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Introduction
Space exploration and colonization pose unique challenges, 

particularly in the realm of sustainable food production [1]. As 
humanity looks towards extended space missions and the establishment 
of extraterrestrial habitats, the need for reliable and efficient agricultural 
systems becomes increasingly apparent. One promising avenue for 
addressing these challenges lies in harnessing the bio-stimulant effects 
of photosynthetic microorganisms. Photosynthetic microorganisms, 
including cyanobacteria and microalgae, have long been recognized 
for their ability to convert light energy into organic compounds 
through photosynthesis [2]. Beyond their role in primary productivity 
on Earth, these microorganisms offer numerous benefits for plant 
growth and development. By fixing atmospheric carbon dioxide, 
solubilizing nutrients, and producing growth-promoting substances, 
photosynthetic microorganisms can enhance soil fertility and improve 
crop yields.

In recent years, research has increasingly focused on understanding 
the bio-stimulant effects of photosynthetic microorganisms on plants 
and exploring their potential applications for space agriculture. 
The controlled cultivation of these microorganisms in closed-loop 
life support systems holds promise for sustainable food production 
in extraterrestrial habitats. Additionally, their ability to thrive in 
challenging environments and utilize non-traditional substrates 
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makes them valuable assets for bioregenerative life support systems 
aboard space stations or extraterrestrial colonies [3]. In this review, 
we provide an overview of the bio-stimulant effects of photosynthetic 
microorganisms on plants and examine their implications for 
space agriculture. We discuss the mechanisms by which these 
microorganisms enhance plant growth and stress tolerance, as well 
as the challenges and considerations associated with their integration 
into controlled environment systems. By leveraging the unique 
capabilities of photosynthetic microorganisms, we aim to advance the 
development of sustainable agricultural systems for space exploration 
and colonization, ultimately enabling the long-term presence of 
humans beyond Earth.

Methods and Materials
As an AI language model, I don't have access to specific experimental 
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methods and materials used in research studies [4]. However, I can 
suggest a general outline for the methods and materials section related 
to the bio-stimulant effects of photosynthetic microorganisms on 
plants in the context of space agriculture: Choose suitable strains of 
photosynthetic microorganisms, such as cyanobacteria or microalgae, 
known for their bio-stimulant properties and compatibility with space 
environments.

Establish controlled cultivation conditions for photosynthetic 
microorganisms, including light intensity, temperature, pH, 
and nutrient concentrations. Consider factors relevant to space 
environments, such as microgravity and limited resources. Design 
experiments to evaluate the bio-stimulant effects of photosynthetic 
microorganisms on plant growth and development. Include control 
groups without microorganism treatments for comparison. Select plant 
species relevant to space agriculture, such as lettuce, wheat, or soybeans 
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settlements. In conclusion, the bio-stimulant effects of photosynthetic 
microorganisms hold great promise for enabling human exploration 
and colonization of space. By harnessing the potential of these 
microorganisms, we can pave the way for sustainable habitation beyond 
Earth and ensure the resilience and viability of future space missions.
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