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. INTRODUCTION



Background

Agriculture is a crucial sector for many countries, including Algeria, where it plays
a significant role in the economy and in ensuring food security. However, the sector
faces numerous challenges, primarily due to soil degradation, which significantly
hampers agricultural productivity. Soil degradation results from various factors,
including erosion, nutrient depletion, and improper agricultural practices, leading to
reduced soil fertility and consequently lower crop yields (Smith, 2020).

In recent years, there has been a growing interest in sustainable agricultural
practices aimed at enhancing soil health and productivity while minimizing
environmental impacts. One promising approach is the use of organic-mineral
fertilizers, which combine organic materials such as biochar and compost with mineral
components like clay. These fertilizers can improve soil structure, enhance nutrient
availability, and increase water retention, providing a holistic solution to soil
degradation (Lehmann & Joseph, 2007).

This project represents a pioneering effort in Algeria to recycle household organic
waste and produce biochar and organic fertilizer from black soldier fly larvae waste.
The initiative aims to create a 100% organic product that can naturally and safely
improve soil fertility at lower costs, contributing to environmental sustainability and
agricultural efficiency.

Problem Statement

Soil degradation is a pressing issue in Algeria, particularly in sandy and arid
regions. Traditional farming methods, which often rely heavily on chemical fertilizers,
have proven unsustainable, leading to long-term soil health issues and environmental
pollution. Farmers in these regions face declining crop yields and increasing production
costs, which threaten their livelihoods and food security (Brady & Weil, 2016).

The current agricultural practices contribute to soil erosion, loss of organic matter,
and reduced microbial activity, which are vital for maintaining soil health. Additionally,
the improper disposal of household organic waste poses significant environmental
problems, including pollution and greenhouse gas emissions. There is an urgent need
for innovative and sustainable solutions that can address these challenges, improve soil
fertility, and enhance agricultural productivity (Jones et al., 2018).

Objectives

The primary objective of this thesis is to develop and evaluate an innovative
organic-mineral fertilizer that combines biochar, clay, and black soldier fly larvae
compost. The specific objectives are:

Produce Biochar from Household Organic Waste: Develop a method for producing
highquality biochar from household organic waste. This involves collecting organic
waste, such as vegetable peels and agricultural residues, and processing it through



pyrolysis. The biochar produced will be characterized for its physical and chemical
properties to ensure its effectiveness as a soil amendment (Lehmann & Joseph, 2007).
Formulate an Organic-Mineral Fertilizer: Integrate biochar with locally sourced clay
and compost from black soldier fly larvae to formulate a balanced organic-mineral
fertilizer. The formulation process will involve determining the optimal ratios of each
component to maximize soil fertility and crop yields (Van Huis, 2013).

Evaluate the Impact on Soil Fertility and Crop Yields: Conduct field trials to assess
the effectiveness of the formulated fertilizer in improving soil fertility and crop yields.
The trials will measure various soil health indicators, such as nutrient content, organic
matter levels, and microbial activity, as well as crop performance metrics like growth
rate and yield (Chan & Xu, 2011).

. Assess Environmental and Economic Benefits: Evaluate the environmental benefits

of using the organic-mineral fertilizer by measuring its impact on soil health,
greenhouse gas emissions, and water quality. The economic benefits will be assessed
by comparing the costs and yields associated with the new fertilizer to those of
traditional chemical fertilizers (Smith, 2020).

Promote Sustainable Agricultural Practices: Promote the adoption of sustainable
agricultural practices among farmers in Algeria. This involves conducting workshops
and training sessions to educate farmers about the benefits of using the innovative
organicmineral fertilizer and how to integrate it into their farming practices (Jones et
al., 2018).

Significance of the Study
Environmental Impact

The environmental significance of this study lies in its potential to reduce pollution
and greenhouse gas emissions through the recycling of household organic waste. The
production of biochar from organic waste sequesters carbon in the soil, which can help
mitigate climate change. Biochar's ability to improve soil structure and water retention
also reduces the need for irrigation, conserving water resources. Additionally, the use
of organic fertilizers minimizes the risk of water pollution from chemical runoff,
protecting aquatic ecosystems and biodiversity (Lehmann & Joseph, 2007).

Agricultural Productivity

The innovative organic-mineral fertilizer developed in this study is expected to
significantly improve soil fertility and crop yields. Biochar and clay enhance soil
physical properties, while black soldier fly larvae compost provides essential nutrients
and promotes microbial activity. This combination creates a fertile and resilient soil
environment that supports healthy plant growth. The increased agricultural productivity
resulting from improved soil health can help ensure food security and support the
livelihoods of farmers in Algeria (Chan & Xu, 2011).

Economic Benefits

From an economic perspective, this project offers a cost-effective alternative to
chemical fertilizers. By utilizing locally available resources, such as household organic
waste and clay, the production costs of the organic-mineral fertilizer are kept low. This
approach not only reduces the financial burden on farmers but also creates job
opportunities in the production and distribution of the fertilizer (Smith, 2020).
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Social Impact

By enhancing food security and fostering rural development, the project advances
sustainable development. The project enhances farmers' livelihoods and promotes the
use of ecologically friendly farming methods by giving them access to a sustainable
and efficient fertilizer.

