International Research Journal of Plant Science (ISSN: 2141-5447)
Vol. 15(6) pp. 01-2, December, 2024
DOI: http:/dx.doi.org/10.14303/irjps.2024.54

Available online @ https://www.interesjournals.org/plant-science.html

' ' v’ Copyright ©2024 International Research Journals
3 ©
) <
9«9,, i . .
0, ) Opinion

The role of nitrogen fixation in combating global
food challenges

Victoria Korra*

Academy of Biology and Biotechnology, Southern Federal University, Russia

Email:Victoria09@gmail.com

INTRODUCTION

As the global population steadily climbs toward the
10-billion mark by 2050, ensuring food security for all
becomes an ever-pressing challenge. Central to this issue
is the need for sustainable agricultural practices that can
enhance crop yields without exacerbating environmental
degradation. Nitrogen fixation, a natural and essential
process for converting atmospheric nitrogen into a form
usable by plants, emerges as a cornerstone in addressing
global food challenges. By leveraging both biological
and industrial nitrogen fixation methods, humanity can
sustainably meet increasing agricultural demands (Afridi.,et
al 2022).

Nitrogen is a vital component of proteins, nucleic acids,
and chlorophyll, making it indispensable for plant growth.
Although atmospheric nitrogen (N,) constitutes 78% of the
Earth's atmosphere, plants cannot directly utilize this inert
form. Nitrogen fixation converts N, into ammonia (NHs)
or related compounds, which can be absorbed by plants
through their roots (Berg.,et al 2014).

This processoccurs naturally through symbioticrelationships
between plants and nitrogen-fixing microorganisms, such
as bacteria in the genus Rhizobium and free-living bacteria
like Azotobacter. Leguminous plants, such as beans, peas,
and lentils, host Rhizobium bacteria in root nodules, where
the bacteria convert atmospheric nitrogen into ammonia in
exchange for carbohydrates from the plant (Cordovez.,et al
2019).

The Haber-Bosch process, developed in the early 20th
century, revolutionized agriculture by enabling the large-
scale synthesis of ammonia from atmospheric nitrogen

and hydrogen gas under high pressure and temperature.
Ammonia serves as the primary raw material for producing
nitrogen-based fertilizers (Pang.,et al 2021).

The contribution of nitrogen fixation to food security
is immense. Nitrogen fertilizers, derived largely from
industrial fixation, have significantly boosted agricultural
productivity. Between 1960 and 2000, global grain yields
doubled, largely due to increased fertilizer use, alongside
advancements in irrigation and crop genetics. Yet, this
success comes with challenges and opportunities (Pérez.,et
al 2018).

Farmers in developing countries often lack access to
affordable nitrogen fertilizers, limiting agricultural
productivity and perpetuating food insecurity.Excessive
fertilizer use can degrade soil quality, reducing its fertility
and long-term agricultural viability (Santos.,et al 2021).

Promoting the cultivation of nitrogen-fixing crops and
developing genetically modified plants capable of fixing
nitrogen independently can reduce dependency on
synthetic fertilizers. Research into enhancing the efficiency
of nitrogen-fixing microorganisms is already underway,
offering promising solutions for sustainable agriculture
(Schlaeppi.,et al 2015).

Technologies such as soil sensors and Al-driven farming
techniques can optimize fertilizer application, reducing
waste and environmental impact while maximizing yields.
Combining organic and inorganic sources of nitrogen,
alongside crop rotation with legumes, can enhance soil
fertility and minimize the need for chemical inputs (Thijs.,et
al 2016).

Governments and international organizations must
prioritize equitable access to fertilizers and education
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on sustainable practices. Subsidies, infrastructure
development, and farmer training programs can empower
smallholder farmers to adopt nitrogen-efficient methods
(Trivedi.,et al 2022).

Innovations in nitrogen fixation hold the potential to
transform global agriculture. For instance, advancements in
synthetic biology aim to engineer nitrogen-fixing capabilities
into non-leguminous staple crops like wheat and rice. If
successful, these breakthroughs could significantly reduce
the dependency on external fertilizers, particularly in
regions with limited access to agricultural inputs.

Additionally, the development of eco-friendly fertilizers and
biostimulants derived from organic and microbial sources
offers a sustainable alternative to conventional products.
These innovations not only enhance crop productivity but
also align with global efforts to mitigate climate change and
preserve biodiversity (Trivedi.,et al 2020).

CONCLUSION

Nitrogen fixation, both biological and industrial, is pivotal
in addressing the dual challenges of feeding a growing
population and preserving the environment. By harnessing
the power of nature’s nitrogen cycle and complementing it
with scientific advancements, humanity can build a resilient
and sustainable food system. The path forward requires a
balanced approach thatintegrates technological innovation,
ecological stewardship, and equitable resource distribution.
As we strive to meet global food demands, nitrogen fixation
will remain a cornerstone of agricultural sustainability and
food security.
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