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Abstract:

This research adopts an analytical and interdisciplinary approach to
examine the nexus of strategic biotechnologies, sustainable economic
models, and food security within the framework of Defensive Realism.
In this perspective, states, seeking survival in an anarchic international
system, rely not on aggressive expansion but on technological self-
help and non-offensive deterrence. The study demonstrates that
biotechnology and sustainable economic practices have transcended
purely economic functions, emerging as soft defense institutions that
generate knowledge-based power. Each cycle of sustainable production
and resource reproduction becomes part of a state’s cognitive shield
against climate crises, sanctions, and geo-economic uncertainties.
Findings indicate that states facing resource constraints and external
pressures increasingly adopt a defensive bio-sustainable economic
model, where biotechnology and sustainable resource systems act as
complementary pillars of resilience and technological independence.
This approach reduces vulnerability to external shocks while redefining
food security from a linear, development-focused paradigm to a survival-
centered perspective. In this context, Iran’s biotechnological strategy
reflects defensive logic: initiatives such as resistant seeds, indigenous
seed banks, domestic genetic engineering, and sustainable production
cycles have enhanced technological independence and scientific
deterrence. Under Defensive Realism, biotechnology and sustainable
economy function not merely as development tools but as elements of
national defensive power, enabling knowledge-based resilience and
technological deterrence without threatening global order.

Keywords: Defensive Bio Economic Realism, Sustainable Food
Security, Technological Self Help, Defensive Biotechnology, Southern
Bio Knowledge Order
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Sl Extended Abstract:

This research, adopting an analytical and interdisciplinary approach,
examines the nexus between strategic biotechnologies, sustainable
economic models, and food security within the theoretical framework
of defensive realism. According to defensive realism, states, in
order to ensure their survival and protect national security within an
anarchic and competitive international system, rely on mechanisms of
technological self-reliance, structural resilience, and non-aggressive
deterrence rather than pursuing expansionist policies or aggressive
competition. In this approach, national power is defined more
broadly not solely in military terms but as the outcome of a network
of knowledge, technology, and the reproduction of critical resources.
This network enables states to enhance technological independence
and domestic resilience when facing external pressures, sanctions,
and climate crises. In recent decades, biotechnology has emerged as
a central component of national security. This technology increases
the capacity to produce food, pharmaceutical, and genetic resources
while simultaneously serving as a tool for scientific and research-
based deterrence. By managing sustainable domestic production
cycles, states can reduce their vulnerability to external threats and
global crises. This development redefines the traditional concept
of national security: instead of focusing solely on linear economic
growth, it emphasizes building structural resilience, strengthening
technological independence, and developing a sustainable
bioeconomy. A sustainable bioeconomy not only facilitates the
production and reproduction of critical resources but also acts as
a soft defense mechanism capable of protecting food security and
national survival. The research findings indicate that countries facing
critical resource limitations, sanctions, and geoeconomic fluctuations
are increasingly moving toward a defensive bioeconomic model. In
this model, biotechnology and sustainable resource reproduction
form complementary pillars for resilience and technological
independence. This approach allows states both to safeguard internal
resources and leverage scientific and technological capacities to
establish deterrence. In this context, the Islamic Republic of Iran
represents a prominent example of implementing a defensive bio-
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strategy. Iran’s biotechnology policies have been shaped by a defensive
logic: by focusing on the development of resilient seeds, establishing
indigenous seed banks, advancing domestic genetic engineering, and
optimizing sustainable production cycles, the country has achieved a
high level of technological independence and national resilience. This
approach not only strengthens food security but also makes Iran more
resistant to climate change, international sanctions, and global food
fluctuations through strategic biotechnologies. Within this framework,
biotechnology and a sustainable economy have become components
of national defensive power rather than mere tools of economic
development.

Within defensive realism, a country’s biotechnological capability extends
beyond economic production and becomes a part of national power
that ensures survival and technological independence in a competitive
and insecure global environment. These capabilities include managing
the production cycles of food, pharmaceutical, and genetic resources,
strengthening domestic R&D capacities, and establishing a network of
scientific and technological deterrence. By implementing this approach,
Iran has not only reduced its vulnerability to external pressures but also
achieved significant self-sufficiency and technological independence
directly linked to national security and defense capabilities. The
geopolitical analysis of this research demonstrates that global
competition over biological data and strategic technologies has become
a core component of national power in the 21st century. Countries
able to manage and reproduce their internal resources possess greater
capacity to maintain internal stability and establish deterrence against
external threats under sanctions or global crises. These developments
suggest that biotechnology and sustainable economies not only enhance
economic welfare but also strengthen both the hard and soft power
of states, consolidating national security. Internationally, developed
countries are striving to collect, process, and utilize biological data
including genetic information, resilient seeds, and biotechnological
capacities to strengthen national power, which can serve as a deterrent
and enhance technological independence during crises or resource
constraints. Developing countries are increasingly emulating this trend
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Rl by building sustainable bioeconomies and enhancing domestic

capacities. Iran, through a defensive bio-strategy, has achieved high
levels of resilience and technological independence by sustainably
managing resources and developing domestic technologies. This
strategy represents a rational response to a range of geoeconomic
and environmental threats. Focusing on innovation, domestic R&D,
and sustainable resource management has enabled Iran to increase
technological independence and reduce vulnerability to sanctions
and global fluctuations. Biotechnology, as a driver of scientific and
technological deterrence, allows Iran to strengthen food security,
national resilience, and technological independence within a survival-
oriented framework. The findings of this study indicate that Iran’s
biotechnological policies, grounded in defensive realism, do not
threaten the international order but rather function as a rational form
of research-based defense and technological survival. This approach
enables Iran both to protect internal resources and enhance scientific
and technological capacities. By creating a network of resilience
and deterrence, the country can play an active and independent
role internationally and improve its ability to respond to crises and
external pressures. In conclusion, the combination of biotechnology
and sustainable economic models within the framework of defensive
realism presents a novel model of national security and deterrence.
This model enables states to reduce vulnerability through self-
reliance and the management of critical resources in times of crisis
while leveraging scientific and technological capacities to strengthen
national security. Iran, as an example of implementing this strategy,
has achieved high levels of technological independence, national
resilience, and food and research security through sustainable
management of biological resources and domestic technology
development. This framework clearly demonstrates the application
of biotechnology and sustainable economies as non-aggressive
defense tools and instruments of national power in a competitive and
anarchic international system. Furthermore, long-term investment
in biotechnology, the development of research capacities, and the
training of specialized human resources create a cycle of knowledge
and technology reproduction, which not only enhances national
competitive advantage but also provides a foundation for innovation
and sustainable bioeconomic development. Ultimately, this strategic
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combination of biotechnology, sustainable economy, and defensive
realist logic offers a modern model of national power capable of
maintaining independence, survival, and resilience in the face of global
crises. Additionally, the importance of Iran’s defensive bio-strategy
in macro-policy is significant: it not only focuses on protecting vital
resources and technological independence but also provides a framework
for convergence across research and development, industry, agriculture,
and environmental sectors. By coordinating these areas, the country
can continuously strengthen domestic capacities, prevent technological
gaps, anticipate and manage potential crises, reduce reliance on critical
imports, and increase social and economic resilience. Consequently,
the combination of biotechnology and sustainable economy evolves
beyond a technological approach into a comprehensive national policy
that simultaneously enhances deterrence capacity and public welfare,
positioning Iran as an active and independent player on the international
stage.
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