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Introduction

Issues of global climate change and environmental degradation underscore the need to improve
our understanding of sustainable agricultural systems. Within the current agroecology context,
the challenge is to increase the food production, while limiting environmental degradation and
integrating ecosystem services for the purpose of understanding and designing resource-
efficient agroecosystems. Furthermore, the erosion of biodiversity and soil nutrients not only
affects agricultural production, soil fertility and water quality or greenhouse gas emission, they
also impact the rates of organic matter mineralization, and thus the carbon sequestration
capacity of soils, and ultimately the global biogeochemical cycles of carbon (C), nitrogen (N)
and phosphorus (P). Because in soils, C, N and P dynamics are mainly driven by soil
microorganisms, there is a need to better synchronize soil biological activity and plant nutrient
uptake. A way to regulate soil biological activities and to better take advantage of soil C, N and
P mineralization for the supply of nutrients to plants could be to increase plant diversity. Indeed
complex plurispecific agroecosystems can use complementarity or facilitation processes to
access nutrients, thus leading to higher nutrient use efficiency by plants (Hinsinger et al., 2011)
and, ultimately, to the provision of a broad range of ecosystem services (Gaba et al., 2015).

Across the world, the integration of trees and agricultural crops into various agroforestry
systems is viewed as an efficient mean to maintain or increase production. Agroforestry
systems are indeed known to limit soil degradation (Cacho, 2001), deeply store carbon
(Cardinael et al., 2015) and have positive impact on different indicators of soil quality (Silva et
al., 2011; Paudel et al., 2012).

Because of the intimate relationship between vegetation and soil decomposers, any changes in
the composition of aboveground plant communities may strongly affect the structure, activity
and functions of belowground soil communities and vice versa (Fanin and Bertrand, 2015). A
specificity of agroforestry systems is the mixture of crop and tree litters presenting contrasted
quality. Therefore these systems affect soil fertility by the quantity, quality and distribution of the
litter and crop residues, which are the main input of organic matter to soils. To obtain resources
from litter, soil bacteria and fungi secrete a wide range of hydrolytic and oxidative extracellular
enzymes that catalyze the release of nutrients and low molecular weight molecules from
complex organic matter. Because microbial decomposer communities cope with substrates that
vary considerably in C:N:P stoichiometry compared to that of their own biomass (Cleveland and
Liptzin 2007; Mooshammer et al., 2014), changes in the relative abundance of extracellular
enzymatic activities (EEA) involved in C, N, and P cycling should reflect the relative resource
limitations to these microbial communities (Sinsabaugh et al., 2009). Therefore C, N and P
extracellular enzymes could be used as functional indicators of the requirements of soil
organisms.

Most of the published process-based studies on agroforestry systems are focusing on carbon
and nitrogen storage (Nair et al., 2009, Kaur et al., 2000), crop growth, shade effect or root
architecture (Cardinael et al., 2015), while few references exist on spatial and temporal
dynamics of soil fertility in temperate climate, and the functional impact of such tree and crop
associations on soil microbial functions involved in C, N and P recycling.

Our aim in this study was to monitor in time and space, perpendicularly to the tree line of a
Mediterranean agroforestry system, the occurrence of chemical and biological fertility gradients.
We aimed to identify soil organisms' strategies to acquire resources when facing an
heterogeneous distribution of trophic resources. Because these strategies will strongly impact
the rates of nutrient recycling, soil C, N and P mineralization fluxes will be measured.
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Our hypothesis was that nutrient recycling is greater in agroforestry system than in monocrop
and that a spatial soil fertility gradient is developing over time from the tree line to the middle of
the intercrop, due to litter quality localization and its influence on the composition and
functioning of microbial communities. In our agroforestry system associating walnut trees
(Juglans regia x nigra) and a wheat/barley/pea crop rotation, there are two types of litter: in the
intercrop, shoots (and fine roots) are easy to decompose, while under the tree, walnut leaves
and roots are more recalcitrant and difficult to decompose. The first litter type would be
associated with copiotrophic recycling pathway, and the second type with oligotrophic recycling
pathway, which is more efficient.

Material and methods

Soils were sampled at the Restincliéres experimental site, which is located 15 km north of
Montpellier, France. The climate is subhumid Mediterranean with an average temperature of
14.5°C and average annual rainfall of 951mm (years 1996-2003). Soils are deep, silty alluvial
fluvisols, with 25% clay and 60% silt (Dupraz et al., 1999). This site associates 21 year-old
walnut trees and wheat/barley/pea crop rotation and also comprises a nearby agricultural field
with the same rotation (monocrop control). Pea crop was present when the soils were sampled
in April 2016.

The soils were sampled along a 13-meter transect (6.5 meters on each side of the tree),
perpendicular to the tree line, positioned on the first quarter of distance between 2 trees along
the line. We sampled in 4 zones on the North side and 4 zones in the South side using the
Voronoi diagram sampling design (Figure 1). We divided the 6.5m zone (extending from the
tree line to the middle of the intercrop) in 4 sampling zones; zone 1: 0-0.5 m, zone 2 : 0.5-2 m,
zone 3: 2-4 m, zone 4: 4-6.5 m, each interval being one meter wide. There were five replicates
in the agroforestry system and five in the monocrop control. Each tree line distance point was
compared with the monocrop control.
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Figure 1: Soil sampling plan in the agroforestry system. Cross represents walnut tree, 4m
spaced, and vertical rectangle represents tree line, 13 m spaced. There are 4 sampling zones
on each side of the tree line (A-B-C-D and A’-B’-C’-D’). In each zone we combined 4 soil cores
in 1 sample.

To characterize biological and chemical fertility of the sampled soils we measured multiple
parameters. In the laboratory we made the following determinations on the topsoils (0-15 cm :
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pH, carbon, nitrogen and phosphorus mineralization rates, as well as enzymatic activities (Bell
et al., 2013). Peroxydase and phenol-oxidase were assayed by colorimetric methods and 3-1,4-
glucosidase, cellobiohydrolase, B-1,4-xylosidase, B-1,4-N acetylglucosaminidase, L-leucine
amino-peptidase and acid phosphatase by fluorimetric methods. We also used the
MicroRespTM (Berard et al., 201 4) method that uses different C and N substrates to evaluate
soil microbial respiration. In addition, we conducted quantitative PCR to determine the bacterial-
fungal ratio (based on 16S and 18S rRNA fragment amplification), and measured the soil
microbial biomass C, N and P with the chloroform fumigation extraction method. We also plan to
repeat these measurements over time in the future, and analyses soil nematode communities
on some of the future sampling dates.
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