Effects of cropping systems upon the three-dimensional architecture of soil systems are highly contingent upon texture
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Highlights
· Degree of plant presence in agricultural systems profoundly affects soil structure
· Such effects are contingent on the soil texture
· Systems involving plants invoke a greater porosity and pore size range in clay soil
· Systems involving plants invoke reduced porosity and permeability in sandy soil

Summary (250 words)
Soil delivers fundamental ecosystem functions via interactions between physical and biological processes mediated by soil structure. The structure of soil is also dynamic and modified by natural factors and management intervention. The aim of this study was to investigate the effects of different cropping systems on soil structure at contrasting spatial scales. Three systems were studied in replicated plot field experiments involving varying degrees of plant-derived inputs to the soil, viz. perennial (grassland), annual (arable), and no-plant control (bare fallow), associated with two types of soil texture (clayey and sandy). We hypothesized the presence of plants results in a greater range (diversity) of pore sizes and that perennial cropping systems invoke greater structural heterogeneity. Accordingly, the nature of the pore systems was visualised by X-ray Computed Tomography and quantified in 3D. Plants did not affect the porosity of clay soil at the mm scale, but at the m scale, annual and perennial plant cover resulted in significantly increasing porosity, a wider range of pore sizes and greater connectivity compared to bare fallow soil. However, the opposite occurred in the sandy soil, where plants decreased the porosity and pore connectivity at the mm scale but had no significant structural effect at the m scale. These data reveal profound effects of different agricultural management systems upon soil structural modification, which are strongly modulated by the extent of plant presence and also contingent on the inherent texture of the soil.  
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Introduction
Soil structure is dynamic and subject to modification by natural and anthropogenic actions, such as wetting-drying cycles or freeze-thaw action. These processes re-structure the soil with potential consequences for physical and biological processes. Water flow and gas diffusion are both affected by the porous architecture (Naveed et al., 2016). The nature and magnitude of soil microbial activity are affected by the air-water balance in soil and the availability of nutrients, and microbial communities are strongly affected by their microenvironment in soil (Chenu, 1993; Helliwell et al., 2014). Soil microbes along with plant roots are also implicated in aggregation processes via gluing and enmeshing actions (Tisdall and Oades, 1982). Microbial communities can contribute to aggregate stability and therefore help prevent against further de-structuring of soil (Chenu and Cosentino, 2011; Dorioz et al., 1993; Oades, 1993). This, in turn, might lead to the capacity of soils to adapt to changing environmental circumstances (Crawford et al., 2012; Feeney et al., 2006).
Tillage practices have a direct impact on soil structure, and often increase the macro-porosity of conventionally managed soil (Ambert-Sanchez et al., 2016). Conventional tillage can also result in the depletion of nutrients and soil organic carbon within the soil (Coleman et al., 1997) and a decline of the aggregated structure (Watts et al., 2001). Studies of a long-term (over four decades) field experiment at Rothamsted Research (Harpenden, UK) which converted grassland to arable and bare fallow managements showed a decline in soil organic carbon and nitrogen (Gregory et al., 2016)  and a decrease in microbial abundance under different treatments (Hirsch et al., 2009). These studies focused on the soil micro-organisms and soil chemical properties (such as pH, organic carbon and phosphate), however, there is a lack of information on the structure of the pore network of the soil under these long-term managements. 
The aim of this study was to identify the effects of different cropping management systems that involve contrasting degrees of plant presence on soil structure in the context of two soil textural classes. Three long-term field cropping systems were studied: grassland (permanent plant), arable (annual plant) and bare fallow (no plant). We hypothesised that: (i) cropping management influences the inherent soil structural properties;  by (ii) the presence of plants results resulting in a greater soil porosity and range of soil pore diameters due to root action; and (iii) a more persistent presence of plants invokes a greater porosity and structural heterogeneity, apparent as a wider range of pore sizes in perennial systems. Structural properties of the soils were determined at two spatial scales of sample and resolution, i.e. 'core' scale (435 cm3 at 40 m resolution) and 'aggregate' scale (circa 4.19 mm3 at 1.5 m resolution). To establish the functional consequences of such structures for water flow in the soils, we also estimated their saturated hydraulic conductivity at both scales using a modelling approach. 

Materials and methods
Soils
Soil cores were collected at Rothamsted Research (Hertfordshire, UK) from two long-term experiments: Highfield soil (LATLONG 51.8103N, -0.3748E), a silty-clay loam texture developed on clay-with-flints over Eocene London Clay (Batcome series) classified as a Chromic Luvisol by FAO criteria (hereafter referred to as the clay soil, Table 1); and Woburn soil (LATLONG 52.0009N, -0.6137E), which is a well-drained, sandy loam from the Cottenham Series (Hodge et al., 1984) classified as a Cambric Arenosol (FAO), (referred to as the sandy soil, Table 1). The replication of the treatment was uneven and based on the inherent experimental plot design. Four cylindrical, cores (68 mm diameter x 120 mm height) of the grassland and arable treatments and three replicate cores of the bare fallow treatment were extracted for the clay soil, and four cores of the grassland, arable with manure (Arable manure) and bare fallow treatments and five replicate cores of the arable with inorganic fertiliser (10 kg N ha-1; Arable N3) were collected for the sandy soil. All replicates were independent being derived from separate plots. All treatments had been maintained for at least 50 years. After sampling cores were stored at 4 °C prior to further analysis. 	Comment by Sacha Mooney: This suggest the top soil which you sampled is silt loam so perhaps this should be called silt rather than clay, unless you have done a PSA test?	Comment by Karl Ritz: These textural classes need to be sorted out for certain - what  is the official Rothamsted statement on this - presumably that has been made in published sources?	Comment by Bacq-Labreuil Aurelie: Modify the texture from the latest study published (with soil texture referred in) Gregory et al. 2016

X-ray Computed Tomography (CT) 
The soil cores were scanned using a Phoenix vtomex M scanner (GE Measurement and Control solution, Wunstorf, Germany), set at 160 kV, a current of 180 A, detector sensitivity of 200 % and at pixel/voxel resolution of 40 m. A total of 2,900 projection images were taken at 250 ms using an averaging of 1 image and skip of 0. The total scan time per core was 24 minutes. After scanning, each core was dismantled and aggregates were extracted for further higher resolution scanning.  Three randomly selected aggregates per core were scanned using a Phoenix Nanotom® (GE Measurement and Control solution, Wunstorf, Germany) set at 90 kV, a current of 65 A and at a voxel resolution of 1.51 m. A total of 1,440 projection images was taken at 500 ms period using an averaging of 3 images and skip of 2. The total scan time per sample was 69 minutes. 
The reconstruction of all scanned images was processed using Phoenix datosx2 rec reconstruction software. Scanned images were optimised to correct for any movement of the sample during the scan and noise reduced using the beam hardening correction algorithm, set at 8. As a multi-scan routine was performed on the core samples, VG StudioMax® 2.2 was used to merge the top and bottom scans to obtain a single 3D volume for the complete core. For both core and aggregate samples, image sequences were extracted (dimensions described below) for image analysis. Core samples were scanned at the prevailing water content following sampling (approximately field capacity). Soil aggregates were derived from these cores following air-drying overnight and the moisture content recorded. The soil was passed through 4,000, 2,000 and 710 m mesh size sieves while subjected to horizontal shaking for three minutes at 300 rotations min-1. Twenty aggregates were randomly selected from between the 2,000 and 710 m sieves, and conserved in sealed containers in the dark at room temperature. 

