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ABSTRACT 

It has been noted that zinc contamination is hazardous, which induces 
researchers to seek new means to overcome it. One of the methods is to 
employ the sunflower plant to eliminate zinc in soil. However, there is 
insufficient information about zinc phytoremediation by sunflowers in the 
hydroponic system. Hence in this study, a 15-day experiment was conducted 
using zinc concentrations of 0, 10, 20, and 30 mg/L in a hydroponic system 
to investigate the effect of zinc towards the sunflower. The effects of zinc 
concentration on the plant growth performance (length of root, length 
of the stem, and the number of leaf), zinc uptake, and zinc translocation 
were evaluated. The findings showed that the plant growth was stunted 
but tolerated to a zinc stress condition, where the zinc concentrations had 
affected the growth of the sunflower root, length, and stem, and the zinc 
uptake significantly (p<0.05). It was also found that there was a significant 
variation of root length and zinc uptake in leaf within certain phases 
statistically (p<0.05). Then the translocation factor was found significantly 
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different for the time parameter but not the zinc concentrations (p<0.05). 
Therefore, this experiment concluded that the sunflower plant was highly 
tolerant of zinc and able to remove the zinc from contaminated environments. 
Lastly, this study showed that sunflowers are the potential to phytoremediate 
zinc in a hydroponic system. 
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INTRODUCTION

Zinc is an essential element to plants as it involves actively in the plants’ 
protein synthesis and metabolism. The zinc activates the RNA polymerase in 
protein synthesis and acts as a co-factor and activator for enzymes [1]. The 
toxicology of heavy metal depends on the concentration in the environment 
and its mobility characteristic. Unlike organic compounds, heavy metal is 
non-biodegradable and persistent in the environment. Thus, the removal of 
heavy metal from contaminated sources is particularly challenging. Current 
practices for heavy metal remediation such as chemical precipitation, 
activated carbon and resin are costly, and generate secondary by-products. 
As a result, researchers and authorities have focussed on phytoremediation, 
a plant-based technology, to remediate heavy metal from contaminated 
sources.

Phytoremediation relies on the plant capacity to absorb heavy metal 
from the environment. The translocation factor is used as a tool to assess 
the potential of plants to remediate metals from contaminated sources. 
Particularly, it evaluates the capacity of plants to transfer metals from their 
roots to the upper parts. Having values of translocation higher than 1 shows 
that the plant is a reliable candidate for phytoremediation [2]. 

Weeds, sunflower, cabbage, canola, mustard, alfalfa, and ricinus are 
potential phytoremediation plants. It has also been found that the sunflower 
(Helianthus annuus) is an excellent candidate for phytoremediation. The 
sunflower plant remediates heavy metal, and the harvested sunflower for 
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biofuel production is a sustainable approach [3-4]. The phytoremediation 
mechanisms mainly involve phytoextraction, phytotransformation, 
and translocation. Besides, rhizobacteria of sunflowers also improve 
phytoremediation performance and enhance the accumulation of metals [5]. 

Sunflower has been widely reported as a phytoremediation plant 
for soil and water contaminated with zinc. Studies [6-7]  reported that 
sunflower capable of removing zinc from the soil-water environment, 
hence suitable to be used as a phytoremediation plant. Garousi et al. (2016) 
[8] found that sunflower is the right candidate in the phytoextraction and 
phytoaccumulation of selenium in the hydroponic system. However, there 
is limited study on sunflower remediating zinc in the hydroponic system. 
This study aimed to investigate the effect of zinc on the growth of the 
sunflower (Helianthus annuus) as well as its uptake and translocation of 
zinc in the tested plant.

METHODOLOGY 

Plant Preparation and Hydroponic System Set-Up

First, sunflower seeds were obtained from the market. They were 
washed and rinsed with distilled water a few times. The seeds were then 
each placed in a hydroponic nutrient solution pot to grow.  The seedlings 
were left to grow for three weeks under 14/10 hours of light/dark cycle. 
Meanwhile, the nutrient solution was aerated continuously by an air pump 
and renewed once a week. The deep culture hydroponic system was used. 
The container consists of 30 pots, and one seed was put in each pot.
 

Zinc Solution Preparation 

A litre of 1000 mg/L zinc solution was prepared from zinc sulphate 
heptahydrate salt to serve as a zinc stock solution. This stock was diluted 
to 10, 20, and 30 mg/L zinc concentrations.
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Phytoremediation Study 

In this phase, the seeding plants were transferred to containers that 
contained zinc concentrations of 0 (control), 10, 20, and 30 mg/L zinc, 
respectively. Three replicates of the samples were executed for each 
treatment. During the treatment, observation on the length of root, stem, 
and the number of the leaf under the stress of zinc was recorded at a five-
day interval for 15 days. The length of root and stem were measured using 
vernier caliper; meanwhile, the number of leaf was count visually. The 
average was calculated. The percentage of the inhibition of the plant growth 
was compared to the control. The calculated standard deviation of less than 
10 was neglected. 

