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component analysis (PCA) is performed to identify those variables that better explain the 

separation of classes (ecosystems) followed by a within PCA to explore those factors 

responsible of variability of data within each ecosystem. In other words, by performing 

this type of analysis we examined the between- or within-classes’ multivariate variability 

in our data, the classes being defined as groups of ecosystems or land uses. The between-

class PCA thus focuses on between groups’ differences (sites, e.g. forest, savanna, 

sugarcane crop). The *"$S""-N203((&X18&'(&'00+($)3$"7&'-&(Dolédec and Chessel, 1989). A 
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Montecarlo randomisation test was performed to search for significant differences, if sites 
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units are scattered with the maximal variance around the origin. This operation is simply 
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LO



:'2),N399)"93$"(&[XlK?KKL\?&!'..")"-2"(&'-&$,$30&(,'0&G&*"$S""-&300&"2,(4($":(&'-&*,$%&

('$"(&S")"&2,:#3)3*0"&$,&(,'0&1&7'..")"-2"(?&

/'9-'.'23-$&7'..")"-2"(&S")"&,*(")F"7&'-&$%"&1DG&)3$',&.,)&$%"&.'c"7&:3'-&.32$,)&('$"&

'-&V/3-$3&=,(3W&[8GHk8<&XlK?KKL\<&*+$&-,$&.,)&7"#$%&3-7&$%"&'-$")32$',-&*"$S""-&

.32$,)(&[53*0"&L\?&5%"&".."2$&,.&F"9"$3$',-&'-&$%"&1DG&)3$',&2,+07&*"&,*(")F"7&'-&$%"&1DG&

)3$',&'-&$%"&*+)-$&(3F3--3&#0,$&7'..")"7&('9-'.'23-$04&[XlK?KKL\&$,&$%"&,$%")&"2,(4($":(&

($+7'"7&'-&V/3-$3&=,(3W&[53*0"&P\?&8$&VC3&60,)W&$%"&1DG&)3$',&S3(&(0'9%$04&0,S")&$%3-&$%3$&

,*(")F"7&'-&/3-$3&=,(3&3-7&)3-9"7&*"$S""-&_&3-7&LL&'-&300&"2,(4($":(<&"c2"#$&'-&$%"&

(+93)23-"&#0,$&[LLNLP\?&U-&$%"&-3$+)30&(3F3--3&S'$%&(23$$")"7&$)""(&S"&,*(")F"7&3&

('9-'.'23-$&7"2)"3("&'-&1DG&)3$',&[6'(%")&XC/!&$"($\?

="03$'F"04&%'9%&F30+"(&,.&$,$30&(,'0&1&S")"&,*$3'-"7&'-&*,$%&('$"(?&8$&V/3-$3&=,(3W<&

$,$30&(,'0&1&2,-2"-$)3$',-&S3(&%'9%"($&'-&$%"&`LKK&4"3)(&,07&7"2'7+,+(&.,)"($&3-7&S")"&

('9-'.'23-$04&7'..")"-$&$,&$%"&ZK&4"3)(N,07&7"2'7+,+(&.,)"($<&$%"&J0*#401NG4"42"&.,)"($&

3((,2'3$',-<&3-7&$%"&*+)-$&(3F3--3&#0,$&[6'9+)"&L\?&5%"&/H1&2,-2"-$)3$',-&7"2)"3("7&

('9-'.'23-$04&S'$%&'-2)"3("&'-&7"#$%&'-&300&(4($":(&3-7&)3-9"7&.),:&Pj?J&$,&aL?P&9&Y9NL&'-&

