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their location in a regional toposequence across the Brazilian Central Plateau. We measured the water retention properties at -300 and -1500 kPa by using the centrifugation method. The morphology and size of the elementary particles was studied by using transmission electron microscopy and determining the specific surface area (SSA) with the BET method. We determined also the pore size distribution of the microaggregates by combining mercury intrusion and nitrogen desorption isotherm. Our results showed that the microaggregates of the Latosols studied are not rigid but shrink during drying. The pore volume of the microaggregates at -300 and -1500 kPa as well as the pore volume of the dried microaggregates are closely related to the clay content. The SSA is also closely related to the clay content. Consequently, the mineralogy of the <2 µm would play at the most a marginal role in the properties studied. Finally, our results showed that the shrinkage of the microaggregates between -300 kPa and the shrinkage limit and between -1500 kPa and the shrinkage limit varies with the location of the Latosols in the Landscape. Thus, the microaggregates of the Latosols located on the SAS shrink less than those of the Latosols located on the VS. This difference might be related to a difference of hydric stress history of the Latosols.

Propriétés de retrait des micro-agrégats de Latosols brésiliens : importance de la teneur en argile, de la composition minéralogique et de l'histoire hydrique.

Résumé

Les Latosols sont caractérisés par une faible differenciation de leurs horizons, une macrostructure peu développée et une structure granulaire submillimétrique représentée par des microagrégats de 50 à 300 µm de diamètre. Les propriétés de retrait de ces agrégats qui sont généralement considérées comme très limitées sont encore discutées. L'objectif de cette étude est d'analyser les propriétés de retrait des microagrégats dans l'horizon diagnostic Bw