Image analysis
Initial image analysis was performed using ImageJ (Schneider et al., 2012). For both soil cores and aggregates, a uniform region of interest (ROI) was defined for each sample; 40 x 40 x 40 mm and 0.981 x 0.725 x 0.604 mm respectively. Core ROIs were positioned centrally to limit inclusion of any cracks or large stones. Cubic ROIs for aggregates were not possible because of their variable geometry, so the largest ROI accommodated by all aggregates was chosen. The coordinates of these regions were adapted for each image volume/sequence. The image pre-processing consisted of: (i) cropping to the ROI; (ii) enhancing the contrast/brightness to 0.35%; (iii) application of a 2-pixel radius median filter; (iv) converting the image format of the image to 8-bit; (v) saving the new image volume. 
All images were thresholded using the bin bi-level threshold approach by Vogel et al. (2010) via the open source software QuantIm (http://www.quantim.ufz.de/).  The prescribed initial threshold values (T1 and T2) were obtained by first applying the Li threshold algorithm in ImageJ for each image sequence, and porosity, pore size distribution, pore connectivity and surface density determined according to Vogel et al. (2010).   	Comment by Andy Neal: For dullards like me it might make sense to describe what each measure represents, you are relying on people to read Vogel before they can understand otherwise

Hydraulic conductivity of aggregates and inter-aggregate pores 
It is not possible to measure saturated hydraulic conductivity (Ksat) of individual aggregates, and in order to facilitate direct comparison of Ksat  for all sample classes, we numerically calculated the ability of both inter-aggregate and intra-aggregate pores to conduct water based on the pore-scale velocity simulated using the lattice Boltzmann model we developed previously (Zhang et al., 2016, 2005; Zhang and Lv, 2007). The details of the model and how the permeability of each image was calculated are given in the Supplementary Materials. Ksat was calculated using prescribed sub-volumes of the ROI described above, denoted volumes of interest (VOI). 
   
Statistical analysis
A standard analysis of variance (ANOVA) was performed on all primary variables using a split-plot design with cropping management and size classes of pores as factors. The effect of the measured porosity on saturated permeability was explored using an ANOVA to test for the equality of slopes in log transformed data within the modelled VOI.  All analyses were conducted using Genstat v 17.1 (VSN International Ltd 2014). 
 
Results
Effect on of management types  on clay soil pore structure
Qualitative observations
Figure 1 illustrates selected 3D representations of the porous architecture from the clay soil cores (Fig. 1a, c, e) and aggregates (Fig. 1b, d, f) displayed as segmented images. For the soil cores, there was a clear decrease of in a the number of stones respectively arable > fallow > grass (Fig S1). Moreover, arable soils contained larger pores (> 1 mm) than the other treatments (Fig. 1c), especially at the interface with stone material (Fig.1c) whereas the bare fallow core generally had smaller pores (0.25 – 1 mm; Fig. 1a). Grass cores had a wider range of pore sizes and contained more root and organic material (Fig. 2a and S1e). A similar observation was made for soil aggregate images as the bare fallow aggregates comprised mostly small pores despite the presence of a few, larger pores (Fig. 1b and S1b), the arable aggregates appeared to only have smaller sized pores (Fig. 1d and S1d), and grass aggregates again showed the widest range of pore sizes (Fig. 1f and S1f).

Quantitative analysis
There were significant differences in porosity characteristics for the clay soil under the differenteach management systems, which contrasted in nature between the core and aggregate scales (Table 2 and Fig. 1). At the core scale, total pore volume was not significantly different amongst thebetween treatments (Table 2). At the aggregate scale, total pore volume was significantly different under all three treatments, with a distinct ranking of grassland > arable > fallow, with and a two-fold difference between grassland and fallow (Table 2).
The pore size distributions were similar in their non-linear character under grassland and fallow at the core scale, showing a greater proportion of pore sizes <0.25 mm than the arable soil (i.e. > 50% of pore volume; Fig. 2a). However, the proportion of pore volume > 1.12 mm was significantly greater under grassland and arable than fallow (P<0.001; Fig. 2a). In contrast, under the arable treatment, the pore size distribution was linear within the 0.05-1.04 mm range (Fig. 2a). At the aggregate scale, the pore size distributions for pores <9.26 m under arable and fallow treatments were not significantly different from each other, but significantly greater than grassland (Fig. 2b). For pores >11.8 m, the relationship switched and distributions under grassland and fallow were not significantly different, but arable had a significantly lesser proportion of larger pores (Fig. 2b).	Comment by Andy Neal: You comment a great deal regarding the linearity or otherwise of the pore size distributions, what is the significance of linearity?  Do you mean to say that the distributions are skewed?  If so, we can describe this numerically (see here http://www.itl.nist.gov/div898/handbook/eda/section3/eda35b.htm) My concern here is that if you state that there is significant non-linearity can we still use the F statistic as a parameter? I think we need to clarify what is meant here to avoid confusion
At the core scale, the surface density was significantly different under all three treatments for pore sizes <0.095 mm, with ranking of arable < fallow < grassland (Fig. 2c), with a two-fold difference between grassland and arable. For the pore sizes <0.25 mm, the surface density declined similarly under grassland and arable and there was no difference beyond the pore size 0.31 mm under all three treatments (P<0.001; Fig 2c). In contrast, at the aggregate scale, the surface density relating to the smallest pore sizes (1.86 m) was significantly reduced under fallow than for arable and grassland, which for both at this scale were not significantly different (P<0.001; Fig. 2d). However, the decrease in surface density was greater under arable than the grassland between the pores 5.97 m and 11.8 m which converged towards the fallow. The surface density was not significantly different for pores >14.9 m under all treatments (Fig 2d). 
There were no significant differences in pore connectivity between any of the treatments at the core scale. At the aggregate scale, the connectivity was significantly greater under grassland and arable treatments than fallow with respect to pores <5.97 m, with no differences beyond this (Fig. 2e). There was no change in pore connectivity within aggregates with respect to pore size under fallow across the size range measured (Fig. 2e).
At the core scale, the soil porosity within the VOI which was used for permeability simulation was linearly related to the porosity of ROI (P<0.001), but was on average 73% greater (P<0.001; data not shown). Within this VOI, porosity was significantly greater under grassland than fallow, with arable intermediate but not significantly different from either (Table 4). Simulated water permeability mirrored these trends, and was circa two-fold greater for grassland than fallow (Table 3). There was a significant positive log-log relationship between porosity and permeability in the case of fallow and arable, and marginally so for grassland (Fig. S2a). Across all three treatments there was no significant difference between the regression coefficients (overall mean 1.12 ±+/- 0.30; Table 4). At the aggregate scale, the porosity of VOIs and ROIs of aggregates was not different (P<0.001; data not shown). Here, mean porosity was significantly different between all treatments in the rank order of grassland>arable>fallow (Table 3). Modelled permeability in grassland treatments was double that in arable and fallow, which were not significantly different from each other (Table 3).  At this scale, there was a significant positive log-log relationship between porosity and permeability in all cases which was weakest for fallow (Fig. S2b), but as for the core-scale, there was no significant difference between the regression coefficients across all treatments (Table 4; overall mean 1.0 ±+/- 0.23).	Comment by Andy Neal: So what?

