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Introduction

HE experiment was conducted to reduce the buildup of heavy metals in lettuce plants

grown in contaminated soil. Lettuce plants cv. Nader were cultivated on polluted soil
in black polyethylene bags with or without the addition of biochar, rice straw, Pseudomonas
fluorescens bacterial inoculation, biochar + rice straw, biochar + P. fluorescens, rice straw + P.
fluorescens, and biochar + rice straw + P. fluorescens, as well as unpolluted soil as a control.
The experiments were conducted in the seasons of 2019 and 2020 at the Vegetable Farm of
the Faculty of Agriculture, Ain Shams University, Shubra El Kheima, Qalyubia Governorate,
Egypt. The experimental treatments were distributed in a completely randomized design with
three replicates. The attained results indicated that cultivating lettuce in polluted soil had
negative effects on plant growth compared to those cultivated in unpolluted soil. Application
of the experimental treatments improved the vegetative growth parameters, including plant
length, leaf area, fresh and dry head weight, fresh and dry root weight, and head diameter. The
results also showed that lettuce plants grown in heavy metal-polluted soil had lower values of
vegetative growth parameters than those grown in polluted soil treated with biochar, rice straw,
or P. fluorescens, and the interaction between them. When compared to bacterial inoculation
treatment, the application of biochar and/or rice straw on lettuce plants grown in heavy metal-
contaminated soil enhanced growth and leaf nutrient contents, while heavy metal contents
decreased. The findings demonstrated that heavy metal-contaminated soil treated with biochar
alone or in combination with rice straw and/or bacterial inoculation were effective in reducing
the content of heavy metals in plant leaves and attenuating the harmful effects of heavy metals
on grown lettuce plants.

Keywords: Lactuca sativa, Biochar, Rice straw, P. fluorescens, Heavy metals, Vegetative
growth, Mineral contents, Nitrate content.

daily recommended amount of vitamin A. It is

also rich in folic acid and iron.

The lettuce (Lactuca sativa) belongs to the
Asteraceae family. Due to its succulent leaves,
ancient Egyptians first cultivated lettuce as an oil-
producing herb before transforming it into a leafy
vegetable plant used in fresh salads (FAOSTAT,
2013). Owing to its high concentration of pro-
vitamin A molecules and beta-carotene, lettuce
provides the human body with about 20% of the

According to standard definitions, heavy
metals are those with a specific density greater
than 5 g cm?. Lead, cadmium, mercury, and
arsenic are the main heavy metals that pose risks
to human health. Continued exposure to heavy
metal in some places around the world, is even
rising despite the fact that the harmful health
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effects of heavy metals have long been known.
There are many heavy metal-contaminated areas
that are regrettably used for agricultural purposes
in Egypt. Zorrig et al. (2013) reported that
heavy metals are a major pollutant. Heavy metal
contamination not only poses a threat to human
health hazard but also has a significant detrimental
effect on soil fertility and plant productivity
(Arshad et al., 2017 and Igbal et al., 2020). It
can also cause changes in the composition and
operation of an ecosystem due to its stability
and toxicity (Mazhar et al., 2020). Fossil fuel
combustion, mining, smelting, metal plating, Ni-
Cd batteries, fungicides and pesticides, phosphate
fertilizers, dyes, photographic processes, textile
processes, stabilizers and alloy manufacturing
all share and contribute to the release of toxic
heavy metals into the environment (Boparai
et al.,, 2011, Gutierrez-Segura et al., 2012 and
Khan et al., 2017). According to the Agency for
Toxic Substances and Disease Registry (ASTDR,
1999), the maximum concentration of Cd that can
exist in the soil is 85 mg/kg, while the maximum
concentration that can exist in plants is 0.02
mg/kg. Therefore, many documents found that
when plants grow in heavy metal-contaminated
soil, the heavy metal is absorbed, stored and
accumulated in their edible tissues through the
membrane transport routes used by Fe, Zn or Cu
(Takahashi et al., 1999, Zorrig et al., 2011 and
Zorrig et al., 2013) and thereby enters the food
chain because it is easily soluble in water and has
negative effects even at low concentrations. It
increases the production of oxygen free radicals
that may cause damage to DNA, RNA and
proteins and it may eventually cause cell death,
while lowering the levels of enzymatic and non-
enzymatic antioxidants, which results in plant
stunting, chlorosis, and leaf roll (Benavides et al.,
2005 and Akoto et al., 2015). Reactive oxygen
species (ROS) oxidize many proteins, including
catalase, ascorbate peroxidase, and lipids, and
are particularly toxic in higher concentrations
(Ishibashi et al., 1990). The presence of heavy
metals in plants also inhibits plant growth through
stomatal closure, decreases nutrient uptake,
and causes disruptions in photosynthesis and
respiration as a result of mutations and changes in
cell structure. In this regard, the lettuce plant makes
a useful model for research into the processes that
lead to the buildup of heavy metals in its tissues.
Heavy metals can be removed from soil using a
variety of methods, including physical, chemical,
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and biological ones. The physical and chemical
methods are costly, labor-intensive, and alter the
soil’s characteristics permanently because they
occasionally produce secondary pollutants. The
use of biological methods, which is preferable
in contrast, is both efficient, cost-effective and
environmentally friendly (Itusha et al., 2019 and
Zand et al., 2020). Therefore, bioremediation
technology, which reduces the transfer of heavy
metals to the soil by adding biosorbent materials
like biochar and microorganisms, can be used
to solve this issue. These biosorbent substances
are influenced by factors like biomass, metals’
physical and chemical properties, soil pH, and
temperature.

