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ABSTRACT 
 

Aim: A comparative study of three ornamental plants species in the remediation of cadmium 
polluted soil was investigated.  
Duration and Place of Study: A 12 week phytoextraction trial was conducted at the Centre for 
Ecological Studies, University of Port Harcourt.  
Study Design: 20 polythene bags (5 kg loamy soil each) were arranged in 4 batches (designated 
as A, B C and D) of 5 replicates each. Each bag was artificially polluted with 100 mg of cadmium 
solution (that is, 20 mg kg

-1
). Two seedlings of Moringa oleifera, Polyalthia longifolia and Aloe vera 

were transplanted from the nursery into batch A, B, C, respectively (phytorextraction treatments) 
while batch D had no planting (control).   
Results: Moringa oleifera, Polyalthia longifolia, and Aloe vera showed 43.1%, 47.0% and 41.3% 
reductions of Cd in phytoextracted soil, respectively. The transfer factor was in the order of Aloe 
vera > Moringa oleifera > Polyalthia longifolia while translocation factors indicate that cadmium were 
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largely retained in roots of Polyalthia longifolia and Aloe vera and in the shoot of Moringa oleifera. 
The suitability of the plants for phytoextraction was in the order of Moringa oleifera > Polyalthia 
longifolia > Aloe vera. 
Conclusion: The three plants are suitable for the remediation of cadmium contaminated soils. 
Based on the experimental results, Moringa oleifera can be classified as Cd accumulator plant while 
Polyalthia longifolia and Aloe vera are Cd excluder plants.  
 

 
Keywords: Heavy metal; contamination; Moringa oleifera; Polyalthia longifolia; Aloe vera; phyto-

accumulation. 
 

1. INTRODUCTION 
 
The contamination of the environment with 
pollutants such as crude oil, heavy metals, 
pesticides, and poisonous gases, resulting from 
human activities is a mercurial and 
multidimensional problem in the world today; 
many of which have been reported to have grave 
consequences on the environment. For instance, 
some heavy metals such as Cd, Zn, Fe, Ni, Hg 
and Pb have been reported to have not only 
detrimental effects on the ecosystem functioning 
but also pose potential  health risk  to man [1]. 
Cd toxicity has been reported to cause reduction 
in root length/ volume, with deleterious effect on 
net photosynthetic rate and intracellular CO2 
concentration in plants [2]. Although, low 
concentrations of some of the metals such as Ni,  
Mn, Cu, Zn, Mg  and Fe are essential for plant 
growth; but are  detrimental to crop performance 
at high concentrations. This is because at high 
concentrations, these metals interfere with plant 
physiological and biochemical processes such as 
photosynthesis, respiration and degeneration of 
main cell organelles, which can eventually lead 
to death of plants [3].  
 
One major characteristic of heavy metals that 
makes them dangerous and toxic is that they 
are not easily biologically degradable, but are 
only transformed from one oxidation state to 
another [4]. Due to the environmental risk 
associated with heavy metals pollution; it is 
thus, imperative to apply some remedial 
measures as to remove or reduce their toxicity 
levels. Conventional remediation method of 
heavy metal contaminants is always based on 
civil engineering method [5,6]. This involves 
the use of heavy and sophisticated equipment 
in the operation. This method has been found 
to be expensive [7] and disruptive to the 
ecosystem due to the destruction of soil 
biological activities [8].  
  
Certain ecofreindly, effective, affordable, viable 
and easy-to-use technologies have been 

developed for the remediation of contaminated 
environment. One of such technologies is 
phytoremediation. In phytoremediation process, 
plant is used to degrade, contain as well as 
transfer volatile contaminants from soil to the 
atmosphere. One advantage of using 
phytoremediation is the relatively low 
maintenance requirements [9]. Phytoextraction 
has been recognized as a viable 
phytoremediation option for the removal of heavy 
metal from soil [10]. Phytoextraction of heavy 
metals involves two major strategies. These are 
the use of natural hyperaccumulating plants 
otherwise known as natural phytoextraction and; 
induced phytoextraction with chemical 
amendment [11]. Some plants have been 
reported to be hyperaccumulators while others 
are metal excluders. Examples of Cd 
hyperaccumulating plants are Colocasia 
antiquorum [12]; Helianthus annuus [13]; 
Arabidopsis halleri [14]; Atriplex halimus [15]. 
Furthermore, Moringa oleifera can accumulate 
Pb from a contaminated soil [16].   
 
