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Short-term dynamics of soil aggregate stability in the field

Aggregate stability is a key property affecting the movement and storage of water, seedling emergence and soil sensitivity to erosion. Many studies have shown that aggregate stability changes through time. Field monitoring studies performed with a relatively large (monthly) time step showed seasonal trend of aggregate stability. But shorter time step monitoring are required to explore dynamics of aggregate stability at short term. For now, biological activity was recognized to be the main factor of aggregate stability dynamic. But previous studies were currently based on the external stimulation of aggregate stability. The objectives of the study were to assess variations in aggregate stability at short time steps in the field and to identify the factors controlling these variations of stability. A six months field monitoring was performed at short time step (two to five days) on a bare field on

Introduction

Aggregate stability corresponds to the capacity of a soil aggregate to keep its cohesion and not to break up into smaller fragments when it is submitted to the effect of water. The stability of soil aggregates is a key property since it affects the movement and storage of water, soi aeration, biological activity, seedling emergence, and root penetration [START_REF] Gallardo-Carrera | Effects of seedbed structure and water content at sowing on the development of soil surface crusting under rainfall[END_REF]. It also affects soil sensitivity to erosion and crusting (Le [START_REF] Bissonnais | Aggregate stability and assessment of soil crustability and erodibility: I. Theory and methodology[END_REF][START_REF] Bajracharya | Temporal variation in properties of an uncropped, ploughed Miamian soil in relation to seasonal erodibility[END_REF][START_REF] Wang | Soil erodibility for water erosion. A perspective and Chinese experience[END_REF].

It is well-established that aggregate stability is a time dependent variable (e.g. [START_REF] Bullock | Soil cohesion as affected by freezing, water content, time and tillage[END_REF][START_REF] Kay | Modelling temporal changes in structural stability of a clay loam soil[END_REF][START_REF] Bajracharya | Temporal variation in properties of an uncropped, ploughed Miamian soil in relation to seasonal erodibility[END_REF][START_REF] Denef | Influence of wet-dry cycles on the interrelationship between aggregates, particulate Comment citer ce document : Algayer, B[END_REF]. For now, numerous field monitoring studies have identified a seasonal pattern, with the largest aggregate stabilities recorded in summer and the lowest values in winter [START_REF] Bullock | Soil cohesion as affected by freezing, water content, time and tillage[END_REF][START_REF] Blackman | Seasonal variation in the aggregate stability of downland soils[END_REF][START_REF] Chan | Seasonal changes in surface aggregate stability under different tillage and crops[END_REF][START_REF] Dimoyiannis | Seasonal soil aggregate stability variation in relation to rainfall and temperature under Mediterranean conditions[END_REF]. Such studies have shown that the temporal variability of the aggregate stability, as measured at monthly time steps over a year, varied between 20% and 30%, depending upon the study. If seasonal trends of that aggregate stability increased when the biological activity was stimulated by organic amendment (e.g. [START_REF] Tisdall | Organic matter and water stable aggregate in soils[END_REF]Oades, 1982, Le Guillou et al., 2012), underlining that microbial activity has a positive effect on aggregate stability (e.g., [START_REF] Tisdall | Organic matter and water stable aggregate in soils[END_REF][START_REF] Chenu | Organic matter influence on clay wettability and soil aggregate stability[END_REF]. Soil temperature affects aggregate stability directly through freezing [START_REF] Bullock | Soil cohesion as affected by freezing, water content, time and tillage[END_REF]) and indirectly through the stimulation of microbial activity.

