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Biochar produced from activated sludge boosts soil fertility by supplying nutrients,
improving water retention, and optimizing nutrient accessibility. Its durable carbon
composition sequesters carbon in the soil for long-term storage. Reduces greenhouse
gases such as CHs and N20 by modifying microbial dynamics and enhancing soil
aeration. Furthermore, biochar captures pollutants, minimizing environmental hazards
and promoting sustainable farming practices. This study investigates the impact of
biochar derived from activated sludge and biochar loaded with Pseudomonas putida on
cherry tomato growth. Biochar was produced from activated sludge at the Babel
wastewater treatment plant, with Pseudomonas putida isolated from the same source. In
a 90-day pot experiment, four biochar treatments were tested: two concentrations (1%
and 5%) and the same concentrations loaded with Pseudomonas putida. Results showed
that 5% biochar loaded with Pseudomonas putida significantly enhanced cherry tomato
growth, with the highest fresh shoot weight (179.9 g) and chlorophyll content (62.22
SPAD), All biochar treatments significantly enhanced soil chemical properties, such pH,
electrical conductivity, and level of phosphorus, carbon, and nitrogen, leading to enhance
plant growth and productivity (P < 0.0034) compared to the control (P < 0.0045).
Scanning Electron Microscopy (SEM) analysis revealed a reduction in biochar particle
diameter from 33.95 nm before pyrolysis to 16.17 nm after pyrolysis. These findings
suggest that 5% biochar loaded with Pseudomonas putida is effective for small-scale
agricultural applications.

1. INTRODUCTION

capacity and phosphorus levels [3]. Research shows that
biochar's porous, nutrient-rich structure improves heavy metal

Biochar consists of carbon, oxygen, sulfur, hydrogen,
nitrogen, and minerals found in ash. It’s created through
pyrolysis, a process where biomass undergoes thermal
decomposition in a low-oxygen setting. Black, porous, and
finally grained, biochar has a lightweight nature, significant
surface area, and an impact on soil pH, all beneficial for soil
applications. To combat agriculture soil degradation, biochar
is applied to enhance soil quality by stabilizing biomass [1].
This process modifies soil to improve crop productivity and
reduce pollution. Biochar, a carbon-rich by-product from
biomass pyrolysis, depends on biomass type and processing
conditions. Its production in low-oxygen, high-heat
environment creates co-products like oil and gas, with
quantities varying by process setting [2].

Biochar from organic waste can enhance soil properties and
generate farm-based renewable energy. Biochar quality varies
based on soil type, metal content, biomass source, and
application rate. When added to soil, biochar raises pH, carbon
content, nitrogen, electrical conductivity, cation-exchange
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absorption in soil, aids nutrient retention, and enhances
microbial support. When combined with Pseudomonas putida,
biochar promotes plant growth by improving microbial
activity and nutrient availability while increasing disease
resistance. This synergy also enhances soil water retention and
reduces compaction risks [4].

Biochar and Pseudomonas putida improve soil properties
and ecosystem sustainability through complementary effects.
Biochar increases soil organic carbon by 20-30%, phosphorus
by up to 40%, and aggregate stability by 30-60%, while
sequestering 50-80% of its carbon. Pseudomonas putida
enhances nitrogen availability by 15-25%, phosphorus
solubilization by 10-15%, and aggregate stability by 25-50%,
while promoting carbon and nitrogen cycling by 10-30%.
Together, they optimize nutrient content, stability, and cycling
processes in soil [5]. The combined application of biochar and
Pseudomonas putida improves soil quality and ecological
sustainability through synergistic mechanisms through soil
fertility. Biochar supplies stable carbon and retains nutrients
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(N, P), while Pseudomonas putida enhances nutrient cycling
through nitrogen fixation and phosphorus solubilization.
Porous structure inside biochar particles improves water
retention and aggregation, complemented by Pseudomonas
putida produced exopolysaccharides. Since biochar sequester
50-80% of carbon, reducing greenhouse gases, while
Pseudomonas  putida  accelerates  organic  matter
decomposition and nutrient release. Most heavy metals
adsorbed by biochar who works as pollutant management and
Pseudomonas putida degrade organic pollutants, minimizing
toxicity [6].

The aim of this study is to describe the composition,
production, and benefits of biochar, particularly its role in
enhancing soil quality and supporting sustainable agriculture.
This study describes how biochar improves soil properties,
aids nutrient retention, especially when combined with
Pseudomonas putida, in addition to that promotes plant growth
and resilience, ultimately contributing to sustainable farming
practices and environmental stability.

