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ABSTRACT:

Phytoremediation as an emerging advantageous technique may play a strong role
in overcoming the issue of heavy metals accumulation in the soil. The main purpose of
this work was to assess the efficiency of Amaranthus viridis as a phytoremediator weed
to remove cadmium, Cd (0.0, 2.5, 5,20 ,80 and 200 ppm) and nickel, Ni (0.0, 60, 80, 160,
320 and 400 ppm) from soil. The experiment was held with seed cultivation in pots filled
with sandy loam soil to apply phytoremediation process for 67 days. The obtained results
prove the coinciding depression in root length, shoot length and number of leaves by
about 85% with serial augmentation of Cd and of Ni. Bioconcentration Factor (BCF) and
Translocation Factor (TF) values are indicator for high uptake and accumulation of Cd
more than of Ni in roots rather than in shoots.

Statistical analyses included descriptive analyses, one way ANOVA and Pearson
Coefficient variant (p < 0.05) proved highly positive significant effects. This study put
the candidate species in the tilt of promising plants that would be effective in Cd and Ni
phytostabilization.

KEY WORDS: Amaranthus viridis, phytoremediation; heavy metals; Bioconcentration
Factor; metal hyperaccumulation.
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1. INTRODUCTION:

Heavy metals (HMs)
discrimination depends on their specific
gravity which exceeds that of water by five
folds and have an atomic number more
than 20 (Ali et al., 2019). Classification of
HMs depends on their needed quantity.
Iron, copper, nickel, cobalt and zinc are
essential when used in small quantities as
nutrients for plants and humans but are
toxic in higher quantities. Iron, copper and
zinc are crucial in photosynthesis and in
enzyme activity as cofactors. Cd , Pb and
Cr are nonessential as they have no
biological function (Volland et al., 2014).
Industry, volcanic emissions, pesticides,
fertilizers, automobile exhausts and urban
wastes are the main reasons of HMs
spreading (Tchounwou et al., 2012) . The
presence of HMs in soil and water bodies
is known to significantly deteriorate the
quality of such soil and water (Tan et al.,
2021). HMs in the soil from anthropogenic
sources tend to be more mobile, hence
more bioavailable than pedogenic, or
lithogenic ones (Wuana and Okieimen,
2011). Due to their movement through
plants and subsequent accumulation via the
food chain, HMs are discharged into the
environment, posing a serious threat to
plants, animals and people ( Fan et al.,
2017; Karahan et al.,, 2020; Rai et al.,
2019). The process of HMs uptake and
transport by plants is known as
phytoextraction which includes the ion
entry to the root system and subsequent
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translocation to the aboveground organs
through mass flow and diffusion (Yan et
al., 2020).

Among HMs, cadmium (Cd) and nickel
(Ni) are commonly considered as toxic to
both plants and humans (Tchounwou et al.,
2012). Plant growth reduction and declined
photosynthetic activity are the main
symptoms of HMs toxicity (Yang et al.,
2020).

Cadmium (Cd) is one of the most
deleterious pollutants that easily absorbed
by plants, then distributed to all plant
organs, and thus freely transferred to the
food chain. Due to its inhibitory effects on
plant photosynthesis, enzyme activity and
ion uptake, Cd may lower yield and quality
of plant production (Haider et al., 2021).
As a result of deposition through
anthropogenic activities, the distribution of
Ni in soil profile is uniform, with typical
accumulation at the surface soil (Zhou et
al., 2020). Some fertilizers and soil
amendments, which are used in agriculture,
are chief source of soil Ni (Khan et al.,
2017). (Yan et al., 2020) stated that, after
absorption by the root, the formation of
organic complexes is the route of Ni
movement to the aboveground parts of
plants.

