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Abstract

Cleaning of pollutants from contaminated soils is a public matter to prevent their access to the food chain. There are many
technological methods that are used in the remediation of contaminated soils, but phytoremediation technology is the new
trend in the world because it does not cause damage on soil quality and it is an environmentally friendly method. This study
aims to use one of the halophytic plants [Atriplex lentiformis (Torr.) S.Wats] to clean a soil contaminated with cadmium
(Cd) and lead (Pb). Furthermore, the study aims to explore the mechanism of compost and nitrogen fertilization in the phy-
toremediation capacity of quail bush plants. A pot experiment was conducted for a year to evaluate the effect of compost and
nitrogen fertilization on the efficiency of quail bush [Atriplex lentiformis (Torr.) S.Wats] in removing Cd and Pb from the
contaminated soil. The experiment contained four treatments including control without any fertilization (C), compost (COM)
at a rate of 10 g kg™! soil, nitrogen fertilization (N) at a rate of 150 mg N kg™ soil, and combined application of compost
and nitrogen (COM + N). The application of N, COM, and COM + N significantly (P <0.05) enhanced the growth of quail
bush plants. The growth of quail bush plants as affected by N and COM treatments can be arranged in the descending order:
COM+N>N>COM>C. N, COM, and COM + N increased the Cd in shoots by 40, 33, and 60%, respectively, compared to
C, and increased Pb by 17, 7, and 23%. Quail bush plants removed 6.6—14.1% of the total soil Cd and 1.0-1.7% of the total
soil Pb. Quail bush removed 11, 10, and 14% of the total soil Cd when the soil was amended with N, COM, and COM + N,
respectively, while it removed 1.48, 1.28, and 1.74% of the total Pb as results of the same treatments. The addition of COM
and N led to an increase in the synthesis of chlorophyll and a decrease in the synthesis of proline and oxalate which are used
to control the osmosis of plant cells. The single addition of N and COM led to significant improvement in alleviating the
toxicity stress, while adding them together significantly outperformed the individual additions. The ability of quail bush
plants in cleaning the polluted soil increased as a result of nitrogen and compost application due to the increase in the metal
concentration in the shoot and the increase in the total plant biomass. The studied quail bush plants have a high ability to
withstand Cd and Pb in polluted soil, but their ability to remove Pb from the contaminated soils is weak, while they remove
large amounts of Cd. Quail bush plants grown on metal-contaminated soils removed 14% of the total soil Cd during a year
when amended with both compost and nitrogen.
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1 Introduction

The contamination of soil with toxic elements is an impor-
tant issue to maintain the health of living organisms and
to ensure sustainable development (Zeng et al. 2020;

< Mamdouh A. Eissa
mamdouh.eisa@aun.edu.eg

Extended author information available on the last page of the article

Khalilzadeh et al. 2020). The accumulation of these ele-
ments in the soil or reaching them to the ground water may
be harmful to people, animals, plants, and other organisms
(Eissa and Negim, 2018; Sharma et al. 2021). These ele-
ments reach the soil through some human and industrial
activities such as mining and heavy industries, adding
organic and mineral fertilizers, and using untreated waste-
waters to irrigate agriculture lands (Seleiman and Kheir
2018; Wu et al. 2021). The metal-contaminated soils must be
remediated and pollutants must be removed to ensure food
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safety (Almaroai and Eissa 2020; Wu et al. 2021; Sharma
et al. 2021).

