
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=bijp20

Download by: [University of Newcastle, Australia] Date: 22 March 2017, At: 10:14

International Journal of Phytoremediation

ISSN: 1522-6514 (Print) 1549-7879 (Online) Journal homepage: http://www.tandfonline.com/loi/bijp20

Arsenic tolerance and phytoremediation potential
of Conocarpus erectus L. and Populus deltoides L

Sajad Hussain, Muhammad Akram, Ghulam Abbas, Behzad Murtaza,
Muhammad Shahid, Noor S. Shah, Irshad Bibi & Nabeel Khan Niazi

To cite this article: Sajad Hussain, Muhammad Akram, Ghulam Abbas, Behzad Murtaza,
Muhammad Shahid, Noor S. Shah, Irshad Bibi & Nabeel Khan Niazi (2017): Arsenic tolerance and
phytoremediation potential of Conocarpus erectus L. and Populus deltoides L, International Journal
of Phytoremediation, DOI: 10.1080/15226514.2017.1303815

To link to this article:  http://dx.doi.org/10.1080/15226514.2017.1303815

Accepted author version posted online: 21
Mar 2017.

Submit your article to this journal 

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=bijp20
http://www.tandfonline.com/loi/bijp20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15226514.2017.1303815
http://dx.doi.org/10.1080/15226514.2017.1303815
http://www.tandfonline.com/action/authorSubmission?journalCode=bijp20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=bijp20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/15226514.2017.1303815
http://www.tandfonline.com/doi/mlt/10.1080/15226514.2017.1303815
http://crossmark.crossref.org/dialog/?doi=10.1080/15226514.2017.1303815&domain=pdf&date_stamp=2017-03-21
http://crossmark.crossref.org/dialog/?doi=10.1080/15226514.2017.1303815&domain=pdf&date_stamp=2017-03-21


ACCEPTED MANUSCRIPT 

 
 

1 

ACCEPTED MANUSCRIPT 

 

Arsenic tolerance and phytoremediation potential of Conocarpus erectus L. and Populus 

deltoides L. 

Sajad Hussain
a
, Muhammad Akram

a*
, Ghulam Abbas

a
, Behzad Murtaza

a
, Muhammad Shahid

a
, 

Noor S. Shah
a
, Irshad Bibi

b,c
,
 
Nabeel Khan Niazi

b,c,d
 

a 
Department of Environmental Sciences, COMSATS Institute of Information and Technology, 

Vehari, 61100 Punjab Pakistan. 

b 
Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad, Faisalabad 

38040, Pakistan. 

c
 MARUM

 
and Department of Geosciences, University of Bremen, Bremen 28359, Germany  

d
 Southern Cross GeoScience, Southern Cross University, Lismore 2480, NSW, Australia 

 

*Corresponding author‟s footnote: 

Name: Muhammad Akram 

Email: akramcp@gmail.com 

Phone: +923336765281 

 

ABSTRACT 

The present study was conducted to explore arsenic (As) tolerance and phytostabilization 

potential of the two tree species, Buttonwood (Conocarpus erectus) and Eastern cottonwood 

(Populus deltoides). Both plant species were exposed to various soil As levels (control, 5, 10, 15 

and 20 mg kg
-1

) in pots. The plants were harvested after nine months for evaluation of growth 

parameters as well as root and shoot As concentrations. With increasing soil As levels, plant 

height stress tolerance index (PHSTI) was significantly decreased in both tree species, whereas 
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root length stress tolerance index (RLSTI) and dry matter stress tolerance index (DMSTI) were 

not affected. Root and shoot As concentrations significantly increased in both tree species with 

increasing soil As levels. Translocation factor and bioconcentration factor were less than 1.0 for 

both plant species. This study revealed that both tree species are non-hyperaccumulators of As, 

but could be used for phytostabilization of As-contaminated soils. 