$%"&KNLK&2:&034")&$,&^?O&$,&J_?Z&9&Y9NL&'-&$%"&OKNZK&2:&034")?&8$&VC3&60,)W&$,$30&(,'0&1&

2,-2"-$)3$',-(&'-&$%"&(+93)23-"&S")"&('9-'.'23-$04&%'9%")&[6'9+)"&J\&$%3-&$%,("&,*$3'-"7&

'-&$%"&,$%")&.,+)&"2,(4($":(&[6'(%")&XC/!&$"($\?&82),((&$%"&$S,&('$"(&($+7'"7&3F")39"&

F30+"(&,.&$,$30&(,'0&1&7"2)"3("7&('9-'.'23-$04&S'$%&7"#$%&[XC/!&$"($\&'-&300&"2,(4($":(&

[6'9+)"(&L&3-7&J\?&5,$30&G&2,-2"-$)3$',-(&F3)'"7&('9-'.'23-$04&32),((&$%"&"2,(4($":(&

($+7'"7&'-&V/3-$3&=,(3Wd&3$&VC3&60,)W&7'..")"-2"(&S")"&,-04&('9-'.'23-$&*"$S""-&$%"&

(+93)23-"&#0,$&3-7&$%"&,$%")&03-7&+("&(4($":(&[6'(%")&XC/!&$"($\?&
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="93)7'-9&(,'0&#%4('230&F3)'3*0"(<&$%"&!7&S3(&('9-'.'23-$04&7'..")"-$&3:,-9&(4($":(&

3$&V/3-$3&=,(3W&[53*0"&O\<&"c2"#$&.,)&$%"&`LKK&3-7&ZK&4"3)(N,07&7"2'7+,+(&.,)"($(&[6'(%")&

XC/!&$"($\?&5%"&]i!&,.&399)"93$"(&'-&$%"&*+)-$&(3F3--3&#0,$&S3(&('9-'.'23-$04&7'..")"-$&

[6'(%")&XC/!&$"($<&#lK?KKL\&$,&$%3$&,*(")F"7&'-&$%"&$%)""&.,)"($&$4#"(&3$&/3-$3&=,(3&

[53*0"&Z\?&5%"&]i!&,.&399)"93$"(&*"$S""-&$%"&:3$+)"&.,)"($&3-7&$%"&ZK&4"3)(N,07&

7"2'7+,+(&.,)"($&S3(&30(,&('9-'.'23-$04&7'..")"-$&[6'(%")&XC/!&$"($<&#&v&K?KPj\?&8$&VC3&

60,)W&$%"&&!7&&'-&$%"&(+93)23-"&#03-$3$',-&S3(&('9-'.'23-$04&7'..")"-$&[6'(%")&XC/!&$"($\&$,&

$%3$&,*(")F"7&'-&$%"&,$%")&"2,(4($":(&[53*0"&O\?&8$&VC3&60,)W<&$%"&]i!&,.&399)"93$"(&'-&

$%"&-3$+)30&(3F3--3&S3(&('9-'.'23-$04&7'..")"-$&[6'(%")&XC/!&$"($\&$,&$%"&,$%")&(4($":(&

"F30+3$"7&[53*0"&Z\?&5%")"&S")"&-,&('9-'.'23-$&7'..")"-2"(&*"$S""-&$%"&9300")4&.,)"($&3-7&

$%"&("&)%&3-7&(+93)23-"&#03-$3$',-(&[53*0"&Z\?&

X3)$'20"N('A"&.)32$',-&3-304('(&,.&:'2),N399)"93$"(

i'$%'-&#3)$'20"&('A"&.)32$',-(&,.&:'2),N399)"93$"(&$%")"&S3(&3&7"2)"3("&'-&/H1&

2,-2"-$)3$',-&S'$%&'-2)"3("&'-&(,'0&7"#$%&[6'9+)"(&P&3-7&O\?&U-&300&23("(<&$%"&%'9%"($&/H1&

2,-2"-$)3$',-&S3(&,*(")F"7&'-&$%"&('0$s2034&.)32$',-&[lJK&m:\&.,)&300&"2,(4($":(&