Innovation and Sustainability

This project is the first of its kind in Algeria, demonstrating an innovative approach
to waste management and sustainable agriculture. It showcases how organic waste can
be transformed into valuable resources, contributing to the sustainable development

goals related to responsible consumption and production, climate action, and life on
land.



CHAPTER 1.
LITERATURE
REVIEW



l. Chapter I. Literature Review
1. Soil Degradation and Its Impact on Agriculture

Soil degradation is a significant and growing challenge that threatens agricultural
productivity globally. It involves the decline in soil quality and fertility due to various
processes such as erosion, nutrient depletion, salinization, compaction, and pollution.
These processes collectively reduce the soil's ability to support healthy plant growth,
which in turn impacts food security and the livelihoods of farmers (Smith, 2020).

Erosion is one of the most visible forms of soil degradation, occurring when the topsoil,
which is rich in organic matter and nutrients, is removed by wind or water. This process
is particularly severe in regions with arid and semi-arid climates, including parts of
Algeria, where sandy soils are prevalent and more susceptible to erosion. The loss of
topsoil reduces the soil's fertility and its ability to retain water and nutrients, making it
difficult to sustain crop yields (Jones et al., 2018).

Nutrient depletion occurs when the soil nutrients removed by harvested crops are not
adequately replaced. Continuous cropping without enough replenishment of essential
nutrients like nitrogen, phosphorus, and potassium leads to a gradual decline in soil
fertility. This problem is exacerbated by the use of chemical fertilizers, which can lead
to nutrient imbalances and further degrade soil health over time (Brady & Weil, 2016).

Loss of organic matter is another critical aspect of soil degradation. Organic matter is
crucial for maintaining soil structure, water retention, and nutrient availability. It
provides a habitat and food source for soil microorganisms, which play a vital role in
nutrient cycling. The reduction in organic matter content leads to poorer soil structure,
reduced water-holding capacity, and lower microbial activity, all of which negatively
impact plant growth (Lehmann & Joseph, 2007).

Soil compaction arises when agricultural activities involve heavy machinery, causing
soil particles to be pressed tightly together, thereby decreasing pore space. This
phenomenon hampers root expansion, diminishes water penetration, and limits the soil's
capacity to retain essential water and air, crucial for optimal plant growth. (Hamza &
Anderson, 2005; Batey, 2009).

Salinization occurs due to the accumulation of soluble salts in the soil, reaching
concentrations that impede plant growth. This issue is notably severe in irrigated
regions where improper water management practices contribute to salt buildup within
the root zone. Salinization leads to reduced soil fertility and can ultimately make the
land unsuitable for agricultural purposes. (Rengasamy, 2006; Qadir et al., 2014).

These various forms of soil degradation have profound implications for agriculture.
They lead to reduced crop yields, increased production costs, and greater reliance on
chemical fertilizers, which can further degrade soil health and pollute the environment.
Addressing soil degradation requires a multifaceted approach that combines sustainable
agricultural practices with innovative solutions to restore and maintain soil health
(Smith, 2020).

2. Sustainable Agricultural Practices and Soil Fertility



Sustainable agricultural practices are essential for maintaining soil fertility and ensuring
long-term agricultural productivity. These practices aim to enhance soil health, reduce
environmental impacts, and promote the efficient use of resources. Key sustainable
agricultural practices include crop rotation, cover cropping, conservation tillage, and
the use of organic amendments (Jones et al., 2018).

Crop rotation involves growing different types of crops in succession on the same
land. This practice helps break pest and disease cycles, improves soil structure, and
enhances nutrient balance. Different crops have varying nutrient requirements and root
structures, which can reduce soil depletion and improve soil health over time. For
example, legumes can fix atmospheric nitrogen, enriching the soil for subsequent crops
(Brady & Weil, 2016).

Cover cropping entails planting crops specifically to cover the soil rather than for
harvest. Cover crops, such as clover, rye, or vetch, help prevent erosion, improve soil
structure, and increase organic matter content. They also suppress weeds, enhance soil
moisture retention, and promote beneficial microbial activity. Cover crops can be
incorporated into the soil as green manure, adding valuable nutrients and organic matter
(Jones et al., 2018).

Conservation tillage reduces soil disturbance by minimizing plowing and tilling
activities. This practice helps maintain soil structure, reduce erosion, and conserve soil
moisture. Conservation tillage includes methods such as no-till, reduced tillage, and
strip-till. These methods leave crop residues on the soil surface, protecting it from
erosion and enhancing organic matter content (Smith, 2020).