This study aims at investigating the 
phytoextraction potentials of three ornamental 
plants (Moringa oleifera, Polyalthia longifolia and 
Aloe vera) in cadmium polluted soil. The choice 
of these three plants is because of their 
availability, abundance, easy to cultivate and 
their uses for ornamental purpose especially in 
the urban areas where heavy metal pollution is 
prevalent due to high industrial activities. Hence, 
results obtained from this study will provide a 
clue on other uses of these plants apart from 
their use as ornaments. It will also add to the 
existing knowledge on plants that can be used in 
the remediation of cadmium polluted soil. 
 

2. MATERIALS AND METHODS 
 
This study was carried out at the Centre for 
Ecological Studies, University of Port Harcourt. It 
is situated in the Niger Delta area of Nigeria on 
geographical coordinates: latitude 4°

 
65

’ 
N and 

longitude 7° 5’ E.  
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Twenty (20) polythene bags of 5 kg of loamy soil 
each were arranged in 4 sets: A, B, C and D of 5 
replicates each. 100 mg of cadmium solution was 
artificially added as the contaminant to each bag 
of all the batches (equivalent to 20 mg kg

-1
). The 

soil was thoroughly mixed in the bag to enhance 
the homogeneity of the metal solution with the 
soil and allowed for 14 days. Five seedlings each 
of Moringa oleifera, Polyalthia longifolia and Aloe 
vera that were raised in nursery were 
transplanted from the nursery into set A, B, C 
respectively while set D received no planting 
(control). The planted seedlings were of the 
same size and vigour. After one week of planting, 
the seedlings were thinned to 2 seedlings per 
bag. 50 cl of tap-water was used three times a 
week for the watering of each bag. Weeds 
control was also done by hand-picking method 
when the need arose. The phytoextraction trial 
lasted for 12 weeks after planting.   

 
Soil analysis was done twice (after contamination 
and at the termination of the experiment). The 
first soil analysis was done to ascertain the level 
of cadmium present in the soil before 
phytoextraction. The second one was done to 
determine the extent of phytoextraction by the 
test plants from the soil. The second soil     
analysis was done 12 weeks after planting 
(phytoextraction trial). At the end of the 12 weeks 
period, the plants were also harvested from each 
bag with the shoots cut-off from roots with a 
sharp knife. 

 
All collected samples of soil and plant parts with 
proper labeling according to their treatments 
were taken to the laboratory for Cd content 
determination. All clumps and clods in the soil 
sample were removed. The soil was then air-
dried and sieved using 2 mm sieve to remove 
coarse particles before analysis. The soil was 
then analyzed by Atomic Absorption 
Spectrophotometer (BUCK scientific 200A 
model) after digestion on a hot plate for 15 
minutes with 3 ml of perchloric acid and 5 ml of 
nitric acid. The soil pH and nitrate were 
determined electronically using a glass electrode 
pH metre (HANNA HI Series) and Brucine 
method [17] respectively. 

 
Plant samples were first rinsed with distilled 
water to remove all soil particles; then oven-dried 
at 100°C for 48 hours. This was later ground                 
to fine powder before digestion and analyzed                  
for cadmium using Atomic Absorption 
Spectrophotometer (AAS). 
 

Transfer factor was obtained by using metal 
concentration in the extracts of soils and plants 
[18] as follows: 
 

Transfer Factor = Cplant/Csoil 

 
Where Cplant   is the concentration of Cd in plant 
extract; and Csoil represents the Cd concentration 
in soil.  
 
Translocation factor (TF) was calculated 
according to Barman et al. [19] using the formula 
below. 
 

