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Abstract

Little is known about the efficiency of biochar in the safety of food production in arid and semiarid contaminated soils. A field
experiment in the semiarid region of Upper Egypt was conducted to explore heavy metals uptake by zucchini (Cucurbita pepo L)
plants as affected by the application of cow manure biochar (CMB). Three rates of CMB were added, i. e., 0, 4, and 8 tonnes ha .
The roots and shoots of zucchini plants stored 75 and 78% of Zn and Cu, respectively, while 25 and 22% were transported to the
edible portions. On the other hand, the roots and shoots of zucchini plants stored more than 99% of Pb and Cd, while less than 1%
was transported to the edible portions. Cow manure biochar (CMB) minimized the values of bioaccumulation factor (BAC) for
Zn, Cd, and Niby 5.6, 21.9, and 27.9%, respectively, while these reductions in the case of translocation factor (TF) were 4.9, 7.5,
23, and 5.9%. Cow manure biochar at a rate of 4 tonnes ha ' reduced the availability of Zn, Cu, Pb, Cd, and Niby 13.3, 8.3, 13.8,
9.1, and 3.6%, respectively, compared to the control treatment. Cow manure biochar at a rate of 8 tonnes minimized Zn, Cu, Pb,
Cd, and Ni concentrations in the edible parts of zucchini plants by 10, 17, 66, 20, and 26%, respectively, in comparison with the
untreated soil. Biochar reduced the heavy metals bioavailability, moreover; biochar minimized the soil-root transfer and the root-
shoot of toxic metals. It is recommended to add cow manure biochar to zucchini plants to reduce the accumulating of hazard
metals in the edible tissues.
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Introduction agriculture lands located near urban are irrigated by

wastewaters because of the low availability of the fresh

Water accounted for about 50-97% of plant and animal
bodies; moreover, it is vital for all biological processes in
plant and animal cells (Buchholz 1998). The fresh water
recourses in the world are very limited and only 0.6% of
the total world water resources is fresh water (Fakayode
2005). Fresh water resources have been decreased at an
alarming rate and this problem enlarged in the arid and
semiarid conditions where high evapotranspiration rates
(Qadir et al. 2008; Eissa 2016). Large parts of the
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ones (Eissa 2016). The use of sewage wastewaters in ir-
rigation provides the soil with nutrients and organic mat-
ter; moreover, it is an inexpensive system for wastewaters
disposal (Ghosh et al. 2012; Eissa 2016).

Accumulation of heavy metals in the agricultural soils has
largely resulted due to anthropogenic activities and the addition
of fertilizers and best side (Khan et al. 2016; Rizwan et al.
2016). The quality of soil as well as the crop yield production
is declined due to soil contamination (Eissa et al. 2016; Rizwan
et al. 2016). The use of sewage wastewaters to irrigate plants is
the main source of heavy metals contamination of soils and
plants (Eissa and Ahmed 2016). In many developing countries,
these water resources may, in most cases, use as diluted raw
sewage (Eissa 2016). Wastewaters contain high levels of cad-
mium (Cd), nickel (Ni), led (Pb), chromium (Cr), and arsenic
(As). These elements are not essential for plant and animal
nutrition (Kanwar and Sandha 2000). The use of sewage waste-
waters in the irrigation processes may cause remarkable in-
creases in the heavy metals concentrations in the agriculture
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lands (Ghosh et al. 2012). Elevation of soil heavy metal content
will lead to introduce the metals to the vegetables and cereals
crops causing a potential health risk to different organisms
(Gupta et al. 2011). Toxicity of trace elements in plants culti-
vated in metal-contaminated soils is significantly higher than in
those grown on non-contaminated ones (Gupta et al. 2011).
Lead and cadmium are the metals of most concern due to the
potential toxicity for animals and plants (Wolnik et al. 1983).
Lead is the most common trace element contaminant in the
environment and a small amount of absorbed Pb may be toxic
to organisms (Watanabe 1997). Zinc and copper are essential
nutrients for plants and animals; however, when they are found
in high levels they can be toxic (Marchner 1995). It is known
that the hazard of pollutions storing in the soil, water, and air
affects the quality of products and healthiness (Eissa et al. 2014;
Antisari et al. 2015; Eissa and Ahmed 2016).

