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Abstract

Agricultural soils contaminated with copper (Cu) are a serious environmental issue for crops and human health. Whereas the
information on Cu toxicity and its collection in ornamental plants is largely scarce. This study aimed to decontaminate the Cu
polluted soil by growing summer flowers, specifically Celosia plumose, Polianthes tuberose, and Zinnia elegans. Seedling
pots were exposed to different doses of Cu (0, 25, 50, 75, and 100 mg L™) using a completely randomized design (CRD). The
findings revealed that all potted plants subjected to the lower doses Cu (<50 mgL™) showed betterment in the physio-
morphological and biochemical traits while higher doses of Cu (>50 mg L™) significantly deteriorated all these aspects.
Among all the mentioned ornamental plants, tuberose significantly retained the shoot length (18 %), shoot fresh weight (25 %),
root dry weight (32 %) at 50 mg L. Additionally, Cu at 50 mg L™ also increased the values of membrane stability index (18
%), net photosynthetic rate (34 %), stomatal conductance (23 %), chlorophyll contents (17 %) than control. Moreover,
application of Cu (50 mg L™) strengthened the activities of superoxide dismutase (9 %) while lowering the hydrogen peroxide
content (63 %) with respect to control. Tuberose showed higher tolerance potential against Cu toxicity than Celosia and Zinnia
based on maximum values of bio-concentration factor (7.24) and translocation factor (1.61) at 50 mg L™ of Cu. Conclusively,
ornamental plants especially tuberose could be used to reduce the soil Cu level, hence better the agricultural crops health and
productivity.
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Introduction

Soil contamination is one of the major environmental
issues we are facing globally arising from several toxic
substances contaminating the soil and drawing significant
public attention due to the increasing focus on the safety of
agricultural produce (Hu et al., 2017; Guo et al., 2025).
Soil pollution refers to the decline in productivity due to
the presence of various pollutants in the soil (Akram &
Igbal, 2019; Kekere et al., 2024). They have a detrimental
impact on soil’s biological, physical, and chemical
characteristics as well as affecting soil productivity. This
pollution also harms the environment, and human health as
well as animal health. The contaminants in soil may
include several pollutants, such as heavy metals, pesticides,
fertilizers, radioactive waste, organic matter, industrial
chemicals, and discarded food, plastic, paper, bottles,
leather goods, cans, and other hazardous materials (Al-
Taai, 2021). The soil acts as a main component for heavy
metals introduced into the ecosystem by human activities
that have potential to disturb the soil ecosystem (Rashid et
al., 2023). Unlike organic pollutants that are degraded into
CO, (carbon dioxide) by microbial processes, most metals
do not break down microbiologically or chemically

(Kirpichtchikova et al.,, 2006). Consequently, heavy metal
concentrations in soil remain for a long time even after their
initial deposition due to persistence in nature and are highly
hazardous for soil ecosystem as well as for human health
(Uchimiya et al., 2020; Koka et al., 2025).

Copper (Cu), serves as a vital micronutrient for plants,
playing an essential role in their growth and development. Cu
is present in small quantities in various plant cells and tissues.
In soil, the normal range for Cu is 0.05-0.5 mg kg™, whereas,
in most plants, the typical range is between 3-10 mg kg™
Kumar et al. (2021) reported that the permissible limit of Cu in
the soil is 20 mg kg™. Cu ions can be found in two different
states: reduced as cuprous (Cu*) and oxidized as cupric (Cu*?)
(Linder and Hazegh-Azam, 1996). It is a transition metal in the
Earth’s crust, and may persist in bivalent state, bound with
other compounds (NOg, CI', OH", SO,*, NH; etc.) or makes
complex with organic C or carbonates (Shabbir et al., 2020).
Cu is a redox-active transition metal, essential for numerous
physiological and biochemical processes in plants and
organisms. In ionic form, Cu is essential in the mitochondria,
and various Cu-containing enzymes (Zn/Cu superoxide
dismutase and laccase) (Ali et al., 2006). It also plays an
essential role in the electron transport chain, mitochondrial
respiration, cell wall metabolism, and photosynthesis in plants.
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Cu also contributes substantially to regulating oxidative
stress, ATP synthesis, and hormone signaling (Marques et
al., 2018). Moreover, it serves as a structural element in
several regulatory proteins, and their involvement in
cellular processes (Yruela, 2009). Apart from its functional
role in plants, Cu also regulates the protein trafficking,

