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Deserts are apparently lifeless. Yet there appear a number
of microhabitats that are inhabited by microorgan-
isms. Since stress allows only the tolerant forms to grow,
the microorganisms not only dominate such habitat
but also grow sufficiently to impart special visible fea-
tures to the habitat. We discuss here diversity and micro-
biology of specialized habitats of deserts, viz. patina
(desert varnish), cryptobiotic crusts, saline playas and
rhizosheath.

THE Earth Summit of 1992 in Rio de Janeiro brought into
focus the danger of desertification that affects some 40%
of global lands and nearly one billion people. It is caused
primarily by human activities that increase it at an alarm-
ing rate of some half million hectares annually.

Deserts are characterized by lack of moisture (annual
rain £254 mm) as a result of which biological activities
are regulated by ephemeral water availability. However,
total water availability is defined by the interaction of
precipitation, temperature, evaporation and evapotranspi-
ration. Based on the vegetative cover and total precipita-
tion, arid ecosystems are called desert, semidesert, steppe,
subdesert, semiarid or arid grasslands. These are often lo-
cated in regions along both, the Tropic of Cancer and the
Tropic of Capricorn. Deserts are composed of sand that is
larger and rounder than the sea beach sand. There are 22
deserts in the world. Meigs' estimated that 19% (27.6 x
10°km?) of the global land is arid deserts and 14.6%
(21.2x 10° kmz) covers area defined as semi-arid deserts ex-
cluding Antarctica. Due to extreme variations in geocli-
matic patterns, the global arid biome consists of highly
diversified and heterogeneous ecosystems.

The dry climates of the continents occur in five great
provinces separated from one another by oceans or by
wet equatorial zones. Of these five provinces, North Afri-
can-Eurasia is larger than rest of the four combined. The
world’s largest desert Sahara and a series of other hot de-
serts and semi-arid areas continue eastward through the
Arabian peninsula along the Persian Gulf of Pakistan, and
India fall in this province®. It also includes cold deserts
from states of the former Soviet Union through China to
Iran. The tropical desert of Asia extends to India through
Rajasthan and Gujarat where it is called the Thar. The
Thar lies west of Aravalli Range in Rajasthan and covers
an area of about 196,150 km?, Tt is subjected to intense
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winds and wide variations in temperature ranging from a
minimum of 5°C to a maximum of 45°C. It is dotted with
numerous water reservoirs including four major inland
saline playas.

Soil microorganisms

Microbial activity in desert soils is highly dependent on
characteristics such as temperature, moisture and the avail-
ability of organic carbon’”. Of these, moisture availabil-
ity is the major constraint affecting microbial diversity,
community structure and activity. Populations of aerobic
bacteria in deserts across the world are reported to vary
from < 10 in Atacama desert to 1.6 x 10’ g in soils of
Nevada®. Sand dunes from Thar are reported to have rela-
tively smaller population (1.5 x 10% -5 x 10* ¢! soil)”®.
Gram-positive spore formers are dominant and the popu-
lations do not decline significantly even during summers’.
Actinomycetes may constitute ~50% of the total microbial
bacterial population in desert soils. However, Hethener'’
reported only 1-2% representation of actinomycetes in
the sandy soils of Tassili N> Ajjer. Dominant microflora of
desert soils is made up of coryneforms, i.e. Archangium,
Cystobacter, Myxococcus, Polyangium, Sorangium and
Stigmatella; sub-dominant forms comprise Acinetobacter,
Bacillus, Micrococcus, Proteus and Pseudomonas. Cyano-
bacteria also contribute significantly (0.02 to 2.63 x 10* g™
soil) to the biota of hot arid regions in terms of primary
productivity and nitrogen fixation''. The dominant cyano-
bacterial forms of Thar desert are Chroococcus minutus,
Oscillatoria pseudogeminata and Phormidium tenue;
Nostoc sp. dominates amongst heterocystous forms. Fungal
populations as viable propagules range from nil to 6.3 x 10°
in Uzboi desert Takyr'>'’. The dominant genera include
Aspergillus, Curvularia, Fusarium, Mucor, Paecilomyces,
Penicillium, Phoma and Stemphylium. Xeric mushrooms
such as Coprinus, Fomes, Terfezia and Termania have also
been reported from deserts'*.