Remediation methods of metal-contaminated soils, e.g.,
washing, vitrification, and solidification, are not effective in
agriculture lands, and they are expensive and cause soil dis-
turbances (Martin and Ruby 2004; Khan et al. 2021). Phy-
toremediation and more specifically phytoextraction, which
was based on the removing of metals from soil into plant
shoot tissues, has been posed as a cost-effective, environ-
ment-friendly alternative restoration strategy for the remedi-
ation of contaminated soils (Kumar et al. 2021). Halophytic
plants occur naturally in saline environments and can also
be cultivated on saline soils or irrigated by saline water (Li
et al. 2021). Halophytic plants have different physiological
mechanisms that allow them to tolerate high levels of salts
in soils and water such as the secretion of substances that
help to restore the osmotic pressure of cells, e.g., proline
and oxalates, as it raises the content of cells of antioxidants
when exposed to salt stress or toxicity of elements (Lutts
et al. 2004; Eissa and Roshdy 2018; Li et al. 2021). Atriplex
is a genus of the halophytic plants and contains more than
100 species and may be of importance for phytoremediation
because of its high yield production and good root system
able to cope with the poor structure and xeric characteris-
tics of several polluted materials (Ding et al. 2021a, 2021b).
Shoot tissues of these species contain high concentrations
of substances regulating the osmotic pressure of plant cells,
which may assume positive functions in tolerance mecha-
nisms to metal stress (Eissa 2017; Eissa and Roshdy 2018;
Eissa and Abeed 2019). Use of some halophytic plants in
phytoremediation was reported by Manousaki and Kaloge-
rakis (2009) and Eissa (2017). Atriplex is one of the most
important halophytic plants and is known by the common
names of saltbush. The genus is widely distributed in the
different world deserts. A few numbers of these species were
studied for phytoremediation. A. lentiformis plants accumu-
late high levels of Cd and Pb in their root and shoot tissues
and have been used as a hyperaccumulator in several studies
(Lutts et al. 2004; Manousaki and Kalogerakis 2009; Eissa
2017).

In contaminated soils, humic substances in the organic
fertilizers form soluble complexes with heavy metals, and
the degree of solubility and plant uptake of these elements
is determined by the type of organic matter and the nature of
its interaction with the soil (Conte et al. 2005; Eissa 2017,
Yildirim et al. 2021). Soil environment factors such as soil
pH and the ionic composition of other soil solutions affect
the direction of these interactions (Conte et al. 2005; Eissa
2017). Compost has been widely used as soil conditioners
and soil fertilizers (Ding et al. 2020; Li et al. 2021; Ding
et al. 2021a, 2021b). This practice has been recommended,
since soil fertility needs to be sustained (Li et al. 2021;
Yildirim et al. 2021). Compost has several beneficial effects
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as a nutrient source for plant production and does not have
deleterious impacts on soil and plant (Hua et al. 2008; Scotti
et al. 2016). Compost contains many enzymes and hormones
that can promote plant growth (Liu et al. 2021). Several stud-
ies have documented the beneficial effects of the application
of compost on several types of soil with proper amendment
rate (Singh and Agrawal 2007; Ding et al. 2020; Liu et al.,
2021; Ding et al., 2021a, 2021b). The role of compost in
increasing the phytoextraction of metal-contaminated soils
by using halophytic plants needs to be evaluated. Nitrogen
is a plant nutrient and is required by plants in larger amounts
than other elements (Marschner 1997). Nitrogen is an essen-
tial component of many vital compounds in plant, such as
chlorophyll, nucleotides, proteins, alkaloids, enzymes, hor-
mones, and vitamins; besides, N plays an important role in
plant photosynthesis by improving leaf area index (Marschner
1997). Nitrogen increases the ability of plants to withstand
heavy metal toxicity and improves the plant growth, and
therefore, supplying plants with N can contribute to the
removal of a greater amount of toxic elements from polluted
soils (Noaman 2004; Weia et al. 2010; Eissa and Roshdy
2018). Plant nutrition plays an important role in heavy metal
uptake, but there is little information about the effect of N
nutrition on the phytoextraction of Cd and Pb by quail bush
plants.