Phytoremediation is a technology which
makes use of plants (herbs, shrubs and
trees) to remediate the contaminated
medium and bring it to innocuous state
while achieving the goal of sustainability
(Nedjimi, 2021). Phytoremediation
involves the use of HMs-accumulating
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plants to extract contaminants from the soil
(Yan et al., 2020).
Plants were classified to be tolerant to
HMs when they show rapid growth, high
biomass and are capable to accumulate
high amounts of HMs in their shoots,
without signs of toxicity (Abdelkrim et al.,
2019; Sarma, 2011). (Yan et al., 2020)
stated That plants growing in contaminated
soils exhibit several strategies while
coping with the toxicity of heavy metals
including preventing their accumulation,
detoxification or metal excretion from the
tissues.
The hyperaccumulator plant species can
accumulate HMs 50 to 100 times higher
and more efficiently compared to other
non-accumulator plant species(Ao, 2019).
Many plant species have been identified
for their effectiveness in phytoremediation.
(Assad et al., 2017) mentioned that
Amaranthus spp. is a cosmopolitan annual
or perennial plant, including restricted
endemics and widespread weeds, which
are commonly referred as ‘Amaranths’ or
‘Pigweeds’. North and Central America is
the native country of Amaranth. Nowadays
pigweeds  plants invasion = become
cosmopolitan in Europe, Asia, Africa, and
Australia as a result of agriculture
2.MATERIALS AND ETHODS:
1. Plant material

Seeds of A. viridis were collected
from Fayoum depression, Egypt.

65

practicing (Vincent et al., 2019). The
uptake of HMs by Amaranthus species has
been recently studied in soils at refuse
dump sites, animal waste dump sites and
other forms of contaminated soils (Yap et
al., 2022).

Amaranth was included in a list of plants
that exhibit resistance to HMs and it has
the potential to clean up toxic HMs (Iori et
al., 2013). Some Amaranthus species are
very resistant to HMs, this was concluded
from assessing research related to the
antioxidant system and the degree of
damage to cell membranes and
morphological response under HMs stress
(Emamverdian et al., 2015). Amaranthus
viridis particularly was recorded as good
biomonitoring agent for Cd, Fe, Ni and Zn
respectively (Yap et al., 2022).

The current study was elaborated to
determine the capability of Amaranthus
viridis in the newly emerged field of
phytoremediation. The work is focusing on
tackling the problem of soil contamination
with Cd or Ni and their accumulation rates
and mobility through the target plant body.
The research is extended to measure some
morphological changes in plant growth
resulting from metal absorption by roots
and their translocation to shoot.
2. Chemicals
Acids (HCl and HNO;) as well as
standards (for ICP) were of analytical
grade and were obtained from Sigma-
Aldrich Chemicals (Steinheim, Germany).
Metal salts were gained from Fluka
Chemicals (Munich, Germany).
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3. Experimental design

Pot experiment was conducted to examine
A. viridis efficiency toward Cd and Ni
absorption and how they in turn affect A.
viridis growth. Sixty plastic pots were
cleaned, filled with 4 kg sandy loam soil
(devoid of Ni and Cd) for each and then
they were divided into two sets. The first
and second sets were artificially
contaminated with serial concentrations of
Cd (0.0, 2.5, 5, 20, 80 and 200 ppm) and
Ni (0.0, 60, 80, 160, 320 and 400 ppm),
respectively. Heavy metals solutions were
prepared by dissolving salts of Cd
(NO3)2.4H20 and Ni (NO3). separately in
deionized water.

The above-mentioned number of pots
were prepared to guarantee four replicates
for each concentration. Metals
concentrations were chosen on the basis
of a preliminary experiment and previous
studies (figures S1 and S2).

Seeds were rinsed with water and then,
twenty-five healthy seeds were sown in
each pot and covered with a thin layer of
soil. Soil was kept saturated with water
until  the  seedling’s  emergence.
Experiment was performed at 25 + 2 °C
and under16/8 h photoperiod.

Soil watering was standardized regularly
when needed till the harvest time at sixty
seventh day before entering flowering
stage. Survival percentage and some
growth criteria (root length, shoot length
BCF = Metal concentration in plant

and number of leaves) were recorded at
harvest time.

