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Abstract

Human anthropogenic activities, such as industrialization and urbanization has led to the introduction of
heavy metals (HMs) into the ecosystem. These HMs are nonbiodegradable which lead to their
bioaccumulation and biomagnification within the food chain. They are considered toxic when they exceed
their threshold limit which is peculiar to each element. Most methods used to get rid of these inorganic
pollutants tend to be harsh and expensive, an environmentally-friendly and cost-effective alternative is
phytoremediation. Although there are limitations associated with phytoremediation technology which
include slow growth, small biomass and plant low tolerance to stress. These limitations can be minimized
by the use of plant growth regulators (PGRs). This study made use of different concentration (low, medium
and high) of two types of PGRs; indole acetic acid (IAA) and gibberellic acid (GA3) to enhance
phytoremediation of Cu using Helianthus annus (Ha). Concentration of HMs in soil, root and shoot was
determined using Atomic Absorption Spectrophotometer (AAS), the values obtained were used to
determine the phytoremediation efficiency. Significant differences between treatments were identified by
one-way analysis of variance (ANOVA). The highest bioaccumulation factor (BAF) was 3.628 found with
200 mg/L GA3, the most effective translocation factor (TF) was 1.194 with 200 mg/L 1AA, while
enrichment factor (EF) had highest value of 1.569 with 200 mg/L GA3. Combination of IAA and GA3 at
controlled doses might optimize both metal uptake and translocation at the same time. Field trials should
validate laboratory findings for large-scale application; this can serve as a long term and eco-friendly
remedy to HMs polluted farmlands.

Key words: Bioaccumulation factor, Enrichment factor,
Phytoremediation, Translocation factor.
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Introduction
Heavy metals are inorganic nonbiodegradable
pollutants that can be toxic when they exceed their

threshold limit, they can be found in the
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environment through various means and due to
their ~ non-biodegradable nature, they are
accumulated in food chains leading to metal

toxicity which is harmful to living things [1].
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Phytoremediation is the use of plants such as:
shrubs, trees, aquatic plants, and grasses to detoxify
or get rid of pollutants, in order to restore the
ecosystem [2,3]. It involves the use of plants to
clean up the environment (water, air, soil or
sediments). It has several advantages over other
methods, because it is easier, more effective, novel,

cost effective and ecofriendly [4,5,6].

Cu finds applications in alloying like bronze and
brass, copper wires, coins, pipes, barrier cream,
preservation of wood and fabric. So, Cu can be
introduced into the environment through wastes
from agriculture, industry and metal production
other sources include landfills and waste disposals.
Also, Cu is an essential nutrient for both plants and
animal growth and developments [7]. In plants Cu
plays a major role in photosynthesis, reproduction,
seed production, secretion of respiratory enzymes,
water regulation, chlorophyll production. It
increases sugar content, intensifies colour, disease
in  fruits and
Cu

considered toxic when its concentration exceeds a

resistance, improves flavour

vegetables. Despite being essential, is
certain threshold hold in plants it induces stress and
causes injury to plants, leaves become streaked,
stalk becomes soft and limp, there is necrosis of
older leaf edges. Excess Cu decreases root growth
in Chloris gayana (rhodes grass) and reduces
biomass and seed production

(black  bindweed).

in root malformation

in Polygonum
There

in Phaseolus

convolvulus was
reduction
vulgaris (bean) as a result of Cu accumulation in the

root. In animals excess Cu causes anemia, liver and
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kidney damage, eyes, mouth cavity, stomach and
intestinal irritations, diarrhea, insomnia, anxiety,
agitation, restlessness, Wilson's disease, lack of
appetite, fatigue, Jaundice, speech impairment,
difficulty

demyelination,

in swallowing, brain damage,

death [8].
Research work reported Cu from the soil being

hepatic  cirrhosis,

remediated by the phytoremediation potential of

Lactura Boehmeria nivea as well

Alternathera bettzickiana [9, 10].

sativa,

Helianthus annuus (Sunflower) is an annual plant
from the family of Asteraceae and can be grown on
different kind of soil. It is an inflorescence specie
on a stem of 3 m high. Its flowers have a diameter
of 30 cm hosting its big seed. Various studies have
the phytoremediation potential of
Sunflower [11]. Alaboudi, et al. [12] indicated that

Helianthus annuus L has the tendency to

indicated

accumulate Pb and Cd in contaminated soil. Forte
& Mutiti [13] reported the accumulation of Cu and
Pb by Helianthus annuus from contaminated soil.
There was accumulation of abnormal level of
metals (Cd, Cr, Cu and Zn) by the roots of
Helianthus annuus [14].

