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Abstract The annual fixation of dissolved Si (DSi)

into terrestrial vegetation has been estimated to range

from 60 to 200 Tmole, or 10–40 times more than the

yearly export of DSi and biogenic Si (BSi) from the

terrestrial geobiosphere to the coastal zone. Ecosys-

tems form a large filter between primary mobilization

of DSi from silicate weathering and its eventual

export to the oceans, and a large reservoir of BSi

accumulates in aquatic and terrestrial ecosystems.

Although a number of synthesis activities within the

last decade have discussed biological transformations

in the terrestrial Si cycle, the timescales at which BSi

is stored and recycled within ecosystems, BSi

persistence and reactivity throughout soil profiles,

the dependence of the BSi storage and recycling on

ecological processes, the feedbacks to hydrology, the

interaction with man’s activities and ultimately the

global relevance in Si budgets are poorly constrained.

Here we discuss 5 key controls on the ability of

ecosystems to filter and control the export of DSi:

ecosystem biodiversity, BSi dissolution rates and

reactivity, hydrology, interaction with the geosphere

and anthropogenic impacts. These controls need to be

further studied to better quantify the global and local

importance of the terrestrial biogeochemical Si cycle

and specifically the BSi reservoir in ecosystems.

Keywords Biogenic silica � Ecosystems �
Biodiversity � Nutrient cycling � Hydrology �
Reactivity � Weathering � Anthropogenic influences

Introduction

Traditionally transport of dissolved Si (DSi) from the

continents through ecosystems to rivers and eventu-

ally the coastal zone has been considered a strict

geochemical process controlled solely by the chem-

ical weathering of silicate minerals (e.g. White and

Blum 1995). Under this assumption the eventual

export of DSi to the oceans is controlled by the

relatively slow weathering processes involving pri-

mary and secondary silicate minerals. However, this

assumption of steady-state is violated by the impor-

tant role of vegetation in terrestrial ecosystems

(Bartoli 1983). The annual fixation of DSi into

terrestrial vegetation has been estimated to range

from 60 to 200 Tmole, or 10–40 times more than the

yearly export of DSi and suspended biogenic Si from

the terrestrial geobiosphere to the coastal zone

(Conley 2002). Ecosystems thus form a potentially

large filter between primary mobilization of DSi from
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weathering and eventual export to the oceans. Conley

(2002) hypothesized that biological recycling of DSi

is the main driver determining the size of continental

Si fluxes. The amorphous form in which Si occurs in

biota (biogenic Si, further referred to as BSi) is

several orders of magnitude more susceptible to

dissolution than mineral silicates (Van Cappellen

2003). Recent budget studies on basaltic watersheds

in Hawaii (Derry et al. 2005), in forested watersheds

(Fulweiler and Nixon 2005), in forests (Gérard et al.

2008) and boreal wetlands (Struyf et al. 2010a) have

confirmed the biologically controlled export of DSi

from the continents, with 30–90% of all DSi fluxes

linked to ecosystem BSi pools.

Although a number of synthesis activities within the

last decade have discussed biological transformations

in the terrestrial Si cycle (Clarke 2003; Conley et al.

2006; Sommer et al. 2006; Street-Perrott and Barker

2008; Struyf and Conley 2009; Struyf et al. 2010b), the

timescales associated with BSi storage and recycling

of Si in soils, the persistence and reactivity of BSi

throughout the soil profile, the dependence of storage

on ecological processes, the feedbacks to hydrology,

the interaction with man’s activities and ultimately the

global relevance of BSi storage and recycling in Si

budgets are poorly constrained.

Here we aim to identify the major gaps in our

understanding of biogeochemical Si processing in

terrestrial ecosystems. Through identification of key

controls in the biogeochemical Si cycle, we hope to

inspire research focusing on the intricate interactions

between ecological, biological, chemical and physi-

cal processes controlling the global Si cycle. The

impact of ecosystems on weathering intensity of

silicate minerals, the role of ecosystems as filters in

continental Si transport and the relative magnitude of

the biologically controlled Si cycle compared to basic

weathering should be a focus of future research

efforts. We feel this can be achieved by addressing 5

key controls on ecosystem BSi cycling: ecosystem

biodiversity, BSi dissolution rates and reactivity,

hydrology, interaction with the geosphere and anthro-

pogenic impacts. This is not purely an academic

question. The Si cycle is closely connected to the

carbon cycle (Street-Perrott and Barker 2008). Min-

eral weathering of silicates is an important sink for

atmospheric CO2: incomplete knowledge of the

ecosystem Si filter impedes the accurate quantifica-

tion of this sink. Moreover, the import of Si into

coastal zones from the terrestrial environment is

essential to sustain diatom growth. Diatoms play a

key role in the oceanic C-sink and eutrophication of

coastal zones (Rabosky and Sorhannus 2009).