4. Determination of Metal Content
Candidate plant yield was harvested,
washed with tap water followed by
rinsing with 3% HCl and then with
deionized  water. The  harvested
individuals were subjected to separation
of shoot system from root system and
allowed to be air dried. Each part was
pulverized and digested in triplicates with
nitric acid and hydrogen peroxide,
temperatures were raised to about 95°C
until evolution of nitrous gas stopped and
the digest became clear. After dilution the
digest was analyzed for Cd and Ni. The
total concentration of each metal was
determined as ppm of D Wt. in plant and
soil as well using inductively coupled
plasma mass spectroscopy (Agilent 7500a,
USA) (Liang et al., 2013).

5. Assessment of phytoremediation
efficiency

Both the bioconcentration factor (BCF)
and the translocation factor (TF) were
utilized to calculate the plant’s ability to
uptake and withstand metals (Yap et al.,
2022).

5.1. Bioconcentration factor (BCF)

The ability of candidate plant to uptake
metal with respect to concentration in the
surrounding soil is determined by the
biological concentration factor (BCF)
(Amin et al., 2018).

5.2. Translocation factor (TF)

The ratio of metal concentration in plant
shoot to that in plant root was calculated as
TF= metal conc. in shoot/ metal conc. in
root (Amin et al., 2018).
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tissues at harvest / Initial concentration
of metal in the soil.
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6. Statistical analysis

All analyses and plots were done using the
R programming language (version 4.0.2.)
(R Core Team 2021). To plot the model
predictions along with the raw data, we
used different functions from the tidy verse
(Wickham et al., 2016). One-way ANOVA
was conducted using SPSS (George and
Mallery, 2012).

3. RESULTS AND DISCUSSION:

1. Survival percentage

The ascending application of Cd or Ni is
inversely proportional to the percentage of
survived seeds as can be observed from

The finding of seed survival percentage is
confirmed from the clear variation in the
number of growing individuals in pots
with  different metal concentrations
(figures S1 and S2).

Statistically, the differences in survival
percentage are more significantly obvious
in case of Ni treatment rather than in case
of Cd. Seed survival reached to more than
75% in case of Ni meanwhile it did not
exceed 37% in case of Cd.

Figure 1 (a and b) respectively.

a ab
a
= 30 ak
n
[1-]
=
=
'-E 20- ok —2—
% -
= P L
E 10—
” B =
o 2.5 5 20 80 200
Cd concentration (ppm)
A
b
=
w ab
™ § abec
= 60- ape
S ) i |
S = wesl
E a0 — =
= 1
—
(¥ g ]
20 -
L) ] L] L] L) L)
(0] S0 80 180 320 400

MNi concentration (ppm)

Fig. 1. Seed survival of Amaranthus viridis (mean £SD) at different concentrations of (a)
Cd and (b) Ni. Means followed by different letters are statistically significant (P <

0.05).
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200.0 ppm

160.0 ppm 320.0 ppm 400.0 ppm

Fig. S2. Effect of different Ni concentration on Amaranthus viridis growth at harvest time.
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2. Measurements of Amaranthus viridis
growth criteria

Root length, shoot length and number of
leaves were measured for Cd and Ni
treatments and plotted in figure 2 (a) and
(b) respectively at harvest time. The
obtained mean values of root length, shoot
length and leaves number at 0.00 ppm and
at 200 ppm Cd concentration were 10 cm,
11 cm, 8 leaves and were 5cm, 2.5 cm and
one leaf respectively at the harvest time.
The results explain the opposite relation
between plant growth parameters and
increasing Cd concentrations.

The same method was used to determine
how Ni affected root length, shoot length,
and leaf count, indicating a negative
relationship between Ni concentration and
plant growth.

3. Determination of heavy metal content
The results of inductively coupled plasma
mass spectroscopy (ICP) presented in
Figure 3 (a and b) revealed that the
accumulation of Cd and Ni by A. viridis
plant was found to be correlated to the
concentration of the treatment. The content
of Cd and Ni in plant increased
significantly with the rise of Cd and Ni
concentrations up to the maximum used
level.

