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ABSTRACT

The Black Soldier Fly (Hermetia illucens) has gained increasing interest in sustainable
agriculture due to its role in organic waste bioconversion. While the use of Black Soldier Fly
(BSF) larvae in composting systems is well-documented, limited studies have examined the
efficacy of BSF frass combined with ground dead adult flies as a foliar fertilizer, particularly
within soilless cultivation systems. This study evaluated the impact of foliar applications of
composted BSF frass blended with ground dead adult flies on the vegetative and reproductive
performance of cowpea (Vigna unguiculata) grown in a pumice-based soilless system at the
Kenyatta University Living Lab. Key growth parameters including plant height, leaf number, and
chlorophyll content were monitored over a six-week period. Data were analyzed using
descriptive statistics, ANOVA, regression analysis, and post-hoc tests.The results demonstrated
that BSF-based foliar fertilizer significantly enhanced cowpea growth, with the 5% concentration
treatment yielding outcomes comparable to conventional NPK fertilizers. Specifically,
chlorophyll content and overall plant vigor were markedly improved in this treatment.
Conversely, the 1% concentration and the control group (no fertilizer) exhibited poor
germination and weak vegetative growth. Undiluted applications of composted BSF frass
combined with ground adult flies negatively affected plant growth, suggesting potential
phytotoxicity. However, incorporating the same mixture into the pumice substrate improved
nutrient availability and organic matter content, supporting enhanced plant development. These
findings suggest that a 5% foliar application of BSF frass combined with ground adult flies
presents a viable, eco-friendly alternative to synthetic fertilizers in soilless agriculture,
particularly for fast-growing crops like cowpea.



CHAPTER ONE
1.0 INTRODUCTION

1.1 Background Information

The Black Soldier Fly (Hermetia illucens) has emerged as a pivotal agent in sustainable
agriculture and organic waste management due to its larvae’s remarkable ability to convert
diverse organic substrates into high-value by-products. Among the key derivatives of this
process is Black Soldier Fly (BSF) frass, a nutrient-rich residue composed primarily of larval
excreta, exuviae, and undigested organic material. This frass is known to contain essential plant
nutrients including nitrogen (N), phosphorus (P), potassium (K), and beneficial microbial

populations that promote plant health and soil fertility (Menino et al., 2021).

In addition to frass, dead adult BSF often discarded as waste, represent an underutilized resource
with considerable potential. These adult insects are rich in proteins, lipids, and trace minerals
(Jensen et al., 2020), making them candidates for biofertilizer production. Preliminary studies
suggest that insect-based fertilizers can improve nutrient availability, stimulate microbial

activity, and potentially provide pest deterrent properties (Alvarez et al., 2022).

While soil application of BSF-based products has been well-documented, foliar application; the
direct spraying of nutrients onto plant leaves remains underexplored, especially in leguminous
crops and soilless growing systems. Foliar feeding allows for rapid nutrient absorption through
the leaf stomata and cuticle, enhancing nutrient uptake during critical growth phases (Fernandez
and Eichert, 2009). This is particularly advantageous in soilless systems or urban agriculture,

where soil constraints or contamination limit the efficacy of traditional fertilizers.

Cowpea (Vigna unguiculata), a drought-tolerant legume prized for its high nutritional value and
nitrogen-fixing capabilities, serves as an excellent model crop for evaluating alternative
fertilization strategies. The adaptability of this vegetable crop to a wide range of agroecological
conditions makes it ideal for soilless cultivation in urban and peri-urban settings, where vertical
farming and container-based systems are becoming increasingly common (Timko and Singh,
2008).



Given the escalating issues surrounding synthetic fertilizers including nutrient runoff, soil
degradation, and high input costs the valorization of BSF by-products as foliar fertilizers aligns
with global efforts toward circular agriculture and sustainable food systems. When processed
appropriately, BSF frass and dead adults offer an eco-friendly, slow-release nutrient source that

can support crop productivity without compromising environmental health.

This study, conducted at the Kenyatta University Living Lab, explores the efficacy of BSF frass
and ground dead adults as a foliar fertilizer for cowpea cultivation under pumice-based soilless
conditions. The innovation is positioned to support clean, space-efficient vegetable production

while contributing to urban food security and organic waste valorization.

1.2 Statement of the Problem

Despite the increasing popularity of Hermetia illucens in waste bioconversion and organic
agriculture, the potential of its by-products particularly frass and dead adults as foliar fertilizers
remain largely unexplored, especially in soilless cultivation systems. Current research
predominantly focuses on soil-based applications, overlooking the unique benefits that foliar
feedingoffers in nutrient-deficient or non-soil environments such as pumice substrates.
Additionally, the synergy between BSF frass and ground dead adult insects as a combined foliar
treatment has not been empirically tested, leaving a critical gap in optimizing their use for
enhanced crop productivity. Given the need for sustainable, locally sourced fertilizers amid
rising synthetic input costs and environmental concerns, this research addresses a pressing need
to evaluate insect-derived foliar fertilizers for improving cowpea growth and yield in urban,

soilless farming contexts.