During the treatment of zinc, three plants from each container 
were removed from the treatments every five-day interval for 15 days. 
Their roots, stems, and leaf were digested according to the EPA method 
3050B [9-10]. The zinc concentrations were then determined by Atomic 
Absorption Spectrometry (AAS). The uptake of zinc was recorded. The 
phytoextraction ability of sunflower Helianthus annuus was calculated 
using the translocation factor (TF) as follows:

Statistical Analysis 

The experimental data were expressed as means and standard 
deviations. They were further analysed by one-way analysis of variance 
(ANOVA).
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Statistical Analysis  

The experimental data were expressed as means and standard deviations. They were further 
analysed by one-way analysis of variance (ANOVA). 

 
RESULTS AND DISCUSSION  
 
The effects of zinc on the sunflower Helianthus annuus were evaluated by observing the plant growth 
performance, zinc uptake, and zinc translocation factor. It then was observed that the length of roots, stems, 
and the number of leaves in the sample experienced a significant reduction under zinc contamination 
compared to the control. Following, the zinc translocation factor was calculated to determine if this plant 
was potential for zinc bioaccumulation.  

 
The Growth Performance of the Sunflower Plants  

Figure 1(a) shows the root growth performance under zinc stress at different concentrations for 15 
days. Results showed that at 10 mg/L, the root lengths were 17.23 ± 1.07 cm, 20.33 ± 0.85 cm, 27.87 ± 0.38 
cm and 31.43 ± 1.05 cm on days 0, 5, 15, and 15, respectively. These indicate the low toxicity of zinc in 
this range of concentrations. However, at the treatment of 30 mg/L of zinc concentration, it initially 
promoted the root growth with the root length of 18.43 ± 1.11 cm, 20.00 ± 0.61 cm, and 21.53 ± 0.78 cm 
for day 0, 5 and 10, respectively. However, there was a reduction of root growth on day 15 (18.70 ± 0.52 
cm), showing the toxic effects of zinc. 

  
Figure 1(b) shows the percentage inhibition of the root length of the sunflower plant compared to 

the control. On day 15, the figure showed the highest root length inhibition, which is 99 % for the 30 mg/L 
zinc concentration. It is followed by 67% for 20 mg/L zinc concentration and 46% for 10 mg/L of zinc 
concentration. The concentration of zinc shows a significant effect on root length inhibition statistically 
(p<0.05).  

 
The root elongation is an essential factor in metals removal in the hydroponic system [11]. Roots 

help plants to absorb water and nutrient from the substrate, transport through the stem to leaf for 
photosynthesis. Rhizobacteria of sunflower promote the growth of root under metals stress conditions and 
induce stress tolerance in plants [5]. Hence, sunflower root and root hair elongation occurred; the absorption 
surface area and absorption of water and nutrient, including zinc, increased.  

  
It can be reported that a reduction of the number of root hair and growth root length was observed 

at 30 mg/L zinc concentration (Figure 1(b)). This indicates the zinc concentration had caused root toxicity 
symptoms. This result concurred with that reported by [12], which had a similar observation on the 
sunflower under zinc stress conditions in the soil.  
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RESULTS AND DISCUSSION 

The effects of zinc on the sunflower Helianthus annuus were evaluated by 
observing the plant growth performance, zinc uptake, and zinc translocation 
factor. It then was observed that the length of roots, stems, and the number 
of leaves in the sample experienced a significant reduction under zinc 
contamination compared to the control. Following, the zinc translocation 
factor was calculated to determine if this plant was potential for zinc 
bioaccumulation. 

The Growth Performance of the Sunflower Plants 

Figure 1(a) shows the root growth performance under zinc stress at 
different concentrations for 15 days. Results showed that at 10 mg/L, the 
root lengths were 17.23 ± 1.07 cm, 20.33 ± 0.85 cm, 27.87 ± 0.38 cm and 
31.43 ± 1.05 cm on days 0, 5, 15, and 15, respectively. These indicate the 
low toxicity of zinc in this range of concentrations. However, at the treatment 
of 30 mg/L of zinc concentration, it initially promoted the root growth with 
the root length of 18.43 ± 1.11 cm, 20.00 ± 0.61 cm, and 21.53 ± 0.78 cm 
for day 0, 5 and 10, respectively. However, there was a reduction of root 
growth on day 15 (18.70 ± 0.52 cm), showing the toxic effects of zinc.