The key controls

Nutrient cycling in soils is controlled by four key

processes: external nutrient input, nutrient export,

internal nutrient translocation and nutrient transfor-

mations (e.g. Sommer et al. 2006). Mineral weath-

ering of primary and secondary silicates constitutes

the prime external source of DSi to ecosystems

(Fig. 1). Plant uptake translocates DSi to BSi and is a

key factor determining the uptake into the ecosystem

Si reservoir. Other important biogenic pools are

diatoms, sponges and testate amoebae (Clarke 2003;

Aoki et al. 2007). We will discuss the factors that

current research indicates are the main controllers of

the processes occurring within the ecosystem BSi

reservoir; these factors will ultimately determine its

importance in global Si cycling. We have not

incorporated climate as a specific factor, although

the impact of climate will be indirect through the key

factors we identified. Climate will impact hydrology,

ecosystem diversity, dissolution rates (through pH

and temperature) and silicate mineral weathering.

Understanding the effect of climate on the ecosystem

Si filter will therefore require a thorough understand-

ing of the effect of the key factors.

Ecosystem biodiversity

We hypothesize that the magnitude and the size of the

ecosystem Si reservoir will be strongly dependent on

the occurrence of organisms specialized in the

biological processing of Si. This may sound obvious,

but surprisingly few studies have actually focused on

biological Si storage and cycling at the ecosystem

scale. Strong variability exists in plant biomass Si

concentrations (Hodson et al. 2005). BSi concentra-

tions in aboveground biomass can impact directly on

the BSi storage in ecosystem soils (e.g. Struyf et al.

2009). Other Si accumulating organisms also impact

soil BSi content, especially sponges and diatoms in

wetlands and in wet soils (Struyf and Conley 2009)

and testate amoebae in forest soils and wetlands

(Cary et al. 2005; Aoki et al. 2007). Increased diatom
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abundance during periods characterized by a transi-

tion in vegetation in Northern peatlands led to

pronounced storage peaks of BSi in soil profiles

(Kokfelt et al. 2009). Quantification of BSi (or

amorphous Si, ASi, see ‘‘Dissolution rates and

reactivity’’ section) storage on the ecosystem scale

is needed, but has been performed in only a small

number of studies (Table 1), e.g. forest systems (e.g.

Bartoli 1983; Conley 2002; Gérard et al. 2008), a

limited number of grasslands (Blecker et al. 2006)

and a small set of wetland types (Struyf and Conley

2009). Recent research has also indicated the capacity

of wetland and aquatic macrophyte communities to

store BSi (Struyf et al. 2005; Schoelynck et al. 2010).

Ecosystem Si storage can directly impact

watershed scale Si fluxes. A rare case study was

described for an African mountain lake where the

development of high biomass vegetation dominated

by grasses led to decreased DSi fluxes from the

surrounding catchment into the lake, while nutrient

poor vegetation in the catchments led to higher input

of DSi into the lake (Street-Perrott et al. 2008). A

similar observation was made in a Northern Sweden

peatland-lake continuum (Kokfelt et al. 2010).

Quantitative mass-balance studies are necessary to

improve our estimates of BSi storage and cycling

within terrestrial ecosystems. However, the focus

should now also shift to the impact of ecological
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Fig. 1 Key aspects in the ecosystem BSi filter represented in a

generalized ecosystem soil profile. In soils, ASi consists of

both BSi and pedogenic ASi (see ‘‘Dissolution rates and

reactivity’’ section). Key aspects as identified in the manuscript

text are presented. Full arrows indicate hydrology related

fluxes, dotted arrows represent impacts
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processes on local BSi storage. We hypothesize that

research focusing on connections between ecosystem

biodiversity and the ecosystem BSi reservoir could

well reveal that species’ effects can be more impor-

tant than abiotic factors, e.g. weathering and climate,

in controlling ecosystem BSi storage, as was previ-

ously observed for other nutrients (Hobbie 1992). We

hypothesize that the increased storage of BSi in soils

will favour dominance of Si accumulating plants. BSi

concentrations in aboveground biomass can impact

directly on BSi storage in ecosystem soils (e.g. Struyf

et al. 2009). Accumulation of BSi in soils will

increase DSi availability in soil water (Farmer et al.