1.3 Justification of the study

The need for cost-effective, sustainable fertilizers is increasingly urgent amid concerns over
synthetic input dependency, rising costs, and environmental degradation. Insect-based fertilizers,
particularly those derived from black soldier fly (BSF) larvae, offer a promising, renewable
solution by transforming organic waste into valuable agricultural inputs. While the agronomic
potential of BSF frass has been widely explored in soil-based systems, its application as a foliar
fertilizer remains under-investigated, especially within soilless urban farming setups where

traditional soil amendments are less applicable. Given the rapid expansion of urban agriculture
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and the need for sustainable inputs tailored to these systems, this study seeks to explore the

efficacy of BSF-based foliar fertilizers. In doing so, the research addresses a critical knowledge

gap and contributes to sustainable intensification strategies suitable for urban, resource-limited

and space-constrained environments.

1.4 Research questions

What is the effect of Black Soldier Fly-based foliar fertilizer (frass combined with dead
adult flies) on the vegetative and reproductive growth of cowpea in a soilless system?

What is the optimal concentration of BSF-based foliar fertilizer (frass combined with
dead adult flies) for enhancing the vegetative and reproductive growth of cowpea in a

soilless system?

What effect does the foliar application of black soldier fly (BSF) fertilizer (frass
combined with dead adult flies) have on the vegetative growth of cowpea in a soilless

system compared to conventional NPK fertilizer?

1.5 Hypotheses

Foliar application of BSF fertilizer (frass combined with dead adult flies) has no
significant effect on the vegetative and reproductive growth of cowpea in a soilless

system.

Varying the concentration of BSF-based foliar fertilizer has no significant effect on the

vegetative and reproductive growth of cowpea cultivated in a soilless system.

Foliar application of BSF frass combined with dead adult flies has no significant effect on
the vegetative and reproductive growth of cowpea compared to conventional chemical

fertilizers.in a soilless system.

1.6 Objectives of the study

1.6.1 General objective

To evaluate the effectiveness of foliar-applied black soldier fly frass and dead adults on the

vegetative and reproductive growth of cowpea in a soilless system.



1.6.2 Specific objectives
I.  To determine the effect of foliar-applied BSF fertilizer (frass combined with dead adult

flies) on the vegetative and reproductive growth of cowpea grown in a soilless system

ii.  To determine the optimal concentration of BSF-based foliar fertilizer (frass combined
with dead adult flies) for maximizing the vegetative and reproductive growth of cowpea

in a soilless cultivation system.

iii.  To compare the effects of foliar-applied BSF fertilizer (frass combined with dead adult
flies) and conventional chemical fertilizers on the vegetative growth of cowpea in a

soilless system

1.7 Significance of the Study

This study contributes to the growing body of knowledge on sustainable agriculture by
introducing a novel use of BSF by-products as foliar biofertilizers and evaluates their
performance under soilless conditions. The findings emanating from this research have the
potential to reduce dependency on synthetic fertilizers, thereby lowering production costs and
environmental risks. The research findings support circular bioeconomy models by adding value
to organic waste and reducing reliance on synthetic fertilizers. Furthermore, the study provides

data to support policy frameworks on organic fertilizer use in land-scarce or degraded soils



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 The Black Soldier Fly (Hermetia illucens): A Key Insect in Sustainable Agriculture

2.1.1 Life Cycle and Global Distribution

The Black Soldier Fly, scientifically known as Hermetia illucens, is a dipteran insect that
originated in Central America but has now become widespread across tropical and subtropical
regions worldwide. This insect is distinct from the common housefly, Musca domestica, and
plays a different ecological role, particularly in the decomposition of organic matter (Zheng et
al., 2017; Lalander et al., 2019).

The BSF undergoes a complete life cycle that includes four stages: egg, larva, pupa, and adult.
The larval stage is of particular interest in the context of sustainable agriculture and waste
management due to the larvae's remarkable feeding habits and efficiency in consuming organic
materials (Nugroho et al., 2023). This larval phase typically lasts for approximately two weeks
under favorable conditions, during which the larvae grow rapidly and accumulate significant
biomass. However, the duration of the larval stage can be extended, sometimes lasting up to four
months, depending on factors such as temperature, the quality and availability of food resources,

and population density (Lalander et al., 2019; Nguyen et al., 2015).

The global distribution and relatively short life cycle of the Black Soldier Fly present significant
advantages for its utilization in various sustainable applications. Its presence in diverse
environments indicates its adaptability and resilience. The relatively rapid development from egg
to larva allows for quick biomass production and efficient processing of organic waste within
short timeframes, making it a manageable resource for both industrial and agricultural
applications aimed at waste valorization and biofertilizer production (Lalander et al., 2019;
Diener et al., 2011).

2.1.2 Role in Organic Waste Management and Circular Economy

Black Soldier Fly larvae possess an exceptional ability to convert a wide array of organic wastes
into valuable biomass, positioning them as a critical component in organic waste management
and the promotion of a circular economy. These larvae can efficiently consume and process
various organic materials, including agricultural by-products, food waste generated by
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households and industries, animal manure from livestock farming, and even the organic fraction

of municipal solid waste (Zheng et al., 2017; Diener et al., 2011).