Rain affects aggregate stability of the soil surface through several processes, including the kinetic energy of raindrop impact and slaking [START_REF] Shainberg | Role of wetting rate and rain energy in seal formation and erosion[END_REF]. Soil water content at the time of sampling was found negatively correlated with aggregate stability [START_REF] Perfect | Rates of change in soil structural stability under forages and corn[END_REF][START_REF] Kay | Modelling temporal changes in structural stability of a clay loam soil[END_REF]. Soil hydric history affects aggregate stability through physicochemical processes [START_REF] Utomo | Changes in soil aggregate water stability induced by wetting and drying cycles in non-saturated soil[END_REF][START_REF] Kemper | Soil cohesion as affected by time and water content[END_REF] and through its influence on microbial activity [START_REF] Denef | Influence of wet-dry cycles on the interrelationship between aggregates, particulate Comment citer ce document : Algayer, B[END_REF]. Water repellency was shown to affect aggregate stability by decreasing the aggregates wetting rate, limiting the effect of slaking and microcracks formation [START_REF] Piccolo | Role of hydrophobic components of soil organic matter on aggregate stability[END_REF][START_REF] Cosentino | Aggregate stability and microbial community dynamics under drying-wetting cycles in a silt loam soil[END_REF]. According to this literature (e.g. [START_REF] Perfect | Rates of change in soil structural stability under forages and corn[END_REF][START_REF] Blackman | Seasonal variation in the aggregate stability of downland soils[END_REF][START_REF] Suwardji | Seasonal changes of physical properties of an Oxic Paleustalf (Red Kandosol) after 16 years of direct drilling or conventional cultivation[END_REF][START_REF] Denef | Influence of wet-dry cycles on the interrelationship between aggregates, particulate Comment citer ce document : Algayer, B[END_REF][START_REF] Cosentino | Aggregate stability and microbial community dynamics under drying-wetting cycles in a silt loam soil[END_REF], temporal dynamics of aggregate stability should be primarily controlled by biological activity. However, such studies have generally been based on either the external stimulation of biological activity by organic amendments (amended soils compared to non-amended soils) (e.g., [START_REF] Cosentino | Aggregate stability and microbial community dynamics under drying-wetting cycles in a silt loam soil[END_REF][START_REF] Abiven | Dynamics of aggregate stability and biological binding agents during decomposition of organic materials[END_REF][START_REF] Guillou | Linking microbial community to soil water-stable aggregation during crop residue decomposition[END_REF] or the comparison of soils with highly contrasting organic matter contents or management practices (e.g., [START_REF] Blackman | Seasonal variation in the aggregate stability of downland soils[END_REF][START_REF] Suwardji | Seasonal changes of physical properties of an Oxic Paleustalf (Red Kandosol) after 16 years of direct drilling or conventional cultivation[END_REF]. Thus, there is a lack of information concerning the factors of aggregate stability temporal variation without external stimulation of the biological activity.

In the present study, a field monitoring of aggregate stability variations over time steps of a few days was conducted on a bare soil without stimulation of biological activity. The objectives were: 1) to assess how much aggregate stability can vary in the field at short time steps, and 2) to identify the factors controlling the variations of aggregate stability without stimulation of biological activity.

Material and method

Sampling sites

Field monitoring was performed on a site located in the southern part of the Parisian Basin (France), 15 kilometers southwest of the city of Chartres (48°21'5.12"N; 1°16'0.55"E). This site was located on a cultivated field on a typic Luvisol with a gentle slope (7%) oriented to the north. The field was sown with wheat, and soil was drained by subsurface pipes. The A horizons was a silt loam (Soil Survey Division Staff, 1993), with 16% clay and 2.2% organic matter. Other soil characteristics are shown in table 1.

Monitoring and sampling setup

A 50 m² rectangular plot (12 meter in length and 4 meter in width) was defined within the crop field. The plot was kept bare with herbicide (Bayer jardin, versatile weedkiller, 7 g/l glyphosate) during the 6 months of monitoring to facilitate sampling and minimize the effects of vegetation on aggregate stability. The effect of glyphosate on aggregate stability has never been studied according to our knowledge. Monitoring was conducted during six months in 2011. It started just after the seedbed preparation and sowing, on 9 March and it ended on 18 August. The plot was divided in one-meter-square subplots using plastic sticks. During the monitoring, each subplot was sampled only once. Sampling was carried out at two time scales: a regular monthly time step and at a shorter time step (two to five days) during the two weeks after a significant rain event (Table 2). For each monthly sampling, three distinct samples were collected on non-adjacent subplots from each 50 m² plot to assess the spatial variability of the measured variables within a plot. During the monitoring, 6 rain events were considered as significant based on their duration, rain amount and maximum intensity. Sampling at shorter time step (2 to 5 days) was performed during the inter-rain periods (Table 2).

