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Abstract. Spores of Bacillus subtilis, conidia of Aspergillus niger, versicolor and ochraceus and
cells of Deinococcus radiodurans have been exposed in the dark at two locations (at about 23◦S
and 24◦S) in the Atacama Desert for up to 15 months. B. subtilis spores (survival ∼15%) and A.
niger conidia (survival ∼30%) outlived the other species. The survival of the conidia and spores
species was only slightly poorer than that of the corresponding laboratory controls. However, the
Deinococcus radiodurans cells did not survive the desert exposure, because they are readily inactiv-
ated at relative humidities between 40 and 80% which typically occur during desert nights. Cellular
monolayers of the dry spores and conidia have in addition been exposed to the full sun light for up to
several hours. The solar fluences causing 63% loss in viability (F37-values) have been determined.
These F37-values are compared with those determined at other global locations such as Punta Arenas
(53◦S), Key Largo (25◦N) or Mainz (50◦N) during the same season. The solar UVB radiation kills
even the most resistant microorganisms within a few hours due to DNA damages. The data are also
discussed with respect to possible similarities between the climatic conditions of the recent Atacama
Desert and the deserts of early Mars.

Keywords: Atacama Desert, conidia, Deinococcus radiodurans, DNA lesions, dormant life, extreme
dryness, Martian environment, solar UVB, spores, survival

1. Introduction

In northern Chile an extremely dry desert region stretches from north of the Río
Copiapó (27◦S) to north of the town of Arica (18◦S). Being only 100 to 200 km
wide it is bordered in the west by the Cordillera de la Costa (altitude ∼2000 m) and
in the east by transitional high plateaus: the semidesert La Sierra (up to 3500 m)
and the El Altiplano (3500 to 4500 m). The central part of this desert, also called
Atacama Desert (Pampa), is located at 800 to 1200 m above sea level and stretches
from the Río Salado (26.5◦S) to the Río Loa (21◦S). Most areas have been without
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reported rainfalls for decades. A few areas may receive sporadic rainfalls (every
∼4 yr) due to the recurrent climatic phenomenon called El Niño. Otherwise the
desert is extremely dry. The relative humidity very seldom reaches the dew point.
Because of some mining activities large parts of the desert are relatively easily
accessible by motor vehicles. An essential north-south connection is the Panamer-
ican Highway. One may drive here for hours without noticing any flora or fauna.
Exceptions are a few oases (e.g. Pica) which typically receive water due to a flow
of ground water from the Altiplano or eastern Cordillera, about 100 km away. Parts
of the desert landscape strikingly resemble corresponding landscapes on Mars (see
Figure 1). In fact, we suggest that the Atacama Desert may serve as a model for the
extremely dry climatic conditions on early Mars, about 3.5 Gyr ago, when liquid
surface water became rare (McKay, 1997). If active life existed on Mars more than
3.5 Gyr ago it was adapted to a CO2-N2 atmosphere. However, in order to survive
dry periods without liquid water, possible Martian organisms, like terrestrial organ-
isms, had to develop analogous strategies which especially involve the protection
of biomembranes and macromolecules (Crowe and Crowe, 1992; Crowe et al.,
1992; Leslie et al., 1995), while passing through a dormant, metabolically very
largely inactive state. General strategies include the accumulation of non-reducing
sugars, especially trehalose and sucrose, which help to prevent damages to mem-
branes and proteins during dehydration. Bacillus subtilis spores, however, protect
their integrity, especially of their DNA, by entirely different strategies (Setlow,
1992). These include the synthesis of a special class of DNA-binding proteins for
DNA protection. All dry-resistant organisms have poor survival chances if their
DNA is subjected to radiation-induced lesions while being in the dormant state:
In a metabolically inactive state no DNA repair processes can operate. Thus all
damages accumulate and if – after rehydration – the general conditions for growth
become again favorable, the damaged organisms fail to recover and to replicate, if
the number of DNA damages exceeds the repair capacity.