In situ immobilization of toxic elements is recommended for
remediation of metal-contaminated soil because it is effective in
reducing the metals bioavailability with low costs (Lee et al.
2009). It involves applying amendments to reduce metals avail-
ability in soil (Zhou et al. 2014). Recently, numerous amend-
ments for metal-contaminated soil have been used, such as
apatite, lime, zeolite, red mud, compost, and biochar (Lee
et al. 2009; Zhou et al. 2014; Mahmoud and Abd El-Kader
2015; Yang et al. 2017; Gu et al. 2018). Stabilization mecha-
nisms contain precipitation, complexes formation, surface ad-
sorption, and ligands or ion exchange (Mahmoud and Abd El-
Kader 2015). Biochar is among the most effective materials, as
it contains plant nutrients, improves the physical and chemical
properties of farmland, and is more cheaper than other materials
(Rehman et al. 2016, 2017; Amin and Eissa 2017; Abbas et al.
2018). The capacity of cation adsorption per unit of carbon unit
of biochar is higher than other organic materials (Sombroek
et al. 1993). The high adsorption capacity of biochar may due
to its higher negative charges and higher charges density, more-
over, its great surface area (Liang et al. 2006; Rizwan et al.
2016; Rehman et al. 2017; Gu et al. 2018). Biochar has differ-
ent mechanisms in immobilization of heavy metals including
ion exchange, precipitation, pore filling, electrostatic interac-
tion, portioning, and surface sorption (Rehman et al. 2016;
Abbas et al. 2018; Rwizan et al. 2018). Summer squash is
one of the most important crops of the family Cucurbitaceae
and of highly polymorphic vegetable grown during summer in
tropical and subtropical condition (Sharma 2010; Tartoura et al.
2014). The edible part of zucchini is the fruit and it contains
high levels of vitamins and minerals (Tartoura et al. 2014).
Little information is available about the quality of zucchini
plants cultivated on a metal-contaminated soil.

The plant has a natural capability to uptake metals from soil
and to transfers to the shoots tissues depending on the biolog-
ical practices in which the metal is involved (Ximénez-Embun
etal. 2002). Heavy metal is defined as a metal with a density >
50¢g cm3 (Seaward and Richardson 1990), like essential
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plant nutrients, heavy metals can be taken up by plants
(Marchner 1995). Some heavy metals are plant nutrients,
e.g., Zn, Cu, and Mn and others are not essential nutrients
such as Cd, Pb, and Ni (Marchner 1995).

Elements transport has a special interest because of the
implications for the remediation of contaminated sites by
plants (Eissa et al. 2013; Eissa 2015). But the available ac-
knowledge about the transport processes for an element from
soil to roots and from roots to shoots are still rudimentary in
most cases (Park et al. 2012). The investigation of the trans-
location of metal from the soil to the plant and determine the
places of accumulation at harvest stage helps greatly in mak-
ing the right decision in the management of metal-polluted
soils (Eissa 2014; Eissa et al. 2014; Eissa and Ahmed 2016).

Biochar has high ability in reducing metals availability and
uptake by plants. So, this research work hypothesizes that bio-
char application may be an effective tool in enhancing the safe-
ty of food production in metal-contaminated soils. The current
research was conducted to investigate the uptake and translo-
cation of toxic metals by zucchini plants cultivated on a metal-
polluted soil as affected by cow manure biochar application.

Materials and methods
Biochar production and characterization

Cow manure was collected from the Agricultural
Experimental Station farm of the Faculty of Agriculture,
(Assiut University, Egypt, 27° 12 N latitude and 31° 09 E
longitude). The collected manure was air-dried then was
oven-dried at 70 °C for 2 days. The dried cow manure was
pyrolyzed (400 °C). Then, the produced biochar was crushed
by a stainless steel mill. The total organic carbon in the biochar
was determined by using the loss-on-ignition method (Ball
1964). Two-gram sample of biochar was digested in H,SO,4
and HCIO, (1:1 v/v), then were analyzed for the total nitrogen,
Zn, Cu, Cd, and Pb content. The pH of biochar was measured
by a digital pH meter in a 1:10 suspension. The electrical
conductivity (EC) was estimated in 1:10 extract using the salt
bridge method (Burt 2004). The main chemical characteristics
of cow manure biochar are shown in Table 1.