"F30+3$"7&'-&*,$%&('$"(<&S%")"3(&$%"&2,3)("N(3-7&[LKZNJKK&m:\&3-7&.'-"N(3-7&[ZPNLKZ&

m:\&.)32$',-(&2,-$3'-"7&0"((&1?&5%"&/H1&2,-2"-$)3$',-&2,:#)'("(&*,$%&$%"&0'9%$&.)32$',-&

3-7&$%"&#3)$'2+03$"&,)93-'2&:3$$")&[XH]\<&('-2"&-,&2%":'230&$)"3$:"-$&,)&.0,$3$',-&

$"2%-'T+"&S3(&":#0,4"7&$,&)":,F"&$%"&,)93-'2&7"*)'(?&

5%"&F3)'3*'0'$4&,.&$,$30&1&2,-2"-$)3$',-&'-&$%"&7'..")"-$&#3)$'20"N('A"&.)32$',-(&'(&(%,S-&

'-&.'9+)"(&Z&3-7&a?&/'-2"&,-04&2,:#,('$"&(3:#0"(&S")"&+("7&*4&2,:*'-'-9&$%"&.,+)&

)"#"$'$',-(&$,&,*$3'-&,-"&73$3<&S"&'-20+7"7&300&$%"&73$3&.),:&$%"&"2,(4($":(&.,)&3&2")$3'-&
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(,'0&7"#$%?&5%"&XH]<&'?"?<&2,3)("&3-7&.'-"&(3-7&.)32$',-(<&(%,S"7&0"((&73$3&F3)'3$',-&$%3-&

$%"&2,3)("&('0$&3-7&$%"&('0$s2034&.)32$',-(&[6'9+)"(&Z&3-7&a<&*,c&#0,$(\?&5%"&XH]&.)32$',-(&

30(,&(%,S"7&0"((&F3)'3*'0'$4&'-&$%"&7""#")&(,'0&034")(?&5%'(&("":&$,&*"&$%"&9"-")30&$)"-7&'-&

300&.)32$',-(<&"c2"#$&.,)&$%"&('0$s2034&.)32$',-<&S%")"&"F"-&3$&OKNZK&2:&7"#$%&$%")"&S3(&3&

%'9%")&F3)'3*'0'$4&$%3-&$%3$&,*(")F"7&.,)&$%"&,$%")&#3)$'20"N('A"&.)32$',-(?&U-&/3-$3&=,(3<&

$%"&(3:"&#3$$")-&S3(&,*(")F"7?&5%"&XH]&.)32$',-&(%,S"7&9)"3$")&F3)'3*'0'$4&,-04&'-&$%"&

KNLK&2:&034")?&5%"&(3:"&F3)'3*'0'$4&S3(&,*(")F"7&.,)&$%"&('0$s2034&3-7&2,3)("&('0$&

.)32$',-(&[6'9+)"&a\?

f"$S""-N203((&X18

5S,&3c"(&S")"&("0"2$"7&'-&$%"&*"$S""-N203((&X18&S%'2%&"c#03'-"7&_K?Le&,.&$%"&$,$30&

F3)'3*'0'$4&[6'9+)"&j3<&*\?&8c'(&U&"c#03'-"7&aa?Ze&,.&F3)'3*'0'$4&3-7&7'(2)':'-3$"7&(,'0&

(3:#0"(&S'$%&3&%'9%&]i!<&399)"93$"(&`O?jZ&::&3-7&2034&2,-$"-$<&'-&2,-$)3($&$,&$%,("&

S%")"&:'2),N399)"93$"(&3-7&(3-7&2,-$"-$(&S")"&%'9%?&5%'(&3c'(&23-&*"&'-$")#)"$"7&3(&$%"&

(,'0&$4#"&[$"c$+)"\&".."2$?&8c'(&UU&[JP?ae&,.&F3)'3$',-\&20"3)04&("#3)3$"7&$%,("&(3:#0"(&