 TF =  
������������� �� 
����

������������� �� ����
 

 
Means and standard error mean (SEM) were 
calculated from the data obtained. Least 
Significant Difference (LSD) was used to 
separate means using SPSS data analysis 
package (2007 version 9.1).  
 

3. RESULTS 
 
Fig. 1 showed the concentration of cadmium in 
the different soil treatments. There were 
reductions in soil Cd in all the artificially polluted 
soils phytoextracted with the plant species as 
compared with the control soil. There was a 
significant difference (p=0.05) between the 
treatment options, with the control showing a 
higher Cd concentration than the soil grown               
with phytoextracted plants. Between the 
phytoextracted soils; soil phytoextracted with 
Polyalthia longifolia showed a significant 
reduction in Cd concentration than the other 
phytoextracted soil.  The percentage reduction of 
cadmium in the phytoextracted soil was in the 
order of Polyalthia longifolia (47.0%) > Moringa 
oleifera (43.1%) > Aloe vera (41.3%). 
 

In all the three plant species, the concentration 
and accumulation of Cd in plants root was 
significantly highest in Aloe vera followed by 
Polyalthia longifolia plant and then Moringa 
oleifera as shown in Fig. 2. The reverse was the 
case for accumulation in the shoot of the plants 
in which Moringa oleifera accumulated and 
concentrated more Cd in the shoot than the other 
two plants (Fig. 3). That is, there was high Cd 
concentration in Moringa oleifera shoot and 
lowest in Aloe vera shoot. 
 

The result revealed that Polyalthia longifolia and 
Aloe vera retained more of the Cd metal in their 
roots while Moringa oleifera retained more in 



their shoot as indicated by the translocation 
factor (Fig. 4). The transfer values from soil to 
plant are as shown in Fig. 5. The result indicated 
that transfer factor from soil to plant was hig
 

 
Fig. 1.

 

.
 

Fig. 2. Cadmium concentration in roots of plant

 
Fig. 3. Cadmium concentration in shoots of plant
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their shoot as indicated by the translocation 
factor (Fig. 4). The transfer values from soil to 
plant are as shown in Fig. 5. The result indicated 
that transfer factor from soil to plant was highest 

for Aloe vera. The transfer factors of Cd in plant 
species were in the order of Aloe vera
oleifera > Polyalthia longifolia. Reduction in 
Transfer factor was more in Polyalthia longifolia

Fig. 1. Cadmium concentration in soil 

Fig. 2. Cadmium concentration in roots of plant 
 

Fig. 3. Cadmium concentration in shoots of plant 
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Fig. 4. Translocation factor of cadmium in plant species
 

 

Fig. 5. Tranfer factor of cadmium in plant species
 

Generally, there was a reduction in soil pH in all 
polluted soil phytoextracted with plant species as 
compared with the control soil.  The control soil 
pH and soil phytoextracted with Moringa oleifera, 
Polyalthia longifolia and Aloe vera 
soil were significantly (p=0.05) different, with the 
control soil showing a significant increase. 
Although there was a significant difference 
(p=0.05) when compared to pH in soil 
phytoextracted with Aloe vera and 
longifolia. 
  
There was a general increase in soil nitrate in all 
the polluted soil phytoextracted with the plant 
species as compared with the control soil
(Fig. 7). Increase in soil nitrate was more in soil 
phytoextracted with Polyalthia longifolia
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Fig. 4. Translocation factor of cadmium in plant species 

Fig. 5. Tranfer factor of cadmium in plant species 
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4. DISCUSSION 
 

This study showed that plants can obtain and 
accumulate a wide range of metals from soil. 
Plants grown in metal-enriched substratum take 
up metal ions in varying degrees. Plants have 
developed a range of mechanisms to ob
metals from the soil solution and transport these 
metals within the plant. The mechanism of 
uptake of metals into plant roots and subsequent 
translocation to the upper parts is a complex 
process involving transfer of metals from the soil 
solution to the root surface and inside the root 
cells. The solubility of these metals in the 
rhizophere of plants is sometimes influenced by 
exudation of substances called chelators [20]. 
These substances or compounds (chelators) are
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release to aid the absorption of these metals by 
the plants especially at low availability [21]. The 
rate of absorption/uptake is also influenced by 
the bioavailability of the metals which is in turn 
determined by both external (soil
and internal (plant-associated) factors. This can 
be affected by plant species grown on different 
soils [22]. 
 