Field experiments

Three rates of cow manure biochar (CMB) were used in the
current field trails (0, 4, and 8 tonnes haﬁl). The experimental
design was (RCBD) randomize complete block design with
three replicates. The plot area was 20 m”. The field trials were
carried out at Arab Elmadabegh village, Assiut, Egypt which
are positioned at 27° 12" 16.67" N latitude and 31° 09’ 36.86"
E longitude. The experimental site has a semiarid condition
without any rainfall during the period of the experiment. The
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Table 1 Some chemical properties of biochar used in the study
OC (g/kg) pH 1:10 EC (dS/m) Nutrients (g/kg) Total heavy metals (mg/kg)
N P K Zn Cu Pb Cd Ni
Biochar 400 9.20 54 15.5 12.2 17 60 30 0.10 0.02 0.07

OC = organic carbon

average day and night temperature were 30-35 and 15-18 °C,
respectively, and the relative humidity was 25-30%. The soil
in this village has been irrigated by raw sewage water for more
than 60 years and was classified as Arenosols. Table 2 dis-
plays the main characteristics of the studied site. Zucchini
(Cucurbita pepo L cv Hybrid Fadwa) was cultivated in 2017
and 2018 growing seasons. Zucchini was seeded on ridges at
30 x 60 cm. After 2 weeks, plants were thinned to one plant
per hill. The total number of plants was 55,000 ha™'. The
plants were fertilized by 200, 150, and 100 kg ha™' of urea
(46% N), potassium sulfate (50% K,O), and superphosphate
according (15% P,0Os) based on the Ministry of Agriculture
and Land Reclamation (Egypt). All the amount of P and K
fertilizers was added before cultivation, while the urea fertil-
izer was added at three equal doses (1 week after germination,
after 30 and 45 days of cultivation). All other recommended
agriculture practices were taken according to the same annual
recommendations. Zucchini plants were irrigated by sewage
wastewaters every 10 days (Table 3 shows the main chemical
characterizations).

Ten whole plants of zucchini were collected after 60 days
of transplanting. Each plant sample was divided to root, shoot,
and fruit. Each plant sample was washed twice with tap water.
Then, washed with a solution of 0.1% HCI and then with
0.01% (Tween 80) to clean samples from the inorganic depos-
it. Finley, the samples were rinsed by distilled water, air-dried,;
oven-dried at 70 °C to a constant weight, ground, and then
were kept for chemical analysis.

Table 2 Some physical and chemical characteristics of the soil in the
studied site

Soil properties 0-30 cm Heavy metals

Total Available
Silt (g/kg) 180
Sand (g/kg) 700 Cu 400 6.2
Texture Sandy loam Pb 350 4.5
CaCOs (g/kg) 70 Cd 10 0.55
pH (1:2) 7.80 Ni 100 1.50
CEC (cmol/kg) 17
Total organic-C (g/kg) 20.0
ECe (dS/m) 3.7

Chemical analysis of plant and soil

Physiochemical characteristics of the studied soil were deter-
mined according to Burt (2004) as they are presented in
Table 1. The available heavy metals (Zn, Cu, Pb, Cd, and
Ni) were extracted from the soil sample using a 0.005 M
DTPA (diethylen triamine penta acetic acid) solution buffered
at pH 7.3 as described by Lindsay and Norvell (1969).To
determine the total heavy metals, the soil sample was digested
according to the procedure given by the Arsenic and
Beryllium (1996). The soil sample was air-dried and sieved
with a 2-mm diameter sieve and kept for analysis. The metals
in the soil and plant digest as well as DTPA soil extract were
measured by using the inductivity coupled plasma emission
optical emission spectrometry (ICP-OES thermo iCAP 6000
series). The ground plant samples were digested using con-
centrated acids of HNO5; and HC1O,. A reference material was
evaluated during soil and plant analysis for quality control and
assurance.