From a subplot, paired samples of surface and subsurface materials were always collected separately. For the surface samples, material was carefully collected from the top 5 mm using a small spatula. When the soil surface was crusted [START_REF] Bresson | Morphological characterization of soil crust development stages on an experimental field[END_REF], large pieces (2-to-20 cm²) of the crust material were collected using a sharp knife to cut through the crust without affecting its structure. The subsurface material was defined as the material between 1 cm and 5 cm below the soil surface. It was carefully collected using a small spade. After May 5, the soil surfaces presented a structural crust, which developed into a sedimentary crust after August 2.

For each material (surface and subsurface), samples were divided into 5 subsamples in order to measure aggregate stability, water content at the sampling time, organic matter content, microbial biomass and water repellency. For aggregate stability, samples were dried at 40°C during 2 days and stored at 4°C before measurement. For organic matter content and microbial biomass, fresh soil samples were sieved at 5 mm and stored at 4°C before measurement. For water repellency, fresh samples were stored at 4°C. 

Measurements

Aggregate stability

Aggregate stability was measured using a modified version of the ISO/DIS 10930 (2012) method which is based on Le [START_REF] Bissonnais | Aggregate stability and assessment of soil crustability and erodibility: I. Theory and methodology[END_REF]. Two tests were considered: fast wetting (FW) and slow wetting (SW). 5 g sub-samples were dried at 40°C for 24 h prior to each test, and each test was replicated three times. Following each stability test, the resulting fragments were sieved in ethanol, and results are presented using the mean weighted diameter of the fragments (MWD) (Le [START_REF] Bissonnais | Aggregate stability and assessment of soil crustability and erodibility: I. Theory and methodology[END_REF]. The results of each test (hereafter referred as MWD FW and MWD SW ) were considered separately to analyze the resistance of the material against specific processes (slaking for the fast wetting test and differential clay swelling for the slow wetting test). Each MWD value corresponds to one of five classes of stability: MWD above 2 mm corresponds to very stable material, between 2 and 1.3 mm corresponds to stable material, between 1.3 and 0.8 mm corresponds to median stability, between 0.8 and 0.4 mm corresponds to unstable material, and lower than 0.4 mm corresponds to very low stability (Le [START_REF] Bissonnais | Aggregate stability and assessment of soil crustability and erodibility: I. Theory and methodology[END_REF].

Organic matter content and microbial biomass

As soil was kept bare and no organic amendment was incorporated, biological activity was not expected to change much during the monitoring. Organic matter content and microbial biomass were measured, as control measurements, to characterize the biological activity. Organic matter content was measured using the sulfochromic oxidation method (ISO 14235, 1998), microbial biomass using the fumigation method (ISO 14240-2, 1997). 

Potential explanatory variables

Air relative humidity and temperature, rain amount and intensity, soil water content and hydric history, and water repellency of the aggregates, were considered as potential explanatory factors of aggregate stability variations.

The air relative humidity and temperature were recorded hourly (Vaisala, HMP45C) at 1.5 m above ground.

Rain amount was measured hourly using a rain gauge (Campbell Scientific, ARG 100).

Average rain intensity and maximum rain intensity was calculated for each rain event. To characterize the amount of rainfall in the days preceding a sampling date, an antecedent precipitation index (API) was calculated from the rainfall data using a 7-day duration as:

Pi

where i is the i th day before sampling and P i (in mm) is the total precipitation height on the i th day.

Soil water content was measured at each sampling time by the gravimetric method carried out on the surface and subsurface samples. Volumetric soil water content and soil temperature were measured hourly using TDR and thermistor probes (Decagon Devices, soil moisture sensor 5TE) at two depths (1 cm and 5 cm) and at two different locations in each plot (4 probes per plot) for the whole monitoring duration. According to their design principle, TDR probes are known to show approximate data for very top soils. A preliminary analysis was performed to compare gravimetric water content data and volumetric water content data for the 19 sampling times. Results showed that these measurements were significantly correlated and showed similar results (r²= 0.79).

To characterize the hydric history of the soil, two indices were calculated from the water content data: the mean of water content for a duration t (in days) prior sampling (WC t ) and the difference in water content between the beginning and the end of that period (ΔWC t ). A preliminary analysis based on a correlation analysis was performed to identify the duration of both hydric history indices that was the most relevant to aggregate stability changes. For both indices, durations ranging from 0.25 to 8 days were tested. Results

showed that the most-significant durations were half day for water content (WC 1/2 ) and 4 days for the difference in water content (ΔWC 4 ).

