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Ferralsols have a ferralic horizon at some depth between 30 and 200 cm that results from long
and intense weathering. Their clay fraction is usually mainly low-activity clay consisting of kaolinite
with hematite, goethite and gibbsite in different proportions. Ferralsols show little or no horizonation,
and their macrostructure is absent to moderate. On the other hand, they have typically a strong
microstructure consisting of microaggregates <1 mm in size. Because of the lack or small
development of macrostructure, porosity of Ferralsols is closely related to the development of
microstructure and the assemblage of elementary particles within the microaggregates with a small
contribution of large pores resulting from root development and macrofaunal activity. Their physical
properties are then closely related to the development of this microstructure. However, there is still no
model in the literature that predicts changes of microstructure of these soils using easily accessible
soil properties when land-use is modified. The objective of this work was to relate microstructure
development to the bulk density (Dy,) in Ferralsols and then to make possible the use of D, as an
indicator of microstructure development.

Ferralsols under native vegetation and cultivated pasture were sampled in the Brazilian Cerrado
region. Bulk density, sand, silt, and clay content and aggregate size distribution were measured from
the surface to 1.6 m depth with increments of 0.1 m. Thin sections were prepared from undisturbed
samples collected at different depths and backscattered electron scanning images (BESI) were
generated.

Results showed that clay content ranged from 18.6 to 79.8 % and bulk density between 0.80 and
1.25 g cm™ among the 108 samples studied. Visual assessment of BESI showed that soil material
corresponded to either microaggregates (0.1 to 0.5 mm in size) in loose arrangement or to
microaggregates in close arrangement forming much larger aggregates (> 5 mm). From calculations
with D, we demonstrated that the pore volume of the microaggregates (V, in cm?® g™) can be described
by a single linear relationship with the clay content whatever the type of microaggregate arrangement
and land use (V, = 0.003 %clay + 0.0029, R? = 0.99). Accurate analysis of the microaggregate size
showed that 96.2 and 95.7 % of microaggregates were < 0.8 mm with 73.2 and 95.7 % between 0.1
and 0.5 mm under native vegetation and pasture, respectively. The mass proportion of
microaggregates in loose arrangement was estimated for a subset of clayey Ferralsols using the
< 0.8 mm soil material that was obtained by dry sieving (®<g). Linear regression coefficients were
calculated for the relationship between ®.yg and the reciprocal of bulk density (1/Dy) (®<g = 1.97
(1/Dyp) — 1.52, R2 = 0.82), assuming no interaction between microaggregates in loose arrangement
and those in close arrangement forming the aggregates > 5 mm in size. The porosity of these two
arrangements was estimated as 0.71 and 0.51, respectively.

Thus, Dy, can then be used as single indicator of microstructure development in clayey Ferralsols
with 70 < clay content <80 %. For Ferralsols with a smaller clay content, Dy corrected by the clay
content can also be used as an indicator of microstructure development. Thus, whatever the clay
content, D, might be discussed in term of consequences of agriculture practices on microstructure
development, making easier to infer consequences for other physical properties such as resistance to
penetration, water retention and hydraulic conductivity.
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&3-11 632a A Duthe
Brirect Observation and Quantification of Colloid Retention in Unsaturated
Porous Media,

A Dathe, Cornell Umiv; ¥ Zevi, Comell Univ: B, Gae, Corsel] Utiv; A G Flay,
Cormell Umiv: T. 5. Steeninis. Cornell Univ