Effect on of management types on sandy soil
Qualitative observations
Figures 3 and S3 illustrate the visualisation of the ROI of the four treatments. In the cores, the presence of stones decreased from bare fallow > arable N3 equivalent to arable manure > grass (Fig. 3b and S3). The bare fallow and arable N3 cores appeared relatively porous and contained some large pores (Fig. 3a and c). The arable manure and grassland showed similar types of pores: mostly medium (0.25–1.0 mm) and small pores (< 0.25 mm; respectively Fig. 3b and d). However, no noticeable difference was observed between the aggregates (Fig. 3 and S3). 	Comment by Andy Neal: This notation, here and elsewhere in the manuscript, will be meaningless for most readers, is it necessary?  The distinction here is between inorganic nitrogenous fertilizer and organic manure, perhaps we should just say that

Quantitative analysis
Total porosity at the core scale was significantly greater under fallow or arable N3 than grassland or arable manure with no significant difference between fallow and arable N3, nor between grassland and arable manure (Table 5). In contrast, at the aggregate scale, there were no significant differences in total porosity under all four treatments (Table 5).
The nature of the pore size distributions at the core scale could be classified into three categories, : associated with fallow and arable N3, where 70 % of the pore sizes were < 0.16 mm; arable manure where 70 % of the pore sizes were < 0.32 mm and had a greater proportion of larger pores; and grassland where 70 % of the pore sizes were < 0.32 mm and had a larger proportion of pores < 0.64mm compared to arable manure. The proportion of pores >1.1 mm range from 85.1 % (arable manure) to 94.9 % (arable N3), with the extremes being significantly different (Fig. 4a). 
The pore sizes were characterised by two distinct patterns in relation to treatment associated with fallow, arable N3 treatments; and grassland and arable manure. For pore sizes <0.64 mm, Fig. 5a shows a greater proportion of pore sizes smaller than 0.16 mm under fallow and arable N3 than grassland and arable manure (respectively around 70 % and 50 %). The fallow and arable N3 treatments showed a similar pore size distribution across the size range measured whereas the distribution of pore sizes under grassland and arable manure were similar up to pores < 0.56 mm and beyond this point, the distribution diverged and there was a significantly greater proportion of the largest pore size under arable with manure than grassland (Fig. 4b). 
At the aggregate scale, the same separation amongst the treatments was observed as for the core scale, although the pore size distributions were more linear, with only a significant difference for the largest pores under fallow and arable N3, than for grassland and arable manure (Fig. 4b). Pore surface density profiles also divided into two distinct groupings: fallow and arable N3, and grassland and arable manure. These were significantly greater under fallow and arable N3 than grassland and arable manure, both of which were congruent across the size range measured (Fig. 4c). The surface density at the smallest pore size (0.05 mm) was greater under fallow than arable N3, however for the larger pore size (> 0.05mm) the surface density was not significantly different and decreased similarly under both treatments. Beyond theFor pore sizes > 0.25 mm, there were no significant differences under all four treatments (Fig. 4c). At the aggregate scale, pore surface profiles were similar in their non-linear nature, with arable N3 being significantly lower than other treatments over the range <3.56 µum (treatment x size class P<0.001; Fig. 4d).
There were no significant differences in pore connectivity under all four treatments at the core scale (P > 0.05). At the aggregate scale, the values of the pore connectivity under all four treatments were relatively small meaning that the overall pore system was poorly connected under all treatments. The connectivity of pores at 1.86 µum was significantly different under all four treatments with a ranking of fallow > grassland > arable manure > arable N3 (Fig. 4e). There was then a general trend of decreasing connectivity above this size, with convergence of all treatments for pores >5.97 µm. 

At the core scale, the soil porosity within the VOI which was used for permeability calculations was linearly related to the porosity of the entire core (P<0.001), but was on average 22% smaller (data not shown). Within this VOI, the porosity of arable manure and grassland treatments were similar (mean 17%), as was the case for Arable N3 and fallow (mean 21%), with the later pair being significantly greater than the former (P<0.01; Table 5).  At this scale, modelled permeability was not significantly different between the grassland, arable manure and arable N3 treatments, but was significantly smaller in the case of fallow (Table 6). There was a significant positive log:log relationship between mean porosity and permeability for fallow, arable manure and grassland treatments, which was marginally significant for arable N3 (Fig. S4a). There was no significant difference between the regression coefficients across all treatments (Table 7; overall mean 0.68 ±+/- 0.22). At the aggregate scale, there was a direct linear relationship between the porosity for whole aggregates and the VOI used for modelling (data not shown). There was no difference in total porosity between treatments within the VOI used for modelling permeability (Table 6; overall mean 2.22 +/- 0.44). Permeability was significantly greater for fallow and arable N3 treatments than for arable manure and grassland, with no difference between these respective pairings (Table 6). At this scale, there was a highly significant positive log:log relationship between porosity and permeability for all treatments (Fig. S4b). The regression coefficient was significantly greater in the case of fallow than all other treatments, and significantly smaller in the case of grassland than all other treatments, with arable and arable manure essentially the same, and median to fallow and grassland (Table 7).	Comment by Andy Neal: Ooh, was there? So what?

Discussion
3D Quantification of the soil porous architecture in terms of the pore connectivity, pore surface density and pore size distribution, is essential for linking soil structure to fluid flow (Vogel and Roth, 2001). Recent work has highlighted considerable benefits for 3D analyses such as we employed here over more conventional 2D analysis of pore structure (Houston et al., 2017), and our data has revealed substantial effects of agricultural management systems upon both pore architecture and function from these perspectives.  