Subcritical water repellency was measured with the intrinsic sorptivity method [START_REF] Tillman | Water-repellency and its measurement by using intrinsic sorptivity[END_REF]. The experimental design described by [START_REF] Hallett | Changes to water repellence of soil aggregates caused by substrate-induced microbial activity[END_REF] was used. Measurements were performed on 1-cm-diameter aggregates, on surface samples only. Samples were dried at 40°C during the 48 h prior to measurements. When the soil surface was crusted, measurements were made on the top of 1 cm² crust fragments.

Subcritical water repellency was expressed as the water repellency index R defined by [START_REF] Tillman | Water-repellency and its measurement by using intrinsic sorptivity[END_REF]. The given R value corresponds to the mean of 10 replicates. A higher R value means a larger water repellency. An R index equal to 1.0 corresponds to a completely non-repellent material, an R index between 1.0 and 1.95 corresponds to a nonrepellent material and an R index higher than 1.95 corresponds to a subcritical water repellent material [START_REF] Tillman | Water-repellency and its measurement by using intrinsic sorptivity[END_REF].

Statistical analysis

Statistical analysis were completed using R software version 2.9.2 (R Development Core Team, 2011). The short time step variability was considered as significant when its coefficient of variation (CV) was significantly larger than the CV of the spatial variability measured at the monthly time step. Throughout the whole study, a 5% significance level was considered. Linear correlation analysis (Pearson's coefficient) were used to identify relationships between the MWD and the other factors. This analysis was carried out for the surface and subsurface datasets separately. In order to classify the identified factors, and to 

Results

Temporal variation of aggregate stability MWD FW and MWD SW were significantly correlated (r=0.82, p-value <0.001). Because the slow wetting test exhibited the largest temporal dynamics, only this test is detailed in the present section (Figures 1 and2).

Based on the monthly samples, the largest spatial variability of the MWD SW at a given time was 9% for the surface and 12% for the subsurface (Figure 1a). As it was explained previously, variations above this threshold were considered as significant. During the monitoring period, aggregate stability varied greatly for both the surface and the subsurface. The surface MWD SW ranged from 0.34 mm (very unstable) to 0.99 mm (medium stability), with a mean of 0.68 mm, a variance of 0.04 mm² and a CV of 29%.

The subsurface MWD SW ranged from 0.39 mm (very unstable) to 1.08 mm (medium stability), with a mean of 0.60 mm, a variance of 0.04 mm² and a CV of 32%. Such dynamics in time are considered significant because there are larger than the spatial variability assessed at a given time by the monthly sampling (Figure 1a).

Considering the monthly time step only (Figure 1a), the CV of aggregate stability was 29% for the surface and 32% for the subsurface. Considering the short time step, aggregate stability also varied greatly for both surface and subsurface: the same CV were found for both surface and subsurface. Variance of the aggregate stability was similar between the monthly time step and the short time step monitoring (p-value = 0.8 for both surface and subsurface).

Short time step sampling periods showed various trends in aggregate stability (Figure 2). During the May short-time monitoring period (Figure 2a), the variance of surface MWD SW was 0.01 mm² for both surface (CV=9%) and subsurface (CV=17%). The surface MWD SW decreased significantly immediately after rain 1, but did not changed after R2.

Subsurface MWD SW did not varied significantly after both rain events. During June shorttime monitoring period (Figure 2b), the surface MWD SW showed a variance of 0.05 mm² with a CV of 42%, while the subsurface MWD SW was much more stable (variance = 0.01 mm² and CV=15%). The surface MWD SW decreased significantly after R3 and R4,

showing its largest decrease after R4: from 0.78 mm (10 June, prior rainfall 4) to 0.38 mm (14 June). Inter-rain periods 3 and 4 showed a significant increase of the MWD SW , the largest increase of the MWD SW occurring during the inter-rain period 3: from 0.34 mm ( 8June) to 0.78 mm (10 June). During August short-time step monitoring (Figure 2c), the variance of MWD SW was 0.02 mm² for the surface (CV=20%) and 0.05 mm² for the subsurface (CV=30%). Both surface and subsurface MWD SW kept stable after R5 but decreased significantly after R6. Inter-rain periods 5 and 6 showed significant increase of MWD SW for both surface and subsurface.