 
Figure 1(b) shows the percentage inhibition of the root length of the 

sunflower plant compared to the control. On day 15, the figure showed 
the highest root length inhibition, which is 99 % for the 30 mg/L zinc 
concentration. It is followed by 67% for 20 mg/L zinc concentration and 
46% for 10 mg/L of zinc concentration. The concentration of zinc shows a 
significant effect on root length inhibition statistically (p<0.05). 

The root elongation is an essential factor in metals removal in the 
hydroponic system [11]. Roots help plants to absorb water and nutrient 
from the substrate, transport through the stem to leaf for photosynthesis. 
Rhizobacteria of sunflower promote the growth of root under metals stress 
conditions and induce stress tolerance in plants [5]. Hence, sunflower root 
and root hair elongation occurred; the absorption surface area and absorption 
of water and nutrient, including zinc, increased. 
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 It can be reported that a reduction of the number of root hair and 
growth root length was observed at 30 mg/L zinc concentration (Figure 
1(b)). This indicates the zinc concentration had caused root toxicity 
symptoms. This result concurred with that reported by [12], which had a 
similar observation on the sunflower under zinc stress conditions in the soil. 

(a) 

 

(b)

Figure 1: Effect of Zinc Concentration on (a) Root Length and (b) Inhibition 
of Root Length in 15 days

4 

 

(a) 

 
(b) 

 
Figure 1: Effect of Zinc Concentration on (a) Root Length and (b) Inhibition of Root 

Length in 15 days 
 

Figure 2(a) shows the stem length at different zinc concentrations. The stem length is statistical 
significantly under the influence of zinc concentrations for the entire 15 days of treatment. Overall, the stem 
length at 10 mg/L zinc concentration recorded the highest length where 15.53 ± 0.67 cm, 21.63 ± 1.66 cm, 
26.97 ± 0.92 cm and 31.53 ± 1.50 cm on days 0, 5, 10 and 15, respectively. However, all three treated plants 
in three concentrations (10, 20, and 30 mg/L) have not exceeded the growth of the stems in the control 
group (0 mg/L). At concentrations of 10, 20 and 30 mg/L on day 15, the stem lengths were 31.53 ± 1.50 
cm, 28.83 ± 0.55 cm and 26.85 ± 1.20 cm, respectively, compared to the control (35.43 ± 1.27 cm). 

  
The inhibition of the stem length under the influence of zinc concentration is illustrated in Figure 

2(b).  Figure 2(b) shows the stem length is most inhibited, which is 44 %, at 30 mg/L of zinc concentration 

0

5

10

15

20

25

30

35

40

45

50

0 5 10 15

Ro
ot

 le
ng

th
, c

m

Time, day

Zn 0

Zn 10

Zn 20

Zn 30

0

20

40

60

80

100

120

10 20 30

Pe
rc

en
ta

ge
 in

hi
bi

tio
n 

of
 ro

ot
 le

ng
th

, %

Concentration of Zinc (mg/L)

day 5

day 10

day 15

4 

 

(a) 

 
(b) 

 
Figure 1: Effect of Zinc Concentration on (a) Root Length and (b) Inhibition of Root 

Length in 15 days 
 

Figure 2(a) shows the stem length at different zinc concentrations. The stem length is statistical 
significantly under the influence of zinc concentrations for the entire 15 days of treatment. Overall, the stem 
length at 10 mg/L zinc concentration recorded the highest length where 15.53 ± 0.67 cm, 21.63 ± 1.66 cm, 
26.97 ± 0.92 cm and 31.53 ± 1.50 cm on days 0, 5, 10 and 15, respectively. However, all three treated plants 
in three concentrations (10, 20, and 30 mg/L) have not exceeded the growth of the stems in the control 
group (0 mg/L). At concentrations of 10, 20 and 30 mg/L on day 15, the stem lengths were 31.53 ± 1.50 
cm, 28.83 ± 0.55 cm and 26.85 ± 1.20 cm, respectively, compared to the control (35.43 ± 1.27 cm). 