Calculation of metals transfer

The bioaccumulation factor (BAF) was estimated to assess the
transfer of metals from soil to root by the equation:
metal concentration in the roots

BAF = 1
avialable soil metal concentrations (1)

To assess metal transfer from root to shoot, translocation
factor (TF) was calculated according to the equation:

_ concentration of metal in the shoots

TF - - .
concentration of metal in the roots

(2)

The transfer of metal from shoots to fruit (SFT) was deter-
mined by the equation:

Table 3  Chemical analysis of the irrigation sewage wastewater in the
studied site

pH EC dSm ) Zn Cu Pb Cd Ni
7.25 45 0.55 0.33 1.4 0.05 0.04
PL* 0.20 0.20 5.0 0.01 0.20

*Permissible limits according to FAO (1985). Each value represents the
mean of three replicates
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concentration of metal in the fruit
SFT

" concentration of metal in the shoots

(3)

In the three above equations, the concentrations of metal
expressed as mg kg .

Data analysis

The one-way ANOVA was run by SPSS software (version 15)
to test the statistically significant difference between the two
plants. Moreover, Duncan test (at 5% probability) was per-
formed to compare between means.

Results

Effect of cow manure biochar on heavy metals levels
in the studied site

The heavy metals content in the experimental site was ana-
lyzed and the data are presented in Table 1. The total concen-
tration of Zn, Cu, Pb, Cd, and Ni in the studied site was 700 to
400, 350, 10, and 100 mg kg ', respectively. The total content
of the soil heavy metal determines the pollution level. The
available concentrations of Zn, Cu, Pb, Cd, and Ni in the
studied site were 8.8, 6.2, 4.5, 0.55, and 1.50 mg kg,
respectively.

The application of cow manure biochar significantly min-
imized the bioavailability of Zn, Cu, Pb, Cd, and Ni in the
experimental site (Fig. 1). Cow manure biochar at a rate of 4
tonnes ha ' caused reductions in the bioavailability of Zn, Cu,
Pb, Cd, and Ni by 13.3, 8.3, 13.8, 9.1, and 3.6%, respectively,
compared to CMB,,.

Toxic elements distribution in the tissues of zucchini
plants

The concentrations of Zn, Cu, Pb, Cd, and Ni in the roots,
shoots, and fruits of zucchini plants were determined and the
data are presented in Table 4. The concentrations of Zn in the

Fig. 1 Effect of biochar
treatments on the availability of
heavy metals (mg kg ') in the
soils of the studied sites

9.00
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7.00

- 600
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2.00
1.00
0.00
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root of the studied plant ranged between 90 and 110 mg kg ",
while in the shoot these concentrations ranged from 70 to
90 mg kg . The root of zucchini plants stored 30-31% of
the total Zn taken up by the whole plants, while the shoot
tissues accumulated 43-46% (Table 5). The edible parts of
zucchini stored 23-27% of the total Zn taken up by the whole
plants. The concentration of Zn in the fruits of zucchini plants
ranged between 54 and 60 mg kg .

Copper (Cu) concentration in the root and shoot of zucchini
plants varied from 50 and 75 mg kg ' (Table 4). The maxi-
mum value of Cu concentration was noted in the root, while
the lowest concentration was obtained in the shoots. The roots
of zucchini plants uptake 32—-34% of the total Cu accumulated
in the whole plants, while the shoots tissues stored about 45—
47%. The concentrations of Cu in the edible parts of zucchini
plants ranged between 30 and 35 mg kg ', moreover, the fruits
stored 21-24% of the total Cu accumulated in the whole
plants.

Lead (Pb) content of the root and shoots of zucchini plants
differed between 10 and 120 mg kg'. The concentrations of
Pb in the roots of zucchini plants were 105-120 mg kg ',
while in the shoots these concentrations were 10—
15 mg kg '. The roots of zucchini plants stored 81-85% of
the total Pb taken up by the whole plants, while the shoot
tissues absorbed 15-19% (Table 5). Pb concentrations in the
fruits of the tested plants ranged between 0.34 and
1.0 mg kg . The Pb accumulated in the fruits accounted for
0.40-0.92% of the total Pb absorbed by the whole plant.

The roots and shoots of zucchini plants contained Cd levels
varied between 3.0 and 13.0 mg kg'. The concentrations of
Cd in the shoots of zucchini plants were 3.2-4.5 mg kg ';
while in the roots were 10—13 mg kg '. The roots of zucchini
plants stored about 61-64% of the total Cd absorbed by the
whole plants, while the shoot tissues stored about 35-38%. Cd
concentrations in the fruits of the tested plants ranged between
0.07 and 0.10 mg kg ' and this accounted for about 0.64—
0.73% of the total Cd in the whole plant.

