
 

macla nº 16.  junio ‘12 
revista de la sociedad española de mineralogía 

 

Evidence of Mineral Control of Soil 
Aggregation 
/ OIHANE FERNÁNDEZ-UGALDE (1,5), PIERRE BARR9 (1), FABIEN HUBERT (2), I<IGO VIRTO (>), CYRIL GIRARDIN (A), 
ERIC FERRAGE (2), LAURENT CANER (2), BRUCE VELDE (1), CLAIRE CHENU (A) 
 
(1) UMR CD>C-Laboratoire de Géologie, Ecole Normale Supérieure, 2A Rue Lhomond, WD2>1 Paris Cedex D (France) 
(2) UMR W2CD- IC2MP- HydrASA Laboratory, Université de Poitiers, B\t. B >D - rue Albert Turpain, C6022 Poitiers Cedex (France) 
(>) Dpto. Ciencias del Medio Natural, ETSIA, Universidad Pública de Navarra, Campus Arrosadia, >1006 Pamplona (Spain) 
(A) BIOEMCO laboratory, AgroParisTech, WCCD0 Thiverval-Grignon (France) 

INTRODUCTION 
 
"#$% &$'()*%+ *', #)-*'$. /*)0$.%(+ 
$'0()*.0 )(+1%0$'- $' *--)(-*0( 
2#)&*0$#'3 45#+( +0)1.01)*% 1'$0+ *)( 6(7 
*.0#)+ 2#) +#$% 21'.0$#'$'-3 8' /*)0$.1%*)9 
05(7 /)#0(.0 +#$% #)-*'$. &*00() :";<= 
2)#& ,(-)*,*0$#'9 )(-1%*0( >*0() *', 
-*+ 2%#>+9 )(,1.( )1'?#22 *', ()#+$#' 
:"$@ (0 *%39 ABBC=3 "$'.( .%*7 &$'()*%+ 
*)( 05( &#+0 *.0$D( .#'+0$01('0+ #2 05( 
+#$% &*0)$@9 ,1( 0# 05($) +/(.$2$. +1)2*.( 
*)(* *', +1)2*.( .5*)-( .5*)*.0()$+0$.+9 
05(7 5*D( E((' )(.#-'$F(, 0# E( D()7 
$&/#)0*'0 2#) +#$% *--)(-*0$#'3 
 
45( )(%*0$#' #2 .%*7 &$'()*%+ 0# 
*--)(-*0( 2#)&*0$#' *', +0*E$%$07 5*+ 
E((' ,#.1&('0(, $' '1&()#1+ +01,$(+3 
G )(D$(> *)0$.%( .#&/*)$'- 0(&/()*0( 
*', 0)#/$.*% +#$%+ +5#>(, 05*0 +#$%+ 
,#&$'*0(, E7 HIH .%*7 &$'()*%+ *', 
#@$,(+ $' 0)#/$.*% )(-$#'+ 5*D( 5$-5() 
*--)(-*0( +0*E$%$07 05*' +#$%+ ,#&$'*0(, 
E7 AIH .%*7 &$'()*%+ $' 0(&/()*0( 
)(-$#'+ :"$@ (0 *%39 ABBA=3 8' * 
.#&/*)*0$D( +01,7 >$05 0># +#$%+ 
,$22()$'- $' 0(@01)( *', .%*7 &$'()*%#-79 
J('(2 K "$@ :ABBL= )(/#)0(, 05*0 .%*7 
&$'()*%#-7 )*05() 05*' +#$% 0(@01)( /%*7+ 
* 6(7 )#%( $' *--)(-*0$#'3 80 $+ 
'#0(>#)057 05*0 $' *%% 05(+( +01,$(+9 
#05() *--)(-*0$#' 2*.0#)+ *%+# .#?D*)7 
>$05 &$'()*%#-79 $3(3 0(@01)(9 /)(+('.( #2 
#@$?57,)#@$,(+9 ";< M1*%$07 *',N#) 
.%$&*0(3 O('.(9 ,(2$'$0$D( .#'.%1+$#'+ #' 
05( )#%( #2 ,$22()('0 .%*7 &$'()*%+ #' +#$% 
*--)(-*0$#' .*''#0 E( ,)*>' 2)#& 05(+( 
+01,$(+3 
 
45( #EP(.0$D( #2 05$+ +01,7 >*+ 0# 
,(0()&$'( 05( $&/#)0*'.( #2 ,$22()('0 
.%*7 &$'()*%+ #' *--)(-*0$#' E7 
.#&/*)$'- .%*7 &$'()*%#-7 2)#& 
,$22()('0 *--)(-*0( +$F(?.%*++(+ 
)(.#D()(, 2)#& 05( +*&( +#$%3 Q( 
57/#05(+$F(, * +(%(.0$D( *..1&1%*0$#' 
#2 +>(%%$'- .%*7 &$'()*%+ >$05$' 
*--)(-*0(+ .#&/*)(, 0# 2)(( .%*7 
2)*.0$#'+3 

