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ABSTRACT

In order to assess the potential of soils as C reservoir at regional scale, accurate estimates of soil organic carbon (SOC) are required, and
different approaches can be used. This study presents a method to assess and map topsoil organic carbon stock (Mg ha�1) at regional scale for
the whole Emilia Romagna plain in Northern Italy (about 12 000 km2). A Scorpan Kriging approach is proposed, which combines the trend
component of soil properties as derived from the 1:50 000 soil map with geostatistical modeling of the stochastic, locally varying but spatially
correlated component. The trend component is described in terms of varying local means, calculated taking into account soil type and
dominant land use. The resulting values of SOC, sand, silt, and clay contents are retained for calculating topsoil SOC stocks, using a set of
locally calibrated pedotransfer functions (PTFs) to estimate bulk density. The maps of each soil attribute are validated over a subset of 2000
independent and randomly selected observations. As compared to the standard approach based on the mean values for delineation, results
show lower standard errors for all the variables used for SOC stock assessment, with a relative improvement (RI) ranging from 4 per cent for
SOC per cent to 24 per cent for silt. The total C stock (0–30 cm) in the study area is assessed as 73�24� 6�67 M t, with an average stock of
62�30� 5�55 Mg ha�1. The SOC stock estimates are used to infer possible SOC stock changes in terms of carbon sequestration potential and
potential carbon loss (PCL). Copyright # 2010 John Wiley & Sons, Ltd.
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INTRODUCTION

Soils store more than twice as much carbon than vegetation

or atmosphere (Bellamy et al., 2005), and sustainable land

management practices need to be implemented in order to

reduce soil carbon losses and mitigate climate changes (Lal,

2004a, 2004b). Existing assessments of changes in soil

organic matter suggest that soil carbon stocks in croplands

undergo a general decline probably due to recent land use or

agricultural management changes, e.g., tillage practices or

manure use (Vleeshouwers and Verhagen, 2002; Leifeld

et al., 2005; Smith et al., 2005). Information regarding the

carbon content in Italian soils has been piecewise acquired

and implemented at different scales in a number of research

projects over the past 20 years, usually with the aim of

providing operative tools for land use planners and policy

makers. Additional data on soil organic carbon (SOC)

content have been more systematically collected to assess

the SOC stocks and prevent any decline, following the

European Commission’s adoption of the Soil Thematic

Strategy for Soil protection [European Commission, COM

(2006)231]. However, until present, a reliable broad scale

map is still lacking for most of the Italian regions; measures

on soil organic matter are indeed often taken by regional

extension services and related to productivity and fertilizer

recommendations. These measurements do differ with res-

pect to depth, frequency, and across categories of land use.

Furthermore, crucial information on bulk density may not be

available, while the lack in accuracy of bulk density data is

considered the most to blame for the error term in many SOC

estimates (Dawson and Smith, 2007).

The implementation of efficient carbon sequestration

strategies in agricultural soils demands then concepts adjust-

ed to local soil, climate, and management features in order to

identify the areas with different mitigation potential (Smith

et al., 2005). In a recent paper Ungaro et al. (2005)

quantified the spatial uncertainty of grouped soil organic

matter content (per cent), but no assessment of soil carbon
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