The use of plants to remove toxic elements from the con-
taminated soil is one of the modern technological means that
preserve the environment ecosystems (Ali et al. 2021; Chen
et al. 2021). There is not much information available on the
use of quail bush [Atriplex lentiformis (Torr.) S.Wats] on
the removal of Cd and Pb from polluted soils; therefore, this
study was conducted to fill this gap. There is a little informa-
tion about the response of quail bush plants to nitrogen and
compost fertilization under metal-contaminated soils. The
current research paper aims to study the following hypoth-
eses: quail bush plants which are halophytic plants will toler-
ate the high concentrations of heavy metals as it resists the
high concentrations of salts in soil and in irrigation water.
The other investigated hypothesis is that the ability to resist
metal toxicity can be improved through mineral and organic
nutrition. Therefore, this study aims to evaluate the accu-
mulation of Cd and Pb by quail bush plants as affected by
nitrogen and compost.

2 Material and Methods
2.1 Soil and Compost Characterization

The soil in this trial was collected from Illwan, Assiut, Egypt
(27° 12' 01.9" N, 31° 05’ 46.5" E), and Table 1 shows the
basic properties. The soil in the experimental site contains
high levels of Cd and Pb due to the irrigation with untreated
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Table 1 Basic chemical and physical properties for the studied soil

Soil properties Value

Clay (gkg™) 43+4
Silt (g kg™h) 157+15
Sand (gkg™) 800+25
Texture Sandy loam
CaCo; (gkg™) 50+6
CEC (cmol kg™ 1743

pH (1:2) 7.92+0.08
EC (1:2) (dSm™}) 2.11+0.15
Organic carbon (g kg™") 3.50+0.2
Total nitrogen (mg kg™") 100+7
Total Pb 850+28
Available Pb 4.8+0.2
Total Cd 40+5
Available Cd 2.4+0.09

Each value represents the means of four replicates (+ SD)

CEC cation exchange capacity, EC electric conductivity of soil solu-
tion

sewage wastewater for more than 60 years. The soil sample
was air dried and sieved to pass through a 2-mm sieve. After
preparation of soil, it was filled into the pots, while keeping
a sample to estimate the physical and chemical properties.

The soil texture was determined by pipette method
(Carter and Gregorich 2007). The soil pH was measured in
a 1:2 (soil to water) suspension, while the soil salinity was
measured by salt bridge method in 1:2 (soil to water) extract
(Carter and Gregorich 2007). Dichromate oxidation method
was used in the determining soil organic matter (Carter and
Gregorich 2007). Soil total carbonates were measured by
using a Collins calcimeter and expressed as CaCO; (Carter
and Gregorich 2007). Total nitrogen was estimated by micro-
Kjeldahl distillation method (Carter and Gregorich 2007).
The available form of Cd and Pb was extracted by DTPA
method and then measured by atomic absorption spectropho-
tometer (AAS) (Lindsay and Norvell 1969). The soil sample
was subjected to acid digestion (HF-HNO;-HCIO, (1:1:1,
v/Vv)) to extract the total Cd and Pb (Burt, 2004).

Compost used in this study is a commercial product and
was prepared from maize residues and cow farm wastes at a
ratio of 3:1 (w/w). The chemical properties of the compost
were determined according to Burt (2004) before using it in
the study, and they are presented in Table 2. Compost sample

Table 2 Some chemical properties of compost

(2 g) was used to measure the total organic carbon by com-
bustion method at 650 °C for 5 h (Burt 2004). The sample
of compost was digested by a mixture of H,SO, and HCIO,
(1:1 v/v) acids to determine the nitrogen (N), phosphorus
(P), potassium (K), cadmium (Cd), and lead (Pb). The pH
of compost was determined by using a digital pH meter in
a 1:10 suspension, while the salt content was determined in
1:10 compost:water extract by the salt bridge method (Burt
2004).