Explanatory variables

Results of the temporal dynamics of the explanatory variables are presented in Tables 3 and4 and in Figures 3 and4. Organic matter content varied between 1.8% and 1.4% , with a variance of 0.01 %² and a CV of 6% for both surface and subsurface (Figure 3a).

Microbial biomass showed a larger variability: a variance of 1609 and a CV of 26% for the surface and a variance of 2767 and a CV of 43% for the subsurface (Figure 3b).

The R index of the surface was often larger than 1.95, indicating that the samples could present a subcritical hydrophobicity. Water repellency showed a large temporal variability with a CV of 50% (Table 3, Figure 3c). Air temperature varied between 1.6°C and 36.1°C. Air temperature was always positive during the monitoring period, hence no freezing occurred. Soil surface temperature varied between 4.8°C and 31.2°C with a CV of 32%, while subsurface temperature varied between 9.7°C and 30.4°C with a CV of 19% (Figure 4a and4b). The studied site exhibited a cumulated rain of 219 mm. Among the 6 rain event considered, R3

(June 4) presented the highest rain amount (26.2 mm in 7 hours) and a maximum intensity of 16.8 mm h -1 (table 4b). The dynamic of the soil water content was very different between the surface and the subsurface. Surface water content showed a variance of 10.3 %² and a CV of 28% while subsurface water content remained very stable (variance = 0.06 %² and CV=4%) (Table 3c; Figure 4c).

Relationships between aggregate stability and explanatory variables

Aggregate stability did not significantly correlated with microbial biomass, organic matter and water repellency whatever the stability test (Table 5). The same results were found between MWD and air temperature, soil temperature or air humidity (not shown).

A correlation analysis was performed to test the influence of the rain characteristic on aggregate stability. For the 6 considered rain events, correlation coefficient were calculated between rain amount, mean intensity and maximum intensity, and the MWD value measured immediately after the rain event. The best correlation coefficient was found between the maximum intensity of the rain event and the surface MWD measured immediately after the rain event (r= -0.77 for MWD FW and -0.83 for MWD SW ). Mean rain intensity and total rain amount did not correlate significantly with aggregate stability.

Subsurface MWD did not correlate with rain event characteristics. The same analysis was performed between rain characteristics and the difference between MWD before and after the rain event. Here also, the best correlation coefficient was found between the maximum intensity of the rain event and the difference between MWD before and after the rain event (r= 0.82 for MWD FW and 0.80 for MWD SW ). Considering the soil water content and hydric history, for the surface, the MWD was significantly and negatively correlated with the WC 0 , WC 1/2 , ΔWC 4 and API for both stability tests (Table 6). For the subsurface, no significant correlation were found between any of the MWD and the variables linked to hydric history (API, WC 0 , WC 1/2 and ΔWC 4 ), except for the MWD SW that significantly and negatively correlated with WC 0 (r=-0.57) (table 6).

In order to classify the influence of each variable found to be significantly correlated with aggregate stability, and to measure the combined effect of these variables, regression analysis were done. The considered variables were: WC 0 , WC 1/2 , API and ΔWC 4 for the surface, and WC 0 for the subsurface. At first, simple regression analysis was conducted (Table 7). For the subsurface, none of the simple regression models were significant, regardless of the aggregate stability test. Considering the surface MWD FW , the best simple regression model was with WC 1/2 (54% of MWD FW variation). Models with WC 0 or API were also statistically significant (r²= 51% and 37 %, respectively). For the slow wetting test, all four models were significant, with r² between 39% and 50% (Table 7). The variables found to be significant during this simple regression analysis were combined in multiple regression models (except WC 0 , WC 1/2 , and API, which were not independent). Among all combinations, the only valid multiple regression models were found for the surface. WC 1/2 and ΔWC 4 together accounted for 59% of the MWD SW , and the combination of WC 0 and ΔWC 4 accounted for 57% of the MWD SW .