Colload transpont through the vadose zone s of growing concem in recent years
Mon-water-soluble contaminants can enter an aquilfer very quackly (colloidal facili-
tated transport} or colloids can be pathogens wself (for example Cryplosporidium
parvum}, thus yielding the nsk of polluting drinking water, Lifthe is known abou
the complex mechansms of transport and retention of collowds m the pare scale
n sl Memsurements of colloid and microbial ranspor have been limited o
the evaluntiom of breakthrough curves from column experiments in whech cnly
an imtegrated signal of all retention processes n the colunn 15 obtamed or o the
visulization in micromodels with imited applicabality 1o realistic conditions: The
obpective m this presentation s o observe and model colload transpon and reten-
o on the pore scale. Flow expenments were run in a horizontal fow chamber
using clean quanz sand as porous medium and synthetic lusrescent microspheres
of bactena ( Eschenichin coli, contemng a green forescent protein} s colloids. The
waler phase was stmned with Bhodamine B, In order to establish unsaturmted con-
ditions, porous plates were mounted o the mict and outler of the chamber The
chamber was mounted under a Laser Seannimg Confocal Microscope (Leica TCS
512 which allows the acquisition of time series and 31 reconstruction of pore-
scale images Three spectral channels were used. a 488 nm (wrgon) line excites the
coltoid flusrescence, u 343 nm green (HeMNe) line excites Rhodamine B fluooes-
cence, and a transmitied light channel detects the reflectance of laser Tight o the
grain surfaces. Thus, three 8 bit images were detected sumultaneoasly for every
ume step The system s also capable of obtaimng image stacks i the z-direction,
which allows the determination of the position of attached colloads reltive 1o the
interface between ar, winer memsct, ind solid grams, The 30 z-stacks reveal that
the colloids are anaching at the airfwater meniscus/sold {AWmS ) interfoce, where
the water menisci dimimsh mio a thin film covering the grains, Methods of digial
image anolysis are presented for quantification of the number and area of mov.
ing #nd retaned collowds, Afler thresholding, binary images are obtomed. Collosds
thit appear af the exiadt same posiion I [wo conseculive Bmages ane counbed as
attsched. The results show that once the first colloid 8 aitached & the AWmS inter-
face, the attachment rale moreases unhl the mumber of locatons where the oollods
can be mitnched near other collosds becomes limiting. The attachment continues
until there s no space for the collosds 1o attach anymore. A theoretical model 15
presented that s capable of predicting the observed colloid attachment processes
Forces acting on the collodds are discussed
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Irom L-edge and K-rdge X-ray Absorption Studies of Nontronite Reduction.
€8 Li, Elmiv oof Wiseoetain: K. Lee, Lniv af illinois ai Urbame-Champaign; 4. Kosika,
Flaride Siare Univ: J W Stecks, L of Mlinois ot Ulrbema - Champerign; W Bleam,
Uiniw e Wiscomain,

The reduction and re-oxidsion of the ren-nich smectite mineral nentronite causes
changes 1 short-range structre discernible by polanzed extended x-ray absorp-
tien fime structure (EXAFS) spectroscopy. Reduction cavses shifts that indicaie
ivternuclear distance changes and o broadening in the overall EXAFS specirum
coused by moressed structural disorder Re-oxidation in air restores the nontronie
EXAFS spectrum but not to its original stote. Non-reversible structural changes
oceur mainly during the first reduction cycle, peak width and intensity ufler a sec-
ond redox eyvele resemble values observed after the first reduction cycle. No dif-
ferences appear in the polarsed EXAFS specira of nonfronite samples reduced by
Shewanella onewdensis when compared to samples reduced by sodivm dithionite

Thursday

W afso eviluate the ron-nigratien by pothesis that predicts o significant redistri-
butson of octshedrl won duning nontronite reduction, Our polonzed EXAFS dia
und analysis fails oo suppont this ypothcses and proposes a different struciural
el for lerrous nentromite. Previous studies show mon L-edpe XANES 5 very
sensthive ioospin state, crvstal field streneth and symmetry. Our resulis demonstrate
iroe reduction changes the intensity bt nod the position of two peaks dominating
sery - absorption al the L3-edge, The intensaty ratio of these two peaks s lincarky
correlated with thee iron oxidation stute in the clay, penmiming us quantify the Fe(lly
Feill) mteo using Fe Li-edge NANES specumscopy
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Stress Strain EMects on Conpled Mechanical and Hydraulic Processes.

f. Horn, fsiote of Sof Science amd Plams Nuerition: 5 Feth, fostmte of
Sl Setence and Plant Nuieinon, X Penp. laxtinte of Sl Science and Plam
Nutrifiom.

The stress stowm processes n structured ursiturated aratle and forest soils depend
very musch on the mtemnal sol strength and on the exesting bydraulic and mechani-
col boundary conditions, These varmbles affect soil deformation by compaction
and shearng 1o o great extent. As soom as the imemal soil strength, defined as
the precomperession stress vislue, 15 exceeded by external forces, an intense virgin
COMPIE=SION (ocess occurs 1 combination with shearmg forces at high pote witer
pressune values, These processes result in a complete homogemsation of the zoil
prodile down to a certain depth. Consequently both the hydraulic and the gos fluxes
are affected whech results in an imtense aliermion of ecological and mechancal
properties of the site due (o enhanced swelling and shrinkage. The conseguences
of such compaction and shearmg on soal hydrdic functions and on the ngidity of
pore svstems must be analveed and considered al=o with respect fo model water
fuxes. Keywords: mechanical sirengih, shear stress, precompression stress, swell-
ing and shrinkoge, structured smls, pore stee disinbuton, hydmaulic conductivity,
maodelling

