Advances in

Biotechnology & Microbiology
ISSN 2474-7637

Review Article
Volume 19 Issue 3 - March 2026

P e
# Juniper
UBLISHERS
J key to the Researchers

Ui &

Adv Biotechnol Microbiol
Copyright © All rights are reserved by Chee Kong Yap

DOI: 10.19080/AIBM.2026.18.556011

The Benefits of Halal Biofertilizers in
Oil Palm Plantation Industries: The

Social-Economy Perspectives

Chee Kong Yap'*, Shih Hao Tony Peng? and Isma Nadia Sham'?

1Department of Biology, Faculty of Science, University Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia

2All Cosmos Bio-Tech Holding Corporation, PLO650, Jalan Keluli, Pasir Gudang Industrial Estate, Pasir Gudang 81700, Johor, Malaysia

Submission: March 04, 2026; Published: March 25, 2026

*Corresponding author: Chee Kong Yap, Department of Biology, Faculty of Science, University Putra Malaysia, 43400 UPM Serdang, Selangor,

Malaysia

Abstract

The oil palm plantation industry plays a central role in the socio-economic development of many tropical countries, particularly Malaysia, where
it contributes significantly to employment, rural livelihoods, and national export revenue. At the same time, increasing environmental pressures
and growing demand for ethically compliant agricultural inputs are reshaping production systems. Halal biofertilizers, defined as biologically
derived soil amendments produced from permissible and ethically compliant sources under Islamic principles, represent an emerging innovation
that integrates sustainability, circular resource management, and value-based production. This narrative review paper examines the social and
economic benefits of halal biofertilizers in oil palm plantation industries through an interdisciplinary conceptual analysis. Drawing on research
in microbial biofertilizers, circular bioeconomy systems, waste valorization, soil health improvement, and sustainable agricultural productivity,
the study evaluates how halal-certified biological inputs influence productivity, resource efficiency, market trust, and rural socio-economic
resilience. Evidence indicates that biofertilizers improve nutrient use efficiency, enhance crop performance, restore soil biological function, and
support environmentally responsible production. When aligned with halal compliance, these benefits extend to consumer confidence, supply
chain transparency, and ethical branding in global markets. The analysis further highlights economic advantages related to reduced fertilizer
costs, waste recycling opportunities, and enhanced sustainability certification compatibility. The paper proposes a socio-ecological framework
linking halal compliance, microbial soil enhancement, circular bioeconomy integration, and plantation productivity. It concludes that halal
biofertilizers represent not only an agronomic innovation but also a socio-economic strategy that strengthens ethical agriculture, environmental

stewardship, and long-term resilience in oil palm plantation systems.
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Introduction

Oil palm plantations are a major driver of economic
development in Southeast Asia, particularly in Malaysia, where
the industry supports employment, export income, and rural
development. However, contemporary oil palm production faces
increasing scrutiny regarding environmental sustainability,
resource efficiency, and ethical supply chain practices. In
response, plantation management is gradually shifting toward
biological inputs and circular resource management systems
that reduce dependency on synthetic fertilizers while improving
soil health and productivity. Biofertilizers, which enhance plant
growth through microbial activity and biological nutrient cycling,
are emerging as key tools in sustainable plantation agriculture
[1,2]. Beyond environmental sustainability, agricultural inputs are

increasingly evaluated through ethical and cultural frameworks,
especially in Muslim-majority societies. Halal certification
ensures that production processes and material sources comply
with Islamic principles of permissibility, cleanliness,
ethical stewardship. When applied to agricultural inputs, halal
compliance extends beyond food processing to include fertilizers,
soil amendments, and cultivation practices. Halal biofertilizers

and

therefore represent a convergence of biological sustainability and
value-based production systems, aligning agricultural innovation
with religious and ethical expectations.

Biofertilizer research demonstrates consistent agronomic
benefits across diverse cropping systems. Microbial inoculants
improve nutrient availability, enhance plant growth, and restore
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soil biological function through nitrogen fixation, phosphorus
solubilization, and microbial community restructuring [3,4].
These biological processes increase productivity while reducing
environmental impact, supporting long-term plantation
sustainability. When produced from permissible biological sources
and controlled processing systems, such inputs can be integrated
into halal-certified agricultural supply chains. The expansion of
circular bioeconomy practices further strengthens the relevance
of halal biofertilizers. Organic waste streams from agriculture and
industry are increasingly converted into biofertilizer products
through biological processing, creating closed nutrient cycles
and reducing environmental burdens [5] Martin-Sanz-Garrido
et al, 2025. Microalgae-based wastewater treatment systems,
for example, simultaneously remove pollutants and generate
nutrient-rich biomass suitable for fertilizer use [6]. When such
processes comply with halal requirements, they support both
environmental and ethical sustainability.

