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Introduction
The modern world, due to its anthropogenic activities 
like urbanization and mechanistic agriculture leads to the 
accumulation of certain components in the soil like heavy 
metals (HMs) raises significant concerns [1, 2]. Among 
the heavy metals, cadmium (Cd) and copper (Cu) occupy 
important position. On one hand, the Cd serves no 
essential physiological or biochemical function in living 
organisms rather its elevated levels in soil can detrimen-
tally affect plants, leading to symptoms such as chloro-
sis, inhibited growth, root tip browning, and ultimately, 
plant death [3]. On the other hand, copper (Cu) plays 
numerous vital roles in plants as aconstituent of various 
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Abstract
Enhanced phytoremediation offers a rapid and eco-friendly approach for cleaning agricultural soil contaminated 
with copper and cadmium which pose a direct threat to food scarcity and security. The current study aimed to 
compare the effectiveness of the two commonly used additives, IAA and EDTA, for the remediation of copper 
(Cu) and cadmium (Cd) contaminated soils using sunflower and maize. The plants were cultivated in pots under 
controlled conditions with four sets of treatments: control (0), Cu50/Cd50, Cu50/Cd50 + EDTA, and Cu50/Cd50 + IAA. 
The results showed that Cu50/Cd50 mg/kg drastically compromised the phytoremediation potential of both plants, 
as evident by reduced shoot and root length, and lower biomass. However, the augmentation of Cu50/Cd50 with 
EDTA or IAA improved the tested parameters. In sunflower, EDTA enhanced the accumulation of Cu and Cd by 
58% and 21%, respectively, and improved plant biomass by 41%, compared to control treatment. However, IAA 
exhibited higher accumulation of Cu and Cd by 64% and 25%, respectively, and enhanced plant biomass by 43%. 
In case of maize, IAA was superior to EDTA which enhanced the accumulation of Cu and Cd by 87% and 32% 
respectively, and increased the plant biomass by 57%, compared to control treatment. Our findings demonstrate 
that foliar IAA is more effective than EDTA in enhancing the phytoremediation potential of sunflower and maize for 
Cu and Cd.
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proteins and its involvement in ATP generation and CO2 
assimilation during photosynthesis. However, exces-
sive levels of Cu in ecosystems have arisen due to indus-
trial and mining activities [4] that leads to physiological 
stress, impaired growth, and leaf chlorosis [5]. Owing 
to the high level of toxicity of these metals, it pose sig-
nificant risks to human health when food with elevated 
level of these metals is consumed by them. Their continu-
ous addition to the environment via industrial activities, 
agricultural practices, and improper waste management 
necessitates the development of efficient remediation 
techniques [3, 4]. In this connection, several remedia-
tion techniques are in place to remediate the soil and 
environment polluted with such heavy metals. However, 
most of these are based on chemical and physical treat-
ment of the metals contaminated soils which are costly 
and less effective [6]. In contrast, phytoextraction as a 
green approach for removing soil toxins, has emerged to 
provide an eco-friendly, economic and sustainable solu-
tion to this environmental issue [7, 8]. Among the plants 
used for phytoremediation, plants with a short life cycle 
and faster growth rate effectively employed ton remove 
the potentially hazardous material such as heavy metals 
from polluted soils [9, 10]. These HMs are absorbed from 
the soil by roots and subsequently transmitted to shoots 
with differential selection that depend on the type of HM, 
plant species its growth stage and even the fertilizer used 
in the field [11].

Maize and sunflower are considered potentially effec-
tive to remediate HMs contaminate soils due to their 
high biomass production, fast growth rates, hyperaccu-
mulator of HMs and tolerance to high concentrations of 
these HMs [8, 12–16]. Based on their potential to accu-
mulate higher quantities of trace heavy metals, they can 
potentially be considered as hyperaccumulator especially 
for Cd, Cu, and Zn [17, 18]. Additionally, application of 
IAA and ethylenediaminetetraacetic acid (EDTA) can 
ameliorate the phytoremediation potential of these plants 
by improving the metal uptake and accumulation. EDTA 
reduces the pH of the soil by making complexes with 
HMs, improving bioavailability of HMs and empower-
ing heavy metal stream from soil to roots and ultimately 
shoots [19, 20]. Likewise, the naturally occurring auxin 
(IAA) can protect plants from the detrimental effects 