  
The inhibition of the stem length under the influence of zinc concentration is illustrated in Figure 

2(b).  Figure 2(b) shows the stem length is most inhibited, which is 44 %, at 30 mg/L of zinc concentration 

0

5

10

15

20

25

30

35

40

45

50

0 5 10 15

Ro
ot

 le
ng

th
, c

m

Time, day

Zn 0

Zn 10

Zn 20

Zn 30

0

20

40

60

80

100

120

10 20 30

Pe
rc

en
ta

ge
 in

hi
bi

tio
n 

of
 ro

ot
 le

ng
th

, %

Concentration of Zinc (mg/L)

day 5

day 10

day 15



105

Vol. 17 No. 2, Sept 2020

 Figure 2(a) shows the stem length at different zinc concentrations. 
The stem length is statistical significantly under the influence of zinc 
concentrations for the entire 15 days of treatment. Overall, the stem length 
at 10 mg/L zinc concentration recorded the highest length where 15.53 ± 
0.67 cm, 21.63 ± 1.66 cm, 26.97 ± 0.92 cm and 31.53 ± 1.50 cm on days 
0, 5, 10 and 15, respectively. However, all three treated plants in three 
concentrations (10, 20, and 30 mg/L) have not exceeded the growth of the 
stems in the control group (0 mg/L). At concentrations of 10, 20 and 30 mg/L 
on day 15, the stem lengths were 31.53 ± 1.50 cm, 28.83 ± 0.55 cm and 
26.85 ± 1.20 cm, respectively, compared to the control (35.43 ± 1.27 cm).

 
The inhibition of the stem length under the influence of zinc 

concentration is illustrated in Figure 2(b).  Figure 2(b) shows the stem 
length is most inhibited, which is 44 %, at 30 mg/L of zinc concentration 
on day 15. Secondly, the 20 mg/L and 10 mg/L zinc concentration inhibits 
36 % and 20 % stem length, respectively. There is a significant difference 
among the concentrations of zinc on the stem length (p<0.05).

 
It can be discussed that a low concentration of zinc serves as a 

micronutrient which promotes the growth of plants [13]. However, large 
doses cause of metal hormesis will stunt the growth of the shoot. Sunflower 
is efficiently transferring metals from roots to other parts of the plant [14]. 
Furthermore, metal stress conditions reduced chlorophyll and protein 
contents [15]. Hence, the length of the stem was inhibited. 
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(a)

(b)

Figure 2:  The Effect of Zinc Concentration on (a) Stem Length and (b) the 
Percentage Inhibition of Stem Length in 15 days
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Figure 3(a) illustrates the number of leaf under the effect of zinc 
concentrations in 15 days. At the 0 mg/L and 10 mg/L zinc concentration, 
the number of leaf increased during treatment.  But at 20 mg/L, the number 
of leaf decreased and recorded 12 ± 1, 10 ± 1, and 10 ± 0 on days 5, 10, 
and 15, respectively. At concentrations 30 mg/L, the number of the leaf 
also decreased, which was 12 ± 1, 11 ± 1, and 9 ± 1 on days 5, 10, and 15, 
respectively. 

The effect of zinc concentrations on the leaf number compared to the 
control is shown in Figure 3.  Generally, an increase of zinc concentration 
decreases the leaf number of the plants. The highest leaf number inhibition 
was found to be 155 % recorded by 30 mg/L zinc concentration on day 15. 
The concentration of zinc shows a significant difference in the percentage 
of inhibition of the leaf number (p<0.05). 

It was observed too that the leaf chlorosis and browning occurred 
especially at a high concentration of zinc. This was due to the zinc ions 
exhibiting high mobility characteristics, which leads to a strong damaging 
effect on the leaf cell membranes. Besides, various metals binding proteins 
such as metallotheiones, phytochelations, and antioxidant enzymes 
enhanced the accumulation of metals through absorption and transportation 
mechanisms [15]. Al-Jobori and Kadhim (2019) [16] described that the 
sunflower Helianthus annuus showed stunted growth and a reduced leaf 
expansion compared to stem and root. This observation was supported by 
[17], where lead, cadmium, and nickel ions showing the sequence of plant 
growth as root, shoot, and finally leaf for reed.
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(a)

(b) 

Figure 3:  The Effect of Zinc Concentration on (a) the Leaf Number and (b) 
Percentage Inhibition of Leaf Number in 15 Days

Figures 1(a), 2(a) and 3(a) display the effect of time of the zinc 
concentration on the root growth, stem length, and the number of leaf. In 
general, the plants in the sample grew over time but did slower than control. 
It can be explained that the plants reduce the concentration of metal entering 
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stem length, and the number of leaves. In general, the plants in the sample grew over time but did slower 
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are no accurate reports on metals accumulation and distribution in sunflower plants as they involve several 
endogenous and exogenous factors. 
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the cell through their extracellular precipitation, biosorption to cell walls, 
thus reducing the uptake or increase the efflux [18]. These mechanisms 
successfully reduce the effect of toxicity sensitive sites within the cells 
of the plants and thus preventing the damaging effects and maintaining 
the homeostasis of the plant [19]. There are no accurate reports on metals 
accumulation and distribution in sunflower plants as they involve several 
endogenous and exogenous factors.