According to Novak et al. (2009), biochar is
charcoal that has been added to soil to enhance a
variety of soil properties and boost productivity.
It has a large surface area, has internally porous,
highly efficient functional groups, and acts as a
source of microorganism inoculum (Herrmann
and Lesueur, 2013). Additionally, it has a high
pH that immobilizes heavy metal cations in the
soil (Beesley et al., 2010). The addition of biochar
to soil also enhances the availability of crucial
macro- and micronutrients needed for sustaining
plant growth (Major et al., 2010), as well as soil
nutrient supply, microbial activity, and nutrient
leaching (Lehmann et al., 2011 and Ventura et
al., 2013). It also improves soil structure by
increasing soil porosity and aeration (Lehmann
et al.,, 2003), enhances nutrient storage in soil
micropores (Lehmann and Joseph, 2015), and
reduces the toxicity of heavy metals such as Zn,
Cu, Cd, and Ni in many plant species through
various mechanisms, including immobilization
in the soil, changing pH, altering the redox state
in the soil and improving of biological properties
(Mazhar et al., 2020 and Mondal et al., 2020).

Microorganisms can improve the availability
of heavy metals by solubilizing and mobilizing
them in the soil solution by lowering soil pH
(Igbal et al., 2020 and Mazhar et al., 2020). In
contrast, microorganisms can decrease metal
availability through bioaccumulation (external
and intracellular), immobilization, chelation, and
active removal (Nadeem et al., 2017 and Igbal
et al., 2020). Pseudomonas is gram-negative
aerobic bacteria that live in mine wastewater
contaminated with various heavy metals
(Singleton and Sainsbury, 1987 and Cho et al.,
2001) and has been extensively studied because of
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its well-adapted metal-resistant properties (Singh
et al., 2010 and Deb et al., 2013). Rice straw is
a renewable, abundant, and inexpensive organic
material as an agricultural residue (Zhong et al.,
2003). Straw integration may improve soil porosity,
water retention capacity, and nutrient and organic
matter content (Bakht et al., 2009). Increased soil
organic matter may reduce heavy metal availability
in soils through adsorption or the formation of stable
complexes (Guo et al., 2006).

Due to the increased demand for food, it
has become necessary to remediate the heavy
metal-contaminated soils and get them ready to
sustainably produce safe food. The aim of this
study was to find out whether biochar, rice straw
and Pseudomonas bacterial inoculation could be
used individually or in combination to lessen the
negative effects of heavy metals on growth traits,
physiological characteristics, and heavy metal
accumulation in lettuce plants grown in black
polyethylene bags using natural soil and heavy
metal-contaminated soil.