Organic amendments, such as compost, manure, and biochar, improve soil fertility by
adding organic matter and essential nutrients. Organic amendments enhance soil
structure, water retention, and microbial activity, contributing to long-term soil health.
Compost and manure provide a slowrelease source of nutrients, improving nutrient
availability and reducing the need for chemical fertilizers (Lehmann & Joseph, 2007).

These sustainable practices are critical for maintaining soil productivity and ensuring
the sustainability of agricultural systems. They contribute to healthier soils, more
resilient crop production, and reduced environmental impacts, supporting the goals of
sustainable agriculture.

3. Biochar: Properties and Benefits in Agriculture

Biochar is a stable, carbon-rich material produced through the pyrolysis of organic
waste in the absence of oxygen. It has gained significant attention for its potential to
improve soil health and mitigate climate change. Biochar's unique properties make it
an excellent soil amendment with numerous agricultural benefits (Lehmann & Joseph,
2007).

Soil structure improvement: Biochar's porous structure enhances soil aeration and
water retention, which is particularly beneficial for sandy soils that struggle to retain
moisture. The increased porosity also provides a habitat for soil microorganisms,
promoting microbial activity and nutrient cycling (Chan & Xu, 2011).

Nutrient availability: Biochar improves the availability of essential nutrients such as
phosphorus and potassium, which are critical for plant growth. It acts as a slow-release
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source of these nutrients, enhancing soil fertility over time. Biochar also has a high
cation exchange capacity (CEC), allowing it to retain and release nutrients effectively
(Lehmann & Joseph, 2007).

Water retention: The addition of biochar to soil increases its water-holding capacity,
reducing the need for irrigation and enhancing drought resilience. This is particularly
important in arid and semiarid regions where water scarcity is a significant challenge
(Brady & Weil, 2016).

Carbon sequestration: One of the most significant environmental benefits of biochar
IS its ability to sequester carbon in the soil. Biochar is stable and can remain in the soil
for hundreds to thousands of years, effectively capturing carbon that would otherwise
be released into the atmosphere. This contributes to climate change mitigation by
reducing greenhouse gas emissions (Smith, 2020).

Soil fertility enhancement: Biochar enhances soil fertility by improving soil structure,
increasing nutrient availability, and promoting microbial activity. Studies have shown
that biochar application can lead to significant increases in crop yields and
improvements in soil health. For example, a study by Chan & Xu (2011) demonstrated
that biochar application increased soil organic matter content, improved nutrient
retention, and enhanced crop growth.

Reduction of soil contaminants: Biochar can adsorb heavy metals and other
contaminants, reducing their availability and mobility in the soil. This property makes
biochar useful for soil remediation and improving soil health in polluted areas
(Lehmann & Joseph, 2007).

Overall, biochar offers a sustainable solution for enhancing soil health, improving
agricultural productivity, and mitigating climate change. Its multifunctional benefits
make it a valuable tool for sustainable agriculture and soil management.

4. Clay: Role in Soil Moisture Retention and Nutrient Availability

Clay particles play a crucial role in soil health due to their ability to retain moisture
and nutrients. The fine texture of clay allows it to hold water more effectively than
sandy soils, which is essential for plant growth, especially in arid regions (Brady &
Weil, 2016). Clay also has a high cation exchange capacity (CEC), which means it can
hold onto essential nutrients and release them slowly to plants, ensuring a steady supply
of nutrients.

Moisture retention: Clay's small particle size and high surface area enable it to retain
large amounts of water. This property is particularly beneficial in sandy soils that have
low water-holding capacity. Adding clay to sandy soils can significantly improve their
moisture retention, reducing the need for frequent irrigation and enhancing plant growth
during dry periods (Jones et al., 2018).

Nutrient retention and availability: Clay particles have a high CEC', allowing them
to adsorb and retain essential nutrients such as potassium, calcium, and magnesium.
These nutrients are then slowly released to plants, providing a consistent supply of
nutrients over time. This slow-release mechanism reduces nutrient leaching and
improves nutrient use efficiency, enhancing soil fertility and crop yields (Brady & Weil,
2016).



Soil structure improvement: The addition of clay to sandy soils can improve soil
structure by increasing soil aggregation and stability. Clay particles help bind soil
particles together, forming stable aggregates that enhance soil porosity, aeration, and
water infiltration. Improved soil structure also reduces erosion and compaction,
promoting healthy root growth and plant development (Smith, 2020).

Synergistic effects with organic amendments: The combination of clay with organic
amendments, such as biochar and compost, can create synergistic effects that further
enhance soil health. Clay can help retain the organic matter and nutrients provided by
these amendments, improving their effectiveness and longevity. For example, a study
by Lehmann & Joseph (2007) found that the addition of clay and biochar to sandy soils
improved soil structure, increased nutrient retention, and enhanced crop yields.

In summary, clay plays a vital role in improving soil moisture retention, nutrient
availability, and soil structure. Its integration into soil management practices can
enhance soil health and agricultural productivity, particularly in regions with arid soils.

