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Abstract

3KRIRVAQIKHILF PLFURRUJDQLVPV LQFIXGLQJ FADQREDFIHUD DQG PLFURDIIDH KDYH JDUQHUHG LQFUHDVLQJ DIHQILRQ IRU
IKHLW ELR VILPXIDQW H HFIV RQ SIDQW JURZIK DQG GHYHIRSPHQI 7KHVH PLFURRUJDQLVPY SRVVHVV XQLTXH FDSDELLILHY IR
¢ [ DIPRVSKHULF FDUERQ GLR[IGH SURGXFH RUJDQLF FRPSRXQGV DQG HQKDQFH QXIULHQN DYDWDELLN LQ VRL) RU K\GURSRQLF
VAVIHPV ,Q IIKLV UHYIHZ ZH SURYLGH DQ RYHUYLHZ RI IKH ELR VILPXIDQI H HFIV Rl SKRIRVAQIKHILF PLFURRUIIDQLVPV RQ
SIDQIV DQG H[SIRUH IIKHLU SRIHQILD) DSSILFDILRQV IRU VSDFH DJULFXMIXUH

3KRIRVAQIKHILF PLFURRUJDQLVPY FDQ SURPRIH SIDQI JURZIK IKURXJK YDURXV PHFKDQYPV [QFIXGLQJ QUURJIHQ
¢[DILRQ SKRVSKRUXV VRIXEWL]DILRQ SURGXFILRQ RI SIDQI JURZIK SURPRILQJ VXEVIDQFHV H J SK\IRKRUPRQHV YUIDPLQV
DQG LPSURYHPHQI RI VRI) VIUXFIXUH )XUIKHUPRUH V\PELRILF DVVRFIDIRQV EHIZHHQ SKRIRVAQIKHILF PLFURRUIDQLYPY
DQG SIDQIV FDQ HQKDQFH VIUHVV IRIHUDQFH ZDIHU XVH H FLHQF\ DQG QXIUHQI XSIDNH 1Q FKDNHQJIQJ HQYWRQPHQIV
L0 IKH FRQIH[I RI VSDFH DJUFXUXUH WKH XIL]DIRQ RI SKRIRVAQIKHILF PLFURRUIJDQLYPY R HUV VHYHUD) DGYDQIDJHV IRU
VXVIDIQDEMH IRRG SURGXFILRQ 1Q H[IDIHWHVILLD) KDEUDIV 7KHVH PLFURRUJDQLYPY FDQ VHUYH DV ELRIRILFDY IDFIRUHY [RU
R[\JHQ SURGXFILRQ FDUERQ VHTXHVIUDILRQ DQG ELRPDVV JHQHUDILRQ SURYLGLQJ HVVHQILD) UHVRXUFHV IRU FIRVHG (RRS (LI
VXSSRUI VAVIHPV  $GGULRQDIN IKHLU DELLI IR IKULYH LQ IRZ JUDYUN HQYWRQPHQIV DQG XILLJH QRQ IDGLILRQD) VXEVIUDIHY
HJ ZDVIHZDIHU DIPRVSKHUF JDVHY PDNHV IKHP SURPLVIQJ FDQGLGDIHV IRU ELRUHIHQHUDILYH (LIH VXSSRUI VAVIHPV
DERDUG VSDFH VIDILRQV RU H[IUDIHUUHVILLDY FRORQLHV

+RZHYHU VHYHUD0 FKDIHQJHV DQG FRQVLGHUDILRQV PXVIl EH DGGUHVVHG IR UHDILJH WKH X0 SRIHQILDO RI SKRIRV\QIKHILF
PLFURRUJIDQLVPYV LQ VSDFH DJULFXIXUH LQRIXGLQJ RSILPL]DILRQ RI FXULYDILRQ PHIKRGY VHIHFILRQ RI VXWDEH VIUDLQV
DQG LQIHJUDILRQ RI PLFURELDI FRPPXQUILHV LQIR FRQIRAHG HQYWRQPHQI VAVIHPV ) XUIKHUPRUH IKH 0RQJ WHUP H HFIV
RI PLFURJUDYUN\ DQG VSDFH UDGLDILRQ RQ SKRIRVAQIKHILF PLFURRUIIDQLYPV DQG IKHL LQIHUDFILRQV ZLUIK SIDQIV UHTXWH
IXUWKHU LQYHVILIDILRQ R HQVXUH WKH VXFFHVV RI VSDFH EDVHG DJUFXWXUD) VAVIHPY ,Q VXPPDU\ KDUQHVVLQJ IIKH ELR
VILPXIDQIH HFIV RI SKRIRVAQIKHILF PLFURRUJIDQLYPV KRIGY JUHDI SURPLVH IRU DGYDQFLQJ VSDFH DJIULFXIIXUH DQG HQDENLQJ
VXVIDLQDEMH IRRG SURGXFILRQ EH\RQG (DUIK %\ 0HYHUDJLQJ WKH XQLTXH FDSDELLILHV RI KHVH PLFURRUIDQLVPV ZH FDQ
RYHUFRPH IKH FKDOHQJHV RI HWDIHUWHWVIULD) DIULFXWXUH DQG SDYH IIKH ZD\ IRU KXPDQ H[SIRUDILRQ DQG FRIRQL]DILRQ RI

space.
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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

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.
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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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