Despite growing interest in sustainable inputs, limited
research has examined the socio-economic implications of halal
biofertilizers in plantation industries. This narrative review
paper therefore explores the benefits of halal biofertilizers in oil
palm plantation systems from social and economic perspectives,
integrating agronomic performance, ethical value creation,
circular resource management, and market dynamics into a
comprehensive analytical framework. The approach follows the
principles of narrative literature synthesis, which emphasize
conceptual interpretation and interdisciplinary integration rather
than rigid procedural screening. Such reviews are particularly
suitable for emerging topics where knowledge is scattered
across multiple domains including agronomy, socioeconomics,
sustainability science, and ethical production systems [7-9].

Conceptualizing Halal Biofertilizers in Plantation
Agriculture

Figure 1 presents the transition from conventional
agricultural practices associated with environmental concerns
and reduced consumer trust toward a more sustainable plantation
system through the implementation of halal biofertilizers. At
the center of the framework is the adoption of halal-compliant
biological fertilizers, which integrate microbial soil enhancement,
ethical sourcing of organic materials, and environmentally
responsible production processes. The framework highlights
three key functional pathways: the natural enhancement of soil
fertility through beneficial microorganisms, the transformation
of organic wastes into nutrient-rich fertilizers via circular
bioeconomy processes, and the assurance of ethical sourcing and
environmentally responsible processing consistent with halal
principles. Collectively, these processes contribute to sustainable
plantation agriculture characterized by improved soil health,
enhanced resource efficiency, strengthened consumer confidence,
and the development of transparent and ethical supply chains

within the oil palm industry.

Halal biofertilizers can be understood as biological soil
amendments produced from permissible organic materials
through processes that meet Islamic ethical and hygiene
standards. The concept extends beyond material composition
to include sourcing transparency, processing integrity, and
environmental responsibility. In plantation agriculture, halal
compliance reinforces consumer trust and aligns production
systems with broader ethical expectations, particularly in regions
where halal certification represents an important component of
food system governance and ethical supply chain management
[10]. Microbial-based biofertilizers form the scientific foundation
of halal fertilizer development. Beneficial
enhance soil fertility through biological nutrient transformation

microorganisms

and plant growth promotion [2]. These microbial processes are
compatible with halal principles because they rely on natural
biological mechanisms rather than synthetic chemical inputs,
thereby supporting environmentally responsible agricultural
practices while maintaining ethical production standards [10].

Circular production pathways further support halal
compliance when waste materials are processed under controlled
and permissible conditions. Organic residues,
biomass, and agricultural by-products can be transformed into
nutrient-rich fertilizers through microbial fermentation or

bioconversion [5] (Pastawan et al,, 2025). Such processes align

wastewater

with Islamic concepts of resource stewardship and environmental
responsibility, emphasizing the transformation of waste into
productive resources within a sustainable bioeconomy framework
[10]. Halal biofertilizers therefore represent an integrated
system combining biological productivity enhancement, ethical
material sourcing, and environmentally responsible production.
By integrating microbial biotechnology, circular bioeconomy
principles, and halal compliance, these systems provide a pathway
toward sustainable plantation agriculture while strengthening
consumer confidence and socio-economicresilience inagricultural
supply chains [10].

Agronomic Benefits for Oil Palm Productivity

The framework in Figure 2 illustrates how the adoption of
halal biofertilizers contributes to multiple interconnected socio-
economic outcomes within plantation agriculture. The model
begins with the integration of halal-compliant biofertilizer
production based on microbial biotechnology and ethically
sourced organic materials. This foundation enhances soil fertility,
improves nutrient use efficiency, and supports environmentally
responsible  plantation management. These agronomic
improvements translate into broader economic benefits such as
reduced dependency on synthetic fertilizers, lower production
costs, and increased plantation productivity. At the same time,
halal certification strengthens consumer trust, improves supply-
chain transparency, and enhances market competitiveness in
global agricultural trade. The framework ultimately highlights
how halal biofertilizers function not only as agronomic inputs but
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also as socio-economic drivers that reinforce ethical agriculture,
circular resource utilization, and long-term sustainability in oil
palm plantation industries.