5. Black Soldier Fly Larvae: Efficient Decomposers and Nutrient Suppliers

Black soldier fly larvae (BSFLii) (Hermetia illucens) are increasingly recognized
for their efficiency in decomposing organic waste and converting it into nutrient-rich
compost. These larvae consume a wide range of organic materials, including
agricultural residues, food waste, and manure, reducing the volume of waste and
producing high-quality compost (Van Huis, 2013).

Decomposition efficiency: (BSFL) are highly efficient decomposers, capable of
breaking down large quantities of organic waste in a short period. Their voracious
appetite and rapid growth rate make them effective in managing organic waste,
reducing the need for landfills and minimizing environmental pollution (Van Huis,
2013).

Nutrient-rich compost: The compost, or frass, produced by black soldier fly larvae is
rich in essential nutrients such as nitrogen, phosphorus, and potassium. These nutrients
are readily available to plants, making the compost an excellent organic fertilizer. The
compost also contains beneficial microorganisms that promote soil health and plant
growth (Chan & Xu, 2011).

Improvement of soil health: The addition of black soldier fly larvae compost to soil
enhances soil fertility, increases organic matter content, and promotes microbial
activity. The compost improves soil structure, water retention, and nutrient availability,
contributing to healthier and more productive soils. Studies have shown that the use of
black soldier fly larvae compost can lead to significant improvements in crop yields
and soil health (Van Huis, 2013).

Sustainable waste management: The use of black soldier fly larvae for composting
provides a sustainable solution for organic waste management. It reduces the
environmental impact of waste disposal, mitigates greenhouse gas emissions, and
produces valuable compost that can be used to improve soil health and agricultural
productivity. This sustainable approach aligns with circular economy principles and
promotes the efficient use of resources (Smith, 2020).



Overall, black soldier fly larvae offer a sustainable and efficient method for
decomposing organic waste and producing nutrient-rich compost. Their integration into
organic-mineral fertilizers can enhance soil fertility, improve soil health, and support
sustainable agricultural practices.

Manure: Enhancing Soil Fertility and Organic Matter Content

Manure is a vital resource in sustainable agriculture, providing a rich source of
organic matter and essential nutrients. Its application to soil improves fertility, enhances
microbial activity, and increases organic matter content, contributing to healthier and
more productive soils (Smith, 2015).

Urea: A High-Efficiency Nitrogen Source for Agricultural Productivity

Urea is a widely used nitrogen fertilizer known for its high nitrogen content and
efficiency. It supports vigorous plant growth and development, but its use requires
careful management to minimize environmental impacts such as nitrogen leaching and
greenhouse gas emissions (Chapman & Campbell, 2012).

Previous Studies on Organo-Mineral Fertilizers

Research on organo-mineral fertilizers has demonstrated their potential to improve
soil fertility and agricultural productivity. These fertilizers combine the benefits of
organic materials, such as compost and biochar, with mineral nutrients, providing a
balanced supply of nutrients to plants (Smith, 2020).

Enhanced soil structure: Organo-mineral fertilizers improve soil structure by
increasing soil aggregation and stability. The organic components, such as biochar and
compost, enhance soil porosity and water retention, while the mineral nutrients provide
essential elements for plant growth. This combination creates a fertile and resilient soil
environment that supports healthy plant development (Lehmann & Joseph, 2007).

Increased nutrient availability: The integration of organic and mineral components
in fertilizers enhances nutrient availability and reduces nutrient leaching. Organic
materials provide a slowrelease source of nutrients, while mineral nutrients are readily
available to plants. This balanced nutrient supply improves nutrient use efficiency and
supports sustainable crop production (Chan & Xu, 2011).

Improved crop yields: Studies have shown that the application of organo-mineral
fertilizers can lead to significant improvements in crop yields. For example, a study by
Chan & Xu (2011) demonstrated that the use of biochar combined with compost
resulted in increased soil organic matter content, improved nutrient retention, and
enhanced crop growth. Similarly, research by Brady & Weil (2016) found that the
addition of clay and organic amendments to sandy soils improved soil structure,
increased water retention, and boosted crop yields.

Environmental benefits: Organo-mineral fertilizers offer several environmental
benefits, including reduced reliance on chemical fertilizers, decreased greenhouse gas
emissions, and improved waste management. By recycling organic waste into valuable
fertilizers, these products contribute to a circular economy and promote sustainable
resource use (Smith, 2020).
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Synergistic effects: The combination of organic and mineral components in fertilizers
creates synergistic effects that enhance soil health and agricultural productivity. For
example, the addition of biochar to compost improves soil structure and nutrient
retention, while the inclusion of clay enhances moisture retention and nutrient
availability. These synergistic effects result in more resilient and productive soils
(Lehmann & Joseph, 2007).