2005; Struyf et al. 2009), due to the high solubility of

BSi. Si-accumulators’ ability to concentrate BSi in

soils effectively engineers the accumulators’ envi-

ronment and increases their potential fitness, by

creating a soil solution rich in a key nutrient. Uptake

of Si by grasses and other accumulators positively

impacts their competitive strength, and provides

protection against several stress factors such as

pollution, drought and physical damage (Richmond

and Sussman 2003; Epstein 2009). Wetlands are a

good example; they are rich in grasses and sedges and

their occurrence is positively linked to BSi storage

and DSi availability in soils (Struyf et al. 2009). A

similar mechanism could be true for grass tussocks

where tussocks potentially alter Si availability for

grasses by recycling of BSi to DSi even before

reaching the soil profile (as observed for other

Table 1 Studies reporting soil ASi pools in different terrestrial ecosystems excluding lakes

Studies Location Vegetation Climate Soil type

(USA)

Parent

material

ASi Pool

(kg SiO2

ha-1)

Details

Bartoli (1983) Voges Mountains

(France)

Deciduous

forest

Temperate Dystrochrept

(acid brown)

Sandstone 963 Phytoliths

content

Coniferous

forest

Temperate Podzol Sandstone 2996 Phytoliths

content

Alexandre

et al. (1997)

Mayombe Range

(Congo)

Rain forest Equatorial Saprolite Schist,

quartzite

42158 Labile

phytoliths

content

Rain forest Equatorial Saprolite Schist,

quartzite

14766 Stable

phytoliths

content

Markewitz and

Richter

(1998)

Calhoun

Experimental

Forest (USA)

Coniferous

forest

Temperate Kanhapludults Granite,

gneiss

6538 Forest floor (Oi,

Oe, Oa

layers)

Meunier et al.

(1999)

Reunion Island

(Indian Ocean)

Tropical forest Tropical Andisol Volcanic ash 363800 Single

phytolith-rich

soil layer

Struyf et al.

(2005)

Schelde Estuary

(Belgium)

Freshwater

marsh

vegetation

Temperate Mudflats Sediments 32100 ASi in upper

30 cm of

sediment

Blecker et al.

(2006)

Great Plains (USA) Mixed grasses Temperate Mollisol Sedimentary,

loess

103790 Phytoliths

content

Great Plains (USA) Short grass Temperate Mollisol Sedimentary,

loess

67410 Phytoliths

content

Great Plains (USA) Tall grass Temperate Mollisol Sedimentary,

loess

32742 Phytoliths

content

Saccone et al.

(2008)

Hubbard Brook

Experimental

Forest (USA)

Deciduous and

coniferous

forest

Continental Spodosol Mica schist 17400 Total ASi

content in

watershed

Struyf et al.

(2010a)

Muddus National

Park (Sweden)

(Sub)arctic

wetland

(Sub)arctic Peatland Granite,

gneiss,

schist

12000 ASi in top

50 cm
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nutrients, e.g. Jonasson and Chapin 1991). Grasses

are well-known to exert a strong influence on cycling

and storage of other nutrients in soils, with impact

greater than expected based on their biomass contri-

bution to communities (McLaren and Turkington

2010).

Another link between ecosystem engineering and

Si accumulation in plants has recently been shown

for the aquatic species Nuphar lutea (spatterdock)

(Schoelynck et al. submitted). In this species, the

underwater leaves create a low-dynamic environment

ideal for the effective floating of the surficial

photosynthesizing leaves. BSi storage in the under-

water shoots and leaves is highest, when water

current is highest. Si is thus directly stored to increase

resistance to physical damage and to create a suitable

living environment. This raises questions whether

other ecological adaptations might also alter Si

storage in ecosystems. Studies focusing on ecological

adaptations and BSi storage, will surely lead to the

discovery of BSi storage gradients which are cur-

rently unaccounted for.