2.2 Pot Experiment

Quail bush [Atriplex lentiformis (Torr.) S.Wats] seeds were
brought from the Desert Cultivation Center at Assiut Uni-
versity, Egypt, and then planted in pots filled with sandy soil
and compost (2:1). After 2 months, the seedlings (15 cm
length with four leaves) were transferred to the pots in
which the experiment was conducted. A pot experiment in
a greenhouse (25 °C and 12-h light) was conducted to study
the ability of quail bush plants to accumulate Cd and Pb as
affected by nitrogen and compost treatment. The experiment
contained four treatments including control without any fer-
tilization (C), compost (COM) at a rate of 10 g kg_1 soil,
nitrogen fertilization (N) at a rate of 150 mg N kg~! soil, and
combined application of compost and nitrogen (COM + N).
The experiment includes 16 total pots with four pots for each
treatment. The experiment was laid out in a completely ran-
dom design (CRD) with four replicates. Plastic pots (15 cm
in diameter and 20 cm in depth) were filled with 5 kg of
the studied contaminated soil. One seedling of quail bush
was cultivated in each pot. Pots were carefully watered to
near field capacity. Compost was added to the pots during
the preparation of soil and before cultivation. Nitrogen was
added to the pots of each treatment in the form of NH,;NO;
(33% N). A solution containing nitrogen rate was prepared
and added in three equal doses during the plant growth
period: the first was after 2 weeks of seedling cultivation,
the second was 3 months later, and the last one was 3 months
later of the second addition. After 1 year of seedling cultiva-
tion, the roots and shoots were removed from the pots.

2.3 Plant Analysis
Plants were left in pots for 1 year of transplanting. At the

end of the experiment, the plant samples were collected and
washed by tap water twice. Inorganic wastes were removed

pH 1:10 Salts (dS m™) Organic C (gkg™") N (%)

P (%) K (%) Pb(gkg™) Cd(gkg™)

8.02+0.08 3.8+0.2 35016 1.5+0.13

0.43+0.08 0.72+0.10 0.08+0.03 0.02+0.00

Each value represents the means of four replicates (+ SD)
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from the plant samples by washing in 0.1 HCI and Tween
80. The plant samples then were washed with distilled water.
After air drying, the plant samples were oven-dried (70 °C),
ground, and then submitted to acid digestion using a mix-
ture of 2:1 HNO;:HCIO,. Cd and Pb concentrations were
determined by atomic absorption spectrophotometer (Perki-
nElmer Analyst 200 AA, USA) with detection limits of 0.01
and 0.001 mg L~! for Pb and Cd, respectively. Proline in the
fresh leaves was extracted by sulfosalicylic acid and then
determined by the method of Bates et al. (1973). Chloro-
phyll was extracted from the fresh leaves by acetone and
then measured by Arnon (1949) method. The leaf content
of oxalic acid was extracted by 0.25 N HCI and then titrated
by 0.02 N KMnO, (Naik et al. 2014).

2.4 Statistical Analysis

The obtained results were checked for normality by the Sha-
piro—Wilk test and then the data were subjected to one-way
ANOVA to test the significance. Means were compared by
Duncan. All the statistical tests were run by SPSS 17.0 soft-
ware package (SPSS, Chicago, IL, USA).

3 Results

3.1 Effect of Compost and Nitrogen Fertilization
on the Growth of Quail Bush Plants

The application of COM and N fertilization had signifi-
cant (P <0.05) effects on the growth of quail bush plants
(Table 3). The root dry weight (RDW), shoot dry weight
(SDW), leaf number (LN), leaf area (LA), and plant height
(PH) of quail bush plants were increased when the soil was
fertilized with the organic or inorganic amendments. Both
N and COM led to significant increases in the growth char-
acteristics, while adding them together (COM + N) signifi-
cantly outperformed the individual additions. N increased
RDW, SDW, LN, LA, and PH by 40, 20, 17, 43, and 72%,
respectively, compared to C, while these increases were
37,13, 7, 33, and 56% in the case of compost. Addition of

COM + N increased RDW, SDW, LN, LA, and PH by 51,
33, 28, 60, and 95%, respectively, compared to C. In gen-
eral, the maximum growth of quail bush was found in the
soil amended with COM + N, while the lowest value was
in C. The growth of quail bush plants as affected by N and
COM treatments can be arranged in the descending order:
COM +N>N>COM.