During the past decade we could demonstrate that DNA damages, especially
double-strand breaks and covalent DNA-protein cross-links, play a crucial role
among the molecular processes leading to the inactivation of microorganisms by
dehydration during exposure to actual and simulated space vacuum at different
temperatures (Dose et al., 1991, 1996; Dose and Gill, 1995; Dose and Klein, 1996).
Some of these results have especially put further constraints on the panspermia
thesis (Dose, 1994; Dose and Klein, 1996) and they have helped to explain the lim-
ited survival chances of microorganisms that are exposed to the extreme conditions
of low water activities and/or solar radiation. Of critical importance is the efficient
repair of dryness- and radiation-induced DNA damages during or after rehydration.
This conclusion is also supported by the desiccation resistance of Deinococcus ra-
diodurans (Dose et al., 1991). This vegetative bacterium has recently again drawn
broader interest because of the analysis of its genome sequence (White et al., 1999)
in connection with its long known resistance to a number of agents and conditions
that damage DNA, including radiations and extreme desiccation (Mattimore and
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Figure 1. View of the Atacama Desert near San Pedro de Atacama.

Battista, 1996). Especially well documented is also the desiccation resistance of
spores of Bacillus subtilis (Setlow, 1995).

The aim of the present study is to evaluate the survival chances of various
dryness-resistant microorganisms under the extreme conditions of the Atacama
Desert, the driest desert on the Earth. We have focused in this study on those
microorganisms that have earlier exhibited a good resistance to the conditions
of open space: spores of Bacillus subtilis, cells of Deinococcus radiodurans and
conidia of Aspergillus niger, versicolor and ochraceus (Horneck, 1993; Dose et
al., 1995, 1996).

2. Materials and Methods

2.1. BIOLOGICAL MATERIALS

The following samples have been exposed: Conidia of Aspergillus ochraceus strain
3174, Aspergillus versicolor strain 599, Aspergillus niger strain 737. A. ochraceus
and A. versicolor were a gift from Dr. Röschentaler, Institute for Microbiology,
University of Muenster, Germany. A. niger was obtained from the German Collec-
tion of Microorganisms at Braunschweig, Germany.

Spores of Bacillus subtilis strain TKJ 3412 (splB1 thyA thyb lys met). We are
grateful to Dr. N. Munakata, National Cancer Research Institute, Tokyo, Japan, for
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providing this strain. The vacuum-resistance of this strain is comparable to that
of the wild type (Dose and Gill, 1995), although it is not capable of thymidine
synthesis. The latter property, however, allows an efficient 14C-labelling of DNA
by incorporation of added 14C-thymidine, an essential requirement for a detailed
study of DNA lesions such as double-strand breaks and DNA-protein cross-links
(Dose and Gill, 1995).

Cells of Deinococcus radiodurans strain R1. We thank Dr. H. D. Mennigmann,
Institute for Microbiology, University of Frankfurt/M, Germany, for providing this
strain.

2.2. PREPARATION OF CONIDIA, SPORES AND CELLS

The fungi were cultivated on Petri disks (diameter about 9 cm) containing 15 mL
of an autoclaved medium consisting of 17 g L−1 malt extract bouillon from Merck,
Darmstadt (Germany), 15 g L−1 agar-agar and 5 g L−1 peptone. About 104 conidia
suspended in 100 µL were equally distributed over the surface of the medium.
The fungi were cultivated for 10 to 14 days at room temperature (A. ochraceus
10 days, A. versicolor 12 days and A. niger 14 days). Thereafter the conidia were
washed out under sterile conditions with a 1% solution of tween-80. The suspen-
sion was repeatedly sucked through sterile cotton wool filters to retain remains of
the mycelium and residues from the medium. The purified conidia were collected
at 10 ◦C by centrifugation for 10 min at 6000 rotations min−1. The concentration
of the conidia was determined with the help of a Thoma-counting chamber.

The spores of Bacillus subtilis were cultivated and prepared as described earlier
(Dose and Gill, 1995). The cells of Deinococcus radiodurans were cultivated ac-
cording to Krabbenhoft et al. (1967) as modified by Dose et al. (1991).