Patterns in plant BSi storage can also have a

significant impact on ecosystem functioning. Grasses

are well-known to employ Si-based defences against

herbivores (McNaughton and Tarrants 1983; Massey

et al. 2007). Recent work in Kielder Forest in

northern England indicates that BSi defences in

grasses play a key role in field vole (Microtus

agrestis) populations (Massey et al. 2008). Grass-

feeding mammals such as voles show dramatic

population cycles which population ecologists have

tried to understand for decades. Massey et al. (2008)

now show that declining vole populations were

associated with high BSi content in the grass species

Deschampsia caespitose (tufted hair-grass), their

winter food plant, while increasing vole populations

occurred when BSi content in the grass was low. This

is a dramatic example of how BSi content in

vegetation serves as an ecological adaptation, and

how changing environmental pressures may thus

strongly alter Si uptake in the ecosystem BSi

reservoir.

Dissolution rate and reactivity

Knowledge regarding the variability of BSi reactivity

through soil profiles and across ecosystems is key to

understanding the functioning of the ecosystem BSi

reservoir, and should receive immediate attention

from biogeochemists. Numerous BSi dissolution

studies have been conducted for coastal, estuarine

and oceanic diatom BSi in particulate matter and

sediments, highlighting the importance of ambient

DSi-concentrations and of external factors (pH,

salinity) (e.g. Yamada and D’Elia 1984; Van Cap-

pellen et al. 2002; Truesdale et al. 2005; Moriceau

et al. 2007; Loucaides et al. 2008) on BSi reactivity.

Despite all these processes affecting dissolution and

preservation rates of BSi, BSi reactivity in terrestrial

samples remains literally unstudied. This is partly

attributable to the fact that terrestrial BSi storage is

currently studied using simple alkaline extraction

methods (DeMaster 1981; Saccone et al. 2007) or

estimated from phytolith extraction (Alexandre et al.

1997), providing little insight in its composition and

reactivity. Yet, as in the coastal environment, one

expects a strong effect of ambient variables (temper-

ature, pH) on the dissolution of terrestrial BSi.

Studies combining quantification of BSi dissolution

rates and its microscopic identification will poten-

tially link key control one, ecosystem biodiversity, to

key control two, reactivity.

We hypothesize that large reactivity gradients for

BSi exist across ecosystems, but also within ecosys-

tems. BSi is deposited by a diverse collection of

organisms including diatoms, sponges, testate amoe-

bae and plants (as phytoliths). Experimental studies

have shown that structural changes to the BSi can

affect the dissolution rate, and this directly affects its

recycling and preservation in earth surface environ-

ments (Loucaides et al. 2010). Aluminum substitution

into the surface matrix of BSi increases its preserva-

tion efficiency (Van Cappellen et al. 2002) and is an

important mechanism for preservation of BSi in

marine sediments. There is also a range of pedogenic

amorphous materials in soils (Conley et al. 2006)

ranging from allophanes, imogolites to clay minerals

that differ greatly in their structure and reactivity

(Sauer et al. 2006; Sommer et al. 2006). These can

interfere with extraction procedures and BSi has been

referred to as ASi (amorphous Si, the sum of biogenic

amorphous Si and pedogenic amorphous Si). It is

indeed important to realize that current alkaline

extraction techniques are unable to distinguish such

non-biogenic ASi fractions from BSi (Saccone et al.

2007) and non-biogenic fractions could be a sub-

stantial component of extracted Si in some soils

Biogeochemistry (2012) 107:9–18 13
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where non-biological ASi fractions dominate (Lee

and Gilkes 2005). A reliable, yet easily performed

method that could distinguish between both BSi and

pedogenic ASi fractions, would be a great asset to our

understanding of the ecosystem BSi reservoir.

It is also likely that micro-organisms will impact the

dissolution and/or the retention of BSi in ecosystem

soils. Microbial communities influence a range of

different soil functions, including organic matter

decomposition (Nannipieri et al. 2003), nitrogen

fixation, carbon fixation and related trace gas fluxes

(Conrad 1996). Bacterial microfilms have been asso-

ciated with the formation of secondary Fe- and

Al-silicates (Konhauser and Urrutia 1999) and bacteria

are well-known to impact diatom BSi dissolution in

coastal ecosystems (Bidle et al. 2003), by removing

organic coatings from diatom frustules in seawater. A

similar role is likely important in the terrestrial

biosphere, especially when physical dissolution fluxes

are slowed down due to high ambient DSi concentra-

tions. Fungi could play a similar role, with fungi

playing a key role in the weathering of mineral silicates

(Landeweert et al. 2001; Bonneville et al. 2009). Still,

we know of no studies that have investigated effects of

either fungi or microbial communities on terrestrial

ecosystem soil BSi storage.

