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INTRODUCTION

Guizhou is located in the centre of East Asian
karst area, one of the karst development areas in the
world, and has a karst area of 130 000 km? The
chemical weathering and pedogenesis are very active
in the karst regions in which the ecosystems are be-
lieved to be fragile (Yuan and Liu, 2003; Wang et al.,
1999; Lu, 1986). Multidisciplinary investigations were
conducted on the erosion and dissolution of carbonate
rocks and their environmental effects. Important
achievements were made, including the interaction
between karst environment and life activities, as well
as the role of karst ecosystem structure, function,
mechanism in improving the environment and in the
mitigation of rocky desertification (Zhang and Yuan,
2005; Yuan and Liu, 2003). However, the origins of
the Kkarst soil are still in highly debate; the mecha-
nisms proposed include the karst weathering
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metasomatism (Li et al., 1991), sedimentary soil-
formation (Wan, 1996), weathering residue (Wang et
al., 1999), filled soil (Zhu et al., 1996), and so on. It is
notable that the pedogenesis in carbonate regions is
more than a simple destruction and decomposition of
the parent rocks and a secondary mineral formation
and evolution because the carbonate rock itself con-
tains very little soil-forming materials. The existing
parlance is difficult to explain satisfactorily the major
source of soil materials in karst regions. Interactions
among rocks, soil, water, air and organisms are the
main soil-forming processes in karst areas. Knowl-
edge on the biological weathering of carbonate rocks,
especially the microbial weathering, is still less. We
present here some evidence and propose the role of
microbes in the pedogenesis processes in karst re-
gions.

MICROBIAL DIVERSITY ON CARBONATE
ROCKS

Exposed rocks could be a special habitat, such as
the surface in contact with air, and are featured by
enormous fluctuant environmental conditions, includ-
ing solar radiation, drought, nutrient deficiency and
temperature, but still many types of microorganisms
are present in the cracks and on the surface of the
rocks (Gorbushina, 2007). The rock microorganisms
described earlier are some photosynthetic and
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nitrogen-fixating autotrophic microorganisms, such as
algae, cyanobacteria and lichens. Later, some kinds of
heterotrophic bacteria and fungi were found on bare
rock surfaces, which are proposed to be pioneers of
rock weathering species too in some areas (Burford et
al., 2006, 2003; Gorbushina et al., 2003; Staley et al.,
1982). Globular bacteria and filamentous fungi, such
as Calothrix sp., Gloeocapsa sp., Nostoc sp., Sti-
gonema sp., Phormidium sp. and Scytonema sp., were
isolated from the surface of dolomite (Gorbushina,
2007). Some bacteria, fungi, lichens and algae were
identified or isolated from the surface of Triassic
limestone and dolomite in Guizhou, Southwest China
too (Fig. 1) (Lian et al., 2008).

Although the rock surface is not suitable for the
survival of microorganisms, autotrophic microorgan-
isms may be able to survive through photosynthesis
and N fixation, and heterotrophic microbes adopt sur-
vival strategy in symbiosis with autotrophic microor-
ganisms (e.g. lichen type fungi) or intercepting small
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soil particles in which nutrients were occasionally
brought in from air flow and rainwater (Viles and
Gorbushina, 2003). The rock microorganisms are thus
of collaboration or symbiosis, and different from soil
microorganisms commonly found in the relationship
of competition or predation. The main purpose of dif-
ferent microbial taxa is to retain water and gain lim-
ited trace nutrients to sustain life activities and popu-
lation continuity (Gorbushina, 2007; Sterflinger,
2000). These micro-organisms growing on the surface
of rocks in the acute shortage of nutrients can bore
into the rock to form a small cave or tunnel (Fig. 2),
strengthening the colonization on the rock surface, and
to form the rapidly expanding biofilm or biological
crust under appropriate conditions (such as suitable
temperature and humidity) (Lian et al., 2008; Jong-
mans et al., 1997). Prokaryotic microorganisms found
on the rock surface usually have the spores and ex-
tracellular polysaccharides to protect cells against ad-
verse environment and to maintain water.

Figure 1. Microbes including lichens on the surface of Triassic carbonate rocks in Guizhou.
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Figure 2. Scanning electron microscope images showing mycelium and bio-boring (a) and possibly pro-

karyotic cell backbone (b).
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SOIL-FORMING AND MICROBIAL ACTIVITY

Normally, the carbonate rocks are enriched in Ca,
Mg and lack of Si, Al, and Fe, but soil inorganic sub-
stances are mainly Si, Al, Ca, Mg, Fe, etc.. Pure car-
bonate rocks alone can thus not be weathered to sup-
ply a large number of soil materials. Although carbon-
ate rocks in nature are not pure enough, and more or
less contain some clay to form muddy carbonate or
mixed rock types, the carbonate rocks in the karst re-
gions are dominant, and the role of microorganisms
can not be ignored on the rock erosion and the contri-
bution to the soil material in karst areas.

The microorganisms in karst areas erode the
rocks by micro-colonies, biofilms, and biological crust
on the rock surface or in micro-cracks through the
chemical degradation (organic acids secreted by the
microbial metabolism to promote calcium carbonate
dissolution and weathering), the biological effect (the
mineral particles are broken due to microbial growth
by such as fungal hyphae interspersed to the mineral
particles, which generates more easily eroded surface)
and the enhanced erosion by metabolites or enzymes
(microorganisms secrete enzymes such as carbonic
anhydrase enzymes etc.) to speed up the weathering of
calcium carbonate (Dou and Lian, 2009; Chen et al.,
2008; Ding and Lian, 2008; Lian et al., 2008; Yu et al.,
2004). Microbial weathering of carbonate rocks pro-
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duces a large number of residual minerals, secondary
minerals and organic components in a long time dura-
tion, providing a source of soil material in the karst
areas. In addition, autotrophic microorganisms in the
microbial community (micro-colonies, biofilms, and
biological crust) on the rocks can fix N and C ele-
ments from the air, and become the main producers of
primary products on the rocks (Gorbushina, 2007; Cao
and Yuan, 1999). Furthermore, microorganisms,
biofilms and biological crust can also capture, inter-
cept or absorb dust and soil particles brought in by air
flow and rain, and use these particles to maintain lim-
ited life activities, producing more soil materials. Fig-
ure 3 shows possible pathways in which microorgan-
isms are involved to form karst rocky soil.

To sum up, soil material is composed of not only
the residual minerals after weathering, but also the
organic materials photosynthesized or N-fixed by mi-
croorganisms as well as the microbially captured par-
ticles from water, eolian dust and atmospheric aero-
sols. A long time accumulation of these materials from
diverse processes shown above would lead to the pro-
gressive rock fragmentation and the formation of
thicker soil particles, which in turn develops a diver-
sity of microbial populations, and the emergence of
biological succession.
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Figure 3. Geomicrobiological processes to form soil materials in karst regions.
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CONCLUSIONS

Not all the soil materials in Kkarst areas come
from the local rock weathering processes. Geomicro-
biological processes within the long time duration will
also contribute these materials; they include the ag-
gregation of biological reproduction (from micro-
colonies to the larger biofilms), microbial photosyn-
thesis and biological nitrogen fixation, micro-colonies
or biofilms sequestration to foreign substances. Mi-
crobes on the rocks play an irreplaceably important
role in providing soil materials, associated with
non-biological processes of chemical weathering and
geological processes.
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