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Agroforestry practices have been acknowledged for reducing pesticide losses while maintaining land productivity. Pesticide removal from overland flow results from great infiltration capacities of the buffer soils. This can in turn threaten the quality of groundwater in case of poor pesticide sorption and degradation in the root-influenced zone. These mechanisms and their balance are likely to be influenced by plant species. However, little is known about the role of agroforestry species in the infiltration of herbicides. The aim of this study was thereby to evaluate how popular agroforestry species modulate the infiltration of water and of a widely used herbicide. We established large buffer

Introduction

Pesticides losses from croplands via runoff or drainage constitute up to 10% of pesticides sprayed to protect crops from pests and weeds [START_REF] Louchart | Herbicide Transport to Surface Waters at Field and Watershed Scales in a Mediterranean Vineyard Area[END_REF][START_REF] Tang | A review of rapid transport of pesticides from sloping farmland to surface waters: Processes and mitigation strategies[END_REF][START_REF] Voltz | Les facteurs-clés de transfert des produits phytosanitaires vers les eaux de surface[END_REF]. This non-point source pollution (NPSP) threatens the quality and ecological health of both surface water bodies and groundwater thereby restricting specific usages such as drinking water supply and engendering significant remedial cost worldwide [START_REF] Li | Global variations in pesticide regulations and health risk assessment of maximum concentration levels in drinking water[END_REF][START_REF] Reichenberger | Mitigation strategies to reduce pesticide inputs into ground-and surface water and their effectiveness; A review[END_REF][START_REF] Schultz | Design and placement of a multi-species riparian buffer strip system[END_REF]. Pesticides losses from croplands to surrounding surface and subsurface water bodies is closely linked to landscape organization and land management (Louchart et al., 2001;[START_REF] Tang | A review of rapid transport of pesticides from sloping farmland to surface waters: Processes and mitigation strategies[END_REF][START_REF] Udeigwe | Implications of leading crop production practices on environmental quality and human health[END_REF][START_REF] Voltz | Les facteurs-clés de transfert des produits phytosanitaires vers les eaux de surface[END_REF]. Non-cropped elements of landscapes such as vegetated ditches, hedgerows or vegetated riparian zones reduce overland runoff, filter shallow groundwater and mitigate pesticides thanks to an array of hydrological and biochemical processes [START_REF] Dosskey | Toward Quantifying Water Pollution Abatement in Response to Installing Buffers on Crop Land[END_REF][START_REF] Dosskey | The Role of Riparian Vegetation in Protecting and Improving Chemical Water Quality in Streams1[END_REF][START_REF] Lacas | Using grassed strips to limit pesticide transfer to surface water: a review[END_REF][START_REF] Needelman | Improved management of agricultural drainage ditches for water quality protection: An overview[END_REF][START_REF] Reichenberger | Mitigation strategies to reduce pesticide inputs into ground-and surface water and their effectiveness; A review[END_REF]. However, despite the financial and technical support for buffer's implementation, farmers remain reluctant to convert croplands into non-productive buffer zones [START_REF] Lovell | Environmental benefits of conservation buffers in the United States: Evidence, promise, and open questions[END_REF]. Agroforestry practices such as in-field agroforestry buffers or alley cropping, by combining intensively cropped areas with economically viable non-cropped buffer zones, may offer an optimal landscape setting for both maintaining land productivity and reducing pesticide losses [START_REF] Jose | Agroforestry for ecosystem services and environmental benefits: an overview[END_REF][START_REF] Nair | The coming of age of agroforestry[END_REF]. In alley cropping agroforestry systems, high value hardwood trees are planted in rows, between which, crops are established in allay ways [START_REF] Kremer | Soil quality in a pecan-kura clover alley cropping system in the Midwestern USA[END_REF]. Agroforestry buffers refer to in-field, edge-of-field or riparian buffers planted with both grass and wooded species (Caron et al., 2010;[START_REF] Udawatta | Agroforestry Buffers for Nonpoint Source Pollution Reductions from Agricultural Watersheds[END_REF].

Evidence on efficiency of agroforestry systems in reducing NPSP from overland flow has been provided by several studies across North America and Europe. Pesticides abatements rates varying between 58 and 90%, have been measured between the inlet and outlet of edge-of-field and in-field agroforestry buffers [START_REF] Borin | Multiple functions of buffer strips in farming areas[END_REF]Caron et al., 2010;[START_REF] Lin | Reducing Herbicides and Veterinary Antibiotics Losses from Agroecosystems Using Vegetative Buffers[END_REF]. The pesticide abatements in those studies were attributed to significant runoff reduction and sediment trapping. Indeed, buffer vegetation provides roughness that slows overland flow and increases infiltration duration (Caron et al., 2010a;[START_REF] Dosskey | Toward Quantifying Water Pollution Abatement in Response to Installing Buffers on Crop Land[END_REF][START_REF] Dosskey | The Role of Riparian Vegetation in Protecting and Improving Chemical Water Quality in Streams1[END_REF]. In addition, enhanced evapotranspiration by buffer vegetation with deeper root systems induces drier soil moisture conditions than for adjacent row crop soils thereby enhancing infiltration and water storage capacities in the buffers [START_REF] Anderson | Soil water content and infiltration in agroforestry buffer strips[END_REF][START_REF] Dosskey | The Role of Riparian Vegetation in Protecting and Improving Chemical Water Quality in Streams1[END_REF][START_REF] Lin | Reducing Herbicides and Veterinary Antibiotics Losses from Agroecosystems Using Vegetative Buffers[END_REF][START_REF] Sahin | Water infiltration and soil water content in claypan soils influenced by agroforestry and grass buffers compared to row crop management[END_REF][START_REF] Schultz | Design and placement of a multi-species riparian buffer strip system[END_REF]. Moreover, roots and biological activity increase the soil macroporosity in vegetated buffers creating preferential flow pathways. While the pesticide reduction from overland flow in agroforestry buffers has been fairly well described, the fate of pesticide in buffer soils and the risk for groundwater contamination remains to be documented.

Preferential flow in soils leads to rapid leaching of pollutants and consequently to non-equilibrium sorption which increases the risk of groundwater contamination [START_REF] Dages | Seepage patterns of Diuron in a ditch bed during a sequence of flood events[END_REF][START_REF] Pot | Impact of rainfall intensity on the transport of two herbicides in undisturbed grassed filter strip soil cores[END_REF][START_REF] Vanderborght | Identification of Transport Processes in Soil Cores Using Fluorescent Tracers[END_REF]. However, the vicinity of root channels, which are major conducting macropores, might be enriched in specific soil organic carbon and microbial biomass enhancing sorption and degradation potentials. Efficiency of agroforestry buffer zones depend on a balance of these mechanisms.