Key words: Arsenic; phytostabilization; Conocarpus erectus; Populus deltoides 
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Introduction 

Contamination of soils with arsenic (As) is a global environmental and health issue due to its 

toxic and carcinogenic nature (Mandal and Suzuki 2002; Niazi et al. 2011). In soils, As mainly 

exists in two inorganic forms, arsenite (As(III)) and arsenate (As(V)) (Andrianisa et al. 2008).  

Arsenic enters the soil either from natural or anthropogenic sources (Gonzaga et al. 2006). 

Natural sources include weathering reactions, volcanic eruptions and biological activities (Niazi 

et al. 2012), and anthropogenic activities such as use of pesticides in agriculture, smelting, 

paints, dyes, cosmetics also contribute in As contamination of soils (Niazi et al. 2015; Abid et al. 

2016).  

Natural As levels in uncontaminated soils vary from 1 to 12 mg kg
-1

 and depend on the 

conformation of parent materials. Mehmood et al. (2009) reported that soil As concentration 

generally ranged from 5-10 mg kg
-1

 and indicated that As concentration in soil above 20 mg kg
-1

 

is considered to be high and threat to the environment. However, much higher concentration of 

As has been demonstrated in the acid sulphate soils developed from pyritic parent material. 

Smith et al. (1998) reported increased As concentrations in weathering of quartzite that resulted 

in restricted growth and development, and toxicity symptoms on plant leaves. These variations in 

As concentrations in soils highlight the wide soil As variability. 

Prolonged exposure to As results in restricted shoot and root growth of plants (Smith et al. 2010; 

Garg and Singla 2011; Niazi et al. 2017). At higher concentrations, As causes many 

physiological and biochemical dysfunctions in plants such as limited uptake of water and 

nutrients, disruption of ATP, enzymes and chloroplast structure, reduced photosynthetic 

capacity, chlorosis and necrosis, ultimately leading to plant death (Flora 2011; Finnegan and 

Chen 2012; Campos et al. 2014; Khalid et al. 2016).  
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There are several technologies available for the remediation of metal contaminated soils 

including physical, chemical, thermal and biological methods; however, phytoremediation is a 

novel, efficient, cost-effective and eco-friendly remediation strategy (Singh and Prasad 2011; 

Vithanage et al. 2012).  

Phytoremediation is categorized into phytoextraction, phytostabilization, rhizofiltration, and 

phytovolatilization for the uptake of heavy metals by plants (Erakhrumen and Agbontalor 2007). 

Phytostabilization is also termed as phytoimmobilization or in-place inactivation. This technique 

is extensively used for preventing erosion, runoff and leaching of contaminants to groundwater 

and food chain by reducing their mobility (Pilon-Smits 2005). It tends to sequester the pollutants 

in the rhizosphere through precipitation, and is mainly used for soil, sludges and sediment 

remediation (Mueller et al. 1999). 

Use of trees for the phytostabilization of metal contaminated soils is limited. Plantation of trees 

not only helps in reclamation of polluted soils but also provides many other environmental 

benefits. Tolerance to metal/metalloid is a basic requirement for plants species to be used for 

phytoremediation (Tong et al. 2004). Various Populus species are recognized as perennial plants, 

easy in propagation with high metal tolerance and soil stabilization potential (Wan et al. 2008). 

On the other hand, Conocarpus erectus had shown remediation potential for Pb and Cd 

contaminated soil (Qados 2015). In the present study, we used Conocarpus erectus and Populus 

deltoides for phytostabilization of As contaminated soil. Both species are fast growing, having 

large biomass production and commonly grown tree species in Asia especially Pakistan in recent 

times. To our knowledge, phytostabilization of As contaminated soils using Conocarpus erectus 

and Populus deltoides has not been explored in the past. Therefore, the present study was 
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conducted to determine comparative As tolerance and phytostabilization potential of these tree 

species for As contaminated soil. 

Materials and methods 

The present study was carried out in a wire house of the COMSATS Institute of Information 

Technology (CIIT), Vehari. Soil was collected from 0-15 cm depth from research area of CIIT 

Campus.  