2.3. EXPOSURE CONDITIONS

The exposure of the samples in the desert was performed in aluminum units that
were constructed according to our experiences with the exposure units that had
been used during the ERA/EURECA space mission (Dose et al., 1995). The unit
for desert exposure is shown in Figures 2a and b. It consisted of a stack of disk-
shaped compartments. Each compartment contained four glass disks (about 2 cm
in diameter) each covered by a statistical monolayer of cells, as described for the
above space mission. An essential feature of each compartment was the enclos-
ure of the individual biological samples by gas-permeable, but germ-impermeable
PTFE-Filters (polytetrafluoroethylene filters, obtained from Pall at Dreieich, Ger-
many). Laboratory controls were kept in desiccators over silica gel in the presence
of air at about 25 ◦C. After we became aware of the strong fluctuations of the
relative humidity during day and night cycles in the desert, fractions of the samples
were periodically kept for 12 hr in the open air (at about 60% relative humidity)
and for the next 12 hr in a desiccator with silica gel (at about 5% relative humidity)
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Figure 2a. Details of an exposure compartment. The gas-permeable membrane is shown at the top
(left). On the bottom (right) is seen one of the glass discs that contained the biological materials.

during several weeks in the laboratory. The results of these experiments indic-
ated that cells of Deinococcus radiodurans are rather inactivated by continuous
exposure at 60% relative humidity than by subjecting them to cycles of changing
relative humidities. For this reason Deinococcus radiodurans cells were exposed
continuously to different relative humidities at 25 ◦C for 24 and 48 hr. The desired
relative humidities were maintained by distinct concentrations of sulfuric acid as
shown in Table I.

The geographical positions of the two exposure sites in the Atacama Desert
were 23.0◦S; 69.5◦W (location Chacabuco, Oficina Florencia, CIMIN S.A.) and
24.1◦S; 69.7◦W (location Yungay). The exposure at Chacabuco lasted 15 months
(from July 1993 to September 1994); that at Yungay for 13 months (from March
1995 to April 1996). The samples were kept in sealed containers for transportation
from Germany to the exposure sites and vice versa. The exposure units were placed
at shaded and dust-protected locations. The temperature varied between around 0
and 35 ◦C due to seasonal and diurnal changes. Laboratory simulations have shown
that such temperature changes during exposure do not significantly influence the
rate of survival.

Also the exposure to solar light was performed with samples that were dis-
tributed on glass disks in statistical monocellular layers. These samples had been
dried for about one week under laboratory conditions and were then transported
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Figure 2b. View of the exposure unit. It consisted of a stack of disc-shaped compartments as shown
in Figure 2a. The unit was exposed under a roof at a fenced location.

TABLE I

Concentrations of sulfuric acid used to
maintain approximate relative humidit-
ies (Ruland, 1982) (Relative mean error
±2%)

Relative humidity Concentration of

sulfuric acid

(%) (weight %)

90 18

80 28

60 38

45 45

20 58

<1 100
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to the exposure sites. The samples were exposed to the full sunlight at noon time
September 22, 1994 or March 3, 1996. In addition, a few samples were exposed
to the full sunlight during 4 days (from September 22 to 26, 1994). Later in 1996
only Bacillus subtilis spores were exposed to sunlight as shown in Table VI. The
solar fluences for the wavelength range 280 to 320 nm were obtained by model
calculations according to Feister (1994). During the irradiation the maximal air
temperature was about 25 ◦C, the glass plates were heated in the sun up to about
40 ◦C.

2.4. VIABILITY TESTS

The survival of the various species was determined according to their colony-
forming ability. The percentage values for survival have been determined according
to (Nt /No) × 100% (Nt is the number of colonies per aliquot after the exposure time
t , No is the number of colonies per aliquot of the original culture.

2.5. DETERMINATION OF DNA DOUBLE STRAND BREAKS

The formation of DNA-double strand breaks was assayed by pulsed-field gel elec-
trophoresis. The preparation of the DNA and its electrophoresis has been detailed
earlier (Dose et al., 1991, 1996; Dose and Gill, 1995; Dose and Klein, 1996).

2.6. DETERMINATION OF DNA-PROTEIN CROSS-LINKS IN SPORES

DNA-protein cross-links were analyzed as detailed earlier (Dose and Gill, 1995;
Dose and Klein, 1996). The average error of this method is about 10%. Cross-
linking of DNA to proteins is a typical UV-induced reaction in B. subtilis spores
after irradiation with UV light of 254 nm.

2.7. STATISTICAL SIGNIFICANCE

For each exposure (we had two different exposure sites and the corresponding
laboratory controls) 5 samples from each set of experiments were analyzed. The
error data in Tables III to V are given as standard deviations.