Effect on of management types on clay soil
The presence of plants increased the soil porosity, as also shown by Helliwell et al., (2017) specifically in rhizosphere soil at 12 µm resolution. Where perennial vegetation was present, this had a greater impact than annual plants interspersed by tilling and bare fallow at both core and aggregate scales. The grassland treatment had not been ploughed for 60 at least 150 years and contained a very low number of stones (Fig 1c) hence, the proportion of larger pores is most likely to have been induced by the diversity of plants and their inputs and the associated presence of soil biota. At both scales, grassland soil showed a greater range of pore sizes compared to arable or fallow (Figs 2a and b) which could may be attributed to the presence of a greater diversity of roots, carbon inputs and microorganisms (Hirsch et al., 2009). Under the arable treatment, the frequency of stones was greater than other management systems. The presence of stones could be accounted for as a result of the regular ploughing of the soil over the past 60 years which brought them to the soil surface (Rossi et al., 2013). Another recent long-term experiment showed that under no-till soils have a significantly lower percent of macro-pores than in soils subjected to a chisel plough (Ambert-Sanchez et al., 2016), which corroborates the observation of the highest proportion of largest pores under the arable compared to grassland and fallow at the core scale. The arable treatments showed fewer larger pores at the aggregate scale which emphasizes that ploughing apparently introduced a greater macro-porosity at the core scale.
At the core scale, grassland systems had a greater surface density for the smallest pores (Fig. 2c), meaning implying that the surface of the pore-solid interface was more accessible to the micro-organisms and roots, which would be beneficial for water and nutrient uptake. In contrast, the surface density of all pores was lowest under arable management which could be due to the disturbance of the machinery but also the presence of stones because the morphology of a stone has a smoother edge than a pore. At the aggregate scale, the treatments involving plants had a greater surface density of all pores than the bare fallow soil. However, the surface density values were very low, therefore even though the treatment effects were relatively different from each other they had almost no effect on the surface density at that scale.

For the clay soil, the plant inputs, such as roots and organic matter, and the microbial community differences (Hirsch et al., 2009) may play an important role in governing the pore structure associated with a greater porosity, diversity of pore sizes and connectivity of the system. 
The volume of interest (VOI) was derived from the region of interest (ROI). VOI was used to model the water saturation of the volume and the ROI was used to calculate the pore characteristics using QuantIm. At the core scale, basic pore characteristics were significantly linearly correlated but absolute values were different. These disparities are likely due to the heterogeneous distribution of the pores within ROI, but given the correlation, this it is admissible for comparative purposes to study treatment effects. At the aggregate scale, VOI porosity was congruent with ROI porosity (data not shown).
At both scales, across all clay treatments the permeability generally increased with increased porosity (Table 3). At the core scale this followed a positive power-law relationship with the exponent varying significantly between treatments (Table 4, Fig. S2a). The rate of increase in permeability with respect to porosity increased significantly from fallow to arable to grassland, i.e. there is a substantive effect of the extent of plant presence upon this relationship and the intrinsic ability of the soils to conduct water.  
At the aggregate scale, the permeability of the fallow and arable treatments was not significantly different despite the difference in porosity (Table 3). However, under both these treatments, the pore size distribution was similar for the smaller pores (< 9.26 m) and in greater proportion than grassland (Fig. 2b). Here, the increased proportion of smaller pores appears to reduce the permeability. Surprisingly, the differences in grassland and arable treatments in permeability (Table 3) were not matched by differences in pore connectivity (Fig. 2e) suggesting pore size distribution is a more important characteristic in this context, which is congruent consistent with the observation of Blackwell et al. (1990). This observation is complementary from other studies showing that the permeability differed depending on macro-porosity (Cercioglu et al., 2018) and pore-connectivity at the macroscale (Ball, 1981). 

Effect on of management types on sandy soil
For sandy soil, there was similarity in the pore structures derived from the grassland (i.e. perennial plants) and arable manure (i.e. arable annual plants with organic inputs); and with the fallow and arable N3 (i.e. annual plants with inorganic inputs). This observation is supported by another experiment studying C sequestration over 70 years in this particular soil which revealed that the addition of organic manure was as efficient in C sequestration as growing 3 years’ grass and clover in a rotation of 5 year arable (Johnston et al., 2017). At the core scale, the systems involving perennial plants and annual plants with organic inputs (manure) reduced the porosity of the pore system, theand  surface density and but increased the diversity of pore sizes with regardsrelative to the absence of plants and annual plants with inorganic inputs. This reduction in porosity under the influences of growing root systems in sandy soil was also observed by Helliwell et al., (2017) for the rhizosphere soil generated by a tomato plants. The soil structure characteristics associated with organic the arable with organic inputs was similar to the grassland treatment, which could meansupports the notion that the addition of organic C helped helps support the arable soil structure. Moreover, the organic inputs decreased the soil porosity of the soil, which could decrease the runoff of water and nutrients. 	Comment by Andy Neal: They didn’t study just one plant did they?	Comment by Andy Neal: Really?  Wouldn’t a more porous soil reduce run-off? Sometimes I don’t think I understand soil at all
At the core scale, VOI porosity was linearly correlated with ROI porosity, but the absolute values were different (data not shown). These differences might be induced by the heterogeneous distribution of the pores within the ROI, however due to the correlation, these values were admissible for the comparison of the treatment effects. The correlation between the permeability and the porosity was negative, i.e. more porous systems were less permeable, which was unexpected and contradictory with other studies (Ball, 1981; Blackwell et al., 1990; Cercioglu et al., 2018). Under the grassland and arable manure treatments the proportion of smaller pores (< 0.09 mm) was lesser than arable N3 and fallow. Here, a similar relationship from to the clay was observed between the pore size distribution and the permeability: a reduced proportion of the smaller pores increased the permeability of the pore systems. Therefore, carbon inputs from the plants apparently increased the permeability of the pore system and its recovery from disturbance associated with management. This supports the observations of Gregory et al. (2009) who found a positive relationship between organic matter content and the resilience of soils to physical compression.
The only relative difference was observed for the pore connectivity; however, the Euler numbers were low, meaning suggesting that the pore systems of all treatments were poorly connected. Sandy soil is predominantly composed of sand grains which are bigger in comparison with clay particles. So,This implies that the aggregate scale was may not be the optimal scale to observe the differences between the treatments for in the sandy soil texture. However, the long-term organic management had been proven to have a greater variability in intra-aggregates spatial pore structure for a fine-loamy soil (Kravchenko et al., 2014). In this study, increased organic matter inputs increased the presence of larger (> 188 m) and smaller (<13 m) pores. Therefore, the high resolution aggregate scale is a very efficient to characterise the soil micro-structure, particularly of clayey soils (pore sizes between 2-50 µm) at a high resolution but this scale depends on the soil texture studied (Kravchenko et al., 2014; Peth et al., 2008).	Comment by Karl Ritz: Not sure what you mean here	Comment by Bacq-Labreuil Aurelie: That the aggregate scale is a very useful scale to understand the impact of the management on the micro-structure, but this is also driven by the soil texture.