Rhizosphere

Rhizosphere is an important site of microbial activity in
desert soils, since it provides ample carbon substrate in an
otherwise organic matter poor arid soil. The rhizosphere ef-
fect is therefore more pronounced in deserts both, qualita-
tively and quantitatively than in other soils>'"”. Despite
this, rhizosphere and rhizosheaths in desert plants have
been studied only scantily.
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Generally R : S (rhizosphere : soil) ratio is high in arid
soils for nearly all metabolic types of bacteria (viz. het-
erotrophs, diazotrophs, cellulolytes and nitrifiers) and
fungi in most plants studied™'®'®. Yet the rhizosphere effect
on different groups of microorganisms varies from one
plant species to other’. Of six desert range plant species
of Iraq, namely Acillea sp., Aristida plumosa, Artemesia
herba-alba, Haloxylon articulatum and Hellotropium
ramosissimum, rhizosphere of Aristida plumosa had maxi-
mum Azotobacter population while Artemesia sp. the
least'’. Khathuria® observed that Datura metal did not
have any significant effect on total heterotrophic count,
but showed a high R : S ratio for diazotrophs, nitrifiers,
actinomycetes and fungi. The high density of micro-
organisms in a shrub rhizosphere is suggested to have an
important effect upon root litter decomposition™.

The soil zone penetrated by fine roots and held to-
gether by mucilage is called the rhizosheath. Numerous
tiny fine roots present on the main root, coat the sur-
rounding soil with mucilage and modify the soil in con-
tact®!. The largest, most coherent soil rhizosheaths are
formed on the roots of grasses in dry soil*’. Although as-
cribed to many plant species, it is especially pronounced
in various species belonging to the family Poaceae’. Dry
conditions allow formation of rhizosheaths that are larger,
motre coherent and more strongly bound to the roots than
those formed in wet soils. Drier soil also enhances adhe-
siveness of rhizosheath mucilage and the formation of
root hairs; both effects stabilize the rhizosheath. Young23
found that rhizosheath soil was significantly wetter than
bulk soil and suggested that exudates within the rhizosheath
increased the water-holding capacity of the soil. Further-
more, it has been proposed that in dry soil, the source of
water to hydrate and expand exudates is the root itself.
The exudates released from the roots at night allow the
expansion of the roots into the surrounding soil; when
transpiration resumes, exudates begin to dry and adhere
to the adjacent soil particles™,

Bacillus polymyxa and the fungus Olpidium are found
associated with rhizosheaths. Ancalomicrobium and Hy-
phomicrobium-like organisms are also present”. Rhizo-
sheaths are important because of the associated diazotrophs
and enhanced water retention and nutrient uptake*>***’,

In the rhizosphere of desert plants mycorrhiza play a
very significant role in plant nutrition and stabilization®®.
Well-developed mycorrhizal communities from deserts
are often instrumental in determining the community struc-
ture of the area. Most species in families of Asteraceae,
Fabaceae, Poaceae, Rosaceae and Solanaceae usually
form endomycorrhizal associations in arid habitats®.
Trappe'* listed 264 plant species from arid and semi-arid
environments that had mycorrhizal-based root coloniza-
tion, and approximately 25% species exhibited specific
associations with endomycorrhizal fungi. Glomus deser-
ticola is indigenous to many desert soils'*. Kiran Bala et
al® reported >50% infection by vesicular-arbuscular
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mycorrhizal (VAM) fungi in 17 tree species of the Indian
desert, with genera Glomus and Gigaspora being dominant.
Opuntia and Euphorbia showed considerable root infection.
Gigaspora margarita, Glomus fasciculatum, G. mossae
and Scutellospora calospora have been reported from the
rhizosphere of Prosopis juliflora®. In desert, incidence of
arbuscular mycorrhiza (AM) infection varies with the
availability of water’' and with composition of the plant
community’”. Therefore deep-rooted habit along with AM
infection of desert vegetation is an important survival
mechanism to compete for water and nutrients with the
shallow rooted and fast-growing plant species. During the
slow succession process, a characteristic of arid habitats,
mycorrhizal plant species gradually replace the nonmy-
corrhizal plants®™ due to the competitive edge that the
former possesses. Cul and Nobel reported improved hy-
draulic activity, increase in CO,, water and nutrient uptake
in the desert succulents, viz. Agave deserti, Ferocactus
acanthodes and Opuntia ficus-indica. Mycorrhizae are also
known to restore soil productivity by ameliorating and
enriching soil organic carbon, as observed in Prosopis
juliflora inoculated with G. caledonium™