Soil samples were air-dried, ground to pass through a 2 mm sieve and analyzed for pHs using a 

saturated soil paste, EC of soil extract at saturation (ECe), soluble Ca
2+

 + Mg
2+ 

(titration method 

using versinate solution), CO3
2-

 and HCO3
-
 (titration method using H2SO4), Cl

-
 (titration method 

using standard AgNO3) and Na
+
 (using flame photometer) as described by Estefan et al. (2013).  

Particle size analysis (sand, silt and clay) was done by Hydrometer method (Rowell 2014), lime 

contents (Puri 1931),  organic matter content (Nelson and Somers 1982), soluble cations and 

anions following standard methods as described by Ray and Engelhardt (2012). Physico-

chemical analysis of soil is presented in table 1.    

Buttonwood and Eastern cottonwood seeds were collected from Punjab Nursery, Vehari and 

sown in plastic bags for three months. Then, actively growing plants of both species germinated 

from seeds were transplanted into pots. Prior to transplanting, each pot (surface area, 0.05 m
2
) 

was filled with 10 kg soil. Arsenic levels (Control, 5, 10, 15 and 20 mg kg
-1

) were developed in 

soil by spiking using sodium arsenate salt. The arsenic-spiked soil was equilibrated for a period 

of four weeks at 70% water holding capacity as described by (Niazi et al 2011).  

The pots were irrigated depending upon the water requirement of the plants and fertilized with 

224 mg kg
-1

 of nitrogen (N) and 35 mg kg
-1

 phosphorus (P), respectively. The experiment was 
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laid out in a two-way factorial completely randomized design (CRD) with three replicates of 

each treatment. Weeding was performed in all the pots as and when needed.  

Harvesting and plant growth measurements:  

Plants were harvested at the age of 6 months after transplanting. At harvesting, plants were 

separated into roots and shoots. Root and shoot lengths were measured using a scale. Root and 

shoot dry weights were determined after oven drying the samples at 80ºC for 72 hours.  

Following three parameters; (PHSTI, RLSTI and DMSTI) were calculated as described by 

Turner and Marshall (1972): 

Plant height stress tolerance index (PHSTI) = Plant height of stressed plant / Plant height of 

control plant  

Root length stress tolerance index (RLSTI) = Root length of stressed plant / Root length of 

control plant  

Dry matter stress tolerance index (DMSTI) = Dry matter of stressed plant / Dry matter of control 

plant  

Arsenic determination:  

Oven dried shoot and root samples were ground to 1 mm, thoroughly mixed and put into 

digestion flasks. Concentrated HNO3 (5 mL) was added in each flask which was covered and 

placed overnight at room temperature. The flasks were heated on a hot plate at 125 ºC for 1 hour. 

After cooling, 1 to 2 mL of 30% H2O2 were added in each flask and digested at the same 

temperature. Heating and H2O2 addition were repeated until the digest became clear. After 

cooling the digest was filtered and the required volume of the sample was prepared by adding 

distilled water (Kalra 1998).  
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Standard stock solution of As were obtained from Sigma Chemicals. Sub-stock solution of 100 

mg/L concentration was prepared in double distilled water, which was diluted with 1M HCl to 

the desired concentration for calibration before use. The hydride generation-atomic absorption 

spectrophotometer (HG-AAS) was calibrated as per manual instructions (Ward and Gray 1994) 

with 6 M HCl in the acid channel and 0.6% sodium borohydride in 0.5% NaOH in the reduction 

channel in the working range of 0–50 ug/L As standards. The As content was determined by 

using a HG-AAS (Varian, AA240, Victoria, Australia). 

Translocation and bioconcentration factor:  

Translocation factor (TF) was calculated using the following formula of Padmavathiamma and 

Li (2007):   

       
root

shoot

C

C
TF 

Where shootC  is the metal concentration in shoots and rootC  is the metal concentration in root.  

Bioconcentration factor (BF) was calculated as described by Mertens et al. (2005) and Zhao et al. 