64-2 10:45 AM A Bruand
Modelling Bulk Density According to Struciure Development: Toward an
Indicator of Microstruciure Development in Ferralsols,

A Bruand, Umiversitd o ' Oridans; L C. Balbine, EMBRAPA Aroz ¢ Feydo,
N, Volland-Tudwurt, Unmversid o Orléans. | Cousin, INRA; A, Realte-Braga,
EMBRAPA Cerrados: M. Lopes de (iviera, EMBRAPA Cerradns; E. D¢ Souza
Marfing, EMBRAPA Cerrados: M. Brossard, IR 0 R DISNAR, CNRS

Fermalsols have a fermahe bosron at some depth between M and 200 cm thin results
from long and intense weathenng, Their clay fractson s usually mainly low-sctivity
clay consisting of Keolmite with hematite, goethite and gibbsite in different propor-
tigns. Ferralsols show litthe or no hosvsonation, and their macrostneciure 15 absent
1o moderate. On the other hand, they have tvpically o strong microstructure consis-
ing of microageregates < 1 mim i size. Because of the ack or small development
of moacrostruectire, porosity of Ferralsals = closely related 1o the development of
microstructure and the assemblage of elementary particles within the microdggere-
gates with a small contribution of large pores resulting from root development and
macrofaumal sctivity Ther physical propertecs are then closely related 1o the devel-
opment of this microstructure. However, there s still no model i the Iiterature that
predivts changes of microstructure of these soils using easily accessible so1l proper-
ties when land-use = modified. The objective of this work was to relate microstnge-
ture development to the balk density (D) in Ferralsols and then to make possible
the ise of 1, as an mdicator of microstrecture development. Ferralsols under native
vegetation and cultivated pasture were sampled in the Broglian Cerrado region

Bulk density, sand, silt, and clay content and aggregate swre distnbation were meg-
sured from the surfsce 1o 1 6 m depth with mcrements of (1.1 m. Thin sectons were
prepared from undisturbed samples collected a different depths and backscanered
elctron scanning images (BES]) were generated . Results shiowed that clay coment
ranged from 186 w0 79 8 Y and bulk density between 0 80 and 1.25 g om” among
the 108 samples studied. Visual sssessment of BES] showed that soil matenal cop-
responded 1o erher microaggregates (0 1 1005 mm i siee) i loose arrangement of
o microageregnies in close arrangement formimg much lrger aggrepates (= 5 mm)

From calewlatbons m:h 1y, we demonstrated that the pote volume of the microag-

miegates (V. inem’ g') can be described by a single Tinear relationship with the
clay conten] whatever the l\p-c of microaggregate arrangernent and land use (V)

= (003 %ecloy + (LI029, RY = 0 99), Accuraie pnalyvsis of the microaggregate size
showed that 96 2 and 95.7 % of microaggrezates were < 0.8 mm with 73 2 and 95.7
%5 berween 001 and 05 mm under native vegetation ind pasture, respectively. The
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mass proportion of microaggregates m loose arrangement was estimated for o sub-
sel of clayey Fermlsols using the < (08 mm sml material that was obtamed by dry
sweving (9 ) Linear regression coctficients were calculated for the relationship
between® | and the reciprocal of bulk density (1 /D) (0 = L9701 /D) - 152,
R* = (182}, assuming no inleraction between microaggregates in loose arrangement
ancd thase in close arrangement forming the aggregates = 5 mm in size. The porosity
of these vwo arrangements was estimated as 0.7) and 051, espectively. Thus, D,
can then be used as single indicator of microstructure development in clavey Fer-
ralzols with 70 < clay content < 80 %. For Ferralsals with a smaller ¢lay content,
D, comrected by the clay comtent can ulso be used os an indicator of microstruc-
ture development. Thas, whatever the clay comtent, D might be discussed i term
of consequences of agnouliure practces on microstruciure development, makimg
vasiet 1o infer consequences for other physical properties such as resistance (o pen-
etration, wirer retentron and hydraulic conductivity,

fid-3 11:05 AM A Evnard

Soil Wettahility Relationships with Seil Organic Carbon and Aggregate
Stahility.