Growth and physiology of plants are influence by
signaling and regulating substances known as
phytohormones or plant growth regulators (PGRS),
which react to external and internal signals.
Production and composition of root exudates is
regulated by the activity of phytohormones, these
phytohormones are organic substance release by
plants to increase rate of growth and developments
both activities enhance nutrient

in plants,
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mobilization in the soil that leads to metal uptake
via the root system. PGRs promote cell activation
and also regulate intracellular processes thereby
growth HMs

accumulation within plant tissues [15].

improving which increases

PGRs enhances phytoremediation potential by
promoting growth in the shoot and root, increase
biomass yield and encourages the potential of
antioxidation in the plants [16]. Signaling potential
of Phytohormone can influence heavy metal
tolerance leading to detoxification and/or
accumulation [17]. There are various classes of
PGRs which include auxins e.g indole-3-acetic acid

(IAA) (Fig. 1), indole-3-butyric acid (IBA) and

H

Figure 1: Indole -3 -acetic acid (IAA). Source: [20]
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phenylacetic acid (PAA), cytokinins e.g Kinetin,
Zeatin , Benzyladenine and BAP, gibberellins
include GALl- GA7 (Fig. 2), ethylene (Ethephon),
and abscisic acid (Dormins, Phaseic Acid) [19].
Effect of phytoremediation of Cd in Bidens Pilosa
L was increased by 15.36%, 32.33% and 64.38%
after using 6-BA, SA and 24 — EBB respectively
[18]. Au was increased by 6,48 fold in Brassica
juncea after adding IBA [19].

Therefore, this study reported enhanced

phytoremediation of copper contaminated soil
using plant growth regulators (IAA and GA3) with

Helianthus annus.
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Figure 2: Gibberellic Acid (GA3) Source: [20]

Materials and Methods

Soil sample collection

Soil samples was collected from the surface layer
(0-30 cm), the soil sample was pulled together and
mixed uniformly to give a composite sample. And

was used for phytoremediation analysis.

Seed
authentication

collection, identification and

Seeds of Helianthus annuus with voucher number
ABUO01079 was supplied by a herbarium expert of
Ahmadu Bello
University, Zaria, Nigeria in December 2023.

the Department of Botany,

Nursery for seeds

Portion of the soil collected was used to nurse the
seed. The seed planting was carried out in the late
afternoon when the temperature was cool.
Helianthus annuus seed was planted 1 to 2 cm from
the edge. Watering was done based on weather
condition twice or once daily, in the morning and
late afternoon. The seeds were allowed to germinate

and grow for 10 days, then three heathy seedlings
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obtained were replanted in each experimental pot
for the analysis [21, 22].

Experimental design

The pots used for the analysis were plastic with a 22
cm upper diameter, 18 cm lower diameter and 22
cm height, 21 pots were labeled, 18 pots for the
treatment and 3 for control. Soil samples were
spiked with Cu in form of CuSO, (450 mgkg?) and
mixed thoroughly. Then 5 kg each of this
contaminated soil was stored in labeled plastic pots
with no drainage pathway, in order to prevent
leakage. After equilibrating the soil for 2 weeks,
three healthy seedlings obtained from the nursery
were replanted in each experimental pots and
watering was not allowed to exceed the water

holding capacity of the soil [21,22].

Procedure for application of Plant growth
regulators (PGRs)

After 2 days of replanting of seedlings, 100 cm? of
IAA and GA3 in different concentrations (50, 100
and 200 mg/L) was applied to the plant around the
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roots area (at once) [23,24,25]. Plants were then

harvested after 60 days of growth.
Plant’s harvest and sample preparation

After harvesting, each plant was gently washed with
deionized water and sorted according to plants
tissues (roots and shoot). Each was dried and
ground to powder, each was label separately in a zip
lock polythene bags and stored for the analysis. Soil
from each sample pot was collected separately,
dried, crushed to powder using a mortar and pestle,

and then stored in labelled zip lock polythene bags.

Digestion of soil and determination of HMs

concentration

One gram (1g) of each powdered soil was placed
into a 50 cm® beaker, 10 cm® of acid mixture of
HNO; and HCI (2:1) was added and digested for 2
hours on a hot plate. After cooling it was filtered
using Whatman filter paper in a 25 cm? volumetric
flask and then diluted to the mark with deionized
water, the filtrate was analyzed for Cu, using
Atomic Absorption Spectrophotometer (AAS) [26].

Results and Discussion

The effect of PGRs; IAA and GA3 on the
phytoremediation potential of Ha was evaluated
using three key indices; Bioaccumulation Factor
(BAF), Translocation Factor (TF), and Enrichment
Factor (EF).