(2003).     

BF = C harvested tissue / C soil 

Where C harvested tissue is the concentration of the target metal in the plant harvested shoot and 

C soil is the concentration of the same metal in the soil (substrate). 

Statistical analysis:  

Before performing two-way analysis of variance (two-way ANOVA), the data were tested for 

normality of distribution and homogeneity of variance. Significant differences in stress tolerance 

indices of plant height, root length, dry matter, root As concentration, shoot As concentration, 
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translocation factor and bioconcentration factor of Conocarpus erectus and Populus deltoides 

were examined using two-way factorial ANOVA. All the data were statistically analyzed using 

computer software „MSTATC‟ (MSTAT Development Team, 1989). The significant differences 

between the treatment means were compared using Tukey‟s Honest difference test at 5% 

probability level (Steel et al. 1997). For some parameters, the value of the Pearson correlation 

coefficient (r) and linear regression was calculated using Microsoft Excel 2013. 

Results 

Growth parameters (PHSTI, RLSTI and DMSTI): 

A significant (p<0.05) effect of As was recorded on the PHSTI of both species (C. erectus and P. 

deltoides) (Fig. 1a). The comparison of different treatments showed that a significantly higher 

PHSTI was noted in C. erectus at soil As level of 5 mg kg
-1

 than at 20 mg kg
-1

. In case of P. 

deltoides, the PHSTI was significantly higher at 5 mg kg
-1

 soil As level as compared to all other 

treatments. The differences between both species for PHSTI were non-significant (p>0.05) at all 

the soil As levels based on ANOVA. The effects of soil As levels as well as plant species were 

non-significant (p>0.05) for DMSTI (Fig. 1c) and  the lowest RLSTI was attained by P. 

deltoides at 20 mg kg
-1

 (Fig. 1b).  

Root and shoot As concentrations 

As application to the soil at different levels significantly (p<0.05) altered the As concentration in 

both species. Root As concentrations were increased significantly (p<0.05) with increasing soil 

As levels in both plant species (Fig. 2a). At the highest soil As level (20 mg kg
-1

), root As 

concentrations in C. erectus and P. deltoides were 2.99 and 3.03 mg kg
-1

, respectively. The 

differences between both species were non-significant (p>0.05) at all the soil As levels except 
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for 5 mg kg
-1

. At this soil As level, root As concentrations in C. erectus and P. deltoides were 

1.62 and 1.15 mg kg
-1

, respectively.  

Shoot As concentrations were also increased significantly (p<0.05) with increasing soil As levels 

in both species (Fig. 2b). Shoot As concentrations also increased in C. erectus and P. deltoides 

i.e. 2.76 and 2.78 mg kg
-1

, respectively at the highest soil As level (20 mg kg
-1

). Both species 

accumulated similar As in shoot at higher (15 and 20 mg kg
-1

) soil As levels. Whereas, at lower 

(5 and 10 mg kg
-1

) soil As levels, shoot As concentrations was significantly higher in C. erectus 

than P. deltoides.  

Translocation and bioconcentration factors 

There was a significant (p<0.05) increase in TF with the increase in soil As levels in both plant 

species (Fig. 2c). However, the difference between both species was non-significant (p>0.05) at 

all the applied soil As levels. At the highest (20 mg kg
-1

) soil As level, the values of TF were 

0.94 and 0.93 in C. erectus and P. deltoides, respectively. At both higher (15 and 20 mg kg
-1

) soil 

As levels, the values of TF in both species were significantly higher than at the lowest (5 mg kg
-

1
) soil As level. Overall, for all the treatments, root to shoot translocation of As was less than one 

(TF<1) in both species.  

The data shows that BF in C. erectus was significantly higher (0.23) at 5 mg kg
-1 

soil As level as 

compared to 20 mg kg
-1

 soil As level (0.13) (Fig. 2d). On the other hand, BF in P. deltoides was 

similar at all the applied soil As levels. The differences between both species were non-

significant (p>0.05) for all the treatments.  

