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Abstract 
Heavy metal contamination is the major problem 
spreading worldwide as non biodegradable pollutant. The 
toxicity of metals creates threat for primary and 
secondary consumers in environment and reaches to the 
top level in the ecosystem through food chain. Cadmium 
and lead being toxic heavy metals have been assessed for 
retarding growth, decreased photosynthesis in plants. 

Therefore, the present study was planned to observe the 
uptake of cadmium and lead in roots of Moringa oleifera 
seedlings in metal contaminated soil. In response, 
phytotoxic effect of different concentrations of CdCl2 
and Pb (NO3)2 on plant root growth, ratio of shoot and 
root length, number of branches and leaves per seedling, 
tolerance and β-carotene was observed. The metal 
treatment was applied to germinating seeds in pots 
containing soil and study lasted 30 days. The study 
revealed maximum uptake of lead in roots as compared 
to cadmium. According to present analysis inhibition in 
root length was appeared with increasing concentration 
of both metals. Seedlings were found more susceptible to 
increasing cadmium concentrations in comparison to 
lead, whereas, 3 mM and 5 mM lead showed quite 
variation in results. Elevated level of non-enzymatic β-
carotene antioxidant was recorded significantly. Constant 
survivability of metal hyperaccumulating Moringa 
oleifera seedlings shows tolerance under heavy metal 
stress. 
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1. Introduction 
 
Abiotic stress such as drought, water stress, high 
temperature, salinity and heavy metals are known 
to affect nature and human life drastically. Among 
all stresses to environmental deterioration heavy 
metals like lead, mercury, cadmium, chromium, 
zinc, arsenic are most emerging and noxious forms 
to all life in nature. Lead and cadmium are 
potential toxic threat without any biological 
function to plants and animals (Lane and Morel, 
2009; Salt et al., 1995). There are many natural and 
anthropogenic factors such as volcanoes, sewage 
sludge, domestic and inappropriate industrial 
effluents, excessive use of phosphate fertilizers and 
compounds in agricultural lands, petroleum and 
gaseous combustion, corrosion/emission from rock  
 
 

 
 
 
 
and mines which enhance the concentration and 
stress level of lead and cadmium in environment, 
soil and water (ATSDR, 1999). These toxic metals 
directly or by contaminated products not only 
pollute soil or water but also harm plants. It is 
easily taken up by plant roots and transported to the 
leaves through the xylem. Most plants are sensitive 
to low concentrations of cadmium, which disturb 
the physiological and molecular mechanisms by 
which plants carry out adaptive response to 
environmental stresses (Anjum et al., 2014; Hong 
et al., 2014; Siddiqui et al., 2012). These metal ions 
lead growth disturbance, nutrient deficiency, 
interruption in mitochondria and chloroplast cells 
during energy production, photosynthesis 
irregularities by blocking leaf stomata and plant 
death (John et al., 2009). Heavy metals are also 
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known to induce oxidative stress with over 
production of reactive oxygen species (ROS) such 
as superoxide radicals (O2-), hydroxyl radicals 
(OH*) and hydrogen peroxide (H2O2) which react 
very rapidly with DNA, lipids and proteins causing 
cellular damage.  According to World health 
organization plants have a permissible limit to 
tolerate about 0.02 mg kg-1 cadmium and 2 mg kg-1 

lead (Nazir et al., 2015). Generally, non 
hyperaccumulating plants start wilting or showing 
morphological, physiological changes under 
influence of cadmium and lead even at low 
concentration.  To remove or destabilize the 
cadmium, lead and other heavy metals several 
physio-chemical methods have been applied which 
leave toxic byproducts or adverse effects. To 
minimize such toxicity and content of metals in 
environment it becomes necessary to propose eco-
friendly technology which not only reduces the 
threat of metal from environment but also balances 
natural resources to common people.  
Phytoremediation is such eco-friendly cheap 
technology which reduces hazardous metals 
cadmium and lead from soil. The phenomenon of 
removing metals from contaminated soil or water 
bodies using plants or plant-parts is referred as 
phytoremediation (Prasad and Freitas, 2003) and 
metal accumulating plants are called as metal 
hyperaccumulators (Yadav and Srivastav, 2014). 
Among all reported metal accumulating plants 
Moringa oleifera Lam. (Saijan, drumstick) genus 
of Moringaceae family has also been used as 
potential phytoremediator in environment for 
removal of cadmium (76.59%), lead (89%), 
chromium (68.85%), Arsenic (60.21%) and Nickel 
(60.52%) from contaminated soil and water (Amadi 
and Tanee, 2014; Bdliya and Agho, 2010; Kumari 
et al. 2006; Reddy et al., 2010). The seed, root, 