oxidative  phosphorylation, iron metabolism, and
transcription in organisms.
Different natural and anthropogenic processes

(volcanic activity, forest fire, weathering of rocks and soil,
installation of industries, urbanization, agro-chemicals) are
responsible for the continuous increase of Cu in the soil
that is unfit for plant growth and development (He et al.,
2022; Wu et al., 2022; Spadaro et al., 2022; Chen et al.,
2022; Lis¢akova et al., 2022). Excessively Cu in the soil
imposes oxidative stress in the plants with the generation
of reactive oxygen species (Kumar, 2015). These reactive
species cause severe damage to cells and essential
macromolecules by inhibiting proteins, RNA, and DNA
(Rehman et al., 2019). Moreover, they harm the plant's
health and functionality, impacting growth and
development (Hegedus et al., 2001). Phenotypically Cu
stress restricts the growth of aboveground plant organs and
roots, leading to root browning and leaf chlorosis (Elleuch
et al., 2013). Moreover, Cu at high concentrations causes
problems in plants i.e. decline in seed germination, and
poor yield (Dresler et al., 2014). Higher concentration of
Cu also reduces the photosynthetic activity in plants,
causes changes in enzyme activity, and disrupts the
membrane stability index in plants hence affected the plant
growth and development (Sabir et al., 2022).

Several chemical and physical methods have been
introduced for reclaiming metal contaminated soil (Latif &
Abbas, 2025). The conventional methods (either chemical
or physical) have drawbacks, they are costly, require
technical personals and have proven ineffective in
agricultural lands due to their detrimental impact on soil
properties (Hou et al., 2020; Liu et al., 2021). Therefore, to
remove these hazardous toxic metals from the soil it is
necessary to develop an effective method that is
economical and ecologically friendly. As a result, an
innovative method ‘phytoremediation’ has emerged as a
sustainable way to deal with heavy metals causing
pollution in the soil, and environment (Haseeb et al.,
2022). This technique uses plants that can effectively
uptake harmful metals from soil and translocate them to
their roots and shoots. Previously, different plant species
have been used to remediate heavy metal contaminated soil
including Cannabis sativa L., Pongamia pinnata, Sedum
alfredii, Linum usitatissimum and Jatropha curcas (Testa
et al., 2023; Borah et al., 2023; Liu et al., 2025; Rahman et
al., 2025; Devanesan et al., 2025). Zinnia (Zinnia elegans),
an annual flowering plant belongs to the family Asteraceae
showed higher tolerance and phytoremediation potential
against heavy metal contaminated soil such as Pb
(Bahmanzadegan et al., 2023). Celosia (Celosia plumose)
is herbaceous annual flower and famous because of its
unigue inflorescence. As a member of Amaranthaceae
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family, it has shown more potential to remediate the soil
contaminated with Cd, Mn etc. (Yu et al., 2024). Tuberose
(Polianthes tuberosa L.) is a perennial cut flower belongs to
the family Amaryllidaceae and famous because of its sweet
fragrance. Ornamental plants are selected for their potential to
withstand harmful metals, have large root systems, and offer
aesthetic appeal. Thus, the main purpose of our study was to:
(1) investigate the growth responses of summer flowers in Cu
contaminated soil (2) analyze the Cu accumulation potential
and phytoremediation ability of summer flowers.

