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A B S T R A C T

Land degradation and desertification is a common feature in Mediterranean landscapes due to extensive
and intensive land use and natural or man induced disturbances. The ecosystem may need external inputs
to recover its composition and function as soils are often impoverished and vegetal key stone species lost.
We evaluated the effects of the application of fresh and air-dried biosolids in the establishment and
morphological and physiological performance of seedlings of Pinus halepensis and Quercus ilex under dry
Mediterranean field conditions. Seedling survival was not affected by biosolid treatments in any of the
studied species both two and ten years after planting. During the first two years, growth was enhanced
by the two biosolid treatments in relation to control, although the change in the biomass allocation
pattern differed between species. Rooting depth was significantly enhanced by liquid biosolid in Q. ilex and
marginally reduced in P. halepensis as well as the exploration of soil. As a consequence, root-to-shoot ratio
reduced significantly with dry and liquid sludge due to promoted aboveground growth while maintaining
and even reducing belowground fractions. An improvement of the nutritional status, of fertilized seedlings
especially of phosphorus, is the explanation for the better field performance. Vector analysis revealed an
important phosphorus limitation for both species that was overcome with the application of l iquid (both
species) and air-dried biosolid (pine). The higher growth of pine seedlings attained in the liquid biosolid
treatment was coupled with a significant decrease in foliar 6'3C, suggesting lower water use efficiency.
The significant increase in foliar S15N in the biosolid treatments in both species suggested that a large
proportion of the total nitrogen uptake came from the applied biosolids. Instead, with regard to the low
biosolid application rate used in the study, treatments had an overall positive effect as a restoration tool
by improving nutritional status and promoting growth of planted seedlings.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Mediterranean landscapes have been extensively modified by
land use (Grove and Rackham, 2001). Over the last decades, forest
plantations and spontaneous colonization of marginal agricultural
land may have favored the increase in forest cover (either woodland
or shrubland) and fire occurrence (Romero-Calcerrada and Perry,
2004; Vega-Garcia and Chuvieco, 2006). When a disturbance such
as a fire event takes place, the recovery of pre-disturbance ecosys-
tem integrity may be too slow for society's needs, and favor further
negative landscape processes such as erosion (Pausas et al., 2008).
Under these circumstances, restoration actions have been recom-
mended to foster the establishment of keystone woody species.
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reassemble forest communities and improve ecosystem function-
ing (Cortina et al., 2006; Vallejo et al., 2006).

Degraded Mediterranean soils are often impoverished in
organic matter and nutrients (Martinez-Mena et al., 2002; Alguacil
et al., 2009) and the establishment of tree seedlings can be ham-
pered by low availability of soil resources (Grogan et al., 2003;
Valdecantos et al., 2006). The application of organic amendments
may improve soil fertility and water availability, promote biolog-
ical activity and facilitate seedling establishment (Henry et al.,
1994: Garcia et al., 2000; Querejeta et al., 2001; Larcheveque et al.,
2006a). Sewage sludge has been widely used in agriculture and
commercial forestry, but its use for the restoration of degraded
Mediterranean areas is scarce and mostly restricted to the foresta-
tion of abandoned agricultural fields and severely damaged areas
such as minesites(Navasetal., 1999; Brofas etal., 2000; Jorba and
Andres, 2000; Ojeda et al., 2003). A few experimental applications
of sewage sludge in burned areas suggest that they can be used
to foster the establishment of target species (Larcheveque et al.,
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