shoot, bark, pod and leaf every part of Moringa 
oleifera plant has ability to bio-adsorb and 
destabilize the metal ions from soil or water. The 
active bio-compounds glucosinolates, 
isothiocyanates, thiocarbamates, and flavonoids 
(Bharali et al. 2003; Yadav and Srivastava, 2016), 
sulphar amino acids (proline, methionine, 
cysteine), organic acids, oleic acid, many 
functional groups including phenols, enzymatic 
antioxidants peroxidases; superoxide dismutase, 
glutathione reductase and non-enzymatic 
antioxidants such as glutathione, β-carotene, 
ascorbic acids, tocopherol and dimeric cationic 
proteins with low molecular mass make it much 
more effective for phytoextraction of heavy metals 
from soil and bio-adsorption of metals in polluted 
water (Ferreira et al., 2008).  In this reference 
present study is based on differential uptake of 
cadmium and lead in Moringa oleifera roots under 
various metal concentrations. Moreover, phytotoxic 
effect of metals on morphological changes, growth, 
tolerance index and β-carotene content in 10, 20 
and 30 days old treated seedlings were also 
observed. 

 

 
Table 1: Effect of different concentrations of cadmium and lead on root length in Moringa oleifera seedlings at 10, 20 and 
30 days 

Metal 
Concentration 

Root length in cadmium treated plants (cm) 
 

Root length in lead treated plants (cm) 
 

(mM) 10 Days 20 Days 30 Days 10 Days 20 Days 30 Days 
0 7.77±0.3 8.47±0.4 10.33±0.4 5.63±0.2 8.73±0.4 10.13±0.2 
1 5.23±0.3* 5.3±0.4* 9.03±0.2* 4.77±0.3* 7.8±0.3* 8.5±0.2* 
2 3.63±0.4* 4.9±0.3* 6.57±0.1* 4.57±0.4* 6.2±0.2* 6.38±0.4* 
3 2.9±0.3* 3.53±0.2* 6.13±0.2* 4.37±0.3* 5.63±0.2* 6.2±0.6* 
5 2.33±0.4* 2.63±0.3* 5.33±0.2* 3.3±0.4* 4.73±0.1* 5.23±0.3* 

Asterisk * refers to significant mean (n=5) value, p ≤ 0.05 
 
Table 2: Uptake of various concentrations of cadmium and lead in Moringa oleifera roots at 10, 20 and 30 days 

Metal 
Concentration 

 Cadmium content in root (mg kg-1)          Lead content in root (mg kg-1) 

(mM) 10 Days 20 Days 30 Days 10 Days 20 Days 30 Days 
0 0.07±0.04 0.11±0.04 0.12±0.02 0.13±0.07 0.14±0.03 0.15±0.04 
1 1.76±0.22 11.24±15.01 21.24±5.11* 38.09±8.3 76.17±21.82* 95.23±8.24 
2 21.91±2.97* 32.85±6.55* 45.72±8.7* 152.37±8.3* 185.7±3.48* 199.99±14.29 
3 28.09±0.83* 57.62±5.02* 101.9±9.18* 199.99±0.02* 319.31±33.5* 357.12±126.97 
5 89.52±3.29* 146.66±7.19* 168.56±10.3* 323.79±16.5* 452.35±16.6* 499.97±14.3* 

Asterisk * refers to significant mean (n=5) value, p ≤ 0.05 
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Figure 1: Growth in (A) cadmium (B) lead treated plantlets in Moringa oleifera on 20 days 