The result of effect of IAA and GAS3 in enhancing
phytoremediation of Cu using Ha is represented in
Table 4.1. the result indicated the highest BAF
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Digestion of plant and determination of HMs

concentration

Each prepared labeled plant sample (500 mg) was
placed in a 50 cm?® conical flasks and 10 cm?® of
HNO; and HCI (3:1 ratio) was added and heated in
a water bath for 30 minutes. After cooling 5¢cm? of
HNO; was added and heated for 1 hour, the digest
was filtered into a 25 cm® volumetric flask.
Deionized water was used to top up to the mark, Cu
was determined after the digestion using Atomic

Absorption Spectrophotometer [26].
Data Analysis

The data were analyzed using SPSS Statistical

Package, Significant  differences  between
treatments were identified by one-way analysis of
variance (ANOVA). When the analysis of variance
indicated a significant effect, differences among
means were determined by the Tukey comparison

test (p < 0.05).

value of 3.628 with 200 GA3, then 2.447 with 50
IAA. Followed by 2.196 (100 GA3), 1.950 (100
IAA), 1.190 (200 1AA), 1.024 (control) and finally
1.021 (50 GA3). TF levels from the highest as seen
in table 4.1 above is; 1.194 (200 IAA) >0.787 (100
IAA) > 0.767 (200 GA3) > 0.673 (50 IAA) > 0.563
(control) > 0.513 (50 GA3) > 0.462 ( 100 GA3).
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Table 1: Effect of indole-3-acetic acid (IAA) and gibberellic acid (GA3) on phytoremediation potential of

Cu using Helianthus annuus (Ha) (Concentration of Cu in mg/kg)

Amendment Cuinsoil Cuin Cuin BAF TF EF
(mg/L) Root Shoot
Control 3.908 + 2484 + 1431+ 1.024 + 0.563 + 0.651 +
0.375 0.240 0.012 0.025 0.066 0.035
50 IAA 2415+ 3419+ 2461 = 2447 0.673 = 0.984 =
0.094 0.192 0.340 0.027 0.040 0.042
100 IAA 2.457 + 2731+ 2.060 + 1.950 + 0.787 = 0.839+
0.308 0.563 0.350 0.383 0.190 0.100
200 IAA 3814 2.089 + 2.495 + 1.190 + 1.194 + 0.651 +
0.159 0.173 0.248 0.146 0.025 0.085
50 GA3 3.406 + 1.988 + 1.017 £ 1.021 + 0513+ 0.328 +
0.431 0.189 0.137 0.036 0.071 0.051
100 GA3 2214 + 3.347 = 1513 + 2.196 + 0.462 + 0.685 +
0.130 0.539 0.034 0.189 0.090 0.057
200 GA3 1.780 + 3.634 + 2.766 + 3.628 + 0.767 + 1.569 +
0.228 0.284 0.319 0.403 0.063 0.246 t
a4
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Figure 1: BAF, TF and EF of Cu enhanced with IAA /GA3 using Ha
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The highest EF value was 1.569 (200 GA3), then
0.984 (50 IAA), 0.839 (100 IAA), then 0.685 (100
GA3), 0.651 (200 IAA), 0.651 (control) and then
0.328 (50 GA3). Figure 1 shows a representation of
BAF, TF and EF of Cu after enhancing with
different concentration of PGRs. Analysis of
variance (ANOVA) indicated a P value of 0.0001
for all factors, BAF had a F value of 51.13 and R
squared values was 0.9564. At P< 0.05, Tukey
multiple comparison test showed statistically
significant difference (SD) between control and all
samples except 200 IAA and 50 GA3. There was
statistically no significant difference (ND) between
50 IAA with 100 IAA and 100 GA3, 100 IAA with
100 GA3, as well as between 200 IAA with 50
GA3. There was statistical SD between other

treatment.

TF had 21.94 for F value and R squared value was
0.9039, Tukey multiple comparison at P < 0.05
indicated statistical SD between control and 200
IAA, another SD was found with 50 IAA and 200
IAA, then 100 IAA with 200 IAA,100 GA3 and
200 GA3. 200 IAA was statistically SD with all
GAZ3 treatments, 100 GA3 was also SD with 200
GA3.

EF for Cu enhanced with PGRs showed F and R
squared of 39.98 and 0.9449 respectively, at P <
0.05 Tukey multiple comparison showed statistical
SD between control with 50 and 100 IAA as well
as 200 GAS3. There was also statistical SD between
other treatments except between 50 1AA with 100
IAA and 100 GA3, and also between 100 IAA with
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200 IAA and100 GA3, then between 200 IAA with
200 GAS3.