3.2 Effect of Compost and Nitrogen on the Uptake
of Cd and Pb

Cd concentrations ranged between 350 and 500 mg kg™! in
the roots and between 88 and 141 mg kg~! in the shoots,
while these values were 700-820 and 300-370 mg kg~!,
respectively, in the case of Pb concentrations. Roots con-
tained higher concentrations of Cd and Pb than shoots
(Fig. 1). The concentrations of Cd and Pb in the roots and
shoots of quail bush plants were affected significantly
(P<0.05) by COM and N treatments. Single additions or
combined application of COM and N increased the con-
centrations of Cd and Pb in the roots and shoots of quail
bush plants. The single application of N increased Cd in
the roots and shoots by 29 and 40% and increased Pb in the
root and shoot by 14 and 17%, respectively, compared to
the control (C). COM increased Cd in the roots and shoots
by 14 and 33% and increased Pb in the root and shoot by
7%, respectively, compared to C. The combined addition of
COM +N increased Cd in the roots and shoots by 43 and
60% and increased Pb in the root and shoot by 17 and 23%,
respectively, compared to C.

The ability of quail bush in removing Cd and Pb from
the metal-contaminated soil was increased significantly
(P<0.05) as aresult of COM and N addition (Fig. 2). Quail
bush plants removed 6.6-14.1% of the total soil Cd and
1.0-1.7% of the total soil Pb. The studied plants were able
to remove remarkable and large amounts of Cd from the
polluted soils, while the removed quantities were very small
in the case of Pb. N and COM increased the ability of quail
bush plants to remove Cd and Pb, and the double addition of
the two amendments was more effective in raising the effi-
ciency of the tested plants in cleaning the soil from that toxic

Table 3 Effect of nitrogen (N)

Treatments RDW SDW PH Leaves number plant™! Leaves area
and compost (COM) on growth 1 P
. . plant™ (cm?)
of A. lentiformis
C 75+1.55¢ 1505407 128+5.507 98 +2.22° 150+5.28¢
COM 103+£1.56° 170 +5.66° 200+5.20° 105 +2.44° 200+6.25°
N 105+1.33°  180+6.44°  220+5.10°  115+3.33° 215+5.11°
COM+N 113 +1.55% 200+5.53% 250+5.40% 125 +3.45% 240 +5.66"

Means (+standard deviation, n=4) denoted by different letters are significantly different at P <0.05

C control without amendments, RDW root dry weight (g pot™"), SDW shoot dry weight (g pot™"), PH plant

height (cm)
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Fig. 1 Cd and Pb concentrations 600 1 mRoots O Shoots
in the roots and shoots of quail
bush plants as affected by nitro-
gen (N) and compost (COM). 500
C, control without amendments.
Means (+ standard deviation, —~ 400
n=4) denoted by different let- T
ters are significantly different at 3
P<0.05 £ 300
-’
=
Q
200
100
0
C COM
16 ECd oOPb

% Removed metal from soil

C COM N

COM+N

Fig.2 Effect of nitrogen (N) and compost (COM) on the abil-
ity of quail bush plants in removing Cd and Pb from polluted soil.
C, control without amendments. Means (+ standard deviation, n=4)
denoted by different letters are significantly different at P<0.0. %
Removed element=(Metal in shoot (mg kg~!)x Shoot dry weight (g
pot™")x 100)/(Total metal in soil (mg kg™") x Soil weight in pot (g))

elements. Addition of N increased the removed Cd and Pb
by 68 and 40%, respectively, compared to the control, while
compost increased these values by 51 and 21%. Addition
of COM + N increased the removed Cd and Pb by 113 and
64%. Quail bush plants grown on the contaminated soils and
amended with COM + N removed 14 and 1.7% of the total
soil Cd and Pb, respectively.

