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ABSTRACT 

The release and persistence of toxic heavy metals into the natural environment is a serious 

concern especially in urban areas. The problem of heavy metal pollution is gaining 

momentum from year to year as more and more amounts of heavy metals are extracted from 

their ores and released into the environmental segments (water, air and soil) during 

processing or afterwards. Heavy metals are essentially nonbiodegradable and therefore 

accumulate in the environment and subsequently find their way into the food chains. 

Contamination of food chains by toxic heavy metals is an unwanted outcome of 

industrialization and unsustainable development. This contamination is a risk to the health of 

all organisms including humans. Entrance of toxic heavy metals (through absorption, 

inhalation and ingestion) into the human body beyond threshold limits causes many diseases 

and health abnormalities. Therefore, effective remediation of heavy metal pollution is a top 

priority. The different physico-chemical methods used for this purpose generally suffer from 

serious limitations. Phytoremediation is seen as an alternative green solution to the problem. 

The present study reports phytoremediation of Cd, Pb, Cu, and Zn by Trifolium alexandrinum, 

which is a suitable candidate plant species for this purpose. T. alexandrinum was grown in a 

simulated heavy metal-contaminated soil. Root bioconcentration factor values of T. 

alexandrinum for Zn, Pb, Cu and Cd were 4.242, 1.544, 1.071, and 0.604 respectively. 

 

Keywords:  Phytoextraction; heavy metals; soil pollution; Trifolium alexandrinum; 

phytoremediation 

 

1. Introduction  

The mobilization of heavy metals by man (through mining from ores and processing for 

different applications) has led to the contamination of different environmental segments by 

these elements. By contaminating food chain, these elements pose a risk to environmental 

and human health. As a result of their release and presence in the ecosystems, these pollutants 

are accumulated by living organisms in their bodies and subsequently biomagnified as they 

pass from one trophic level to the next. Since man also is at the top of food chain, he is 

vulnerable to heavy metal pollution. 

 

Regarding the role of heavy metals in living systems, they are divided into two classes: 

essential and non-essential. Essential heavy metals are those, which are needed by living 

organisms for their growth, development and physiological functions like Mn, Fe, Ni, Cu and 

Zn (Gohre and Paszkowski, 2006) while non-essential heavy metals are those, which are not 

needed by living organisms for any physiological functions like Cd, Pb, Hg and As (Mertz, 
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1981; Suzuki and Sano, 2001; Bidar et al., 2006; Peng et al., 2009). Higher levels of heavy 

metals disturb the normal physiology and biochemistry of living systems. The most 

dangerous heavy metals are Pb, Hg, As, Cd, Sn, Cr, Zn and Cu (Wright, 2007; Gosh, 2010). 

Among these, Cd and Pb are the most dangerous metals for human health (Sekara et al., 

2005). Cd is considered as the most serious pollutant of the modern age (Singh et al., 2009). 

Cd concentrations above the threshold limit values have been found to be carcinogenic, 

mutagenic and teratogenic for a large number of animal species (Degraeve, 1981). Cd has 

also been implicated as an endocrine disruptor (Awofolu, 2005). Pb has been found to be 

responsible for quite a number of ailments in humans such as chronic neurological disorders 

especially in fetus and children. This eventually results in behavioral and attitude changes 

with progressive retardation (Awofolu, 2005). Pb-poisoning in children causes neurological 

damage leading to reduced intelligence, loss of short-term memory, learning disabilities and 

coordination problems (Padmavathiamma and Li, 2007).  

 

The concentrations of heavy metals increase in the environment from year to year 

(Govindasamy, 2011). Therefore decontamination of heavy metal-contaminated soils is very 

important for maintenance of environmental health and ecological restoration. Different 

physical and chemical methods are used for this purpose with each method having its merits 

and demerits. However, physical and chemical methods are generally considered as 

destructive, expensive, labor-intensive and causing secondary problems (Padmavathiamma 

and Li, 2007; Wu et al., 2010). In comparison, phytoremediation is a novel, less expensive, 

efficient, environment- and eco-friendly remediation strategy with good public acceptance 

(Turan and Esringu, 2007; Singh et al., 2009; Saier and Trevors, 2010; Revathi et al., 2011). 