Discussion

Aggregate stability varied significantly at short time step

The results show that the aggregate stability in the field varied greatly at short time steps (of a few days). Variations up to 32% were measured for both surface and subsurface materials. Short term dynamics of aggregate stability was already observed during laboratory experiments (e.g. [START_REF] Utomo | Changes in soil aggregate water stability induced by wetting and drying cycles in non-saturated soil[END_REF][START_REF] Denef | Influence of wet-dry cycles on the interrelationship between aggregates, particulate Comment citer ce document : Algayer, B[END_REF][START_REF] Cosentino | Aggregate stability and microbial community dynamics under drying-wetting cycles in a silt loam soil[END_REF], but, according to our knowledge, only one study observed it in the field [START_REF] Kay | Modelling temporal changes in structural stability of a clay loam soil[END_REF]. Moreover, the variability of aggregate stability was never observed by field measurements for a bare soil without any external stimulation of biological activity.

Up to now, most field monitoring studies used monthly samplings to assess aggregate stability dynamics [START_REF] Blackman | Seasonal variation in the aggregate stability of downland soils[END_REF][START_REF] Bajracharya | Temporal variation in properties of an uncropped, ploughed Miamian soil in relation to seasonal erodibility[END_REF][START_REF] Suwardji | Seasonal changes of physical properties of an Oxic Paleustalf (Red Kandosol) after 16 years of direct drilling or conventional cultivation[END_REF][START_REF] Dimoyiannis | Seasonal soil aggregate stability variation in relation to rainfall and temperature under Mediterranean conditions[END_REF]. Such studies showed that during the year, aggregate stability could vary between 20% up to 30%. In the present study, soil was kept bare during all the monitoring, and no amendments were incorporated. Aggregate stability did not significantly correlated with organic matter content nor microbial biomass, for both surface and subsurface. This result leads us to conclude that a stimulation of biologic activity (i.e. organic amendment) is required to make it affect aggregate stability.

Water repellency of the surface aggregates varied independently from the aggregate stability. Based on previous studies [START_REF] Piccolo | Role of hydrophobic components of soil organic matter on aggregate stability[END_REF][START_REF] Cosentino | Aggregate stability and microbial community dynamics under drying-wetting cycles in a silt loam soil[END_REF][START_REF] Goebel | Quantitative analysis of liquid penetration kinetics and slaking of aggregates as related to solid-liquid interfacial properties[END_REF] this variable was expected to influence aggregate stability. In our case, the range of measured R index (between 1.9 and 7.0) did not correspond to very contrasted water repellencies. It seeems that more contrasted water repellencies are required to influence aggregate stability.

The result of the present study underlined the significant influence of rain events on surface aggregate stability dynamics. Aggregate stability decreased significantly after 4 of the 6 rain events. The largest decrease was observed for the rain 4 which showed the highest total rain amount and maximum rain intensity. According to the results of the correlation analysis, the maximum rain intensity appeared to be the dominant factor of aggregate stability decrease upon all the considered rain characteristics. The greater the maximum rain intensity, the greater the aggregate stability decrease. Relationships between rain amount and aggregate stability were observed in the field by monthly monitoring studies [START_REF] Blackman | Seasonal variation in the aggregate stability of downland soils[END_REF][START_REF] Bajracharya | Temporal variation in properties of an uncropped, ploughed Miamian soil in relation to seasonal erodibility[END_REF][START_REF] Suwardji | Seasonal changes of physical properties of an Oxic Paleustalf (Red Kandosol) after 16 years of direct drilling or conventional cultivation[END_REF][START_REF] Dimoyiannis | Seasonal soil aggregate stability variation in relation to rainfall and temperature under Mediterranean conditions[END_REF]. Usually, temporal patterns of precipitation are considered as an important factor in aggregate stability decrease through raindrop impact, which affects the structure of surface aggregates, and through the increase of soil water content (e.g. [START_REF] Shainberg | Role of wetting rate and rain energy in seal formation and erosion[END_REF][START_REF] Dimoyiannis | Seasonal soil aggregate stability variation in relation to rainfall and temperature under Mediterranean conditions[END_REF]. The present study underlines the importance of rain intensity on the short time step aggregate stability decrease. More than the rain amount, the maximum rain intensity seems to be a dominant indicator of surface aggregate stability decrease. However, as only six rain events were considered, such result must be taken carefully, and more detail studies should be conducted to confirm this observation.