4. Eynard, T, E. Schumacher, B A Kobl, 10D, Male. South Dakota State Univ

Soil weltability 15 a dynomic soil propenty, which resulis from complex interoc-
trans between many other physical amd chemical propertics. As opposed 1o water
repellency, sl wettubihty defines the ability of the sol e mtake water, The 1erm
hydrophilicsty (amonym of hydiosphobicity ) stiicthy refers 1o the molecular origin
of soil surface-water internctions determined by the physiochemecal nature of the
stricture of sodl xurfaces, Wettability can be measured o5 o weiting rate, which i
affected by the organic and minerzl composition of the soil surfaces (hydrophilic
andfor hydrophobic) and by the structural arrangement of so1l components (solads,
weater solution, and sr) @ lasger scale: A o malecular scale the composition of
solid surface-cxposed chemical groups (hydrophilic and/on hydrophobic ) and their
packing density determine wettability, AL o scale ranging from sol aggregates o
pedions 1o fields and lorger soil units the spatinl distribution and composition of
sonl partiches and pores determine wettability. The patiern of wettability at dufferent
depths i the profile and ot different landscape positions on the Land surfoce déter-
mines the dilferences in wetability of fields, landscapes and regions. Sodl porosity
ind sl pore charactenistics determine wettability both by contributing to the water
postenitinl grasdient and by determining the hydravlic conductivity. Water tenswon
determines the hydroulic gradient, which controds the forces acting on the pore
walls duning wetting and may drastically change the porosity and dismantle the
aggregate strocture. Soil management practices affect soil pores directly through
teaffic and tillage, wnd indirectly through addition and emoval of sol organic C A
clear relationship between organic C and wettability becomes evident when organwe
€ w5 the dominamt difference berween soils while other propertics such as clay con-
tent ore simibar Sonl organie C a5 one of the most effective 1ools for managing
wettability. Soul organee C amount, quality and location within the soil strocture
wre key factors of aggregate stalality and aggregate wettabality, Wettabihity 15 a
desarable propery Tor agrecultural soils when it 13 related to stable porosity, as may
be found in high organie matter soils (e g, prasslands). Wettability 15 excessive
when st agpregate wetting results in aggrepate destruction as observed in low
organie mattes cultivated sols. Wettabality 33 100 low when orzanic matter coat-
ngs on soil minerals make sl surfaces hydrophobic precluding soil water entry

Deposition of volatilized compounds after fire, patches of ol spills, thick lavers
of partaally decomposed liter deposits and areas where dominant. fungal growth
produces gh concentration of hydrophobie orgamic compounds are cases where
mereasing organie O decreases soil wertabilny. However in most agricultural soils,
mcreased amounts of orgamc C tends 1o merease soil wettability, except when the
location of the organic soil constituents prevents structural Falure and soil disper-
ston durmg rapid wettmg al low water tension. Different wettabilities resull from
differences mostructurnl stability (pore stability) during wetting, while structural
stability chonges with wetiabilty (rate of wetting). Therefore measurements of
structural stability such as wel aggregate stabidity tests are a partial chasacterzation
of sl wetting behavior. Wet aggregate stubilnty determined by directly wet-sieving
anr dry soil wathout sy preweting ireatment. subjects agpregates 1o sudden wet-
i a1 0 water tension. Additional stress on aggregates are created by the scourng
action of trbulent water and by the abrasion of agiregates durng shaking. Ciher

methods for messurmg moy sdd stress on the ageregate by the beating action of
symulated ramdrops but 8 major part of the measurement 15 a wettability measure-
mienl. A complex of soil properties contributes to wettability so that there = a lack
of u umigue simple relationship. Therefore, weltability measurernents by simple
fests (such as the water drop penctration tme (WDRPT) or the wetting rate under
tension by the Bachner funnel apparatus) can integrate information on soil guality
and support land management choices

el 11:25 AM 13 1. Cosenton

Predicting Shori-term Apgregate Stahility Dynamics After the Addition of
Maize Siraw, The Role of Hydrophabiciiy,

I8 4 Cosentino, INRA: € Chern, UMR Miopeochiome des Aiffewy Contimento,
P Malfen. Sconish Crop Research Institute: 03 Tessier, INRAC 2O Miche! INRA