Desert truffles, as they are known, are members of the
family Terfeziaceae, order Tuberales that include several
genera of hypogenous mushrooms, renowned for their cu-
linary value. Members of Terfezia and Termania sp. are
mycorrhizal on the roots of members of family Cistaceae
such as Helianthemum®>*® and are found in arid and semi-
arid zones of the Mediterranean basin in Iraq and Kuwait,
the Sahara and Saudi Arabia37, Hungary38, China® and in
the Kalahari desert’’. They are also found in South Africa
in association with other plants since the family Cistaceae
does not occur in this region. Termanias and Terfezias are
variable in their mode of mycorrhizal association. While
Terfezia leptodenia forms special Terfezia type ectomy-
corrhizal associations, 7. claveryi forms endomycorrhizal
associations®.

Mycorrhiza also help in desert reclamation and soil
stabilization. They link soil particles to each other and to
the roots in part by producing glomalin, an important glue
that holds aggregates together. Panwar and Vyas*' reported
beneficial effects of Acaulospora mellea, Gigaspora marga-
rita, G. gigantean, Glomus deserticola, G. fasciculatum,
Sclerocystis rubiformis, Scutellospora calospora and S.
nigra on Moringa concanensis and proposed use of such
AM fungi in conservation of this endangered multipur-
pose tree species in the Indian desert.

Surface features of the soils

A considerable portion of global desert is covered by
hardened surfaces variously called as desert pavements or
desert crust. Soils, rocks and dead plant surfaces may
have a cover of black, brown, gray, green, yellow or orange
coloured crusts. Similarly rocks or desert pavements may
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46,47

Table 1. Number of genera observed in representative groups of soil crusts (based on Bidel, 2001 and 2002)
Group Total South America Australia Africa  Middle East North America Asia  Europe Greenland
Cyanobacteria 35 15 10 18 14 17 17 18 Nk
Euk. Algae 68 3 5 12 13 34 9 26 Nk
Cyanolichen 13 Nk 4 4 8 8 7 5 4
Phycolichen 69 Nk 22 15 8 36 17 29 38
Mosses, liverworts 62 5 42 7 8 26 2 14 Nk

Nk: Not known.

Figure 1 a,b. Cryptobiotic crust (marked by arrows) on soil (&) helps binding the soil and immobilizing the dunes. Over a rock surface (b) the
cyanobacteria dominated crust (black patches) largely concentrates where soil could have accumulated more, so as to provide sufficient nutrition.

Such growth helps them in entering the crevices and fissures.

have films or varnishes of different colours, few of which
are biogenic in nature.

Soil crust

Crusts on soils are formed by microorganisms and micro-
phytes. These are variously called as cryptogamic/crypto-
biotic/biological/cyanobacterial/microphytic crusts*. More in
vogue is the term ‘cryptobiotic crust’ and therefore we
shall use it to refer to the biological crusts on soils. A
consortium of green algae, cyanobacteria, lichen, fungi,
bacteria, diatoms, mosses and liverworts form cryptobi-
otic crusts. Mosses and liverworts seem to favour the
comparatively more mesic sites. Cyanobacteria favour the
harshest sites, and lichens dominate in intermediate
sites*?. In the most extremely arid deserts of the world,
Atacama® and Namib*, crusts dominated by cyanobacte-
ria are the only plant growth present. However in others,
involvement of one or more of these components in the
formation of such crusts is known. Belnap® classified
soil crusts on the basis of surface roughness and presence
of frost heave. Accordingly, frost heave is absent in
‘smooth’ (0—1 cm roughness formed by green algae and
cyanobacteria) and ‘rugose’ (1-3 cm surface roughness
with lichens and mosses above ground and cyanobacteria
inside the soil), but present in ‘rolling” (1-5 cm roughness)
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and ‘pinnacled’ (3—10 cm roughness) crusts. Crust with
frost heave has lichens and mosses forming a canopy
covering the soil surface with cyanobacteria embedded
inside the soil. Table 1 shows the genera reported from
the dominant groups inhabiting cryptobiotic crusts in hot
and cold deserts of the world.