Hydrology

Hydrology by definition controls water fluxes through

ecosystems and hence the potential DSi export. The

terrestrial biosphere can be seen as a series of

interconnected spatially distributed subsystems

(Fisher et al. 1998). These subsystems are distributed

both horizontally (adjacent ecosystems, uplands and

wetlands…) and vertically (litter, soil, sediment,

bedrock…) and hydrology mediates material fluxes

between the different subsystems. Although dust-

related transport of Si exists between terrestrial and

ocean ecospheres (Tréguer et al. 1995), this is only a

minor fraction of BSi in the terrestrial biosphere, with

the major part of ecosystem BSi either dissolving into

soil water or remaining buried in ecosystem soils.

The impact of hydrology is even more intricate if one

considers that recycling of BSi to DSi is positively

correlated to ambient DSi concentration (Rickert

et al. 2002; Truesdale et al. 2005). Longer water

residence time will allow higher DSi concentrations

to develop in soil water and will slow down the actual

dissolution processes. Ground water table and hydrol-

ogy also partly control ecosystem biodiversity and

hence impact on potential DSi uptake into the

biological BSi buffer. Hydrologists have already

taken advantage of the fact that different flow paths

produce distinct Si concentrations, and have therefore

used DSi as a hydrologic tracer (e.g. Hornberger et al.

2001; Scanlon et al. 2001). During snow-melt or

precipitation related high-discharge events (Smed-

berg et al. 2006; Smis et al. in press), DSi concen-

trations drop due to dilution.

Quantification and qualification of flow paths of

DSi through ecosystems via different hydrological

pathways (leaching, surface flow, lateral flows)

should be coupled to ecosystem BSi balances. This

is a necessary prerequisite to understand the residence

time of BSi in ecosystem soils. The effect of

hydrology on BSi storage and recycling within soils

could be addressed by focusing on hydrological

gradients within ecosystems and by conducting

experiments artificially impacting hydrology, thus

providing an understanding how changing flow paths

will alter BSi storage in ecosystems.

Addressing issues of the influence of hydrology

will allow us to quantify key factors that land cover

changes have on Si fluxes. For example, impervious

cover in urban landscapes has been shown to alter the

base-flow to surface run-off ratio as well as increased

erosion in urban landscapes (Loucaides et al. 2007).

Understanding changing hydraulic pathways is essen-

tial to increase our understanding of ecosystem Si

filtering with human alteration of landscapes (see

‘‘Anthropogenic influences’’ section).

Interaction with the geosphere

The weatherability of silicate containing minerals, as

well as the pedogenic ASi and the BSi content of

soils, will determine how much DSi is available for

biogeochemical cycling in an ecosystem (Conley

et al. 2006). On a global scale lithology is an

important component describing Si fluxes with vol-

canic material in the watershed a key parameter

determining the export of DSi (e.g. Beusen et al.

2009). However, we can not understand the role of

the mineral Si cycle solely from the perspective of the

lithology. Different mineral pools of Si develop over

time, especially with soil formation, with different

solubilities and reaction rates because of their

14 Biogeochemistry (2012) 107:9–18
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chemical and mineralogical composition (Sauer et al.

2006). We need a better understanding of the range of

pedogenic ASi fractions and their reactivity in

terrestrial environments (see ‘‘Dissolution rates and

reactivity’’ section) including the role of parent

material in providing the initial substrate for pedo-

genic ASi formation.

Recent research has shown that tropical vegetation

can differ in isotopic Si content, depending on the

weathering stage of the parent material, indicating a

direct link between vegetation Si and weathered Si

(Opfergelt et al. 2008; Henriet et al. 2008). Impacts of

morphoclimate zonation on the size of the ecosystem

BSi reservoir is expected with weathering rates and

weathering stage differing between tropical and

temperate regions. In an exhaustive review, Cornelis

et al. (2010) hypothesize a tight link between

weathering and Si fluxes from the soil–plant system.

Further studies are especially needed in soil–plant

systems at high latitudes, as global change will most

strongly impact temperature, hydrology and vegeta-

tion in these regions (Cornelis et al. 2010), and in

systems with high weathering rates, since most

studies focused on the biological control on Si

cycling and export in highly weathered tropical

systems with a low availability of mineral-derived Si.