exerted by heavy metals on their physiological and bio-
chemical process [21–23]. Several other works have also 
depicted the role of EDTA and IAA for improving phyto-
extraction of different HMs by various plant species [14, 
19]. However, none of these works has clearly outlined 
the comparative efficacy of EDTA and IAA as additives 
for improving the phytoremediation of HM-contami-
nated soils. This study is aimed to determine the differen-
tial efficacy of EDTA and IAA to extract Cu and Cd from 
artificially amended soils using maize and sunflower so 
that the treatment with better outcomes could be recom-
mended for use in field.

Materials and methods
Experimental design and soil preparation
Healthy and viable sunflower (HYSUN-33) and maize 
(HYBRID P4040), seeds were obtained from the Agricul-
tural Research Center (ARC) in Mardan, Pakistan. For 
surface sterilization, the seeds were soaked in 70% etha-
nol and then rinsed three times with distilled water. Fil-
ter paper assays were carried out to determine the effects 
of 50 mg/kg CdCl2 and CuCl2 each on seed germination 
following the methodology of CI Odoemena [24]. For the 
proficient growth of sunflower soil with a sandy loam tex-
ture was prepared by mixing sand (60%), silt (30%) and 
clay from the botanical garden (10%). The soil properties 
were checked and mentioned in Table 1.

The experiment was carried out in screen house with 
temperature range of 30–35  °C. Clay pots were filled 
with 5 kg of soil and were kept in the screen house. The 
screen house was rainproof, and the moisture level in the 
experimental soils was maintained at 60% of the WHC. 
The water holding capacity was measured by the weight 
difference of irrigated soil and oven dried soil. The pH 
of soil was measured by pH meter while electrical con-
ductivity (EC) by EC meter. The experiment comprised 
selected metals, i.e., 50  mg/kg Cd and 50  mg/kg Cu, in 
combination. In this way, four broad sets of treatments 
were applied.

i) The positive control (plants without heavy metal 
stress).

ii) The negative control (plants treated only with 
cadmium or copper).

iii) Plants treated only with cadmium/copper and 
EDTA.

iv) Plants treated only with cadmium/copper and IAA.

Each treatment comprised three replicates, with three 
plants in each. The selection of EDTA and IAA concen-
tration was based on the available literature [11, 25, 26]. 
EDTA was added to the soil (5 mM), and IAA (100 mg/L) 
was sprayed foliarly starting from the 5th day of the 
metal and EDTA treatments and continued until the final 

Table 1 Experimental soil characteristics
Parameter Valuea Units
Soil type Sandy loam
pH 7.74 ± 0.17a

Relative humidity 50 to 60 %
Nitrogen 0.14 ± 0.003a %
E/C 103 ± 0.023a mili/S
Cadmium 1.27 ± 0.014a mg/kg
Copper 12.2 ± 0.021a mg/kg
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harvest at an interval of 5 days. Pots were irrigated with 
tap water twice a day. After 60 days of growing the sun-
flower and maize plants under stressful conditions with 
proper care and observation, the plants were harvested 
and evaluated for the following parameters [14] as shown 
in Fig. 1.

Morphological parameters
The agronomic features of sunflower and maize, includ-
ing root and shoot length, were measured at each har-
vest. Plant height, fresh and dry mass of root and shoot 
was noted. In order to attain consistent weights of root 
and shoot tissues, they were kept for 48-hour duration 
and shade air dried before being subjected to an 80  °C 
oven drying process [26].