The magnitude of water and pesticide infiltration fluxes is assumed to be mainly dependent on vegetation type because of contrasted root biomass distribution along the soil profile [START_REF] Lin | Reducing Herbicides and Veterinary Antibiotics Losses from Agroecosystems Using Vegetative Buffers[END_REF][START_REF] Schultz | Design and placement of a multi-species riparian buffer strip system[END_REF], diverse composition of soil organic carbon and microbial activities [START_REF] Chu | Sulfamethazine Transport in Agroforestry and Cropland Soils[END_REF][START_REF] Lin | Incorporating forage grasses in riparian buffers for bioremediation of atrazine, isoxaflutole and nitrate in Missouri[END_REF][START_REF] Lin | Dissipation of Sulfamethazine and Tetracycline in the Root Zone of Grass and Tree Species[END_REF] and differing soil structure and moisture modification [START_REF] Anderson | Soil water content and infiltration in agroforestry buffer strips[END_REF][START_REF] Sahin | Water infiltration and soil water content in claypan soils influenced by agroforestry and grass buffers compared to row crop management[END_REF][START_REF] Schultz | Design and placement of a multi-species riparian buffer strip system[END_REF][START_REF] Seobi | Influence of Grass and Agroforestry Buffer Strips on Soil Hydraulic Properties for an Albaqualf[END_REF]. Pesticide retention patterns would then be contrasted among plant species and between the rhizosphere and the soil matrix [START_REF] Chu | Sulfamethazine Transport in Agroforestry and Cropland Soils[END_REF][START_REF] Lin | Dissipation of Sulfamethazine and Tetracycline in the Root Zone of Grass and Tree Species[END_REF][START_REF] Rodríguez-Cruz | Influence of pine or oak wood on the degradation of alachlor and metalaxyl in soil[END_REF]. Water and pesticide transport and retention in the root zone of a few herbaceous species have been evaluated and compared [START_REF] Jason | Effect of grasses on herbicide fate in the soil column: Infiltration of runoff, movement, and degradation[END_REF][START_REF] Lin | Incorporating forage grasses in riparian buffers for bioremediation of atrazine, isoxaflutole and nitrate in Missouri[END_REF][START_REF] Lin | Reducing Herbicides and Veterinary Antibiotics Losses from Agroecosystems Using Vegetative Buffers[END_REF] but there is, to our knowledge, no study investigating the influence of temperate agroforestry species on those mechanisms. Accordingly, the objectives of this study were i) to compare the influence of popular agroforestry buffer trees and herbaceous species on the mechanisms of water and herbicide fluxes and ii) to compare soil textural, chemical and sorption properties between the bulk soil and rhizosphere of the tested species.

In order to isolate the effect of the plant species from pedo-climatic effects that can be locally highly variable and difficult to monitor precisely, we chose to implement a large microcosm approach. The water and herbicide infiltration parameters obtained from microcosm approaches might not be directly transferable to all field situations. However, the differential in water and herbicide infiltration parameters measured between microcosms planted with various species indicates if a given species has the ability to increase or decrease the hydraulic conductivity or herbicide sorption in the root influenced zone. This information is useful for designing agroforestry buffers with optimized herbicide mitigation capacity.

Materials and Methods

Microcosm design

Five treatments consisting of large (25.4 cm diameter, 30 cm height) packed soil columns were designed. Three treatments were planted each with a respective tree species, 1 treatment was planted with an herbaceous species and the final treatment remained un-vegetated. Each treatment was established in triplicate for a total of 15 columns.

Plant species

The herbaceous species selected was smooth brome grass (Bromus sp.), a cold season grass widely used in agroforestry buffers strips because of its great performance under shade [START_REF] Lin | Incorporating forage grasses in riparian buffers for bioremediation of atrazine, isoxaflutole and nitrate in Missouri[END_REF][START_REF] Lin | Ability of Forage Grasses Exposed to Atrazine and Isoxaflutole to Reduce Nutrient Levels in Soils and Shallow Groundwater[END_REF]. Smooth brome grass seeds were purchased from Stock Seed Farm (Murdock, Nebraska, USA).

The tree species selected were poplar (Populus sp.), oak (Quercus sp.) and walnut (Juglans sp.).

Poplar tree is probably the most popular tree species in agroforestry buffer design (Caron et al., 2010;[START_REF] Chu | Veterinary antibiotic sorption to agroforestry buffer, grass buffer and cropland soils[END_REF]. This fast growing species is used all over the world in diverse agroforestry systems. Oak and walnut trees are also widely used [START_REF] Cardinael | Competition with winter crops induces deeper rooting of walnut trees in a Mediterranean alley cropping agroforestry system[END_REF][START_REF] Garrett | Black Walnut (Juglans nigra L.) Agroforestry -Its Design and Potential as a Land-use Alternative[END_REF][START_REF] Pinto-Correia | Introducing the <Emphasis Type="Italic">montado</Emphasis>, the cork and holm oak agroforestry system of Southern Portugal[END_REF]. Pin oak (Quercus palustris) and black walnut (Juglans nigra) are species well acclimated to the Midwestern USA and often locally grown in agroforestry systems. Bare-root dormant tree seedlings, 30 to 40 cm tall, were used to establish the tree buffer microcosms. Hybrid poplar seedlings (Populus deltoides x Populus nigra) were purchased from the Arbor Day Foundation Nursery (Lincoln, Nebraska, USA). Pin oak and black walnut seedlings were purchased from the Cold Stream Farm Nursery (Michigan, USA).

Soil collection and columns preparation

The soil used to build the buffer microcosms was sampled in a permanent prairie plot at the Horticulture and Agroforestry Research Center in New Franklin, Missouri, USA (39°0.2' Nord, 92°46' West). The plot has no history of pesticide or herbicide use. The soil at the site is a Menfro silt loam (fine-silty, mixed superactive, mesic Typic Hapludalf) [START_REF] Udawatta | Agroforestry and grass buffer effects on water quality in grazed pastures[END_REF]. About 350 kg soil was collected from the upper, organic matter-rich, horizon (0-30 cm depth). The soil was stored in a walkin growth chamber where it was air dried at 30°C then sieved at 2 mm. PVC cylinders, 25.4 cm ID and 30 cm length were sealed at the bottom with a PVC sheet and packed with the dry sieved soil at a 1.2 g cm -3 density. To ensure the homogeneity of the soil density over the column's height, the columns were packed progressively by 1 cm layer increments. For each layer, the mass of soil required to reach a density of 1.2 g cm -3 was precisely weighed, then homogeneously spread over the surface and manually compacted to reach 1 cm height.

