
A b s t r a c t. To investigate the effect of amended substrates on

cadmium uptake by one-year old poplar rooted cuttings a pot

culture was carried out. Pots were filled with three substrates. Four

treatments of Cd supply including were organized. The results

showed that higher biomass productions in substrates A and B

compare to substrate C, led to an increase total Cd uptake two times

more than that in substrate C, at 150 mg kg-1 concentration. Mean-

while maximum total uptake occurred in substrate B at 100 mg kg-1

concentration. Using synthetic chelators such as ethylenediamine-

tetraacetic acid in order to achieve high removal rate led to in-

creased environmental impacts while they are not expected when

such environmental friendly approaches are applied.

K e y w o r d s: soil, cadmium, ethylenediaminetetraacetic

acid, phytoextraction, substrate

INTRODUCTION

Contamination of soils with heavy metals is an impor-

tant environmental problem all over the world (Assareh et al.,

2008). Heavy metals have a considerable toxicity for micro-

organisms, plants, humans and animals (Fotakis and Timbrell,

2006). Moreover, degradation processes do not have any

effect on heavy metals therefore these chemicals stay in the

environment, although the bioavailability of them can alter

significantly as a result of their interactions with the various

soil components (Doumett et al., 2008). Removal of this per-

sistent pollutant is necessary but very difficult. Using physio-

chemical technologies to remediate large volumes of such

soils would be very expensive. Phytoremediation is an emerg-

ing technology that aims to extract or inactivate metals in

soils. The technology has attracted attention for the low cost

of implementation and environmental benefits. In addition,

phytoremediation is likely to be more acceptable to the

public than other traditional methods (Evangelou et al.,

2007a,b; Wei et al., 2008, W³odarczyk et al., 2012).

In order for phytoremediation to be effective, it is neces-

sary that plants accumulate high quantity of heavy metals,

tolerate soil contamination, and also produce a great deal of

biomass in contamination conditions (McGrath et al., 2002).

Recently, research in the field of metal phytoremediation

has concentrated on hyperaccumulators. These are plants

with a highly abnormal potential to accumulate metals (Reeves

and Baker, 2000). However, these plants are slow-growing

and produce low biomass as well; moreover, hyperaccumu-

lators generally accumulate only one specific element and

have a limited root system. These limitations make them

impractical for the remediation of sites with deep contami-

nation and/or contamination caused by more than one metal

(Begonia et al., 2005; Luo et al., 2005). Selection of woody

species that are metal resistant, high-depth rooted and fast-

growing, and that have the ability to grow on nutrient-poor

soil, can be a suitable alternative to clean up sites with heavy

metal contaminated soil (Pulford and Watson, 2003).

Low solubility of metals and the sorption of them to soil

particle surfaces can reduce the efficiency of phytoextrac-

tion. Many researchers have been concentrated on addition

of natural and/or chemical chelating agents to increase up-

take of heavy metals from soil and to reach high removal rates

(Munn et al., 2008; Pastor et al., 2007; Quartacci et al., 2007).

However, chelators have negative effects including elevated

toxicity to plants and soil microorganisms and their potential

risk of leaching to ground water (Evangelou et al., 2007b).

Therefore, in order to induce phytoextraction, applying environ-

mental friendly approaches is more beneficial (Wei et al., 2010).

Improvement of growth conditions for plant especially by

amendment of substrate can strengthen phytoextraction

through increasing plant biomass. Addition of organic mat-

ter is a common method for increasing plant biomass.
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In this research, cocopeat and peatmoss will be added to

the soil to investigate the effect on cadmium accumulation

by poplar rooted cuttings (Populus alba L.) a fast-growing

and high-biomass producer plant with high transpiration rate

and low ecological requirements that make it practical for

remediation of contaminated sites.

MATERIALS AND METHODS

The unpolluted soil used in this study was collected

from depth of 0 to 30 cm from the campus of Agriculture and

Natural Resources of University of Tehran. The soil was air

dried and passed through 2 mm sieve and mixed uniformly.

The results of chemical and physical properties of the soil

are presented in Table 1.

Preparation of rooted cuttings was carried out in Masir-

e-Sabz nursery, Karaj, Iran. Uniform-in-size cuttings (length

(25±3 cm), diameter (8±1 mm) and number of bud (8)) were

taken from single Populus alba (L.) tree were rooted and

planted in the nursery from January 2009 to February 2010.