Nickel (Ni) levels in the roots and shoots of zucchini plants
varied from 1.0 to 15 mg kg ". The concentrations of Ni in the
shoots of zucchini plants were 1.0-1.2 mg kg '; while in the

mCMBO mCMB4 O CMBS8

b b
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i a
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a
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Table 4 Concentrations of heavy metals (mg kgﬁl) in the roots, shoots,
and fruits of zucchini plants

Table 5 Distribution of heavy metals between the different tissues of
zucchini plant

Zn Cu Pb Cd Ni Zn Cu Pb Cd Ni
Roots Roots
110a 75a 120a 13.1a 15.1a 3la 32a 81b 6la 84a
C- C-
M- M-
BO BO
95b 65b 100b 10.1b 12.2b 30a 32a 82b 64a 84a
C- C-
M- M-
B4 B4
90c 68b 105b 10.0b 10.5¢ 3la 34a 85a 63a 82b
C- C-
M- M-
Bg Bg
Shoots Shoots
90a 60a 15.2a 4.5a 1.2a 46a 47a 19a 38a 12b
C- C-
M- M-
BO BO
75b 50b 11.2b 3.0b 1.0a 43b 45a 17b 35b 13b
C- C-
M- M-
B4 B4
70c 50b 10.0b 3.2b 1.0a 43b 45a 15¢ 36ab 14a
C- C-
M- M-
Bg Bg
Fruits Fruits
60a 35a 1.00a 0.10a 0.50a 23b 21b 0.92a 0.64b 3.80b
C- C-
M- M-
BO BO
55b 32a 0.55b 0.07b 0.35b 27a 24a 0.69b 0.68b 3.66b
C- C-
M- M-
B4 B4
54b 30a 0.34b 0.08b 0.37b 26a 21b 0.40c 0.73a 4.15a
C- C-
M- M-
Bsg Bg

CMB,, CMB,, and CMBg refer to 0, 4, and 8 tonnes of biochar per
hectare

Means denoted by the same letter indicate no significant difference ac-
cording to Duncan’s test at P < 0.05

The data are means of the two growing seasons

roots were 10-15 mg kg ' (Table 4). The root of zucchini
plant contained a very higher concentration of Ni compared
to the shoot. The roots of zucchini plants stored about 82—84%
of the total Ni absorbed by the whole plants, while the shoot
tissues stored about 12—-14% (Table 5). Ni concentration in the
fruits of the tested plants ranged between 0.35-0.50 mg kg™’
and this accounted for about 3.60—4.15% of the total Ni in the
whole plant.

In general, the roots of zucchini plants contained concen-
trations of Zn, Cu, Pb, Cd, and Ni than shoots. The

CMB,, CMBy,, and CMBg refer to 0, 4, and 8 tonnes of biochar per
hectare

Means denoted by the same letter indicate no significant difference ac-
cording to Duncan’s test at P < 0.05

Metal uptake by a plant part = metal concentration (mg g ' ) x dry weight
(g) of the plant part

% metal uptake by a plant part = metal uptake by a plant part/total metal
uptake by the whole plant

The data are means of the two growing seasons

concentrations of the investigated metals in the roots of the
tested plant were found to decrease in the order: Pb > Zn > Cu
> Ni > Cd, while in the shoots these concentrations were
found to decrease in the order: Zn > Cu > Pb > Cd > Ni.
The concentrations of investigated metals edible parts of zuc-
chini plants were found to decrease in the order: Zn > Cu> Pb
> Ni > Cd. The roots and shoots of zucchini plants stored 75
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and 78% of Zn and Cu, respectively, while 25 and 22% was
transported to the edible portions. On the other hand, the roots
and shoots of zucchini plants stored more than 99% of Pb and
Cd, while less than 1% was transported to the edible portions.