Contrasting effect of management on both soils
The two soil textures exhibited striking differences in soil structure following application of long-term management. In both cases, the grassland and arable manure (for the sandy soil) seemed to impact on the porosity at the resolutions considered here, increasing for the clay soil and decreasing for the sandy soil. The plant inputs therefore appeared to affect the porosity of the pore system in their vicinity contingent on the soil type. Here we propose that plants modify soil porosity in their vicinity which results in improved hydraulic functions, in this case water retention and transport. Indeed, for both soils, under grassland and arable manure there was a decrease in the proportion of smaller pores, which may be also lead to a greater permeability. Interestingly, wWe found that at the core scale, for the soils considered here that at the core scale, the pore connectivity of both textures was not significantly different. However, at the aggregate scale, the clay soils were significantly different depending on the management treatment whereas the sandy aggregates were not significantly different in regard to pore structures comparing the management systems. 	Comment by Andy Neal: This is the pearl in this oyster isn’t it.  All discussion should lead to this point, shouldn’t it?
There was a positive power-law relationship between porosity and permeability in nearly all treatments, consistent with results reported in the literature (Luijendijk and Gleeson, 2015); the underling mechanism isthis relationship suggests that the soil structure is not random but, for example, is fractal in which the hydraulic property increases with porosity in following a power-law (Crawford, 1994). The type of cropping system did not significantly affect this relationship except in the case of the core scale in the clay soil and the aggregate scale in the sandy soil. In both cases, permeability was much greater relative to porosity under grassland than in fallow, with arable intermediate regardless of increased organic status. 

Conclusions
This study revealed a profound but contrasting effects of different agricultural management systems, and in particular the role of plants, on soil structure over the long-term and in the context of two soil textures. For both soil textures, perennial plants and annual plants associated with organic input (for the sandy soil) increased the diversity of pore sizes. In contrast, the effect of plants on porosity and pore connectivity was markedly different between the two soil textures: for the clay soil, plants increased the porosity associated with an increase of the connectivity of the pore system, whereas for the sandy soil, plants decreased the porosity and had no effect on pore connectivity. Hence the hypothesis that the presence of plants increases porosity requires qualification since plants contributed to soil porosity only in the presence of clay: was correct in relation to the clay soil, however, ffor the sandy soil, the presence of plants actually reduced the porosity. Our results confirmed the hypothesis that perennial plants invoked greater structural heterogeneity made apparent by a wider range of pore sizes. This study also showed that the addition of manure to arable land soil had essentially the same effect as the grassland continual treatmentperennial plants on the modification of the soil structure. Hence organic matter can be considered as an agent which assists soil structure to recover from the tillage by increasing the diversity of the pore sizes and decreasing the porosity. Different crop/management systems create different kinds of soil structure, and for each there are a range of impacts consequences depending on the function under consideration.
These data suggest that management systems impact generate soil structure differently, which conferred conferring to soil structure a variety of functions., such asFor  aexample, a greater proportion of smaller pores led to a decrease in modelled permeability. The contrasting effects of increased plant presence in the two textures bear an intriguing relationship to what may be considered an optimal configuration of pore architecture in the different circumstances. In the context of a cohesive soil, here clay, plant inputs induced a greater porosity, pore-connectivity and permeability, which is arguably advantageous to the plants and the soil biome since it increases water availability via diffuse flow paths. Whereas fFor a less cohesive soil, here represented by sand, the presence of plants decreased the porosity and the permeability, which likewise is beneficial to the plant and soil biota by increasing the propensity for water storage. The inherent cohesion of the soil may impact alter a plant's response to its environment in terms of optimising water storage and flow at a system level.	Comment by Andy Neal: Yeah, I still don’t understand this
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Figure Captions:

Figure 1: 3D representation of clay soils under different cropping systems visualised at core (40 μm resolution; a, c, e) and aggregate (1.5 μm resolution; b, d, f) scales, displayed as thresholded images denoting pore (green) or solid (brown) phases. (a, b) bare fallow; (c.d) arable; (e, f) grassland.
Figure 2: Minkowski functions of clay soils under different cropping systems at core (40 μm resolution; a, c) and aggregate (1.5 μm resolution; b, d, e) scales: (a, b) cumulative pore distribution of cores; (c, d) surface density; (e) connectivity. Points show indicate means, whiskers denote pooled s.e.standard errors
Figure 3: 3D representation of sandy soils under different cropping systems visualised at core (40 μm resolution; a, c, e, g) and aggregate (1.5 μm resolution; b, d, f, h) scales, displayed as thresholded images denoting pore (green) or solid (brown) phases. (a, b) bare fallow; (c. d) arable N3; (e, f) arable manure (g, h) grassland.
Figure 4: Minkowski functions of sandy soils under different cropping systems at core (40 μm resolution; a, c) and aggregate (1.5 μm resolution; b, d, e) scales: (a, b) cumulative pore distribution of cores; (c, d) surface density; (e) connectivity. Points show indicate means, whiskers denote pooled s.e. standard errors
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Figure 1: 3D representation of clay soils under different cropping systems visualised at core (40 μm resolution; a, c, e) and aggregate (1.5 μm resolution; b, d, f) scales, displayed as thresholded images denoting pore (green) or solid (brown) phases. (a, b) bare fallow; (c.d) arable; (e, f) grassland.
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Figure 2: Minkowski functions of clay soils under different cropping systems at core (40 μm resolution; a, c) and aggregate (1.5 μm resolution; b, d, e) scales: (a, b) cumulative pore distribution of cores; (c, d) surface density; (e) connectivity. Points show means, whiskers denote pooled s.e.

Figure 3: 3D representation of sandy soils under different cropping systems visualised at core (40 μm resolution; a, c, e, g) and aggregate (1.5 μm resolution; b, d, f, h) scales, displayed as thresholded images denoting pore (green) or solid (brown) phases. (a, b) bare fallow; (c. d) arable N3; (e, f) arable manure (g, h) grassland.a.
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Figure 4: Minkowski functions of sandy soils under different cropping systems at core (40 μm resolution; a, c) and aggregate (1.5 μm resolution; b, d, e) scales: (a, b) cumulative pore distribution of cores; (c, d) surface density; (e) connectivity. Points show means, whiskers denote pooled s.e. 
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Tables

Table 1: Summary physical and chemical data of Highfield Ley-Arable experiment soils.
	Treatment 
	Densitya / g cm-3
	pHa (H2O) / 
-log(g[H+]L-1)
	Organic Carbona / mg g-1 soil
	Free Organic Carbonb / µg g-1 soil
	Intra-aggregate Organic Carbonb / µg g-1 soil
	Nitrogena / µg g-1 soil
	NaOH-EDTA extractable Phosphorusc / µg g-1 soil