Roots  were recorded for  higher
accumulating concentrations rather than
shoots along the experiment. In case of 2.5
ppm Cd concentration, the recorded values
for soil, roots and shoots were 2.16, 0.973
and 0.569 ppm, respectively. Rate of last
recorded values increased to be (171.6,
22.45 and 2.04) ppm Cd respectively at

69

200 ppm Cd concentration. The obtained

value of R? (0.6324) indicates the
goodness of variables. At 60 ppm, soil,
roots and shoots Ni concentration

amounted to 51.2, 2.66 and 1.15 ppm
respectively and then an obvious jump was
reached at 400 ppm Ni. R? value (0.8427)
evinced high fitness of variables but more
than that in case of Cd.

4. Bioconcentration Factor (BCF) and
Translocation Factor (TF) of A. viridis
Bioconcentration factor (BCF) of Cd and
Ni decreased with increasing Cd and Ni
levels. It was clear from tables 1 and 2 that
BCF for A. viridis took the order of Cd >
Ni. Regarding Cd, BCF of roots was 0.412
at 2.5 ppm Cd and increased to be 0.51 at
20 ppm Cd concentration. Then, they were
decreased values to be 0.13 at 200 ppm Cd.
On the other hand, TF values starts with
0.607 at 2.5 ppm Cd and decreased to be
0.09 at 200 ppm Cd. At 60 ppm of Ni,
BCF of roots was 0.053 and increased to
be 0.42 at 400 ppm. Consequently, at 60
ppm of Ni, BCF of shoots were 0.023 and
increased to be 0.16 at 400 ppm of Ni
concentration. On the contrary, TF values
starts with 0.432 at 60 ppm of Ni and
decreased to be 0.375 at 400 ppm of Ni.
Intuitively, Cd and Ni bioaccumulation
showed their maximum intrinsic increase
at low concentrations. At higher
concentrations, A. viridis bioconcentration
capacity came to constancy. It was clear
from the recorded data that BCF of roots
were higher than that in shoots which is
concurring with the translocated amount of
metal (TF) from root to shoot. When
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BCF >1, it indicates that the plant
accumulates a particular heavy metal
(Huang et al., 2019). BCF value of plant
was > 1 at (2.5, 5, 20 mg / kg) Cd and BCF
value of shoot < 1 at higher levels (80, 200
mg / kg). BCF values of roots were
ranging from 0.132 to 0.520. BCF values
vary by metal, plant species, tissue type
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and soil (Sharma ef al., 2018; Huang et al.,
2019). BCF value of plant was > 1 at 400
mg / kg Ni and BCF value of shoot < 1 at
60, 80, 160, 320 mg / kg. BCF values of
roots were ranging from 0.053 to 0.420.
A.viridis accumulated Ni with a TF of 8.15

and BCF of 10.48 (Ramanlal et al., 2020).
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Fig. 2. Effect of different a) Cd concentration and b) Ni concentration on Amaranthus

viridis growth at harvest time.
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Fig. 3. Concentrations of (a) Cd and (b) Ni in Amaranthus viridis soils, roots and
shoots after treatment with serial concentrations at harvest time.
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Table 1. Bioconcentration factor and translocation factor of Cd of Amaranthus
viridis using serial Cd concentrations after harvest.

Cd concentration(ppm) 0.0 2.5 5.0 20.0 80.0 200.0
BCF(Root) - 0.412 0.520 0.510 0.180  0.132
BCF(Shoot) - 0.233 0.411 0.301 0.031 0.013
BCF(Plant) - 0.666 0.931 0.811 0.211 0.145

TF - 0.607 0.4 0.418 0.153 0.09

Table 2. Bioconcentration factor and translocation factor of Ni of Amaranthus
viridis using serial Ni concentrations after harvest.