72 homogenously and uniform-in-size rooted cuttings were

selected for the pot experiment.

To prepare substrates, loam soil, cocopeat and peatmoss

were used. Pots were filled with three substrates mentioned

below: A – loam soil and cocopeat were mixed in 1:1 (v/v)

ratio (P50%), B – loam soil, peatmoss were mixed in 1:1

(v/v) ratio and C – loam soil. Four treatments of Cd con-

tamination including 0 mg kg
-1

(the control, no external Cd),

50, 100, and 150 mg kg
-1

(were spiked as CdCl2 2.5H2O)

were organized. Plastic pots with 35 cm diameter and 45 cm

height were filled with contaminated airdried A, B and C

substrates which were passed through a 4 mm sieve and then

equilibrated for one month. During fifteenth of February

2010, rooted cuttings were transplanted in to the pots. All

treatments were replicated three times. Loss of water was

made up daily using tap water (no detection of Cd). To avoid

nutrient limitation, fertilizers were added to each pot. The

plants were harvested at the end of September 2010.

The harvested plants were washed with tap water and

deionized water to remove soil and then separated into

leaves, shoot and root. The samples were dried at 70°C in an

oven to constant mass. The dried plant samples were ground

in a stainless steel mill to pass through a 20-mesh sieve. The

milled samples were digested using a digesdahl apparatus

with concentrated H2SO4 and H2O2 (Vicentim and Ferraz,

2007). To determine Cd content, the solution was analyzed

in ICP-OES equipment.

The experiments were arranged in a factorial experi-

mental design with completely randomized basic design.

Data were processed using SAS software. Statistical diffe-

rences between treatments were tested by two-ANOVA

followed by HSD test to separate level means. Results were

considered significant at p<0.01.

RESULTS AND DISCUSSION

Analysis of variance revealed significant differences bet-

ween the main effects (p<0.01 and p<0.05) for the studied

attributes (Cd supplies and substrates). It would show that

there are significant differences among root, shoot and leaf

growing responses as well as root, shoot and leaf Cd content

in different treatments (Cd supplies and amendments)

(Table 2). Non-significant interactions indicated that the rates

of the trait changes are constant between the factors levels.
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Parameter Quantity Parameter Quantity

Clay (%) 24 Total nitrogen (%) 0.08

Silt (%) 35 Available phosphate (mg kg-1) 18

Sand (%) 41 Available potassium  (mg kg-1) 232

Field capacity (%) 26 Fe  (mg kg-1)* 5.10

pH 7.5 Cu (mg kg-1)* 4.00

EC (dS m-1) 4.42 Zn (mg kg-1)* 1.01

CaCO3 (%) 8.1 Mn (mg kg-1)* 7.90

Corg (%) 0.86 Cd (mg kg-1)* 0.13

CEC (C mol kg-1) 25 Pb (mg kg-1)* 1.94

SO4 (meq l-1) 37.20

*DTPA - extractable.

T a b l e  1. Physical and chemical characteristics of agricultural soil used in this study before adding cadmium



The results of poplar biomass responses are presented in

Fig. 1. In all three substrates, rooted cuttings showed a de-

creased trend in the leaf, shoot and root biomass with

increasing Cd concentration. Maximum decrease in biomass

production was observed in leaf biomass in comparison with

root and shoot biomass in all three substrates (Fig. 1a). Pop-

lar showed maximum amounts of leaf, shoot and root bio-

mass in substrates B and A, at 0 mg kg
-1

Cd supply. Minimum

amounts of biomass elements for poplar were occurred in

substrate C and in cadmium supply with 150 mg kg
-1

(p<0.01) (Fig. 1). Alternatively, only Cd supplies with 50

and 150 mg kg
-1

significantly (p<0.01) decreased leaf and

shoot biomass of poplar, whereas Cd supply with 100 mg kg
-1

had insignificantly (p<0.01) effects on poplar leaf and shoot

biomass in substrate B.

In all three substrates, the similar order (root >shoot

>leaf) of Cd concentration was observed in Populus alba (L.)

rooted cuttings (Fig. 2). However, Cd concentrations in leaf,

shoot and root were increased with the increase of 100 mg kg
-1

cadmium supply (p<0.01). Substrate B caused maximum Cd

concentration in leaves at 100 mg kg
-1

(Fig. 2a). Increasing

Cd supplies with 50 and100 and 150 mg kg
-1

, increased Cd

concentration in roots of poplar (p<0.01). Maximum root

accumulation of Cd (135 mg kg
-1

) was observed in substrate

B, at 150 mg kg
-1

Cd supply (Fig. 2c). The tendency of Cd

concentration in shoots was similar to roots with the only

exception in case of substrate C, at 150 mg kg
-1

Cd supply

which showed a statistically significant decrease (Fig. 2b).