Phytoremediation is the use of green plants for decontamination of polluted sites (soils and 

waters). It can be used for heavy metals and radionuclides as well as for organic pollutants. 

Phytoremediation technology is a recent technology. Most research efforts are focused in this 

field since the last two decades (1990 onwards). Different techniques of phytoremediation 

include phytoextraction, phytofiltration, phytostabilization, phytovolatilization and 

phytodegradation (Alkorta et al., 2004). Phytoextraction is the uptake of elements (heavy 

metals) or compounds (xenobiotics) from growth media by plant roots and their translocation 

to the aerial parts (stem and leaves). It is the best approach to remove contaminants primarily 

from soil and isolate them without destroying the soil structure and fertility (Gosh and Singh, 

2005). An additional advantage of phytoextraction is that during this practice, plants cover 

the soil and thus, erosion and leaching are minimized (Jadia and Fulekar, 2009). For 

phytoremediation, two approaches are used: (1) The application of hyperaccumulators (such 

as Thlaspi caerulescens or Alyssum bertolonii) producing a relatively low amount of above-

ground biomass but accumulating high amounts of one or more elements (2) The application 

of high biomass producing plants characterized by lower ability to accumulate target 

elements where total uptake of elements is comparable to that of hyperaccumulators due to 

high yield of above-ground biomass (Tlustos et al., 2006). Hyperaccumulators are defined as 

“plant species whose shoots contain > 100 mg Cd kg
−1

, > 1000 mg Ni, Pb and Cu kg
−1

 or > 

10000 mg Zn and Mn kg
−1

 (dry weight) when grown on metal rich soils” (Baker and Brooks, 

1989). As of 2010, more than 400 plant species have been identified as metal 

hyperaccumulators (Wu et al., 2010; Mudgal et al., 2010). Grasses have been more preferable 

in use for phytoaccumulation (phytoextraction) than shrubs or trees because of high growth 

rate, more adaptability to stress environment and high biomass (Malik et al., 2010). Screening 

hyperaccumulators and accumulators is a key step in the phytoremediation of soils 

contaminated by heavy metals (Zhang et al., 2010). The use of hyperaccumulators to 

decontaminate polluted soils might result in production of a bio-ore of some commercial 

value to recoup some of the costs of soil remediation (Brooks et al., 1998). Phytoremediation 

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

49
 o

n
 d

at
ed

 1
0-

A
u

g
-2

02
6



Phytoremediation of heavy metals by Trifolium alexandrinum 

 

Hazrat Ali, Muhammad Naseer and Muhammad Anwar Sajad
 

International Journal of Environmental Sciences Volume 2 No.3, 2012 
1461 

technology is interdisciplinary in nature and requires input of knowledge from chemistry, 

botany and soil microbiology. The present study was designed to investigate the 

phytoextraction of four selected heavy metals (Cd, Pb, Cu and Zn) from simulated polluted 

soil by Trifolium alexandrinum. T. alexandrinum is an herb belonging to the family Fabaceae. 

It is cultivated as a fodder crop for cattle. It was selected because it is fast-growing, resistant 

to pollution loads, produces high biomass and above all offers multiple harvests in a single 

growth period. 

 

2. Materials and Methods 

 

2.1 Experimental Plant 

 

In this study, T. alexandrinum was used for phytoextraction of Cd, Pb, Cu and Zn. The seeds 

of the plant were obtained from the local market. 

 

2.2 Phytoextraction Experiments 

 

Phytoextraction experiments were carried out in pots in greenhouse. For this purpose, the soil 

was passed through a 1 mm sieve and 6.5 kg soil was put into each pot. Pots were divided 

into five groups i.e., Cd-contaminated, Pb-contaminated, Cu-contaminated, Zn-contaminated, 

and control (to which no metal was added). The metals were added to the soil as their water 

soluble salts in the form of their aqueous solutions. Thus Cd was added as CdCl2.2 ½ H2O, 

Pb as Pb (NO3)2, Cu as CuSO4.5 H2O, and Zn as ZnSO4.7 H2O. The concentration of metals 

added was 100 mg metal per kg of soil (100 ppm). Ten seeds of T. alexandrinum were put 

into each pot. For each metal three pots were used (triplicate experiment). After germination, 

the seedlings were allowed to grow in the same pots until maturity. After 98 days, the mature 

plants were uprooted and separated into roots, stem and leaves. These parts i.e., roots, stem, 

and leaves were used for the analysis of accumulated heavy metals. 