Biofertilizers enhance plantation productivity through
complex biological processes that regulate nutrient availability,
plant growth, and soil ecosystem functioning. Unlike conventional
fertilizers that primarily supply nutrients in mineral form,
microbial biofertilizers improve nutrient mobilization through
biological transformation pathways such as nitrogen fixation,
phosphate solubilization, and organic matter mineralization. These
processes increase nutrient use efficiency and promote sustained
crop performance across different agroecological conditions
[1,2]. Studies demonstrate that biofertilizer application enhances
soil microbial diversity and functional activity, which directly
influences nutrient cycling and plant physiological development
[3] Salitha & Surendra Gopal, 2025. In perennial plantation
systems such as oil palm, long-term soil biological activity is
particularly important because continuous monoculture often
reduces microbial diversity and weakens nutrient transformation
capacity. By restoring microbial functionality, biofertilizers help
stabilize productivity across growth cycles.

In addition to improving nutrient availability, biofertilizers
strengthen plant resilience to environmental stress. Microbial
inoculants have been shown to improve tolerance to salinity,
drought, and nutrient imbalance by regulating plant hormonal
responses and enhancing root system development [11]
Srivastava et al, 2025. Such stress adaptation is critical
for oil palm plantations, where productivity depends on
stable physiological performance over long growth periods.
Biofertilizer-mediated microbial symbiosis also improves disease
resistance by suppressing pathogenic organisms and promoting
rhizosphere communities [4,12]. The protective
effects of microbial consortia are increasingly recognized as key
components of sustainable crop management, particularly in
systems where chemical pesticide reduction is desired.

beneficial

Another important agronomic benefit lies in the enhancement
of soil structure and organic matter stability. Biofertilizers
improve aggregation, water retention capacity, and nutrient
buffering through microbial decomposition and biopolymer
production [13] Miché et al, 2025. Improved soil structure
facilitates root penetration and increases nutrient accessibility,
thereby supporting long-term plantation productivity. Field
studies across diverse cropping systems demonstrate that
biofertilizers significantly increase biomass production, yield
quality, and nutrient efficiency, even when synthetic fertilizer
inputs are reduced [14] Santos et al., 2025; Prihandarini et al,,
2025. These findings indicate that biofertilizers can partially
substitute chemical fertilizers while maintaining or enhancing
productivity.

Emerging research also highlights the importance of microbial
community engineering in optimizing crop performance. Synthetic
microbial communities and rhizobacteria consortia enhance

cooperative nutrient transformation and ecological stability in
soil systems [15] Syafruddin et al.,, 2025. Plant growth-promoting
bacteria, endophytic fungi, and nitrogen-fixing microorganisms
collectively regulate nutrient uptake and metabolic processes
that influence yield formation (Sofyan et al., 2025; van Tien et
al., 2025). For oil palm plantations, such integrated microbial
management offers a promising pathway to reduce nutrient
loss and maintain long-term soil fertility. When biofertilizers
are produced under halal-compliant processes, these agronomic
benefits are combined with ethical assurance regarding material
sourcing and production integrity. This dual function enhances
both biological productivity and value-based agricultural practice,
reinforcing the role of halal biofertilizers as strategic inputs for
sustainable plantation management.

Environmental and Circular Bioeconomy Benefits

Figure 3 illustrates how halal-compliant biofertilizers function
within a broader circular bioeconomy framework in oil palm
plantation systems. Organic residues, agricultural by-products,
and biodegradable wastes are converted through microbial
fermentation and biological transformation into nutrient-rich
biofertilizers that comply with halal principles of ethical sourcing,
hygiene, and environmental stewardship. The application of
these biofertilizers enhances soil biological activity, improves
nutrient availability, and supports plant growth while reducing
dependency on synthetic chemical fertilizers. Through this
circular production pathway, waste materials are transformed into
valuable agricultural inputs, strengthening resource efficiency,
environmental sustainability, and economic resilience in
plantation agriculture. The model emphasizes the interconnected
relationship between ethical production standards, microbial
biotechnology, and sustainable plantation productivity.