Materials and Methods

Experimental site and design, plant material, and
cultivation

The main goal of this study was to find out
whether biochar, rice straw, and Pseudomonas
bacteria could be wused individually or in
combination to lessen the negative effects of
heavy metals on the performance of lettuce
through monitoring growth traits, SPAD readings,
and heavy metal accumulation in lettuce plants
grown in black polyethylene bags using non-

contaminated soil as a control (Cont-s) and heavy
metal-polluted soil (Poll-s) during 2019 and 2020
growing seasons. The experiment involved nine
treatments distributed in a completely randomized
design with three replicates. Each replicate
consists of three bags with a capacity of one plant
per bag. The experimental treatments were as
follows: naturally polluted soil with heavy metals
incorporated with biochar (BC), rice straw (RS),
Pseudomonas fluorescens (PS), BC + RS, BC +
PS, RS + PS, PS + RS + BC, untreated polluted
soil (Poll-S) as well as non-polluted soil as a
control (Cont-s). The black polyethylene bags
had a diameter of 20 cm and a length of 30 cm,
filled with 6 kg of soil per bag. The romaine-type
lettuce, cv. Nader, was used as plant material in
this study. The experiment was carried out at the
Vegetable Farm of the Faculty of Agriculture, Ain
Shams University, Shubra El Kheima, Qalyubia
Governorate, Egypt (Latitude 30°06°45.3” N;
Longitude 31°14°37.1” E).

Treatments

Soil types: The two soil types used were
polluted and non-polluted soil, the polluted soil
was collected from the ElI-Menaier area, Mashtoul
El-Souqge, El-Shargia Governorate. Naturally
contaminated with heavy metals in this area due to
factories wastewater in the Abo Zaabal industrial
area. The collected, contaminated soil was
transferred to the experimental site as indicated
above. The non-polluted soil was brought from the
Vegetable Farm of the Agriculture Faculty, where
the experiment was conducted. The mechanical
and chemical properties of the two soil types
were analyzed at the Central Lab. of the Faculty

TABLE 1. Physical and chemical properties of the experimental soil, control soil (Cont-s) and polluted soil (Poll-s)

before lettuce cultivation.

Non-Polluted

Non-Polluted Polluted

Parameters soil Polluted soil Parameters soil soil
Texture Sandy Clay loam  Sandy Clay loam  Mg*" (meq/l) 2.68 7.02
Silt (%) 19.57 18.12 K* (meq/1) 2.15 3.80
Clay (%) 23.58 20.22 Na* (meq/l) 1.47 6.40
Sand (%) 56.85 61.46 CI (meq/l) 1.30 8.25
pH 7.10 7.60 HCO, (meq/1) 2.90 6.20
EC (dS/m) 1.63 2.77 CO," (meq/1) 0.00 0.00
Ca?* (meq/l) 2.58 5.75 SO, (megq/1) 2.99 7.05
Zn (ppm) 10.61 77.30 Cu (ppm) 2.81 11.31
Mn (ppm) 3.62 13.49 Cd (ppm) 0.11 7.02
Fe (ppm) 7.17 38.45 Cr (ppm) 0.21 17.90
Ni (ppm) 0.03 2.17 Pb (ppm) 0.40 15.20
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TABLE 2. Chemical properties of the irrigation water used.

Soluble cations (meq/l) Soluble anions (meq/l) EC
pH
cer o Mgt K’ Na' cr cor  HCO* SO (dS/m)
3.94 1.52 1.03 0.13 1.19 0.00 1.23 4.2 6.7 0.63

of Agriculture, Ain Shams University, Egypt. The
irrigation water provided from the Nile River was
also analyzed. The characteristics of the soil and
water are shown in Tables 1 and 2.

Rice straw (RS): rice straw was brought from a
farm that grows rice in the nearby area, Qalyubia
Governorate. Before use, RS was threshed after
being allowed to air dry. RS was added to the soil
in each bag at a rate of 1unit RS per 3 units of soil,
depending on the volume.

