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1. Introduction

Oil spills pose a severe threat to agricultural productivity, severely disrupting soil composition, degrading vegetation, and
introducing toxic hydrocarbons that destabilize microbial communities. These hydrocarbons not only have a direct
negative impact on the growth and development of plants but also alter the chemical properties of the soil, making it less
conducive for crops to grow (Masakorala et al., 2013). In regions where oil-contaminated irrigation systems exacerbate soil
degradation, these harmful effects extend beyond localized farmlands, influencing broader agricultural chains and
national economies (Yaqoob et al., 2023).

The soil’s inability to support healthy crops leads to a decline in food production, which in turn impacts food security.
While existing studies have extensively documented the environmental repercussions of oil spills, there remains a
significant gap in research concerning cost-effective and biologically driven remediation techniques that could effectively
restore soil health and enhance agricultural productivity (Carvalho & Garcia, 2019).
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The lack of efficient, environmentally friendly solutions has prompted increased interest in exploring biological processes
that could naturally break down harmful contaminants. This study aims to contribute to the field by systematically
evaluating the potential of lipase-active microorganisms in cleaning soil contamination and enhancing agricultural
productivity, while also providing valuable insights into the broader effects of oil contamination, such as its long-lasting
impact on soil fertility, plant growth.

Recycling kitchen waste, a global issue that contributes to environmental pollution and waste management problems, offers
solutions to the social, economic, and environmental challenges caused by food waste. Each year, alarming quantities of food
waste are generated, leading to a range of issues, including methane emissions from landfills, waste of valuable resources, and
unnecessary strain on waste management systems (UNEP, 2024). The development of scalable and sustainable recycling
methods is, therefore, an imperative goal for addressing these challenges.

Beyond simply reducing waste, recycling kitchen waste holds the potential to contribute to multiple environmental benefits.
If the recycling process leads to the creation of highly nutritious compost, for example, it can significantly improve soil health
and enhance agricultural productivity. Additionally, the incorporation of such recycling methods into agricultural practices
can play a critical role in the sustainable development goals of countries. By transforming food waste into valuable resources,
it is possible to simultaneously tackle the issue of waste management and provide solutions for enhancing agricultural
practices and environmental sustainability.

This paper investigates the enzymatic potential of lipase-active microorganisms in degrading residual oil within soil
ecosystems. These microorganisms catalyze lipid hydrolysis, breaking down oil into smaller, less toxic compounds that are
more easily assimilated by the environment. The adaptability of these microorganisms to various soil environments makes
them highly effective agents for bioremediation, as they can thrive in the conditions typically found in contaminated areas.

This study also explores the potential of incorporating specific organisms into fertilizers to restore soil health and enhance
crop yield, particularly in oil-contaminated soils. It investigates the research question: Can a fertilizer combining the
properties of lipase-active Bacillus licheniformis and kitchen compost effectively degrade waste oil in contaminated soils and
promote plant growth?

While market-driven agricultural enhancers often focus primarily on maximizing productivity, they tend to overlook the
broader issue of soil degradation caused by industrial pollution. Few solutions simultaneously address oil-induced soil
degradation through biological intervention, making this research a valuable contribution to the development of
environmentally friendly remediation strategies.

By rigorously evaluating this method’s feasibility, efficacy, and long-term ecological implications, this study aims to establish a
robust scientific foundation for the potential application of lipase-active microorganisms in sustainable agriculture. The
findings of this research could provide the basis for future agricultural practices that prioritize environmental restoration
alongside productivity, offering a holistic solution to the challenges posed by both oil contamination and agricultural
sustainability.

2. Literature Review

Soil, one of the essential elements that make life possible, enables human beings to meet their most basic needs for food
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through agriculture. Previous studies have stated that the 1-centimeter upper layer of the soil, which provides its fertility and
is rich in humus, has been formed over centuries (Goziikara, Altunbas, & Sar1, 2020). These fertile soils and agricultural lands
are the basic elements for ensuring food security worldwide.

Nonetheless, the protection of such soils should be given equal priority to efforts aimed at understanding the limitations of
the benefits they provide, as discussions of enhancing soil fertility for the future are rendered meaningless if there is no
viable soil left to sustain that future.