In conclusion, previous studies on organo-mineral fertilizers have highlighted their
potential to improve soil fertility, enhance crop yields, and provide environmental
benefits. These fertilizers offer a sustainable solution for soil management and support
the goals of sustainable agriculture.
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Chapter I1. Methodology
Introduction

The experimental design for this study was structured to evaluate the effectiveness
of an innovative organic-mineral fertilizer on soil fertility and agricultural productivity.
The study was conducted using a randomized complete block design (RCBDiii) to
minimize the effects of variability among experimental units. The field trials were set
up in El Hadaeik, Skikda, for a sandy soil prone to nutrient leaching and poor water
retention Skikda, Algeria (36°50'57.2"N, 6°53'32.4"E).

The development of organo-mineral fertilizer involves three main parts:

1. First part: Production of VVarious Components of Organo-Mineral Fertilizer
1.1.Production of Biochar from Organic Household and Agricultural Waste:

Collecte et séchage des déchets organiques ménagers

Figure 1 Biochar made from organic household waste

Biochar was produced from locally sourced agriculture and household organic waste
using a pyrolysis kiln. The process involved heating organic waste, such as vegetable
peels and agricultural residues, in the absence of oxygen at a temperature of
approximately 350°C. The pyrolysis process was maintained for about one hour to
ensure thorough transformation of the organic material. The biochar produced was
then allowed to cool naturally before being characterized for its physical and chemical
properties.

Initially, biochar is produced from organic household waste (solving significant
environmental issues) and combined with biochar from agricultural sources, especially
residues from gréen oak branches, bark, and cores to enhance it.

Steps for producing biochar:

o Collection, Drying, and Sorting of Agricultural and Household Waste:

- Household and agricultural waste (gréen 0ak wood residues) is collected and air-dried at

30°C.

o Transformation of Waste into Biochar:

13



Figure 2 Loading the organic Figure 3 Final Biochar Product after Pyrolysis material into the kiln to create

biochar.

+ A charcoal kiln based on a pyrolysis process is used. Pyrolysis is a thermochemical
decomposition process where organic matter is transformed by heating in partial or total
absence of oxygen into a carbon-rich solid and volatile matter.

+ The chosen site for biochar production is at the 20 August 1955 University of Skikda,
within the Department of Agronomy facilities.
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1.2. Different types of biochar used

P3SN DI Bk i 1o <

Biochar from organic . Biochar from
wood residues from

: - agricultural waste
household waste bdﬁ&{%@hﬁﬁg@gﬁ%f g

tamisé 3 2mm (olive pomace)
‘ holm'oa

Figure 3 Production of biochar from organic household waste (fruit and vegetable scraps) and agricultural waste (wood
residues from branches and bark of holm oak, olive pomace)

Biochar crushed and sieved to 2mm

1.2. Production and incorporation of Compost via Black Soldier Fly Larvae (Maggot
Compost):

« Black soldier fly larvae are raised, feeding on animal manure, organo-industrial byproducts,
and organic household waste. These larvae have a high waste decomposition capacity, reducing
20 tons of waste to 4 tons in just 12 days, addressing major environmental problems. The
residues obtained are used to produce biological fertilizer (maggot compost).

« The chosen site is a private farm in the SIG municipality (Mascara), specializing in breeding
black soldier fly larvae.

- Black soldier fly larvae (Hermetia illucens) compost was sourced from a traditional insect farm
in Sig Maaskar, Algeria. The larvae were cultivated on a diet of agricultural residues and
household food waste. The compost produced by the larvae, known as frass, was collected and
characterized for its nutrient content, including nitrogen, phosphorus, and potassium levels.

« The incorporation of black soldier fly larvae compost into the fertilizer formulation was
designed to enhance soil fertility and microbial activity. The frass was mixed with biochar and
clay to create a balanced organic-mineral fertilizer. The nutrient-rich compost provided
essential nutrients for plant growth, while the biochar and clay improved soil structure and
water retention.
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Figure 4 Black Soldier Fly Larvae Compost

The samples were brought from a farm near Sidi Abdelkader Bou Adjemi, in the area of Ras
Ain Amirouche, located in northwestern Algeria (coordinates: 35°36'48.1"N, 0°12'39.3"W).
This site is situated approximately 35 kilometers east of Oran, Algeria's second-largest city.

1.3. Clay Selection and Preparation. Exploitation of Clay from Zerdaza Dam (EIl Harrouche

Skikda):

Dam clay is a significant mineral amendment that can improve soil structure and restore soils
due to its richness in mineral elements and coagulant properties (formation of clayhumic
complex).

Clay was sourced from the The field trials were conducted at Barrage Zerdezas (Zerdaza Dam),
located in the Skikda Province of northeastern Algeria (coordinates: 36°35'20.6"N,
6°53'55.5"E), and prepared to enhance its suitability for soil amendment. The selection of clay
was based on its mineral composition and ability to retain water

and nutrients. The clay was processed to remove impurities and ensure uniform particle
size. It was then mixed with the biochar to create a synergistic effect that would enhance soil
health.

The preparation of clay involved drying, grinding, and sieving to achieve a fine texture. This
process ensured that the clay particles could effectively interact with the soil and other
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amendments. The clay's high CEC and water retention capacity were expected to improve the
soil's physical and chemical properties, particularly in sandy soils.