Biochar (BC): The used BC was purchased
from a nearby place for commercial production of
BC. The used BC has the following physical and
chemical characteristics: an EC of 0.68 dSm’', a
moisture content of 30 g kg!, and a pH of 7.10.
The contents of N, P, K, and Cd were 27, 01, 8, 15,
12, and 0.00 g/kg, respectively. For each bag, BC
was added at a rate of 50 g and thoroughly mixed
into the soil.

Pseudomonas  fluorescens (PS): PS was
obtained from the Microbial Unit, Mircen,
Department of Agricultural Microbiology, Faculty
of Agriculture, Ain Shams University. The PS was
in suspension form with a count of 10° bacterial
cells per 1 ml, and 10 ml of bacterial suspension
was added to each bag three times; 14, 28, and 42
after transplanting.

Data recorded

All lettuce plants were harvested after 70
days from all experimental plots by using a sharp
knife to cut the heads from the soil surface. A
plant sample of three plants from each replicate
was randomly chosen and brought to the lab to be
evaluated for vegetative growth, physiology, and
chemical characteristics as follows:

Vegetative growth traits

Head length was measured. Head diameter
was measured using a digital caliper. The
harvested head sample was separated into leaves
and roots and then the fresh weight per head was
recorded. Afterward the samples were oven dried
at 70°C to a constant weight, and the dry weights
were recorded using a digital balance. Leaf area
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was determined according to Koller (1972) using
the following equation:

Leaf area =
Disk area x disks number x leaves fresh weight

Disks fresh weight

SPAD readings

SPAD readings were measured using a
chlorophyll meter (Konica Minolta® SPAD 502).
It was done on the fourth uncut leaf from the plant

head outside at harvesting time (Neufeld et al.,
2000).

Chemical analysis

To analyze the mineral content of lettuce
plants, individual samples of the leaves and roots
were randomly taken at harvesting. The leaves
and roots were oven dried at 70°C to a constant
weight, then dried samples were ground in a
blender to a fine powder to pass through a 1-mm
sieve and stored in glass vials for subsequent
analyses. According to Thomas et al. (1967),0.1 g
of the dry leaf and root samples were wet digested
with a solution of sulfuric acid (H,SO, 98%) and
hydrogen peroxide (H,0, 30%). In this digestion
extract, the elements under study were measured.
Total nitrogen and nitrate were measured by
the Kjeldahl technique, as described by Piper
(1950). Macro- and microelements as well as
heavy metals were measured using an inductively
coupled plasma-optical emission spectrometry
model (ICP-OES, Vista MPX, Varian Inc.,
California, USA) according to the procedure of
Rodushkin et al. (1999).

Statistical analysis

In accordance with Waller and Duncan (1969),
data from the two growing seasons were subjected
to an analysis of variance using the CoStat
package program for Windows (version 6.303,
CoHort Software, CA, USA). After checking
the generated data for error, homogeneity, and
normality the combined analysis of variance for
the data from the two seasons was performed.
At a P<0.05 probability level, Duncan’s multiple
range test was used to separate the significant
differences among treatment means.
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Results

Vegetative growth characteristics

The data presented in Figures 1 and 2 clearly
demonstrate that using biochar, rice straw, and
bacteria led to an increase in plant length, the
fresh weight and dry weight of shoots, and
the average leaf area of lettuce plants grown
in black polyethylene bags under heavy metal
contaminated soil conditions compared with
Poll-s grown plants. The combination of biochar
+ rice straw + Pseudomonas fluorescens produced
the highest significant values for plant length,
head diameter, both the fresh and dry weight of
the shoots and roots, average leaf area and SPAD
readings (greenness) versus the contaminated
soils in the control treatments during both growing
seasons. These findings are consistent with earlier
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research that showed the application of rice
straw, biochar, and Pseudomonas fluorescens
significantly enhanced the vegetative and root
growth parameters of various plants, as shown in
Figures (1 and 2). Rice straw, biochar, bacteria,
and their combinations had a significant impact
on all lettuce plant growth data, including plant
length, head diameter, plant fresh and dry weight,
greenness, and leaf area. Treating contaminated
soil with biochar, rice straw, and Pseudomonas
bacterium individually or in combination had
a significant impact on the above mentioned
parameters compared to untreated contaminated
soil. Treatment of contaminated soil with a
combination of biochar + rice straw + bacteria
conferred better values of these parameters than
treatment with biochar and/or rice straw.
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Fig. 1. Effect of soil incorporation with rice straw, biochar, P. fluorescens and their interactions on plant length,
head diameter and head fresh and dry weight of lettuce plants cv. Nader (combined analysis of both sea-

sons data).