In the experiment of the present study, the length of the root and the 
number of leaf were reduced at 30 mg/L zinc on day 15. It was also observed 
that the chlorosis of the leaf occurred. The statistical analysis shows a 
significant difference for the length of root (p<0.05), but not significant for 
the stem and number of the leaf (p>0.05). The plant root length is a well-
known, established measure to determine the metal-tolerant ability of plants. 
It is known that the root is a specialised absorptive organ that has a direct 
response and bio-accumulating ability on toxic metals. Therefore, the effect 
of zinc over time becomes significant only on the root, but not on the stem 
and leaf. Hwang et al (2016) [11] also demonstrated a consistent result in 
their study using fern Pteris vittata and arsenic in a hydroponic system. 
Besides, [20] reported similar findings where zinc accumulation in the shoot 
of sunflower Helianthus annuus in the hydroponic system was observed.

Zinc Uptake 

Figure 4 illustrates the zinc uptake for root, stem, and leaf under the 
effect of zinc concentration. It was found that increased zinc concentration 
increased in zinc uptake in root, stem, and leaf. For roots and leaf, the 
zinc uptake kept increasing for the concentration of 0 mg/L and 10 mg/L 
throughout the treatment period. At 10 mg/L, the zinc uptake in roots were 
50.473 ± 1.16 mg/L, 50.720 ± 1.17 mg/L, and 55.807 ± 0.54 mg/L for 
day 5, 10 and 15, respectively. The zinc uptake in leaf were 31.030 ± 0.38 
mg/L, 31.747 ± 0.61, 35.153 ± 0.62 mg/L on day 5, 10 and 15, respectively. 
However, at a concentration of 20 mg/L and 30 mg/L, the uptake decreased 
between day 10 to day 15. At 30 mg/L, the zinc uptake in roots were 63.103 
± 1.76 mg/L, 75.070 ± 1.22 mg/L and 62.127 ± 1.41 mg/L on day 5, 10 and 
15, respectively. The zinc uptake in leaf were 35.563 ± 0.45 mg/L, 42.130 
± 0.37 mg/L and 36.550 ± 0.91 mg/L for day 0, 10 and 15, respectively. For 
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stems, the uptake of zinc increased in all concentration across the treatment 
period were at 20 mg/L, the zinc uptake in stem increased as much as 55.603 
± 1.12 mg/L, 70.807 ± 0.83 mg/L, and 82.337 ± 1.52 mg/L on day 5, 10 
and 15, respectively. 

Statistically, there is a significant difference in the effects of zinc 
concentration on root zinc uptake (p<0.05). However, uptake of zinc in 
stem and leaf exhibits no significant difference among zinc concentration 
treatment (p>0.05). One of the explanations for root to be more responsive 
to toxic metals in the environment might be that root was the specialised 
absorptive organ. It contacted directly with metals and subjected to the 
accumulation of more metals than any of the other organs. Also, a high 
concentration of zinc led to high concentration gradient and osmotic 
pressure; thus, the uptake of zinc and accumulation of zinc increased and 
caused root cell wall membrane damage [21]. For the hydroponic system, the 
plant with high metals uptake in the root is considered as a strong excluder 
for stabilising metals [22]. [23] also reported that the highest accumulation 
of metals in the hydroponic system is the root section. When an increase of 
zinc concentration, similar consistent findings for increased metals uptake of 
wetland plants was reported by [24-25] supported this study by stating the 
concentration of copper in sunflower root was five times higher compared 
to shoots and leaves. These are the main reasons that root length was usually 
used as a measure for determining the metal-tolerant ability of plants. 

For time factor, Figure 5 also demonstrates uptake of zinc in root, 
stem, and leaf under the influence of different concentrations of zinc over 
time. Generally, an increasing trend in uptake of zinc in the plant was 
observed over time except at day 15 for 30 mg/L root zinc uptake as well 
as 20 and 30 mg/L leaf zinc uptake. Statistical result based on time factor 
shows significant zinc uptake in leaf (p<0.05) but not significant for root 
and stem (p<0.05). Bioaccumulation of zinc occurs over time and finally 
effects the final receiver, which is the leaf. Chlorosis and drop of leaf were 
observed revealed that leaf bioaccumulation of zinc ability decreased. This 
phenomenon was supported by Figure 4(c) and [26]. 