2. MATERIALS AND METHODS
2.1 Experimental site description

The experimental location is located in the School of
Science, Biology Department backyards at Mustansiriyah
University in Baghdad. The experiment occurred at the end of
winter season in Iraq, spanning from February 2023 to April
2023, during which the average annual temperature was 20°C.
The soil in the area is a combination of clay soils.

2.2 Soil preparation

Soil samples were gathered from the backyards of the
School of Science, Biology Department at Mustansiriyah
University in Baghdad. After air-drying for 14 days, soil
samples were sieved with 2.5 mm and then autoclaved and
utilized for cultivation experiments. The resulting biochar was
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transformed into powder formulations. Figure 1 and Figure 2
display the characteristics of soil and biochar at day 0 of the
experiment.

2.3 Experimental design

Production of biochar from activated sludge via pyrolysis

The wastewater treatment facility in Babel province, Iraq,
uses an activated sludge system for secondary municipal
wastewater treatment. The sludge is processed through
anaerobic digestion and then dewatered with a belt filter press.
The dewatered sludge was dried in an oven at 105°C for 24
hours, then crushed, sieved, and stored in an airtight plastic
bag.

The pyrolysis process was conducted in a muffle furnace
(Linn High Therm) at 500°C, with a nitrogen flowing at 200
ml/min to create an oxygen free environment. The temperature
increased at 17°C/min until reaching the target temperature,
where the sample was held for 90 minutes (residence time).
The resulting biochar was then cooled in a desiccator, weighed,
and stored in airtight plastic containers as shown in Figure 3(A
& B) [7]. The fundamental characteristics of soil and biochar,
as obtained from the literature by Liu et al. [8], are summarized
below:

The soil was classified as sandy loam in texture, whereas no
specific texture was noted for biochar. In terms of organic
matter, the soil contained 8.04 g kg, while the corresponding
value for biochar was not provided. For total carbon content,
no data were available for the soil, but biochar had a
significantly high carbon concentration at 597.7 g kg™
Regarding total nitrogen, the soil had 0.56g kg, while biochar
showed a much higher level at 13.4 g kg*. Similarly, the total
phosphorus content was 1.09 g kg™ for soil and 2.47g kg™ for
biochar. The total potassium as 15.36 g kg for soil and 29.8
g kg* for biochar. Lastly, the cation exchange capacity (CEC)
of the soil was measured at 5.40 cmol kg which was
considerably lower compared to biochars CEC of 17.0 cmol
kg™ These findings highlight the enhanced nutrient and cation
exchange properties of biochar compared to soil.

mEC
mpH
mCal2+
E+
mMg2+
mC
N
W Avail P205
HOM
mC/N ratio

Figure 1. Chemical characteristics for soil samples at day 0
EC, electrical conductivity (ds m™); Ex. cations: exchangeable cations (cmol kg™'); (Ca®', K" and Mg*"); C, carbon (g kg™"); N, nitrogen (g kg"); P,Os, available
phosphorus (mg kg™') and OM, organic matter (g kg™'). Values represent by means + SD.
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Figure 2. Chemical characteristics for biochar samples at day 0
T-P, total phosphorus (mg kg™!); EC, electrical conductivity (ds m™); C/N ratio; OM, organic matter (%), C, carbon (g kg™!) and N, nitrogen (g kg!); B1: 1% of
biochar; BS: 5% of biochar; BP1: 1% of biochar loaded with Pseudomonas putida and BP5: 5% of biochar loaded with Pseudomonas putida. Values represent by
means £ SD.

Figure 3. (A) Activated sludge before pyrolysis application;
(B) Biochar produced through pyrolysis of activated sludge

Samples collections and identification of Pseudomonas
isolates

Activated sludge samples were collected in triplicate from
the wastewater treatment plant in Babel province, Iraq, using
sterile 100 ml bottles under aseptic conditions. These samples
were promptly transferred to the laboratory, stored in a dry and
clean environment, and subjected to serial dilution and culture
procedures using King A and King B medium. Each sewage
samples of 100 microliters were diluted up to 10 and cultured
later on the same media. following the manufacturer’s
instructions. The cultured medium was poured into plates for
further procedures. Different bacterial colonies from activated
sludge samples were then grown on King A and King B media
plates to verify that they belonged to the Pseudomonas genus.
Identification of the isolates was based on morphological
characteristic like colony appearance, pigmentation, and
motility. Furthermore, a biochemical test like oxidase activity
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and substrate utilization were performed on suspected isolates,
lastly a phenotypic traits like VITEK test that include
resistance to specific antibiotics or environmental conditions
was applied. These combined methods ensure accurate
differentiation within microbial communities [9].