Maximum amount of shoot Cd content (75 mg kg
-1

) was

found in substrate B, at 150 mg kg
-1

Cd supply.

Total Cd uptake was increased across different treatments

in terms of applying substrates in plants in similar levels of

Cd (p<0.01). However, As shown in Table 3, in all three

substrates, increasing Cd supplies with 50 and 100 mg kg
-1

,

increased total Cd uptake plants (p<0.01) while a decreased

trend was observed between 100 and 150 mg kg
-1

Cd supplies.

In the same Cd supplies, substrates B and C caused maxi-

mum and minimum Cd uptake respectively (p<0.01). Sub-

strate B caused maximum total uptake of Cd (20952.14 µg

plant
-1

) in Cd supply with 100 mg kg
-1

(Table 4).
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Source

of variation

Mean square

df

Biomass Concentration

Total uptake
leaf root shoot leaf root shoot

Cd conc.

Substrates

Cd conc. × subst.

CV

3

2

6

-

**

**

ns

13.9

**

**

ns

14.74

**

**

ns

11.00

*

*

ns

17.67

**

**

ns

21.58

**

*

ns

22.96

**

**

**

24.36

*, ** – significant at a probability level p < 0.05, 0.01, respectively; ns – not significant.

T a b l e  2. Mean squares of studied traits

Fig. 1. Poplar: a – leaf, b – shoot, c – root biomass (means±SD)

in respond to different cadmium supplies in different sub-

strates (A¢ , Bp , C¿).

a

b

c



Heavy metals are released in the environment by power

generating stations, heating systems, waste incinerators,

metal working industries, and many other sources. Their

accumulation in soils can become dangerous to all kinds of

organisms, including plants (Gichner et al., 2006). This

accumulation in arable soils is more serious, since these

toxic elements can be taken up by plants and transferred to

human (Chehregani et al., 2009). In the present experiment,

the addition to soil of cocopeat and peatmoss was inten-

tionally designed to prove the hypothesis that application of

these materials to substrate would assist plant growth and Cd

uptake in two poplars (species with fast growth rate and deep

root system) in the same time. One year old rooted cuttings

were planted in prepared substrates for one growing season.

This short-term exposure was nonetheless enough to reach

early evidence of positive effects on leaf functioning and

structure and biomass partitioning (Sebastiani et al., 2004).

Substrates (B and A), despite this short-term exposure, did

exert positive effects on growth responses in both poplar

clones compare to control substrate (C). Substrate B, at 150

mg kg
-1

Cd supply, caused 54% and 33% increase in leaf and

shoot biomass production compared to substrate C, respec-

tively (Fig. 1a, b). Maximum difference among root biomass

production (43%) was observed in substrate A at 150 mg kg
-1

Cd supply compared to substrate C (Fig. 1c). In most cases,

the differences between effects of B and A substrates on growth

responses were not significant (p<0.01) (Table 3). Such

increases in growth responses might be because that organic

matter would increase cation exchange capacity (CEC) (Lin

and Chen, 1998) and aeration as well as improve structure

(Martínez-Fernández and Walker, 2011) in the substrates.

The results showed that, in all three substrates, there was

no statistically significant difference among the root Cd con-

centrations in similar levels of Cd supply, whereas in some

cases, a significant difference among shoot Cd concentra-

tions as well as leaf Cd concentrations was observed (Fig. 2).

However, Wei et al. (2010) reported that bioavailability of

heavy metal in soil can be decreased by the organic amend-

ments. It could be related to side effects of organic matter in

soil acidification. On the other hand, Lin and Chen (1998)

stated that metal concentrations and CEC in sediments were

positively correlated with organic matter content.
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Fig. 2. Concentrations of Cd in: a – leaf, b – shoot, c – root of

Populus alba (L.) rooted cuttings responded to different Cd

supplies in substrates A (£), B (¢), and C (¢). Error bars show

SD, n=3.