 

2.3 Analysis of Heavy Metals in Plants 

 

For this purpose, each plant part was thoroughly washed with tap water and then with 

distilled water in order to remove dust and soil particles. The clean plant parts were dried in 

an oven at 80°C for 48 hours. Then the samples were digested according to Awofolu (2005): 

0.5 g sample of the plant part was taken into a 100 mL beaker. 5 mL concentrated (65%) 

HNO3 and 2 mL HClO4 were added to it and heated on hot plate until the digest became clear. 

The digest was allowed to cool and then filtered through a Whatman filter paper. The filtrate 

was collected in a 50 mL volumetric (measuring) flask and diluted to the mark with distilled 

water. The filtrate was used for the analysis of heavy metals (Cd, Pb, Cu, and Zn) by Atomic 

Absorption Spectrophotometer (AAS-700, Perkin-Elmer, USA) using acetylene/air as gas 

mixture. The lamp wavelength (λ) for Cd, Pb, Cu, and Zn was 228.8 nm, 283.3 nm, 324.8 nm, 

and 213.9 nm respectively. As mentioned previously, each experiment was run in triplicate. 

Results are shown as mean ± Standard Error. 

 

2.4 Calculation of Bioconcentration and Translocation Factors 

 

Bioconcentration factor (BCF) indicates the efficiency of a plant in up-taking heavy metals 

from soil and accumulating them into its tissues. It is a ratio of the heavy metal concentration 

in the plant tissue (root, stem or leaves) to that in soil. It is calculated as follows (Zhuang et 

al., 2007). 
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soil

tissueharvested

C

C
BCF =  

where Charvested tissue is concentration of the target metal in the plant harvested tissue (roots, 

stem or leaves) and Csoil is concentration of the same metal in soil. Bioconcentration factor 

can also be calculated in percent according to the following equation (Wilson and Pyatt, 

2007). 

%100(%) ×=

soil

tissueplant

C

C
BCF  

Translocation factor (TF) indicates the efficiency of the plant in translocating the 

accumulated heavy metals from roots to shoots. It is a ratio of the concentration of the heavy 

metal in shoots (stem or leaves) to that in its roots. It is calculated as follows 

(Padmavathiamma and Li, 2007; Adesodun et al., 2010). 

roots

shoots

C

C
TF =  

2.5 Statistical Analysis 

 

Each experiment was conducted in triplicate (n = 3). Results are shown as mean ± standard 

error. Experimental data were analyzed using statistical software SPSS 16.0. Heavy metal 

concentrations in control and experimental were compared using Paired-Samples T Test.  

 

3. Results and Discussion 

 

3.1 Phytoextraction of Cd 

 

The accumulation of Cd in different tissues of T. alexandrinum is shown in Figure 1. 
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Figure 1: Phytoextraction of Cd by T. alexandrinum 

Error bars show standard error (n = 3) 

*Mean values are significantly different from their respective controls at p < 0.05 according 

to Paired-Samples T test. 
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The concentrations of Cd in roots and stem of T. alexandrinum were significantly higher (p < 

0.05) in Cd-treated plants than in control plants. However, in case of leaves, the difference 

was not significant at p < 0.05. The concentrations of Cd in the three parts of Cd-treated 

plants were in the order: roots > leaves > stem. This sequence is commonly observed for 

accumulation of heavy metals in plants. According to Smical et al. (2008), different plant 

parts contain different quantities of heavy metals with the highest ones being contained in 

roots and leaves. This is because heavy metals are absorbed by roots from soil solution and 

later on translocated to leaves (through xylem vessels) where they are deposited in vacuoles. 

Stem is only a traffic way for this journey. According to Rahmanian et al. (2011), the 

maximum shoot Cd concentrations for couch grass, alfalfa and millet were 23.6, 13.4 and 

15.1 mg kg
−1

 dry mass respectively at a total soil Cd concentration of 108 mg kg
−1

, which are 

comparable to our results. 