Total chlorophyll contents
A standard protocol of DI Arnon [27] was followed 
to determine total chlorophyll contents in the leaves. 
Approximately, 0.5 gm fresh leaves of the host plant were 
homogenized in 80% acetone to extract the chlorophyll 
contents. The homogenate was further diluted by add-
ing 7 mL of acetone (80%). The resultant solution was 
transferred to a separate sterile and clean vial and kept 
in a centrifuge machine for centrifugation at 5000–
10,000  rpm for 5  min. Following that, the supernatant 
containing chlorophyll were separated in a clean sepa-
rate vial, and repeated the same procedure until the pellet 
has no color. Using a spectrophotometer (Thermo, Eng-
land), the optical density of the sample was determined 
at 645 nm and 663 nm versus 80% acetone (blank). The 
amounts of chlorophyll a and chlorophyll b determined 
using the formula below was added to determine the total 
chlorophyll content.

 
Chla =

12.3 O.D (663) − 0.86 O.D (645)
d × 1000 × w

× V
 

Chlb =
12.3 O.D (663) − 0.86 O.D (645)

d × 1000 × w
× V

Quantification of metals in plant biomass
Acid digestion procedures were used to assess the copper 
and cadmium contents of the plant biomass samples. For 
this purpose, acid digestion was performed on 0.5  g of 
oven-dried plant material using the ration of 4:1 of nitric 
acid (HNO3) and perchloric acid (HClO4) respectively 
[28]. The mixture was cooled to room temperature and 
then filtered through Whatman 42 filter paper. The final 
volume was adjusted to 25 mL by adding distilled water 
to the mixture. The same process was repeated for the 
control plants test, the solution was made using the same 
process as the sample solution, but no sample addition 
was employed. To evaluate the quantity of copper and 
cadmium in the samples, a flame atomic absorption spec-
troscope provided by Perkin Elmer (Analyst 700, built 
in the USA) was used. An acetylene/air flame was used 
to identify the required metal, and the manufacturer’s 
instructions were followed to during the measurements 
of the samples [29].

 

Remendiation (%)
=Quantity of metal accumulated in plants×100

Quantity of metal applied to the pots

Data analysis
The experiments were conducted six times under cad-
mium and copper treatment conditions, and SPSS Statis-
tical Package version 21 was used to evaluate the results. 

Fig. 1 Schematic representation of the experimental setup
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The data from the experiments were analyzed using one-
way ANOVA followed by Duncan Multiple Range Test 
(DMRT) for the calculation of significant difference at 
the level of p < 0.05 among the treatments (IBM, Armonk, 
NY, USA).

Results
Phytoremediation effectiveness is primarily determined 
by two factors: the gathered biomass of hyper accumu-
lator plants and the heavy metal concentrations in col-
lected materials. As a result, in this work, the impacts of 
IAA and EDTA on the phytoremediation effectiveness 
of sunflower and maize are demonstrated in two ways: 
plant growth parameters and plant Cd and Cu absorption 
capacity.

Effects of EDTA and IAA on the growth attributes of 
sunflower
The effects of the concentrations of selected metal i.e., 
Cd and Cu as well as EDTA and IAA on the growth attri-
butes of sunflower and maize in the present study are 
presented in (Fig.  2). The application of Cd and Cu in 
combination notably reduced the sunflower root shoot 
length by 47% and 24% respectively in comparison with 
those in the control (Fig.  2). However, the addition of 
EDTA with Cu and Cd improved sunflower root growth 
(8%) and shoot growth (2%). In addition, treatment with 
IAA, Cu and Cd showed positive effects on root growth, 
with an increase of 15%, and on shoot growth, with an 
increase of 21%, respectively.

The significant reductions in the fresh weight of sun-
flower plants in response to combined Cd and Cu stress 
were 51% and 65%, respectively. Sunflower plants treated 
with Cd, Cu and EDTA showed increase in fresh weight 
(28%) and dry weight (17%). Similarly, the Cd, Cu- and 
IAA treated sunflower plants showed a 25% increase in 

fresh weight and an 18% increase in dry weight (Fig. 2b). 
The concentrations of chlorophyll a and b and the total 
chlorophyll content decreased in response to combined 
Cd and Cu stress. However, the total chlorophyll content 
decreased by 49% with increasing concentrations of Cd 
and Cu, but the addition of EDTA resulted 14% increase 
in the total chlorophyll content. Moreover, chlorophyll 
degradation in the Cd and Cu treated sunflower plants 
significantly recovered (28%) after foliar application of 
IAA, which was also higher greater than the untreated 
control plants (Fig.  2c). Therefore, the application of 
EDTA and IAA play important roles in alleviating the 
negative effects of Cd and Cu stress on the growth of sun-
flower plants.