Egypt. J. Hort. Vol. 50, No. 2 (2023)



308 YASSIN M. SHIBA et al.

Leaf area (cm?)

45.000 P
an000 ]| . fgde ef A
25 000 h N - it
35.000 - &
30.000 2
: X o ?%
25.000 ~ S
— 5 oy
20.000 t g},
15 0 e
o ; =
10.000 . 5
5.000 - b
0.000 o el
Y 9 o g Tl 5":-
g & o & #
L
Foot fresh weight (g)
50.000
45000 ——
40.000 c
35.000 ; -
30.000 - =
P Fa
25.000 - gy [c
20.000 i o
15.000 ﬁ ﬁ
10,000 "\\% fg‘:
5.000 % i
o = i
& P 'Qr o o o : ; _{;_ . =
g g el @ o sl

Fig. 2. Effect of soil incorporation with rice straw, biochar, P. fluorescens and their interactions

SPAD readings

50.000 —
45000 ——
40,000 § &
n = bk
35.000 - g:
30.000 ~ i
25.000 o :5:
20.000 : Bt
15,000 - L\‘V:
10,000 » e
5.000 X i
r B
0,000
TP L T - - LR
4 o =@ =
'Q;\l'
Root dry weight (g)
25.000 —
20.000 -
15.000 =
10.000 ho =
i
N
5.000 = o
- B -
0.000
W E F o 5
e 2 = & 2 B

on average

leaf area, SPAD readings and roots fresh and dry weight of lettuce plants cv. Nader (combined analysis of

both seasons data).

Mineral analysis of lettuce leaves and roots
Macroelements

The results shown in Figures (3, 4, 5 and
6) indicate that, in both growing seasons, the
treatments with rice straw, biochar, P. fluorescens,
and their combination significantly increased the
percentage of N, P, K, Mg content in the roots
and leaves of lettuce when compared to the
contaminated soils (Poll-s). The level of nitrate
(NO,) content in the root and leaves was also
decreased by these treatments.

Heavy metals and microelement contents of
lettuce roots and leaves

Figures (7 and 8), clearly demonstrate the
effects of the experimental treatments on the levels
of Cu, Fe, B, Mn, Mo, and Zn in the lettuce roots
and leaves. These treatments included rice straw,
biochar, P. fluorescens, and their combinations.
The combination of rice straw + biochar + P
Sfluorescens was the best treatment for reducing the
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concentration of heavy elements when compared
to the contaminated soils in the control treatment.
The combination of the treatments performed
better than each treatment alone.

Heavy metal content of roots and leaves:

Tables (3 and 4) demonstrate the impact of
the designate treatments, biochar, rice straw, P,
fluorescens, and their combinations on the levels
of Cd, Pb, and Cr in the lettuce the leaves and
roots. The combination of biochar + rice straw +
P. fluorescens was the best treatment for reducing
the concentration of these elements in both
leaves and roots of lettuce plant when compared
to the contaminated soils (Poll-s) in the control
treatment. The combination of the treatments
performed better than each treatment alone.

Discussion

The negative effects of heavy metal stress
were lessened by the soil incorporation of biochar,
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N in roots (%o)

e

]

o
%
e
Iy
v
:
o
I
o
Iy
b
:

12000.000

10000, 000
WAL

2000 000

B0:00 000

&0 00 300

2000000

0.000

NO; (mg/kg) in roots

[=1

)
o
=

i

i
B

S

PR A A A A A A

Fig. 4. Effect of soil incorporation with rice straw, biochar, P. fluorescens and their interactions on root N and NO,
of lettuce plants cv. Nader (combined analysis of both seasons data).
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TABLE 3. Effect of soil incorporation with rice straw, biochar, P. fluorescens and their interactions on leaf Cd, Pb
and Cr of lettuce plants cv. Nader (combined analysis of both seasons data).