BSFL can significantly reduce the volume of organic waste, often by 50% or more within a short
period of approximately two weeks. In some instances, the waste reduction can be even more
substantial, reaching up to 80% or even 95% of the initial volume (Nugroho et al., 2023;
Lalander et al., 2019). This efficiency often surpasses that of conventional composting methods,
offering a potentially faster and more effective approach to managing organic waste streams. The
bioconversion process is highly efficient, with studies indicating that BSFL can recycle up to
85% of the organic biomass they consume (Zheng et al., 2017).

Beyond waste reduction, the bioconversion process yields a valuable by-product: larval biomass.
This biomass is rich in protein and fats, making it a sustainable and nutritious feed source for a
variety of animals, including poultry, aquaculture species, and pigs. Furthermore, the lipids
extracted from the larvae can be utilized for biodiesel production, offering a renewable energy
source. Additionally, other valuable compounds such as chitin, which has applications in various
industries, can be extracted from the larval biomass, highlighting the multifaceted benefits of
BSF bioconversion (Diener et al., 2011; Lalander et al., 2019).

The Black Soldier Fly's remarkable ability to efficiently convert a wide range of organic wastes
into valuable resources underscores its pivotal role in promoting sustainable waste management
practices and driving the transition towards a circular economy in both agricultural and industrial
sectors. By transforming waste into protein, nutrients, and other valuable compounds, BSF
contributes significantly to resource recovery, reduces environmental burdens associated with
waste disposal, and supports the development of more sustainable production systems (FAO,
2024; Nguyen et al., 2015).

2.1.3 Bioconversion Efficiency of Various Organic Substrates

Black Soldier Fly larvae exhibit a remarkable adaptability in their diet, capable of feeding and
thriving on a wide variety of organic waste streams. These include substrates such as fast-food
waste, slaughter waste from animal processing, pig manure, spent mushroom substrate, and even
the organic fraction of municipal solid waste generated in urban areas (Nugroho et al., 2023;
Lalander et al., 2019).



The nutritional composition of the specific organic substrate used to rear the larvae has a direct
and significant influence on the chemical makeup of both the larvae themselves and the resulting
frass, the nutrient-rich residue left after the larvae have fed. For example, larvae that are fed on
substrates with a high fat content, such as fast-food waste, tend to accumulate a greater
proportion of fat in their bodies. Consequently, the frass produced from these larvae will also
have a higher fat content. Conversely, when larvae are reared on substrates richer in protein, like
slaughter waste or the stems of mushrooms, their bodies may develop a higher protein content
(Zheng et al., 2017).

Research has shown that the efficiency of the bioconversion process, measured by factors such
as larval growth rate and the amount of waste reduced, can vary considerably depending on the
type of organic waste provided as feed. For instance, fast food waste has often been found to
result in the highest rates of larval growth and the most significant reduction in waste volume.
However, substrates containing high levels of recalcitrant materials like lignin and cellulose,
which are complex plant fibers difficult to digest, may not be efficiently processed by BSFL.
This can lead to lower larval growth rates and a less effective overall bioconversion. In such
cases, employing pretreatment methods to break down these tough materials into more digestible
forms can significantly improve their suitability as feed for BSFL, thereby enhancing the

efficiency of the bioconversion process (Nugroho et al., 2023).

While Black Soldier Fly larvae demonstrate a high degree of flexibility in their dietary habits, the
selection of the organic waste substrate is a critical factor that directly impacts their growth
performance and the nutritional quality of the valuable by-products they generate, namely the
larval biomass and the frass. Therefore, careful consideration and potential optimization of the
substrate composition are essential to maximize the benefits derived from BSF bioconversion for
specific applications, whether the goal is to produce high-protein larval meal for animal feed or

nutrient-rich frass for use as an organic fertilizer (Zheng et al., 2017).

2.1.4 Gut Microbiota and its Influence on Bioconversion
The remarkable ability of Black Soldier Fly larvae to efficiently bio convert organic waste is not
solely attributed to their own digestive enzymes but is also significantly enhanced by the diverse

community of microorganisms that reside in their gut. These gut microbes play a vital role in the
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breakdown of complex organic substances present in the waste, transforming them into simpler
molecules that the larvae can then readily absorb and utilize for their growth and development
(Jiang et al., 2023; Nugroho et al., 2023).

Interestingly, the composition of the microbial community within the BSF larval gut is not fixed
but rather exhibits a high degree of plasticity, adapting to the specific type of organic waste that
the larvae are consuming. This adaptability allows the larvae to efficiently process a wide range
of feedstocks with varying nutritional compositions, showcasing a sophisticated biological
strategy for resource utilization (Jiang et al., 2023).

Research has identified specific bacterial strains within the BSF gut that contribute to enhanced
bioconversion efficiency. For instance, certain thermophilic bacteria, such as Bacillus cereus and
Bacillus subtilis, which are commonly found in pig manure and also within the intestines of
BSFL, have demonstrated superior capabilities in breaking down cellulose, a major component
of many plant-based wastes. The synergistic action of these bacteria, working in concert with the
digestive processes of the BSF larvae, significantly increases the overall efficiency of waste

conversion (Nugroho et al., 2023).