Effects on the growth attributes of maize
Maize plants were exposed to 50  mg/kg Cu or 50  mg/
kg Cd. It reduced the plant height as well as the bio-
mass of maize (Fig.  3a-b). In the presence of particular 
Cu and Cd metals in the soil, there was a 36% decrease 
in shoot growth compared to that of the control plants. 
A decrease in root length caused a decrease of 50%. The 
amendment of EDTA alone caused a change of 17% in the 
shoot and 3% in the root. During the application of IAA, 
little growth was recorded. A reduction in the fresh and 
dry weights of 61% and 65%, respectively, was recorded. 
Compared with those in the negative control treatment, 
the fresh and dry weights of maize plants in the pres-
ence of EDTA in the soil increased. However, significant 
increases of 28% and 29% were noted in response to the 
application of IAA. With the addition of a combination 
of the two metals, a decrease in the chlorophyll a, b, and 
total chlorophyll concentrations was observed. In maize, 
the overall chlorophyll concentration decreased by 30%. 
In comparison to those of the treated control, the total 
chlorophyll contents of the soil increased by 19% after 

Fig. 2 The effects of EDTA and IAA on the root/shoot length (a), fresh/dry weight (b) and total chlorophyll content (c) of sunflower plants exposed to the 
combined cadmium and copper stress. Bars represent the means of replicates with standard errors, and letters on the bars represent significance. (Control 
represents plants without any stress, HM-1 represents 50 mg/kg each of CdCl2 and CuCl2, HM-2 represents 50 mg/kg each of CdCl2 and CuCl2 with EDTA 
and HM-3 represents 50 mg/kg each of CdCl2 and CuCl2 with IAA
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the amendment of EDTA and by 25% after the solicita-
tion of IAA by foliar spray (Fig. 3c).

Bioaccumulation and biotranslocation of HM in sunflower
The use of a metal blend resulted in the bioaccumulation 
of copper and cadmium. As shown in Fig. 3a, the com-
bined stress of both selected metals on sunflower was 
used as a negative control. Sunflower plants are hyper-
accumulators of Cu and accumulate 53% of the total 
Cu and 16% of the total Cd from soil. In the sunflower 
plants, decreased cadmium accumulation was observed, 
although increased copper accumulation was noted. The 
use of EDTA in Cd- and Cu-treated plants resulted in a 
multifold increase in cadmium and copper accumula-
tion, as Cu accumulation increased to 58%, and cadmium 
accumulation increased to 21%. Foliar IAA application 
combined with Cd and Cu increased the accumulation of 
Cu to 64% and cadmium to 25% (Fig. 4a). Similarly, the 
cadmium and copper ratios of the root-to-shoot ratio 
showed that the shoots of sunflower plants accumulated 

more cadmium and copper than did the roots. Metal 
accumulates in the roots and shoots when EDTA is 
applied to the soil and when IAA is applied foliage. Cd 
and Cu combined decreased Cd and increased Cu accu-
mulation in the roots of sunflower plants. When the met-
als were mixed, a decrease in the amount of EDTA in the 
soil was documented. When the metal was supplemented 
as a mixture with the application of IAA as a foliar spray, 
Cd bioaccumulation decreased, but Cu bioaccumula-
tion increased in the roots. Translocation of both met-
als was observed in the shoot (Fig. 4b). When the metal 
was added as a mixture, the opposite effect was observed, 
with stronger Cu biotranslocation and bioaccumulation 
and somewhat reduced Cd translocation and accumula-
tion in the host plant shoots. When a combination of the 
chosen metals was added to the host plant soil, further 
gains were observed. For instance, the accumulation of 
cadmium and copper improved when the plants were 
treated with EDTA and foliar IAA. Contrary to expecta-
tions, in the case of leaves, the maximum amount of Cu 