Anthropogenic influences

We hypothesize that anthropogenic disturbances in

landscapes will strongly impact the ecosystem BSi

processing, as they will affect the key factors

identified here. Before the impact man, ecosystem

BSi was widely distributed (Struyf et al. 2010a). For

example, a typical West-European floodplain would

consist of a mosaique of deciduous forest, grasslands,

heathlands, with wetlands in the riverine floodplain.

In the current anthropocene, man-made ecosystems

appear, such as croplands and pastures, and urban

landscapes with roads, villages and cities, with

floodplains drained and diked. The remaining eco-

systems are now only isolated BSi hot-spots. In the

new ecosystems, uptake of BSi into the soil BSi

reservoir will be absent or reduced since urban areas

have limited ability to take up DSi into vegetation,

cropland and pastures have reduced soil accumula-

tion, and BSi in vegetation is removed frequently

through harvesting. Increased soil erosion in defor-

ested areas can result in the loss of the bio-active soil

layers and remove the high BSi concentrations found

in surficial soils (Saccone et al. 2007). Land-use by

humans also changes hydrological flow paths, by

increasing surface flows, decreasing precipitation

infiltration and increasing river canalization. Changes

in precipitation patterns as expected with climate

change (increased importance of event-like, intense

precipitation) will increase surface run-off and top-

soil erosion reducing BSi in surface soils (Conley

et al. 2008; Struyf et al. 2010b).

The spatial distribution of BSi hotspots in the

landscape is important to BSi storage and recycling.

Riparian wetlands, for example, have a well-known

buffering effect on the nitrogen and phosphorus

cycle, but also on the Si cycle (Struyf and Conley

2009). The age of the ecosystems will equally be an

important factor with older systems building up a

significant BSi reservoir in soils, which might differ

strongly in function and biomass from younger, less

developed ecosystems.

Whether land-use impacts by humans will induce a

net increase or reduction of Si fluxes depends on the

combination of key controls we identified. This change

adds to other anthropogenic impacts on Si fluxes

through the riverine continuum. Important reductions

in riverine Si transport have been observed by deposi-

tion in reservoirs. Damming of rivers leads to increased

trapping of BSi in the lake sediments, reducing down-

stream transport of Si (Humborg et al. 1997).

Conclusions

Budget studies that do not incorporate the influence of

terrestrial biological Si storage and processing are

biased in deducting the origin and size of Si fluxes and

the associated carbon sinks (e.g. Wolff-Boenisch et al.

2009; Gao et al. 2009; Noh et al. 2009). We realize

such recent studies are currently based on best

available knowledge. Increasing our knowledge on

the mechanisms of the ecosystem Si filter, and

quantifying its importance in global Si budgets, is

therefore essential to avoid potential bias. Accurately

quantifying human influence on the ecosystem Si filter

is also necessary in models of coastal productivity

(Conley et al. 1993; Laruelle et al. 2009). An estimate

of past Si fluxes to the coastal zone is impossible

without a good concept of biological Si buffering

along the land–ocean continuum. As small changes in
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nutrient input parameters can have complex results for

productivity (Denman 2003), incorporating knowl-

edge on the ecosystem Si filter in models for

continental Si mobilization could shed new light on

our concept of eutrophication and associated shifts in

coastal phytoplankton (Cloern 2001). The same holds

true for the carbon pump in the ocean, which is

controlled by the burial of diatoms in the deep ocean.

The silica-associated carbon pump partly is dependent

upon the annual input of terrestrial Si into the coastal

zone and eventually the ocean (Tréguer et al. 1995;

Laruelle et al. 2009).

We encourage research focusing on our key

topics—ecosystem biodiversity, BSi dissolution rates

and reactivity, hydrology, weatherability of parent

material and anthropogenic landscape impacts—to

better quantify the global and local importance of the

terrestrial biogeochemical Si cycle, and especially the

ecosystem Si filter. Research focusing on these

topics, both individually or on synergetic effects,

will allow us to constrain the timescales at which

biological Si storage and recycling is occurring, its

persistence and reactivity throughout the soil profile,

its dependence on ecological processes, its feedbacks

to hydrology, its interaction with man’s activities and

ultimately its global relevance in Si budgets.
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