Subatrates

Cd supply (mg kg-1)

0 50 100 150

A 802.33 ± 14(k) 7506.50 ± 30(h) 18729.88 ± 49(b) 15510.22 ± 32(d)

B 905.05± 11(j) 8374.68 ± 22(f) 20952.14 ± 55(a) 17295.77 ± 54(c)

C 559.84± 16(l) 4578.48 ± 24(i) 13168.28± 51(e) 7598.92 ± 24(g)

Different letters show the significant differences among the treatments (p< 0.01, n = 3).

T a b l e  3. Total Cd uptake (µg plant-1) (means ± SD) by poplars responded to different Cd supplies in different substrates

c

b

a



Phytoextraction efficiency is related to both plant metal

concentration and biomass production. (Wu et al., 2004).

Hyperaccumulators produce low biomass, therefore, to im-

prove phytoextraction efficiency, using fast-grow and deep-

root plants is more practical compare to hyperaccumulators

(Pulford and Watson, 2003). Zaleœny et al. (2007) found that

there is a great potential for remediation of pollutants using

poplar. Total Cd uptake in treatment 150 mg kg
-1

Cd supply

was twice as high in substrate B and A compare to substrate

C while this amount was not observed in other treatments of

Cd supply (Table 3). In all three substrates, specifically, there

were two trends in the performance of phytoextraction by

plants. First, with increasing Cd supply to 100 mg kg
-1

, an increa-

sed trend was observed. Second, the productivity of phyto-

extraction was decreased in Cd supply with 150 mg kg
-1

.

The results suggest that application of substrates can

significantly enhance the Cd uptake capacities of poplar

even under the conditions of Cd pollutant levels. This might

be because that amendments improved plant biomass pro-

duction and maintaining a threshold level of Cd content

(Jalloh et al., 2009). Generally, the results demonstrated that

used substrates showed a great potential in enhancement of

Cd uptake by poplars.

CONCLUSIONS

1. The results of this research work indicated that, at

least in some cases, poplars grown in amended substrates

have a higher efficiency in remediating contaminated soils

than do some slow-growing hyperaccumulators.

2. In most cases, Cd concentrations in leaf, shoot and

root were increased with the increase of Cd supply.

3. Applying substrates caused increase in biomass pro-

duction and finally enhanced Cd uptake by poplar rooted

cuttings.

4. Although using complexing agents such as EDTA

increase metal accumulation in plants considerably, but they

have toxic effects on plants and soil microorganisms,

whereas applying substrates can be considered as a promis-

ing and environmental friendly alternative for phytoreme-

diation of Cd polluted soil due to their conditions that

prepare to poplar growth and not having any outcome for the

environment.

REFERENCES

Assareh M.H., Shariat A., and Ghamari-Zare A., 2008. Seedling

response of three Eucalyptus species to copper and zinc toxic

concentrations. Caspian J. Env. Sci., 6(2), 97-103.

Begonia M.T., Begonia G.B., Ighoavodha M., and Gilliard D.,

2005. Lead accumulation by tall fescue (Festuca arundinacea

Schreb) grown on a lead-contaminated soil. Int. J. Environ.

Res. Public Health, 2, 228-233.

Chehregani A., Noori M., and Lari Yazdi H., 2009. Phytoreme-

diation of heavy-metal-polluted soils: Screening for new

accumulator plants in Angouran mine (Iran) and evaluation

of removal ability. Ecotox. Environ. Safety, 72, 1349-1353.

Doumett S., Lamperi L., Checchini L., Azzarello E., Mugnai S.,

Mancuso S., Petruzzelli G., and Del Bubba M., 2008.

Heavy metal distribution between contaminated soil and

Paulownia tomentosa, in a pilot-scale assisted phytoreme-

diation study: Influence of different complexing agents.

Chemosphere, 72, 1481-1490.

Evangelou M.W.H., Bauer U., Ebel M., and Schaeffer A.,

2007a. The influence of EDDS and EDTA on the uptake of

heavy metals of Cd and Cu from soil with tobacco Nicotiana

tabacum, Chemosphere, 68, 345-353.

Evangelou M.W.H., Ebel M., and Schaeffer A., 2007b. Chelate

assisted phytoextraction of heavy metals from soil. Effect,

mechanism, toxicity and fate of chealting agents. Chemo-

sphere, 68, 989-1003.

Fotakis G. and Timbrell J.A., 2006. Role of trace elements in

cadmium chloride uptake in hepatoma cell lines. Toxicol.

Lett., 164, 97-103.

Gichner T., Patkova Z., Szakova J., and Demnerova K., 2006.