Correlation and linear regression analysis  

The correlation coefficients (r) and coefficient of determination from linear regression analysis 

(R
2
) indicate that soil As levels and root As concentrations had strong positive relationship (r = 
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0.95, R
2 

= 0.85; p≤0.01) (Fig. 3a). This suggests that with increase in As levels in soil, root As 

concentrations were also increased in both species. Similarly, increase in soil As level also had a 

significantly positive relationship with shoot As concentrations (r = 0.98, R
2 

= 0.96; p≤0.01) of 

both plant species (Fig. 3b). There was highly significant relationship between root and shoot As 

concentrations (r = 0.98, R
2 

= 0.95; p≤0.01) (Fig. 3c) indicating that with increasing root As 

concentrations, shoot As concentrations were also increased in both species.  

Discussion 

The data showed that plant height of both tree species decreased by increasing soil As levels but 

this decrease was less in C. erectus as compared to P. deltoides. Similar results were described 

by Ansari et al. (2013) and Gomes et al. (2013), who reported that there was a reduction in 

growth and biomass of plants treated with increasing As concentrations in the growth medium.  

Tsakou et al. (2003) also reported that growth and biomass of Populus  euramericana was 

reduced by metal treatment under field conditions. However, the differences between both 

species were non-significant at all the soil As levels. In case of RLSTI, there was significant 

effect of As on root length of both plant species. The highest RLSTI was attained by C. erectus 

at low level of As and the lowest was being with P. deltoides when As was applied at the rate of 

20 mg kg
-1

 (Fig.1b). It has been reported that root length serves as an important index of plant 

resistance against any stress, and increase in root length is an adaptive response of plants (Yao et 

al. 2009). Shoot dry matter of both species was not much affected by As treatments as indicated 

in figure  1c. Moreover, the differences between both species were non-significant at all the soil 

As levels. 

In C. erectus, root As concentration was two times higher at 20 mg kg
-1

 soil As level than at 5 

mg kg
-1 

soil As level. The differences between both species were non-significant (p>0.05) at all 
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the soil As levels except for 5 mg kg
-1

. It was also observed that shoot As concentrations were 

also significantly increased with increasing soil As levels (Fig. 2b). Shoot As concentration in C. 

erectus was 1.5 times higher at 20 mg kg
-1

 soil As level as compared to lower (5 mg kg
-1

) soil As 

level. Similar results were observed by Ciurli et al. (2014) and Zhiyan et al. (2008), who also 

found that As concentration in plant tissues increased with increasing the As concentration in 

growing medium.  

The phenomenon in which a plant uptakes and stores heavy metals is termed as bioaccumulation. 

For the assessment of bioaccumulation of metals, a four-degree scale is used as described by 

Michałowski and Gołas (2001), according to which a BF less than 0.01 means no accumulation, 

0.01-0.1 means low bioaccumulation, 0.1-1.0 is considered as medium bioaccumulation and 

more than 1.0 is high bioaccumulation.  

In the present study, both plant species exhibited medium bioaccumulation i.e. BF is less than 1 

(Fig. 2d). Phytostabilization and immobilization of metals from contaminated site could be 

achieved by growing woody plant species (French et al. 2006; Borghi et al. 2007; Vamerali et al. 

2009). According to Pulford and Watson (2003), fast growing trees, especially poplars, could be 

well used in phytoextraction purposes. They are not hyperaccumulators, but because of their 

large biomass production and relatively high quantity of extracted metal per plant, large 

quantities of heavy metals could be extracted, especially during their long-term life. However, 

tolerance and accumulation are the two attributes of these plants which can be used for 

phytostabilization.  

The As efflux from the roots to the soil/medium is reported in Holocus lanatus, Lycopersicon 

esculentum, Oryza sativa and Azolla spp (Zhao et al. 2010; Zhang et al. 2008; Xu et al. 2007; 

Logoteta et al. 2009). In rice, rice silicon transporter, which is an aquaporin and also responsible 
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for the As efflux in the form of As(III). Although, there is no known mechanism for lowering the 

rate of uptake of As(III), aquaporins can efflux AsIII to reduce total As accumulation in As non-

hyperaccumulator plants (Srivastava et al. 2011).  