N COM+N C

1,000 7 mRoots O Shoots
900

800
700
600
500

Pb (mg g™)

400
300
200
100

COM N

COM+N

3.3 Effect of Compost and Nitrogen Fertilization
on Soil Characteristics and Availability of Cd
and Pb

The studied soil properties were affected significantly by
the addition of nitrogen fertilizer N and COM (Table 4).
The sole application of N increased the organic C and
cation exchange capacity by 13 and 6%, respectively, com-
pared to C, while COM increased these values by 34 and
18%. The combined addition of COM + N increased the
organic C and cation exchange by 37 and 18%. The sole
application of N reduced Cd and Pb availability by 22
and 13%, respectively, compared to C, while COM mini-
mized these values by 18 and 7%, respectively. Addition of
COM + N reduced Cd and Pb availability by 40 and 18%
compared to the non-amended soil. The addition of COM
and N fertilization significantly (P <0.05) reduced the soil
pH in comparison to C. The soil pH was reduced from 7.88
to 7.80, 7.73, and 7.62 when the soil was amended with
COM, N, and COM + N, respectively. Adding COM + N
was more effective in reducing the soil pH compared to
the single additions.

Table 4 Effect of nitrogen (N) and compost (COM) on soil characteristics and availability of Cd and Pb

Treatments  Organic-C (gkg™!)  Cation exchange ECdSm™) pHI1:2 DTPA-Cd (mgkg™')  DTPA-Pb (mg kg™
capacity (cmol kg™

C 3.8+0.26° 17+1.20° 2.50+0.06° 7.88+0.06¢  2.22+0.05* 4.40+0.24*

COM 5.1+0.23% 20+1.31% 3.40+0.07* 7.80+0.03¢ 1.82+0.05° 4.10+0.35°

N 43+0.12° 18+1.12% 3.50+0.08" 7.73+0.02°  1.73+0.08° 3.85+0.25¢

COM +N 52+0.15% 20+1.52° 3.60+0.09* 7.62+0.05*  1.33+0.06¢ 3.63+0.37¢

Means (+standard deviation, n=4) denoted by different letters are significantly different at P <0.05

C control without amendments, EC electric conductivity of soil solution
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4.50 4 B Chlorophyll-a @ Chlorophyll-b a
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Pigment content (mg g~! fresh weight)
=2

0.00 - —
C COM N COM+N

Fig.3 Chlorophyll content in the leaves of quail bush as affected by
nitrogen (N) and compost (COM). C, control without amendments.
Means (+standard deviation, n=4) denoted by different letters are
significantly different at P <0.05

120 1 H Proline O Oxalic acid content
a
100 A
2 b
S a
§ %0 b ;i b
= be
= C
$ 60 -
&
I
£ 40
o
£
20 4
0 4
C COM N COM+N

Fig.4 Proline and oxalic acid content in the leaves of quail bush as
affected by nitrogen (N) and compost (COM). C, control without
amendments. Means (+ standard deviation, n=4) denoted by different
letters are significantly different at P <0.05

3.4 Effect of Compost and Nitrogen Fertilization
on Some Biochemical Compounds in the Leaves
of Quail Bush Plants

COM and N significantly (P <0.01) reduced the proline
and oxalic acid content in the leaves of quail bush plants
grown on the contaminated soil (Fig. 3); on the other hand,
the mentioned amendments caused significant increases
(P <0.002) in the chlorophyll content (Fig. 4). The addition
of N to the contaminated soil reduced the proline and oxalic
acid content in quail bush leaves by 22 and 17%, respec-
tively, compared to C, while compost minimized these val-
ues by 17 and 10%. N addition increased chlorophyll a and
chlorophyll b by 17 and 19%, while these increases were 10
and 14% in the case of COM. Addition of COM + N reduced
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the proline and oxalic acid by 27 and 23%, respectively; on
the other hand, this treatment increased the chlorophyll @ and
chlorophyll b by 33 and 24%, respectively, compared to C.