For the un-vegetated controls and smooth brome grass microcosms, the columns were packed directly at the final height of 23 cm. The soil in the columns was humidified with a rainfall simulator to reach 50% of the water holding capacity and for the brome grass treatment, 10 seeds per columns were dispersed to the surface and gently buried at 1-2 mm depth. The columns were covered with aluminum foil for 10 days until the seeds germinated.

For the tree treatments, the columns were first packed by 1 cm increments as described earlier over a height of 8 cm. Each seedling, previously soaked in clear tap water to remove the hydroponic gel from the roots, was positioned in a column so that the taproot was centered and the collar positioned at 23 cm above the bottom of the column. The lateral roots were distributed around the tap root and maintained in their natural orientation while packing the columns as previously described to reach a final height of 23 cm at a 1.2 g cm -3 density. The natural architecture of the root system was thus preserved and the soil density was homogeneous along the column. The soil was then humidified to reach 50% of the water holding capacity as previously described.

Vegetation growth period

After the tree seedlings were planted and the brome grass was seeded, all of the microcosms were incubated for 4 months in a walk-in environmental growth chamber (Environmental Growth Chambers GC72 walk-in unit, Chagrin Falls, Ohio) under constant and controlled climatic conditions.

During the growth period, a 12-h day and 12h-night cycle was imposed. During the day, the temperature was set to 25°C, humidity to 25 % and the total light intensity was 3.95 10 5 lumens composed of 97 % fluorescent light and 3 % halogen lights providing the blue and red light range for plant growth, respectively. During the night, the temperature was set to 19°C, humidity to 40 % and the complete darkness was maintained. Irrigation was designed to simulate rainfall events with cumulative amount, intensity and frequency representative of the mid-Missourian climate. Each microcosm received a cumulated amount of 100 mm/month, which corresponds to the average monthly rainfall over the April to August period. Two major rainfall events of 10 mm each and a minor event of 5 mm were performed weekly. All of the microcosms including the un-vegetated ones were subjected to the same climatic conditions for 4 months. At the end of the growth period, 2 out of 3 trees of each treatment had grown well. Thereby, the infiltration experiments were conducted in duplicates for all of the treatments.

Characterization of the water and solute infiltration fluxes

Selected herbicide and conservative tracer

Bromide was selected as a conservative tracer to characterize the hydrodynamic properties in the microcosms because it rarely sorbs to soil particles and is only present as trace element in the environment [START_REF] Markus | Dyes as tracers for vadose zone hydrology[END_REF]. S-Metolachlor was selected as a model herbicide to characterize the transfer and retention mechanisms. S-Metolachlor, is from the Chloroacetamide family, is hydrophobic (log Kow = 3.05). It's water solubility is relatively low, 480 mg l -1 , its soil sorption affinity is moderate and it's degradation half-life in soil varies between 15 and 92 days [START_REF] Ppdb | Footprint Pesticides Properties Database database[END_REF]. S-Metolachlor is widely used across the world for selective weeding in a variety of crops including maize, rapeseed, cotton etc. (e.g., [START_REF] O'connell | Metolachlor, S-metolachlor and their role within sustainable weed-management[END_REF]. Being moderately sorbed by soils and despite a relatively low persistence (a few weeks), this compound is classified as moderately mobile [START_REF] Ppdb | Footprint Pesticides Properties Database database[END_REF]. Indeed, it has been frequently detected in surface and groundwater in the USA and EU (e.g., [START_REF] Toccalino | Pesticides in Groundwater of the United States: Decadal-Scale Changes, 1993-2011[END_REF].

Transport experiments

For the transport experiments the PVC sheets at the bottom of the columns were replaced by metal with 3 to 4 mm pore size to prevent soil loss without restricting the water flow in the columns.

Columns were progressively saturated by capillarity rise 48h prior to the infiltration experiments to minimize trapping of gas bubbles in the soil pores.

Bromide tracer experiments were performed in duplicates and S-Metolachlor transport experiments on a single series. Two series of infiltration experiment were thus performed; the first evaluating only bromide transport and the second both bromide and S-Metolachlor transport. The injection solutions used for the first series of displacement experiments contained 500 mg l -1 of bromide (Br -). This series was performed on a set of columns including one from each treatment; control (CI), smooth brome grass (BGI), black walnut (BWI), pin oak (OI) and poplar (PI). The injection solution used for the second series of transport experiments contained 500 mg l -1 bromide and 300 µg l -1 S-Metolachlor.

This series was performed on a second set of columns including the second replicate from each treatment; control (CII), smooth brome grass (BGII), black walnut (BWII), pin oak (OII) and poplar (PII). Thereby, the bromide transport experiments were performed in duplicates while the S-Metolachlor transport experiments were performed only once for each treatment. Indeed, one series had to remain uncontaminated by S-Metolachlor for further characterization of the textural, chemical and sorption properties (see section 2.3).

At the beginning of the transport experiments, the saturated columns were manually ponded with a 10-mm water height of the injection solution. The water height was maintained constant during the infiltration by adjusting the supply of the injection solution. A total volume of 118 mm (6000 cm 3 ) of solution was supplied to each column. Among the 10 columns, the pore volumes ranged from 119 (6030 cm 3 ) to 129 (6537 cm 3 ) mm as estimated with pedotransfer functions from the density and volume of the soil cylinders [START_REF] Schaap | rosetta: a computer program for estimating soil hydraulic parameters with hierarchical pedotransfer functions[END_REF]. Therefore, the volume of tracer solution supplied during the displacement experiment was always approximately equal, or slightly lower than the column pore volume. When the solution supply stopped, the decrease in water head was monitored during the remaining period of ponded water infiltration. Just after all the ponded solution had infiltrated, the columns were ponded again with a constant head of 10 mm tracer free water, and the columns were eluted with 118 mm of degassed tap water, following the same procedure. During the infiltration and elution periods, 100 ml fractions of the effluents were collected in polypropylene (PP) containers at the outlets of the columns. The sampling frequency varied from 50 s to about 2 min, depending on the columns drainage rate. The outlet flowrates were monitored using the timing of sample collection and the measured weights. The recovery of each solute was calculated by dividing the mass of the solute collected in the effluent by the mass injected (Cout/Cin) [START_REF] Jason | Effect of grasses on herbicide fate in the soil column: Infiltration of runoff, movement, and degradation[END_REF][START_REF] Dollinger | Contrasting soil property patterns between ditch bed and neighbouring field profiles evidence the need of specific approaches when assessing water and pesticide fate in farmed landscapes[END_REF].