Materials and Methods
Research layout and planting material

The current experiment was carried out in the B-Block
floriculture nursery at MNS University of Agriculture, Multan.
This research was conducted from March to August 2023. The
seedlings of zinnia (Zinnia elegans) and celosia (Celosia
plumosa) were purchased from Hammad Nursery Farm,
Multan. Whereas tuberose (Polianthes tuberose) bulbs were
purchased from Khan Nursery Farm, Lahore and treated with
fungicide (Topsin-M) for 30 min and air dried. The seedlings
were transplanted into 9-inch pots containing 3 kg growing
media per pot. The growing media was made up of garden soil,
silt, and bagasse (1:1:1). After 16 days of transplanting, each
seedling was artificially exposed to different Cu (0, 25, 50, 75,
and 100 mg L) concentrations. 100 mL volume solution of
each treatment was spiked in an individual pot using Copper
Sulphate as a Cu source and let the Cu-soil mixture to be set
for a month. After a month of Cu application, the experimented
plants were harvested early in the morning between 8.00 to
9.00 A.M. without damaging their roots.

Determination of morphological parameters

Shoot and root lengths were recorded in cm by using a
measuring scale. Whereas shoot and root fresh weights were
determined in grams (g) by using a scientific weighing balance
(Sannyo weight balance model DY-728). Further shoot and
root of plants were oven dried (POL-EKO APARATURA SLN
15 with a temperature range of 25 to 250 °C) for 24 hours at 60
°C temperature to calculate the dry weights.

Calculation of membrane stability index and chlorophyll

Membrane stability index (MSI) was determined from the
leaves of plants (zinnia, celosia, and tuberose) evaluated. Two
leaf samples (weighing 0.2 g) were taken and named C1 and
C2. At first, the samples were dissolved in 20 mL distilled
water. C1 samples were dipped in water for 30 minutes at 40
°C while C2 for 15 minutes at 100°C. Then electrical
conductivity of both samples (S; and S,) was recorded by
using an electrical conductivity meter (G&G electronic scale,
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Neuss Deutschland, model JJ324BC) (Sairam et al., 1997).
MSI was measured by employing the following formula:

MSI (Membrane stability index) (%) = {1- (S;-S,)} x100
Total chlorophyll content of the leaves of zinnia, celosia,
and tuberose plants was determined in full sunlight using a
SPAD-502 chlorophyll meter (Konica Minolta, Europe).

Estimation of chlorophyll and gaseous attributes

Gaseous parameters (net photosynthesis rate, transpiration
rate, stomatal conductance and sub-stomatal conductance)
were recorded from plant (zinnia, celosia, and tuberose)
leaves in full sunlight by using a CIRAS-3 SW portable
photosynthetic system.

Calculation of biochemical analysis

The activity of CAT was evaluated by using a procedure of
Zhang et al. (2012). 100 pl of freshly prepared hydrogen
peroxide (H,O,) along with already prepared 100 pl
enzyme extraction were used to determine the CAT by
using a spectrophotometer absorbance of 240 nm. POX
activity was determined by following the formula of Zhang
et al. (2012). At first, a reaction mixture was prepared by
adding phosphate buffer solution with pH 5 (800 mL),
hydrogen peroxide (H,O,) 100 ul (40 mM), and Guaiacol
(reaction mixture) 100 pl (20 mM), in an 8:1:1 ratio that
was further homogenized with 100 pl enzyme extract and
observed under spectrophotometer with absorbance of 470
nm. By following the procedure of Zhang et al. (2012), the
activity of SOD was determined through reaction mixture
prepared by adding enzyme extract (100 upl), 500 pl
phosphate buffer with pH 5, 200 pl Triton X, 100 pul NBT,
and 800 pl distilled water. The mixture then placed under
the UV light for 15 minutes and riboflavin of 100 was
added to determine the SOD after observation under the
spectrophotometer at 560 nm. The method of Hodges et al.
(1999) was used to evaluate malondialdehyde (MDA)
content in plants (Zinnia, Celosia and Tuberose). Plant leaf
samples weighing 0.2 g and grind. 0.1% of 2 ml
trichloroacetic acid homogenized. Then, centrifuged at 40
°C for 15 minutes at 14000 rpm. Homogenized 2 mL of
supernatant + TCA (5%) + 0.5 mL TBA. Incubated in bah
at 95°C for 30 minutes. Centrifuged at 5000 rpm for 15
minutes. The supernatant was analyzed under a
spectrophotometer at 450, 532, and 600 nm and following
equation was used to calculate MDA content:

MDA = 6.45 x (A532 — A600) — 0.56 x A450

Analysis of heavy metals

For the analysis of heavy metals, the procedure of Estefan
et al. (2013) was used to extract the heavy metals from
plants and analyze them. For the digestion process, the
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plant material weighing 1 gram was taken. Then concentrated
(H,SO,) sulfuric acid was added to break down the plant and
that mixture was heated for an hour at 145 °C temperature after
that mixture of tri-acid (HNO3, H,SO,4, HC10,) was added and
heated at 240°C for an hour. The digested plant material was
then filtered after cooling. An atomic absorption
spectrophotometer (Pharmacia, LKB-Novaspec Il) was used to
record the concentration of cadmium and copper.

Statistical analysis

The research experiment was carried out by using a two-factor
factorial arrangement under CRD with three replications of
each treatment. By using Statistics 8. 1 software, the
experimental data was assessed using ANOVA and the least
significant difference (LSD) test was used to comparison with
the means (Steel et al., 2019).

Results

Morphological traits

Cu at 50 mg L™ resulted in the greatest improvement in shoot
and root lengths of plants Zinnia (23, 40 %) celosia (31, 21 %),
tuberose (18, 24 %) in contrast with the control. Whereas
exposure higher Cu (100 mg L™) dose reduced the shoot and
root lengths of zinnia (20, 27 %), celosia (24, 25 %) and
tuberose (17, 14 %) in comparison with no Cu (control) (Fig.
la and b). Different levels of Cu (0, 25, 50, 75, and 100 mg L
Y significantly affected the shoot and root fresh weights in the
ornamental plants, celosia, tuberose, and zinnia. Specifically,
Cu at a level of 50 mg L™ showed maximum improvement in
the shoot and root fresh weights by 25, 39 % (zinnia), 37, 50 %
(celosia) and 23, 32 % (tuberose), respectively compared to the
control (no Cu). Moreover, a higher Cu level of 100 mg L™
considerably reduced the shoot and root fresh weights in plants
zinnia (10, 75 %), celosia (45, 28 %) and tuberose (21, 31 %)
respectively in contrast with the control (Fig. 1c and d). The
Cu concentration at 50 mg L™ considerably increased shoot
and root dry weights in zinnia (34, 60 %), celosia (26, 41 %)
and tuberose (31, 32 %) respectively in contrast with the
control (Fig. 1le and f). Moreover, in comparison control, Cu at
a higher level of 100 mg L™ markedly reduced the shoot and
root dry weights in zinnia (57, 41 %), celosia (43, 76 %) and
tuberose (39, 71 %) respectively in contrast with the control.

Membrane stability index and total chlorophyll contents

MSI showed significant changes (p < 0.05) in response to
different Cu concentrations (0, 25, 50, 75, and 100 mg L™).
Compared to the control, tuberose has showed maximum
increase in MSI by 18 % than celosia and zinnia by 13 and 9 %
respectively as subjected to Cu at 50 mg L™ However,
exposure to Cu at a higher level of 100 mg L™, considerably
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decreased the MSI by 13, 16 and 19 % in Zinnia, Celosia
and Tuberose plants in comparison with no Cu (control)
(Fig. 2a). Similarly, celosia (19%) showed the higher
values of chlorophyll contents by 19 % followed by
tuberose (17 %) and zinnia (16 %) as treated with Cu at 50
mg L™ with respect to control, however, higher Cu level
(100 mg L™) decreased (20, 11, and 22 %) chlorophyll
content in zinnia, celosia and tuberose respectively
compared to the control (Fig. 2b).