In modern industrial societies, land is often the ultimate recipient of a wide variety of waste products and chemicals (Brady &
Weil, 1996). These include heavy metals such as lead (Pb) and cadmium (Cd), in addition to oil in soil, which can disrupt plant
growth and adversely affect crop health and productivity. For instance, research indicates that elevated levels of these
compounds in agricultural soils can lead to reduced crop yields and compromised food quality (Akram, Igbal, ljaz, & Rizwan,
2023). Additionally, oil contamination in soil can disrupt plant growth.

Agriculture constitutes a large part of economies, specific studies quantify the exact impact of a 1% increase in per-capita
agricultural growth leading to a 1.5% increase in per-capita non-agricultural growth. For instance, the agricultural sector in
Turkey plays a crucial role, accounting for around 16% of total employment (Saglam & Korkmaz, 2023). Also in South Asia, the
agriculture sector is under great stress with high demand for available crops, ultimately leading to lower economic profit
(Yaqoob et al., 2023).

When healthy agricultural practices support fertile soils in agriculture, it guarantees sustainable production, and this
indicates the importance of preserving the environmental balance not only for agriculture but also for the economic
development of countries.

Since the beginning of the twentieth century, soil pollution has also started to emerge as an environmental problem.
Especially with industrialization and rapid population growth, soil pollution started to increase. Today, soil pollution caused
by the reasons mentioned constitutes one of the important environmental problems that are reaching more serious
dimensions every day, and its effect on agriculture is at a level that cannot be ignored.

One of the main factors in the degradation of agricultural soils is waste oil leaks from many sources. These leaks can occur by
the oil passing through water or directly into the soil. Waste oil pollution is a serious multidimensional problem affecting all
aspects of the environment, causing changes in the physical, chemical, and microbiological properties of the soil, and
eventually causing these changes to pass on to the plant (Mohsen & Al-Robai, 2023).

Studies have shown that even insignificant amounts of oil spills can damage agricultural fields (Igbal, Khursheed, & Shafiq,
2016). Waste oil contamination significantly impacts soil-based communities. Prior studies have also indicated that
hydrocarbon pollutants can lead to a decline in soil-based activities (Ugrina & Juri¢, 2023). Even small amounts of waste oil
can significantly reduce the growth and germination of common agricultural plants. In one study, it was found that Total
Petroleum Hydrocarbons (TPH) pollution in soil inhibited the germination of both wheat and maize seeds when the
hydrocarbon concentration exceeded 0.1% (Tang et al., 2011).

Waste oils consist of many categories, such as used vegetable oil, machine oils, industrial oils, and contaminated natural
areas, due to many factors. Despite the obvious effect arising from contamination, there is no detailed study in which a

current but accessible method is proposed for the bioremediation of these soils and the proposed method is tested with data.

A method and study that cleans nature with what nature gives and makes the soils productive has the potential to have a
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significant impact on development in agriculture. According to the data published by the Ministry of Urbanization of the
Republic of Turkey within the scope of hazardous waste management in Turkey, a total of 1,413,220 tons of hazardous waste
declared by 39,134 facilities were recorded in 2014. Approximately 70,000 tons of waste oil and 7,000 tons of vegetable waste
oil are included (Republic of Turkey Ministry of Environment and Urbanization, 2014).

The majority of waste oils are oils used in industry, especially in the auto industry. Among these oils, there are lubricating oils
used in quantities that can compete with motor oils in tons of liters, which are classified as hydrocarbons and therefore are
derived from crude oil. It is a very common situation that petroleum hydrocarbons are spilled into the soil during operations
in the industry and most likely in the automotive industry, where they are used, and cause irreversible effects.

Specifically, studies have reported reductions in soil-based activities contaminated with used engine oil due to the toxic
effects of hydrocarbons (Odokuma & Dickson, 2003). The introduction of petroleum hydrocarbons into an uncontaminated
environment changes the ecosystemic balance of that environment. Leaked hydrocarbons cause an increase in mortality data
in many microbial species or inhibit their activities, changing the productivity of the microbial community and the ecosystem
(Chikere, Okpokwasili, & Chikere, 2011).

Existing experiments have shown that contamination of soil with crude oil and its derivatives may proceed in parallel with
heavy metal pollution, which can enter from the soil and cause complex ecosystem pollution (Tang et al., 2011). Petroleum
hydrocarbons ( PHs ) are carcinogenic and neurotoxic. They are known to cause soil pollution, which has significant impacts
on a global scale (Chen et al., 2024).