Determination of the hydrodynamic properties by inverse modelling

As described in [START_REF] Dollinger | Contrasting soil property patterns between ditch bed and neighbouring field profiles evidence the need of specific approaches when assessing water and pesticide fate in farmed landscapes[END_REF], the bromide tracer experiments were simulated using HYDRUS-1D (Šimůnek et al., 2008; Šimůnek et al., 2003) that solves the Richards and convectiondispersion equations. The classical formalism of the Richards equation assuming homogeneous flow pathways and the dual-permeability model considering two mobile compartments, a fast macroporal compartment and the slow matrix, were successively used to simulate the experiments. Although the single porosity model gave acceptable results for most columns (Fig. S1 andS2), the dual permeability model was more effective for all of the columns (Fig. S3 andS4) and was thus used to determine the hydrodynamic properties. Equations of the dual-permeability model are briefly described in the supplementary material (Eq. S1a and S1b). For more details on the equilibrium and non-equilibrium formalisms, please refer to Šimůnek et al., (2008) or [START_REF] Köhne | A review of model applications for structured soils: a) Water flow and tracer transport[END_REF]. The water retention curve (ℎ) and the unsaturated hydraulic function K(h) are defined for both compartments using the van Genuchten model [START_REF] Van Genuchten | A closed-form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF]. K(h) is described as the product of the relative hydraulic conductivity function Kr (dimensionless) and the saturated hydraulic conductivity Ks [L.T -1 ]. The transport equations associated with dual-permeability formulation for water flow (Eq. S2a to S2c) are based on the classical convection-dispersion equation for both the fast compartment and the slow compartment completed with an exchange term between the two compartments [START_REF] Šimůnek | Modeling Nonequilibrium Flow and Transport Processes Using HYDRUS[END_REF][START_REF] Köhne | A review of model applications for structured soils: a) Water flow and tracer transport[END_REF]).

An inverse modeling approach was implemented to reproduce both the bromide breakthrough curves and percolation outfluxes of the 2 series of transport experiments. The 0.23 m-soil profiles were densely discretized with 150 nodes to facilitate numerical convergence. An initial hydrostatic equilibrium with a zero-pressure was considered and a variable head corresponding to the water level fluctuation at the top of the soil column was imposed as top boundary condition. The eight following parameters were fitted against total soil column porosity, cumulative water outflows To avoid local minimum, the stability of the fitted parameter set estimated was evaluated using different sets of initial parameters, including the estimated sets themselves. The other hydrodynamic parameters were set according to their textural composition and their bulk density using Rosetta [START_REF] Schaap | rosetta: a computer program for estimating soil hydraulic parameters with hierarchical pedotransfer functions[END_REF], except that was set to zero. The Bromide diffusion coefficient was fixed to 2 10 -9 m².s -1 [START_REF] Köhne | Bromide transport at a tile-drained field site: experiment, and one-and two-dimensional equilibrium and non-equilibrium numerical modeling[END_REF].

Modelling of the S-Metolachlor breakthrough curves

To simulate the breakthrough curves of S-Metolachlor, we used the dual-permeability formalism for the water flow coupled to the convection-dispersion equation for the solute transport with an additional term for sorption. We assumed the degradation processes to be negligible given the short duration of the experiments varying between 2 and 6 h compared to the half-life of 15 to 92 days of this molecule (section 2.2.1). A linear sorption equilibrium model with no desorption hysteresis was considered. First, we used the sorption coefficients measured in the batch studies (section 2.3.2). We implemented in the model the "rhizosphere" sorption coefficient for the macroporal compartment and the "bulk" sorption coefficient for the slow matrix compartment. Then, to account for potential reduced sorption mechanisms that might occur especially in the macroporal compartment due to reduced contact duration, we implemented an inverse modelling approach. Therefore, the sorption coefficients Kdf and Kdm were fitted against the S-Metolachlor breakthrough curves. The retardation factors [START_REF] Schaffer | A framework for assessing the retardation of organic molecules in groundwater: Implications of the species distribution for the sorption-influenced transport[END_REF] were calculated for both the matrix and macroporal compartments for the 2 sets of sorption coefficients (measured and optimized).

Measurement of the physico-chemical and sorption properties in the rhizosphere and bulk soil

from the different microcosms

Soil sampling and analysis

Soil from the first series that did not receive S-Metolachlor during the transport experiment was collected from each treatment (CI, BGI, BWI, OI and PI). For the vegetated treatments, bulk and rhizosphere soil were collected separately. Rhizosphere soil was defined as soil attached to the root system. To sample the rhizosphere soil, roots were gently shaken to remove un-attached particles then brushed to collect the attached fraction. Bulk soil was collected in areas not or poorly colonized by roots. Very fine roots (diameter <1mm) had colonized most of the soil profiles in the vegetated treatments so the bulk soil collected aren't totally un-affected by the root systems. We hypothesized that the bulk and rhizosphere soils were homogeneous along the soil profile of a given column as the columns were packed with homogeneous soil.

The soil samples were then sieved at 2 mm and sent to the Soil and Plant Testing Laboratory at the University of Missouri for analysis of texture, pH, organic matter content (OM) and cationic exchange capacity (CEC).

After soil sampling, the root and aerial biomass from the CI, BGI, BWI, OI and PI treatments were separately collected and oven dried at 105 °C for 24h.