 
 
1.1 Objective and Justification of Research    
Heavy metal contamination in the soil as well as 
water is becoming an irresolvable problem in 
mining areas and industrial areas. Due to metal 
contaminated soil and water, cultivation of crops 
and drinkable water sources are becoming difficult 
and polluted in such areas. To overcome this 
problem it is necessary to increase the use of safe 
natural adsorbents. The phenomenon of using 
plants in the remediation of heavily contaminated 
soil, water and air with hazardous metals and 
nonmetals has achieved great significance in last 
few years. Moringa oleifera, species of 
Moringaceae family, a good phytoremediator has 
been explored as natural environmentally bio-
adsorbent/agent. Every part of this plant work as 

remediator for metals (such as; Pb, Zn, Hg, Cr, 
etc.) removal from contaminated soil and water. 
Low cost availability, nontoxic reliable use and 
organic polymer property of Moringa oleifera 
makes it more sustainable, productive and 
acceptable technology of soil and water treatment 
in devolving countries. Although there are several 
reports on biosorption of heavy metals by Moringa 
oleifera but none of the research work has been yet  
published on in-vitro experiments to explore its 
potential to hyperaccumulate heavy metal from the 
soil. Therefore, we have proposed to carry out the 
work on “ cadmium & lead phytoextraction and 
induced growth responses in Moringa oleifera 
Lam. seedlings”. 
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Figure 2: Growth and morphology in (A) cadmium (B) lead treated roots in Moringa oleifera on 30 days 

 
2. Material and Methods  
 
2.1 Plant sample and growth condition  
Seeds of Moringa oleifera were surface sterilized 
in 0.1% NaOCl2 and washed twice in distilled 
water. 3 seeds were sown in each plastic pot 
containing 1 kg soil. The plants were grown under 
control conditions with 13 hrs light and 11 hr dark 
with 25±2˚C temperature. 5  days old uniform 
seedlings was selected for the treatment of 
cadmium and lead with 1 mM, 2mM, 3mM and 5 
mM concentrations along with control (0) in five 
replicates. 10, 20 and 30 days old fresh root, shoot 
and leaf samples were taken for every analysis.   
 
 
 

 
 
 
2.2 Plant growth analysis    
Comparative plant morphology; root length, root 
inhibition (%), number of total branches and leaves 
per plantlet, ratio of shoot and root length in treated 
and control seedlings were checked on 10, 20 and 
30 days using following formula:                                           
Root inhibition =        [100-RRL (%)]               
 
2.3 Tolerance index   
Tolerance index of treated seedlings was calculated 
by mentioned formulae (Idrees, 2015).            
 
Tolerance index (%) = (Mean root length in 
stress)/ (Mean root length in control) ×100  
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Figure 3: Cadmium and lead induced (A and B) root 
oleifera plantlets. Asterisk * refers to s

 
Figure 4. Cadmium and lead induced

Asterisk * refers to significant mean (n=5) value, p 

 

                                                                                                                                                   

Cadmium and lead induced (A and B) root inhibition % (C and D) tolerance index in 
plantlets. Asterisk * refers to significant mean (n=5) value, p≤ 0.05 

Cadmium and lead induced (A and B) ratio of shoot and root length in Moringa oleifera 

Asterisk * refers to significant mean (n=5) value, p 0.05 
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(C and D) tolerance index in Moringa 

 

Moringa oleifera plantlets. 
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Figure 5. Cadmium and lead induced (A and B) total number of branches (C and D) total number of leaves per 

Moringa oleifera plantlet. Asterisk * refers to significant mean (n=5) value, p 0.05 
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Figure 6. Cadmium and lead induced (A and B) β- carotene content in Moringa oleifera plantlets. Asterisk * 

refers to significant mean (n=5) value, p 0.05 

 

 
2.4 Determination of metal content in root  
Concentration of cadmium and lead in Moringa 
oleifera roots was determined by using atomic 
absorption spectrophotometer (Lawal et al., 2011). 
Root samples of 10, 20 and 30 days old seedlings 
were collected and washed in distilled water three 
times to remove soil particles. The samples were 
dried in oven at 50ºC and digested with mixture of 
HNO3 in muffle furnace at 150ºC for 6 hours. 
Thereafter, acidified sample was diluted to 20 cm3 
with 2% HNO3. The mixture was filtered through 
Whatman No.42 filter paper. Prepared samples 
were analyzed for metal analysis in AAS (AAS, 
Solaar, ICE3000 Series, Thermo Scientific) 
equipped with air-acetylene burner.  
 