VITEK test conditions

Utilizing the VITEK 2 Compact machine, Pseudomonas
putida was isolated from activated sludge samples. Various
microbial colonies were obtained through serial dilution
techniques applied to all collected samples. Specifically, 100
microliters from the sixth dilution were transferred to prepared
agar (King A and King B medium), spreaders, and incubated
at 30°C for 24 hours. Following incubation, individual
colonies were examined, sub-cultured to obtain pure colonies,
and used for the suspension preparation for ID Cards.
Additionally, pure colonies were stored in 20% glycerol in the
freezer for further tests [10].

Produced biochar loaded
putida

The Pseudomonas putida bacterial strain, initially isolated
from activated sludge, was identified with a 98% probability
using the VITEK 2 Compact machine. Prior to utilizing the
pre-prepared biochar from activated sludge, all samples
underwent pulverization and passed through a 0.25 mm sieve.
To prepare the Pseudomonas putida loaded biochar inoculant,
the bacterial strain was initially inoculated in beef extract
peptone medium at a 5% concentration and cultivated in a
thermostatic shaker at 200 rpm, until the OD 600 value
reached 1.0. The biochar was then combined bacterial culture
at 1:3 (w/v) ratio and incubated for 8 hours before use [11].
The use of a 1:3 (w/v) ratio of biochar to bacterial isolates like
Pseudomonas putida is often chosen to balance microbial
inoculum with biochars surface area and nutrient retention

with isolated Pseudomonas



properties. This proportion supports effective microbial
colonization, boosts nutrient cycling, and enhances plant
growth. This ratio tested in our study to assess its impact on
soil quality and plant productivity under specific conditions.

Soil incubation experiment applications

In this study, soil samples were collected from the topsoil
(0 — 25 cm) layer of the soil in the backyards of the Biology
Department at Mustansiriyah University, Baghdad. The soil
was air-dried and sieved to remove stones and organic debris.
A 90 days incubation experiment was conducted at 20°C in a
thermostatic chamber. Soil samples were treated with either
biochar or Pseudomonas putida-loaded biochar at 1% and 5%
ratios (based on biochar dry weight in soil), labeled as B1, BS,
BP1, and BP5, respectively. Soil moisture was kept at 40% of
water-holding capacity during incubation. All treatments and
controls (S, without amendment) were preformed out in
triplicate, with subsequent analyses conducted on air-dried,
sieved soil samples.

Cherry tomato cultivation experiments

This experiment took place in a glass greenhouse at
Mustansiriyah  University, School of Science/Biology
department. Cherry tomatoes were chosen, and 90 days after
planting, seedlings were placed in pots (1/5,00 Wagner pots)
and grown. Biochar was added based on soil weight. The study
involved a control group with no treatment (Control) and
treatment groups with 1% biochar, 5% biochar, 1% biochar
loaded with Pseudomonas putida and 5% biochar loaded with
Pseudomonas putida. Three repeated experiments were
conducted for each treatment group using the egg mass
method, Cultivation followed the agricultural technology
method of the Rural Development Administration, and
inorganic fertilizer adhered to the Administration's standards.

Soil and biochar analysis

Soil parameter and properties encompass electrical
conductivity (EC), pH, exchangeable cations (Ca?*, K* and
Mg?"), total carbon and nitrogen, available phosphoric acid,
organic matter and carbon-to-nitrogen ratio. The pH and EC
were assessed with a pH and EC meter (ORION versastar pro,
Thermo, UK) using a 1:5 method of soil and distilled water
method. Available phosphoric acid was determined through
the Lancaster method, while total carbon and nitrogen were
measured with an Elemental analyzer (Flash 1102 series EA,
Thermo, UK).