MATERIALS AND METHODS 
 
45)(( +1)2*.( +#$% +*&/%(+ :B?L .&= 
>()( .#%%(.0(, 2)#& 0$%%*-( :48RR= *', 
-)*++%*', :ST"= /%#0+ 2)#& * %#'-?0()& 
:&#)( 05*' AL 7(*)+= *-)$.1%01)*% 
)(+(*).5 +$0( $' U()+*$%%(+ :V)*'.(=3 45( 
+#$% $+ * +$%0 %#*& R1D$+#% >$05 HWX .%*7 
:YA Z& 2)*.0$#'= $' 05( +1)2*.( 5#)$F#'9 
*', * &$@(, &$'()*%#-79 :8%%9 "&9 &$@(,?
%*7() 8%%?"& *', [5%?"&= *', HIH :\%'= 
.%*7 &$'()*%+ :O1E()0 (0 *%9 ABB]=3 
 
"#$% +*&/%(+ >()( >(0?+$(D(, 0# L && 
*', *$)?,)$(,3 "*&/%(+ >()( 05(' 
+1E&$00(, 0# * %#> $'0('+$07 /57+$.*% 
,$+/()+$#' *', +1EP(.0(, 0# *--)(-*0(?
+$F( 2)*.0$#'*0$#' :V$- H=3 G20()>*),+9 
*--)(-*0(+ >()( .#&/%(0(%7 ,$+/()+(, 
E7 +#'$.*0$#' 0# +(/*)*0( .%*7?+$F( 
2)*.0$#'+ >$05$' *--)(-*0(+3 G--)(-*0(?
+$F( ,$+0)$E10$#' *', 05( /)#/#)0$#' #2 
05( .%*7?+$F( 2)*.0$#'+ >$05$' *--)(-*0(+ 
>()( 2$'*%%7 .*%.1%*0(,3 
 
V#) ^?)*7 ,$22)*.0$#' :^TJ= *'*%7+(+9 *%% 
.%*7 2)*.0$#'+ :V$- H= >()( +*01)*0(, >$05 
[*A_ *', 2$%0() ,(/#+$0+ >()( 05(' 
/)(/*)(, E7 1+$'- 05( 2$%0()?0)*'+2() 
&(05#, :O1E()0 (0 *%3 ABB]=3 [%*7 
&$'()*%+ >()( $,('0$2$(, 2)#& /(*6 
/#+$0$#'+ $' *$)?,)$(, :GJ= ^TJ /*00()'+3 
G20() GJ ^TJ /*00()' ,(.#&/#+$0$#' 

:J(.#&/ /)#-)*&9 R*'+#'9 H]]W=9 05( 
-)*D$07 .('0)( #2 GJ ^?)*7 /*00()'+ 
$'0('+$07 $' 05( C?HB` A" *'-1%*) )*'-( 
>*+ .*%.1%*0(, 2)#& /#+$0$#' *', *)(* 
/*)*&(0()+ #2 (%(&('0*)7 /(*6+ :a*))b 
(0 *%39 ABBW=3 S)*D$07 .('0)( /#+$0$#' $+ * 
/)#@7 2#) )(%*0$D( +>(%%$'- .%*7 &$'()*%+ 
.#'0('0I 05( %#>() 05( D*%1( #2 05( 
-)*D$07 .('0)( :$' `A"*9 05( 5$-5() #2 05( 
.#'0('0 #2 +>(%%$'- &*0()$*%+3 
 
RESULTS AND DISCUSSION 
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Clay Minerals Distribution in Aggregates 
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fig 1 Schematic representation of dispersion and fractionation of soil samples. 
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fig 2. Distribution of soil dry-weight across 
aggregate-size classes (corrected for sand) in the 0-
D-cm layer of tillage (TILL) and grassland (GRS) 
plots. Large macroaggregates (D00-D000 fm), 
macroaggregates (2D0-D00 fm), microaggregates 
(D0-2D0 fm), silt-size aggregates (2-D0 fm), non-
aggregated clay-size fraction (g2 fm). Bars are 
standard errors. 
 

 
fig >. Air-dried XRD patterns (normalized for illite) of 
aggregate-size classes in tillage (TILL, a) and 
grassland (GRS, b) plots. Large macroaggregates 
(D00-D000 fm), macroaggregates (2D0-D00 fm), 
microaggregates (D0-2D0 fm), silt-size aggregates 
(2-D0 fm), non-aggregated clay-size fraction (g2 
fm). 
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fig A. Gravity centre of 2:1 mineral, of aggregate-size 
classes in tillage (TILL, a) and grassland (GRS, b) 
plots. Large macroaggregates (D00-D000 fm), 
macroaggregates (2D0-D00 fm), microaggregates 
(D0-2D0 fm), silt-size aggregates (2-D0 fm), non-
aggregated clay-size fraction (g2 fm). 
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CONCLUSIONS 
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