Soil-plant transfer of heavy metals

The behavior of heavy metal accumulation by zucchini
plants was investigated by the calculation of the soil-root,
root-shoot, and shoot-fruit transfer of the studied metals
and the data are shown in Figs. 2, 3 and 4. The bioaccu-
mulation factor (BAF) was calculated from the metal in
the root divided by the available metal in the soil. The
BAC is used to assess the soil-root transfer of metal
(Eissa and Ahmed 2016). The values of BAC ranged be-
tween 7.78 and 30 and these values differed between the
investigated metals (Fig. 2). The values of BAC of Cd and
Pb were than those of Zn and Cu. The BAC values were
found to decrease in the order Pb > Cd > Zn = Cu > Ni.

The translocation factor (TF) was calculated from the metal
in the shoot divided by that found in the root (Fig. 3). The TF
is used to assess the root-shoot transfer of metal (Eissa and
Ahmed 2016). In the present research, the values of TF ranged
between 0.08 and 0.82 and these values differed significantly
from metal to metal. The TF values were found to decrease in
the order Zn > Cu > Cd > Pb > Ni. The highest TF value was
recorded in the case of Zn and Cu, while the lowest ones were
found in the case of Pb, Cd, and Ni.

The shoot-fruit transfer (SFT) was calculated from the
metal in the fruit divided by that found in the shoot
(Fig. 4). The SFT is used to assess the shoot-fruit transfer
of metal (Eissa and Ahmed 2016). In the current study,
the values of SFTF ranged between 0.02 and 0.77 and
these values differed significantly from metal to metal.
The SFT values were found to decrease in the order Zn
> Cu > Ni > Pb > Cd. The highest SFT value was record-
ed in the case of Zn and Cu, while the lowest ones were
found in the case of Pb, Cd, and Ni.

Fig. 2 Bioaccumulation factor
(BAF) of heavy metals for
zucchini plants

35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

Effect of cow manure biochar on heavy metals uptake
and translocation

The concentrations of Zn in the root, shoot, and fruits of zuc-
chini plant were significantly (P < 0.05) affected by the appli-
cation of cow manure biochar. The higher Zn concentrations
were recorded in the zucchini plants grown on control soil.
The application of CMB caused a notable decrease in the
concentration of Zn in the different tissues of the tested plant.
CMBg minimized the Zn concentration in the root, shoots, and
fruits of zucchini plants by 18, 22, and 10%, respectively, in
comparison to the untreated soil.

Cu concentrations in the root, shoot, and fruits of the tested
plant were significantly (P < 0.05) affected by the addition of
cow manure biochar. The higher Cu concentrations were ob-
tained in the zucchini plants grown on the untreated soil. Cow
manure biochar application caused a remarkable lessening in
Cu concentrations in the different tissues of the zucchini
plants. CMBg reduced the Cu concentrations in the roots,
shoots, and fruits of zucchini plants by 10, 17, and 17%, re-
spectively, compared to the control soil.

Cow manure biochar significantly (P < 0.05) affected in the
concentrations of Pb in the root, shoot, and fruits of zucchini
plants. The lowest Pb concentrations were recorded in the
zucchini plants grown on the soil mended with CMBg. The
application of CMB caused a remarkable lessening in Pb con-
centrations in the different tissues of the zucchini plants.
CMBg reduced the Pb concentrations in the roots, shoots,
and fruits of zucchini plants by 13, 34, and 66%, respectively,
in comparison to the untreated soil.

The application of CMB caused a notable decrease in the
concentration of Cd in the different tissues of the tested plant.
CMBg minimized the Cd concentrations in the roots, shoots,
and fruits of zucchini plants by 24, 29, and 20%, respectively,
compared to the control soil. The application of CMB caused
a notable decrease in the concentration of Ni in the different
tissues of the tested plant. CMBg minimized the Ni concen-
trations in the roots, shoots, and fruits of zucchini plants by 30,
20, and 26%, respectively compared to the control soil.

mCMBO mCMB4 O CMB8
a

a a
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Fig. 3 Translocation factor (TF) 1.00
of heavy metals for zucchini 0.90 a p
plants '
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Cow manure biochar application significantly reduced the
bioaccumulation factor of Zn, Cd, and Ni. CMBg minimized
the BAC of Zn, Cd, and Ni by 5.6, 21.9 and 27.9%, respec-
tively in comparison with the untreated soil. The translocation
factor of the tested heavy metals was significantly affected by
the application of cow manure biochar. The application of
CMB caused remarkable decreases in the root-shoot transfer
of Zn, Cu, Pb, and Cd. The application of CMBg reduced the
TF values of Zn, Cu, Pb, and Cd by 4.9, 7.5, 23, and 5.9%,
respectively, in comparison with control soil.