The intricate symbiotic relationship between Black Soldier Fly larvae and their gut microbiota is
therefore fundamental to their exceptional ability to bio convert organic waste. A deeper
understanding of this microbial community, including the specific roles of different microbial
species and their interactions, could pave the way for developing strategies to further optimize
the bioconversion process. This might involve manipulating the gut microbiota through targeted
interventions, such as introducing specific beneficial microbes to enhance the processing of
particular types of waste or to improve the nutritional quality of the resulting insect biomass and
frass (Jiang et al., 2023).

2.2 Valorization of Black Soldier Fly By-products: Frass and Dead Adults

2.2.1 Composition and Properties of BSF Frass as a Biofertilizer

Black Soldier Fly frass, the residual material that remains after the larvae have consumed organic

waste, is a highly valuable by-product with significant potential as a biofertilizer. This frass is a

complex mixture composed of larval excreta, undigested remnants of the feed substrate, and the

exoskeletons shed by the larvae during their growth, which contain chitin (Zheng et al., 2017). It
8



is rich in essential macronutrients such as nitrogen (N), phosphorus (P), and potassium (K), as
well as a variety of micronutrients that are crucial for healthy plant growth. Moreover, BSF frass
harbors beneficial microbial populations that can contribute to improved soil health and fertility
(Nugroho et al., 2023).

The nutritional profile of the BSF frass is directly linked to the nutritional content of the organic
substrate that the larvae were fed. As a result, the NPK values and the concentrations of other
nutrients in the frass can vary depending on the type of waste material used in the bioconversion
process (Zheng et al., 2017).

Numerous studies have demonstrated the effectiveness of BSF frass as a soil amendment and
organic fertilizer. Its application to soil has been shown to improve soil structure, enhance the
retention of water, and stimulate the activity of beneficial microorganisms within the soil
ecosystem. Furthermore, the use of BSF frass has been associated with increased plant tolerance
to various environmental stresses, such as drought and flooding, and may even offer some

protection against certain plant diseases (Nugroho et al., 2023).

Black Soldier Fly frass represents a significant opportunity to valorize a by-product of insect
farming into a valuable resource for sustainable agriculture. Its nutrient-rich composition and its
positive effects on soil health and plant growth make it a promising alternative or supplement to
traditional synthetic fertilizers, contributing to more environmentally friendly and sustainable

crop production practices (Zheng et al., 2017).

2.2.2 Nutritional Profile of Dead Adult BSF and their Potential as a Fertilizer Component

Beyond the larval stage, the dead adult Black Soldier Flies also hold potential as a valuable
resource for plant nutrition. These adult flies contain significant quantities of proteins, lipids, and
essential minerals, similar to the larvae, which can contribute to enhanced plant growth when

repurposed as a biofertilizer (Nugroho et al., 2023).

Research indicates that the larval stage of the BSF is exceptionally rich in protein, with the dry
matter protein content ranging from 35% to 57%. While the provided research snippets primarily

focus on the larval biomass as a source of protein for animal feed, the high protein and mineral



content observed in the larvae strongly suggests that the adult flies would also possess a
comparable nutritional profile (Zheng et al., 2017).

Although the available research snippets contain limited information specifically on the direct
use of dead adult BSF as a fertilizer, their notable nutritional composition, mirroring that of the
larvae, presents a promising avenue for valorization. Incorporating ground dead adult flies into
fertilizer formulations, potentially in combination with BSF frass, could provide a readily
available source of essential nutrients for plants, potentially offering a more immediate release of
certain elements due to the different forms and breakdown rates compared to frass (Nugroho et
al., 2023).

2.2.3 Environmental Benefits of Utilizing BSF By-products

The utilization of Black Soldier Fly frass as a fertilizer offers substantial environmental
advantages by reducing the need for synthetic fertilizers, which are known to contribute to
environmental problems such as soil degradation, water pollution through nutrient runoff leading

to eutrophication, and significant energy consumption during manufacturing (Zheng et al., 2017).

The entire process of BSF bioconversion, from larvae consuming organic waste to utilization of
by-products like frass, promotes a circular approach to waste management. By diverting organic
waste from landfills, it reduces methane emissions produced during anaerobic decomposition in

landfill environments (Nugroho et al., 2023).

Furthermore, research suggests BSF frass has a lower environmental footprint compared to
synthetic fertilizers and some organic fertilizers, particularly regarding carbon emissions
associated with production and use. This makes BSF frass a more climate-friendly option for

agricultural fertilization (Zheng et al., 2017).

The use of BSF frass and potentially dead adult flies as fertilizers represents a sustainable
alternative to conventional synthetic fertilizers, aligning with waste valorization, nutrient
recycling, and greenhouse gas reduction principles for sustainable agriculture (Nugroho et al.,
2023).
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2.3 Foliar Fertilization in Agricultural Systems: Principles and Practices

2.3.1 Mechanisms of Nutrient Uptake Through Plant Leaves

Foliar fertilization involves applying nutrient solutions directly to plant leaves and stems,
allowing nutrient absorption through aerial parts, supplementing or replacing soil nutrient uptake
(Oosterhuis, 2007).