Gas exchange

The application of Cu at 50 mg L™ exhibited maximum
improvement in photosynthesis rate and transpiration rate
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in zinnia (25, 25 %), celosia (18, 31 %) and tuberose (34, 27
%) respectively compared to the control (no Cu). However, in
comparison with the control, a high level of Cu (100 mg),
decreased the photosynthesis rate and transpiration rate by 33,
26 % (zinnia) 41, 31 % (celosia) and 46, 26 % (tuberose)
respectively with respect to control (Fig. 3a and b). Cu at a
level of 50 mg L™ considerably improved stomatal
conductance and sub stomatal conductance by 30, 17 %
(zinnia), 27, 22 % (celosia) and 26, 8 % (tuberose) respectively
in contrast with the control. Moreover, a higher Cu level (100
mg L™) decreased the stomatal conductance and sub stomatal
conductance in zinnia (23, 9 %), celosia (32, 9 %) and tuberose
(23, 4 %) respectively in comparison with the control (Fig. 3c
and d).
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Fig. 1 The concentration of copper impact on SL (shoot length) (a), RL (root length) (b), SFW (shoot fresh weight) (c), RFW
(root fresh weight) (d), SDW (shoot dry weight) (e) and RDW (root dry weight) (f) of zinnia, celosia, and tuberose at different
levels (0, 25, 50, 75, 100 mg L™). Alphabetic letters indicate statistically significant differences (p < 0.05)
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Fig. 2 The concentration of copper impact on membrane stability index (a) and chlorophyll (b) of zinnia, celosia, and tuberose
at different levels (0, 25, 50, 75, 100 mg L™%). Alphabetic letters indicate statistically significant differences (p < 0.05)
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Fig. 3 The concentration of copper impact on Net photosynthetic rate (a), transpiration rate (b), stomatal conductance (c) and
sub stomatal conductance (d) of zinnia, celosia, and tuberose at different levels (0, 25, 50, 75, 100 mg L™). Alphabetic letters

indicate statistically significant differences (p < 0.05)
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Enzymes activities

Different levels of Cu (0, 25, 50, 75, and 100 mg L™
significantly affected the CAT, POX, SOD in zinnia,
celosia, and tuberose. Specifically, Cu at 50 mg L™ shows
maximum improvement in the CAT, POX, SOD by 9, 36,
37 % (zinnia), 25, 68, 43 % (celosia) and 24, 19, 9 %
(tuberose) respectively compared to the control (No Cd).
Moreover, a higher Cd level (100 mg L™) considerably
decreased the CAT, POX, SOD in plants zinnia (18, 64, 15
%), celosia (24, 44, 27 %) and tuberose (8, 16 21 %)
respectively in comparison with no Cd (control) (Fig. 4a, b
and c). The application of Cu at a high level (100 mg L)
showed a notable increase in MDA in contrast with the
control by 81 % (zinnia), 61 % (celosia) and 75 %
(tuberose) respectively. However, Cu at 25 mg L* the
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plants showed a reduction in MDA by 35, 29, 31 % zinnia,
celosia and tuberose respectively then control (Fig. 4d).

Phytoremediation

Maximum Cu uptake 70, 67 and 77 % was recorded in the
roots of Zinnia, Celosia and Tuberose plants at 100 mg L™ Cu
respectively compared to control. However, Cu concentration
at 25 mg L™ decreased in plants celosia (45 %), tuberose (38
%), and zinnia (56 %) in contrast with the control (Fig. 5a). Cu
concentration in shoots increased by (59 %) zinnia, 75 %
(celosia) and 66 % (tuberose) plants at 100 mg L™ Cu in
contrast with the control. However, at 25 mg L™* Cu
concentration in shoots of zinnia (46 %), celosia (35 %) and
tuberose (42 %) compared with the control (Fig. 5b).