Discussion
Heavy metals in the studied soil and wastewaters

The importance of total heavy metals content in soils is due to
that the high concentrations of the toxic metals are the first
problem facing the plant growth in the contaminated soils.
The total concentrations of all the investigated metals (Zn,
Cu, Pb, Ni, and Cd) in the soil were above the maximum
permissible limits recorded by EU (2002) and USEPA
(1997). According to the United States Environmental
Protection Agency (USEPA 1997) and European Union
Standards (EU 2002), the studied soil is a metal-
contaminated soil. The guidelines of both agencies confirmed
that the maximum permissible Zn, Cu, Cd, Ni, and Pb levels
are 300, 140, 3, 50, and 300 mg kg7l of soil. These obtained

Fig. 4 Shoot-fruit transfer (SFT) 0.90
of heavy metals for zucchini

b
plants 0.80 c —I—

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Cu Pb Cd Ni

values confirmed that the soil under the study is contaminated
with these heavy metals. The obtained results of the current
research were found by Eissa and Ahmed (2016). The long-
term use of the treated and untreated wastewaters in irrigation
was reported to cause a significant buildup of the heavy metals
in the soils (Ghosh et al. 2012). The levels of Zn, Cu, and Cd
in the tested water were higher than the permissible limits of
the irrigation water according to the FAO (1985).

Toxicity of heavy metals in the tissues of zucchini
plants

The roots of zucchini plants contained higher levels of Zn, Cu,
Pb, Ni, and Cd rather than the shoots and the edible parts.
These results were confirmed by Eissa (2016) who found that
the concentration of Zn, Cu, Pb, Ni, and Cd in the root of
zucchini grown on a metal-contaminated soil was higher than
those of the shoots and the edible parts. According to WHO/
FAO (2007) and EU (2006), the maximum permissible Zn,
Cu, Cd, and Ni limits for human consumption is between 60—
80, 40, 0.20, and 1.50 mg kg ' dry weights, respectively.
Thus, the concentration of Zn, Cu, Cd, and Ni in the edible
part of zucchini was less than the allowable level and these
plants are safe for human consumption. According to WHO/
FAO (2007) and EU (2006), the maximum Pb permissible
level for human consumption is 0.3 mg kg ' dry weight.
The concentrations of Pb in the edible parts of zucchini were

mCMBO mCMB4 O CMB8
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0.35-1.0 mg kg . Thus, the concentrations of Pb in the edible
plant parts were higher than this permissible level.

The shoots of zucchini plants usually use in animal feed
especially in the arid regions (Eissa 2016). The data in Table 4
presents the concentration of toxic elements in the shoots of
zucchini. The maximum allowable levels of elements in the
animal forage are 10-100 mg kg ' for Pb, 20-100 mg kg ' for
Cu, 250-1000 mg kg ' for Zn, and 10 mg kg ' for Cd (NRC
2005). Exploring the results in Table 4, it seems that the con-
centration of elements in the shoot of the studied plants was
below these limits, and could therefore safely be used as a
source of forage for livestock production.

. Soil-plant transfer of heavy metals

The data of the current study indicated that the values of Cd
and Pb soil-root transfer were the highest ones. The high rate
of'the soil-root transfer in the case of Cd and Pb may be due to
the high mobility of these metals compared to the other stud-
ied metals (Eissa 2017). The values of the root-shoot transfer
of the investigated metals were less than one indicating that
zucchini plants absorbed more metals in the roots and trans-
ferred fewer concentrations to the shoots (Eissa and Ahmed
2016). In general, the root-shoot transfer of Zn and Cu was
higher than that of Pb, Cd, and Ni. The obtained results from
the current research were confirmed by Eissa (2016). The
higher rate of the TF values in the case of Zn and Cu may
be due to they are essential micronutrients (Marchner 1995)
while Pb, Cd, and Ni are toxic metals. The plants tend to
accumulate the heavy metal in the roots and transfer a few
concentrations to the shoots (Wozny 1995; Voutsa et al.
1996). Kadukova et al. (2004) found that the Pb stored in
the plant roots was 93-98% from the total Pb absorbed the
whole plant. Moreover, Wozny (1995) reported that the plant
roots can absorb Pb 3-50 times more than the shoots. This
may explain the high levels of Cd and Pb in the roots of
zucchini plants. The current study indicated that the transport
of heavy metals from the shoots to the edible parts was found
to decrease in the order Zn = Cu > Ni> Cd > Pb. Zinc (Zn) and
Cu transport within plants faster than Cd and Pb. Cadmium
and Pb have low mobility throughout the plant tissues (Voutsa
et al. 1996; Kadukova et al. 2004; Eissa 2016; Eissa et al.
2016).