Exchangeable cations were leached with 1N-ammonium
acetate solution adjusted to pH 7.0 and then an inductively
coupled plasma spectrometer (ICAP 7000 series ICP
spectrometer, Thermo, UK). For biochar samples the MgO and
K>,O were assessed using an inductively coupled plasma
spectrometer (ICAP 7000 series ICP spectrometer, Thermo,
UK). The total phosphorus (T-P) in biochar samples were
assessed using acid digestion followed by colorimetric
analysis, measuring the product color with spectrophotometer
(TX-TP800 TESTRONIX-INDIA) [12]. Values were
represented as means + SD. All results were explained in
Figures 2 and 3.

Data analysis

All experiments were performed in triplicate, and the results
were reported as mean values with standard deviations.
Statistical analyses were conducted using Graph Pad Prism 8
software. A one-way analysis of variance (ANOVA) was used
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to evaluate the effects of different amendment treatments on
the measured parameters, with Bartlett's test applied to
identify differences between treatment means at a significance
level of P < 0.05.

3. RESULTS AND DISCUSSION

3.1 Characterization of Pseudomonas putida loaded
biochar

Various images of biochar products were captured at
different scales using Scanning Electron Microscopy (SEM).
The highest quality images, with a resolution of 100 nm,
provided detailed insights into the biochar surface morphology,
pore, structure, and other microstructural features. Additional
images were captured at resolutions of 200 and 500 nm. These
high-resolution images are crucial for understanding the
properties and quality of the biochar, which directly impacts
its effectiveness in applications like soil amendments, the
focus of this study [13]. After pyrolysis, the size of the biochar
particles decreased due to the breakdown of organic matter and
the loss of volatile components [14].

SEM images of the biochar (Figure 4(Al)) reveal a coarse
surface with porous structures, with particles shrinking from
33.95 nm before pyrolysis to 16.17 nm after pyrolysis (Figure
4(B1)). This reduction in size may enhance the attachment and
growth of Pseudomonas putida. The fine structure of biochar
allows Pseudomonas putida to adhered effectively, with cells
either scattered or grouped on its surface; some cells may even
penetrate the biochars pore structure due to their small size (<
2 um). Microbial colonization of biochar is affected by both
microbial physiological characteristics and the biochar
properties. A study [11] found that Geobacter
metallicreducens and Geobacter sulfurreducens could co-
colonize the biochar surface within a short time frame (10
days). In our current research, we anticipate that Pseudomonas
putida will efficiently colonize the biochar surface, showing
rapid colonization within (10 h). SEM images are crucial for
examining the microstructural changes in biochar that impact
its effectiveness as a soil amendment. Figure 4 reveals
essential features like porosity, surface area, and cracks or
irregularities created during pyrolysis. These properties
influence biochars capacity for water retention, nutrient
adsorption, and providing microbial habitats. Monitoring how
these structures change under various environmental
conditions or treatments aids in understanding and optimizing
biochars role in enhancing soil quality.

3.2 Variations in soil pH throughout the incubation period

The use of biochar and biochar loaded with Pseudomonas
putida initially increased soil pH on day 6, especially with a
5% application rate, compared to untreated soil samples. Over
time, all treatments showed a decreasing trend in soil pH. In
previous researches [15, 16], they observed a similar pH
fluctuation during incubation with biochar from crop residues,
attributing the initial pH rise to the release of alkaline
substances. The Pseudomonas putida-loaded biochar
treatment, particularly BP1 and BPS5, significantly lowered
soil pH during the 90-day incubation period. In particular, the
BP5 treatment significantly reduced the pH recording (P <
0.0001) as explained in Figure 5. This suggests that a high dose
of Pseudomonas putida-loaded biochar effectively influences



soil pH. While Pseudomonas putida may release organic acids
causing pH reduction, the soil pH in this study remained within
the natural-alkaline range after biochar amendments. Despite
this, the pH-buffering ability of Pseudomonas putida-loaded
biochar is an intriguing phenomenon, deserving further
investigation regarding its impact on crop productivity and soil
health. The addition of Pseudomonas putida to biochar
enhances soil pH through synergistic biochemical processes.

Biochar, with its alkaline nature, neutralize acidity and support
microbial colonization. Meanwhile, Pseudomonas putida
breaks down organic acids, solubilized phosphates, and
generates alkaline compounds like ammonia during nitrogen
cycling. these combined actions effectively reduce soil acidity
and improve nutrient availability, promoting a balanced pH for
optimal soil health [17].