MNorhern Europe has wide distributeon of sty agricultural seils with a fragile and
unstable agpregnted strociure. Water 15 the main apent of aggregaie breakdown
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through the mechamsms of shaking, differential swelling and mechamcal rupture
Of the factors influencing npgregate stability, organic matter has a predominant
rode, particularly by the stimulation of mecrobial activity. Microbil exudates are
know o stabilize soil by bonding soil particles, but another mechanism that has
received less attention 15 an increase o hvdraphobcity. Statlezation by organic
matter additions 15 highly temporal and dithicult to predict. This s pomanly due
10 the complesity of the processes and hwrge number of vanables mvolved (guan-
fity and quality of OM, mternal soil chamctenstics, climate and management )
Straw incorporation, for instance, will help stabwliee fragile soals, but the long-term
impacts are not understood . The objective of this work was to establish, in con-
trolled conditions_ quantitative relationships between rate of straw additions to soil
and the temporal evolution of aggregme stability and the main microbel] agents
Here, we focused on the evolution of hydrophobicity. Iifferent doses of mae
straw (from 0 fo 20 gC kg' soil) were added 10 3-5-mm silty sof spgregates. Soil
was incubated m s ol 20°C dunmg 8 months at =10 kPa. A differemt meubation
times we measured total respiration, microbial bomass carbon, etgosierol content
(as o homarker of fung), soil water repellency, and aggregate stability. We used
the slaking test from the aggregate stability method of Le Bissonnais { 1996) We
determimed the water repellency of ageregimtes usmg two methods. water drop pen-
etration time {WIDPT) (Chenu et al | 2000) and microinfiltration with twio hginds,
water and ethanol (Repellency Index — R) (Hallent and Young, 1999) Cher the
wery wide range of doses of C mput used m this study, aggregme siability towards
slaking, microbological varables and water repellency responded positively and
proporionally to the C added after one week of incubation. Afler adding 20 gC
kg-1 soil the apgregates developed a truly hydrophobic character with WDPT of
-~k and R of ~13, whercas the reference sample (no straw sddition) exhibited
wettable behavior with WDPT< 25 and R of =2, The epellency mdex correlated
well with ergosiernl content, which suggests that fung play a major role in bydro-
phobicity. Atter one month, aggregate stability and erpostenol content were still
proportionl 1o the doses of C added, but hydrophobicity decreased suggesting that
s contribution (o aggregate stability of this stage i less important. Both repeliency
methods were very well correlated (R7 = 0.953) We conclude that the decomposi-
tion of plant ressdue in sl induced aggregate stabilation o least partly due to
fungal induced repellency. Furthermore, fungal mediated hvdrophobicity and fun-
eal mediated physical entanglement of aggregates do not have the sume temporal
dynamics after organic matter sdditions

64-5 1145 AM A Papadopoulos

Cruantifyving Physical Aspects of Sail Ouality Associated with Organic
Agricultural Practices.

A. Papadopawles. The Univ af Nottingham: N. R, A. Bind, Rothamseed Besearch,
W, Amey. Rovhanmared Reseavchy 5. 0 Mogmey, The Lniv of Novringhane

Sonl structure determuines the operatmg envirenment for all plyscal, chemecal
andd biological progesses within the soil In panticular, it determines the sceessibil-
ity of aw, water and nuiricnts for plant roms, as well as seedling emergence and
rool penctration The aim of this research was to investigate the effects ol organic
farming pmetices on developing and mamdaiming sml structure snd compare them
with conventiomal practices, The study involved implementing quantified image
anidysis of soil structure at o number of scales of observistions (macro b micred mn
both two and three demensions. Soil images were acquired from Xy Computed
Tomography (CT), undisturbed polished soil blocks and soil thin sections (Fig. 1)
Key soil physical and chemical propertics such i soil organic muster, aggregote
stablity, hydraulic conductivity, bulk density, soil penetration resistance and water
rebease charactenstics were also measured. Soil porosity, pore size distribution and
pore perimeter data were collected and fractal geometry was used to choractenise
pore roughness. Soil samples were obtmined from experimental organic sites across
the UK, from contrasting sl textures. In conventionally cullivated soils, the pore
size distribution was dommated by small number of large pores (=800 pm), while
orgamically cultivated soils exhibited a broader mnge of pore stees. Orpanically
managed soils had higher aggregate stability than conventionally managed soils
{P==0.05). Where clover { Trifolium pratense ) was involved inthe organece crop roti-
tion, a significant increase n soil macroporosity eccurmed consisting of increased
roughness of macropores {fractal dimension = 1.45) in the top 5 em of soil. An
understanding of how sotl structure ks affected by the different furmmg practices
and the impact of structural developments on sodl function 15 vital for sustainable

land management