2.5 Analysis of β-carotene  
Analysis of β-carotene (vitamin A) content was 
done by following Arnon, (1949) method. Fresh 
leaf samples were crushed with 80 % acetone in 
dark. After centrifuge at 10,000 rpm for 15 minutes 
absorbance was recorded at 480 nm and 510 nm.        
β – carotene (mg gm  -1  FW)   =   [(7.6) A480-
(1.49) A510 ]  ×   V/(W×1000)  
 
2.6 Statistical analysis  
For analysis one-way ANOVA was run on the 
SPSS computer program and mean values of five 
replicates (n= 5) ± SD from the different treatments 
and control were compared by Tukey’s multiple 
comparisons test at p≤ 0.05. Asterisk * denotes  
 
 

significant mean values. Graphs were prepared 
using Sigma PlotTM v.10. 
 
3. Results and Discussion  
 
3.1 Plant growth and root morphology 
In present report Moringa oleifera seedlings 
growth, root length and root inhibition (%), ratio of 
shoot and root length, total number of branches and 
leaves per seedling were observed in treated 
seedlings at different metal concentrations during 
growth period (Fig. 1 to 6).   For 10, 20 and 30 
days, the growth of root length was decreased with 
increasing concentration of cadmium and lead 
(Table 1). Roots of cadmium treated plantlets were 
found more susceptible in comparison to lead 
concentrations. 3 mM and 5 mM concentrations of 
both metals were found comparatively more toxic 
to growth and morphology with reduce in length 
(Fig. 2A and B). While growth in 1 mM and 2 mM 
cadmium and lead treated plantlets was observed 
more compatible with control plantlets (Table 1). 
  
A metal concentration dependent root inhibition 
(%) was found in treated plants (Fig. 3A and B). 
The percent of root inhibition was calculated 
different for cadmium as well as lead 
concentrations. With each increasing concentration 
of cadmium root inhibition percent was calculated 
to be increased. While, this root inhibition 
percentage decreased with 10, 20 and 30 days of 
stress stage. The maximum root inhibition was 
measured at 10 days, whereas a decrease in 
inhibition percent reported on 20 days followed by 
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30 days old plants (Fig. 3A and B). According to 
present study, percent of root growth inhibition 
under lead treatment also increases as each metal 
concentration increases. With 10 and 20 days, this 
root inhibition percent calculated to be increased, 
though 30 days old seedlings showed percent 
decline at 3 mM followed by 5 mM.  
 