 

3.2 Phytoextraction of Pb 

 

The accumulation of Pb in the different tissues of T. alexandrinum is shown in Figure 2. 
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Figure 2: Phytoextraction of Pb by T. alexandrinum 

Error bars show standard error (n = 3) 

*Mean values are significantly different from their respective controls at p < 0.05 according 

to Paired-Samples T test. 

 

Pb concentrations in all tissues of T. alexandrinum were significantly higher (p < 0.05) for 

Pb-treated plants compared to the control plants. Pb concentration was more in roots 

compared to both stem and leaves in case of Pb-treated plants. This is in agreement with the 

findings of Soleimani et al. (2009) who state that the amounts of accumulated Pb in tall 

fescue and Bermuda grass (Cynodon dactylon) were higher in roots compared to the shoots. 

 

3.3 Phytoextraction of Cu 

 

The accumulation of Cu in the different tissues of T. alexandrinum is shown in Figure 3. 
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Figure 3: Phytoextraction of Cu by T. alexandrinum 

Error bars show standard error (n = 3) 

 

Unlike for Cd and Pb, the concentrations of Cu in the tissues of T. alexandrinum were 

significantly not different (at p < 0.05) for Cu-treated and control plants. Cu concentrations in 

the tissues of Cu-treated plants were in the order: roots > leaves > stem. This is supported by 

the results of Hajiboland (2005) who reported that metal amounts in roots were higher than 

those in the shoots. 

 

3.4 Phytoextraction of Zn 

 

The accumulation of Zn by the different tissues of T. alexandrinum is shown in Figure 4. 

Like for Cu, the concentrations of Zn in the tissues of T. alexandrinum are significantly not 

different (at p < 0.05) for Zn-treated and control plants. The concentrations of Zn in the 

different tissues of Zn-treated plants were in the order: roots > leaves > stem. Of the four 

studied metals (Cd, Pb, Cu, and Zn), T. alexandrinum plants accumulated more Zn in their 

roots. This trend has been reported by other authors as well using other plants. For example, 

Peralta et al. (2001) stated that alfalfa plants accumulated significantly more Zn in the roots 

than other metals. Gbaruko and Friday (2007) also reported that Zn had the highest 

concentration in the flesh of all the fauna and flora samples analyzed. 

 

3.5 Bioconcentration Factors 

 

Bioconcentration factors of T. alexandrinum for the selected heavy metals are shown in Table 

1. Results are based on the total soil concentrations of the concerned metals (background 

concentrations + concentrations added to soil). Values of background concentrations of the 

selected heavy metals in the used soil were taken from a previous recent study (Sajad, 2010).  
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Figure 4: Phytoextraction of Zn by T. alexandrinum 

Error bars show standard error (n = 3) 

 

Table 1: Bioconcentration factors of T. alexandrinum for Cd, Pb, Cu and Zn 

 

Metal concentration in soil (mg kg
−1

) 
Bioconcentration factor of 

harvested tissues 
Metal 

Background 

concentration* 

Concentration 

added to soil 

Total 

concentration 
BCFroot BCFstem BCFleaves 

Cd 0.339 100 100.339 0.604 0.172 0.177 

Pb 11.797 100 111.797 1.544 0.917 0.858 

Cu 20.782 100 120.782 1.071 0.153 0.234 

Zn 23.133 100 123.133 4.242 2.518 3.756 

* Values of background soil concentrations of Cd, Pb, Cu and Zn were taken from a previous 

recent study (Sajad, 2010) 

 

From Table 1 it is clear that the order of uptake of the heavy metals from the soil was: Zn > 

Pb > Cu > Cd (except BCFstem in which case Cd > Cu). According to Jadia and Fulekar 

(2008), Zn is relatively mobile in soils and is the most abundant metal in roots and shoots of 

contaminated plants as it is in soils. Similarly, Ciura et al. (2005) stated that plants easily 

accumulate Zn in aboveground organs. According to Kumar et al. (2008), the mean 

concentrations of heavy metals in plants decreased according to the sequence: Zn > Cu > Pb 

> Ni > Co > Cd. 

 

3.6 Translocation Factor 

 

The values of translocation factor of T. alexandrinum for the selected heavy metals are given 

in Table 2. 