Thin layers of cryptobiotic crusts of soil take 5-7 years
to build whereas formation of centimetres deep layers
may take more than 100 years. Soil type appears to atfect
community structure of cryptobiotic crusts significantly,
indicating that soil characteristics select for specific
cyanobacteria®. Such crusts are usually absent in sandy
soils subjected to aeolian sand movement. Stabilized
conditions however support crusts in both tropical and
subtropical deserts and also in arid temperate regions.
Cyanobacterial crusts (Figure 1a) generally dominate
poor sandy soils. Lichens increase proportionately with
carbonates, gypsum and silt content of the substrate®*"**.
Microcoleus chthonoplastes is dominant in saline sand
crusts®. In arid environments, specifically Central Euro-
pean steppe, the Mediterranean, North American, Austra-
lian and African desert and semi deserts, the most common
lichens in the cryptobiotic crusts are Catapyrenium sp.,
Collema sp., Diploschistes sp., Endocarpon sp., Fulgensia
Jfulgens, Psora decipiens, Squamarina sp. and Toninia
sedifolia®’. Cyanobacteria are more widely distributed
than the eukaryotic algae. The most common genera are
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Microcoleus (M. chthonoplastes, M. paludosus, M. sociatus
and M. vaginatus) and Nostoc sp. Other forms are Calo-
thrix, Lyngbya, Oscillatoria, Phormidium, Scytonema and
Tolypothrix. Common green algae of soil crusts are Chlor-
ella, Chlorococcum, Coccomyxa and Klebsormidium. Typi-
cal mosses belong to Bryum sp., Crossidium sp. and
Tortula sp. Riccia is the most widespread genus amongst
liverworts followed by Fossombronia®’.

Cryptobiotic crusts are also associated with a wide
range of bacteria and fungi. Fungal hyphae penetrating
deep into the soil contribute to crust stabilization. Domi-
nant fungal genera in crusts are Alternaria, Fusarium and
Phialomyces whereas in non-crusted soils, Alternaria and
Penicillium dominate followed by Fusarium. Approxi-
mately 90% of the aerobic bacterial population of crypto-
biotic crusts consist of coryneform bacteria’.

Diversity studies on 32 samples of cryptobiotic crusts
at Thar desert in India showed 43 morphotypes of diazo-
trophs in BG 11-N enrichment and 71 of algae and cyano-
bacteria in the same medium supplemented with
nitrogen''. Most frequent form was Phormidium tenue. In
the case of diazotrophs the most frequent forms were
Nostoc punctiforme, Nostoc commune and Nostoc pallu-
dosum. Cyanobacterial presence was influenced by their
plant partners. Alternaria sp. was the dominant fungus in
these crusts. However lichens, mosses and liverworts
were absent.

In an attempt to use molecular approaches, Garcia-
Pichel et al.* failed to retrieve signals for otherwise con-
spicuous heterocystous cyanobacteria with thick sheaths
suggesting that the diversity found in desert crusts was
underrepresented even in currently available nucleotide
sequence databases. Amongst the non-heterocystous fila-
ments, several novel phylogenetic clusters were identi-
fied. Microcoleus vaginatus Gomont was dominant and
frequent and a new phylogenetic cluster, named Xero-
nema grouped a series of thin filamentous Phormidium
like cyanobacteria®®.

Cryptobiotic crusts in deserts are thought to play an
important role in the biogeochemistry and geomorphology
of arid regions™'. They reduce soil erosion™, contribute or-
ganic carbon®, may fix nitrogen™ and either promote
survival of vascular plant seedlings®” or affect them ad-
versely’®. Nitrogen fixation rates of 2 to 41 kg Nha™'
year ' have been reported, however, high nitrogen fixa-
tion rates do not automatically mean that the productivity
of plants is enhanced. It is so since the activity is re-
stricted to only part of the year and the crusts also sup-
port high rates of denitrification®”® and volatilization of
ammonia in some deserts” and grasslands®.