Results revealed that the rate of cadmium 
absorption/uptake from the soil by 
oleifera, Polyalthia longifolia and Aloe vera
varies. The results also revealed that 
biomagnifications of Cd vary among plant parts 
and treatments. While Moringa oleifera
accumulates metal more in their shoot, 
longifolia and Aloe vera accumulate more in the 
roots than shoots. This suggests that plants have 
different abilities in bioaccumulating particular 
heavy metals. Salt et al. [7] and Adriano [23] 
have long recognized that the uptake and 
bioaccumulation of metals by plants and plant 
parts was plant species depende

0

1

2

3

4

5

6

Control

p
H

0

5

10

15

20

25

30

35

Control

N
it

ra
te

 (
m

g
/k

g
)

Amadi and Tanee; JABB, 9(1): 1-8, 2016; Article no.JABB

 
6 
 

 

Fig. 6. Soil pH 
 

 

Fig. 7. Soil Nitrate 
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n shoots. This suggests that plants have 

different abilities in bioaccumulating particular 
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have long recognized that the uptake and 
bioaccumulation of metals by plants and plant 
parts was plant species dependent. This 

suggests that certain biochemical and 
physiological factors may have contributed to 
heavy metal phytoaccumulation in plants and 
plant parts.  
 

The result indicates that transfer factor was 
highest in Aloe vera and lowest in 
longifolia. The transfer factor of Cd in the plant 
species were in the order of Aloe vera
oleifera > Polyalthia longifolia; showing that 
metal movement from soil to plant is also plant 
species dependent, which Zurera 
attributed to the differences in the physico
chemical characteristics of the soil as well as the 
plant species used. Reichman [25] reported that 
two plants may take up different amounts of 
metal from a particular soil pool of metals within 
a given time frame. 
 

The test plant species (P. longifolia 
vera) showed translocation factor (TF) of less 
than 1, indicating that Cd metal accumulations 
were retained more in root than the shoot. The 
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only exception was M. oleifera in which the 
reverse was the case (TF >1); indicating that Cd 
metal accumulation was more in the shoot than 
the root. Any plants with a translocation factor > 
1 are classified as accumulator [26]. From the 
result obtained Moringa oleifera can be classified 
as accumulator for Cd (TF >1.7). 
 

pH is one of the factors which influence the 
bioavailability and transport of heavy metals in 
the soil. Sauve et al. [27] observed a connection 
between soil pH and metal speciation, solubility 
and adsorption. Metal uptake has been reported 
to increase due to decreasing pH [28]. As soil pH 
decreases, metals compete with the extra H

+
 for 

positions on the exchange sites thereby making 
the metals to be soluble and available as free 
metal ions in the soil solution [29]. Soil pH was 
generally low across treatments.  Since the pH of 
the phytoextracted soil was lower than control 
soil, the lower pH may have influenced the 
phytoextractability of Cd from the soil by the 
plants. This observation is true since Cd 
contaminated soil phytoextracted with Moringa 
oleifera with the lowest recorded pH value 
showed the highest reduction in soil Cd.  
 

It was also observed that soil nitrate increase 
across treatments. Highest nitrate content was 
observed in contaminated soil phytoextracted 
with Moringa oleifera. So the differences in 
nitrate content in the treatment options can be 
attributed to the plant species used for the 
phytoextraction. This is understandable since 
leaves of Moringa sp contain high amount of 
proteins [30]. It is possible that the 
decomposition of leaf droppings in the soil might 
have contributed to the high nitrogen content of 
the soil. The increased nitrogen in the soil 
contributed significantly to the growth of the plant 
which in-turn increase Cd accumulation.  
 