Fig. 4 The effects of EDTA and IAA on metal accumulation in 60-day-old plants: (a) metal accumulation in roots and shoots (b) metal translocation in 
stems and leaves (c) in sunflower plants exposed to combined cadmium and copper stress

 

Fig. 3 The effects of EDTA and IAA on the root/shoot length (a), fresh/dry weight (b), and total chlorophyll content (c) of maize plants exposed to the 
combined cadmium and copper stress
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accumulated compared to that of Cd, and the applica-
tion of EDTA and IAA both increased the Cu concentra-
tion. In the case of stems, the maximum amount of Cu 
was present compared to that of cadmium. The applica-
tion of EDTA increased cadmium concentrations in the 
stem while reducing copper. However, the application of 
IAA along with a blend of metals increased the amount 
of copper but decreased the amount of cadmium in the 
stems of sunflower plants (Fig. 4c).

Bioaccumulation and biotranslocation of HM in maize
The use of the specified metal combination causes a 
multiplication of cadmium and copper buildup. Maize 
plants have the ability to accumulate both metals to some 
extent. For instance, Cu accumulated at 56%, and cad-
mium accumulated at 9% in maize plants after 60 days 
of exposure to heavy metal stress. Compared to stress 
plants treated with both cadmium and copper, plants 
treated with both Cu and Cd and treated with EDTA 
exhibited increased absorption of both metals. The Cu 
accumulation increased to 70%, and the cadmium accu-
mulation increased to 16%. In the same way, advantages 
were shown when foliar IAA and the contents of Cu and 
Cd in the bland were compared to those of plants sub-
jected to stress control in which the mentioned metals 
were mixed. The application of IAA recovered copper 
accumulation by 87% and cadmium accumulation by 32% 
(Fig. 5a).

Similarly, when the amount of metals in the medium 
increased, so did the root-to-shoot cadmium ratio 
(Fig. 5b). The accumulation of Cd and Cu in maize shoots 
was nearly identical. In the case of roots, an intriguing 
outcome was reported. The roots had a greater concen-
tration of copper than did the shoots of the maize plants. 
When Cu and Cd were supplemented as an amalgam 
with EDTA followed by foliar IAA, Cd accumulation 

decreased; however, Cu accumulation increased several-
fold in the roots, with the greatest accumulation occur-
ring in the roots. Compared to their respective control 
plants, plants treated with the metals in combination 
with EDTA and foliar IAA exhibited a further decrease 
in cadmium accumulation and a modest increase in cop-
per accumulation (Fig.  5b). In the stems and leaves of 
maize plants, Cu and Cd are more abundant in the leaves 
than in the leaves. The exposure of the host to 50  mg/
kg of Cu and Cd as a mixture resulted in the maximum 
accumulation of cadmium and lower bioaccumulation of 
copper in the leaves of the maize. The use of EDTA and 
IAA decreased Cd bioaccumulation in the stem and leaf 
but increased Cu accumulation in both parts of the maize 
plant (Fig. 5c).

Effects EDTA and IAA on soil parameters
Soil parameters like pH and electrical conductivity are 
adversely affected by the combined stress of cadmium 
and copper-contaminated soil as compared to the posi-
tive control. However, the addition of EDTA to the soil 
improved the pH and electrical conductivity as com-
pared to the negative control. The recovery of soil EC 
and pH is further strengthened by the foliar application 
of IAA (Table  2). Similarly, the remediation potential 
of sunflower and maize for Cd and Cu was determined 

Table 2 Effects of EDTA and IAA on electrical conductivity and 
pH of soil. Where (±) represent standard error and different letters 
for standard deviation
Treatments E/C (miliS/cm) pH

Sunflower Maize Sunflower Maize
Control 88 ± 0.43a 97 ± 2.23a 7.7 ± 1.43a 7.8 ± 0.12a