Terrestrial settings in general, and desert crusts in par-
ticular represent a habitat imposing environmental con-
straints that have allowed diversification of specialized
cyanobacterial groups within this ecosystem. These con-
straints may also be responsible for simultaneous physio-
logical resistance to desiccation, intense illumination and
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temperature extremes, as exemplified in studies of Nostoc
commune®', but most of the putative-specific adaptations
remain to be explored.

Microbiology of lithic surfaces

Most deserts have rock outcrops spread amongst sand
dunes as integral feature of their topography. In arid Raja-
sthan, rock outcrops account for about 13,200 km? of
area. Apart from rock outcrops, desert pavements and
caliche are born at the surface in deserts. Such structures
cover large part of the world’s drylands.

Desert pavement is a dark, stony surface without sand
or vegetation. It suggests that the land has been undis-
turbed, perhaps for thousands or hundreds of thousands
of years. Desert pavements are usually dark in colour due
to a thin coating of desert varnish or patina on the surface
of the stones. Calcite/calcrete/caliche in desert soils is
formed by the precipitation of calcite. Role of soil micro-
organisms in calcite precipitation in desert soils was con-
firmed by Monger er al.®* who showed that soil bacteria
and fungi precipitated calcite when cultured on a calcium-
rich medium. Cyanobacterial-lichen crust or desert varnish
and/or fungal colonies frequently cover the surfaces dis-
cussed above.

Cyanobacterial and/or lichen crust

Cyanobacteria and algae are the pioneers that inhabit bare
rock surfaces and make road map for further plant suc-
cession (Figure 1 b). These forms are also desiccation- and
temperature-tolerant. More than 95% of all rock and stone
surfaces were found covered by lithobionts like cyano-
bacteria and lichens in Sede Boqer63. However, lichens
generally do not survive as well on the dry sun baked
boulders and usually live on the lower sides of rocks or
on sides with shorter sun exposure on the outcrop (Figure
2). They live in a desiccated state with a very slow annual
growth rate.

Budel*’” drew analogy of the typical structure of the
crust with that of a microforest. Accordingly, the lower
story is composed of unicellular cyanobacteria (such as
species of Chroococcidiopsis, Chroococcus, Gloeocapsa,
Gloeothece) and a few filamentous forms (as Schizothrix
sp.), with the genus Gloeocapsa being most common. The
‘canopy’ is formed by filamentous cyanobacteria, Scyto-
nema sp. and Stigonema sp., together with cyanolichens —
Paulia, Peltula, Phylliscum, and in rare cases a few others.
The unicellular cyanobacterium Xenococcus sp. often occurs
as an epiphyte over the two filamentous cyanobacteria®®.
These organisms may form ‘lithobiont forests’ and totally
obscure the original colour of the rock. They grow on all
types of rocks including man-made rock substrates in
tropical and subtropical biomes®.

CURRENT SCIENCE, VOL. 89, NO. 1, 10 JULY 2005



SPECIAL SECTION: MICROBIAL DIVERSITY

Bhatnagar et al.'' working on dry sun exposed surfaces
of the Indian desert observed dominance of cyanobacte-
rial populations contributed by the genus Phormidium.
Fourteen genera of diazotrophic cyanobacteria were re-
ported with maximum morphotype variability in Calothrix,
Nostoc, Anabaena and Scytonema. The diversity (Shannon
& Weaver Index) estimates were low ranging from 0 to
1.86 with a mean of 1.09 + 0.48 but were comparatively
higher than that of the soil. In case of cyanobacteria that
do not form akinetes or other spores, whole filament turns
into a dormant structure within its thick sheath that ger-
minates in presence of sufficient moisture (Figure 3).

Hypolithic algae and cyanobacteria have been found to
cover the underside of many limestones and flint peb-
bles®”®®. The hypolithic niche is favoured since this pro-
vides conserved moisture and nutrients and protects cya-

Figure 2. Lichen crust on rock surface on an Aravalli hill near Loha-
gal village, Ajmer.

Figure 3.