Bioaccumulation Factor (BAF)

BAF evaluates a plants ability to accumulate HMs,
values higher than one (1) shows a high
accumulation potential. BAF is calculated by
dividing the metal in plants (mg kg ™) by total
metal in soil (mg kg™?) [27] all values in this study
(control included) have a value > 1, which indicate
the hyper accumulation ability of Ha. Highest
BAF was observed with 200 mg/L GA3 (3.628)
while the lowest BAF value was with 50 GA3
(1.021) which is lower than the control value
(1.024), the effects of PGRs depends on their
concentration [28].

Translocation Factor (TF)

TF evaluates the root-shoot transfer value that’s
the ability of plant to translocate metals from
the roots to the shoots., It is calculated by dividing
the metal concentration in shoot (mg kg™?) by
metal concentration in root (mg kg—1). The
highest TF was observed with 200 mg/L IAA
(1.94) then 100 mg/L 1AA (0.784) indicating that
IAA is highly effective in transferring metals from
roots to shoots. GA3 on the other hand shows TF
values lower than control value (0.563) especially
with 50 and 100 GA3 (0.513 and 0.462)
suggesting that GA3 promotes root accumulation
rather than translocation. The control value
suggest that natural translocation is relatively

limited
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Enrichment Factor (EF)
EF depict the

concentration of HMs in the plant to that in the soil.

relationship  between the
The EF is calculated as HMs in shoot in relation to
HMs in soil [29]. GA3 at 200 mg/L significantly
enhances metal uptake with the highest EF (1.569),
IAA at50 and 100 IAA shows moderate EF values
of 0.954 and 0.839 respectively, indicating it is less
effective in total metal uptake than GA3. The
control EF (0.651) is lower than the enhanced
samples except 50 GA3 (0.328).

Effect of Indole-3-acetic acid (IAA) on
phytoremediation

IAA is the most biodegradable auxin easily
degraded by light and plant enzymes (IAA-
IAA

Promotes Growth,

oxidase), improves Cell division and

Elongation, increase Root
formation which leads to large biomass for HMs
accumulation [30, 31]. This study indicated
decreasing BAF value with concentration; 50mg/L
IAA (2.447) > 100 mg/L (1.950) > 200 mg/L(1.190
) this indicates that the effects of PGRs depends
on their concentration, and there is an optimum

concentration for significant effect [28].

The highest TF was with 200 mg/L 1AA (1.194)
indicating phytoextraction potential. while all
treatments had EF < 1. Since all treatments values
are above control value, this indicates the
enhancing effect of IAA on phytoremediation.
Similar studies have identified the enhancing effect
of 1AA on phytoremediation; [32] indicated that

IAA enhances the phytoremediation of Cu and Cd
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in Ha by 64% and 25%.. Pb was increased by 2.7
and 2.8 in Zea mays L after adding GA3 and IAA
respectively [15].

Effect of Gibberellic
phytoremediation

acid (GA3) on

GAZ3 is the most common type of gibberellin, is a
tetracyclic di-terpenoid compound GA3 stimulate
seed germination, promote cell division and
triggers growth providing more biomass for HMs
accumulation [30]. Contrary to 1AA, GA3 had
increasing of BAF with
concentration; 50mg/L (1.021) < 100mg/ L (2.196

) <200 mg/L (3.628), signifying there is optimum

level increasing

concentration for each PGR. All TF and EF were <
1 except EF with 200 mg/L GA3 (1.569). High
BAF indicates phytostabilization potential of GA3,
as seen from other researches; [33] reported that Cd
concentration as well as root and shoot biomass was
elevated by enhancing with cytokinins and GAS3.
the effect of
phytoremediation of Zea mays with different
concentration of GA3 [34]. GA3 enhances Cd
uptake in Tagetes patala by 12- 50% [23]. There

There was improvement in

was improvement in the effect of phytoremediation
of Zea mays with different concentration of GA3
[34].

Conclusion

IAA and GA3 at three

concentrations (50, 100, and 200 mg/L) to assess

This study utilized

their influence on Cu uptake in soil, root, and shoot.
The indicated that 200 mg/L GA3
significantly increasing BAF and EF, while 200

results
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mg/L 1AA had the highest TF, making them ideal
for Phyto stabilization and phytoextraction

respectively.

Recommendations

1. Combination of IAA and GAS3 at controlled
doses might optimize both metal uptake and

translocation at the same time.

2.Field trials should validate laboratory findings
for large-scale application.
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