Treatment Cd (mg/kg) Pb (mg/kg) Cr (mg/kg)
Cont-s 0.307 £ 0.1331i 0.017 g
Poll-s 0.863 a 0.830a 0.123 a

PS 0.627b 0.627 b 0.090 b

RS 0.500 ¢ 0.583 ¢ 0.077 ¢

BC 0.403 d 0433 ¢ 0.050d
RS+PS 0.480 ¢ 0.530d 0.073 ¢
BC+PS 0.397d 0353 f 0.040 ¢
BC+RS 0.377 de 0307 g 0.040 e
BC+RS+PS 0.363 ¢ 0.247h 0.030 f

Cont-s = control soil, Poll-s = polluted soil. PS = P. fluorescens, RS = Rice straw, BC = Biochar RS+PS = Rice straw
+ P. fluorescens, BC+PS = Biochar + P. fluorescens. BC+RS = Biochar + Rice straw and BC+RS+PS = Biochar + Rice
straw + P. fluorescens.
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TABLE 4. Effect of soil incorporation with rice straw, biochar, P. fluorescens and their interactions on root Cd, Pb
and Cr of lettuce plants cv. Nader (combined analysis of both seasons data).

Treatment Cd (mg/kg) Pb (mg/kg) Cr (mg/kg)
Cont-s 0313 h 0.140 g 0.017 f
Poll-s 0953 a 1.153 a 0.123 a

PS 0.670b 0.590 b 0.073 b

RS 0.620 ¢ 0.467 ¢ 0.057 ¢

BC 0.517¢ 0.337d 0.050 cd
RS+PS 0.573d 0.433 ¢ 0.053 cd
BC+PS 0.467 £ 0.280 de 0.047 cd
BC+RS 0417 ¢g 0.240 ef 0.040 de
BC+RS+PS 0.347h 0.180 fg 0.030 e

Cont-s = control soil, Poll-s = polluted soil. PS = P. fluorescens, RS = Rice straw, BC = Biochar

RS+PS = Rice

straw + P. fluorescens, BC+PS = Biochar + P. fluorescens. BC+RS = Biochar + Rice straw and BC+RS+PS = Biochar +

Rice straw + P. fluorescens.