Kitchen waste has reached serious dimensions in the world, due to food waste and the fact that waste is mostly thrown away
rather than recycled. In Turkey, according to the results of the solid waste composition determination study conducted
within the scope of the Solid Waste Master Plan Project (KAAP) in 2006, 34% of municipal waste in Turkey consists of kitchen
waste.

The U.S. Environmental Protection Agency (EPA) has conducted extensive research on the environmental impacts of food
waste, emphasizing the importance of reducing kitchen waste through composting and recycling initiatives. The EPA's
findings highlight that food waste contributes significantly to landfill mass, leading to greenhouse gas emissions and soil
contamination issues (U.S. Environmental Protection Agency [EPA], n.d.).

Considering the significant issues caused by kitchen waste, the ongoing depletion of vital natural resources, and the
extensive economic damage associated with its mismanagement, it is crucial to implement recycling strategies that not only
mitigate environmental harm but also foster cross-sectoral benefits. Such an approach, prioritizing sustainability, will
contribute to the long-term goals of sustainable development of countries.

Lipase enzyme is a biocatalyst belonging to the class of hydrolases that can catalyze the hydrolysis of ester bonds. In the
production of industrial lipases, microorganisms are the primary sources due to their high productivity and ability to adapt to
environmental conditions. For this reason, bacteria and fungi stand out in this context with their ecological and microbial
standards (Abubakar et al., 2024).

The main principle of lipases is to break down lipids into smaller building blocks, glycerol, and fatty acids, by catalyzing the
hydrolysis of ester bonds. These small building blocks, fatty acids, are converted into smaller molecules, acetyl-CoA, by f -
oxidation to be used in the Krebs cycle. Glycerol is used by microorganisms to produce ATP, thus fats are used in the
biological cycle of the organism, and in the case of leaked oil in the soil , the lipase -active organism provides bioremediation
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of the soil (Chandra et al., 2020).

Microbial lipases offer significant advantages over lipases obtained from plant and animal sources due to their
thermostability, ability to work in wide pH ranges, selectivity for specific substrates, and openness to genetic manipulation
(Ghosh et al., 1996). For this reason, this study was conducted on microbial lipases. Previous studies have investigated Bacillus
species, especially Bacillus Subtilis and Bacillus licheniformis, has been shown to be valuable for industrial applications due to
its ability to produce lipase that remains stable at high temperatures.

3. Method

3.1 Making Compost from Kitchen Waste
Compost, which forms the basic element of all test groups for use as fertilizer , was prepared using the following wastes:

- 2 orange peels

- 2slices of spoiled cheese

- Foods containing carbohydrates and fat, such as waste rice and pasta
- Eggshells

- Teapulp

- Potato peelings

- Banana Peel

- Dried leaves

- Control Soil (0 g/kg oil)

The specified products were combined after and left open for 3 weeks to naturally disintegrate.

3.2 Lipase Positive/Negative Bacteria

The bacterial isolates used in this study were obtained from the Biology Laboratory of Cukurova University under the
supervision of Prof. Dr. Osman Giilnaz. Bacillus colonies were transferred to a MALDI-TOF MS device for species-level
identification. For analysis, the samples were prepared with sterile distilled water and formic acid (HCOOH), and protein
profiles were obtained to be Bacillus licheniformis. The lipase activity of Bacillus licheniformis was assessed using an agar
plate method, where the ability of the bacteria to hydrolyze lipids was determined by the formation of a clear zone around
bacterial growth. Spirit Blue Agar was prepared by mixing 1.5% agar with 1% tributyrin (Sigma) and 0.1% spirit blue dye in
distilled water. The mixture was autoclaved and poured into sterile petri dishes, which were allowed to solidify at room
temperature before use.

A culture of Bacillus licheniformis was streaked onto the surface of the prepared agar plate using a sterile inoculating loop.
The plates were incubated at 30°C for 24-48 hours to allow bacterial growth and lipase secretion. After the incubation period,
the plates were visually examined for the formation of a clear zone around the bacterial growth. This clear zone indicates the
hydrolysis of tributyrin by lipase enzymes, which break down the lipids into fatty acids and glycerol, causing the surrounding
medium to become transparent.