5. CONCLUSION 
 
The three plants have the potential to reduce Cd 
in contaminated soil and accumulate them in 
their biomass. The accumulation was more 
pronounced in roots than shoots except in 
Moringa oleifera. This goes to say that among 
the phytoextraction plant species studied 
(Moringa oleifera, Polyalthia longifolia and Aloe 
vera); Moringa oleifera has the highest potential 
in the remediation of cadmium contaminated soil. 
The degree of their phytoextraction potential is in 
the order of M. oleifera > P. longifolia > Aloe 
vera. Therefore, Moringa oleifera can be 
classified as accumulator since it has a 
translocation factor greater than 1 while 

Polyalthia longifolia and Aloe vera are Cd 
excluder plants. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
  

REFERENCES 
 

1. Giller KE, Witter E, McGrath SP. Toxicity of 
heavy metals to microorganism and 
microbial processes in agricultural soils: A 
review. Soil Biology and Biochemistry. 
1998;30:1389-1414. 

2. Dong J, Wu F, Zhang G. Effect of 
cadmium on growth and photosynthesis of 
tomato seedlings. Journal of Zhejiang 
University Science B. 2005;6(10):974-980.  

3. Schwartz C, Echevarria G, Morel J. 
Phytoextraction of cadmium with Th laspi 
caerulescens. Plant Soil. 2003;249:27–35. 

4. Gisbert C, Ros R, de Haro A, Walker DJ, 
Pilar-Bernal M, Serrano R, Avino JN. A 
plant genetically modified that accumulates 
Pb is especially promising for phyto-
remediation. Biochemical and Biophysical 
Research Communications. 2003;303:440-
445.  

5. Glass DJ. Economic potential of 
phytoremediation. In: Phytoremediation of 
Toxic Metals: Using Plants to Clean up the 
Environment. I. Raskin and B.D. Ensley 
(Eds.). John Wiley & Sons Inc., New York, 
USA. 1999;15–31. 

6. Kumpiene J, Lagerkvist A, Maurice C. 
Stabilization of As, Cr, Cu, Pb and Zn in 
soil using Mahmood 106 amendments – A 
review. Waste Management. 2008;28:215-
225. 

7. Salt DE, Blaylock M, Kumar PBAN, 
Dushenkov V, Ensley BD, Chet I, Raskin I. 
Phytoremediation: A novel strategy for the 
removal of toxic metals from the 
environment using plants. Biotechnology. 
1995;13:468-475. 

8. Gaur A, Adholeya A. Prospects of 
arbuscular mycorrhizal fungi in phyto-
remediation of heavy metal contaminated 
soils. Current Sci. 2004;86:528–534. 

9. Cuningham SD, Berti WR. Remediation of 
contaminated soils with green plants: An 
overview. Vitro Cell Dev Biol. 1993;29(4): 
207–212. 

10. Mahmood T. Phytoexraction of heavy 
metals: The scope for remediation of 
contaminated soil. Soil and Environ. 
2010;29(2):91-109. 



 
 
 
 

Amadi and Tanee; JABB, 9(1): 1-8, 2016; Article no.JABB.27744 
 
 

 
8 
 

11. Lombi E, Zhao FJ, Dunham SJ, McGrath 
SP. Phytoremediation of heavy metal-
contaminated soils: Natural hyperaccumu-
lation versus chemically enhanced 
Phytoextraction. Journal of Environmental 
Quality. 2001;30:1919-1926. 

12. Kashem MA, Singh BR, Huq SMI, Kawai 
S. Cadmium phytoextraction efficiency of 
arum (Colocasia antiquorum), radish 
(Raphanus sativus L.) and water spinach 
(Ipomoea aquatica) grown in hydroponics. 
Water Air and Soil Pollution. 2008;192: 
273-279.  

13. Elkhatib EA, Thabet AG, Mahdy AM. 
Phytoremediation of cadmium contamina-
ted soils: Role of organic complexing 
agents in cadmium phytoextraction. Land 
Contamination and Reclamation. 2001;9: 
359-366.  