3. Results and Discussion

3.1. SURVIVAL IN THE DESERT (DARK)

Table II shows the extreme variations of the temperature and of the relative hu-
midity to which the surface of the Atacama Desert is exposed all over the year.
Continuous measurements have been performed at Yungay since September 1994.
The daily cycles of the relative humidity are caused by the temperature differences
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TABLE II

Seasonal changes of the relative humidity and of the temperature in the Atacama
Desert at Yungay (24.1◦S; 69.7◦W): The data are presented as mean values ±
the maximal values measured during the indicated month. Actually the values
have been recorded continuously during the whole year

Parameter Summer (December) Winter (June)

Maximum Minimum Maximum Minimum

Temperature (◦C) 33±3 10±2 28±3 1±3

Rel. humidity (%) 60±25 <10 40±35 <10

TABLE III

Survival of Aspergillus conidia, Bacillus subtilis spores and Deinococcus
radiodurans cells after exposure for 13 to 15 months in the Atacama
Desert (dark tray). No significant differences could be found between
survival after 13 and 15 months of exposure

Sample Laboratory Chacabuco and Yungay

(silica gel; 15 months) (∼24◦S; 13–15 months)

(Nt /No) × 100% (Nt /No) × 100%

A. niger 35±5 28±5

A. versicolor 25±5 17±5

A. ochraceus 20±5 14±5

B. subtilis 17±3 15±3

D. radiodurans 30±10 0.1±0.05

between early afternoon and early morning hours: increase of relative humidity
during the early morning hours, decrease to extremely low values during day time.
The relative humidity values correspond to an average water vapor partial pressure
of about 10 hPa. The mean maximum of the relative humidity is usually between
40 and 60%, the mean minimum is under 10% during the whole year. The daily
variation of the surface temperature is between about 30 ◦C and –3 to 8 ◦C during
the whole year. Only on 15 days in a summer month and on about 7 days in a
winter month the relative humidity may reach about 70 to 80% for a few hours
before sunrise.

The data on the survival of several species that were exposed in gas-permeable,
but germ-impermeable compartments to desert conditions are summarized in
Table III.

Cells of Deinococcus radiodurans show a significantly poorer survival under
desert conditions than under laboratory conditions at constant temperature (25 ◦C)
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TABLE IV

Inactivation of Deinococcus radiodurans strain R1
in dependence on the increase of the relative humid-
ity

Relative humidity Exposure (Nt /No) × 100%

(%) 24 hr 48 hr

0 (Vacuum) 99±5 99±5

<1 to 20 95±5 90±5

45 80±5 40±4

80 40±4 10±2

90 10±2 1±0.5

and relative humidity (5%). Whereas the stronger inactivation of conidia and spores
under desert conditions in comparison to laboratory conditions is almost insigni-
ficant. After we became aware of the strong alterations of the relative humidity in
the desert, we have simulated these alterations in the laboratory and could demon-
strate that indeed the strong variation of the relative humidity (and not that of the
temperature) causes a slightly increased loss in the viability of the conidia and
spores. However, in the course of these experiments we realized that Deinococcus
radiodurans cells are strongly inactivated if just exposed to 80% relative humidity.
For this reason we have studied the inactivation of Deinocoocus radiodurans as a
function of the relative humidity. Relevant data are summarized in Table IV.

Since the relative humidity in the Atacama Desert at night usually reaches
values above 40%, the poor survival of Deinococcus radiodurans under desert con-
ditions is unambiguously related to this increase in the relative humidity. However,
an explanation for this unusual response can as yet not be given. Usually the killing
rate during desiccation increases with the removal of cellular water. However, only
the response of yeast cells and some bacteria has been studied in detail (Mazur,
1980). Asada et al. (1979) could only detect DNA strand-breaks when exposing
Escherichia coli cells to relative humidities below 80%, nevertheless a signific-
ant killing rate was already observed at 85%. Koga et al. (1966) have found that
partially dried yeast cells begin to take up oxygen at water contents above 20%.
This value, however, is already reached if the relative humidity is reduced to about
90%. Most Microorganisms, including Saccharomyces cerevisiae, require at least
90% relative humidity for growth; only some molds (for an instance Xeromyces
bisporus) are able to grow at 60% relative humidity and higher (Rose, 1976). The
data available on the exposure of microorganism at 80% relative humidity do not
support the view that DNA strand-breaks play a crucial role during inactivation.
The nature of the injurious processes that operate in Deinococcus radiodurans (R1)
at increasing relative humidities thus requires further investigation. The effect is not
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oxygen-dependent. In a different context we have earlier realized that Deinococcus
radiodurans (R1) is also inactivated when stored under wet Argon (above 20%
relative humidity) for several months (Dose et al., 1995).