Ni concentration(ppm) 0.0 60.0 80.0 160.0 320.0 400.0
BCF(Root) - 0.053 0.340 0.416 0.410 0.420
BCF(Shoot) - 0.023 0.044 0.034 0.015 0.160
BCF(Plant) - 0.075 0.384 0.450 0.425 0.600

TF - 0.432 0.115 0.080 0.376 0.375

roots and shoots. Figure (5 a and b) proves
the positive strong significant relations
between both Cd and Ni serial
concentrations and the residual amount of
Cd and Ni in A. wiridis soils, roots and
shoots after 67 days. Values of R? in Cd
concentrations were equal to 0.983 while
in Ni concentrations was 0.848 which
strongly emphasizes the fitting and
significance of variables. The one-way
analysis of variance (ANOVA) test
favored Pearson correlation. Tables S7 and
S8 demonstrated a substantial correlation
between the accumulation processes of Cd
and Ni into the soil, roots, and shoots of A.
viridis, but Ni is more significant than Cd
atp <0.05.
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5. Correlations among Cd oncentrations
and Ni concentrations in A. viridis soils,
roots and shoots

Figure (4 a and b) shows Pearson
correlation coefficients that demonstrates
the relationships between; (a) applied Cd
concentrations and measured Cd
concentrations in A. viridis soils, roots and
shoots and

(b) applied Ni concentrations and

measured Ni concentrations in A. viridis

soils, roots and shoots at the end of
experiment (Aihemaiti et al., 2017); (Liu et
al., 2018);(Laerd Statistics, 2020). The
results indicated that the increased Cd and

Ni concentrations in treatment had positive

significant correlations with measured Cd

and Ni concentrations in A. viridis soils,
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Table S7. One-way ANOVA for Cd concentrations in soil, roots and shoots of

Amaranthus viridis.

Cd Sum of Df Mean F Sig.
concentration Squares Square
Soil Between Groups 100728.441 5 20145.688 5833.714 0.000
(ppm) Within Groups  62.160 18 3.453
Total 100790.601 23
Root Between Groups 1503.542 5 300.708 1940.131 0.000
(ppm) Within Groups 2.790 18 0.155
Total 1506.332 23
Shoot Between Groups  29.050 5 5.810 41.633  0.000
(ppm) Within Groups 2.512 18 0.140
Total 31.562 23

Table S8. One-way ANOVA for Ni concentrations in soil, roots and shoots of

Amaranthus viridis

Ni Sum of df Mean F Sig.
concentration Squares Square
. Between 465139.461 5 93027.892 50256.521 0.000
Soil Groups
(PPM)  \Within Groups 33319 18 1.851
Total 465172.780 23
Between 71759.054 5 14351.811 8202.246  0.000
Root Groups
(ppm)  Within Groups 31.495 18 1.750
Total 71790.550 23
Between 11312.905 5 2262.581 22197.658 0.000
Shoot Groups
(PPM)  Within Groups  1.835 18 0.102
Total 11314740 23
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preventing its uptake by most of the plant
species (Liu et al., 2019). Ni uptake
decrease root length, plant height and
number of leaves in A. wviridis beyond
threshold concentration which may reach
to toxic dose for the candidate species
(Joseph et al., 2018).

Concerning metal uptake, results proved
an increment of metal concentration
absolute value in soil, roots and shoots of
A. wviridis at high levels of metal
augmentation. Actually, Cd and Ni are
belonging to the group of metals showing
a tendency to interact with low molecular
weight organic matter with an order of
affinity as follows: Cu > Cd > Fe > Pb >
Ni (Wuana and Okieimen, 2011);(Bolan et
al.,  2003).  Metallothionein’s  and
photoheating are low molecular weight
peptides and responsible for metal binding.
After binding, the previously mentioned
peptides sequestered metals in the vacuoles
of the plants leading to metal
detoxification and give hyperaccumulation
privilege to the plant species. (Leitenmaier
and Kiipper, 2013).