4 Discussion

Long-term use of untreated wastewaters in the irrigation of
agriculture soils increases the levels of toxic metals; more-
over, it may also lead to the access of these elements to
the food chain, which poses a threat to the health of living
organisms and the environmental ecosystem (Khalilzadeh
et al. 2020; Kheir et al. 2021; Ding et al. 2021a, 2021b).
The levels of total Cd and Pb in the soil used in this study
were 40 and 850 mg kg~!, while the available forms were
2.4 and 4.8 mg kg™! (Table 1). The soil of the current study
contains levels of Cd and Pb above the permissible limits
of European Union Standards (EU 2002) and United States
Environmental Protection Agency (USEPA 1997). The two
mentioned agencies confirm that soil containing more than 3
and 300 mg kg™! of total Cd and Pb, respectively, is consid-
ered a metal-contaminated soil. The main reason for raising
the limits of Cd and Pb in the current studied soil is the addi-
tion of untreated sewage wastewater for more than 60 years.
Therefore, remediation of metal-contaminated soil is impor-
tant in order to preserve the non-renewable resources in
order to achieve sustainable development (Ding et al. 2021a,
2021b; Almaroai and Eissa 2020).

Plants that are used in the phytoremediation of polluted
soils must be characterized by their high ability to grow
under the metal stress conditions (Eissa and Abeed 2019).
Quail bush plants, in the current study, were able to grow
under the high levels of Cd and Pb toxicity without showing
any symptoms of being affected by these high concentra-
tions. The high toxicity of metals in the contaminated soils
is the first problem facing the plant growth. The presence of
these toxic elements in plant growth media leads to physi-
ological damage to the plant cells, which may lead to the
plant’s inability to complete its life cycle, and this depends
primarily on the presence of the plant’s defense systems
to counter this type of stress (Zheng et al. 2021; Rai et al.
2021).

The growth of quail bush plants in the contaminated
soil was improved significantly by the addition of nitrogen
and compost. Both nitrogen and compost led to remarkable
increases in the growth characteristics, while adding the two
mentioned amendments together significantly outperformed
the individual additions. Compost and nitrogen are valu-
able soil conditioners and source of plant nutrients and their
positive effects on the plant growth have been reported in
several studies (Ding et al. 2020; Pampuro et al. 2020; Liu
et al. 2021). The increase in the quail bush plants planted on
the metal-contaminated soil is due to increasing the nutrient
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availability and chlorophyll synthesis and alleviating the
metal toxicity stress (Al-Sayed et al. 2020; Liu et al., 2021;
Rai et al. 2021). Compost addition increases nutrient avail-
ability, improves soil structure and water holding capacity,
and enhances the soil microbial activities and enzymes (Liu
et al. 2021). Providing quail bush planted on the contami-
nated soil with adequate amount of N improves the growth
by increasing the photosynthesis and the total leaf area, thus
lead to increase in the total plant biomass (Noaman 2004; Qi
et al. 2019; Chen et al. 2020). Adequate amounts of essential
nutrient, e.g., nitrogen, not only affect the plant growth, but
also alleviate the metal toxicity (An et al. 2002; Eissa and
Roshdy 2018). In the current study, the addition of com-
post and nitrogen alleviated the metal toxicity and reduced
the accumulation of proline and oxalic acid in the leaves
of quail bush plants. Plants exposed to metal stress direct
their energy to form some compounds that help them regu-
late the osmosis of plant cells, but in the end, this comes at
the expense of plant growth (Eissa and Roshdy 2018; Eissa
and Abeed 2019; Ma et al. 2021). The combined addition
of compost and nitrogen increased the uptake of Cd and
Pb by quail bush plants. The high ability of quail bush in
absorbing Cd and Pb under the compost and nitrogen ferti-
lization is due to the improving of root growth. The addition
of N enhanced the root biomass, root surface area, and root
length (Chen et al. 2020). In the current study, the combined
application of compost and nitrogen increased the root bio-
mass of quail bush plants by 55% compared to the untreated
soil. Increasing the growth of roots enables to explore more
area of soil (Qi et al. 2019; Chen et al. 2020). Moreover,
the application of compost and nitrogen reduces the soil
pH from 7.88 to 7.62. Lowering the pH of the alaknie soil
decreases the metal adsorption by clay minerals and organic
soil collides and this may increase the availability of soil Cd
and Pb (Zeng et al. 2011; Wei et al. 2020).