Cd/Cu 100 ± 1.40b 137 ± 2.02c 8.1 ± 0.09b 8.1 ± 1.02b

Cd/Cu + EDTA 109 ± 1.35c1 98 ± 1.35b 8.0 ± 0.80b 8.0 ± 0.75b

Cd/Cu + IAA 101 ± 1.22b 92 ± 1.27a 7.8 ± 0.36a 8.0 ± 0.60b

Fig. 5 The effects of EDTA and IAA on metal accumulation in 60-day-old plants: (a) metal accumulation in roots and shoots, (b) metal translocation in 
stems and leaves, and (c) metal accumulation in maize exposed to combined cadmium and copper stress
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separately. Sunflower has the potential to remediate 
cadmium to 17% and copper to 53%, respectively, with-
out EDTA or IAA. The remediation percentage was 
enhanced to 21% for cadmium and 58% for copper. With 
the application of foliar spray, the percentage of remedia-
tion was marked at 25% for Cd and 64% for Cu. Maize has 
the potential to remediate cadmium to 9% and copper to 
5%, respectively, without any additive. The remediation 
percentage was enhanced to 16% for cadmium and 70% 
for copper. With the application of foliar spray, the per-
centage remediation was marked at 32% for Cd and 87% 
for Cu (Table 3). Moreover, EDTA and IAA were applied 
to sunflower and maize plants grown under Cd and Cu 
stress. As a result, no significant effect on the germina-
tion of either sunflower or maize was detected (Figs.  6 

and 7). The other parameters were variably affected by 
the selected metals, EDTA and IAA, to different extents.

Table 3 Effect of EDTA and IAA on the Phytoremediation (%) 
potential of sunflower and maize
Treatments Phytoremediation (%)

Sunflower Maize
Cd Cu Cd Cu

Cd/Cu 17 ± 0.12a 53 ± 2.02a 9 ± 1.34a 57 ± 1.03a

Cd/Cu + EDTA 21 ± 1.34b 58 ± 2.01b 16 ± 0.07b 70 ± 2.04b

Cd/Cu + IAA 25 ± 2.45c 64 ± 1.02c 32 ± 0.9c 87 ± 1.25c

Fig. 6 The effects of EDTA and IAA on germination and growth of sunflower in Cd/Cu stress
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Discussion
Soil is an important abiotic component of ecosystem 
that supports life on earth and regulates nutrient cycling. 
However, the mechanistic agriculture and industrializa-
tion cause soil pollution. The deleterious effects of high 
concentrations of copper and cadmium on the growth 
and biomass of maize and sunflower plants have been 
studied, as reported previously [6, 8, 14, 30, 31]. A high 
Cu content in soil can induce nutritional imbalances, 
reducing plant productivity and agricultural output [32]. 
The plant growth and biomass reduction of sunflower 
and maize at high concentrations of Cu in the soil might 
be attributed to high Cu deposition in various parts of 
plants, resulting in phytotoxic effects [33–36]. Due to the 
potential formation of reactive oxygen species in metal-
exposed maize, a greater Cd concentration in the soil may 
have an adverse effect on photosynthetic pigments, plant 

development, and vintage. Higher levels of cadmium in 
maize, which reduces chlorophyll contents in leaves, may 
be responsible for the lower biomass [14, 37].

Cadmium and copper assimilation and biotransloca-
tion to various plants parts growing in HM-polluted 
conditions metal availability and host growth attributes 
[11, 21, 33]. The information on the take-up of cop-
per and cadmium by maize and sunflower varied. Being 
an essential micronutrient, plant have special channels 
for the absorption of Cu, and easily be absorbed by the 
host plant immediately, while cadmium take-up is rela-
tively slower as cadmium is non-essential heavy metal 
and plant have no specific carriers and channels for their 
absorption. Sunflower plants are hyperaccumulators of 
both cadmium and Cu, while maize plants buildup cop-
per levels the most copper in their below ground parts, 
and generally trace amount of copper is moved to above 

Fig. 7 The effects of EDTA and IAA on germination and growth of sunflower in Cd/Cu stress
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ground parts of the host plants as per their requirement 
of the metal [7, 38]. Similar results were also recorded in 
case of chromium and arsenic in which higher IAA pro-
ducing rhizobacteria triggered the sunflower to accumu-
late chromium and arsenic in their underground parts 
[39, 40]. It is thought that the limited ability of plants to 
ingest various metals in the aforementioned region may 
be due to their tolerance to metal stress. Cu is substan-
tially concentrated in the root, but only a small quantity 
is transported to the shoot [38]. However, in the case 
of sunflower, the results are not the same. Sunflower 
strongly hyperaccumulates Cu in shoots rather than in 
roots [30]. The maximum amount of cadmium is present 
in the shoots of maize, while little cadmium is present in 
the roots [41]. The reason behind the distribution of the 
Cu was to compartmentalize the metal and lower their 
potential toxicity [42].