The diameter of the clear zone was measured using a caliper to quantify the lipase activity. A larger zone of clearance around
the bacterial growth indicated higher lipase activity, while no clearing suggested a lack of lipase production. This assay
provided a simple, visual method for identifying Bacillus licheniformis isolates with active lipolytic enzymes.
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3.2.1 Preparation of The Soil Sample

Soil samples were collected from sites adjacent to agricultural fields in Adana. One sample was taken from Yesiloba/Seyhan,
exposed to industrial influences and located near, but not within, agricultural fields. Another sample was collected from a site
in Karaisali isolated from both agricultural and industrial activities. They were collected in sterile bags for bacterial isolation.
The soil was prepared under sterile conditions to prevent contamination. A 0.1 g soil sample, used for isolation, was measured
on an analytical balance and transferred into sterile Eppendorf tubes.

3.2.2 Bacteria Identification

Colonies were transferred to a MALDI-TOF MS device for species-level identification. For analysis, the samples were
prepared with sterile distilled water and formic acid (HCOOH), and protein profiles were obtained. Based on the
identification results, one lipase-positive and one lipase-negative strain of Bacillus licheniformis were selected for use in the
study.

3.3 Planting and Fertilization

Twelve pots were used in this study to systematically evaluate the effects of various soil types and fertilizer applications on
the growth performance of lettuce seedlings as well as the overall condition and health of the soils. Lettuce was selected for
its ease of cultivation in pots and because the study coincided with its optimal planting season.

The pots were divided into two primary groups based on the type of soil: oily and non-oily soils. The oily soil was sourced
from an industrial area in Adana, where industrial activities are prominent, resulting in significant soil contamination from
hydrocarbons and other pollutants. This type of soil was specifically selected to replicate the adverse effects of pollution and
to simulate real-world conditions in industrial zones where soil quality is compromised due to contamination. On the other
hand, the non-oily soil was obtained from a greenhouse, where the soil is known to have neutral properties and serves as an
ideal environment for plant growth. This soil was chosen as a control to compare the effects of polluted soil with those of
clean, uncontaminated soil. Equal amounts of both soil types were carefully placed into the pots, ensuring that the
comparison between the two soil types would be based on identical quantities of soil in each pot.

Once the soil was added to the pots, fertilizers were applied to each of the pots to assess how different types of fertilization
would influence the growth and health of the lettuce seedlings. The amount of fertilizer used was precisely measured at 15
grams per pot, a quantity that was determined to be optimal for providing adequate nutrients to the plants without
over-fertilizing (with a fertilizer to soil ratio of 1/1000) while replenishing nitrogen, phosphorus, and other elements in the
soil and to enhance microbial activity.

Fertilizer application was a critical component of the study, since it allowed the investigation of the impact of different
nutrient formulations on plant growth in both oily and non-oily soils. The fertilizers used in this experiment were specifically
chosen for their known properties in improving soil fertility and supporting plant growth. To further investigate the
relationship between soil types, fertilization strategies, and plant growth, the fertilizer ingredients were carefully combined
into several distinct formulations, each designed to deliver a unique nutrient profile.

These combinations were selected to represent various approaches to soil enrichment, enabling the study to examine how
different levels of nutrients, such as nitrogen, phosphorus, and potassium, would affect plant growth in contaminated versus
uncontaminated soil. The pots were then carefully monitored to track the growth of the lettuce seedlings, while the soils
were assessed for changes in their physical and chemical properties, including nutrient availability and microbial activity. The
pots grew and were monitored for 18 days, as this period corresponds to when lettuce transitions from a sprout to a
near-mature stage.
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The results of this experiment are expected to shed light on how fertilization strategies can be tailored to improve
agricultural productivity in polluted soils and provide valuable insights for sustainable agricultural practices.

3.3.1 Oily Soil Group:

Lipase Positive Bacillus: In this group, 15 g of lipase-active Bacillus bacteria fertilizer was added to the pot. This treatment
did not include an additional compost, which was expected to supplement plant growth by providing nutrient availability.

Lipase Negative Bacillus: Only 15 g of lipase-negative Bacillus was added. This group was not expected to contribute to the oil
degradation.

