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Life on Mars: hyperarid microbial growth with water vapor, a
new record.

Traditionally, habitability has been linked to the stable presence of liquid water,
which has led to the current surface of Mars being considered too dry to support active
life. However, a recent international study in which the Centro de Astrobiologia
participates shows that microorganisms that inhabit rocks in terrestrial deserts, such as
the Mojave Desert, can reproduce even in the absence of liquid water, with water activity
values down to 0.34 — well below previously known growth limits.

By comparing these results with environmental measurements of the Martian
surface made by the meteorological stations of the Centro de Astrobiologia, REMS and
MEDA, the study suggests that the Martian regolith could capture water vapor from the
atmosphere, generating microenvironments capable of sustaining the replication of
microorganisms.
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Text

The current surface of Mars is a hyper-arid environment, covered by regolith: a
loose mixture of minerals grains and salts in direct contact with the atmosphere. Recent
studies by weather stations REMS and MEDA, aboard the Curiosity and Perseverance
rovers, suggest that although liquid water is not stable on the surface, Martian regolith
can capture water vapor from the atmosphere.

Traditionally, habitability has been associated with the stable presence of liquid
water, which has led to the belief that Mars would not currently be suitable for life. How-
ever, this research shows that microorganisms that inhabit desert rocks can reproduce
even in the absence of liquid water, using only atmospheric water vapor.

The experiment, which recreates the humidity conditions of the surface of Mars,
makes it possible to precisely control the activity of water (aw) in the regolith and inves-
tigate the growth of the rock's microbiome, native to the Mojave Desert, an arid terrestrial
environment. The team detected microbial growth by direct quantification of DNA, even
with extremely low values of aw = 0.34, well below the limits known so far for cell repli-
cation on Earth. "This is the first time that cell reproduction has been demonstrated in
such dry conditions. This discovery may have implications for planetary exploration mis-
sions that search for life on Mars." says Dr. Maria-Paz Zorzano, from the CAB.

The findings suggest that certain microorganisms could replicate in rock micro-

environments hydrated only by water vapor, at values of aqueous activity well below
previously known terrestrial limits. This indicates that, although current environmental
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conditions on the surface of Mars differ significantly from conditions on Earth, the ex-
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change of water vapor between the atmosphere and regolith could generate microhabi-
tats capable of sustaining life.

Beyond Mars, this approach makes it possible to investigate life in terrestrial de-
serts and extremely dry soils, offering new tools to define the environmental limits of life
and guide strategies for the search for biomarkers in planetary exploration.
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Figure 1: (Left) Image acquired by the Curiosity rover
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in Gale Crater, illustrating the
regolith, in direct contact with the atmosphere and the tracks of the rover exploring this
environment. Credit: NASA/JPL-Caltech/MSSS. (Right) Fluorescence image showing

cells from a terrestrial desert rock, growing in the absence of liquid water, in regolith,
under hyperarid conditions like those on Mars. Credit: Raghavendra et al. (2026).

Scientific article in Scientific Reports

Reference and doi Raghavendra, J.B., Zorzano, M. & Martin-Torres, J. Growth of micro-
organisms in a Martian regolith simulant at reduced water activity. Sci Rep 16, 7499
(2026). https://doi.org/10.1038/s41598-026-35595-2

Other complementary references:

Zorzano, M-P. et al. Present-day thermal and water activity environment of the Mars
sample return collection. Sci.
4(2024).

Rep. 14. https://doi.org/10.1038/s41598-024-57458-

Martin-Torres, F. J. et al. Transient liquid water and water activity at Gale crater on
Mars. Nat. Geosci. 8. https://doi.org/10.1038/nge02412 (2015).

Ctra. de Ajalvir km. 4, 28850 Torrejon de Ardoz, Madrid, Espaia  tel.: +34 915202107 www.cab.inta-csic.es



il

Aeroespacial

”l"h CENTRO DE ASTROBIOLOGIA CAB C S I C @ et

Vakkada Ramachandranet al., J. Experimental investigation of the Atmosphere-Regolith

water cycle on Present-Day Mars. Sensors21, 7421 https://www.mdpi.com/1424-
8220/21/21/7421 (2021).

Contact: zorzanomm@cab.inta-csic.es
CAB Researcher: Maria-Paz Zorzano
FUNDING

Project partially funded by the MARS-PREP Project, PID2022-1401800B-C21 funded by
MCIU/AEI /10.13039/501100011033 / FEDER, UE.

UNION EUROPEA %
I * x )
MINISTERIO ¥ o4
DE CIENCIA *

E INNOVACION

*
* ok

FONDO EUROPEO DE
DESARROLLO REGIONAL AGENCIA

y ATALDE
Una manora do hacor Europa INVESTIGACIGN

About CAB

The Centro de Astrobiologia (CAB) is a joint research center of INTA and CSIC. Created
in 1999, it was the first center in the world dedicated specifically to astrobiological re-
search and the first non-US center associated with the NASA Astrobiology Institute (NAI),
currently the NASA Astrobiology Program. It is a multidisciplinary center whose main
objective is to study the origin, presence, and influence of life in the universe through a
transdisciplinary approach. In 2017, the CAB was awarded by the Ministry of Science
and Innovation as a “Maria de Maeztu” Unit of Excellence.

The CAB has led the development of the REMS, TWINS y MEDA instruments, opera-
tional on Mars since August 2012, November 2018, and February 2021, respectively; as
well as the science of the RLS and RAX Raman instruments, which will be sent to Mars
at the end of this decade as part of the ExoMars mission and to one of its moons in the
MMX mission, respectively. In addition, it is developing the SOLID instrument for the
search for life in planetary exploration. The CAB also co-leads, together with three other
European institutions, the development of the PLATO space telescope, and participates
in various missions and instruments of great astrobiological relevance, such as MMX,
CARMENES, CHEOPS, BepiColombo, DART, Hera, the MIRI and NIRSpec in JWST,
and the HARMON!I in ESO’s ELT (Extremely Large Telescope).

UNIDAD DE CULTURA CIENTIFICA DEL CAB

divulgacion (+@cab.inta-csic.es); (+34) 915202107

068 0K

Ctra. de Ajalvir km. 4, 28850 Torrején de Ardoz, Madrid, Espana  tel.: +34 915202107 www.cab.inta-csic.es



Il '
i ﬂ CENTRO DE ASTROBIOLOGIA-CAB C s IC @ IEL‘:”' .

== ASOCIADO AL NASA ASTROBIOLOGY PROGRAM

E INNOVACION
CULTURA CIENTiFI,CA

Y DE LA INNOVACION
% GOBIERNO MINISTERIO
DE ESPANA DE DEFENSA

FUNDACION ESPANOLA III
GOBIERNO  MINISTERIO I I I U|C|C|+i
DE ESPANA DE CIENCIA CY . PARA LA CIENCIA

Y LATECNOLOGIA RED DE UNIDADES DE

Instituto
Nacional

de Técnica
Aeroespacial

Ctra. de Ajalvir km. 4, 28850 Torrejon de Ardoz, Madrid, Espaia  tel.: +34 915202107 www.cab.inta-csic.es