	Fallow 
	1.30-1.45
	5.1
	0.8
	150
	380
	100
	235

	Arable
	1.30-1.45
	5.8
	1.3
	370
	490
	150
	517

	Grassland
	0.99
	6.0
	3.9
	4,690
	3,010
	390
	662


aGregory et al., 2016; bHirsch et al., 2009; cNeal et al., 2017


Table 2: Total porosity in relation to management type at the core (base resolution 40 μm) and aggregate (base resolution 1.5 μm) scale of the clay soil, expressed as percentage of pores relative to the total volume (mean  pooled s.estandard error).
	Treatment
	n
	Core
	Aggregate

	Fallow 
	3
	8.07 ( 0.76)
	14.3 ( 1.08)

	Arable
	4
	8.29 ( 0.66)
	23.4 ( 0.94)

	Grassland
	4
	12.0 ( 0.66)
	31.1 ( 0.94)

	PF
	
	0.53
	<0.001




Table 3: Total porosity in relation to management type (expressed as percentage of pores relative to the total volume), and modelled saturated permeability, of the volume of interest used for modelling, for the clay soil at the core and aggregate scale (mean  pooled s.e.standard error).
	Treatment
	n
	Core
	Aggregate

	
	
	Porosity (%)
	Permeability (mm2)
	Porosity (%)
	Permeability (mm2)

	Fallow
	3
	9.3 ( 2.32)
	387 ( 202)
	14.8 ( 1.78)
	0.55 ( 0.09)

	Arable
	4
	12.0 ( 2.01)
	702 ( 175)
	23.0 ( 1.54)
	0.62 ( 0.08)

	Grassland
	4
	16.3 ( 2.01)
	827 ( 175)
	31.0 ( 1.54)
	1.13 ( 0.08)

	PF
	
	0.54
	0.38
	0.002
	0.003




Table 4: Linear regression coefficients (mean  s.e.standard error) in relation to management type of log porosity vs. log modelled saturated permeability for the clay soil, at the core and aggregate scale.
	Treatment
	n
	Core
	Aggregate

	
	
	Coefficient	Comment by Andy Neal: Which coefficient?  I assume you mean “intercept” here and elsewhere?
	Puncorr
	Coefficient
	Puncorr

	Fallow
	9
	0.27 ( 0.13)
	0.08
	0.71 ( 0.24)
	0.02

	Arable
	12
	0.79 ( 0.07)
	<0.001
	0.93 ( 0.14)
	<0.001

	Grassland
	12
	1.00 ( 0.15)
	<0.001
	1.38 ( 0.32)
	0.002

	Coefficients PF
	
	0.01
	
	0.30
	




Table 5: Total porosity in relation to management type at the core (base resolution 40 μm) and aggregate (base resolution 1.5 μm) scale of the sandy soil, expressed as percentage of pores relative to the total volume (mean  pooled s.estandard error).
	Treatment
	n
	Core
	Aggregate

	Fallow
	4
	21.1 ( 0.98)
	23.7 ( 0.68)

	Arable N3
	5
	19.6 ( 0.87)
	24.4 ( 0.61)

	Arable manure
	4
	14.6 ( 0.98)
	24.8 ( 0.68)

	Grassland
	4
	13.3 ( 0.98)
	25.4 ( 0.68)

	PF
	
	0.002
	<0.001




Table 6: Total porosity in relation to management type (expressed as percentage of pores relative to the total volume), and modelled saturated permeability, of the volume of interest used for modelling, for the sandy soil at the core and aggregate scale (mean ± pooled s.e.standard error).
	Treatment
	n
	Core
	Aggregate

	
	
	Porosity (%)
	Permeability (mm2)
	Porosity (%)
	Permeability (mm2)

	Fallow
	4
	20.9 ( 1.55)
	266 ( 59.0)
	25.0 ( 1.71)
	2.44 ( 0.45)

	Arable N3
	5
	21.2 ( 1.38)
	406 ( 52.8)
	26.0 ( 1.71)
	2.84 ( 0.45)

	Arable manure
	4
	16.4 ( 1.55)
	501 ( 59.0)
	24.3 ( 1.52)
	1.88 ( 0.40)

	Grassland
	4
	17.0 ( 1.55)
	464 ( 59.0)
	24.6 ( 1.71)
	1.72 ( 0.45)

	PF
	
	0.61
	0.37
	0.98
	0.54




Table 7: Linear regression coefficients (mean  s.e.standard error) in relation to management type of log porosity vs. log modelled saturated permeability for the sandy soil, at the core and aggregate scale.
	Treatment
	n
	Core
	Aggregate

	
	
	Coefficient
	Puncorr
	Coefficient
	Puncorr

	Fallow
	12
	0.58 ( 0.25)
	0.04
	2.69 ( 0.51)
	<0.001

	Arable N3
	15
	0.37 ( 0.18)
	0.06
	2.08 ( 0.21)
	<0.001

	Arable manure
	12
	1.08 ( 0.25)
	0.002
	1.90 ( 0.20)
	<0.001

	Grassland
	12
	0.70 ( 0.22)
	0.01
	1.37 ( 0.13)
	<0.001

	PF
	
	0.08
	
	0.02
	



Grass	6.5096082831457694E-2	6.5096082831457694E-2	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	1.18399845	0.96837762500000002	0.67766472499999997	0.41234512499999998	0.282220425	0.18687894999999999	0.13389825	0.105266425	8.6152800000000002E-2	7.1152850000000004E-2	6.1787275000000003E-2	5.4169250000000002E-2	4.848595E-2	4.3639375000000001E-2	3.9319275000000001E-2	Arable	6.5096082831457694E-2	6.5096082831457694E-2	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	0.51964690000000002	0.46505760000000002	0.37297364999999999	0.28351177500000002	0.23353974999999999	0.18777305	0.15494322499999999	0.13147365	0.11301935	9.5485849999999997E-2	8.3058124999999997E-2	7.1917074999999997E-2	6.2770074999999995E-2	5.4008725E-2	4.7163824999999999E-2	Fallow	7.5166481891864506E-2	7.5166481891864506E-2	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	0.86373293333333301	0.74937969999999998	0.5611969	0.34912759999999998	0.234399833333333	0.146232166666667	9.7867599999999999E-2	7.1363333333333306E-2	5.4156366666666698E-2	4.1720466666666699E-2	3.4002466666666703E-2	2.7894499999999999E-2	2.36440333333333E-2	2.0289999999999999E-2	1.7494699999999998E-2	Diameter (mm)


Pore surface density (mm2/mm3)