Adsorption isotherms

The adsorption parameters were measured according to a procedure adapted from the OECD Guideline 106 (OECD, 2000) with equilibrium conditions and solid-to-liquid ratio chosen to mimic the soil solution conditions as much as possible given the analytical constraints. Prior to the experiments, the sieved soils were air dried to a target humidity of 10 % which was precisely measured by oven drying at 105°C for 24h. Then, 4 ml of the S-Metolachlor solutions with concentration ranging from 50 to 1000 µg l -1 (50, 100, 250, 500 and 1000 µg l -1 ) prepared in an electrolyte solution composed of CaCl2 0.01 M and NaN3 200 mg l -1 were equilibrated with 2 g of soil in polypropylen (PP) centrifuge tubes. CaCl2 was added in the electrolyte solution to minimize the soil aggregate breakdown and NaN3 to prevent microbial degradation during the incubation periods. The tubes were equilibrated for 48 h without shaking and then centrifuged at 3000 rpm for 10 minutes. Aliquots of the supernatants were collected and filtered at 0.2 µm prior to S-Metolachlor analysis. S-Metolachlor concentration in soils was assessed by mass balance between initial and equilibrium concentrations.

Both linear (Eq. 1a) and Freundlich models (Eq. 1b) were fitted to the experimental data.

Cs = Kd Cw (Equation 1a)

Cs = Kf Cw n (Equation 1b)
where Cs is the amount of sorbed pesticides in the soil at equilibrium (μg kg -1 ), Cw is the equilibrium concentration in the supernatant (μg l -1 ), Kd is the linear sorption coefficient (l kg -1 ), Kf (μg (1-n) l n kg -1 )

and n are the Freundlich coefficients with n the non-linearity parameter of the Freundlich model.

Adsorption of S-Metolachlor to the PP tubes and membrane filters were evaluated before the sorption experiments and found to be negligible. All of the batch experiments were conducted in triplicates.

Chemical analyses

Bromide was quantified in the leachate samples using an ion-specific electrode (Hanna Instruments, HI4102, USA). A previous study has proven the accuracy of this electrode when compared to ionic chromatography [START_REF] Dollinger | Contrasting soil property patterns between ditch bed and neighbouring field profiles evidence the need of specific approaches when assessing water and pesticide fate in farmed landscapes[END_REF]. For the measurement, 15 ml sample aliquots were mixed with 500 µl of the HI4000-00 reactive solution (Hanna Instruments, USA) and stirred for 2 minutes before the electrode measurement. The limit of quantification of this method was 1 mg l -1 .

The quantification of S-Metolachlor was performed using a Waters Acquity TQ triple quadrupole mass spectrometer (Waters, USA) with an electrospray ionization interface operated in positive mode (ESI+) coupled to a Waters Alliance 2695 HPLC system (Waters, USA). The separation was performed at 40°C on a 4.6 ID and 100 mm length C18 column (Kinetex) under gradient mode. The 2 solvents constituting the mobile phase were acetonitrile (A) and MilliQ H2O with 10 mM ammonium acetate and 0.1 % formic acid (B). The gradient was initiated with 2 % of A and 98 % B for 0.3 min then the relative proportion of solvent A was risen from 2 to 80 % between 0.3 and 7.27 min, risen again from 80 to 98 % between 7.27 and 7.37 then maintained until 9 min run. Between 9 and 10 min run, the relative proportion of A was lowered from 98 to 2 % than maintained until the end of the 15 min run. The flowrate of the mobile phase was 0.5 ml min -1 all along the run. The data acquisition was performed with the multiple reaction monitoring (MRM) mode by monitoring the dissociation of the m/z 284 precursor ion to the m/z 252 product ions for a cone voltage and a collision energy of 30 and 16 volts respectively. Prior to the analysis all of the samples were filtered at 0.2 µm on inorganic membrane filters (Whatman Anotop 10). The limit of quantification was 0.05 µg l -1 .

Results and discussion

Root system architecture and plant growth

At the end of the 4 months growth period, the plants of the vegetated microcosms had grown well in two replicates out of the three initially established. The aerial biomass structure and height was visually very similar among the two replicates for a given species exception made of the poplar trees.

The two poplar trees revealed to be different hybrids. The PI hybrid had triangle leaves' shape and dark red shoots while the PII hybrid had more elongated leaves' shape and green shoots. The PII hybrid was also taller than the PI hybrid. The height of the three tree species had almost doubled during the growth period and the collar circumference reached 3.3 to 3.6 cm. The global biomass recorded was from far the greatest for brome grass followed by poplar trees (Fig. 1). Oak and walnut trees had equivalent biomasses which were lower than those of poplar trees. For all species, the root biomass was 2 to 10 times greater than the aerial biomass.

The smooth brome grass had developed a very dense root system that had colonized the entire column profile with similar densities at the different depths. The root development didn't seem to be constrained by the cylinder wall. The roots had all similar diameters (about 1 mm) and were greatly interwoven with no dominant orientation angle. For the tree species, the architecture of the root system didn't evolve much during the 4 months growth (Fig. 2). The end part of the tape roots from the oak and black walnut seedlings had degenerated and few lateral roots were created but the diameter of tape roots and lateral roots almost doubled. In addition, branching from the lateral roots had generated a dense network of very fine roots (< 1 mm diameter). The structure of the black walnut root system was characterized by a large tap root and 10-20 large lateral roots evenly distributed along the tape root with orientation angles varying from 40 to 60° from the tape root axis and a dense fine to very fine root system. The root system architecture was rather similar for oak trees but the lateral roots were more horizontal. The tape root and lateral roots were also finer than those from the black walnut seedlings. Lateral roots' elongation was also not constrained by the cylinder walls for both species. The architecture of the poplar root systems was greatly contrasted.

Few lateral roots were generated at the high end of the tape root but most of them were located at the bottom end. The lateral roots' elongation was greatly constrained by the cylinder size so when the roots reached the walls, new branching were created and those branched roots circled several times the soil cylinder at the edge with the PVC walls. Thereby, contrastingly with the other tree species, the root density was very high on the edges and low in the center of the soil profile.

Root system architecture is dependent on the soil compaction heterogeneity, contrasted water and nutrient availability but also on the slope of the plot, the wind and other climatic conditions [START_REF] Di Iorio | Root System Architecture of Quercus pubescens Trees Growing on Different Sloping Conditions[END_REF][START_REF] Hodge | Plant root growth, architecture and function[END_REF][START_REF] Pregitzer | Fine root architecture of nine North American trees[END_REF][START_REF] Zanetti | Plasticity of tree root system structure in contrasting soil materials and environmental conditions[END_REF]. The homogeneous soil density, humidity and nutrient availability provided by the microcosms allows almost un-constraint development of the root systems. Only the size of the cylinders could constrain the natural development of the lateral root as observed for the poplar trees (Fig. 2). The root systems architecture from the plant grown in the large microcosms should not differ much from those of the same species established in field buffers with low constraint level environments like some riparian buffers with shallow water table collecting runoff loaded with nutrients from surrounding crop plots.