OZinnia B Celosia BTuberose

Control 50

Cu(mgL1)

H

Cu(mgL?)

Fig. 4 The concentration of copper impact on catalase (a), peroxidase (b), superoxide dismutase (c) and malondialdehyde (d)
of zinnia, celosia, and tuberose at different levels (0, 25, 50, 75, 100 mg L™). Alphabetic letters indicate statistically significant

differences (p < 0.05)
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Fig. 5 The concentration of copper impact on Cu concentration in root (a) and Cu concentration in shoot (b) in zinnia, celosia,
and tuberose at different levels (0, 25, 50, 75, 100 mg L™). Alphabetic letters indicate statistically significant differences (p <

0.05)
Discussion

In our study, the effect of various concentrations of copper
(Cu) ranging from (0, 25, 50, 75, and 100 mg L) on the
growth parameters of three ornamental plants (zinnia,
celosia, and tuberose) was investigated. Plants subjected to
lower level of Cu showed significant improvement in
physio-morphological traits while, higher Cu concentration
directly impacted the plant morphology (plant height, fresh
and dry weight) in comparison with the control. However,
at higher concentrations, these growth parameters were
negatively affected by all three ornamental plants
indicating that elevated Cu levels inhibited plant growth.
Our results are confident with the findings of Daryabeigi
Zand and Mihling, (2022) that application of Cu lower
dose (50 mg L™) significantly stimulated the physio-
morphological traits of Zea mays, meanwhile at higher
level of Cu decline the plant growth that could be
associated with that heavy metal (Cu) stress disturbs the
metabolic and photosynthetic activities, lower the nutrients
uptake that reduced the plant biomass (Amin et al., 2021).
Similarly, Kumar et al. (2021) also revealed that soils
contaminated with Cu may cause the reduction of shoot
and root growth along with destruction of cell structure of
photosynthetic apparatus. Such suppression could lower
the water uptake and activity of photosynthesis hence
decrease the plant growth and productivity (Rajput et al.,
2020). Among the three plants, tuberose exhibited better
performance in terms of growth parameters. Elevated
levels cause toxicity resulting in decreased seedlings'
height and impacting root and growth development
(Barbosa et al., 2013).

Similar results were found in Triticum aestivum, Zea
mays, and Oryza sativa, where root and stem were affected
at Cu stress (Yang et al., 2015). Moreover, Kavousi et al.
(2021) also stated that higher levels of Cu significantly
dropped the Verbascum thapsus L. plant growth. However,

Li et al. (2010) reported that plants under heavy metal stress
exhibited symptoms of growth inhibition, reduction in plant
biomass linked to disrupted metabolic activities, and reduced
photosynthetic reactions due to heavy metal stress. Similarly,
Saleem et al. (2020) reported a reduction in plant height, and
plant dry and fresh biomass observed in Linum usitatissimum.
Contrarily, Vardumyan et al. (2024) revealed that at higher
level of Cu, Medicago lupulina showed higher growth traits
like root growth. Additionally, Cu toxicity negatively impacted
the roots by reducing their length which might impair the
plant’s capacity to absorb water and nutrients from the soil.
Likewise, in Brassica juncea and Brassica napus, high
accumulation of Cu caused reduced stem size (Feigl et al.,
2013).

