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ABSTRACT

The effect of changing land uses on the organic soil carbon (C) stock and the soil C
transported by water erosion and buried in depositional wedges behind check-dams was
estimated in a Mediterranean catchment in SE Spain. The 57 % decrease in agricultural areas
and 1.5-fold increase of the total forest cover between 1956 and 1997 induced an
accumulation rate of total organic carbon (TOC) in the soil of 10.73 g m? yr'. The mineral-
associated organic carbon (MOC) represented the 70 % of the soil carbon pool, the particulate
organic carbon (POC) represented a 30 % of the soil carbon pool. The average
sediments/soil enrichment ratio at the subcatchment scale (8-125 ha) was 0.59 +0.43 g kg™".
Eroded soil C accounted for between 2 % to 78 % of the soil C stock in the first 5 cm of the
soil in the subcatchments. The C erosion rate varied between 0.008 and 0.2 t ha™ yr'.
Observed changes in land use (decrease in agricultural areas) reduced soil C erosion,
although sediments from non-agricultural sources are richer in organic C. At catchment scale
from the 4 % of the soil C stock mobilized by water erosion, 77 % is buried in the sediment
wedges behind check-dams. Soil C replacement due to increased vegetation cover between
1974 and 1997 represented a 36 % of the original soil organic C stock. All together represent
an erosion-induced sink of soil organic C of 40 % compared to the original levels of 1974. We
can conclude that the catchment is behaving as a soil C sink within the soil erosion subsystem
as a consequence of the changes on the land use pattern that took place since the 1950’s.
The meaning of this erosion-induced C sink in a wider C balance which takes into account soll
respiration remains uncertain.
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INTRODUCTION

Budgets of organic C at the catchment scale are scarce and the results diverse. Soil organic C
erosion rates at this scale are estimated at 0.07 t C ha™' yr' (Mississipi basin, direct
estimations, Smith et al., 2005), 0.02-0.218 t C ha™ yr' (Albergel et al., 2006, small semiarid
catchments, direct estimations), 0.113 t C ha” yr' and between 0.03-0.212 t C ha™ yr"
(Jacinthe et al., 2004 and lzaurralde et al., 2007, respectively, direct estimations, in small
watersheds with 950 mm annual average precipitation) and 0.1 t C ha™ yr' (Smith et al., 2007,
modeled results). Sequestration rates by erosion processes have been estimated at 0.03-0.1 t
C ha™ yr' (Van Oost et al., 2005). Other authors talk about C storage rates in eroded
sediments within catchments of 0.11 t C ha” yr' (Haregeweyn et al., 2008). These rates are
lower than the recently estimated burial rates of organic C in agricultural impoundments
suggested by Downing et al. (2008), who mention figures ranging from 1.48 to 170 t C ha yr™.
In recent years has been demonstrated that sediments in depositional environments and at
different spatial scales may bury substantial amounts of soil C derived from soil erosion
processes, and even control atmospheric C dioxide levels on geological timescales (Galy et
al., 2007).
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Another crucial process able to drastically alter the soil C stock at the catchment scale is large
scale land use changes. The review of Guo and Gifford (2002) pointed to a decrease of 59 %
in SOC due to a change from pasture to crop land. An increase of more than 50 % in soil C
storage was reported by Dawson and Smith (2007) after the conversion from arable to forest
land. At regional scales, Vagen et al. (2005) report a decrease from 0 to 63% of soil organic C
following deforestation in subhumid and semiarid savannas. In China reductions of 10 % to 40
% of the soil C in cultivated soils compared with the non-cultivated soils have been reported,
the soils showing the highest losses being located in the semiarid and subhumid areas of that
country (Wu et al., 2003).

In this work we present a summary of the changes in soil C stock induced by land use
changes over a period of 41 years and estimations of the soil C mobilized and buried in
sediments over a period of 27 years at the catchment and subcatchment scales. A detailed
and deeper analysis of these results can be seen in Boix-Fayos et al. (in press).

STUDY AREA AND METHODS

The study was carried out in the Rogativa catchment (province of Murcia, SE Spain, 38° 08’ N,
2° 13’ W). The catchment has a size of 47.2 km? , with a subhumid Mediterranean climate, 583
mm of average annual rainfall and average annual temperature of 13.3° C. The dominant
lithology consists of marls, limestones, marly limestones and sandstones of the Cretaceous,
Oligocene, and Miocene (IGME, 1978). Mountains are mainly limestones, while mid and
bottom valley locations are dominated by marls. The catchment experienced hydrological
correction works in the mid 1970’s, consisting of reforestation and construction of 58 check-
dams. In addition the Rogativa catchment has undergone important land use changes since
1956, the forest cover increasing and the dry land agricultural area decreasing. The effect of
land use changes and check-dams on the channel morphology and in the sediment yield
exported at catchment scale were analysed and described in detail in Boix-Fayos et al. (2007)
and Boix-Fayos et al. (2008).