Besides concentration and time, the uptake and bioaccumulation of 
zinc by plants also depends on the plant species, type of metals, and the 
metals tolerance level by the plant parts.  This is due to these processes, 
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which are affected by several physiological plant factors such as zinc uptake, 
xylem translocation from root to leaf, and the sequestration of metals. Niu 
et al. (2007) [27] reported the different responses or tolerance of plants 
towards metal types and concentrations.

 

Figure 4:  The Effect of Zinc Concentration on the Uptake of Zinc in Root, 
Stem, and Leaf in 15 Days
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Typha angustifolia in experiment zinc concentration ranging from 0 – 100 
mg/L.
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is a crucial means which initiates the metal uptake into plant tissues. The 
movement of the zinc from root to leaf and shoot occurs through the 
xylem driven by a high transpiration rate [19]. As zinc has high mobility 
and is an essential metal to plant photosynthesis, it is translocated easily 
over time. Besides, zinc may be translocated as it is essential to the plant 
metalloenzymes and photosynthesis [30]. 

The other factors contributing to the metals uptake, accumulation, and 
distribution in the different plant parts are the anatomical, biochemical and 
physical factors. Furthermore, a complex interaction between metals and 
nutrient elements exhibit synergistic or antagonistic effects on the sunflower 
plant [7]. Clemens (2006) [31] highlighted that the uptake, sequestration, and 
translocation of metal in the root of the plant and then storing them mainly 
in the vacuoles through metal binding peptides, which called phytochelatins 
(PCs).  These processes occur as the levels of the PCs in Helianthus annuus 
increase as the metal level and time of exposure increase.  The PCs are 
also involved in the homeostasis of zinc and Cu by providing transient 
storage for the ions. Considering the results of this study, the variation of 
the zinc uptakes by the different parts of the plants could be due to a series 
of defense mechanisms such as their PCs production, expressed by it to 
avoid toxicity.  Hence, in conclusion, the sunflower Helianthus annuus 
is a potential candidate to be used in phytoremediation due to its high 
phytoextraction ability. 

Table 1: Zinc Translocation Factor in the Sunflower Helianthus annuus 
Zinc
concentration, 
mg/L

Translocation factor (aerial/ root)
Day 5 Day 10 Day 15

0 1.7428 ± 0.0285 1.9519 ± 0.0356 1.7826 ± 0.1808

10 1.6946 ± 0.0247 1.8094 ± 0.0308 1.7923 ± 0.0352

20 1.7969 ± 0.0849 1.8529 ± 0.0371 1.9897 ± 0.0530

30 1.4674 ± 0.0489 1.5044 ± 0.0451 1.9278 ± 0.0615
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CONCLUSION 

It can be concluded that the sunflower Helianthus annuus can be an efficient 
phytoextractor plant. The zinc concentrations showed that inhibition of plant 
growth morphological parameters and root zinc uptake were significantly 
different. The length of the root and leaf zinc uptake was decreased 
significantly over time under being placed in several zinc stress conditions. 
The translocation factor, value higher than 1, indicated that the sunflower 
had performed well to phyto-extract the zinc ion. Therefore, the sunflower 
plant is a suitable plant to remediate zinc from contaminated sources. Further 
study on zinc-induced oxidative stress should be highlighted to elucidate 
the phytoremediation mechanisms pathway.

ACKNOWLEDGEMENT 

The authors thank the Universiti Teknologi MARA for research funding 
grant iRAGS 600-RMI/DANA 5/3/IRAGS (54/2015).

REFERENCES 

[1] A. S. Belauchrani, N. Mameri, N. Abdi, H. Grib, H. Lounici & N. 
Grouiche, 2016. Phytoremediation of soil contaminated with zinc 
using Canola (Brassica napus L). Ecological Engineering, 95, pp. 
43-49. https://doi.org/10.1016/j.ecoleng.2016.06.064

[2] V. Subhashini & A. V. V. S. Swanmy, 2015. Phytoremediation of 
heavy metals contaminated soils by Catharanthus roseus. International 
Journal of Science and Research, 5(12), pp. 726-729.

[3] A. T. Bangar, O. K. Kavedi, K. M. R. Mohd Yusuf, D. A. Patil 
& R. Sharan, 2019. Treatment of waste water by the process pof 
phytoremediation using sunflower plant. International Research 
Journal of Engineering and Technology, 6(4), pp. 3515-3519.

[4] T. Sultana, F. Arooj, M. Nawaz, S. Alam, M. N. Iqbal, A. Ashraf & S. 
Kashif, 2019. Phytoremediation efficiency of sunflower (Helianthus 



114

Scientific Research Journal

annuus) and Bryophyllum (Bryophyllum pinnatum) in removing 
heavy metals from polluted soil. Alternative Fuels and Energy, 3(2), 
pp. 31-35.