Under more constrained field conditions like some alley cropping systems, the morphology of the root system could differ according to the pedo-climatic factors [START_REF] Malamy | Intrinsic and environmental response pathways that regulate root system architecture[END_REF].

Influence of plant species on water and solutes infiltration fluxes

The bromide breakthrough curves and outflow patterns monitored during the infiltration experiments allow comparing the water fluxes and hydrodynamic properties between the different treatments. The bromide breakthrough curves were relatively well repeatable between the duplicates of the smooth brome grass, black walnut and oak treatments (Fig. 3). For those treatments the outflow patterns were also similar and constant between the injection and elution phases (Fig. 3). For the poplar treatment, the outflow was greater for the second replicate (PII), the bromide concentration rise was sharper during the injection phase and the concentration dropped faster during the elution phase, which resulted in an earlier bromide peak. This could be either due to the fact that the 2 poplar hybrids had different phenotypical characteristics or to the fact that roots had circled the soil profile and may have induced contrasted sidewall flow paths in both replicates (section 3.1). The patterns also greatly differed between the 2 replicates of the control treatment with an outflow 2 times greater for the first replicate accompanied by an accelerated bromide transport. The outflow decreased for the CI replicate all along the infiltration experiment.

Being un-vegetated, the controls had lower evaporation rates during the growth period and a biological crust composed of algae and moss formed at the surface of the columns. This poorly permeable crust covered almost the entire surface of the CII replicate but only half of it for the CI replicate which could explain the different patterns. Moreover, desiccation cracks that formed between the irrigation events at the early stage of the growth periods were set by these crusts.

Under field condition, soils un-protected by vegetation and especially soils with high silt and clay contents, are also exposed to crusting and to the formation of drying cracks that modify the infiltration rates (e.g., [START_REF] Chamizo | Crust Composition and Disturbance Drive Infiltration Through Biological Soil Crusts in Semiarid Ecosystems[END_REF][START_REF] Dunne | Effects of Rainfall, Vegetation, and Microtopography on Infiltration and Runoff[END_REF][START_REF] Eldridge | Infiltration through three contrasting biological soil crusts in patterned landscapes in the Negev, Israel[END_REF].

Despite some significant variability between the control and poplar replicates contrasted patterns of hydrodynamic properties between the treatments could be highlighted (Table 1). The macroporal flow contribution to the global outflow was found to be higher for the vegetated treatments than for the un-vegetated controls, exception made of the PII microcosms. For the un-vegetated treatments, the macroporal fraction of the soil porosity (ω) was significant but the hydraulic conductivity and dispersion of the macroporal compartment were only slightly greater than those of the matrix compartment. The high hydraulic conductivity and dispersion in both compartments resulted in the fast leaching of bromide with concentration greater than the LOD measured already in the first collected samples. Contrastingly, the hydraulic conductivity and dispersion of the matrix compartment were significantly lower in the vegetated treatment while those of the macroporal compartment were equivalent to those of the un-vegetated treatments. Accordingly, the overall hydraulic conductivities were reduced and the transport of bromide was slower. The breakthrough time reached up to 18 minutes in the oak treatments. The greatest global Ksat were recorded for the control and poplar treatments and the lowest for the smooth brome grass and oak treatments. Black walnut treatments had intermediate Ksat. The hydraulic conductivity conditions the amount of water infiltrated during a runoff event. Thereby, among the different plant species tested, poplar trees would be the most efficient in reducing overland flow followed by black walnut then oak trees and smooth brome grass.

For most of the treatments, S-Metolachlor transport had patterns contrasting with those of bromide (Fig. 4). For the control treatment, S-Metolachlor breakthrough was not significantly delayed compared to bromide but the concentration rise during the injection phase was slower. However, the concentration drop during the elution phase was similar to that of bromide. For this CII treatment, the bromide recovery was about 10 % greater than that of S-Metolachlor at the end of the transport experiment but the model extrapolation suggests a 2% difference after eluting with 10 pore volumes (Table 2). As the transport pattern of S-Metolachlor was measured on the CII replicate having the slowest Ksat, it represents the best case scenario. For the brome grass treatment, S-Metolachlor breakthrough was slightly delayed compared to bromide. The concentration rise during the injection phase was slower and so was the concentration drop during the elution phase (Fig. 4). A second small peak for both bromide and S-Metolachlor was observed (Fig. 4). This second peak corresponds to the fraction of the solute fluxes transported in the slow matrix compartment. For the other treatments, only the peak corresponding to the fraction of solutes transported through the fracture was observed and the second peak was probably too low to be distinguished as suggested by the greater macroporal fractions in these cases (Table 1). As for the control, the difference in recovery rate between bromide and S-Metolachlor was about 10% at the end of the experiment for the brome grass treatment but the values simulated for an elution period of 10 pore volumes were equal. Contrastingly, for the black walnut and oak treatments, the S-Metolachlor breakthrough was so delayed that the concentration didn't even started to drop during the elution phase (Fig. 4). The difference in recovery rates between bromide and S-Metolahclor reached 30% for those treatments at the end of the experiment and was still of 10% after a simulated elution period of 10 pore volumes. Last, for the poplar treatment, the bromide and S-Metolachlor breakthrough curves were relatively similar for the first part of the curve and except for a slightly faster concentration drop during the elution phase for S-Metolachlor (Fig. 4). Accordingly, the difference in recovery rates between bromide and S-Metolachlor was only 5% at the end of the experiment. For the poplar treatment, S-Metolachlor transport was assessed on the PII replicate having the greatest Ksat.

Thereby, it represents the worst-case scenario.

Except for the poplar treatment, the direct implementation in the model of the Kd measured in the batch experiments allowed rather good reproduction of the S-Metolachlor breakthrough curves (Fig. 4). However the optimization of the sorption parameters improved the predictions especially for the control, brome grass and poplar treatments (Fig. 4 and Table 2). Therefore, the extrapolation of the S-Metolachlor recovery rates to 10 pore volumes was calculated using the optimized sorption coefficients in the transport model (section 2.2.4). Except for the poplar treatment, the very large confidence interval on the optimized Kd for the matrix compartments (up to ± 10 3 ) suggest that this parameter is not sensitive. This is in accordance with the great contribution of the macroporal flow (Table 1) and the fast S-Metolachlor breakthrough (Fig. 3). The Kd measured for the bulk fraction were thereby used to parameterize the matrix compartment of the control, smooth brome grass, black walnut and oak treatments. The Kd optimized for the fracture compartment differed from the Kd values measured for the "rhizosphere" soils and this parameter was sensitive for all treatments.