Toxicity and DNA damage in tobacco and potato plants

growing on soil polluted with heavy metals. Ecotox.

Environ. Safety, 65, 420-426.

Jalloh M.A., Chen J.H., Zhen F.R., and Zhang G.P., 2009.

Effect of different N fertilizer forms on antioxidant capacity

and grain yield of rice growing under Cd stress. J. Hazard.

Mater., 162, 1081-1085.

Lin J.G. and Chen S.Y., 1998. The relationship between adsorp-

tion of heavy metal and organic matter in river sediment.

Environ. Int., 24(3), 345-352.

Luo C., Shen Z., and Li X., 2005. Enhanced phytoextraction of Cu,

Pb, Zn and Cd with EDTA and EDDS. Chemosphere, 59, 1-11.

Martínez-Fernández D. and Walker D.J., 2011. The effects of

soil amendments on the growth of atriplex halimus and bitu-

minaria bituminosa in heavy metal-contaminated soils. Water,

Air, Soil Pollution, DOI 10.1007/s11270-011-0839-0.

McGrath S.P., Zhao F.J., and Lombi E., 2002. Phytoremedia-

tion of metals, metalloids, and radionuclides. Adv. Agron.,

75, 1-56.

Munn J., January M., and Cutright T.J., 2008. Greenhouse

evaluation of EDTA effectiveness at enhancing Cd, Cr, and

Ni uptake in Helianthus annuus and Thlaspi caerulescens.

J. Soils Sediments, 8, 116-122.

Pastor J., Aparicio A.M., Gutierrez-Maroto A., and Hernández

A.J., 2007. Effects of two chelating agents (EDTA and

DTPA) on the autochthonous vegetation of a soil polluted

with Cu, Zn and Cd. Sci. Total Environ., 378, 114-118.

Pulford I.D., and Watson C., 2003. Phytoremediation of heavy

metal-contaminated land by trees – a review. Environ. Int.

29, 529-540.

Quartacci M.F., Irtelli B., Baker A.J.M., and Navari-Izzo F.,

2007. The use of NTA and EDDS for enhanced phyto-

extraction of metals from a multiply contaminated soil by

Brassica carinata. Chemosphere, 68, 1920-1928.

Reeves R.D. and Baker A.J.M., 2000. Metal-accumulating

plants. In: Phytoremediation of Toxic Metals Using Plants to

Clean up the Environment (Eds I. Raskin, B.D. Ensley).

Wiley Press, New York, USA.

Sebastiani L., Scebba F., and Tognetti R., 2004. Heavy metal accu-

mulation and growth responses in poplar clones Eridano and

I-214 exposed to industrial waste. Environ. Exp. Bot., 52,

79-88.

ASSISTED  PHYTOREMEDIATION OF CD-CONTAMINATED SOIL USING POPLAR ROOTED CUTTINGS 223



Vicentim M.P. and Ferraz A., 2007. Enzyme production and che-
mical alterations of Eucalyptus grandis wood during bio-
degradation by Ceriporiopsis subvermispora in cultures
supplemented with Mn2+, corn steep liquor and glucose.
Enzyme Microb. Technol., 40, 645-652.

Wei S.H., Zhou Q.X., and Mathews S., 2008. A newly found cad-
mium accumulator-Taraxacum mongolicum. J. Hazard.
Mater., 159, 544-547.

Wei S., Li Y., Zhoua Q., Srivastavac M., Chiud S., Zhane J.,

Wua Z., and Sun T., 2010. Effect of fertilizer amendments
on phytoremediation of Cd-contaminated soil by a newly
discovered hyperaccumulator Solanum nigrum L. J. Hazard.
Mater., 176, 269-273.

W³odarczyk T., Witkowska-Walczak B., and Majewska U.,

2012. Soil profile as a natural membrane for heavy metals

from wastewater. Int. Agrophys., 26, 71-80.

Wu L.H., Luo Y.M., Xing X.R., and Christied P., 2004.

EDTA-enhanced phytoremediation of heavy metal

contaminated soil with Indian mustard and associated

potential leaching risk, Agric. Ecosyst. Environ., 102,

307-318.

Zaleœny J.A., Zaleœny R.S., Coyle D.R., and Hall R.B., 2007.

Growth and biomass of Populus irrigated with landfill

leachate. Forest Ecol. Manag., 248, 143-152.

224 S.M. ALIZADEH et al.