The resulting data of BCF and TF for Cd
and Ni is indicator for uptake and
accumulation of Cd more than Ni as a ratio
and in roots rather than in shoots. In
general, HMs stimulate root uptake at low
soil  concentrations but at  high
concentrations, root tolerance level is
broken and the transport cells are inhibited
and the passageway may be destroyed
(Kozminska et al., 2018). In particular,
existence of some anions like Cl - and
NOs in the soils influences sorption
behavior of Cd, which enhance Cd
sorption due to surface precipitation. The
lower concentrations of Cd and Ni in
shoots might have been attributed to the
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Phytoremediation is considered as an eco-
friendly potent technique of HMs
decontamination to reduce the associated
risks and maintain ecological restoration.
This technique adopts different approaches
to apply in HMs removal, One of them is
plants' investment in cleaning up the soil
(Subasi¢ et al., 2022).

This research is focusing on the capability
of A. viridis in removing Ni and Cd from
soil. When testing seed traits in front of
ascending concentrations of Ni and Cd, the
behavior varied between viability and
mortality during and after germination.
Survival percentage while wusing Ni
exceeds that of Cd. The findings of
(Moreira et al., 2020) may interpret ours,
he discussed the reasons beyond tolerance
of Lettuce seeds for all metals during
germination and concluded that the barrier
effect of seed coat prevented the metals to
come in contact with the developing
embryo. In addition, not all HMs have the
same impact and that is why while low Ni
concentrations stimulated the growth of
green leaves of Lettuce seedlings were
sensitive to low Cd concentrations.

Output data, when plant growth parameters
were indicators of stress conditions,
showed a depression in values of root
length, shoot length and leaves number of
A. viridis. These results indicating the
inverse relation between Cd and Ni uptake
from one side and growth criteria from the
other side. The exposure of plants to
excess levels of metals inhibits active
enzymes, inactivates photosystems, and
destruct mineral metabolism thereby
lowering plant growth (Fiizy et al., 2019).
It was proved that Cd as an example of
HMs could stand as an obstacle in
chlorophyll production mechanism thereby
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accumulation of Cd in roots more than in activity of a protective mechanism that
shoots. Other researchers suggested that limits HMs transportation to above-ground
when values of BCF is > 1.0 and TF is < tissues of the plants by their accumulation
1.0, A. viridis may have a good pathway to in the root vacuoles. (Leitenmaier and
be used in phytostabilisation. (Yap et al., Kiipper, 2013). Some researchers proved
2022). that Cd transfer to the shoots from the

roots was not efficient; this could explain

Acccumulation of hecasy metals
in harvestable plant biomass

|

MTMranslocation into shoots

I

Root uaptake

Fig. 6. Fate of heavy metals through roots to shoots and other parts of plant (Ashraf
et al., 2019).

Herein, all statistical analyses for this levels in the geochemical safe parts.

study which included descriptive analyses, = Many researchers reported a positive and

one way ANOVA and Pearson significant correlations for Cd and Ni
Coefficient variant, supported a highly between plant and their geochemical
positive significance between externally groups in the habitat topsoil’s, this

added Cd concentrations and determined hypothesis is in agreement with that of
Cd concentration and the same in case of (Yap et al., 2022).

Ni. According to Fan et al., 2017), these CONCLUSION:
metals were readily and potentially Presence of HMs in soil should be

bioavailable to the vegetables in the  controlled form their point sources and
environmental soil and it could be a proof non- point sources.

for a correlation between Ni and Cd from More efforts should be done to check

one side and their surroundings from the HMs spreading. Application of A. Viridis

other side In general, Cd and Ni levels in in the phytoremediation process could be

vegetables could be expected as a result used to remove HMs from the soil.

of higher levels of metals in soils. Ni Although the results of the present work

bioaccumulation in Amaranthus leaves manifest some morphological detrimental

and shoots could be influenced by the Ni  jmpacts on the studied plant as a result of
76
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HMs stress but a remarkable absorption
and mobility of Cd and Ni through plant
root and shoot were apparent. The
investigation of A. viridis efficiency in Cd
and Ni removal was achieved using
various concentrations. A. viridis was
proved to be a promising phytoextraction
factor as well as Phyto stabilizing agent
for Cd and Ni. The candidate plant was
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