PN

Barrage Zerdezas (Zerdaza Dam) : £ Legend
Located in the Skikda Province of northeastern Algeria (coordinates: 36°35'20.6"N, 6°53'55.5"'E) -

Figure 5Satellite picture of Barrage Zerdezas, Skikda Province, Algeria

1.4. Collection of Bovine Manure from Agricultural Farms in Tamalous:

« Manure is a well-recognized and widely used amendment in the Skikda region due to its
richness in easily decomposable fertilizing elements, particularly nitrogen, due to a high rate
of organic matter mineralization.

- Uses and Benefits to Soil of manure: Manure is a valuable organic fertilizer that
significantly enhances soil health and fertility. Its application can increase soil organic carbon
stocks by an average of 35.4%, improving soil structure and nutrient content . Additionally,
manure contributes to increased microbial activity and diversity, which are crucial for nutrient
cycling and soil health (Rayne & Aula). Poultry manure, in particular, has been shown to
enhance plant growth and yield due to its rich nutrient profile. However, it's important to
manage manure application properly to avoid the dissemination of antibiotic resistance genes
in the soil, which can pose a risk to public health .

2. Second pakrt : Selection of Fertilizer Component Doses and Pre-tests
2.1. Field Trial:

« Various treatment trials were conducted in the field (in 1 m?2 plots) and in pots at the
experimental fields of the Department of Agronomy at the University of Skikda to choose the
best treatment for soils and the best doses to evaluate the effect of compost, biochar, and clay
on soil properties and wheat yield (refer to results and discussion section).
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« Treatments involved different doses of biochar combined with mineral fertilizers (NPK) with
doses of 1 kg and 2 kg of biochar. One trial involved normal compost alone and another
involved fertilizer alone. The final treatment included 1 kg of biochar + 1 kg of normal compost
+ chemical NPK fertilizer. This last treatment showed maximum production.

A N R N R YO,

T

Figure 6The experimental site, presentation of treatment blocks (complete randomization) and the establishment of wheat
cultivation

Note: The field experimentation was carried out by Lacheheb Ouissem et al. (2024) for the
preparation of the final study thesis. This study helped us choose the appropriate doses.

2. 2. Pot Trials:

- Pot trials with different treatments examined the effect of various types of biochar combined
with compost, manure, and clay on the growth of durum wheat in very poor sandy soil (coastal
areas of Skikda). Only natural components were used, leading to immediate seed germination
with remarkable efficacy from the grignon biochar.

- Atrial at a private farm in Mascara tested the effect of maggot compost produced by black
soldier fly larvae alone, with farmers typically applying 1 kg/10 m2 of maggot compost, a well-
targeted and tested concentration.

8. Third part : Development of Final Fertilizer and Evaluation of Its Effect on Soil Properties
and Plant Production

3. 1. Fertilizer Formulation and Application
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Figure 7Components of the Organic-Mineral Fertilizer.

The formulation of the organic-mineral fertilizer involved combining biochar, clay, and
black soldier fly larvae compost with manure and urea in specific ratios. The optimal ratio was
determined based on preliminary trials and literature recommendations. The goal was to create
a fertilizer that maximized nutrient availability, improved soil structure, and enhanced water
retention.

3.2. Doses:

Based on various analyses and biological tests, the following doses were adopted:

0 50% biochar combined with 50% (Maggot compost + manure + clay). The chosen
doses are:

+ 0,5 kg/m2 composite biochar comprising:

2
1kg/m + 200 g of household organic waste biochar + 150 g of grignon biochar + 150 g of

olive wood residue biochar.

+ 0,5 kg/m2 mixture of other components comprising:

+ 200 g of compost (maggot compost) + 150 g of bovine manure + 150 g of clay.

3.3. ActTvation :

«  The components are well-mixed and placed in water in bottles (2/3 capacity) for over a month
to activate them properly.

3.4. Drying and Compression of Final Product:

After activation, the fertilizer is dried at 28°C, sieved to 2 mm, and packed in suitable
boxes. It must be stored in a sheltered area away from moisture.
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3.5. Application to Soil and Product Evaluation:

For greater efficacy, the fertilizer should be soaked in water for 24 hours to create a
hydro-compost, which is then well-mixed into the topsoil. Sowing should preferably occur two
days after application.

» Activation with Final » product
water, compost

Manure, and clay in  the
water .

Figure 8 Biochar Activation
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Chapter I11. Results and Discussion
1. Analysis Results of VVarious Fertilizer Components:

1.1. Biochar Analytical Results:

« Table: Chemical Analysis of Various Biochars

Component pH EC(mS/cm) OM% C% N% C/N
Olive Grignon Biochar 10.3 0.87 90.2 451 0.52 86.73
Olive Wood Biochar 8.7 0.38 821 4105 054 821
Household Organic Waste Biochar 9.5  7.48 82.0 410 03 82

The analysis results show that the pomace and olive wood biochar are alkaline, with low
electrical conductivity (EC), indicating the low release of mineral elements, they are
characterized by a high level of organic matter and total nitrogen. , however pomace biochar
records a maximum OM (90.2%) compared to the others, with a very high C/N of 86 which
reflects its great stability. Waste biochar has a lower rate of OM, it is characterized by an

alkaline pH and a high EC indicating a release of mineral elements.