Grass	3.4492752862014401E-3	3.4492752862014401E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	8.8230386533333302E-2	7.8528897658333305E-2	6.4613328833333303E-2	4.0944263516666697E-2	2.38561158833333E-2	1.2004725075E-2	7.2486261083333304E-3	5.2251686166666696E-3	4.0850327500000002E-3	3.2804759916666699E-3	2.8106804249999999E-3	2.4179719416666701E-3	2.12991029166667E-3	1.8916130499999999E-3	1.64124110833333E-3	Arable	3.4492752862014401E-3	3.4492752862014401E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	9.1515230558333299E-2	7.5456129575000003E-2	5.5253674008333302E-2	2.6805860658333298E-2	1.21368793083333E-2	5.1763705583333297E-3	2.9637930666666702E-3	2.0481548250000001E-3	1.4960639249999999E-3	1.0935062916666699E-3	8.4203902499999995E-4	6.3893228333333297E-4	4.9278554166666598E-4	3.8225674166666703E-4	3.1208265833333298E-4	Fallow	3.9828800299950397E-3	3.9828800299950397E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	5.8934522633333299E-2	4.5020681899999998E-2	2.9521319844444401E-2	1.27235783E-2	6.3032435777777797E-3	3.50251831111111E-3	2.49234506666667E-3	2.0390514777777801E-3	1.75388861111111E-3	1.5401924666666701E-3	1.4063353111111101E-3	1.26866157777778E-3	1.17399332222222E-3	1.08820612222222E-3	1.0061015333333301E-3	Diameter (µm)


Pore surface density (µm2/µm3)



Clay Grass	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	-0.205758137719801	-0.122447749326537	-6.4058120760005305E-2	3.0837845224620099E-3	1.0059517787065901E-2	4.7057842896786901E-3	1.7836326111524601E-3	9.0930289980353698E-4	4.4472662615107603E-4	2.40086212630183E-4	1.93297757806268E-4	1.17680053040915E-4	9.4994741611467202E-5	1.02083901433405E-4	4.8678897442624199E-5	Clay Arable	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	2.12367605815953E-2	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	-0.236193318666547	-9.4386019088114698E-2	-2.37236370381654E-2	1.9739529218340799E-2	9.7891844925300699E-3	2.2586063192099898E-3	7.4294394931960299E-4	3.16176528050214E-4	2.0227736024750701E-4	1.11063503873852E-4	7.1836819526946801E-5	5.24597826810304E-5	3.3082745834520398E-5	3.2893701573124402E-5	2.15510458587369E-5	Clay Fallow	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	2.4522098876999399E-2	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	-1.7720378964221E-2	1.8309566913850599E-2	2.1748912185595101E-2	1.3681133234671799E-2	4.4532526631396998E-3	1.0762919978268401E-3	3.7934881890603597E-4	1.7896190127783001E-4	9.7042721115595605E-5	6.4275049050332403E-5	4.8521360557929703E-5	2.26853114297774E-5	-8.1919180159860693E-6	5.6713278574443399E-6	1.3233098334124701E-5	Diameter (µm)


Euler Number - Normalize with total volume



Clay Grass	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	5.0350598173927494	15.77919827094038	38.89691962963439	55.870507256641723	69.951633119991072	76.502866384213533	80.020760090831246	82.442967432037406	84.391459441360894	85.7877083521131	87.020409170712441	88.046287114900039	89.050943513665246	90.034244223232406	Clay Arable	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	2.0377683872314831	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	9.6995138486240595	27.420364836537079	58.660862584184471	75.725757102715576	85.880558405066679	89.886695508674848	92.020766245930176	93.559644975692436	94.810008474198312	95.728647250345674	96.4882565452032	97.081057936755386	97.088872039605135	97.50655189331431	Clay Fallow	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	2.3530122538284131	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	12.25917417146818	31.86402335902882	59.011914947721557	70.805043910938153	77.667021080322016	80.742390653277894	82.548014496160064	83.938684687910893	85.149406838297708	86.130722453669904	87.123391748402085	87.924214967921003	88.788027778409244	89.604092923644146	Diameter (µm)


% pore volume on the total pore volume 



Clay Grass	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	6.609613832469357	18.750468044033571	34.29993093750258	43.629400654013473	52.617094216223848	58.39546184505037	62.280019304216133	65.364533495311306	68.028224095322898	70.015435052129064	71.69124071192617	73.085179853720021	74.440011316264446	75.653181451310942	Clay Arable	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	2.6870057685088811	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	2.6193197065590201	8.7447346759093225	17.563040666242529	23.708356073100919	31.363089512770919	37.449306650665903	42.735284983310777	47.530385857422402	52.430114789341808	56.517242523013287	60.249780642904753	63.594260231387821	67.053921139993548	69.884909136411039	Clay Fallow	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	3.1026870075253599	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	5.5728219540419834	17.754587535129769	36.334518102165632	48.042238386510142	59.707389651181998	66.926351463051546	71.746569680939004	75.397586377913683	78.412547528517095	80.587700446354646	82.373946106793653	83.775004132913892	85.076872210282005	86.183253430319013	Diameter (mm)


% pore volume of the total pore volume 



Grass	1.85337529928506E-3	1.85337529928506E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	3.9119505291666697E-2	3.54885001083333E-2	3.0431676308333301E-2	2.3327638899999999E-2	1.8778586458333298E-2	1.486969225E-2	1.2277361641666699E-2	1.06112559833333E-2	9.3274805833333304E-3	8.1858709666666595E-3	7.3821664916666604E-3	6.6280352166666699E-3	6.0298810250000003E-3	5.4776697583333303E-3	4.9628542750000003E-3	Arable With Manure	1.85337529928506E-3	1.85337529928506E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	3.6987949008333298E-2	3.3141440124999998E-2	2.8275125416666699E-2	2.16328836583333E-2	1.7314122441666701E-2	1.3636899975E-2	1.1176594275E-2	9.6309133333333293E-3	8.4653862416666607E-3	7.4156226583333299E-3	6.6799990333333299E-3	6.0357626833333301E-3	5.5172168249999999E-3	5.0576126333333297E-3	4.6387718750000003E-3	Arable with N3	1.65770926280817E-3	1.65770926280817E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	3.1187093426666701E-2	2.7828289006666701E-2	2.3751237853333301E-2	1.84978317066667E-2	1.5224838966666701E-2	1.24999402066667E-2	1.06843279066667E-2	9.5323735866666599E-3	8.6663475533333301E-3	7.8709879133333303E-3	7.3006012933333302E-3	6.7591184866666598E-3	6.3000752666666597E-3	5.8983538666666701E-3	5.4955361799999998E-3	Fallow	1.85337529928506E-3	1.85337529928506E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	3.6144767441666698E-2	3.2061894616666697E-2	2.6629716000000001E-2	1.93501012166667E-2	1.4704861308333299E-2	1.10137225E-2	8.8457950416666598E-3	7.6175139583333296E-3	6.7785013333333298E-3	6.1221049083333302E-3	5.7154475250000003E-3	5.3293489083333298E-3	5.034327075E-3	4.7597973249999996E-3	4.4915505583333296E-3	Diameter (µm)


Pore surface density (µm2/µm3)