For the Poplar treatment, the optimized Kd values were zero for both compartments. Accordingly, S-Metolachlor was not retarded compared to bromide. The optimized Kd for the black walnut and oak treatments were the highest resulting in overall high retardation factors compared to the control and brome grass treatments (Table 2).

Under the studied flooding conditions, the risk of groundwater contamination by S-Metolachlor was the lowest for the black walnut and oak treatments followed by the brome grass and the unvegetated treatment. The poplar treatment recorded the highest contamination risk among all treatments. More generally, in the case of successive drying/wetting cycles as for buffer soils submitted to successions of flood events, retardation of herbicides gives a chance for degradation processes to take place and may also generate non-reversible sorption mechanisms. Therefore, as the transport model considered neglects desorption hysteresis and degradation processes, the extrapolation of S-Metolachlor breakthrough to 10 pore volumes and more or to a succession of flood events, might overestimate the recovery rates.

Influence of the root systems on the soil properties

The soil analyses of the vegetated microcosms show that the textural and chemical properties and especially the texture class and organic matter content were very similar in the rhizosphere and bulk soils for a given species (Table 3). However, when comparing treatments, it appears that the organic matter content was slightly greater in the tree microcosms than in the smooth brome grass and control treatments. The smooth brome grass treatment was equivalent in terms of organic matter content to the un-vegetated control. Moreover, the texture was slightly finer in the smooth brome grass treatment than in the others and the CEC slightly higher in the control and poplar treatments.

In sum, root systems of the different species contrastingly affected the soil textural and chemical properties. However, this action of the root systems was not restricted to the close vicinity of the root system but extended to most of the profile. This might be due to the dense colonization of the soil profiles by the very fine root systems but also to root exudation and diffusion of dissolved organic carbon in the soil columns (section 3.1).

The sorption of S-Metolachlor on the rhizosphere and bulk soil from all treatments were best fitted by linear isotherms (Fig. 5, Table 3). As many other hydrophobic and non-ionic herbicides, S-Metolachlor has a great affinity for the organic matter fraction of soils and its sorption rate is mainly driven by the organic matter content [START_REF] Weber | Calculating pesticide sorption coefficients (Kd) using selected soil properties[END_REF]. Accordingly, the linear sorption coefficients (Kd) were about 3 times greater for the oak, poplar and walnut treatments having greater organic matter content (Table 3) than for the control and brome grass treatments. Moreover, the difference in Kd between the rhizosphere and bulk soils in the vegetated microcosms was negligible (Table 3). The Kd and Kf measured are in the range of sorption coefficients reported in the literature for soil with similar properties (e.g., [START_REF] Alletto | Sorption and mineralisation of S-metolachlor in soils from fields cultivated with different conservation tillage systems[END_REF][START_REF] Krutz | Adsorption and Desorption of Metolachlor and Metolachlor Metabolites in Vegetated Filter Strip and Cultivated Soil[END_REF][START_REF] Shaner | Soil dissipation and biological activity of metolachlor and S-metolachlor in five soils[END_REF]. The greater Kd in soils from the oak and black walnut treatments could explain, along with low hydraulic conductivities, the greater retention capacity of S-Metolachlor.

Except for smooth brome grass, the optimized parameters were slightly lower for the macroporal compartment (0.13, 0.72, 0.77 and 0.00 l/kg for C, BW, O and P, respectively) than the coefficients measured in the rhizosphere of the different species (Table 3), which suggests that the higher flow velocities resulted in a reduced contact time for sorption for this compartment. For the matrix compartment, the optimized sorption coefficients were found to be poorly sensitive in accordance to the limited contribution of the matrix to the global outflow. For the poplar treatment, the high measured sorption is counterbalanced by faster infiltration, which limits the time for equilibrium sorption. Indeed, the estimated sorption coefficients for both compartments are null.

Conclusion

Designing agroforestry buffers for multipurpose use including herbicide retention is limited by consequent gaps of knowledge concerning the influence of plant species composition on the infiltration of water and herbicides. Therefore, the influence of various tree or herbaceous species, commonly used in agroforestry buffers, on the water and S-Metolachlor infiltration fluxes in buffer soil and how these plant species modify the soil textural, chemical and sorption properties were tested in large microcosms. The results highlight the advantage of introducing wooded species in vegetated buffers. Indeed for the 3 tree species tested, the hydraulic conductivity of the soil was equivalent or significantly higher than that of brome grass which guaranties a greater reduction of Tables Table 1: For the bromide recovery rates, the 2 values are those of the 2 replicates (e.g. CI and CII) measured or calculated for the duration of the experiment. For the simulated recovery rates of bromide and S-Metolachlor, the values in brackets are the values extrapolated for a volume injected being approximately 10 times the value of the pore volume. Rf is the retardation factor. For each treatment the R² for the S-Metolachlor transport model are given for the set of measured Kd (measured) and the set of optimized Kd (simulated).
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Table 3: Comparison of the textural, chemical and sorption properties between the rhizosphere and bulk soils in the vegetated microcosms

The R² values reflect the performance of the models (linear and Freundlich) 

  the saturated and residual soil water content and Disp, the dispersion coefficient [L].
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 2 Fig 2: Evolution of the root system's architecture of the 3 tree species after 4 months growth in loess soil microcosms incubated in the walk-in environmental growth chamber. The architecture of the root systems did not evolve a lot as few new lateral roots were created but existent lateral roots elongated and thickened significantly.

Fig 3 :

 3 Fig 3: Repeatability of the water fluxes and conservative tracer transport patterns in the buffer microcosms. The water outflow (left) and bromide breakthrough (right) measured during the ponded leaching experiments in duplicates of brome grass, black walnut and pin oak microcosms exhibited a good repeatability. For the un-vegetated control (top) and poplar (bottom) microcosms, the measurements on the two replicates were less repeatable.