Subsurface aggregate stability was not related to rainfall characteristics

The results also showed that the soil water content and its dynamics were dominant factors of surface aggregate stability. Soil water content at the time of sampling (WC 0 ) and few hours before sampling (WC 1/2 ) were significantly and negatively correlated with aggregate stability. Simple regression models with WC 0 explained up to 51% of aggregate stability variation (MWD FW ), while simple regression models that included WC 1/2 explained up to 54% of the aggregate stability variations (MWD FW ), making WC 1/2 the dominant explanatory factor in aggregate stability variation at short time step.

Previous studies (e.g., [START_REF] Perfect | Rates of change in soil structural stability under forages and corn[END_REF][START_REF] Blackman | Seasonal variation in the aggregate stability of downland soils[END_REF]Dymoyiannis, 2009) have found negative correlations between water content and aggregate stability variation at the monthly time step. The present study found similar relationships at a short time step (a few days) but for surface aggregate stability only. In a field monitoring study performed at short time step (2 days) on a bare soil, [START_REF] Kay | Modelling temporal changes in structural stability of a clay loam soil[END_REF] did not found significant relationships between aggregate stability and WC 0 . In this previous study, samplings were performed within the plowed layer (between -15 and -25 cm). Similarly, the present study did not a relationship between aggregate stability and WC 0. for the plowed layer (-1 to -5 cm). Such a relationship was found only for the soil surface (0 to -0.5 cm).

The soil hydric history indices ΔWC 4 and API were found to be significant factors of surface aggregate stability and were negatively correlated with aggregate stability for the soil surface. The relationship between the water content history and aggregate stability give two pieces of information. Firstly, aggregate stability decreases when the soil is getting more humid: the greater the wetting, the larger the decrease of aggregate stability. This result confirms the negative influence of rain amount and intensity on aggregate stability that we previously observed. A high rain intensity provokes a rapid soil wetting with a large wetting amplitude that decreases aggregate stability (e.g. R3), while a rain event with a low rain intensity and thus a wetting with a small amplitude do not affect aggregate stability (e.g. R5). Secondly, aggregate stability increases when the soil is drying, and the more intense the drying, the larger the increase of aggregate stability: a large amplitude drying caused an increase in aggregate stability as it was the case during IR 3 and 6, while a small drying amplitude did not affect aggregate stability as for IR 1 and 2.

These results were previously observed by laboratory studies. They showed wetting cause a decrease of aggregate stability through physico-chemical processes such as the loss of inter-particle cohesion [START_REF] Sheel | Morphological clues to wet granular pile stability[END_REF], slaking [START_REF] Zaher | Modeling aggregate internal pressure evolution following immersion to quantify mechanisms of structural stability[END_REF] and microcraking [START_REF] Bissonnais | Aggregate stability and assessment of soil crustability and erodibility: I. Theory and methodology[END_REF]. They also showed that drying increases aggregate stability by the formation of bonds between particles in relationship with clay flocculation and precipitation of soluble components [START_REF] Kemper | Soil cohesion as affected by time and water content[END_REF][START_REF] Kemper | Cohesion development in disrupted soils as affected by clay and organic matter content and temperature[END_REF][START_REF] Dexter | Two mechanisms for age-hardening of soil[END_REF]. While these relationships were only observed in laboratory experiments, the present study clearly observed similar relationships for field conditions, suggesting the same processes may be active.