Kitchen Compost: In this group, 15 g of compost was added to the pot. Compost fertilizer was expected to improve soil
structure with its rich nutrient content obtained as a result of the decomposition of organic matter through biological
processes.

Lipase Positive Bacillus + Compost: In this group, 15 g of lipase-positive Bacillus species and 15 g of compost were mixed and
blended with the soil. It was expected to improve soil nutrients while degrading oil.

Lipase Negative Bacillus + Compost: In this group, 15 g of lipase-negative Bacillus species and 15 g of compost were used. No
change in oil amount was expected.

Control Group: In this group, only non-oily soil was used, and no additional ingredients were added. (0g/kg of oil amount of
the initial soil was detected before the group formation)

3.3.2 Lean Soil Group:

Lipase Positive Bacillus Bacteria (Lipase positive Bacillus added): Similarly, 15 g of lipase-active Bacillus bacteria fertilizer
was added to the oil-free soil group.

Lipase Negative Bacillus (Lipase negative Bacillus Added): In the oil-free soil group, only 15 g of lipase-negative fertilizer was
added.

Kitchen Compost 15 g of compost was added to the pot in this group.
Lipase Positive Bacillus + Compost: In this group, 15 g of lipase-positive Bacillus fertilizer and 15 g of compost were mixed.
Lipase Negative Bacillus + Compost: 15 g of lipase-negative fertilizer and 15 g of the compost were added to this pot.

Control Group: In the lean soil group, only lean soil was used as the control group, and no additional components were
added.

The fertilization process began with the careful planting of two lettuce seedlings in each pot. Prior to covering them with soil,
the seedlings were sprinkled with iron to promote healthy growth. Special attention was given to ensuring that the seedlings
made good contact with the soil to establish a strong foundation for growth.

Following planting, all experimental groups were placed in a controlled greenhouse environment where the temperature was
maintained at a constant 24°C to provide optimal conditions for daylight exposure. The pots were kept in a stable
environment, with consistent temperature and humidity levels, for a period of 18 days. Over these 18 days, the plants were
monitored to ensure they received sufficient light and a conducive growing environment.
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After this incubation period, the lettuce plants were carefully removed from the pots for further analysis. The growth
parameters and oil content in the soil of each experimental group were measured to evaluate the effects of the fertilization
process and determine the impact on soil health and plant development.

3.4 Determination of Oil in Soil

Ten grams of soil were dried overnight at 50°C, then placed in a Soxhlet extraction cartridge. Reflux extraction was
performed using hexane for 1 hour at 70°C. Following the extraction, hexane was evaporated using nitrogen gas, and the
remaining residue was weighed to determine the total oil content.

3.5 Measurement of Growth Parameters

The height, root, and leaf width of lettuce in each experimental group were measured. Since there were 2 lettuce in each
group, the average of the two data points was taken 3 times each. The growth rate was tabulated to compare with the initial
data.

3.6 Statistical Analysis

Significance was measured by ANOVA and Tukey’s HSD tests. Statistical analyses, including one-way ANOVA and Tukey’s HSD
post hoc tests, were performed using Python 3.10 with the SciPy and statsmodels libraries. ANOVA was conducted using the
scipy.stats.f_oneway( ) function, and Tukey’s HSD was implemented via statsmodels.stats.multicomp.pairwise_tukeyhsd( ). All
data was analyzed in Jupyter Notebook.

4. Findings

The results from the Soxhlet extraction method demonstrate the greatest reduction in oil contamination has been in the
group of Lipase + Bacillus licheniformis and compost. The combination of these treatments resulted in an oil content of 0.8
g/kg, indicating a 60% degradation over the 18-day period. Similarly, the Lipase + B. licheniformis group alone achieved a
reduction to 0.9 g/kg, corresponding to a 55% decrease in oil content within the same timeframe.

In contrast, the control treatments and the Lipase- B. licheniformis variant showed the least oil reduction since the oil
contents remained close to the initial levels. The full data set regarding physical measurements can be seen in the appendix
(Figure 1). In terms of plant growth, the lipase-active B. licheniformis and compost group treatment emerged as the most
effective, showing an improvement of 77% in plant height, a 120% increase in root length, and a 50% increase in leaf width
compared to the control group. In contrast, the Lipase- B. licheniformis treatment showed only a significantly modest
reduction in oil content and minor improvements in plant growth.