The loss of viability by exposure of anhydrobiotic conidia and B. subtilis spores
to desert conditions was similarly related to the occurrence of DNA double-strand
breaks as it had been shown earlier for their exposure to vacuum or extremely low
relative humidities (Dose et al., 1991, 1995; Dose and Gill, 1995; Dose and Klein,
1996). This phenomenon of double strand-break formation due to incomplete re-
pair of DNA damages has been discussed earlier (Dose, 1994). Under the present
conditions the inactivation of B. subtilis spores (survival about 15%) was associated
with the occurrence of 6 DNA-double strand-breaks per chromosome. This value is
in agreement with earlier data on the correlation between loss in viability and the
occurrence of DNA-double strand-breaks after exposure to vacuum or dry argon
(Dose and Klein, 1996). Because of the difficulties in completely extracting the
native DNA from (eukaryotic) conidia a corresponding relationship could so far
only be demonstrated by semi quantitative data (Dose et al., 1995). The electro-
phoretic patterns (not shown) obtained in the course of the present investigations
were similar to those published earlier (Dose et al., 1995). However, their exact
quantitative evaluation is as yet not possible.

3.2. INACTIVATION BY SOLAR LIGHT

Spores of B. subtilis and conidia of A. niger and versicolor have also been exposed
to solar light on glass disks in statistical monolayers. These samples were dried
for about one week in a desiccator and then transported to the Atacama Desert in
sealed containers for exposure to solar light. The exposure time during the midday
hours of September 22, 1994 was 90 min. In addition, some samples were ex-
posed without interruption for 4 days through September 26, 1994 (about 48 hrs at
variable sunlight). Deinococcus radiodurans cells were not exposed to solar light
because of their extremely poor survival under desert conditions. The results for
90 min exposure (corresponding to a fluence of about 16 kJ m−2±15% for the
wavelength range 280 nm to 320 nm) for conidia and spores are summarized in
Table V. The fluence was estimated according to Feister (1994).

After exposure to sunlight for 4 days (fluence for the wavelength range 280 to
320 nm about 300 kJ m−2) the viability of the microorganisms had decreased to
zero.

In view of the thinning of the stratospheric ozone, especially on the southern
hemisphere (Cabrera et al., 1995) we have also compared the biological effect-
iveness of the solar UVB in the Atacama Desert with that at other locations on
the Earth. For this reason we have exposed to solar light B. subtilis spores within
a period of a few weeks at 3 more global positions (see Table VI). B. subtilis
spores are especially suitable for such studies because their photobiology and their
photobiochemistry are relatively well known (Munakata, 1981, 1989; Munakata
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TABLE V

Inactivation of spores and conidia by solar light in the Atacama
Desert. The fluence for 90 min irradiation time was about 16 kJ
m−2 (wavelength range 280 to 320 nm). No is the relative num-
ber of viable cells in the fresh preparation, Nd is the relative
number of viable dried cells (monolayers on glass disks) prior
to irradiation in the desert, N90 is the relative number of viable
dried cells after additional exposure to solar light for 90 min

Sample Dark control Solar light

(Conidia or spores) (Nd /No) × 100% (N90/No) × 100%

A. niger 60±5 24±5

A. versicolor 25±5 2±1

B. subtilis 29±3 4±1

and Rupert, 1972; Dose and Klein, 1996). For a related reason these spores have
frequently been used, though in different context, for the quantification of the
biological effectiveness of solar UV radiation in space and on Earth (Horneck,
1993, 1995; Munakata, 1993). Relevant environmental details together with the
F37-values for the range 280 to 320 nm are presented in Table VI. The F37-values
have been obtained by evaluation of the fluence-effect curves shown in Figures 3
(survival) and 4 (DNA-double strand-breaks per chromosome).