14. Küpper H, Lombi E, Zhao FJ, McGrath SP. 
Cellular compartmentation of cadmium and 
zinc in relation to other elements in the 
hyperaccumulator Arabidopsis halleri. 
Planta. 2000;212:75-84.  

15. Lutts S, Lefèvre I, Delpèrèe C, Kivits S, 
Dechamps C, Robledo A, Correal E. 
Heavy metal accumulation by halophyte 
species in Mediterranean saltbush. Journal 
of Environmental Quality. 2004;33:1271-
1279. 

16. Amadi N, Tanee FBG. Efficacy of Moringa 
oleifera as a phytoextraction plant in the 
remediation of heavy metal polluted soil. 
African Journal of Plant Science. 2014; 
8(12):546-553.  

17. United States Environmental Protection 
Agency (USEPA). Methods for the 
Chemical Analysis of Water and Wastes 
(MCAWW) (EPA/600/4-79/020); 1971. 

18. Cui C. Junk-greedy greens: phytoremedia-
tion as a new option for soil 
decontamination.  Asian Pacific Journal of 
Environmental Biology. 2005;2:60–67. 

19. Barman SC, Sahu RK, Bhargava SK, 
Chatterjee C. Distribution of heavy metals 
in wheat, mustard and weed grains 
irrigated with industrial effluents. Bull. 
Environmental Contamination Toxicology. 
2000;64:489-496. 

20. Fan TWM, Lane AN, Pedler J, Crowley D, 
Higashi RM. Comprehensive analysis of 
organic ligands in whole root exudates 
using nuclear magnetic resonance and      
gas chromatography mass spectrometry. 
Analytical Biochemistry. 1997;251:57-68. 

21. Marschner H. Mineral nutrition of higher 
plants. 2

nd
 Ed. Academic Press Inc., 

London; 1995. 
22. Tlustoš P, Balík J, Dvořák P, Száková J, 

Pavlíková D. Zinc and lead uptake by three 
crops planted on different soils treated by 
sewage sludge. Rostl. Výr. 2001;47:129-
134. 

23. Adriano DC. Utilization and disposal of fly 
ash and other coal residues in terrestrial 
ecosystems: A review. Journal of 
Environmental Quality. 1986;99:333-345. 

24. Zurera G, Estrada B, Rincon F, Pozo R. 
Lead and cadmium contamination levels in 
edible vegetables. Bull. Environ. Contamin. 
Toxicol. 1987;38:805-812. 

25. Reichman SM. Responses of plants to 
metal toxicity: A review focusing on 
copper, manganese and zinc. Australian 
Minerals and Energy Environment 
Foundation, Melbourne; 2002. 

26. Fayiga AQ, Ma LQ. Using phosphate rock 
to immobilize metals in soils and increase 
arsenic uptake in Pteris vittata. Sci Total 
Environ. 2006;359:17–25. 

27. Sauve S, McBride MB, Norvell WA, 
Hendershot WH. Copper solubility and 
speciation of in situ contaminated soils: 
Effects of copper level, pH and organic 
matter. Water, Air and Soil Pollution. 
1997;100:133-149. 

28. Brown SL, Chaney RL, Angle JS, Baker 
JM. Zinc and cadmium uptake by Th laspi 
caerulescens and Silene cucubalis in 
relation to soil metals and soil pH. Journal 
Environ. Qual. 1994;23:1151–1157.  

29. Msaky JJ, Calvet R. Adsorption behaviour 
of copper and zinc in soils: influence of pH 
on adsorption characteristics. Soil Science. 
1990;150:513-522. 

30. International Moringa Germplasm collec-
tion; 2014. (Accessed 8th June, 2016) 
Available:http:moringaceae.org 

_________________________________________________________________________________ 
© 2016 Amadi and Tanee; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 

 
Peer-review history: 

The peer review history for this paper can be accessed here: 
http://sciencedomain.org/review-history/15952 