inoculation with P. fluorescens, rice straw, and
their combinations, which also improved the
vegetative growth parameters such as plant length,
leaf area, and head diameter of lettuce plants
grown under heavy metal stress. These changes
in lettuce’s growth parameters are brought on by
a decrease in the mobility of heavy metals in the
soil following the use of bioadsorbents compared
to other physical and chemical methods, the use of
microbial metabolic capacity to absorb or remove
environmental pollutants offers a cost-effective
and secure alternative. According to Desoky et
al. (2020), Pb> or Cd** stress greatly decreased
the fresh and dry weight of plants as well as the
leaf chlorophyll content of spinach plants. The
reason for the occurrence of significant increases
in Cd or Pb content in spinach roots and leaves,
suggests that exposure to Cd and/or Pb in the
culture medium leads to disruption of the cell’s
antioxidant defense system compared with the
control (without heavy metals), where plant cells
are unable to preserve lower levels of Cd or Pb
through effective detoxification mechanisms, and
as a result, oxidative damage occurs to various
cellular components that reduce plant growth, as
shown in this study. Application of heavy metals-
remediation bacteria has confirmed plant cells
to preserve a decrease in the level of Cd or Pb
ions, resulting in healthy growth of seedlings
under heavy metals. For non-essential elements
such as Cd or Pb, there are no specific transport
channels in plants. These elements are transported
to plants through transporters (Clemens et al.,
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1998). Plant growth-promoting rhizobacteria
can contribute to plant growth improvement
through various direct and indirect mechanisms.
For example, some reports have been recognized
the specific processes of PGPR that stimulate
plant growth in the presence of heavy metals,
such as the production of IAA, ACC deaminase,
and siderophores. IAA-producing bacteria can
stimulate plant growth. ACC deaminase inhibits
ethylene production (Glick et al., 2007), and
siderophores help plants obtain sufficient iron
under heavy metal stress (Bruins et al., 2000). On
the other hand, biochar is added to soil to improve
soil quality and crop productivity; it has a large
surface area, a high number of functional groups,
and generally a high pH, which makes it able to
immobilize heavy metal cations in soils (Beesley
et al., 2010). Similarly, biochar application can
reduce metal leaching through its effect on metal
redox reactions (Choppala et al., 2012). Previous
studies showed that the addition of 1% biochar
(sawdust fly ash, bagasse fly ash, and rice husk
ash), with 2% microorganisms (P. aeruginosa,
Bacillus subtilis, and Beauveria bassiana), led
to enhanced growth parameters for rice grown
in Cd-contaminated soil (Mondal et al., 2020)
showed that biochar application (5.5 Mg ha')
and PGPR (Rhizobium, Bacillus sp., Azotobacter,
and Azospirillum) enhanced the biomass (roots
and shoots) of common bean plants (Phaseolus
vulgaris L. cv. Falguni) treated with different
levels of Cadmium. A similar trend was observed
by Mazhar et al. (2020) who found that PGPR
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strains (Bacillus) inoculated along with 1%
biochar led to an ameliorated stress effect of
Chromium and the ability to improve the plant
growth attributes of wheat. The application of rice
straw altered the amount of humic compounds
in the soil as well as their Cu and Cd levels.
Humic compounds can bind with metals to
produce organic complexes and chelates because
they include a variety of functional groups like
carboxyls and different hydroxyls (Clemente and
Bernal, 2006). The obtained data herein shown in
Figure 2 illustrates how physiological traits and
photosynthetic pigments are crucial in enhancing
leaf health and crop performance. The lettuce
plants were susceptible to the harmful effects
of heavy metal stress on plant systems, such as
the emergence of leaf chlorosis and deteriorated
physiological characteristics as a result of a
deficiency in chlorophyll biosynthesis. This might
be the result of Cd** taking the place of Mg*" in
the chlorophyll molecule (Wierzbicka et al.,
2007). Oxidative stress in plants is facilitated by
stress-induced excess ROS (Cheeseman, 2007).
Chlorophyll is degraded, membrane functions are
changed, and DNA, RNA and proteins are harmed
by the elevated ROS levels. Furthermore, heavy
metal toxicity results in ion imbalance, osmotic
stress, and oxidative stress in plant tissues (Zhu,
2001), which inhibit pigment synthesis and
photosynthesis process (Sheng et al., 2008), and
stimulates an excessive reduction of reaction
centers especially in PS-II, which worsens the
photosynthesis mechanism in plants that are
unable to use up excess energy (Baker, 2008). The
reduction in chlorophyll content, gas exchange,
and hydration status of plants brought on by Cd**
and/or Pb?* toxicity is lessened by the use of heavy
metal remediation bacteria. It was found that
bacteria are critical for binding heavy metals to
cell walls and preventing their transfer to plants. In
addition to preventing premature leaf senescence
and increasing the area of leaves with higher
pigment concentrations for photosynthesis, this
lessens the negative effects of heavy metal stress
on the plant (Cervantes et al., 2001). However,
inoculation with P. fluorescens and rice straw
(interaction between the two) and application of
biochar to the soil significantly improved spate
in heavy metal-contaminated soil. This is directly
related to the leaf’s nitrogen content because
nitrogen is a macronutrient required for plant
growth and chlorophyll synthesis. When rice
straw, biochar, and P, fluorescens were specifically
combined in this study, the results can explain the

increase in leaf greenness that was observed and
is reflected in healthy plants.

Conclusion

This study shows that soil amendments
(biochar, rice straw, and inoculation with P,
fluorescens and their combinations) improved
vegetative growth parameters, and the percentage
of N, P, K and Mg in leaves and roots, and reduced
Cd, Pb and Cr content in leaves. This study
recommends the application of biochar + rice
straw + P, fluorescens on lettuce cv. Nader plants,
which developed the highest values of vegetative
growth parameters, improved the accumulation
of elements in the human diet and reduced the
content of heavy minerals in lettuce leaves under
the conditions of Qalyubia Governorate, Egypt.
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