On moistening the crust, new trichome of cyanobacterium
emerge from dry sheaths.
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nobacteria and microalgae from direct exposure to radia-
tions and high temperature. Since these organisms do not
actively permeate the substrate, only rocks of porous struc-
ture or those permeated by fissures are colonized. Such
communities are dominated by cyanobacteria®® and
therefore hypoliths are mostly found below transpar-
ent/transluscent stone surfaces. In some deserts however
diatoms form the hypolithic crust’’. Chroococcidiopsis is
found at the lower surface of translucent stones and peb-
bles half embedded in the soil”'. Hypolithic cyanobacteria
are common in deserts around the world. Yet they are
conspicuously absent in the Atacama desert in northern
Chile’® since the climate is more extreme, rain is practi-
cally absent, except in years of the El Nino-Southern Os-
cillation events, that are usually separated by intervals of
~9.9 years"”.

Two types of endolithic communities are distinguished
with respect to their habitat. Chasmoendoliths live in rock
fissures and cracks and cryptoendoliths inhabit structural
cavities of porous rocks. In hot deserts, endolithic organ-
isms are nearly exclusively cyanobacteria with the most
common genus being Chroococcidiopsis and Gloeocapsa
accompanied by heterotrophic bacteria. The former is the
most desiccation-resistant cyanobacterium known'*’* and
is found in the inner spaces of porous rocks’"’®. It is re-
ported that the endolithic algal flora in hot and cold de-
serts is similar’'. Such cyanobacteria possess an adaptive
character that allows them to thrive on extremely low
photon flux intensities’”’®. Chroococcidiopsis is shown to
fix nitrogen under strictly anaerobic conditions”.

Cryptoendolithic lichens are more predominant in
sandstones of Antarctica. They form distinct zonations on
the rock resembling an organized thallus of heteromerous
lichen™®. Dodge® lists 68 species of Buellia, 34 of Lecidea
and 13 of Acarospora out of a total of 434 species belonging
to 90 genera of the Antarctic lichen flora. Trebouxia, a
green alga is the common phycobiont in association with
these lichens.

The role of microorganisms in weathering of rocks has
been well recognized® ™™ with bacteria and lichens break-
ing down the rocks both biochemically and biophysi-
cally**® When wetted by rain or morning dew, lichens
or cyanobacteria quickly imbibe water and revive photo-
synthesis for a while. Microscopic rock fragments inter-
meshed with lichen or cyanobacteria become loosened by
expansion and contraction as a result of alternate moisten-
ing and drying. This helps in the formation of soil. Li-
chens and cyanobacteria are also known to produce weak
organic acid, but acidic etching is more consequential in
calcareous rocks®®. For most rock surfaces, disintegration
is probably more important than dissolution. Kurtz and
Netoff®” showed that rock surface microorganisms can
actually contribute towards stabilization of rock surfaces,
protecting them from erosion. Other than cyanobacteria
39 species of lichen belonging to 24 genera have been
documented from the Western Dry Region of India®®.
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Patina

Within the last few years it has been widely accepted that
rock surfaces and other inorganic material are common
habitats for a wide variety of microorganisms such as
chemoorganotrophic, chemolithotrophic and phototrophic
bacteria, actinomycetes, and especially fungi and lichens.
The interactions of these epi- and endo-lithic microorgan-
isms with the rock material have been studied intensively.
It has been discovered that microorganisms play an im-
portant and substantial role in all alteration processes that
occur in rock, including physical and chemical alteration
of the material components, material loss, the alarming
deterioration of historical buildings and works of art, as
well as the formation of brightly coloured patinas on ma-
terial surfaces® !, Desert varnish or patina — a dark, thin
coating on rocks® is result of such interactions. It can
also form on the surface of desert soil if the soil remains
undisturbed for thousands of years and the underside of
the rock where it is not exposed to air. Typically these
depositions are ca. 20 um (2-500 um) thick. The term
‘patina’ internationally means ‘surface changes’. Since
‘patina’ is the oldest term for surface changes of any ma-
terial that is exposed to the environment (atmosphere),
Krumbein® suggested that it may be used to encompass
all other terms related to surface changes such as oxalate
film (pellicole ossalati), lacquer, crust, deposit, karst, rock
varnish (Figure 4), micro-stromatolite, efflorescence, carbo-
nate, gypsum, iron, manganese, oxalate and silica skins.
The varnish or patina structure eluded precise analysis
as it is composed of particles too fine to be characterized
by X-rays, the main diagnostic tool of mineralogical in-
vestigations. Infrared spectroscopy showed that it consists
clay minerals (70%) and oxides of manganese and/or iron
(30%)92. Mn or Fe oxides are black or red coloured re-
spectively. Other minerals mixed into patina composition
include hydroxides plus silica and calcium carbonate.