 

Table 2: Translocation factors of T. alexandrinum for Cd, Pb, Cu and Zn 
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Metal concentration in soil (mg kg
−1

) Translocation factor of shoots 

Metal Background 

concentration* 

Concentration 

added to soil 

Total 

concentration 
TFstem TFleaves 

Cd 0.339 100 100.339 0.284 0.293 

Pb 11.797 100 111.797 0.594 0.556 

Cu 20.782 100 120.782 0.143 0.218 

Zn 23.133 100 123.133 0.594 0.886 

* Values of background soil concentrations of Cd, Pb, Cu and Zn were taken from a previous 

recent study (Sajad, 2010) 

 

TF values follow the order: Zn ≥ Pb > Cd > Cu. All TF values are less than 1. According to 

Turan and Esringu (2007), the big difference between root and shoot concentrations indicates 

an important restriction of the internal transport of Cu, Cd, Pb, and Zn from roots to shoots 

resulting in higher root concentrations rather than translocation to shoots. 

 

4. Conclusions 

T. alexandrinum effectively extracted the selected heavy metals from the simulated heavy 

metal-contaminated soil as evident from the difference of heavy metal concentration values 

between control and experimental plants. This is also clear from BCFroot values, which are 

4.242, 1.544, 1.071, and 0.604 for Zn, Pb, Cu, and Cd respectively. However, translocation of 

the accumulated heavy metals from roots to shoots was limited as seen from TF values for 

these metals, which are less than 1 in all cases. This is one of the limitations usually 

encountered in phytoremediation of toxic heavy metals. However, this limitation can be 

overcome by considering uprooting the plants in which case the accumulated heavy metals in 

the roots are removed from the soil. Using T. alexandrinum for phytoremediation has many 

advantages. For example, it produces considerable biomass, has a relatively short life cycle, 

is resistant to prevailing environmental and climatic conditions and above all offers multiple 

harvests in a single growth period. Thus, this candidate species can be used for 

phytoremediation of toxic heavy metals. 

 

Acknowledgements 

The authors are thankful to the Director, Centralized Resource Laboratory (CRL), University 

of Peshawar, for providing AAS facility. 

 

5. References 

 

1. Adesodun J.K., Atayese M.O., Agbaje T.A., Osadiaye B.A., Mafe O.F., and Soretire 

A.A., (2010) “Phytoremediation potentials of sunflowers (Tithonia diversifolia and 

Helianthus annus) for metals in soils contaminated with zinc and lead nitrates”, Water, 

Air and Soil Pollution, 207, pp 195-201. 

2. Alkorta I., Hernandez-Allica J., Becerril J.M., Amezaga I., Albizu I., and Garbisu C., 

(2004) “Recent findings on the phytoremediation of soils contaminated with 

environmentally toxic heavy metals and metalloids such as zinc, cadmium, lead and 

arsenic”, Reviews in Environmental Science and Bio/Technology, 3, pp 71-90. 

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

49
 o

n
 d

at
ed

 1
0-

A
u

g
-2

02
6



Phytoremediation of heavy metals by Trifolium alexandrinum 

 

Hazrat Ali, Muhammad Naseer and Muhammad Anwar Sajad
 

International Journal of Environmental Sciences Volume 2 No.3, 2012 
1467 

3. Awofolu O.R., (2005) “A survey of trace metals in vegetation, soil and lower animals 

along some selected major roads in metropolitan city of Lagos”, Environmental 

Monitoring and Assessment, 105, pp 431-447. 

4. Baker A.J.M., and Brooks R.R., (1989) “Terrestrial higher plants which 

hyperaccumulate metallic elementsA review of their distribution, ecology and 

phytochemistry”, Biorecovery, 1, pp 81-126. 

5. Bidar G., Garcon G., Pruvot C., Waterlot C., Douay F., and Shirali P., (2006) “The 

phytomanagement of soils highly contaminated by metals: Use of Trifolium repens 

and Lolium perenne as experimental model”, Difpolmine Conference, 12-14 

December, Le Corum-Montpellier-France, 1-6. 

6. Brooks R.R., Chambers M.F., Nicks L.J., and Robinson B.H., (1998) “Phytomining”, 

Perspectives, 3 (9), pp 359-362. 

7. Ciura J., Poniedzialek M., Sekara A., and Jedrszczyk E., (2005) “The possibility of 

using crops as metal phytoremediants”, Polish Journal of Environmental Studies, 14, 

pp 17-22. 