Sand Grass	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	-3.2320424848676803E-2	-1.53168387108769E-2	-8.54432802782981E-3	-9.0268635063311099E-5	9.3624170712626605E-4	1.0955114977880701E-3	8.69130994146684E-4	6.6401796997071902E-4	5.7233150294298005E-4	3.8943117954138998E-4	3.10977810847183E-4	2.1078435203367399E-4	2.0700346679507E-4	1.7722899554427799E-4	1.5737934804289301E-4	Sand Arable with Manure	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	-1.8626058515670899E-2	-8.7258105192669702E-3	-4.7752580559320603E-3	9.1828250224438104E-4	1.5454368411415801E-3	1.44524338232787E-3	1.0610109199885201E-3	7.5901271158238296E-4	6.4842181836281202E-4	5.3641309317921002E-4	4.46617068770576E-4	3.3177267965792199E-4	2.5993586013077702E-4	2.25907892986507E-4	2.1172957334302799E-4	Sand Arable with N3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	4.9959983987187201E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	-5.0342486947533996E-3	-6.1061296598021505E-4	1.5501629476733301E-5	2.0004663795672702E-3	1.6692608326953099E-3	1.14938911243352E-3	6.9265817565052198E-4	5.1987172026179203E-4	4.23081058161918E-4	3.4443864520623601E-4	2.8129786172712901E-4	2.32524442153371E-4	1.62578065245331E-4	1.18341707957581E-4	1.1115802600522299E-4	Sand Fallow	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	5.5856960175075798E-3	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	-4.5843233513995697E-2	-1.55625962513645E-2	-3.2647944032441001E-3	4.5663641465176902E-3	3.8716264839858301E-3	2.27845596671079E-3	1.24721951797384E-3	8.2045209670405996E-4	5.3546787186965804E-4	3.6769108942149399E-4	2.88292499417933E-4	2.2449006102208001E-4	1.9944169631885101E-4	1.7486594226970599E-4	1.51235409530508E-4	Diameter (µm)


Euler Number - Normalize with total volume



Grass	0.19968725547715899	0.19968725547715899	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	1.94878675	1.450993875	0.89641077499999999	0.47441830000000001	0.29664960000000001	0.182124125	0.122386825	9.1055300000000006E-2	7.0409424999999998E-2	5.4585000000000002E-2	4.4796450000000002E-2	3.6730800000000001E-2	3.0707725000000002E-2	2.5452550000000001E-2	2.0855749999999999E-2	Arable with Manure	0.19968725547715899	0.19968725547715899	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	2.15537665	1.6540537	0.98287595000000005	0.4694894	0.28322122500000002	0.17069239999999999	0.11775065	9.1531050000000003E-2	7.5476600000000005E-2	6.4265349999999999E-2	5.7708175E-2	5.1870550000000001E-2	4.7205450000000003E-2	4.3114100000000002E-2	3.9692199999999997E-2	Arable with N3	0.17860571099491701	0.17860571099491701	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	3.3429174599999998	2.6668518200000002	1.5551178800000001	0.54612521999999997	0.26248991999999999	0.14050351999999999	9.2251020000000003E-2	6.9280880000000003E-2	5.4744300000000003E-2	4.4261620000000002E-2	3.7504959999999997E-2	3.1966019999999998E-2	2.787684E-2	2.4215899999999999E-2	2.1308319999999999E-2	Fallow	0.19968725547715899	0.19968725547715899	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	3.8763103249999991	2.980227975	1.5742399499999999	0.40327105000000002	0.146742025	6.3011275000000005E-2	3.7771875000000003E-2	2.7800325000000001E-2	2.1835750000000001E-2	1.7217625E-2	1.4065025E-2	1.1618949999999999E-2	1.014865E-2	9.1073749999999992E-3	8.4922999999999995E-3	Diameter (mm)


Pore surface density (mm2/mm3)



Sand Grass	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	2.2692485439248178	6.87175722137916	15.72210513895401	22.18409641397438	29.60488493974125	35.13475865369174	39.572928308986207	43.562000780069567	47.483652954267349	50.815828201153053	53.924864225289078	56.690374662816573	59.608391975116447	62.369641528542942	Sand Arable with Manure	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	2.3493123992364229	6.7571137450669374	15.114025014710689	21.297178670127181	28.376836569907901	33.674965854090829	37.831619800028683	41.503467290921137	45.134598155768472	48.153536254077117	50.904946314809678	53.39500464397792	55.988784633887732	58.35917703407744	Sand Arable with N3	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	3.2056200648236528	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	2.0421779625104981	5.6763503797612209	12.162850748743949	16.832251248134259	22.165465457835019	26.17834720331318	29.41413849980178	32.336574534372772	35.344910729678674	37.98412759561743	40.516160514176931	42.887157953291783	45.394546487314187	47.877700465811287	Sand Fallow	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	3.5839921874914848	1.86	3.56	5.97	9.26	11.83	14.92	18.13	20.91	23.87	27.05	29.95	33	35.86	38.96	42.02	2.6574477341202871	7.6191132142171867	16.407483752896439	22.632231076789211	29.139576447304709	33.472758208942608	36.577682133773372	39.117761368052847	41.450337311445999	43.300367075253938	45.08486023660619	46.67376265840354	48.419882645556243	50.129737874674333	Diameter (µm)


% pore volume on the total pore volume



Sand Grass	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	12.459168164380589	31.334486526197029	51.802785279361913	62.712264637147143	72.135586994532915	77.889244758625978	81.610821771731509	84.496177784108099	86.924629538354296	88.676907968837554	90.15669304767134	91.349741656062378	92.509431380963946	93.525565461186545	Sand Arable with Manure	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	11.6792411568531	31.682077251107099	52.503963697993299	62.10448444590206	69.874870154720156	74.14524219561531	76.78930211579393	78.719554699032301	80.266251161773525	81.413160844130999	82.4551692089006	83.360669181564703	84.271636323875128	85.091540921764803	Sand Arable with N3	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	2.079422996891203	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	13.27570344558066	40.190435094118399	68.958326548557281	78.803715071972903	84.726722790334108	87.609608057056832	89.350411971601446	90.658889956359928	91.729832931674125	92.544209600729502	93.231066403960114	93.801903536768052	94.369687520354248	94.85147446753075	Sand Fallow	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	2.3248655875125341	4.9630000000000001E-2	9.4939999999999997E-2	0.15917999999999999	0.24681	0.31552999999999998	0.39779999999999999	0.48354999999999998	0.55767999999999995	0.63643000000000005	0.72136	0.79874000000000001	0.87999000000000005	0.95621999999999996	1.0387999999999999	1.1206199999999999	15.73443147478817	45.300468092670442	73.863127333056383	81.467085382473186	84.904189133139752	86.209752918172654	86.875037032647242	87.340404100254446	87.731942880843746	88.024293417076507	88.258221247852106	88.411566036617899	88.538602832256231	88.619541387687349	Diameter (mm)


% pore volume on the total pore volume
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