Introduction

The arrangement of the particles in the soil is called soil structure, and is affected by climate, biological activity and soil management practices [START_REF] Hillel | Introduction to Environmental Soil Physics[END_REF]. The Latosols that represent 1/3 of the Brazilian territory (Ker, 1988) and occupy about 40% of the Brazilian Central Plateau surface [START_REF] Silva | Caracterização e distribuição das principais classes pedológicas do Planalto Central Brasileiro[END_REF] are characterized by a poor differentiation of the horizons, a weak macrostructure and a strong submillimetric granular structure [START_REF] Embrapa | Manual de métodos de análise de solo[END_REF] resulting in microaggregates 50 to 300 µm in size (e.g. [START_REF] Balbino | Comportement de la phase argileuse lors de la dessiccation dans des Ferralsols microagrégés du Brésil: rôle de la microstructure et de la matière organique[END_REF]2002;[START_REF] Volland-Tuduri | Direct analysis of microaggregates shrinkage for drying: Application to microaggregates from a Brazilian clayed Ferralsol[END_REF]2005). Most Latosols in the Brazilian Taxonomy [START_REF] Embrapa | Manual de métodos de análise de solo[END_REF] correspond to Oxisols in the Soil Taxonomy (Soil Survey Staff, 2006) or Ferralsols in the World Reference Base (IUSS Working Group WRB, 2006). The main minerals of the <2 µm material are kaolinite, gibbsite, hematite, and goethite (e.g. [START_REF] Curi | Topossequence of Oxisols from Central Plateau of Brazil[END_REF][START_REF] Macedo | Morphology, mineralogy, and genesis of a hydrosequence of oxisols in Brazil[END_REF][START_REF] Ker | Latossolos do Brasil: uma revisão[END_REF][START_REF] Schaefer | Minerals in the clay fraction of Brazilian latosols (Oxisols): a review[END_REF][START_REF] Reatto | Development and origin of the microgranular structure in latosols of the Brazilian Central Plateau: Significance of texture, mineralogy, and biological activity[END_REF]. The weakness of the macrostructure would be related to the small shrinkage of the microaggregates for drying. [START_REF] Balbino | Changes in porosity and microaggregation in clayey Ferralsols of the Brazilian Cerrado on clearing for pasture[END_REF] studied the porosity of the microaggregates in several kaoliniticsesquioxid Latosols from Cerrados biome. They showed that the microaggregates would shrink between -100 kPa potential and air-drying as a result of a reorganization of the clay fabric within the microaggregates for drying. The pore volume of the air-dried microaggregates was 3.7 to 37.1 % smaller than its value at -100 kPa potential. That decrease in pore volume appeared related to the organic carbon content of the microaggregates. Du [START_REF] Du Gardin | Effects de la déshydractation sur les sols du système ferralsol-podzol d'Amazonie centrale. Reconstitution de la courbe de désorption d'eau à partir de la porosimétrie au mercure[END_REF] discussed the prediction of the water retention curve from the mercury intrusion curve for kaolinitic Latosols from Amazonia. They recorded a smaller pore volume in the air-dried microaggregates than in the wet microaggregates. Du [START_REF] Du Gardin | Effects de la déshydractation sur les sols du système ferralsol-podzol d'Amazonie centrale. Reconstitution de la courbe de désorption d'eau à partir de la porosimétrie au mercure[END_REF] explained that difference as mainly related to a collapse of the microaggregate fabric because of the high pressure applied during the mercury intrusion process in mercury porosimetry [START_REF] Penumadu | Compressibility effect in evaluating the pore-size distribution of kaolin clay using mercury intrusion porosimetry[END_REF]. [START_REF] Braudeau | Characterizing nonrigid aggregated soilwater medium using its shrinkage curve[END_REF] studied the shrinkage properties of rewetted < 2 mm sieved aggregates in consistent cylinders and showed that for Oxisols collected in Senegal the mean shrinkage of the elementary aggregates would be about 25 % between saturation and air-drying. [START_REF] Volland-Tuduri | Direct analysis of microaggregates shrinkage for drying: Application to microaggregates from a Brazilian clayed Ferralsol[END_REF] studied the shrinkage for drying of initially water saturated microaggregates using an environmental scanning electron microscope. For the kaolinitic-sesquioxid Latosols studied, they showed very small shrinkage at the scale of individual microaggregates since the volume of dried microaggregates was found to be 93 to 99 % of their volume at saturation. [START_REF] Braudeau | Modeling the swelling curve for packed soil aggregates using the pedostructure concept[END_REF] studied the shrinkage curve of beds of packed < 2 mm aggregates air-dried prior water saturation and collected in Oxisols from Ivory-Coast. They showed that shrinkage of the aggregates varied according to the clay mineralogy. However, because of the consequences of air-drying, sieving and packing on the behavior of the microaggregates, their results cannot be related easily to the shrinkage of the aggregates in the diagnostic horizon. [START_REF] Viana | Efeitos de ciclos de umedecimento e secagem na reorganização da estrutura microgranular de Latossolos[END_REF] studied the shrinkage properties of both air-dried and undisturbed Latosols on one hand, and of both air-dried and grinded Latosols on the other by analyzing the crack network that appeared after 10 wetting-drying cycles. They showed a lack of cracks and the stability of the submillimetric granular aggregates in the initially air-dried but undisturbed Latosols studied. They showed also the development of a crack network varying according to the clay content and corresponding to a blocky structure for the initially air-dried and grinded Latosols. Thus, the shrinkage properties of the microaggregates that would explain the weak macrostructure in Latosols are still under discussion. The objective of our study is the analyze of the shrinkage properties of undisturbed microaggregates collected in a set of Latosols varying in their particle size distribution and mineralogical composition according to their location in a regional toposequence across the Brazilian Central Plateau.