8. Degraeve N., (1981) “Carcinogenic, teratogenic and mutagenic effects of cadmium”, 

Mutation Research, 86, pp 115-135. 

9. Gbaruko B.C., and Friday O.U., (2007) “Bioaccumulation of heavy metals in some 

fauna and flora”, International Journal of Environmental Science and Technology, 4 

(2), pp 197-202. 

10. Gohre V., and Paszkowski U., (2006) “Contribution of the arbuscular mycorrhizal 

symbiosis to heavy metal phytoremediation”, Planta, 223, pp 1115-1122. 

11. Gosh S., (2010) “Wetland macrophytes as toxic metal accumulators”, International 

Journal of Environmental Sciences, 1 (4), pp 523-528. 

12. Gosh M., and Singh S.P., (2005) “A review on phytoremediation of heavy metals and 

utilization of its byproducts”, Applied Ecology and Environmental Research, 3 (1), pp 

1-18. 

13. Govindasamy C., Arulpriya M., Ruban P., Francisca L.J., and Ilayaraja A., (2011) 

“Concentration of heavy metals in seagrasses tissue of the Palk Strait, Bay of Bengal”, 

International Journal of Environmental Sciences, 2 (1), pp 145-153. 

14. Hajiboland R., (2005) “An evaluation of the efficiency of cultural plants to remove 

heavy metals from growing medium”, Plant Soil Environment, 51, pp 156-164. 

15. Jadia C.D., and Fulekar M.H., (2009) “Phytoremediation of heavy metals: Recent 

techniques”, African Journal of Biotechnology, 8, pp 921-928. 

16. Jadia C.D., and Fulekar M.H., (2008) “Phytoremediation: The application of 

vermicompost to remove zinc, cadmium, copper, nickel, and lead by sunflower plant”, 

Environmental Engineering and Management Journal, 7, pp 547-558. 

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

49
 o

n
 d

at
ed

 1
0-

A
u

g
-2

02
6



Phytoremediation of heavy metals by Trifolium alexandrinum 

 

Hazrat Ali, Muhammad Naseer and Muhammad Anwar Sajad
 

International Journal of Environmental Sciences Volume 2 No.3, 2012 
1468 

17. Kumar J.I.N., Soni H., Kumar R.N., and Bhatt I., (2008) “Macrophytes in 

phytoremediation of heavy metal contaminated water and sediments in Pariyej 

community reserve, Gujarat, India”, Turkish Journal of Fisheries and Aquatic 

Sciences, 8, pp 193-200. 

18. Malik R.N., Husain S.Z., and Nazir I., (2010) “Heavy metal contamination and 

accumulation in soil and wild plant species from industrial area of Islamabad, 

Pakistan”, Pakistan Journal of Botany, 42 (1), pp 291-301. 

19. Mertz W., (1981) “The essential trace elements”, Science, 213, pp 1332-1338. 

20. Mudgal V., Madaan N., and Mudgal A., (2010) “Heavy metals in plants: 

Phytoremediation: Plants used to remediate heavy metal pollution”, Agriculture and 

Biology Journal of North America, 1 (1), pp 40-46. 

21. Padmavathiamma P.K., and Li L.Y., (2007) “Phytoremediation technology: Hyper-

accumulation metals in plants”, Water, Air and Soil Pollution, 184, pp 105-126. 

22. Peng K.J., Luo C.L., Chen Y.H., Wang G.P., Li X.D., and Shen Z.G., (2009) 

“Cadmium and other metal uptake by Lobelia chinensis and Solanum nigrum from 

contaminated soils”, Bulletin of Environmental Contamination and Toxicology, 83, 

pp 260-264. 

23. Peralta J.R., Gardea-Torresdey J.L., Tiemann K.J., Gomez E., Arteaga S., Rascon E., 

and Carrillo G., (2001) “Uptake and effects of five heavy metals on seed germination 

and plant growth in alfalfa (Medicago sativa)”, Bulletin of Environmental 

Contamination and Toxicology, 66, pp 727-734. 

24. Rahmanian M., Habib K., Younes R.D., and MirHasan R.S., (2011) “Effects of heavy 

metal resistant soil microbes inoculation and soil Cd concentration on growth and 

metal uptake of millet, couch grass and alfalfa”, African Journal of Microbiology 

Research, 5 (4), pp 403-410. 