Halal biofertilizers play a significant role in advancing circular
bioeconomy principles by transforming waste materials into
productive agricultural inputs. Organic residues from agriculture,
food processing, and industry can be biologically converted into
nutrient-rich fertilizers, thereby reducing waste accumulation
and closing nutrient cycles [5] Mistry et al, 2025. Such waste
valorization processes are particularly relevant for plantation
industries, where large volumes of biomass residues are
generated annually. Recycling these materials into biofertilizer
products reduces environmental pollution while enhancing
resource efficiency. Microalgae-based systems represent a
major innovation in circular biofertilizer production. Microalgae
cultivated in wastewater capture nutrients, remove pollutants,
and generate biomass suitable for soil application [6,16]. These
integrated systems simultaneously address wastewater treatment,
nutrient recovery, and agricultural fertilization, demonstrating
the multifunctional nature of biofertilizer technologies. Similarly,
agro-industrial wastewater and organic residues can be processed
through microbial fermentation to produce biofertilizer products
with significant agronomic value (Monzén Martinez et al., 2025;
Lima e Silva et al,, 2025).
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Figure 1: Conceptual framework illustrating the role of halal biofertilizers in advancing sustainable plantation agriculture.
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Figure 2: Socio-economic pathway linking halal biofertilizers to sustainable development in oil palm plantation systems.
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Figure 3: Integrated conceptual model showing the interaction between halal biofertilizer production, circular bioeconomy processes, and
sustainable plantation management.
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Environmental benefits also extend to greenhouse gas
mitigation and carbon sequestration. Biofertilizers reduce
reliance on synthetic fertilizers, whose production and
application contribute substantially to greenhouse gas emissions
[17]. Enhanced microbial activity improves soil organic matter
stabilization and carbon storage,
resilience [18]. Microalgae cultivation further contributes to
carbon capture during biomass production, linking biofertilizer
generation to climate mitigation strategies [19]. Additional

strengthening ecosystem

environmental advantages arise from improved nutrient retention
andreduced leaching. Controlled nutrientrelease from biofertilizer
formulations minimizes environmental contamination of water
bodies (Montegiove et al, 2025). Biofertilizer application also
supports soil biodiversity and ecosystem stability by promoting
populations [20,21]. These ecological
improvements contribute to long-term sustainability of
plantation landscapes. From a halal perspective, circular resource
use aligns strongly with principles of environmental stewardship
and responsible resource management. The transformation of
permissible organic materials into beneficial agricultural inputs
reflects ethical commitments to waste reduction, ecological
balance, and sustainable production.

beneficial microbial

Economic Benefits and Market Competitiveness

Figure 4 illustrates how halal-compliant biofertilizers function
as a connecting mechanism between ecological improvement
and socio-economic development within plantation agriculture.
The framework highlights the role of microbial biofertilizers
in enhancing soil fertility, nutrient cycling, and biological soil
health, thereby supporting sustainable crop productivity while
reducing reliance on synthetic chemical fertilizers. These
ecological improvements contribute to broader environmental
benefits such as improved soil structure, reduced environmental
pollution, and more efficient resource utilization. At the same
time, halal certification strengthens consumer confidence, market
credibility, and ethical branding in global agricultural markets.
The integration of these ecological and socio-economic pathways
demonstrates how halal biofertilizers support sustainable
plantation management while promoting economic stability,
environmental stewardship, responsible

and agricultural

production.

The adoption of halal biofertilizers generates economic
benefits through multiple pathways, including cost reduction,
value-added production, and market differentiation. Biofertilizers
enhance nutrient efficiency, reducing dependence on expensive
synthetic fertilizers and lowering production costs [1,14].
Improved soil health and yield stability also reduce long-term
input requirements, enhancing economic resilience in plantation
operations. Circular biofertilizer production
economic opportunities by converting waste streams into valuable
agricultural inputs. Waste valorization systems reduce disposal
costs while generating revenue from recycled products [22,23].

creates new

Integrated resource recovery systems, including wastewater-
based microalgae cultivation and organic residue processing,
contribute to diversified income streams and improved resource
efficiency (Pérez Mesa et al., 2025; Petrucci et al., 2025).

Halal  certification  further  strengthens  economic
competitiveness by enhancing product credibility in global
markets. Ethical and religious compliance increases consumer
confidence, particularly in Muslim-majority markets where
halal integrity is a critical purchasing factor. Halal-certified
agricultural inputs support traceable and transparent supply
chains, which are increasingly valued in international trade. In
addition, alignment with sustainability certification frameworks
improves market access and export potential. Biofertilizers also
support technological innovation and industry diversification.
Advanced production systems, including microbial consortia
engineering, controlled-release formulations, and integrated
biorefinery processes,
employment opportunities (Mussagy et al.,, 2025 Verardi et al,,
2025). These innovations contribute to economic growth beyond

primary agricultural production. Overall, halal biofertilizers

create new industrial sectors and

strengthen plantation economic performance by reducing input
costs, enhancing market value, and promoting circular resource
utilization.

