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Analyzing the Ability of Chroococcidiopsis and Anabaena to Terraform a Martian 
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Chloe Mayhue
Introduction

Hypothesis

Conclusion

Alternative- Chroococcidiopsis and Anabaena will terraform a martian 
environment through a synergistic effect
Null- Chroococcidiopsis and Anabaena will not terraform a martian environment 
through a synergistic effect

Discussion

Results
An ideal ecopoiesis would include the process of denitrification for long term goals 
of agriculture on Mars. A denitrifying species would need to be implemented in the 
synergistic relationship.
Conducting research regarding three or more bacterial species that carry various 
adaptations to the martian environment would maximize the terraformation process 
and would be worth experimenting more on.
Further experimentation on genetically engineering bacterial species could lead 
scientists to a cell exhibiting all the traits needed to survive the martian environment.
An investigation of how Gramineae plants could live under martian environmental 
conditions would give answers to how symbiotic relations work under restricting 
martian conditions. Researching how different plant species form symbiotic relations 
with Chroococcidiopsis and Anabaena should also be looked into.

Investigate the characteristics of Chroococcidiopsis and Anabaena for a potential 
synergistic effect between the two species to terraform Mars’ surface. Then 
explore if a symbiotic relationship between cyanobacteria and plant life would be 
beneficial to both species in the harsh environment on Mars.

Systematic literature review obtained multiple peer reviewed papers from the 
NASA website and Google Scholar. Dr. Wieger Wamelink sent 841 data plots 
from his 20 different experiments, which were averaged and plotted in the graph. 
Data tables were made on Google Docs and the graph was plotted on Excel.

Methods

Low pressure, extreme temperatures, low moisture, high levels of carbon 
dioxide, and high UV flux are characteristics of the martian environment that 
have never been experienced by organisms on Earth. Scientists have 
experimented with various plant species, but found plants are sensitive to high 
carbon dioxide levels, low pressure, and increased radiation [2]. Plants cannot fix 
their own nitrogen and require a symbiotic relationship with microorganisms 
embedded in their roots to achieve a nitrogen supply [5]. 

Cyanobacteria are versatile prokaryote with the ability to carry out oxygenic 
photosynthesis and nitrogen fixation [4]. These microorganisms improve plant 
productivity on Earth by promoting vitamins, amino acids, polypeptides, and 
antifungal substances [3]. Chroococcidiopsis and Anabaena genera are targeted 
cyanobacteria for the Mars mission because they have high resistance to 
simulated space conditions [5]. Chroococcidiopsis maintain viability under direct 
UV flux longer than other species (i.e. Bacillus subtilis) at approximately 1-5 
minutes without soil covering [1]. Anabaena is a photosynthetic blue-green 
algae, classified as cyanobacteria with high biomass production rates and an 
ability to fix nitrogen [5].

Scientists have been comparing plant life to prokaryotic cyanobacteria to see which species can live under the martian conditions. 
Systematic literature review was conducted to find the most practical organism that could adapt to a martian surface. Results indicated 
cyanobacterial species Chroococcidiopsis and Anabaena have the ideal traits so, a synergistic effect was proposed. The synergism would 
use martian resources to resemble Earth-like atmospheric and soil conditions. Data showed plant S. cereale of the Gramineae family 
produced the highest biomass while growing in martian regolith. A symbiotic relationship was proposed between Chroococcidiopsis and 
Anabaena with a member of the plant family Gramineae.

It is clear a single species cannot accomplish all of the requirements needed to 
survive and terraform Mars, but Chroococcidiopsis and Anabaena have the most 
characteristics when compared to other species. This supports the hypothesis that 
these two cyanobacterial species will effectively terraform a martian environment. 
S. cereale showed to be the most successful when comparing other edible plants 
grown in martian soil in Figure 1. S. cereale is a part of the Gramineae family, 
showing how a symbiotic relationship with Anabaena could potentially resemble 
the same benefits Oryza sativa has with Anabaena. After Chroococcidiopsis and 
Anabaena nutrienize the soil and enrich the atmosphere with necessary gases, a 
symbiotic relationship could be formed with a plant, thus providing a small scale 
ecosystem on Mars.

A synergistic effect between Chroococcidiopsis and Anabaena would be the most 
effective considering they exhibit various traits needed to survive the martian 
environment, guaranteeing a combination of their characteristics along with their 
phototrophic abilities. The synergism would create an Earth-like environment for 
the plant species. Plant S. cereale proved to grow the best in martian regolith, 
suggesting a symbiotic relationship could be formed with a species in the 
Gramineae family.
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Properties Bacterial species References

Extreme cold 
temperature resistance

Chroococcidiopsis, 
Synechocystis

Kanervo E. et al

Extreme hot temperature 
resistance

Chroococcidiopsis, 
Anabaena

Thomas D. J. et al, 
Morely S.

Fast growth rates Anabaena, 
Pseudomonas, Nostoc, 
Cyanothece

Hill D. J., Thomas D. J. 
et al, de Vera J. et al, 
Verseux C. et al

Nitrogen fixation Cyanothece, Arthrospira, 
Anabaena

Verseux C. et al, SSERC 
Bulletin

UV flux resistance Bacillus, 
Chroococcidiopsis, 
Arthrospira

Cockell C. S. et al, 
Baqué et al, Verseux C. 
et al

Desiccation resistance Chroococcidiopsis, 
Anabaena

Billi D. et al, Thomas D. 
J. et al

CO2 tolerance Anabaena, 
Synechocystis, 
Plectonema boryanum

Kanervo E. et al, 
Verseux C. et al, Thomas 
D. J. et al

Denitrification Pseudomonas 
aeruginosa, Alcaligenes, 
Paracoccus

Boland E. et al, Thomas 
D. J. et al

Low pressures Synechocystis, Serratia 
liquefaciens

Kanervo E. et al, 
Verseux C. et al

Abstract

Further Work

Will Chroococcidiopsis and Anabaena be the most effective first step in 
terraforming a martian environment to make it habitable for potential plant life, 
thus creating a food supply on Mars? 
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