Bioconcentration factor and TF are the key indicators to estimate whether a plant has 

phytoremediation potential or not. The value of BF is used to determine the metal accumulation 

from soil as it is the ratio of concentration of the target metal in the plant harvested tissue to the 

concentration of the same metal in the soil (Zhuang et al. 2007). Translocation factor is used to 

determine the metal translocation as it is the ratio of concentration of the metal in plant shoots to 

the concentration of the metal in plant roots (Padmavathiamma and Li 2007).  

The lower BF and TF values i.e. less than 1 (Fig. 2d, c) were recorded in both plant species. A 

fair comparison of BF and TF can be used to analyze the plant potential in accumulating the 

metal from soil and then translocating it to above ground biomass. In the present experiment, 

though TF increased with increasing soil As levels but the increase is not significant, and is less 

than one (Fig. 2c). Garba et al. (2012) also indicated that TF less than one indicated that there is 

a low metal transfer and bioaccumulation.  

The TF value less than one indicates that the plant is heavy metal excluder, and it restricts As 

uptake and translocation to shoots (Sun et al. 2009). The results of our experiment also indicate 

that both tree species (C. erectus and P. deltoides) can be considered as excluders of As (Fig. 

2c). The reason for low As translocation ability of plants from root to shoot may be due to 

complexation and sequestration in the vacuole of root tissues (Singh and Sinha 2005; Kidd et al. 

2007). As shown in our results that the As concentration in roots ranged from 0.09-3.03 mg kg
-1

 

DW (Fig. 2a), and in shoots it ranged from 0.10-2.78 mg kg
-1

 DW, respectively (Fig. 2b). The TF 

values were relatively lower for C. erectus (0.71-0.95) and P. deltoides (0.60-0.92), and it may 
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be because of As deposition in the roots and its restricted translocation from root to shoot (Cui 

1995). 

Conclusions 

The present study indicates that the growth of both plant species was not much affected by soil 

As contamination. On the basis of BF and TF, it is concluded that both species are not 

hyperaccumulators, but due to their fast growth and high biomass production, substantial 

quantities of As could be phytostabilized during their long term growth on As contaminated 

soils.  
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Table 1: Physico-chemical characteristics of soil used for experiment.  

Parameters Unit Value±SE* 

pH - 8.01±0.40 

EC dS m
-1

 1.30±0.06 

CaCO3 % 5.59±0.27 

OM % 0.39±0.02 

SAR (mmol L
-1

)
1/2

 0.81±0.05 

CEC (cmolc kg
-1

) 2.29±0.12 

Arsenic mg kg
-1

 0.75±0.04 

Phosphorus mg kg
-1

 4.93±0.32 

Infiltration rate cm h
-1

 0.31±0.01 

Bulk density Mg m
-3

 1.26±0.03 

Texture - Sandy loam 

*Standard error 
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Fig. 1: Plant height stress tolerance index (a) Root length stress tolerance index (b) Dry matter 

stress tolerance index (c) of Conocarpus erectus and Populus deltoides grown under different 

soil As levels. Values are mean ± SD of three replicates. Values sharing common letters are 

statistically non-significant from each other at 5% probability level. 
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Fig. 2: Root As concentration (a) shoot As concentration (b) translocation factor (c) 

bioconcentration factor (d) of Conocarpus erectus and Populus deltoides grown under different 

soil As levels. Values are mean ± SD of three replicates. Values sharing common letters are 

statistically non-significant from each other at 5% probability level. 
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Fig. 3: Relationship between (a) soil arsenic levels and root As concentration (b) soil arsenic 

levels and shoot As concentration (c) root arsenic concentration and shoot As concentration of 

Conocarpus erectus and Populus deltoides grown under different soil As levels.  

 