1.2. Maggot Compost Analytical Results:

« Table: Chemical Analysis of Maggot Compost
Component pH EC (mS/cm) OM% C% N% C/N

Maggot Compost 7.8 9.3 55.0 275 15 1833

The analysis results show that the compost is characterized by a low rate of OM
compared to the other components, it is characterized by a weakly alkaline pH, and a high EC

indicating a release of mineral elements.

1.3. Clay Analytical Results:

Table 1 Chemical Analysis of Zerdaza Dam Clay

COMPO
SANT
ARGIL

pH SiO: AlLOs | Fe:0s CaOo MgO SOs KO Na:O CI
(en%) | (en%) | (en%) | (en%) | (en%) | (en%) | (en%) | (en%) | (en%) | (en%)

[e
(en%0)
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Figure 8. Chemical Composition expressed as a percentage of Crude, Purified and Sodium Bentonite by XRF

Examination of these results shows that the argile name is Montmorillonite. It
is characterized by a Hight water holding. The percentage of silica (Si0:) and alumina
(AL:Os) are the predominant constituents.

3. Field and Pot Pre-test Results:
2.1 Field test:

The results of different treatment using biochar with organic and chemical activator showed
that plots treated with T3 (1 kg biochar + compost + mineral fertilizer) yielded the highest
wheat production, followed by T2 (2 kg biochar + mineral fertilizer). The lowest yields were
recorded in T5 and T4 (compost alone and fertilizer alone). This led to selecting T3 as the best
treatment for soil improvement and plant production using purely natural and more effective
biochar and compost components.

Table 2 list of treatments

Treatment Yield (Q/ha)
T5 (Compost alone) 28.66
T4 (Fertilizer alone) 26

T3 (1kg biochar + compost + fertilizer) 42

T2 (2kg biochar + fertilizer) 35.66
T1 (Fertilizer alone) 33.33
TO (Control soil) 33.33
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Figure 9. Effect of biochar on wheat yield
(Lachheb et al., 2024)

Calculations of wheat yields according to different treatments show that the T3 plots
(treated with 1 kg of biochar + compost + mineral fertilizer) produced the best yield. This was
followed by T2 (treated with 2 kg of biochar + mineral fertilizer), which produced the highest
yields compared to other treatments, recording 42 and 35.66 quintals per hectare, respectively.
The T1 (treated with fertilizer alone) and TO (control soil) plots followed with yields of 33.33
quintals per hectare. The lowest yields were recorded in the T5 and T4 plots (treated with
compost alone and fertilizer alone), which yielded 28.66 and 26 quintals per hectare,
respectively.

This T3 treatment (Biochar + mineral fertilizer + compost) led us to consider it the best
treatment to improve soil and plant production. However, we aim to use purely natural and
more effective compounds of biochar and compost and others.

3.2.Pot Trials :

Pot trials demonstrated that biochar types combined with compost, manure, and clay
significantly improved the growth of durum wheat in poor sandy soil.

Pot trials with different treatments focused on the effect of different types of biochar
combined with compost, manure, and clay on the growth of durum wheat in very poor sandy
soil (from the coastal areas of Skikda). In these trials, we tried to select only natural
components, which resulted in an immediate seedling boost, with remarkable efficiency of
olive pomace biochar.

Characteristics of Sandy Soil

Table 3 Physicochemical Analytical Results of Sandy Soil
Horizon P4H1 P4H2 P4H3

Depth (cm) (0-20 cm) (20-55cm)  (55-100 cm)
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Da (g/cm?) 1.371 1.49 1.48

Dr (g/cm3) 2.26 / /
Porosity (%) 39.33 / /

Clay (%) 14.272 17.252 16.202
Silt (%) 17.6476 12.4132 20.7589
Fine Sand (%) 6.551 6.0492 6.9371
Coarse Sand (%) 61.5294 64.2856 56.102
Textural Class Sandy Loam Sandy Loam Sandy Loam
H% pF2.5 12.3 9.47 13.36
H% pF4.2 7.53 3.62 10.22
Permeability 15.20 10 11.70
M.O (%) 1.843 0.9421 1.491
EC (uS/cm) 1/5 0.706 1.875 0.480
Salinity 0.1 0.8 0

pH (water 1/2.5) at 25°C  6.45 4.90 4.80
TDS 85 115 10

The soil is poor, yellowish, with a sandy loam texture throughout the profile. It is
characterized by neutral pH at the surface and acidic in depth, low electrical conductivity (EC).
The soil is slightly saline, moderately permeable, with an average organic matter content
throughout the profile.