4.1 Statistical Analyses

The full set of data regarding oil degradation is provided in the appendix (Figure 2). The set of data has been tested for
significance with ANOVA and Tukey's HSD, which is provided in the appendix (Table 1).

4.2 ANOVA Results:

There was a significant effect of treatment on oil degradation levels in contaminated soil (Fg;, = 148.03, p < 1.000 x 10™), as
determined by a one-way ANOVA. In the non-oil control groups, the p-value was not applicable (NaN).
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5. Discussion

5.1 Significance of Analysis

This analysis has provided experimental results regarding the important issue of bioremediation. At the same time, it has
addressed agricultural issues due to contamination with data sets and shown how contamination affects soils via the
contaminated control group. The project is also in line with Targets 12, 13, and 15 of the Sustainable Development Goals
(United Nations, n.d.). The study directly contributes to the sub-targets of Goal 12, “Substantially reduce waste generation
through prevention, reduction, recycling, and reuse and halve per capita global food waste at the retail and consumer levels
and reduce food losses along production and supply chains, including post-harvest losses.” The study also directly
contributes to the sub-target of Goal 15: “Restore degraded land and soil and strive to achieve a land degradation-neutral
world”

While many existing studies focus on the environmental repercussions of oil spills and various chemical remediation
methods, few have explored biologically driven, cost-effective approaches that also support sustainable agricultural recovery.
This work distinguishes itself by investigating the use of biofertilizers with lipase-producing microorganisms to degrade oil in
contaminated soils. Unlike purely chemical treatments, this method not only reduces hydrocarbon concentrations but also
actively improves soil health, promoting better plant growth and long-term soil restoration. The samples treated with
lipase-active fertilizers showed a significantly higher reduction in oil content and better plant performance compared to
untreated or low-activity groups. The results indicate that lipase enzymes facilitated the breakdown of lipid-based pollutants,
making nutrients more accessible for plant uptake and improving overall soil fertility.

5.2. Limitations

Although Bacillus was the only organism tested in this study, other easily adaptable organisms could potentially meet
industrial standards for future use, yielding different results that were not explored in this investigation for fertilizer
production. In future studies, researchers could investigate the effectiveness of other microorganisms that naturally occur in
soil or that are specially cultivated for their bioremediation capabilities. Such organisms might exhibit superior or more
efficient oil-degrading properties, potentially resulting in more effective or economical solutions for agricultural purposes.

Expanding the scope of the research to include a variety of microbial strains could lead to the identification of those that
offer higher efficiency or resilience under varying environmental conditions, thus broadening the potential for
industrial-scale application.

Due to academic and financial limitations, this study can only demonstrate plant vitality via physical measurements, which is
a limitation that could be expanded upon in future research. While physical measurements such as plant height, leaf count,
and overall health provide a useful initial understanding of the effects of bioremediation treatments, they are inherently
limited.

More comprehensive measurements, such as biochemical analyses or microbial activity tests, could reveal a deeper
understanding of the specific interactions between microorganisms, soil contaminants, and plant growth. These additional
analyses could provide more definitive evidence of the microbial processes at work in the soil and their direct impact on soil
health and plant productivity. Future studies could incorporate these aspects, offering a more detailed and robust assessment
of the effects of microbial treatments on soil contamination and agricultural productivity.
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Additionally, the scope of the study was confined to a single experimental period of 18 days, which may not fully capture the
long-term effects of bioremediation treatments. The short duration of the study limits its ability to evaluate the sustainability
and consistency of the effects observed over time.

The impacts of soil contamination and bioremediation treatments on microbial communities, nutrient cycling, and plant
growth may evolve over a longer timeframe, and this study does not account for those changes. Future research could extend
the experimental period to several months or even a full growing season, which would provide a clearer picture of the
long-term benefits and potential challenges of bioremediation techniques.

A more extended study would allow researchers to evaluate the durability of the observed effects, including whether the
benefits of bioremediation persist over time, whether new environmental factors arise, and how these treatments might
influence soil and plant health in the long run.

Ultimately, such future studies would offer critical insights into the long-term viability of using bioremediation as a
sustainable and effective method for restoring soil health and enhancing agricultural productivity, especially in regions
impacted by industrial contamination.