The soils studied

The Central Plateau

The Central Plateau corresponds to two main geomorphic surfaces: the South American Surface (SAS) and the Velhas Surface (VS) [START_REF] King | A geomorfologia do Brasil Central[END_REF][START_REF] Lepsch | Oxisol-Landscape relationships in Brazil[END_REF][START_REF] Motta | Relações solo-superfície geomórfica e evolução da paisagem em uma área do Planalto Central Brasileiro[END_REF][START_REF] Marques | Major element geochemistry and geomorphic relationships in Brazilian Cerrado soils[END_REF]. The South American Surface (SAS) corresponds to a landscape that originated from a vast peneplain resulting from erosion between the lower Cretaceous and the middle Tertiary under humid climatic conditions favorable to deep weathering of rocks [START_REF] Braum | Contribuição à geomorfologia do Brasil Central[END_REF]. Because of continent uplift, that peneplain was dissected, thus resulting in a landscape of tablelands 900 to 1,200-m high corresponding to remnants of the South American Surface [START_REF] Radambrasil | Levantamentos de recursos naturais[END_REF]. The Velhas Surface (VS) has formed later and corresponds to surfaces connecting the South American Surface to lower portions of the landscape where the rivers flow. The VS shows moderate and convex slopes, and covers a much smaller surface areas than the SAS. The most representative climate of the Central Plateau is Megatermic or Humid Tropical (Aw) with the subtype savanna, according to the [START_REF] Köppen | Grundriss der Klimakunde[END_REF] classification. It is characterized by a dry winter (medium temperature of the coldest month > 18 °C) and maximum rains in summer. The mean annual rainfall ranges from 1,500 to 2,000 mm, with the highest rainfall in January and the smallest in June, July and August (<50 mm/month) [START_REF] Assad | Veranicos na região dos cerrados brasileiros: freqüência e probabilidade de ocorrência[END_REF].

The Latosols selected for study

Ten Latosols (L) developed in different parent materials and under natural vegetation were selected along an approximately 350-km long regional toposequence across two geomorphic surfaces in the Brazilian Central Plateau (Table 1): four Latosols (L1 to L4) located on the South American Surface (SAS) and six others (L5 to L10) on the Velhas Surface (VS). The main characteristics of the Latosols studied can be found in [START_REF] Reatto | Hydraulic properties of the diagnostic horizon of Latosols of a regional topossequence across the Brazilian Central Plateau[END_REF]Reatto et al. ( , 2008a[START_REF] Reatto | Development and origin of the microgranular structure in latosols of the Brazilian Central Plateau: Significance of texture, mineralogy, and biological activity[END_REF]. The soils L1 to L4 and L10 were gibbsitic-sesquioxic Latosols and L5 to L9 were kaolinitic-non-sesquioxidic Latosols, and L6 was a kaolinitic-sesquioxidic Latosol. They all showed a strong submillimetric granular structure resulting in microaggregates 50 to 300 µm in size except for L4 where the microstructure was characterized by the assemblage of partially clay coated quartz grains with small rounded microaggregates 10 to 30 µm in size with simple to compound packing voids [START_REF] Reatto | Development and origin of the microgranular structure in latosols of the Brazilian Central Plateau: Significance of texture, mineralogy, and biological activity[END_REF]. The quartz grains of L4 were runiquartz [START_REF] Stoops | Micromorphology of the oxic horizon[END_REF] with many < 2 µm infillings richer in iron oxy-hydroxides than the quartz coating clay material (Reatto et al., 2009, see Figs. 3g & h). Samples were collected between 110 and 140 cm depth in the diagnostic horizon (Bw) of every Latosol.

Methods

The particle size distribution was determined on the air-dried <2-mm material by using the pipette method after dispersion with NaOH 1N [START_REF] Embrapa | Manual de métodos de análise de solo[END_REF]. The organic carbon content was determined on the air-dried <2-mm material by wet oxidation with 0.4 N K 2 Cr 2 O 7 . The bulk density (g.cm -3 ) was calculated using the oven-dry mass of the soil material contained in the 100 cm 3 cylinders [START_REF] Embrapa | Manual de métodos de análise de solo[END_REF]. The water content was determined at -300, and -1500 kPa by using undisturbed samples collected in triplicate with cylinders 100-cm 3 in volume (∅ = 5.1 cm, h = 5 cm). For every Latosol, samples were first saturated for 24 h and then submitted to water extraction by applying the centrifuge method [START_REF] Silva | Período de centrifugação adequado para levantamento da curva de retenção da água em solos do Bioma Cerrado[END_REF]Reatto et al., 2008b). The samples were then oven-dried at 105°C for 24 hours and sieved at 2 mm to obtain the dry mass of < 2 mm material. The water content at -300, and -1500 kPa was referred to the oven-dried < 2 mm material. We determined the pore size distribution of the microaggregates by mercury intrusion and nitrogen desorption isotherm. Mercury porosimetry enables the measurement of both the pressure required to force mercury into the voids of a dry sample and the volume of intruded mercury at each pressure. Mercury intrusion assumes that the pores necks are cylindrical. If the pores necks are cylindrical then the relation between equivalent pore diameter Hg e D (expressed in µm) and applied pressure P (expressed in Pa) is as follows:

( ) Ρ - = / cos 4 θ γ Hg e D
where γ = 0.484 Nm -1 and θ = 130 ° are respectively the surface tension of mercury and its contact angle with the soil material (Fiès, 1984). The pore size distribution was determined for P ranging from 1 to 200 MPa that corresponds to pores with Hg e D ranging from 1 µm down to 0.0065 µm, respectively. The experiments were performed with a Micromeritics-9310 with undisturbed microaggregates oven-dried at 105°C for 24 hours. Adsorptiondesorption isotherms of N 2 were performed with about 150 mg of soils samples < 2-mm dried at 105ºC during 24 hours in an oven and then dried again at 105°C under a pressure of 10 2 Pa.

The specific surface area (SSA) of the material was determined by using the BET equation [START_REF] Brunauer | Adsorption of gases in multimolecular layers[END_REF]. The equivalent pore size ( 2N e D ) distribution curve was obtained for 2 N e D < 0.2 µm by applying the BJH method to the N 2 desorption curve [START_REF] Barrett | The determination of pore volumes and area distributions in porous substances[END_REF].

The experiments were performed with a Nova Surface Analyzer (Quantachrome Instrument Company). The morphology and size of the elementary particles was studied in transmission electron microscopy by using a Philips CM20/STEM working at 200 kV and equipped with an energy dispersive X-ray spectrometer. Prior to their deposit on a carbon coated grid, the < 2 µm fraction was dispersed in alcohol with ultrasounds.

Results and Discussion

Main characteristics of the Bw horizons studied

The Bw horizons of the Latosols studied exhibited a large range of clay content (300 ≤ clay content ≤ 780 g kg -1 ) (Table 2). Their Db ranged from 0.83 to 1.21 g cm -3 that is consistent with Db values recorded earlier in Latosols [START_REF] Camargo | Classification, Characterization and Utilization of Oxisols, Part 2: Field Trip Background, Site and Pedon Descriptions, Analytical Data[END_REF][START_REF] Ferreira | Influência da mineralogia da fração argila nas propriedades físicas de Latossolos da região sudeste do Brasil[END_REF][START_REF] Balbino | Changes in porosity and microaggregation in clayey Ferralsols of the Brazilian Cerrado on clearing for pasture[END_REF]. This Db variation was poorly related to the clay content (R 2 = 0.55) (Fig. 1). [START_REF] Volland-Tuduri | Mass proportion of migroaggregates and bulky density in a Brazilian clayed Oxisol[END_REF] also established for a set of Latosols that Db was poorly correlated with the clay content (R 2 = 0.36) and showed that Db varied mainly with the microgranular structure development. The organic carbon (OC) was ≤ 6.2 g kg -1 in the Bw studied (Table 2). This small OC content was related to the relatively deep sampling depth of these Bw horizons (i.e. between 110 to 140 cm depth). This small OC content is also consistent with the values recorded by [START_REF] Camargo | Classification, Characterization and Utilization of Oxisols, Part 2: Field Trip Background, Site and Pedon Descriptions, Analytical Data[END_REF] and [START_REF] Balbino | Comportement de la phase argileuse lors de la dessiccation dans des Ferralsols microagrégés du Brésil: rôle de la microstructure et de la matière organique[END_REF] at similar depth. The specific surface area (SSA) ranged from 7.2 to 30.5 m 2 g -1 and 71 % of its variance was explained for by the clay content alone (Table 2 and Fig. 2). The remaining unexplained variance did not appear related to the variation of the mineralogy of the clay fraction shown by Reatto et al. (2008a and[START_REF] Reatto | Development and origin of the microgranular structure in latosols of the Brazilian Central Plateau: Significance of texture, mineralogy, and biological activity[END_REF] for the Latosols studied (Table 1). The SSA can be attributed to the clay fraction solely, the contribution of silt and sand fractions being negligible for clay soils. Thus, we calculated the SSA of the clay fraction (SSA cl , in m 2 per g of oven-dried clay) as follows:

SSA cl = (SSA / C) × 1000
with C, the clay content in g per kg of soil. Results showed that SSA cl ranged from 24.1 (L4) to 41.1 m 2 g -1 (L2) (Table 3) which is consistent with values of SSA cl recorded earlier. Indeed, [START_REF] Melo | Chemical and mineralogical properties of kaolinite-rich Brazilian soils[END_REF] found 37.7 ≤ SSA cl ≤ 52.6 m 2 g -1 for a set of kaolinitic Latosols and [START_REF] Balbino | Changes in porosity and microaggregation in clayey Ferralsols of the Brazilian Cerrado on clearing for pasture[END_REF] 45 ≤ SSA cl ≤ 57 m 2 g -1 for another set of kaolinitic-sexquioxid Latosols. The size of the elementary particles shown in transmission electron microscopy is consistent with the SSA cl recorded in the Bw studied (Figure 3). The particles of kaolinite ranged from 0.1 to 0.3 µm in size in the ab direction, the particles of gibbsite from 0.05 to 0.10 µm in size and those of goethite or hematite from 0.01 to 0.3 µm.

Water retained and characteristics of the clay fraction

The water retained at -300 kPa (W 300 ) and -1500 kPa (W 1500 ) varied respectively from 0.113 to 0.305 cm 3 g -1 and from 0.101 to 0.284 cm 3 g -1 , and 89% of the variance was explained for by the clay content alone at each water potential (Figs. 4a and4b). Thus, there was again a very small proportion of variance remaining that might be attributed to the mineralogy of the clay fraction although the proportion of kaolinite, gibbsite, goethite and hematite varied strongly from one horizon to another (Table 1). A very close relationship between W 1500 and the clay content (R 2 = 0.99) was earlier recorded by [START_REF] Balbino | Comportement de la phase argileuse lors de la dessiccation dans des Ferralsols microagrégés du Brésil: rôle de la microstructure et de la matière organique[END_REF] for a set of kaolinitic-sesquioxid Latosols and consequently for a set of Latosols with similar clay mineralogy. On the other hand, [START_REF] Tawornpruek | Microstructure and water retention of Oxisols in Thailand[END_REF] observed a poor relationship between the water retained at -1500 kPa and the clay content for a set of Oxisols from Thailand. This poor relationship might be related to a variation of the nature of the fine material and of the fabric at the scale of the elementary particles assemblage.

Pore size distribution of the dried microaggregates

The pore size distribution of the dried microaggregates for 1 ≤ D e ≤ 0.0028 µm was established as earlier done by [START_REF] Bruand | Effect of water content on the fabric of a soil material: an experimental approach[END_REF] by combining the pore size distribution recorded in mercury porosimetry (1 ≤ Hg e D ≤ 0.0065 µm) on one hand, with the one computed from the nitrogen desorption curve (0.12 ≤ 2 N e D ≤ 0.0028 µm) on the other (Fig. 5). This indeed enables the full description of the pore size distribution of the microaggregates, the mercury porosimetry being limited to Hg e D ≥ 0.065 µm with the mercury porosimeter used.

Our results showed that the pore size distributions recorded with the two methods in the common range of D e (i.e. 0.02 ≤ D e ≤ 0.0065 µm) were similar for the Latosols studied except for L4 where the microstructure was characterized by the assemblage of partially clay coated quartz grains with small rounded microaggregates 10 to 30 µm in size [START_REF] Reatto | Development and origin of the microgranular structure in latosols of the Brazilian Central Plateau: Significance of texture, mineralogy, and biological activity[END_REF].

For L4, the N 2 desorption curve did not join the N 2 adsorption curve at a relative pressure of 0.75 as for all the other Latosols studied but at a relative pressure of 0.45, thus indicating a much stronger ink bottle effect [START_REF] Hillel | Introduction to Environmental Soil Physics[END_REF]. That stronger ink bottle effect would be related to the presence of empty voids within the runniquartz that would be accessible only through the pores of the clay infillings. Our results showed that the total pore volume of the dried microaggregates ( 