Conclusions

Aggregate stability varied greatly over time steps of a few days for both surface and subsurface. Short term dynamics of aggregate stability were already shown by laboratory experiments, but such dynamics was never observed in the field for a bare soil without external stimulation of biological activity (i.e. no organic amendment). MWD variations of up to 42% were measured at short time step for specific periods proving that large changes in aggregate stability are occurring even in a few days. Such large changes are likely to affect soil properties such as storage of water and soil sensitivity to erosion, and thus, 
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 12 Figure 1: Temporal variation of aggregate stability for the slow wetting test of surface and subsurface at montly time step (a) and short time step (b).
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 3 Figure 3: Temporal variation in (a) organic matter content, (b) microbial biomass and (c) water repellency. a and b: each point is the mean of three replicates; bars are standard errors. c: each point is the mean of 10 replicates; bars are standard errors.
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 4 Figure 4: Temporal dynamics of the soil variables; a) Surface soil temperature, b) subsurface soil temperature, c) Volumic soil water content for surface and subsurface.
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 23 Figure 2: Temporal variation of aggregate stability for the slow wetting test at short time step for (a) May , (b) June and (c) August. MWD monthly time step: each MWD corresponds on the mean of three samples located on the same plot (spatial variability) and 3 replicates for each measurements (n=9). Bars are standard errors. MWD short time step: each MWD corresponds on the mean of three replicates (n=3). Bars are standard errors.R1, R2, R3, R4, R5, and R6 refer to the number of the rain event.
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	Curves are to the mean of two replicates	
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		Sampling		
	Date Monthly Short term Rain event
	16/3	S0		
	30/3	S1		
	28/4	S2		
	2/5			R1
	3/5		S3	Inter-rain
	5/5		S4	period 1
	7/5			R2
	9/5		S5	
	11/5		S6	
	13/5		S7	Inter-rain
	16/5		S8	period 2
	18/5		S9	
	30/5	S10		
	4/6			R3
	7/6 8/6 10/6		S11 S12 S13	Inter-rain period 3
	14/6		S14	R4
	16/6 4/7 2/8	S16 S17	S15	Inter-rain period 4
	4/8			R5
	8/8 10/8 12/8		S18 S19 S20	Inter-rain period 5
	14/8			R6
	16/8		S21	Inter-rain
	18/8		S22	period 6
	S = sampling; R = rain event	
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Table 3 :

 3 variability of the organic matter content, microbial biomass and water repellency of aggregates

		Micro	
	Organi	bial	
	c	biomas	
	matter	s	Water repellency
		Max Min Mean CV Max Min Mean CV Max Min Mean CV
		%	
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	.4	1.7	6 234 72	147 26 7.4 1.2	3.3	50
	Subsurface 1.8 1.5	1.7	7 256 37	117 46		
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		Surface			Subsurface	
		OM	BIOMI	WR	OM	BIOMI
	MWDFW	0.33 (ns)	0.25 (ns)	0.12 (ns)	0.34 (ns)	-0.07 (ns)
	MWDSW	0.14 (ns)	0.32 (ns)	0.24 (ns)	-0.29 (ns)	-0.06 (ns)
	dataset: n=19; df=17; α=5%; r=0.46		
	ns=Not significant at the 5% level			
	OM = organic matter content			
	BIOMI = microbial biomass			
	WR=water repellency				
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 6 Correlations (Pearson's coefficient) between MWD and soil water indices : soil water content at the time of sampling WC 1/2 : mean soil water content for half a day prior to sampling ΔWC 4 : difference between water content at the time of sampling at water content 4 days Version définitive du manuscrit publié dans / Final version of the manuscript published in: Soil Science Society of America Journal, 2014, 78(4), 1168-http://dx.doi.org/10.2136/sssaj2014.01.0009

		Surface				Subsurface		
		WC0	WC1/2	ΔWC4	API	WC0	WC1/2	ΔWC4	API
	MWDFW	-0.73*	-0.76*	-0.54*	-0.63*	0.14(ns) 0.13(ns) 0.25(ns) -0.18(ns)
	MWDSW	-0.69*	-0.72*	-0.70*	-0.65*	-0.57*	-0.37(ns) -0.04(ns) -0.25(ns)
	dataset: n=19; df=17; α=5%; r=0.46				
	* significant at the 5% level					
	ns = not significant at the 5% level				
	WC prior to sampling						
	API: antecedent precipitation index				
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Table 7 :
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		WC0 WC1/2	API					ΔWC4		
	Dataset	Df	R²	level	R²	level	R²		level	R²	level
	s										
	Surface		FW	17	0.51	**	0.54	**	0.37	*	0.25	.
			SW	17	0.44	*	0.50	**	0.39	*	0.47	**
	Subsurface	FW	17	0	ns	0	ns	0	ns	0.01	ns
			SW	17	0.23	.	0.29	.	0.07	ns	0	ns
	Df= degrees of freedom; R²= adjusted coefficient of determination	
	FW: Fast wetting test. SW: Slow wetting test.				
	** Model significant at the 1 % level					
	* Model significant at the 5% level					
	. Model significant at the 10 % level					
	ns Model not significant at the 10 % level				
	WC 0 : soil water content at the time of sampling				
	WC 1/2 : average soil water content half a day prior to sampling	
	ΔWC 4 : difference between soil water content at the time of sampling and soil water
	content four days before							
	API: antecedent precipitation index					
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Curves are to the mean of two replicates 36