Nutrients penetrate leaves mainly through the cuticle and stomata. The cuticle, a waxy outer
layer, is the primary barrier. Penetration occurs via lipophilic (fat-soluble) and hydrophilic
(water-soluble) pathways, depending on compound chemistry. Stomata can also serve as entry
points but are less significant for aqueous solutions unless surfactants reduce surface tension
(Oosterhuis, 2007).

Once inside, nutrients translocate to various plant parts for metabolic processes and growth
(Oosterhuis, 2007).

Efficiency depends on plant characteristics, nutrient solution properties, and environmental

conditions, requiring understanding to optimize foliar fertilization strategies (Oosterhuis, 2007).

2.3.2 Factors Affecting the Efficiency of Foliar Fertilizer Application
Factors influencing foliar fertilization efficacy include plant species, fertilizer chemical form,

nutrient concentration, and application frequency (Oosterhuis, 2007).

Environmental conditions such as temperature, humidity, and wind speed critically affect
nutrient absorption. Optimal uptake occurs at moderate temperatures (below ~27°C), high

humidity, and minimal wind, often in early morning or late evening (Oosterhuis, 2007).

Leaf age also matters; younger leaves absorb nutrients more efficiently due to thinner cuticles
(Oosterhuis, 2007).

Surfactants enhance absorption by lowering surface tension, improving leaf coverage and

penetration (Oosterhuis, 2007).

Optimizing these factors maximizes foliar fertilization benefits, improving plant health and
productivity (Oosterhuis, 2007).
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2.3.3 Role of Foliar Fertilization in Supplementing Soil-Based Nutrition
Foliar fertilization supplements or bypasses soil nutrient uptake, especially useful in soilless
cultivation or when root uptake is compromised (Oosterhuis, 2007).

It provides major nutrients (N, P, K) and micronutrients directly to leaves and can deliver
hormones and growth promoters (Oosterhuis, 2007).

Foliar feeding benefits plants during high nutrient demand phases (vegetative growth, flowering,
fruiting) or adverse root conditions (low soil temperature, drought, waterlogging, diseases)
(Oosterhuis, 2007).

While soil fertilization remains foundational, foliar feeding offers a targeted, timely nutrient
delivery method to enhance plant vigor and yield (Oosterhuis, 2007).

2.4 Foliar Application of Organic Fertilizers: Potential and Challenges
2.4.1 Suitability of Organic Materials for Foliar Application
Organic fertilizers, derived from composted plant or animal matter, improve soil health and

microbial activity and reduce pollution risk but face challenges in foliar use (MDPI, 2022).

Raw organic materials contain large, complex molecules not readily soluble or small enough to

penetrate leaf cuticles, limiting foliar absorption (MDPI, 2022).

Decomposition on leaf surfaces may be too slow for timely nutrition, so processing into liquid

extracts or soluble powders is often necessary for effective foliar application (MDPI, 2022).

Direct application of coarse organic matter to leaves is generally ineffective, but processed
organic fertilizers hold promise as sustainable foliar inputs, pending further research (MDPI,
2022).

2.4.2 Efficacy of Insect-Based Fertilizers in Foliar Applications
Recent studies show promising results using insect-based fertilizers, such as composted Black

Soldier Fly frass mixed with ground dead adults, as foliar treatments (Nugroho et al., 2023).

In soilless cowpea cultivation, a 5% concentration of this BSF-based foliar spray significantly
enhanced plant growth and chlorophyll content, comparable to synthetic NPK fertilizers
(Nugroho et al., 2023).
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These findings suggest BSF-derived materials are viable organic foliar fertilizers, warranting
further research on optimal use across crops and conditions (Nugroho et al., 2023).

2.4.3 Comparison with Synthetic Foliar Fertilizers
Synthetic foliar fertilizers provide rapid nutrient release and visible growth improvements but
risk leaf burn and environmental harm (Oosterhuis, 2007).

Organic foliar fertilizers act more slowly but benefit long-term soil health and have fewer
environmental downsides (MDPI, 2022).

The comparable growth results from BSF-based foliar fertilizers to synthetic NPK fertilizers
indicate potential for combining effectiveness with sustainability (Nugroho et al., 2023).

Further validation could advance sustainable foliar fertilization practices in agriculture (Nugroho
et al., 2023).

2.5 Cowpea (Vigna unguiculata): A Nutritious Legume in Diverse Agroecosystems

2.5.1 Nutritional Requirements and Growth Stages of Cowpea

Cowpea (Vigna unguiculata) is an annual legume important in semiarid Africa and Asia, thriving
in sandy soils and low rainfall (FAO, 2024).

It requires low external inputs, especially nitrogen, due to symbiotic nitrogen fixation with
rhizobia bacteria in root nodules. Excess nitrogen fertilizer can hinder pod and seed development
(FAO, 2024).