Figure 4. (A1) Biochar before pyrolysis at 100 nm, (A2) Biochar before pyrolysis at 200 nm, (A3) Biochar before pyrolysis at
500 nm, (B1) Biochar after pyrolysis at 100 nm, (B2) Biochar after pyrolysis at 200 nm, (B3) Biochar after pyrolysis at 500 nm

8.4 == Conirol
= 8.2 4 —i— Bl
5
E 8 - BS
L=
e 7.8 - —i— BP1
£
= 76 - BPS
k-

-
= T4
=
(=™

7.2 -

7 T T T T T T T T T 1

0 10 20 30 40

60 T 80 90

Incubation periods

Figure 5. Measurements of pH for five soil samples (Control - without any amendments, B1-1% biochar, B5-5% biochar, BP1-
1% biochar loaded with Pseudomonas putida, BP5-5% biochar loaded with Pseudomonas putida) during the 90-day incubation

period



3.3 Cherry tomato growth and quality characteristics

The results of the cherry tomato growth are presented in
Figure 6. Biochar treatment (B1, B5, BP1, and BP5) was found
to positively impact cherry tomato crop growth compared to
the control (soil without amendments). The tallest cherry
tomato plants were observed in samples treated with 5%
biochar loaded with Pseudomonas putida reaching a height of
147.4 cm, while the control samples had the lowest height at
58 cm. Regarding fresh weight and Chlorophyll, the highest
values were recorded in samples treated with 5% biochar
loaded with Pseudomonas putida measuring 179.9 g and 62.22
SPAD, respectively. Control samples (soil without
amendments) had the lowest values for these measurements.
In terms of fruit measurements, samples treated with 5%
biochar loaded with Pseudomonas putida exhibited the highest
number of cherry tomato fruits per plant (39.9) and total fruit
weight (111.1g). However, fruit length and diameter (cm)

were greatest in samples treated with 5% biochar alone,
without Pseudomonas putida, suggesting a lesser effect of the
loaded bacteria on these specific fruit dimensions. RM-One
Way ANOVA showed p < 0.0045 for treated samples and
control. The p value summary was significant recording **.

The increase of each of chlorophyll content, fruit number
and weight stems from various factors. Initially, incorporating
biochar improve soils capacity to retain water and nutrients,
resulting in the improvement of soil quality and structure leads
ultimately to fosters plant growth [18]. Moreover, Biochar
loaded with beneficial bacteria like Pseudomonas putida
aiding in plant growth and development. Pseudomonas putida
assist in nitrogen and phosphorus metabolism cycle,
improving nutrient absorption by plants [19]. In addition to
that, these bacteria aids in the sequestration of heavy metals
such as cadmium leading to decrease their harmful effects on
plant and enhance soil quality [20].
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Figure 6. Growth characteristic of cherry tomatoes at end of experiment (Control — soil without any amendments, B1-1%
biochar, B5-5% biochar, BP1-1% biochar loaded with Pseudomonas putida, BP5-5% biochar loaded with Pseudomonas putida)
One-way analysis of variance, ANOVA, Post Hoc Tests by GraphPad Prism 8.0.

3.4 Chemical properties of soil mixed with four types of
biochar at end of 90-day

The characteristic of soil mixed biochar (B1, B5, BP1, BP5
and control) explained in Figure 7, including EC, pH, Ca, K,
Mg, T-C, T-N, P.Os and C/N ratios, can be affected by various
factors and may differ based on specific conditions and
experimental setups. In certain instance, adding biochar has
been observed to raise pH levels and improve the availability
of specific nutrients for example potassium and nitrogen.
However, the biochar impact on the rest nutrients such as
phosphorus may vary [21]. The carbon content of biochar is
also subject to variation based on the source material. The
influenced of biochar on these aspects is complicated and
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influenced by factors like biochar type and application rate,
soil attributes, and the particular crop or plant being cultivated.
Applying biochar at different rates, such as 1% and 5% to soil
can produce diverse effects on soil chemical properties. It can
alter the physical characteristics of soil, including particle-size
distribution, electric conductivity, pH, and zeta potential [22].
The application of both biochar and modified biochar noted to
significantly influence the availability of potassium,
phosphorus, cation exchange capacity (CEC), electrical
conductivity (EC), and nitrogen in soils contaminated with
chromium (Cr) [23]. Furthermore, varying rates of biochar
application can improve soil carbon stabilization over time and
impact the activities of soil enzymes as well as the
composition of bacterial communities [24].