Shrinkage properties of the microaggregates

The close relationship between the amount of water retained at -300 and -1500 kPa and the clay content (see above) is consistent with the location of water at these two water potentials within pores resulting from the packing of the clay particles (Figs. 4a and4b). According to the Jurin's law [START_REF] Murray | Clay-water interactions and the mechanism of soil swelling[END_REF][START_REF] Bruand | Effect of water content on the fabric of a soil material: an experimental approach[END_REF], at -300 and -1500 kPa one can consider that the water is retained by pores with equivalent pore diameter ≤ 1 and ≤ 0.2 µm, respectively. If we consider the volume of water retained at -300 and -1500 kPa as the volume of pores with equivalent pore diameter ≤ 1 and ≤ 0. V + ) in the dried microaggregates (Fig. 5). Whatever the Bw horizon, the volume of water retained at -300 and -1500 kPa is higher than the volume of pores with D e ≤ 1 and ≤ 0.2 µm in the dried microaggregates, respectively. We computed the decrease in the pore volume between -300 kPa and the dried state that corresponds to the shrinkage limit ( ' p V Δ in cm 3 per g of dried soil) on one hand and between -1500 kPa and the dried state ( ' ' p V Δ in cm 3 per g of dried soil) on the other. The pore volume (cm 3 g -1 ) at -300 and -1500 kPa was computed by using 1 g cm -3 for water density. Our results showed that 0.012 ≤ ' p V Δ ≤ 0.078 cm 3 g -1 and 0.006 ≤ ' ' p V Δ ≤ 0.065 cm 3 g -1 . The pore volume in the dried microaggregates was 6 to 25 % less than the volume of water at -300 kPa, and 3 to 23 % less than the volume of water at -1500 kPa, thus showing a measurable shrinkage of the microaggregates for drying. If we except L4,

' p V Δ and ' ' p V Δ
can be attributed to a change of the assemblage of the elementary of the <2 µm material. Thus we calculated the decrease in the pore volume

clay p V ' Δ and clay p V ' ' Δ
in cm 3 per g of clay fraction as following:

clay p V ' Δ = ( ' p V Δ / C) × 1000 clay p V ' ' Δ = ( ' ' p V Δ / C) × 1000
Results showed that 0.023 ≤ clay p V ' Δ ≤ 0.111 cm 3 g -1 and 0.011

≤ clay p V ' ' Δ
≤ 0.093 cm 3 g -1 (Table 3). ≤ 0.093 cm 3 g -1 for Latosols located on the VS (Table 3). Thus, the shrinkage was smaller for the microaggregates of the Latosols located on the SAS than for those of Latosols located on the VS. Therefore, the microaggregates of the Latosols studied were deformable and more deformable in those located on the VS than in those located on the SAS. We can pursue the discussion of our results by considering the significance of the soil hydric history of the Latosols studied as earlier done by [START_REF] Bruand | Water retention properties of the clay in soils developed on clayed sediments: significance of parent material and soil history[END_REF] for clayey B horizons collected in French Cambisols and Luvisols. The Latosols of the SAS being older than those of the VS, the fine material forming the microaggregates of the Bw of the SAS would have been submitted to wetting-drying cycles leading to higher effective stress than for the microaggregates of the Bw of the VS. The microaggregates of the Bw of the SAS would be consequently more consolidated and their shrinkage smaller than for the microaggregates of the Bw of the VS.

Significance of the hydric stress history

Analysis of the

Such a behaviour is consistent with what has already been observed by [START_REF] Tessier | Etude expérimentale de l'organisation des matériaux argileux : hydratation, gonflement et structuration au cours de la dessiccation et de la réhumectation[END_REF] with kaolinite in the laboratory.