Optimal growth occurs around 30°C with 400-700 mm annual rainfall (FAO, 2024).

Growth stages include germination, vegetative growth, flowering, pod formation, and maturity,
critical for timing fertilization (FAO, 2024).

2.5.2 Cowpea as a Nitrogen-Fixing Crop and its Importance in Sustainable Agriculture
Cowpea’s nitrogen fixation reduces synthetic fertilizer needs, benefiting soil fertility and
subsequent crops (FAO, 2024).

Nitrogen fixation varies by rhizobia health, cowpea variety, and environment but significantly

lowers environmental impacts of synthetic fertilizers (FAO, 2024).
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Cowpea enhances soil health and supports sustainable farming, especially in low-input systems
common in developing countries (FAO, 2024).

2.5.3 Cowpea Cultivation in Soilless Systems
Cowpea adapts to soilless cultivation, such as pumice-based systems, allowing precise nutrient
and water control (Nugroho et al., 2023).

Soilless culture mitigates soil-borne diseases and suits urban or poor-soil environments,

promoting food security and sustainable urban agriculture (Nugroho et al., 2023).

2.6 Soilless Cultivation Systems: The Role of Pumice as a Growth Medium
2.6.1 Advantages and Limitations of Soilless Agriculture
Soilless systems reduce soil-borne diseases, allow precise nutrient/water control, and enable

cultivation in non-traditional areas (Nugroho et al., 2023).

Challenges include careful nutrient management, susceptibility to environmental fluctuations,

and higher setup costs (Nugroho et al., 2023).

2.6.2 Pumice as a Substrate: Physical and Chemical Properties
Pumice is a lightweight volcanic rock with high porosity, excellent water and nutrient retention,

and good aeration, supporting healthy root growth (Nugroho et al., 2023).

It is inert, durable, reusable, and available in different particle sizes for tailored water retention

and drainage (Nugroho et al., 2023).

2.6.3 Nutrient Management in Pumice-Based Soilless Systems
Plants rely entirely on nutrient solutions in pumice systems, delivered via irrigation methods
(Nugroho et al., 2023).

Pumice has ion exchange capacity, buffering nutrient availability (Nugroho et al., 2023).

Frequent irrigation with small nutrient volumes maintains moisture without waterlogging
(Nugroho et al., 2023).

Effective management requires tailored nutrient solutions and monitoring (Nugroho et al., 2023).
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2.7 Black Soldier Fly Frass and Dead Adults as Foliar Fertilizer in Soilless Systems:
Current Research and Perspectives

2.7.1 Existing Studies on Insect-Based Fertilizers in Soilless Culture

Research on BSF frass combined with dead adults as foliar fertilizer in soilless cowpea
cultivation is limited but growing (Nugroho et al., 2023).

Studies show BSF frass benefits soil amendments and crop growth but foliar application in

soilless systems is less explored (Nugroho et al., 2023).

2.7.2 Potential of BSF By-products as Foliar Fertilizers in Soilless Systems

The application of Black Soldier Fly frass and dead adult flies as foliar fertilizers in soilless
systems has shown promising results. Recent studies indicate that foliar sprays containing BSF-
derived materials can enhance plant growth parameters, including chlorophyll content and
biomass accumulation, in crops such as cowpea grown under soilless conditions (Nugroho et al.,
2023).

The nutrient-rich composition of BSF frass and the bioactive compounds present in dead adults
contribute to improved nutrient uptake efficiency when applied foliarly, potentially matching or

surpassing the effects of conventional synthetic fertilizers (Nugroho et al., 2023).

This novel approach supports sustainable agriculture by reducing reliance on synthetic inputs and
promoting circular nutrient use, especially in systems where soil-based fertilization is limited or
absent (Nugroho et al., 2023).
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Study Area
The study was conducted at the Kenyatta University living lab

3.2 Materials and equipment
Based on the provided Chapter 3 text, here is a list of materials and equipment used in the study:

Materials:

1. Cowpea seeds (Vigna unguiculata)
2. Black Soldier Fly (BSF) frass

3. Ground dead adult BSF flies

4. Conventional synthetic fertilizer

5. Water (for dilution and plant care)

6. Pumice (soilless growth medium)

Equipment:

1. Hand-held pump sprayer (for foliar application)

2. Ruler (for measuring plant height)

3. Chlorophyll meter (SPAD meter) (for measuring leaf chlorophyll content)

3.3 Study Crop
The experiment was conducted using cowpea (Vigna unguiculata), a widely cultivated leafy

vegetable known for its high nutritional value and adaptability to diverse growing conditions.

3.4 Experimental Treatments

The study investigated the effects of foliar-applied Black Soldier Fly (BSF) by-products on

cowpea growth under soilless pumice conditions. The following treatments were applied:
i.  Control — No treatment (untreated plants-pumice).

ii.  Composted BSF Frass-Mixed with dead Adult dead flies — High concentration (standard

dosage, with dead flies).

iii.  Composted BSF Frass Mixed with Ground Dead Adult BSF Flies — Applied at three

concentrations:
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1% (low)
3% (medium)
5% (high)
iv.  Conventional Synthetic Fertilizer — The Standard recommended dosage was used as a
positive control.
Each treatment was replicated adequately and arranged in a completely randomized design
(CRD) under controlled soilless conditions using pumice as the growth medium.