The utilization of biochar enriched with Pseudomonas
putida was demonstrated to enhance crop quality. Previous
researches indicated that applying biochar can impact soil
microbial health, resulting to increase soil organic matter and
nutrient level as well, consequently influencing crop yield and
quality. Moreover, the combined effects of biochar and the

plant growth promoting bacteria Pseudomonas putida TSAU1
revealed to enhance wheat growth, nutrient absorption, and
soil enzyme activities [25]. These findings suggest that
utilizing biochar infused with Pseudomonas putida considered
as advantageous for improving crop quality.
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Figure 7. Chemical parameters of treated samples and control at the end of the 90-day

The introduction of biochar containing microorganisms can
yield diverse effects on soil electrical conductivity (EC). In a
study, the addition of biochar elevated EC in saline soils,
particularly under high salinity conditions. Furthermore,
biochar application resulted in increased soil pH and electrical
conductivity across different moisture levels [26]. Hence, the
influence of biochar loaded with microorganisms on soil EC
may vary based on factors like soil salinity, presence of
contaminants, and moisture content. Biochar was found to
increase soil electrical conductivity (EC) when incorporated
into soil, as indicated by study [27], approved that EC levels
increased in soils treated with biochar or biochar combined
with Pseudomonas putida compared to untreated soils. The
highest EC, recorded at 1.51 dSm™, was observed in soil
treated with 5% biochar loaded with Pseudomonas putida.
This highlights the significant potential of incorporating 5%
biochar with Pseudomonas putida to enhance soil EC.

Range varying depending on the crops salt tolerance.
Effective soil management practices, such as appropriate
irrigation and drainage, are crucial for regulating soil EC and
mitigating the adverse effects of high salt levels on crop
cultivation.

In general, cherry tomatoes thrive within a soil EC range of
1.5 to 2.5 dSm%. Notably, cherry tomatoes exhibit lower salt
tolerance compared to specific types of crops, underscoring
the importance of maintaining a balanced and suitable EC
level to ensure their optimal growth and yield. The utilization
of saline water can diminish crop quality and yield. Salinity
adverted effects on the morphology and yield parameters of
tomatoes, with yield decreasing as salinity levels rise [28].
Various salinity levels in irrigation water negatively impact
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chlorophyll content and biomass accumulation in cherry
tomatoes [29]. Nevertheless, cherry tomatoes can be grown in
nutrient solutions made with salt- containing groundwater as
evidenced in Malta, resulting in reduced yield but improved
fruit quality [30]. Overall, maintaining an EC range of 1.5 to
2.5 dSm™ is crucial for the optimal growth and yield of cherry
tomatoes, aligning with our findings.

Each of calcium (Ca*?), potassium (K*), and magnesium
(Mg*?) are vital for plant growth. The concentration of each
pervious elements in 5% biochar loaded with Pseudomonas
putida (BP5) was highest with values (6.9, 0.18 and 2.8)
subsequently in compare to other biochar treatment group and
control, suggesting that Pseudomonas putida might influence
soil nutrient cycling, potentially by competing for nutrients.
The elevated levels of these elements can be ascribed to the
influence of biochar on retaining nutrients and enhancing soil
fertility. Biochar has the capacity to immobilize calcium
(Ca*?), potassium (K*), and magnesium (Mg*?) in the soil,
creating an optimal environment for soil organisms and
promoting plant growth. Furthermore, adding biochar to the
soil can enhance its ability to retain water and nutrients,
thereby increasing nutrient availability for plants. The
presence of Pseudomonas putida within the biochar can also
aid in nutrient cycling and availability contributing to higher
concentrations of calcium (Ca*?), potassium (K*), and
magnesium (Mg*?) in the soil which is matching with the
current study results [31].

The EC, total carbon, total nitrogen, organic matter content
and C/N ratios increased in treatments containing biochar
loaded with 5% Pseudomonas putida (BP5) compared to other
treatment biochar group and control recording values (1.51,



5.9, 1.1, 9.4 and 6.37) subsequently at end of day 90. This
increase suggested because of synergistic effect of biochar
loaded with bacteria. This synergistic effect found to
contribute the increase concentration of EC, T-C, T-N, OM
and C/N ratios in treated soils. Biochar loaded with bacteria
enhance the abundance of soil microbial community involved
in carbon and nitrogen metabolism. These findings highlight
the potential of biochar and bacteria synergism in promoting
soil health and nutrient availability in agricultural systems [32,
33].