Fig 4 :

 4 Fig 4: Bromide and S-Metolachlor breakthrough curves. The graphs represent the evolution of the measured bromide (black dots) and S-Metolachlor (red dots) concentration normalized by the injection concentration value (C/C0) of each molecule as a function of the cumulated outflow volume expressed as the cumulated volume normalized by the nominal pore volume (V/V0). The graphs on the right are zooms from those on the left for the duration of the experiments only. The plain lines represent the simulated breakthrough curves in black for bromide and in red for S-Metolachlor. The light red lines represent the S-metolachlor breakthrough curves simulated with the sorption parameters from the batch tests and the darkred lines are the S-Metolachlor breakthrough curves simulated with optimized sorption coefficients. Bromide and S-Metolachlor breakthrough was simulated for a period of 10 pore volumes and plotted for 8 pore volumes because of minor differences between 8 and 10 pore volumes.

Fig 5 :

 5 Fig 5: Linear sorption isotherms of S-Metolachlor on the rhizosphere and bulk soil from the different buffer microcosms. The error bars represent the standard deviations (n=3).

  : parameters derived from the experimental measurements. b: parameters estimated by inverse modelling of the bromide breakthrough curves with a dual permeability model implemented in HYDRUS 1D. BT: breakthrough time. Pref. flow: contribution of the preferential flow relative to the global outflow. The R² and RMSE values reflect the performance of the model in reproducing the bromide breakthrough curves.

													1
	CI	3.35 10 -5	0.52	0.61	0.01	0.65	1.78 10 -5	0.51	8.32 10 -5	0.26	6.11 10 -2 6.85 10 -2	0	62.34 1.00 7.06
	CII	1.57 10 -5	0.52	0.45	0.03	0.70	1.22 10 -5	0.13	2.03 10 -5	0.44	1.00 10 -1 1.44 10 -1	0	56.66 1.00 5.64
	BGI	1.35 10 -5	0.52	0.54	0.10	0.41	4.21 10 -6	0.84	3.53 10 -5	0.29	3.51 10 -3 6.22 10 -2 563 77.40 1.00 3.03
	BGII	1.39 10 -5	0.52	0.64	0.07	0.57	5.50 10 -6	0.83	3.72 10 -5	0.26	9.84 10 -3 9.59 10 -2 442 69.96 0.99 7.02
	BWI	2.21 10 -5	0.52	0.57	0.09	0.48	8.96 10 -6	0.78	5.19 10 -5	0.32	1.19 10 -2 3.80 10 -2 644 73.17 1.00 2.83
	BWII	2.00 10 -5	0.53	0.53	0.03	0.36	5.26 10 -6	0.79	4.16 10 -5	0.41	1.63 10 -2 3.56 10 -2 371 84.60 1.00 5.49
	OI	1.35 10 -5	0.53	0.50	0.10	0.22	3.23 10 -6	0.90	3.16 10 -5	0.42	9.70 10 -4 2.73 10 -2 762 87.63 1.00 3.41
	OII	1.33 10 -5	0.53	0.58	0.03	0.38	3.19 10 -6	0.90	2.95 10 -5	0.39	1.58 10 -2 5.03 10 -2 1077 85.53 1.00 2.49
	PI	2.43 10 -5	0.52	0.51	0.10	0.35	7.39 10 -6	0.77	5.02 10 -5	0.39	1.55 10 -3 3.76 10 -2 494 81.29 1.00 4.19
	PII	3.18 10 -5	0.52	0.54	0.002	0.77	2.40 10 -5	0.38	4.30 10 -5	0.45	8.52 10 -2 1.92 10 -1	0	59.45 0.98 9.86

a

Table 2 : Transport characteristics of bromide and S-Metolachlor
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	Microcosm	Method	Bromide recovery rate	S-Metolachlor recovery rate	Rf of the matrix compartment	Rf of the macroporal compartment	R² for the S-Metolachlor transport model
			%	%	[-]	[-]	[-]
	Control	measured simulated	71.32 -79.19 72.37 (96.29 ) -78.85 (98.04)	65.52 66.73 (96.67)	1.90 1.90	1.90 1.31	0.50 0.96
	Brome Grass	measured simulated 73.95 (99.97) -69.71 (103.19) 77.55 -71.33	62.86 54.80 (103.08)	1.81 1.81	1.78 2.34	0.81 0.94
	Black walnut	measured simulated	74.09 -80.75 75.78 (99.48) -80.70 (99.88)	48.85 47.73 (91.69)	3.08 3.08	3.37 2.62	0.99 0.98
	Pin oak	measured simulated 83.77 (102.27) -76.75 (100.40) 84.27 -78.91	50.93 43.69 (90.81)	3.04 3.04	3.06 2.69	0.99 0.98
		measured	79.87 -75.35	70.21	3.30	3.35	0.07
	Poplar	simulated 80.15 (100.84) -79.03 (100.12) 79.03 (100.19)	1.00	1.00	0.89

  in reproducing the experimental sorption isotherms.

		pHH2O	pHsalt OM	CEC	Sand	Silt	Clay Texture class	Freundlich model		Linear model
	Soil									Kf	n	R²	Kd	R²
				%	meq/100g	%	%	%		µg (1-n) l n kg -1			l kg -1
	Un-vegetated control	7.2	6.6	1.3	10.1	10.0	72.5	17.5	Silt loam	3.63	0.66 0.99	0.39	0.99
	Brome grass -Rhizosphere	7.7	7.1	1.3	8.1	7.5	75.0	17.5	Silt loam	2.30	0.70 0.93	0.34	0.95
	Brome grass -Bulk	6.4	5.9	1.3	9.1	7.5	75.0	17.5	Silt loam	1.99	0.73 0.98	0.35	0.99
	Black walnut -Rhizosphere	7.0	6.3	1.6	9.1	10.0	72.5	17.5	Silt loam	1.27	0.97 0.98	1.05	0.99
	Black walnut -Bulk	6.9	6.2	1.5	8.4	10.0	72.5	17.5	Silt loam	0.79	1.04 0.95	0.92	0.99
	Oak -Rhizosphere	6.8	6.1	1.5	9.0	10.0	72.5	17.5	Silt loam	0.41	1.14 0.93	0.93	0.99
	Oak -Bulk	7.4	6.7	1.6	7.8	10.0	72.5	17.5	Silt loam	1.23	0.96 0.97	0.92	1.00
	Poplar -Rhizosphere	7.1	6.4	1.6	10.4	10.0	72.5	17.5	Silt loam	2.24	0.88 1.00	1.03	1.00
	Poplar -Bulk	7.2	6.4	1.6	10.2	10.0	72.5	17.5	Silt loam	2.50	0.84 0.98	0.99	0.97
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