I'e v*.-‘?,‘ 2
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Figure 4. Patina or desert varnish over a rock at Lohagal village near
Ajmer.
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Exactly how patina is formed is not completely known.
Mechanism of formation has been speculated to be bio-
logical, geochemical or a combination of both the proc-
esses®?. Other than biogenic precipitation of Mn and Fe
oxides, Krumbein® attributed patina formation to the
pigment release by microorganisms particularly the ubi-
quitous microcolonial fungi on the basis that the pigments
o-carotene, B-carotene and rhodoxanthene are present both
on the rock surface and in fungi isolated from the same
rocks. They also showed experimental deposition of pig-
ments on marble pieces. Microcolonial structures of fungi
on desert rocks exposed above the soil and in the absence
of detectable lichen or algal growth were reported by Staley
et al.” in 1982 from desert pavements of Australia, Con-
tinental Asia, Sonoran and Mojave Desert. They found
prevalence of fungi belonging to Capnodiales while most
others were Hyphomycetes such as Taeniolella subsessilis
and Bahusakala- and Humicola-like organisms. The soil
fungus Epicoccum nigrum was also reported from rock
surfaces™.

Dorn and Oberlander® isolated bacteria from patina
and used scanning electron microscopy to confirm their
presence in situ. They observed Metallogenium- and Pe-
domicrobium-like bacteria. They could also generate patina in
laboratory by inoculating such bacteria over a period of
several months. Lipid analysis of patina’ showed fatty
acids commonly associated with fungi and bacteria.
These included 18 : 2A9, 12 and 18 : 1A9, which are of-
ten associated with fungi’’. Similarly amino acid analysis
also indicates possible organismal activity”®. Kuhlman et
al.”? isolated three strains of bacteria from rock varnish of
Death Valley, California that could resist UV-C exposure
up to 5 min, while this readily killed Escherichia coli.
One of the strains showed 98% 16S rDNA sequence simi-
larity with multiple Arthrobacter strains, another showed
similarity with strains of Curtobacterium flaccumfaciens
and an unidentified glacial ice bacterium and the third
one matched with Geodermatophilus obscura cluster I of
Eppard et al.'”

Desert playas

Playas are characteristic desert landforms, maintained by
arid climate, where a combination of tropical sun, wind
and dry air evaporate many more times moisture from the
land than falls in a year. These are dry, incredibly level
beds of ancient lakes. Because of their extremely dynamic
nature, the size, total dissolved solids concentration and
relative ionic composition can fluctuate widely. Playas
may be thalassic or athalassic, ranging from freshwater to
hyper saline situations, and vary in the concentration of
major anions. Within playas, the alternating dilution and
concentration phases generate a range of chemical envi-
ronments. Thousands of big and small playas exist around
the world. Lakes or playas are called saline if they have
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>3% salt'”. Arid areas are characterized by saline and
hypersaline playas, for example, Great Salt lake of Utah,
Lake Eyre (USA), Lake Magadi (Kenya), Owens lake,
Searles lake (Sierra Nevada, USA) are the major such
systems. The Sambhar lake, Nawa, Didwana (Nagaur),
Lunkaransar (Bikaner), Pachpadra (Barmer), Mitha ka
Rann and Kharia Rann (Jaisalmer) are the better-known
saline playas of the Thar desert.

Playas never last more than days or weeks, evaporating
at a rapid pace to leave behind huge expanses of shiny,
gooey mud flats, level as the surface of a pool table, en-
crusted with a new coat of calcium, sodium, gypsum and
other salts from the recently-departed water. The mud
surface dries into curls, pie-wedge-shapes, cylinders or
shard-like plates. Polished by the ever-constant wind, it
sometimes shines like glass. When the lakes return
briefly, the profusion of salty water teems with tiny
aquatic lives: archaea, eubacteria, algae, protozoa, yeast,
freshwater shrimp and brine flies. Depending on the wa-
ter chemistry and the population density, which may at
times bloom, the lake gets coloured as green, orange,
purple or claret (Figure 5). Although a number of studies
have been carried out on playas, the uniqueness of these
habitats has been considered as any other saline or hyper-
saline water body. Since extremely halophilic microorgan-
isms have been dealt somewhere else in this issue, only a
brief mention shall be made about the microbial diversity
of saline playa.