According to different studies, both EDTA and IAA 
are used to increase the Cu and Cd phytoremedia-
tion potential of sunflower and maize [8, 14, 19, 26, 43]. 
EDTA significantly improved plant biomass and growth 
in Dianthus chinensis, Zea mays, Chlorophytum como-
sum and Helianthus annuus [8, 44, 45]. The increase in 
biomass and growth may be due to improved gaseous 
exchange [11]. Another reason may be that EDTA che-
lates metals, reduces toxicity and promotes growth [46, 
47]. As proposed by Kanwal [48], EDTA induces the che-
lation of metal ions and reduces free metal ions in plants. 
EDTA amendment to the soil further increased the con-
centrations of Cu and Cd in the shoots and roots of sun-
flower and maize plants. The increased amount of both 
cadmium and copper may be due to chelation of metal 
with EDTA. The increase of metal accumulation with 
EDTA and IAA blend was probably due to their action is 
in two folds i.e., IAA increase the surface are of the root 
providing more access to the nutrient in the soil while 
EDTA making chelate to prevent leaching of these metal 
and hence can be acquired by the host plant from the soil. 
Our results are comparable to those of Jan et al. [49] who 
reported that the introduction of EDTA, IAA and GA 
helps Dysphania ambrosioides (L.) Mosyakin & Clem-
ants to accumulate higher quantities of Cd while grow-
ing normally. The addition of EDTA to soil enhanced the 
accumulation of Pb in the roots of Vetiveria zizanioides 
[50], Sedum [51], and Vicia faba seedlings [19] and in the 
shoots of Canavalia ensiformis L. [52]. When lead and 
EDTA were applied to a hydroponically grown sunflower, 
the amount of lead accumulation increased, as in the case 
of Cd accumulation in the present study [53]. Following 
EDTA treatment, Pb, Cd, and Zn accumulation increases 
in a range of plant species from several families, most 
notably Cannabis sativa, Zea mays, Sorghum vulgare, 
and Medicago sativa. It has been reported that EDTA has 

the potential to enhance the hyperaccumulation of HMs, 
particularly in nonhyperaccumulator families [54].

It has been widely documented that IAA can boost 
plant root and shoot growth under salt and heavy metal 
stress [26, 55–57]. Moreover, different molecular exami-
nations have shown that auxin synthesis and signaling are 
vigorously dependent on a few genes related with auxin 
synthesis that are stimulated because of HM toxic effects 
[58]. For example, in comparison with control plants, 
maize exposed to Cd polluted soils within the presence 
of IAA showed higher root development and exten-
sion [59]. Essentially, foliar auxin (IAA) administration 
enhanced the total plant biomass of sunflower plants fill-
ing in Cd/Cu-polluted soil [60]. To neutralize the unfa-
vorable effects of HM, it has been uncovered that auxin 
formation, i.e., IAA-Asp, changes CAT and POD action, 
advances carboxylation of protein, and diminishes H2O2 
and MDA contents [61, 62].

Conclusion
Previous studies revealed that cadmium and copper, 
when present at the level of 50  mg/kg negatively affect 
the development, biomass production, and total chloro-
phyll content of sunflower and maize plants. EDTA sup-
plementation of Cu and Cd-contaminated soils and the 
foliar application of IAA significantly enhanced the phy-
toremediation potential of sunflower and maize which 
exhibited improved morphological parameters in both 
plants. However, IAA was superior to EDTA in terms of 
heavy metals accumulation and enhancing biomass and 
plant length, especially in sunflower plants. Our results 
demonstrate optimizing concentrations IAA as effec-
tive additive for enhanced phytoremediation potential of 
plants, without compromising their normal physiological 
and morphological features.
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