Cd appeared to

improve the growth of Ricinus communis, and Liu

and Wang[11] considered that low concentration of

Cu (# 80 mg/l) could improve the growth of wheat,

while high concentration of Cu ( > 80 mg/l) inhibited

germination and seedling growth of wheat. Further

study about affect of heavy metals on plants is

needed. In addition, data from BCF of roots and

shoots in this test showed that sunflower had better

ability of accumulating Cd and Pb than others and

sunflower had higher biomass, so it could be applied

to bioremediate the soil contaminated by Cd or Pb in

situ.

TF values can describe the movement and

distribution of heavy metals in plants. Studies have

shown that phytochemistry involved in metal

transport and storage seems to vary considerably with

plant species[3]. Also, the complicated mechanisms

of heavy metals transportation in organisms are

another reason that makes TFs differed. For example,

Salt et al.[19] concluded that ABA-induced stormatal

closure dramatically reduced Cd or Pb accumulation

in aerials of Indian mustard. Cellular sequestration of

Cd or Pb might have a large effect on the levels of

free Cd or Pb in the symplast and, thus, can

potentially influence movement of Cd or Pb

throughout the plant. To date, there have been many

hypotheses on the translocation of metals in plants,

and methodological methods required improved. In

this experiment, TFs showed unique correlation with

biomass ratios of aerials and roots, when these four

plants were used to treat Cd and Pb. The ratios of

alfalfa and mustard displayed different positive

correlations with TF values, which meant that the

higher biomass ratios of aerials and roots, the higher

TFs when they were exposed to special metals and

concentrations. Rosseli et al.[18] considered that the

existence of toxic metals might disturb and damage

the metabolism process of plants, which could lead

to changes of roots and aerials biomass of plants, at

the same time, high biomass production of shoots

could improve the efficiency of phytoextraction of

heavy metals from soil. Thus, these ratios can be an

index to evaluate the transport of toxic metals

together with TF values for some species of plants.

To date, there are few reports on relationships

between the translocation of heavy metals and the

ratios of aerial and root biomass, more studies is

needed to better understand the relationships between

the biomass ratios and the phytoextraction of toxic

metals.
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