Ratio of shoot and root length in metal treated 
plants was reported different for both metals during 
growth stage (Fig. 4A and B). In 10 and 20 days 
old cadmium treated plants ratio showed 
insignificant increase with increasing 
concentrations compared to their respective 
control. Though a minor decline was reported at 2 
mM cadmium on 20 days, whereas, increase in 
ratio uplifted from 3 mM followed by 5 mM 
cadmium. On 30 days ratio decreased as compared 
to ratio on 10 and 20 days. In lead treated plantlets 
ratio showed insignificant decrease for 1 mM 
followed by 2 mM and 3mM compared to their 
control. Thereafter, an increase in ratio was 
reported at 5 mM lead on all growth days (Fig. 3A 
and B).  
No major variation was observed in total number of 
branches during observation in treated and control 
plants. Though, a little decrease in number of total 
branches was seen with increasing metal 
concentration. There was a constant increase in all 
cadmium and lead treated plants with 10, 20 and 30 
days (Fig. 5A and B). In 10 days old lead treated 
plantlets constant (4.666) number of total branches 
was calculated at 3 mM and 5 mM. For cadmium 
total number of branches was calculated less as 
compared to control. In 30 days old plantlets 2 mM 
and 3 mM cadmium showed (6.666) constant 
number of branches. Growth in total number of 
leaves was inhibited with increasing concentration 
of cadmium and lead for 10, 20 and 30 days (Fig. 
5C and D). Though, this inhibition was seen 
comparatively high in cadmium treated plantlets.  
In 30 days old cadmium treated plantlets, total 
leaves 47 at 5 mM were calculated less as 
compared to total leaves 106.66 in control. On the 
other hand, total leaves 75.333 at 5 mM lead were 
calculated less as compared to total leaves 106.66 
in control. The color of oval-round shaped leaves 
was observed as green (Fig. 1A and B).   
Growth of cadmium and lead treated seedlings was 
influenced with increasing metal concentration but 
progressive growth of root and shoot was measured 
at each time interval of treatment. The results 
showed similarity with work carried out on 
Helianthus annuus and Vigna radiata (Ashraf et 
al., 2016) plants grown under cadmium and lead 
stress, which showed similar decrease in root 
length with increasing metal concentration (Di 
Cagno et al., 1999; Usha et al., 2011). Moringa 
oleifera showed tap root growth pattern without 
any symptoms of distorting, bulge or presence of 

any secondary abnormal structures under metal 
treatment. Roots are fleshy and creamy- brown in 
color. Similarly, the both metal caused decline in 
total number of leaves and branches per plant but 
no leaf chlorosis or shortening of branches was 
observed in treated plants. This shows the 
sustainable survival of drumstick plant in metal 
polluted soil. Decrease in total number of leaves 
and branches per plantlet have also been reported 
in Helianthus annuus with increasing concentration 
of cadmium (Ghani et al., 2016). 
 
3.2 Tolerance index   
The tolerance index (%) based on root elongation 
for different cadmium and lead treatment is 
presented in fig. 3C and D, respectively. Tolerance 
index appeared to be reducing with increasing 
metal concentration in plantlets. For both metals 
tolerance index percentage was calculated 
different. The highest tolerance index was 
measured at 1 mM of cadmium and lead. For 
cadmium treatment, tolerance index 67.463%, 
63.433%, and 87.173% at 1 mM reduced upto  
29.9555 %, 31.273%  and 51.815% at 5 mM with 
10, 20 and 30 days (Fig. 3 C and D). Though, 
tolerance index at all lead concentrations appeared 
to be higher as compared with cadmium treated 
plants. For lead treatment, tolerance index 
84.602%, 89.339% and 83.906% at 1 mM reduced 
upto 58.494 %, 54.33% and 51.623% at 5 mM with 
10, 20 and 30 days. The reason of low tolerance 
with rise in metal concentration may be due to its 
transport into tissues and the physiological changes 
during growth (Khan et al., 2006).  A same pattern 
of cadmium effect on tolerance indices was 
observed by Ahmad et al., (2012) in wheat.  
 
3.3 Metal accumulation in root  
Moringa oleifera seedlings grown in presence of 
cadmium and lead showed a concentration and time 
dependent accumulation of metals in roots (Table 
2). During the experimental study of metal 
accumulation in 10, 20 and 30 old Moringa oleifera 
seedlings, more uptake of lead concentration was 
found in root than the cadmium concentrations. 
Root showed maximum uptake 323.79 mg kg-1, 
452.35 mg kg-1 and 499.97 mg kg-1 lead from soil 
at 5 mM concentration as compared to 0.13 mg kg-