Conclusion

Our results showed that the microaggregates of the Latosols studied are not rigid but shrink during drying. The pore volume of the microaggregates at -300 and -1500 kPa as well as the pore volume of the dried microaggregates was shown closely related to the clay content and consequently independent of the clay material mineralogy although a large range of mineralogy was investigated. Our results showed also that the shrinkage of the microaggregates varies with the location of the Latosols in the landscape. Thus, the microaggregates of the Latosols located on the SAS shrink less than those of the Latosols located on the VS. This might be related to the hydric stress history, the latter varying with the age of the geomorphological surface at the scale of the landscape. Consequently, the mineralogy of the <2 µm material would play at most a marginal role in the properties studied for the Latosols of the Central Plateau. Finally, the weak macrostructure of the Latosols would not be related to a lack of shrinkage of their <2 µm material but to a non propagation of the shrinkage at the macroscopic scale because of the strong submillimetric microstructure. Table 1 Main characteristics of the diagnostic horizons (Bw) of the Latosols (L) studied (modified after 38 [START_REF] Reatto | Hydraulic properties of the diagnostic horizon of Latosols of a regional topossequence across the Brazilian Central Plateau[END_REF]Reatto et al., , 2009) 39 ) 39 Soil type Parent Material Hor. Mineralogy K Gb Hm Gt -------------g kg -1 -----------South American Surface (SAS) L1

Red Latosol (1) , Rhodic Acrustox (2) , Rhodic Ferralsol ------------------------g kg -1 ---------------------g cm -3 -----g g -1 ----- -----------------------------------------cm 3 g -1 --------------------------------------------- 

  varied from 0.083 to 0.248 cm 3 g -1 . If we put aside L4 because of the difficulties encountered when combining the results from mercury porosimetry and nitrogen isotherm desorption, 95 % of the variance

  2 µm, respectively, it can be compared to the volume of pores with D e ≤ 1 µm (

  difference according to the location of the Latosols in the Landscape. Indeed, if we except L4, 0.023 ≤

Figures 16 17 Figure 1 Figure 2 Figure 3 Figure 4 Figure 5

 1712345 Figures 16

  ----m 2 g -1 -----

Figure 1 Figure 2 Figure 3

 123 Bulk density according to the clay content of the diagnostic horizons 66 (Bw) of the Latosols (L) studied. Specific surface area (SSA) of the diagnostic horizons (Bw) of the 72 Latosols (L) studied (*P=0.05, significant at p>0.05 level of probability)Observations in transmission electron microscopy of the fine material of the 78 Latosols (L) studied: horizons Bw of L2 (a), L5 (b), L6 (c), and L8 (d

  

  

  bulk density, W 300 = gravimetric water content at -300 kPa, W 1500 = 48 gravimetric water content at -1500 kPa.

		South American Surface (SAS)		
	L1 Bw 2 520	40	440	3.4	1.21	0.190	0.171
	L2 Bw 2 610	140	250	6.1	0.90	0.251	0.231
	L3 Bw 2 750	90	160	0.2	0.88	0.264	0.245
	L4 Bw 1 300	10	690	3.4	1.18	0.113	0.101
			Velhas Surface (VS)			
	L5 Bw 1 550	150	300	6.2	1.03	0.230	0.203
	L6 Bw 2 780	90	130	0.2	0.83	0.294	0.278
	L7 Bw 2 700	140	160	5.9	0.96	0.305	0.284
	L8 Bw 2 760	70	170	6.1	0.98	0.271	0.249
	L9 Bw 2 750	80	170	0.1	1.06	0.271	0.249
	L10 Bw 2 750	70	180	0.2	0.88	0.280	0.255
	Db =						

  -

					South American Surface (SAS)		
	64	L1 Bw 2 16.6	32.0	0.178	0.165	0.012	0.006	0.023	0.011
	65	L2 Bw 2 25.1	41.1	0.227	0.215	0.024	0.016	0.039	0.027
		L3 Bw 2 24.9	33.2	0.242	0.228	0.022	0.017	0.029	0.022
		L4 Bw 1	7.2	24.1	0.098	0.083	0.015	0.018	0.050	0.061
						Velhas Surface (VS)		
		L5 Bw 1 19.9	36.2	0.193	0.174	0.038	0.029	0.069	0.053
		L6 Bw 2 22.8	29.2	0.258	0.248	0.036	0.030	0.046	0.038
		L7 Bw 2 21.6	30.9	0.227	0.219	0.078	0.065	0.111	0.093
		L8 Bw 2 20.9	27.5	0.239	0.226	0.032	0.023	0.042	0.030
		L9 Bw 2 23.8	31.8	0.239	0.226	0.032	0.023	0.042	0.031
		L10 Bw 2 30.5	40.7	0.245	0.229	0.034	0.026	0.046	0.035
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