25. Revathi K., Harbabu T.E., and Sudha P.N., (2011) “Phytoremediation of chromium 

contaminated soil using sorghum plant”, International Journal of Environmental 

Sciences, 2 (2), pp 417-428.  

26. Saier Jr M.H., and Trevors J.T., (2010) “Phytoremediation”, Water, Air and Soil 

Pollution, 205 (Suppl 1), pp S61-S63. 

27. Sajad M.A., (2010) “Phytoremediation of heavy metals by alfalfa (Medicago sativa)”, 

BS thesis, Department of Botany, University of Malakand, Pakistan. 

28. Sekara A., Poniedzialek M., Ciura J., and Jedrszczyk E., (2005) “Cadmium and lead 

accumulation and distribution in the organs of nine crops: Implications for 

phytoremediation”, Polish Journal of Environmental Studies, 14, pp 509-516. 

29. Singh A., Eapen S., and Fulekar M.H., (2009) “Potential of Medicago sativa for 

uptake of cadmium from contaminated environment”, Romanian Biotechnology 

Letters, 14, pp 4164-4169. 

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

49
 o

n
 d

at
ed

 1
0-

A
u

g
-2

02
6



Phytoremediation of heavy metals by Trifolium alexandrinum 

 

Hazrat Ali, Muhammad Naseer and Muhammad Anwar Sajad
 

International Journal of Environmental Sciences Volume 2 No.3, 2012 
1469 

30. Smical A.-I., Hotea V., Oros V., Juhasz J., and Pop E., (2008) “Studies on transfer 

and bioaccumulation of heavy metals from soil into lettuce”, Environmental 

Engineering and Management Journal, 7 (5), pp 609-615. 

31. Soleimani M., Hajabbasi M.A., Afyuni M., Charkhabi A.H., and Shariatmadari H., 

(2009) “Bioaccumulation of nickel and lead by Bermuda grass (Cynodon dactylon) 

and tall fescue (Festuca arundinacea) from two contaminated soils”, Caspian Journal 

of Environmental Science, 7 (2), pp 59-70. 

32. Suzuki N., and Sano H.K.N., (2001) “Screening of cadmium-responsive genes in 

Arabidopsis thaliana”, Plant Cell Environment, 24, pp 1177-1188. 

33. Wilson B., and Pyatt F.B., (2007) “Heavy metal bioaccumulation by the important 

food plant, Olea europaea L., in an ancient metalliferous polluted area of Cyprus”, 

Bulletin of Environmental Contamination and Toxicology, 78, pp 390-394. 

34. Wright R.T., (2007) “Environmental Science: Toward a Sustainable Future”. 9
th

 Ed., 

Prentice Hall of India, New Delhi. 

35. Wu G., Kang H., Zhang X., Shao H., Chu L., and Ruan C., (2010) “A critical review 

on the bio-removal of hazardous heavy metals from contaminated soils: Issues, 

progress, eco-environmental concerns and opportunities”, Journal of Hazardous 

Materials, 174, pp 1-8. 

36. Tlustos P., Szakova J., Hruby J., Hartman I., Najmanova J., Nedelnik J., Pavlikova D., 

and Batysta M., (2006) “Removal of As, Cd, Pb and Zn from contaminated soil by 

high biomass producing plants”, Plant Soil Environment, 52 (9), pp 413-423. 

37. Turan M., and Esringu A., (2007) “Phytoremediation based on canola (Brassica 

napus L.) and Indian mustard (Brassica juncea L.) planted on spiked soil by aliquot 

amount of Cd, Cu, Pb and Zn”, Plant Soil Environment, 53, pp 7-15. 

38. Zhang S., Chen M., Li T., Xu X., and Deng L., (2010) “A newly found cadmium 

accumulatorMalva sinensis Cavan”, Journal of Hazardous Materials, 173, pp 705-

709. 

39. Zhuang P., Yang Q.W., Wang H.B., and Shu W.S., (2007) “Phytoextraction of heavy 

metals by eight plant species in the field”, Water, Air and Soil Pollution, 184, pp 235-

242. 

 

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

49
 o

n
 d

at
ed

 1
0-

A
u

g
-2

02
6