The comparison of the fluence effect curves for the inactivation of the spores,
the production of DNA double strand breaks (see Figures 3 and 4) and the resulting
F37-values (kJ m−2) confirm that the solar light is slightly more efficient in the
(rural) regions of the southern hemisphere due to a higher content in UVB (Mad-
ronich and De Gruijl, 1994; Cabrera et al., 1995). Unfortunately, the irradiations in
a rural environment near Punta Arenas (southern Chile) had to be interrupted after
70 min because of increasing cloudiness. Therefore the values for this location are
only approximate. The higher F37-values for Mainz reflect a lower content in UVB
due to air pollution. The relative effectiveness of the solar radiation (wavelength
range 280 to 320 nm) towards B. subtilis strain TKJ 3412, if compared to UV light
of 254 nm (Dose and Klein, 1996; F37-value about 200 J m−2), is about 2% on the
basis of the F37-values. This value is in good agreement with the decrease in DNA
absorption between 250 and about 300 nm (Setlow, 1974) and also confirms that
DNA is the main target. Besides DNA double-strand breaks UV light of 254 nm
also produces large amounts of DNA-protein cross-links (Dose and Klein, 1996).
However, no significant amount of DNA-protein cross linking has been observed
after irradiation with solar light. This difference is likely due to different mechan-
isms of photophysical processes produced at the peak of DNA absorption and in
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Figure 3. Fluence effect curves for the loss in viability by irradiation of B. subtilis spores with solar
light at four different locations. The fluences (kJ m−2) have been calculated for the wavelength range
280 to 320 nm.

the region above 300 nm. In the region above 300 nm the absorption of guanine
prevails (Sutherland and Griffin, 1981).

4. Conclusions

The upper surface of the rocks in the Atacama Desert does not appear to be a habitat
for any as yet known form of active life. Even though some fungi (Saccharomyces
and Xeromyces species) may grow at about 60% relative humidity (Rose, 1976;
Nealson, 1999), nutrient stress and a relatively strong UVB radiation pose addi-
tional restraints in the Atacama Desert. The relative humidity only occasionally
exceeds 60%: Therefore, neither endolithic organisms (Friedmann, 1980; Fried-
mann and Ocampo-Friedmann, 1984; Friedmann and Weed, 1987) nor persistent
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Figure 4. Fluence effect curves for the formation of DNA-double strand breaks by irradiation of B.
subtilis spores with solar light at four different locations. The fluences (kJ m−2) have been calculated
for the wavelength range 280 to 320 nm.

lichens (Lange et al., 1970) could be detected on the rocks in the central Atacama
Desert.

Deinococcus radiodurans would at least temporarily resist the solar radiation
and tolerate extreme dryness of less than 20% relative humidity. Unexpectedly,
however, this microorganism is readily inactivated by exposure to relative humid-
ities between 40 and 60% which occur at night in the Atacama Desert. Thus also
Deinococcus radiodurans is a very poor survivor under extreme desert conditions.
Good survivors, however, were spores of B. subtilis and conidia of A. niger. These
dormant forms of life have survived for 15 months in shaded areas and even for
hours in direct sunlight. There are chances that dormant life forms can survive in
shaded areas for years (but not decades) until sporadic rainfalls may give them
a new chance to grow and replicate. Under natural conditions spores and conidia
could be brought to the desert surface by air transportation: The coastal areas or the
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eastern Cordillera are generally less than 100 km away from the central parts of the
Atacama Desert. At wind speeds above 10 km hr−1 and at night, airborne microor-
ganisms, if dryness-resistant, could safely reach central parts of the desert from the
peripheral areas. If they settle in shaded parts of the desert rocks a fraction of them
could survive for a few years. On the surface of early Mars about 3.5 Gyr ago, when
liquid water became rare (McKay, 1997), however, the conditions for living organ-
isms were probably much less favorable than in the contemporary Atacama Desert,
because no ozone shield filtered out most of solar UVB and all UVC. Therefore,
on Mars solar light also puts tougher restrictions on airborne transportation than
on Earth. Accordingly, surface areas inhabited by microorganisms may have been
extremely scarce. We certainly do not know whether Martian life, if it ever existed,
depended on DNA as genetic material. But if so, at least extensive shielding by
pigments was required.

In the absence of any liquid surface water and at relative humidities under
60% terrestrial microorganisms cannot grow. However, microorganisms have likely
found a refuge beneath the surface of the Atacama Desert, because of the presence
of groundwater. A similar situation may have existed at special locations on Mars
and may still exist deep underground. The planned search for life in the Mar-
tian soil could therefore gain valuable support by the corresponding search for
microorganisms in the soil of the Atacama Desert.
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