[5] M. Saleem, H. N. Asghar, Z. A. Zahir & M. Shahid, 2018. Impact 
of lead tolerant plant growth promoting rhizobacteria on growth, 
physiology, antioxidant activities, yield and lead content in sunflower 
in lead contaminated soil. Chemosphere, 195, pp. 606-614. https://doi.
org/10.1016/j.chemosphere.2017.12.117

[6] M. H. Fulekar, 2016. Phytoremediation of heavy metals by Helianthus 
annuus in aquatic and soil environment. International Journal of 
Current Microbiology and Applied Sciences, 5(7), pp. 392-404. http://
dx.doi.org/10.20546/ijcmas.2016.507.043

[7] T. Y. Yeh, C. L. Lin, C. F. Lin & C. C. Chen, 2015. Chelator-enhanced 
phytoextraction of copper and zinc by sunflower, Chinese cabbage, 
cattails and reeds. International Journal of Environmental Science 
and Technology, 12, pp. 327-340. https://doi.org/10.1007/s13762-
014-0592-1

[8] F. Garousi, B. Kovács & D. Andrási, 2016. Selenium Phytoaccumulation 
by sunflower plants under hydroponic conditions. Water Air, Soil 
Pollution, 227, pp. 382. DOI: 10.1007/s11270-016-3087-5

[9] A. Markandeya, N. Firke, S. Pingale & S. Salunke-Gawali, (2013). 
Quantitative elemental analysis of Celocia argentea leaves by ICP-
OES technique using various digestion methods. International Journal 
of Chemical and Analytical Science, 4(4), pp. 175-181. https://doi.
org/10.1016/j.ijcas.2013.08.003

[10] K. Belay & A. Tadesse, 2014. Comparison of digestion methods for 
determination of Pb (II), Cr (VI) and Cd (II) contents in some Ethiopia 
spices using Atomic Absorption Spectroscopy. International Journal 
of Academic Scientific Research, 2(3), pp. 42-53. DOI: 10.13140/
RG.2.1.3189.5768



115

Vol. 17 No. 2, Sept 2020

[11]  Y. Huang, K. Miyauchi, C., Inoue & G. Endo, 2016. Development 
of suitable hydroponic system for phytoremediation of arsenic-
contaminated water using an arsenic hyperaccumulator plant Pteris 
vittata. Bioscience, Biotechnology and Biochemistry, 80(3), pp. 614-
618. DOI: 10.1080/09168451.2015.1107461

[12] C. D. Jadia & M. H. Fulekar, 2008. Phytoremediation: The application 
of vermicompost to remove zinc, cadmium, copper, nickel and lead by 
Helianthus annuus plant. Environmental Engineering and Management 
Journal, 7(5), pp. 547-558. DOI: 10.30638/eemj.2008.078

[13] T. R. Cavagnaro, 2008. The role of arbuscular mycorrhi z a s  i n 
improving plant zinc nutrition under low soil zinc concentrations: A 
review. Plant and Soil, 304(1-2), pp. 315-325. DOI: 10.1007/s11104-
008-9559-7

[14] Ö. Vanlı & M. S. Yazgan, 2015. Chelate assisted phytoremediation of 
Pb, Cd and B by sunflower, maize and canola. Fresenius Environmental 
Bulletin, 24(9), pp. 2824-2829.

[15] P. Chauhan & J. Mathur, 2018. Potential of Helianthus annuus for 
phytoremediation of multiple pollutants in the environment: A review. 
Journal of Biological Sciences and Medicine, 4(3), pp. 5-16.

[16] K. M. Al-Jobori & A. K. Kadhim, 2019. Evaluation of sunflower 
(Helianthus annuus L.) for phytoremediation of lead contaminated 
soil. Journal of Pharmaceutical Sciences and Research, 11(3), pp. 
847-854.

[17] A. O. Bello, B. S. Tawabini, A. B. Khalil, C. R. Baland & T. A. 
Saleh, 2018. Phytoremediation of cadmium-, lead- and nickel-
contaminated water by Phragmites australis in hydroponic systems, 
Ecological Engineering, 120, pp. 126-133.  https://doi.org/10.1016/j.
ecoleng.2018.05.035

[18] S. Hussain, A. Ali, M. Ibrahim, M. F. Saleem & H. A. Bukhsh, 
2012. Exogenous application of abscisic acid for drought tolerance 



116

Scientific Research Journal

in Helianthus annuus (Helianthus annuus L.): A review. Journal of 
Animal and Plant Sciences, 22(3), pp. 806-826.