Copper being both an essential element and a heavy metal
exhibits a complex impact on plants. The chlorophyll contents
were significantly affected when exposed to high Cu
concentration (100 mg L™) in all three plants, decreasing by 14
% in zinnia, 20 % in celosia, and 10 % in tuberose plants.
While, in another study of Vardumyan et al. (2024) reported
that Medicago lupulina had showed higher chlorophyll content
against higher level of Cu. Heavy metal stress adversely
impacted the photosynthesis process leading to the reduction in
total chlorophyll content in all three plants at higher
concentrations. Ali et al. (2015) reported that toxic level of
heavy metals disrupts normal enzyme function in plants and
significantly affect photosynthesis. Cu toxicity directly
affected the chlorophyll contents and reduced plant growth
(Chauhan and Mathur, 2020; Khalid et al., 2020). Similarly,
Srinivasan et al. (2014) added that the decline in
photosynthetic pigment was linked to the peroxidation of
chloroplast membranes caused by reactive oxygen species
(ROS) at elevated levels. Likewise, dos Santos et al. (2024)
also reported that chlorophyll contents in Crotalaria juncea
were decreased with the increase of Cu in the soil might be due
to disturbance in electron transport chain that caused the
generation of oxygen free radicals and distortion in C fixation
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(de Souza Junior et al., 2022). Further Wodala et al. (2012)
added the generation of ROS due to metal oxidative stress
altered the photosynthesis activity, causing the structural
changes to pigment-protein complex, destruction and
destabilization of antenna complex proteins, and
deterioration of thylakoid membranes, thereby reducing
chlorophyll content and plant growth and development.
Similar results were reported in Corchorus capsularis L.
decreased chlorophyll content and decline in gaseous
exchange due to Cu toxicity. Moreover, Nazir et al. (2019)
reported that Cu at 100 mg L' caused reduced
photosynthetic activity and pigment content in Solanum
lycopersicum.

Prolonged exposure of plants to higher levels of copper
generates reactive oxygen species (ROS) that deteriorates
the cell membrane structure and turgidity (Ageel et al.,
2023). Plants have a defense mechanism and utilize
various biochemical processes to prevent and overcome the
damage caused by ROS (Islam et al.,, 2021). Plants
enzymatic defense includes antioxidative enzymes such as
catalase (CAT), superoxide dismutase (SOD), and
peroxidase (POX), facilitate the removal of ROS. In our
present research, the activity of CAT, SOD as well as POX
was maximum at a Cu concentration of 50 mg L™ but Cu at
a higher level decreased the activity of the enzyme. Similar
to our results, increase of enzymes activities lowered the
oxygen free radicals and Cu toxicity were revealed by
different studies (Chrysargyris et al., 2021; Karakas et al.,
2022). Alike, Adrees et al. (2015) reported that excessive
Cu activates genes that enhance the production of
antioxidant enzymes i.e. CAT, POX, SOD, and glutathione
peroxidase help in mitigating toxicity. Similarly, Sanchez-
Pardo et al. (2014) reported that an increased Cu
concentration results in decreased CAT activity in the root
nodules of soybean. Furthermore, Rehman et al. (2019)
reported a reduction in SOD and POX activity observed at
higher Cu levels in Boehmeria nivea. Several studies have
revealed that higher level of Cu is mostly accumulated in
plant roots than shoots (Ghazaryan et al., 2019, 2021).
Meanwhile, our study opposed this as higher content of Cu
was observed in shoots than roots. A study was conducted
by Vityaz et al. (2022) demonstrated that marigold has
showed higher ability to uptake Cu ions from soils.
Moreover, Santoyo-Martinez et al. (2024) reported that
Crotalaria pumila could be the suitable option for
phytoremediation of heavy metal (Cu, Fe, and Pb) soils
due to great potential to accumulate them in its cells.

Conclusion

The current study demonstrated an efficient, cost-effective,
environmentally friendly approach (Phytoremediation) by
using plants to remove metals from contaminated soil. This
study aimed to assess ornamental plants' phytoextraction
potential, i.e., Zinnia, Celosia, and Tuberose in Cd and Cu-
contaminated soil. The results of remediating Cd and Cu-
polluted soil revealed that plant growth, photosynthetic
content, and chlorophyll content were significantly higher
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at low concentrations. In contrast, high concentrations led to a
decrease in these parameters. Optimal growth was observed at
50 mg L* for Cu and Cd. These findings suggest that
ornamental plants can effectively remediate soil with low
metal concentrations, though their tolerance to higher levels is
limited.
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