The roots of quail bush plants in the current study con-
tained 350—-500 mg kg~! of Cd and 700-820 mg kg~ of Pb
(dry weight basis), while the aboveground parts contained
88—141 and 300-370 mg kg~' of Cd and Pb, respectively.
The toxicity limits in plant tissues are 5-30 (Cd) and 30-300
(Pb) mg kg'1 (dry weight basis) (Kabata-Pendias 2001). The
studied quail bush plants were able to withstand concentra-
tions of Cd and Pb much higher than the toxicity limits in
traditional plants, which qualifies them for use in the phy-
toremediation of soil contaminated with toxic metals. The
plants that used in phytoremediation of metal-contaminated
soils must have strong tolerance to metal toxicity without
showing symptoms of toxicity (Baker et al. 2000). The stud-
ied soil contains 850 and 40 mg kg™! of Pb and Cd which
are above the permissible limits (Inglezakis et al. 2014).
Although the studied soil and plant tissues contain con-
centrations higher than the toxicity limits of Cd and Pb, no
symptoms of toxicity of elements appeared on the tested

plants, which make them eligible for use in the remediation
of polluted soils. The quail bush plants are able to protect
themselves against toxicity stress through vacuolar seques-
tration of toxic elements, by linking these metals to some
organic acids, e. g., malate, citrate, or oxalate, or by phyto-
chelating by glutathione (Lutts et al. 2004; Ali et al. 2013;
Eissa 2017; Eissa and Abeed 2019).

Quail bush plants removed 6.1-14.1% of the total soil Cd
and only 1.0-1.7% of the total soil Pb. The studied plants
were able to remove large amounts of Cd from the polluted
soils, while the removed quantities were very small in the
case of Pb. Phytoextraction is the use of plant in removing
toxic elements from contaminated soils, water, and sludge,
and the plants used for that technique are able to absorb toxic
element by their roots and then transfer to the aboveground
parts (Chaney et al. 1997). The removed amount of element
depends on the concentration of the element in the shoot
multiplied by the total dry weight of the aboveground parts
(Chaney et al. 1997). The combined addition of compost
and nitrogen increased the growth of roots and shoots of
quail bush plants. Increasing the growth of the root system
of quail bush plants encouraged the plants to reach a larger
volume of contaminated soil and thus increased the plant’s
ability to remove Cd and Pb from the soil. On the other
hand, the addition of nitrogen fertilizer with compost led to
a significant improvement in the vegetative growth and thus
increased the total biomass of the plant. Addition of com-
post and nitrogen to quail bush plants grown on the metal-
contaminated soils is an effective tool to increase the root
and shoot growth (Eissa and Ahmed 2016; Eissa and Roshdy
2018; Feng et al. 2020).

5 Conclusion

Phytoextraction which is a technique of using plants in
removing toxic elements from contaminated soils has
become one of the most effective and widespread means
because it is safe for environmental ecosystems. In this
research paper, quail bush plants were used in the phyto-
extraction of cadmium (Cd) and lead (Pb) from a metal-
contaminated soil. Quail bush plants removed 6.1-14.1% of
the total soil Cd, while in the case of Pb, they only removed
1.0-1.7% of the total soil Pb. The addition of compost and
nitrogen increased the ability of quail bush plants in remov-
ing Cd and Pb from the contaminated soil. The addition of
compost and nitrogen alleviates the metal toxicity stress and
increases the removed metal at the end of the experiment.
Quail bush plants planted in polluted soils and amended
with both compost and nitrogen can remove 14% of the
total soil Cd during a year. The finding of the current study
confirms that the studied quail bush plants can remove large
amount of soil Cd and negligible amount of Pb from the
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contaminated soils. More studies are required on the use
of soil conditioners and nutrients to stimulate the ability
of these plants to remove larger amount of polluting ele-
ments. Field studies are required to evaluate various rates
and types of organic amendments. In addition, the fractions
of heavy metals should be studied to explore the mechanism
of transformation of heavy metals in the contaminated soils
as a result of the addition of soil amendments.
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