[19] M. Rezvani, F. Zaefarian, M. Miransari & G.A. Nematzadeh, 2012. 
Uptake and translocation of cadmium and nutrients by Aeluropus 
littoralis. Archives of Agronomy and Soil Science, 58, pp. 1413–1425. 
https://doi.org/10.1080/03650340.2011.591385

[20] J. Wen, M. J. McLaughlin, S. P. Stacey & J. K. Kirby, 2016. 
Aseptic hydroponics to assess rhamnolipid-Cd and rhamnolipid-Zn 
bioavailability for sunflower (Helianthus annuus): A phytoextraction 
mechanism study. Environmental Science and Pollution Research, 23, 
pp. 21327-21335. https://doi.org/10.1007/s11356-016-7367-9

[21] S. Doncheva, M. Moustakas, K. Ananieva, M. Chavdarova, E. 
Gesheva, R. Vassilevska & P. Mateev, 2013. Plant response to 
lead in the presence or absence EDTA in two Helianthus annuus 
genotypes (cultivated Helianthus annuus cv. 1114 and interspecific 
line Helianthus annuus × H. argophyllus). Environmental Science and 
Pollution Research, 20(2), pp. 823-833. DOI: 10.1007/s11356-012-
1274-5

[22] T. Sricoth, W. Meeinkuirt, P. Saengwilai, J. Pitchel & P. Taeprayoon, 
2018. Aquatic plant for phytostabilization of cadmium and zinc 
in hydroponic experiments. Environmental Science and Pollution 
Research, 25(15), pp. 14964-14976. DOI: 10.1007/s11356-018-1714-y

[23] C. A. A. Achmad & Hadiyanto, 2018. Root uptake and distribution of 
radionuclides 124Cs and 60Co in sunflower plants (Helianthus annuus. 
L). E3S Web of Conference, 73, pp. 05027.

[24] P. Chayappan, M. Kruatrachue, M. Meetam & P. Pokethitiyook, 
2015. Phytoremediation potential of Cd and Zn by wetland plants, 
Colocasia esculenta L. Schott., Cyperus malaccensis Lam., and Typha 
angustifolia L. grown in hydroponics. Journal of Environmental 
Biology, 36(5), pp. 1179-1183.  



117

Vol. 17 No. 2, Sept 2020

[25] G. Mahardika, A. Rinanti & M. F. Fachrul, 2018. Phytoremediation 
of heavy metal copper (Cu2+) by sunflower (Helianthus annuus L.). 
IPO Conference Series: Earth and Environmental Science, 106(1), 
pp. 102120. DOI: 10.1088/1755-1315/106/1/012120

[26] G. Wu, H. Hing & C. Yan, 2015. Arsenic accumulation and 
translocation in mangrove (Aegiceras corniculatum L.) grown in 
arsenic contaminated soils. International Journal of Environmental 
Research and Public Health, 12, pp. 7244-7253. DOI: 10.3390/
ijerph120707244

[27] Z. Niu, L. Sun, T. Sun, Y. LI & H. Wang, (2007). Evaluation of 
phytoextracting cadmium and lead by sunflower, Ricinus, alfalfa and 
mustard in hydroponic culture. Journal of Environmental Sciences, 
19, pp. 961-967. https://doi.org/10.1016/S1001-0742(07)60158-2

[28] J. Forte & S. Mutti, 2017. Phytoremediation potential of Helianthus 
annuus and Hydrangea paniculate in copper and lead-contaminated 
soil. Water Air Soil Pollution, 228(2), pp. 77. https://doi.org/10.1007/
s11270-017-3249-0

[29] O. P. Abioye, O. P. Ekundayo and S. A. Aransiola, 2015. Bioremoval 
of zinc in polluted soil using Acalypha inferno. Research Journal 
of Environmental Sciences, 9(5), pp. 249-255. DOI: 10.3923/
rjes.2015.249.255

[30] I. Stancheva, M. Geneva, Y. Markovska, N. Tzvetkova, I. Mitova, 
M. Todorova and P. Petrov, 2014. A comparative study on plant 
morphology, gas exchange parameters, and antioxidant response of 
Ocimum basilicum L. and Origanum vulgare L. grown on industrially 
polluted soil. Turkish Journal of Biology, 38(1), pp. 89-102. DOI: 
10.3906/biy-1304-94

[31] Clemens, S., 2006. Toxic metal accumulation, responses to exposure 
and mechanisms of tolerance in plants. Biochimie, 88(11), pp. 1707-
1719. DOI: 10.1016/j.biochi.2006.07.003


