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Soils play a key role in the terrestrial carbon (C) cycle by 1  Abiotic control of soil CO» efflux
storing and emitting large quantities of C. The impact of abi-
otic conditions (mainly soil temperature and moisture) on Temperature is one of the main drivers of soil C turnover and
soil C turnover is well documented, but unravelling the in- respiration, but the ways in which soil G@fflux responds to
fluence of these drivers across temporal and spatial scaleghanges in ambient temperature remain under debate (David-
remains an important challenge. Biotic factors, such as mi-son et al., 2006, Subke and Bahn, 2010). The response of
crobial abundance and diversity, macro-faunal food webs an&O; efflux to changes in temperature amplitude, rather than
below-ground plant (i.e. root) biomass and diversity, play anchanges in mean temperature, has received little attention,
important role in controlling soil C storage and emission, butand Sierra et al. (2011) demonstrate temperature sensitivity
remain under-investigated. To better understand the soil proof soil CO, efflux in response to temperature amplitude in
cesses underlying terrestrial C cycling, the interactions bedifferent biomes. Present temperature responses in global C
tween plants (autotrophs) and soil organisms (heterotrophsinodels are likely to include a bias in predictions where only
need to be addressed more explicitly and integrated witimean temperature changes, but not shifts in temperature am-
short- and long-term effects of abiotic drivers. plitude, are considered.

This special issue presents recent advances in field, lab- Combined temperature and moisture effects on soil C dy-
oratory, and modelling studies on soil C dynamics, with anamics are highlighted by the papers of Niidist al. (2011)
particular emphasis on those aiming to resolve abiotic ancand Nagy et al. (2011). Despite a dominant control of tem-
biotic influences. The manuscripts highlight three areas ofperature on soil C@efflux in a Finnish Scots pine forest,
investigation that we suggest are central to current and futurdNiinisto et al. (2011) show that summer drought has con-
progress in ecosystem C dynamic research: (1) novel intersiderable impacts on short-term fluxes. During mid-summer
pretations of abiotic controls on soil G@fflux, (2) legacy  When soil CQ efflux is at its seasonal peak, little or no tem-
effects of abiotic drivers of soil C dynamics, and (3) the in- perature response of soil G@fflux was observed, which
teraction between plant C dynamics and soil biological pro-may relate to seasonal changes in below-ground autotrophic
cesses. substrate supply to roots and associated microbes.

Using the flux-gradient technique, Nagy et al. (2011) show
the profound influence that precipitation events have on ap-
parent ecosystem respiration measurements by altering soil
porosity in the short-term. As soil profile measurements are
increasingly used to estimate soil €€fflux (e.g. Daly et al.,
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2009), there is a need to combine knowledge from soil diffu-lowing changes in vegetation will dominate soil géXflux

sion modelling with ecophysiological data in order to inter- changes compared to direct influences of climatic drivers.

pret profile measurements correctly, and enable appropriate De Deyn et al. (2011) demonstrate the rapid and close con-

quantification of diffusion in the field (Risk et al., 2008). nection between plant C assimilation and C flow to microbial
communities in grasslands, but show differences in plant al-
location and hence the fate of assimilated C among different

2 Legacy effects of abiotic drivers plant taxa. Therefore, shifts in species composition due to
changes in environmental factors or land management may

Keiser et al. (2011) provide evidence that the effect of re-impact C assimilation and turnover in grassland soils.

source history on soil microbial community function is main-  Finally, while most studies look at the dynamics of C

tained across time. Their findings suggest that microbial dy-fluxes or soil C stocks independently, Kuzyakov (2011)

namics should not be omitted from models of ecosystem prodemonstrates the power of incorporating both, advancing our

cesses, if we are to predict reliably global change effects orunderstanding of soil dynamics and resolving the disagree-

biogeochemical cycles. ments in the mean residence times of soil organic carbon de-

We still lack full mechanistic understanding of how tem- rived from pool-based and flux-based studies.

perature history affects current and future decomposition rate

of litter and soil organic matter. Wetterstedt aﬁ@ren

(2011) used data from a needle litter incubation experi-

ment to compare temperature responses of litter qualitie _ : - - i
to temperature-dependent decomposer efficiency. Their reﬁ_’he contributions to this special issue indicate that: (1) the

sults suggests that, when evaluating effects of temperatur\évays in which temperature _and moisture responses of S0 ;
. . N . O, efflux are obtained and implemented in models remain
changes on soil organic matter stability, it may be important . )
. ) ; - . areas that require more research; (2) legacy effects of temper-
to consider microbial efficiency, or changing substrate com- ) ; . : o
o L ature and resource history impact microbial functioning and
position, rather than the temperature sensitivity coupled to_ . . . e
: soil C turnover at different timescales; (3) quantifying plant
substrate quality. o :
below-ground allocation is key to a better understanding of
below-ground C dynamics; (4) the effects of plant species
composition and plant traits on below-ground processes re-
quire increased attention in future studies; and (5) future
studies should focus on integrating soil C dynamics across
r]dif“ferent time scales, from C{fluxes to C stocks changes.

4 Conclusions

3 Interaction of plant C dynamics and soil biological
processes
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