3.5 Preparation and Application of Treatments
Frass Preparation: BSF frass was composted and mixed with finely ground dead adult BSF flies

in specified ratios.

Dilution: The frass-dead adult mixture was diluted with water to prepare foliar spray solutions at
1%, 3%, and 5% concentrations.

Application Method: Treatments were applied as foliar sprays using a hand-held pump sprayer,

ensuring uniform coverage of leaf surfaces.

Frequency of Application: Foliar treatments were applied once per week throughout the growth

period.

3.6 Growth Medium
Cowpea plants were grown in soilless pumice beds, selected for their inert, well-drained

properties that minimize nutrient interference and highlight treatment effects.

3.7 Data Collection Parameters

Plant performance was monitored through the following growth indicators:
Plant Height (cm): Measured from the base to the tip of the tallest leaf using a ruler.
Number of Leaves: Counted manually on each plant to quantify foliage production.

Leaf Chlorophyll Content (SPAD units): Measured using a chlorophyll meter to assess nutrient

uptake and plant health.

Measurements were taken at regular intervals during the growing cycle to track temporal

changes.
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3.8 Data Analysis
Descriptive Statistics: Used to summarize and visualize the central tendencies and variabilities in
the data (e.g., means, standard deviations).

Analysis of Variance (ANOVA): Conducted to test for significant differences among treatment

groups for each growth parameter at a 95% confidence level (p < 0.05).

Regression Analysis: Performed to assess the dose-response relationship between BSF frass and
dead adult flies” concentration and plant performance outcomes (e.g.growth parameters and
chlorophyll content).
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CHAPTER FOUR
4.0 RESULTS

4.1 Effects of BSF larval frass and dead adults on cowpea growth under different
concentrations when applied as foliar

BSF based Foliar Control Report Summary

Table 4.1: 1% BSF based Foliar Control

Plant Number of Leaves Height (cm) Pod Length (cm)
a 6 3.5 -
b 6 7.0 -
c 13 10.5 -
d 15 10.0 -
Table 4.2: 3% BSF based Foliar Control
Plant Number of Leaves Height (cm) Pod Length (cm)
a 12 7.5 -
b 12 14.5 10.0
c 18 15.5 5.0
d 14 14.0 4.0
e 17 11.0 -
Table 4.3: 5% BSF based Foliar Control
Plant Number of Leaves Height (cm) Pod Length (cm)
a 21 7.5 -
b 17 8.0 3.0
c 18 10.0 2.4
d 15 15.0 -
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Effect of BSF based foliar treatment on Cowpea growth

BSF based foliar treatment
Figure 4.1: Effects of BSF larval frass and dead adults on cowpea growth under

different concentrations when applied as foliar

The application of a 1% liquid concentration of frass- dead adult flies provided limited nutrient
support to cowpea plants. While some germination occurred, it was inconsistent across the

planting area, resulting in patchy emergence.

Leaf development was also irregular, suggesting that the nutrient availability at this

concentration was insufficient to support uniform or optimal growth.

The cowpea plants that did survive demonstrated steady, albeit suboptimal, vegetative growth .

However, this performance fell short of what would be expected under ideal nutrient conditions.
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Figure 4.2: Cowpea growth under 1 % frass-dead adult flies’ concentration

The 3% liquid frass concentration derived from dead adult flies yielded a marked improvement
in cowpea plant development. Germination was fairly satisfactory, with uniform sprouting
observed across the plastic bottle containers. The plants exhibited a lush and vibrant appearance,

characterized by a deep, healthy green coloration.

Stems appeared thick, robust, and upright, supporting a dense canopy of leaves. Flower buds
were already forming, indicating early initiation of the reproductive phase. Notably, there were

no signs of leaf wilting, discoloration, or other stress indicators.

The 3% frass concentration appears to represent an effective benchmark for supporting
consistent and healthy cowpea growth. Key indicators such as plant height, leaf number and area,
photosynthetic quality, early flowering and pod formation all point to optimal nutrient

availability at this concentration.
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Figure 4.3: Cowpea growth under 3% frass-dead adult fly concentration

The cowpea plants treated with a 5% frass-adult dead flies’ liquid spray exhibited a healthy

green foliage, indicating active photosynthesis and effective nutrient uptake.

Visually, the foliage of the 5% treatment closely resembled that of plants sprayed with a 3%
concentration at weekly intervals. There were no notable differences in leaf size, colour intensity,

or density between the two treatment groups.

While both concentrations demonstrated similar visual plant health, the 5% concentration (as
shown in the figure 5.3 below) is recommended for cowpea vegetable cultivation due to its

consistent performance.