Evolution of Wheat in Different Treatments of Biochar Activated by Compost, Manure,
and Clay

25



nni)’

vés ‘aux

Figure 10 Treated Plants

Preliminary wheat growth results show that the soil treated with olive pomace biochar
grew rapidly compared to the others, followed closely by the sandy soil treated with waste
biochar and wood residue biochar. The control soil had the lowest values.

This test confirmed the best type of biochar for promoting wheat growth in poor soil
without the need for chemical fertilizers. However, we opted for a mixture based on household
organic waste biochar combined with olive pomace biochar and wood residue biochar for
ecological and environmental purposes.

2.3. Farm Trial in Mascara (maggot compost test)

A trial on a private farm in Mascara was conducted to test the effect of maggot compost
produced by black soldier fly larvae alone. Farmers typically apply 1 kg/10 m2 of compost.
This dose is well-targeted due to the effectiveness of maggot compost.

4. Analytical Results of the Final Product and Evaluation of its Effect

Preliminary analyses show that the final fertilizer product has an alkaline pH,
moderately high electrical conductivity indicating the availability of mineral elements, a high
organic matter content and Hight holding water.

Table 4 Some Chemical Analyses of the Final Product

Component pH EC (mS/cm) OM% C% N% C/N Water
holding
Final Product 8.3 3.79 77.5 3875 05 775 90%
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Figure 11 THE PRODUCT

Spreading in the Soil and Product Evaluation

To increase effectiveness, the fertilizer should be soaked in water for 24 hours to create a
hydro compost, which will then be well mixed into the topsoil layer. Sowing should preferably
be done two days after spreading.

Finaly, this document describes the comprehensive process for producing an effective
organo-mineral fertilizer from various organic and agricultural waste materials, emphasizing
the scientific methods and trials used to optimize the composition and application for improved
soil properties and plant growth.
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V. CONCLUSION

Conclusion

This research set out to tackle the pressing issue of soil degradation in Algeria by creating
a new type of organic-mineral fertilizer that blends biochar, clay, and compost derived from
black soldier fly larvae. Through thorough research and practical trials, several significant
findings have confirmed the effectiveness and sustainability of this innovative approach.

The main goal of this thesis was to find a sustainable way to enhance soil fertility and crop
yields in Algeria, especially in sandy and arid areas suffering from severe soil degradation.
Traditional chemical fertilizers have proven to be unsustainable, leading to long-term soil
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health issues and environmental damage. This study introduced an innovative organic-mineral
fertilizer, addressing the urgent need for eco-friendly and sustainable agricultural practices.

The Key Findings of product are:

Production and Characterization of Biochar: The developed method for producing high-
quality biochar from household organic waste proved effective. The biochar's physical and
chemical properties, such as increased porosity and nutrient retention, were well-suited for
improving soil health.

Formulation of Organic-Mineral Fertilizer: Combining biochar with locally sourced clay
and compost from black soldier fly larvae resulted in a balanced fertilizer. Optimal ratios of
each component were determined to maximize soil fertility and crop yields.

Impact on Soil Fertility and Crop Yields: Field trials demonstrated significant improvements
in soil fertility and crop yields. The organic-mineral fertilizer enhanced soil structure increased
nutrient content and promoted microbial activity. Crops showed improved growth rates and
higher yields compared to those using traditional chemical fertilizers.

Environmental and Economic Benefits: Using the organic-mineral fertilizer reduced
greenhouse gas emissions, improved water retention, and minimized water pollution from
chemical runoff. Economically, the fertilizer was cost-effective, utilizing locally available
resources and reducing production costs. This approach also created job opportunities in
fertilizer production and distribution.

Promotion of Sustainable Agricultural Practices: The project successfully promoted the
adoption of sustainable agricultural practices among Algerian farmers. Workshops and training
sessions educated farmers on the benefits and application methods of the new fertilizer,
encouraging its widespread adoption.

The environmental, agricultural, economic, and social impacts of this study are profound.
Environmentally, it provides a sustainable method for recycling organic waste, reducing
pollution, and mitigating climate change. Agriculturally, it offers a viable solution to soil
degradation, enhancing soil fertility and increasing crop yields. Economically, it presents a
cost-effective alternative to chemical fertilizers, benefiting farmers financially. Socially, it
supports rural development and food security, improving the livelihoods of farmers and
promoting sustainable practices.

Future Directions

Future research should focus on scaling up the production of this organic-mineral fertilizer
and exploring its long-term impacts on soil health and crop productivity. Additionally,
investigating the potential of other organic materials in combination with mineral components
could further enhance the effectiveness of these fertilizers.

In conclusion, this study demonstrates the potential of innovative organic-mineral
fertilizers in addressing soil degradation, promoting sustainable agriculture, and supporting
environmental and economic sustainability. The findings highlight a path forward for
improving soil health and agricultural productivity in Algeria, offering a model that can be
adapted and applied in other regions facing similar challenges.
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