The pH level was the lowest values at end of day 90 for BP5
with value 7.11 in compare with other biochar treatment group
and this is due to various factors like the production of organic
acids by loaded bacteria with the biochar resulting in soil
acidification. Moreover, the degradation of organic matter
within the biochar releases acidic compounds into the soil,
further lowering the pH levels. Additionally, the inherent

acidity of biochar has influenced by the source of biochar itself.

In the current study, source of produced biochar was domestic
activated sludge at the Babel wastewater treatment plant based
in Iraq. Overall, the convergence of these factors contributes
to the observed pH reduction in soil treated with bacteria
loaded biochar. Biochar loaded with 5% Pseudomonas putida
recorded a high P,Os value of 128.6, which was higher than
those of BP1 and the control, but lower than those of B5 and
B1, which recorded values of 246.1 and 244, respectively.

The decreased level of phosphorus for biochar loaded with
bacteria due to the ability of the loaded bacteria to immobilize
phosphorus, making it less available for plant uptake in the
same time the loaded bacteria enhance phosphorus cycling and
transformation processes resulting to raise retention of
phosphorus in forms that are not accessible to plants.
Additionally, the incorporation of biochar into the soil can
alter soil properties and microbial communities in ways that
affect phosphorus availability and mobility. RM-One Way
ANOVA showed p < 0.0034 for treated samples and control.
The p value summary was significant recording *.

4. CONCLUSION

In this study, results revealed the impacts of various
treatments involving biochar (1% and 5%) and biochar loaded
with Pseudomonas putida, sourced from the same activated
sludge used to produce the biochar, alongside untreated soil,
on the growth of cherry tomatoes and soil characteristics. The
experiments were primarily conducted in a glass greenhouse
at the College of Science and Biology Department of
Mustansiriyah University. Results from assessments of cherry
tomato growth parameters, including plant height, above-
ground byproduct weight, chlorophyll content, fruit number,
and weight, indicated superior growth in the group treated with
5% biochar loaded with Pseudomonas putida compared to
other biochar treatments and the control group. Analysis
revealed an increase in chlorophyll content, fruit yield number
and weight in the PB5 added treatment group compared to
other biochar treatments and the control. Moreover, soil pH,
electrical conductivity (EC), available phosphorus levels, total
carbon and nitrogen content, and organic matter content
tended to rise in biochar loaded with Pseudomonas putida
PBS5. Based on these findings, the 5% biochar loaded with
Pseudomonas putida treatment demonstrated positive effects
on cherry tomato growth and induced changes in soil
chemistry, suggesting its potential application as a soil
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conditioner in small-scale agricultural settings. Additionally,
the 5% biochar loaded with Pseudomonas putida appeared to
enhance cherry tomato growth. The local strain Pseudomonas
putida functions as a direct biocontrol agent. Its presence in
the rhizosphere initiates a systemic response in the plant,
protecting the host from the pathogen's infection and
proliferation. The results indicated that, when compared to
using biochar alone, applying biochar inoculated with
Pseudomonas putida at a 5% rate notably increased the soil pH
during the initial incubation period. Subsequently, there was a
slight decrease, bringing the pH to a neutral to alkaline range
throughout the reaction. The treatment resulted in increases of
14% in chlorophyll content, 6% in fruit yield, 19% in total fruit
number, 25% in plant weight, 1% in fruit length and 34% in
plant height, along with 1% increases in plant diameter
compared to the control. At the same time both chemical
parameters of treated samples and control resulted in increases
0f 4% in EC, 11% in pH, 9% in Ca, 3% in Mg, 1% for each T-
C and T-N, 67% in available P,Os, 2% in OM, and 3% in C/N.
The combination of Pseudomonas putida with biochar offers
significant scalability for boosting plant growth across various
agriculture systems. Scaling efforts can involve producing
biochar from local biomass to minimize costs and
environmental impacts. Efficient application methods, such as
incorporating Pseudomonas putida into irrigation systems or
as seed coating, can improve adaptability for divers’ crops by
addressing specific soil and nutrient needs. Economically, it
reduces reliance on chemical fertilizers, while
environmentally, it promotes carbon sequestration and lowers
greenhouse gas emission, supporting sustainable agriculture.
In summary, this study demonstrates that biochar loaded 5%
with Pseudomonas putida significantlyenhances plant growth
and vitality.
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