Importantly, both 3% and 5% concentrations of the frass-dead adult flies’ solution are
potentially cost-effective and viable for farmers interested in adopting this bio-waste innovation

technology
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Figure 4.4: Cowpea growth under 5% frass-dead adult fly concentration

The direct use of undiluted BSF frass and dead flies was too harsh for cowpea plants, causing
phytotoxicity and stunted growth. This suggests that while BSF-based foliar fertilizers are
effective, their concentration must be carefully optimized to avoid adverse effects. The results
also highlight the importance of regular, weekly foliar applications to sustain nutrient availability

in the inert pumice substrate, which lacks inherent fertility and nutrient retention capacity.

23



Figure 4.5: Cowpea growth under 100% frass-adult fly concentration.

The slightly lower performance of BSF-based treatments in plant height and leaf number
compared to NPK may be due to differences in nutrient solubility and immediate availability, as
synthetic fertilizers provide nutrients in forms readily absorbed by plants. Nonetheless, the
sustainable and circular nature of BSF-based fertilizers offers a compelling alternative, especially
in urban and peri-urban agriculture where waste recycling and reduced reliance on chemical

inputs are priorities.
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4.2 Comparison between BSF based foliar and commercial NPK Fertilizer

Average growth parameters

Table 4.4: Comparison between BSF based foliar and commercial NPK Fertilizer
Average growth parameters

Treatment Plant Height (cm) | Number of Leaves chlorophyll
FD_1% 7.75 10 278
FD_3% 12.5 14.6 29.5
FD_5% 10 17.75 30.6
N 7 5.5 225
P 24.5 19.45 | 325

Chart Title
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B Number of Leaves chlorophyll

Figure 4.6: Comparison between BSF based foliar treatments and an NPK fertilizer

The bar chart visually presents the effects of different foliar fertilizer treatments on cowpea
growth. The x-axis displays four treatments:FD-1% (1% BSF frass and dead flies), FD_3% (3%
BSF frass and dead flies), FD_5% (5% BSF frass and dead flies), and P (NPK fertilizer). For

each treatment, three growth parameters are shown as grouped bars

FIGURE LEGEND

Blue bar: Plant Height (cm)

Red bar: Number of Leaves
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Green bar: Chlorophyll (SPAD)

Key Observations:
The chlorophyll content (SPAD) is highest for the NPK fertilizer (P), 3%, and 5% treatments,
indicating strong leaf greenness and health.

The number of leaves peaks with the 5% treatment, followed by 3% and NPK fertilizer, while
1% has the lowest leaf count.

Plant height is greatest with NPK fertilizer, closely followed by 3% and 5% .1% results in the
shortest plants.
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CHAPTER FIVE
5.0 DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS.

5.1 Discussion

The findings of this study demonstrate that foliar applications of BSF-derived by-products
specifically frass and ground dead adult flies have a notable effect on cowpea vegetative and
reproductive growth when cultivated under soilless (pumice-based) conditions.

BSF Frass combined with ground Dead Adults significantly enhanced vegetative growth
parameters such as plant height, leaf area, and chlorophyll content. This may be attributed to the
balanced availability of macronutrients (N, P, K) and the presence of beneficial microbes that
facilitate foliar nutrient uptake, aligning with observations by Rosa Menino et al. (2021). Also
showed positive effects, particularly in enhancing reproductive parameters such as pod number.
This could be due to the high protein and mineral content in dead adults, which may have
contributed to improved flower and pod development similar to findings reported by Jensen,
Kristiansen, and Hansen (2020). Frass and ground adults consistently outperformed treatments
the controls in terms of total leaves and pod production. This suggests a synergistic effect,
potentially combining the microbial benefits of frass with the nutrient density of the insect
biomass. Such synergy supports the view of Alvarez, Rodriguez, and N’Doye (2022), who

emphasized the holistic advantages of insect-based fertilizers.

Moreover, the results validate the feasibility of foliar feeding in soilless systems, which typically
struggle with nutrient delivery. As noted by Fernandez and Eichert (2009), foliar applications are
especially effective in bypassing root limitations, enabling faster nutrient assimilation during

critical stages of plant development.

Importantly, this study also contributes to sustainable urban agriculture by demonstrating that
BSF by-products typically discarded can be repurposed to enhance crop productivity, reduce

environmental waste, and lower input costs.
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5.2 Conclusions

Black soldier fly frass and dead adults significantly enhanced vegetative and reproductive
growth of cowpeas.

Optimal concentrations (5 %) improved cowpeas plant performance. Healthier (greener)
cow pea plants were taller and had more leaves and pods.

Organic BSF-based foliar fertilizers showed competitive or superior results compared to
conventional NPK chemical fertilizer

5.3 Recommendations.

Adopt 5% BSF frass and dead adult flies as a foliar fertilizer in soilless systems for
cowpea cultivation, as it significantly enhances growth and closely matched the
effectiveness of NPK fertilizer.

Integrate BSF-based fertilizers as an alternative or supplement to synthetic fertilizers,

promoting circular waste resource utilization.

5.4 Recommendation for further studies

Further research to be carried out on long-term impacts on plant health and vyield
consistency.
Similar foliar application trials should be conducted on leafy vegetables and other crops

to evaluate cross-crop benefits and broaden the application scope.
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