Effect of cow manure biochar on soil-plant transfer
of heavy metals

The cow manure biochar decreased the concentration of Zn,
Cu, Pb, Cd, and Ni in the tissues of zucchini plant in
comparison to the untreated soil. The current study
confirmed that the cow manure biochar is an effective tool
in reducing the uptake of toxic elements by zucchini plants.
Sui et al. (2018) found that the application of 20 t ha ' of

@ Springer

biochar minimized the concentrations of Cd and Pb by 16
and 29% in the grain of wheat (Triticum aestivum L.). The
biochar has been widely investigated for its ability to mini-
mize the heavy metals uptake through depressing the metal
availabilities by adsorption and pH-driven fixation reactions
(Tang et al. 2013; Sui et al. 2018). The data shown in Fig. 1
confirmed that the addition of biochar decreased the bioavail-
ability Zn, Cu, Pb, Cd, and Ni by 13.3, 8.3, 13.8, 9.1, and
3.6%, respectively, compared to the control soil. Equivalent
results were obtained by (Tang et al. 2013; Rizwan et al. 2016;
Sui et al. 2018). Most of these research papers confirmed that
the biochar affected the heavy metal detoxification in the
plants at soil level through element immobilization, soil pH
modification, and development in physical and biological
properties of the soil (Rizwan et al. 2016). Moreover, the
biochar application to the soil increases the negative charge
and this will cause the attraction between elements cations and
soil particles more stable (Tang et al. 2013).

In the present research, the reduction in the heavy metals
uptake by zucchini plants may be obtained through three
mechanisms, i. e., reducing the soil metal availability, mini-
mizing the root-shoot (TF), and reducing the soil-root transfer
(BAF). The cow manure biochar (CMB) minimized the values
of BAC for Zn, Cd, and Ni by 5.6, 21.9, and 27.9%, while
these reductions in the case of TF were 4.9, 7.5, 23, and 5.9%.
The biochar amendment significantly reduced the root-to-
shoot and the root-to-leaf transfer of Pb in rice plants by
72.0 and 72.8%, respectively (Li et al. 2016). This reduction
in the metals transfer may be due to the precipitation of these
elements in the root tissues (Eissa et al. 2014; Li et al. 2016;
Eissa and Ahmed 2016). Biochar has different mechanisms in
immobilization of heavy metals including ion exchange, pre-
cipitation, pore filling, electrostatic interaction, portioning,
and surface sorption (Rehman et al. 2016; Abbas et al. 2018;
Rwizan et al. 2018).

Conclusion

It is recognized that the metal-contaminated resources should
be avoided in human food production. However, under the
limited resources, we may be forced to use these lower qual-
ities of soils recourses. The guidelines of the optimum use of
these resources must be obtained from field studies. The pres-
ent research provided a detailed example of the biochar impact
on heavy metals uptake under arid conditions. The uptake and
translocation of toxic elements by zucchini plant were tested
based on 2-year field studies. The cow manure biochar re-
duced the heavy metals uptake by zucchini plants through
three mechanisms, i. e., reducing the soil metal availability,
minimizing the root-shoot, and the soil-root transfer. Biochar
reduced the bioavailability of Zn, Cu, Pb, Cd, and Ni by 13.3,
8.3, 13.8, 9.1, and 3.6%, respectively, compared to the
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untreated soil. Biochar minimized the values of BAC for Zn,
Cd, and Ni by 5.6, 21.9, and 27.9%, while these reductions in
the case of TF were 4.9, 7.5, 23 and 5.9%. It may be conclud-
ed that cow manure biochar is recommended for the safety of
food production from metal-contaminated soil.
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