Social Benefits and Ethical Agriculture

The conceptual diagram in Figure 5 demonstrates how halal-
compliant biofertilizers operate as a bridge between microbial
biotechnology, circular bioeconomy practices, and socio-economic
development within plantation agriculture. Organic residues
and agricultural by-products are biologically transformed
through microbial fermentation processes into halal-certified
biofertilizers that enhance soil fertility, nutrient cycling, and
plant growth. The application of these biological inputs improves
plantation productivity while reducing dependence on synthetic
fertilizers and minimizing environmental impacts. At the same
time, halal certification enhances transparency, ethical sourcing,
and consumer confidence in agricultural supply chains. The
framework highlights the interconnected outcomes of improved
soil health, resource efficiency, environmental sustainability, and
strengthened socio-economic resilience, emphasizing the role of
halal biofertilizers as a strategic pathway toward sustainable and
ethically responsible plantation management.

Halal biofertilizers contribute significantly to social
sustainability by aligning agricultural practices with cultural,
ethical, and religious values. In Muslim-majority societies, halal
compliance ensures that agricultural inputs meet standards of
purity, safety, and ethical responsibility. This alignment enhances
public trust and social acceptance of plantation operations, which
is particularly important in regions where environmental and
social concerns influence agricultural policy and community
relations. The adoption of halal biofertilizers also supports

rural development by promoting localized production systems.
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Community-based biofertilizer manufacturing using agricultural
residues or organic waste can create employment opportunities
and strengthen local economies [24]. Decentralized production
systems reduce dependency on imported chemical fertilizers and
enhance community resilience.

Farmer knowledge and perception play crucial roles in
adoption. Research indicates that awareness, education, and
institutional support influence willingness to implement
biofertilizer technologies [25]. Extension services and training
programs therefore become essential components of successful
adoption strategies. Ethical agriculture beyond
production methods to include environmental responsibility and
resource stewardship. Biofertilizers support soil conservation,
pollution reduction, and ecosystem protection, reinforcing ethical

extends

commitments to sustainable land management.

Policy and Industry Implications

Figure 6 illustrates how halal-compliant biofertilizers connect
biological soil enhancement, ethical agricultural practices, and
socio-economic benefits within plantation agriculture. Organic
residues, agricultural wastes, and biodegradable by-products
are biologically converted through microbial fermentation into
nutrient-rich fertilizers that comply with halal principles of
permissible sourcing, hygienic processing, and environmental
responsibility. The application of these biofertilizers improves
soil fertility, enhances nutrient availability, and supports plant
growth, thereby increasing plantation productivity while
reducing dependence on synthetic chemical fertilizers. This
circular production pathway transforms waste into valuable
agricultural inputs, promoting resource efficiency, environmental
protection, and sustainable agricultural management. At the
same time, halal certification strengthens consumer confidence,
market transparency, branding within global
agricultural supply chains. The framework highlights the role of
halal biofertilizers as a strategic mechanism for linking microbial
biotechnology, circular bioeconomy practices, and long-term
sustainability in oil palm plantation industries.

and ethical

The integration of halal biofertilizers into plantation systems
has important implications for agricultural policy, sustainability
governance, and industry regulation. Governments can
support adoption through incentives for circular bioeconomy
development, certification frameworks, and research funding for
microbial technologies. Policy support is particularly important
for scaling waste-to-fertilizer systems and ensuring quality
control in biofertilizer production [26]. Regulatory frameworks
must address both halal compliance and environmental safety,
ensuring that production processes meet standards of ethical
integrity and ecological sustainability. Quality control systems
for microbial formulations are essential to maintain product

reliability and effectiveness [27].

Industry collaboration between plantation companies,

007

certification bodies, and research institutions is necessary
to develop standardized production protocols and adoption
strategies. Integration with sustainability certification programs
can further enhance industry competitiveness and environmental
Ultimately, halal represent a
convergence of agricultural innovation, ethical governance,

performance. biofertilizers
and sustainable development policy. Their adoption requires
coordinated institutional support, technological development,
and market integration.

Conclusion

Halal biofertilizers represent a transformative innovation
that integrates biological productivity enhancement with ethical
agricultural practice. By improving soil fertility, enhancing crop
resilience, and supporting circular resource management, these
inputs contribute to sustainable oil palm production while
aligning with cultural and religious values. Their multifunctional
benefits extend beyond agronomic performance to include
environmental social

differentiation.

protection, acceptance, and market
From a socio-economic perspective, halal
biofertilizers strengthen plantation sustainability by reducing
input costs, creating value from waste resources, and enhancing
consumer trust in agricultural supply chains. As global demand
for ethical and environmentally responsible products increases,
halal-certified biological inputs offer strategic advantages for the
oil palm industry. Future plantation development should therefore
integrate microbial soil management, circular bioeconomy
systems, and halal compliance to ensure resilient, ethical, and
economically competitive production.
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