At the catchment, the soils (50 sampling locations) at the drainage area of several
subcatchments (7) were sampled as well as the sediments retained by check-dams at the
outlet of the subcatchments. Buld density, total organic carbon (TOC), particulate organic
carbon (POC) and mineral associated organic carbon (MOC) were determined in soils and
sediments. GIS analysis was used to explore characteristics of the subcatchments. All details
over the study area, sampling strategy, laboratory analysis and GIS procedures can be seen
in Boix-Fayos et al. (in press).

RESULTS AND DISCUSSION

The TOC stock in the soil gradually decreases from the high density forest, to the low density
forest, followed by pasture, shrubland and dry land agricultural soils. The values vary between
14194896 g m? and 457+201 g m™ for high density forest and agricultural soils, respectively.
These values are within the range of values estimated for other areas in the same region
(Martinez-Mena et al., 2008).

The MOC is the main pool of soil C for all land uses, the dry land agricultural soils having the
highest MOC pool (80 %) and the shrubland soils the lowest (67 %). The POC pool represents
between the 20 % and the 33 % of the TOC in the dry land agricultural and shrubland soils,
respectively.

The TOC co1ncentration in the sediments varies from 0.7 g kg™ to 35.16 g kg™ with an average
of 9.61gkg™.

Enrichment ratios (sediments/soil) for the TOC concentration vary between 0.35 and 0.89, with
an average of 0.59+0.43. These enrichment ratios are lower than most of those reported in the
literature referring to recently exported sediments due to water erosion at finer scales (plot
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scale) (Owens et al., 2002, ER= 1.5 in small watersheds <0.8 ha; Quinton et al., 2006 ER=2.6-
4.5 in plots 25 x 30 m; Martinez-Mena et al., 2008, ER= 1.91-2.38 in plots 8 x 2 m). The
sediments retained by the check-dams include suspended and bedload sediments. Sediments
may originate from superficial soil horizons through sheet and rill erosion but also from deeper
soil layers removed by gully erosion. All these factors result in a lower ER than that derived
from measurements at finer spatial and temporal scales (event-based).

Table 1. TOC mobilized by water erosion, total erosion and organic carbon stock of the original soils at the
subcatchment scale

Subcatchments TOC stock (upper TOC mobilized by TOC Ratio TOC % Eroded TOC of
5 cm of soil) (t)* water erosion® (t) erosion erosion/ the original soil
rate total soil
(tha'yr')® erosion
Check-dam 3 1494.23 26.39 0.008 0.0121 1.76
Check-dam 14 132.67 11.30 0.032 0.0095 8.52
Check-dam 21 95.14 12.28 0.041 0.0106 12.91
Check-dam 29 52.95 41.04 0.199 0.0120 77.51
Check-dam 49 621.50 13.44 0.004 0.0046 2.16
Check-dam 53 120.51 20.60 0.085 0.0118 17.10
Check-dam 58 1665.00 185.57 0.051 0.0071 11.14

“Total Organic Carbon estimated with reference samples taken within the subcatchments at sites with no land use change
between 1956-1997

® Total Organic Carbon by estimation of the weight of sediments retained behind each check-dam

° Total Organic Carbon in sediments retained by check-dams

d Percentage of eroded TOC in relation to the soil carbon stock at each subcatchment area in 1981

The average soil C erosion rate for the studied subcatchments is 0.06 t ha™ yr' while the
highest TOC erosion rates are found in the smallest subcatchments (check-dam 29, check-
dam 53) (Table 1). The highest percentage of eroded TOC with respect to the TOC stock in
the catchment area are also observed for the smallest subcatchments as were the highest the
ratios of TOC erosion/total erosion. The catchment of check-dam 3 with the highest
percentage of forest cover also shows a high TOC erosion/total erosion ratio. The ratios of
TOC erosion to total erosion oscillate from 0.005 to 0.012, which are lower than the ratios
reported by Smith (2005) for several subcatchments of the Mississipi basin (from 0.0093 to
0.0233) mainly dedicated to agricultural use. However, these ratios are very significant when
related to the soil C stock of the catchment. The percentage of TOC erosion with respect to
the C stock of the original soil varied from 1.76 % to 77.51 %, suggesting that in catchments
with a low soil C stock, erosion processes may represent an important output of soil C.

CONCLUSION

The hydrological control works (afforestation and check-dam construction) in the mid 1970'’s,
together with the progressive abandonment of agricultural activities, has led to the Rogativa
catchment behaving as a soil erosion-induced carbon sink from the 1950’s onwards. It is
estimated that the sink accounted for approximately 40% taking as reference the soil C stock
of the first 5 cm of soil in the catchment in 1974. From this 40%, a 4% is soil C mobilized by
water erosion and buried in the sediment wedges behind check-dams.
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