1, 0.14 mg kg-1 and 0.15 mg kg-1 content in their 
respective control (Table 2). In cadmium treated 
seedlings 30 days old roots showed maximum 
uptake 168.56 mg kg-1 (p≤ 0.05) at 5 mM in 
comparison to 0.12 mg kg-1 in control. Increase of 
metal concentration in roots started from 1 mM to 5 
M. The concentration of both metals is near to zero 
in roots grown in controlled condition without 
metal treatment (Table 2). Enhanced accumulation 
of cadmium and lead has been reported to occur in 
roots of different metal hyperaccumulating plants 
including Helianthus annuus when exposed to 
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heavy-metal stresses (Ghani et al., 2016; Liu et al. 
2008; Maine et al., 2001). The work carried out on 
“estimation of trace metals in Moringa oleifera” 
has also revealed about 0.26 mg kg-1 cadmium and 
0.39 mg kg-1 lead adsorbed by plant roots in certain 
metal contaminated place of Nigeria (Fowotade 
and Abdallah, 2012). Similarly Malar et al., (2014) 
have also confirmed accumulation of 118 mg kg-1 
lead content in root of S. grandiflora. Retention of 
high levels of cadmium and lead in Moringa 
oleifera roots indicated that Moringa oleifera has 
potential for phytoextracting heavy metals by 
rhizofiltration. Consequently, drumstick roots were 
found more tolerant to lead concentration in 
comparison to cadmium during accumulation. 
 
3.4 β- carotene  
The results for β- carotene in treated and control 
leaves were reported in fig. 6A and B. The 
concentration of β- carotene varies significantly 
upon cadmium and lead treatment. For 1mM lead, 
significant decrease in β- carotene was recorded on 
all growth days. Nevertheless, a constant 
significant (p≤ 0.05) elevation was recorded in β- 
carotene content at 2 mM, 3 mM and 5mM, which 
is slight less than the content recorded in control 
leaves. On 30 days, 5 mM lead treated plantlets 
showed maximum 1.52 mg g-1 β- carotene content 
which was slight less in comparison to 1.54 mg g-1 
in control leaves (p≤ 0.05).  
  
Cadmium induced significant (p≤ 0.05) fall in β-
carotene level was measured at 1mM followed by 2 
mM, whereas, a significant constant increase was 
recorded with 3 mM and 5 mM. The maximum β- 
carotene content 1.58 mg g-1 was measured on 30 
days under 5 mM cadmium (p≤ 0.05). The 
drumstick is a widely cultivated multipurpose 
Indian tree and every part including leaves, pods 
and flowers contains edible as well as medicinal 
properties. The plant has major potential to uptake 
and transport heavy metal ions in roots and shoots 
(Amadi and Tanee, 2014).  Drumstick plant is a 
very good source of vitamin A in diet. β- carotene, 
a non-enzymatic antioxidant evolves during 
excessive of metal ions in plant cells for control of 
lipid peroxides and scavenging of reactive oxygen 
species, which are formed during photosynthesis 
(Collins, 2001). Under exposure of heavy metal 
ions level of β- carotene increases to work as 
photoprotective role in plant metabolism and stress 
tolerance. Metal induced elevated level of β- 
carotene in leaves of Moringa oleifera seedlings at 
different level of toxicity supports antioxidative 
response of β- carotene (Bhatti et al., 2013) against 
cadmium and lead.   
 
 
 
 

Conclusion    
 
On the basis of our pot experiments, authors 
support the concept of cadmium accumulation in 
metal hyperaccumulating plant Moringa oleifera. 
High accumulation of cadmium and lead in 
Moringa oleifera roots exhibits its phytoextraction 
property in cadmium and lead contaminated soil. 
According to present results, toxicity of cadmium 
and lead metals increases only with increasing 
concentration of metals. However, under metal 
toxicity reduction in root length and tolerance was 
exhibited by 30 days old seedlings, while, plantlets 
were able to survive progressively without showing 
any mortal symptoms. The gradual increase in β- 
carotene with rise of metals shows its defence 
efficacy as non-enzymatic antioxidant and vitamin 
A rich source. The easy availability, high metal 
accumulation and high mass production of 
Moringa oleifera create a great possibility of 
removal of cadmium, lead and other heavy metals 
in contaminated soil of developing countries as a 
phytoremediator. However more study is needed to 
confirm the location of these metals in plant 
tissues. 
 
Research Highlights   
 
Constant growth of plantlets was observed with 
increasing concentration of cadmium and lead 
during growth phase.   
Roots were found more competent passage to 
accumulate and phytoextraction of metals.  
 Increase in level of β- carotene in Moringa oleifera 
leaves was measured during experiments. 
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