6. Conclusion

As a result of the measurements, the fertilizer group produced from Bacillus lichenformis and the mixture obtained from
kitchen compost broke down a significant amount of the oil in the contaminated soil in the 18-day period. The research
revealed not only the bioremediation effectiveness but also the negative effects of waste and leaked oils on the soil structure.
It was observed that oil contamination negatively affected basic characteristics of the plant such as vitality (based on physical
measurements) . In this context, a fertilizer developed with the tested method not only reduces pollution but also contributes
to sustainable agricultural practices by improving soil health.

Plant growth in the oil-contaminated soil with the most effective treatment approached a 77.7% increase in the plant length
and significant root growth compared to the controlled contaminated soil, indicating a strong recovery facilitated by the
degradation of oil contaminants. On the other hand, the least effective treatment from lipase-negative groups showed only
minimal recovery, highlighting the significant role lipase plays in bioremediation.

The physical measurements, which were directly correlated to the amount of degraded oil through the treatment, also
highlighted the impact of soil health on plant growth and the efficiency of each grown product. The findings of this study
suggest that the recycling of kitchen waste and the integration of genetic characteristics of organisms into agricultural
practices create a strong bridge between waste management and agricultural production in terms of environmentalism. The
high effect it shows in a short time of almost 3 weeks offers a fast and applicable model for solving environmental problems.
The results show that this type of fertilizer has significant potential not only in environmental protection due to soil
purification from oil contamination but also in improving agricultural quality in these regions by reducing the economic
damage inflicted on polluted areas.
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Figure 1: Plant Physical Measurements.

This figure displays the length (cm) of each group, measured in three different ways: width, overall length, and root length.

Soxhlet Test Results
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Figure 2: Final Soxhlet Oil Amount Measurements.

This figure displays the results of the initial and final oil amounts for each group.
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Comparison Mean Diff (g /kg) p-value (Scientific
: : notation) :
Lip+ B. lich + Compost vs -1.0 1.056 x 107 Yes
Control2
Lip+ B. lich vs Control2 -0.9 1.056 x 107 Yes
Lip+ B. lich + Compost vs -1.1 1.056 x 107 Yes
Compost only
Lip+ B. lich vs Compost only -1.0 1.056 x 107 Yes
Lip+ B. lich vs Lip- B. lich -0.9 1.056 x 107 Yes
Lip+ B. lich vs Lip- B. lich + -1.0 1.056 x 107 Yes
Compost
All others (non-significant Various >5.000 x 10 No
treatments)*

Table 1: Tukey's HSD Statistics.

*No statistically significant differences were observed between the Control2, Lipase- B. licheniformis, Lipase- B.
licheniformis + Compost, and Compost-only groups (p > 1.000 x 107, suggesting that these treatments did not significantly
affect oil reduction.

Acknowledgements

I would like to express my sincere gratitude to Prof. Dr. Osman Giilnaz from the Faculty of Education, Department
of Mathematics and Science Education, Cukurova University, for his invaluable support and guidance throughout
this research. His provision of the isolates and expert insight into microbiological procedures significantly

contributed to this study.

About the author

Zeynep Onsert is a researcher from Adana, Turkey, specializing in biotechnology and biochemistry. Growing up in
a region where many traditional remedies were deeply rooted in nature, she developed a deep curiosity about the
natural world. This curiosity evolved into a passion for understanding how nature's solutions could be applied to

address modern scientific and societal challenges.

Her academic journey centers around exploring how life sciences can be used to create real-world solutions.
Zeynep believes that research should not only expand our knowledge but also provide practical, impactful

solutions—whether in improving healthcare, advancing environmental sustainability, or creating innovative

(. theconvergencejournal.org Vol. 1, No. 1; April 25, 2025

14



Lipase Active Fertilizer For the Bioremediation of Agricultural ( Convergence
Lands Contaminated by Waste Oil A Journal for Young Researchers

technologies. Driven by a strong desire to contribute to meaningful change, she is committed to exploring new
ways that nature-inspired science can be used to solve pressing global issues. Through her research, Zeynep hopes

to make a tangible difference and offer practical solutions for today's challenges.

(. theconvergencejournal.org Vol. 1, No. 1; April 25, 2025

15