Cyanobacteria are predominant forms observed in pla-
yas both as periphyton and benthic mats. A total of six
species of cyanobacteria, two species of green algae and
22 species of diatoms were reported from Lake Carey, an
ephemeral inland lake from the arid region of Western
Australia. Vast majority of algae was periphyton or ben-
thic mat made of Schizothrix species . Dominance of ae-

rial forms in diatom flora has been observed in playas
and in South California'™. Aphanothece
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Figure 5. Extreme halophiles belonging to archaea colour the water
red in a ditch at the saline playa of Sambhar.
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halophytica, Synechocystis sp. and Dactylococcopsis sa-
lina are a few cyanobacteria described from the Great salt
Lake and the saline playas of the Thar desert'"'?”. Cyano-
spira ripkae and C. capsulatus have been reported by
Florenzano et al.'” from Lake Magadi. A number of fila-
mentous forms belonging to Oscillatoriales like Oscilla-
toria limnetica, O. neglecta, O. salina and Phormidium
ambiguum have also been reported from these environ-
ments. While these are representative of moderate halo-
philes, Asteromonas gracilis and Dunaliella can grow at
saturating concentrations of salt. As the lake water gets
concentrated, a number of phototrophic bacteria develop
beneath the cyanobacterial layer in anaerobic but lighted
zones. Ectothiorhodospira halochloris, E. abdelmalekii'™
and E. vacuolata'® have been described from Lake Magadi,
Owens lake and Searles lake. Chlorobium vibrioforme
has been reported from endorrheic lakes of Spain. Other
bacteria reported from these habitats are Natronobacte-
rium109, Natronococcus“o’m, Sarcina littoralis, Flavobacte-

.12 113
rium ~ and Halomonas magadi .

Epilogue

Microbiota of desert ecosystems is not only responsible
for the productivity, biogeochemical cycling of elements
and ecosystem balance®, but also for soil neogenesis and
improvement of soil structure. Painter''* and Sarig and
Steinberger''” accorded central significance to the capsular
and sheath proteoglycans produced by edaphic cyanobac-
teria in soil neogenesiss in deserts. Several microorganisms
support authigenic activity of particularly the calcic miner-
als. On the other hand, they are one of the major forces in
rock weathering and formation of soil. The former is also
important from the point of view of soiling and recon-
struction of historical monuments. Stress-tolerant diazo-
trophs, phosphate solubilizers and polymer-excreting
algae and cyanobacteria from arid regions catalyse stabi-
lization of sand dunes and change the barren and saline
soils of dry regions into arable lands''®.

Biopolymers can have uses as bioflocculants, bio-
surfactants, bioadhesives and lubricants. Accumulation of
organic osmotica as a strategy to tolerate water scarcity
under arid and saline habitat adds biotechnological value
to Dunaliella sp. for glycerol production. Production of
sheath pigments as gloeocapsin, fuscorhodin and fus-
cochlorin is known to enhance drought resistance''’. UV-
sorbing pigments like scytonemin allow them survival
under radiations of tropical sun. While the former may
lead to search of new pigments, the latter may be of use
in UV-screening creams and lenses.

Growing a particular species in outdoor ponds is always
fraught with dangers of contamination. But a few micro-
organisms can grow in case of arid lands where salty water
is often available, solar irradiation is generally plentiful
and land is not utilizable for conventional crops. There-
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fore such systems are most suited for mass cultivation of
single cell proteins, food, feed, fodder or extractable che-
micals of commercial value, viz. carotene, polyunsatu-
rated fatty acids, bioactive molecules and enzymes.

There appears no exaggeration in saying that the desert
though they appear devoid of life, possess a treasure of
microbiota having unique qualities that is yet to be explo-
red to realize its full glory.
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