S'$%&%'9%&#),#,)$',-&,.&03)9"&399)"93$"(&3-7&$,$30&(,'0&1&3-7&G&2,-2"-$)3$',-(?&5%"&

#),Q"2$',-&,.&,*Q"2$(&[('$"(\&,-$,&$%"&.32$,)'30&#03-"&7".'-"7&*4&8c"(&U&3-7&UU&20"3)04&

("#3)3$"7&$%"&9300")4&.,)"($<&$%"&*+)-$&(3F3--3&3-7&$%"&7"2'7+,+(&.,)"($(&,.&7'..")"-$&39"<&

3-7&$,&3&0"((")&"c$"-$&$%"&-3$+)30&(3F3--3&S'$%&(23$$")"7&$)""(?&800&$%"&39),"2,(4($":(&

($+7'"7&3$&C3&60,)&3)"&0,23$"7&3$&3-&'-$"):"7'3$"&#,('$',-&'-&$%"&.32$,)'30&#03-"&$,9"$%")&

S'$%&$%"&J0*#401NG4"42"&.,)"($<&S%'2%&'(&20,("&$,&$%"&-3$+)30&(3F3--3?&

8&],-$"&13)0,&#"):+$3$',-&$"($&S3(&#").,):"7&,-&$%"&#3)$'$',-&,.&,*Q"2$(&

["2,(4($":(\&$,&$"($&03-7N+("&".."2$&+#,-&(,'0&F3)'3*0"(?&H.&$%"&LK<KKK&)3-7,:&

(':+03$',-(&#").,):"7<&-,-"&0"7&$,&3-&'-")$'3&%'9%")&,)&"T+30&$,&$%3$&,.&$%"&,)'9'-30&73$3<&
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$%+(&'-7'23$'-9&$%3$&$%"&".."2$&,.&"2,(4($":&S3(&('9-'.'23-$&3$&$%"&#),*3*'0'$4&0"F"0&

XlK?KKKL?&U-&,$%")&S,)7(<&$%"&("#3)3$',-&,.&"2,(4($":(&[$4#,0,94\&,-$,&$%"&.32$,)'30&

#03-"&,.&$%"&*"$S""-N203((&X18&'(&%'9%04&('9-'.'23-$?

i'$%'-N203((&X18

5%"&.')($&3-7&("2,-7&3c'(&,.&$%"&S'$%'-N203((&X18&322,+-$"7&.,)&OO?^e&3-7&JL?Je&,.&$%"&

S'$%'-N203((&'-")$'3?&5%"&.')($&3c'(&7'(2)':'-3$"7&$%,("&(3:#0"(&S'$%&%'9%&2034&2,-$"-$&'-&

,##,('$',-&$,&$%,("&(3:#0"(&S'$%&%'9%&1&2,-2"-$)3$',-(&'-&$%"&2,3)("&[LKZNJKK&m:\&3-7&

.'-"&(3-7&[ZPNLKZ&m:\&.)32$',-(&[6'9+)"&^\?&8c'(&UU&("#3)3$"7&F")4&03)9"&399)"93$"(&

[`O?jZ&::\&.),:&:'2),N399)"93$"(&[lJZK&m:\?&5%"&#),Q"2$',-&,.&$%"&,*Q"2$(&,-$,&$%"&

.32$,)'30&#03-"&'(&9'F"-&'-&.'9+)"&^?&The ecosystem effect was removed by placing all 

centers of classes at the origin of the factorial maps (Figure 9a), while the sampling units 

are (23$$")"7 with the maximal variance around the origin. The samples were sorted by 

soil depth to examine clearly the general pattern (Figure 9b). The within-class PCA also 

showed that the coarse and fine sand fraction concentrations are different owing to soil 

depth; in other words, there is a high variability from the topsoil to deeper soil layers (as 

indicated in the box-plot diagrams).

C'$$")&322+:+03$',-&3-7&/H1&#,,0

5%"&T+3-$'$4&,.&0'$$")&2,00"2$"7&S3(&('9-'.'23-$04&7'..")"-$&'-&300&"2,(4($":(&"F30+3$"7&'-&

*,$%&('$"(&w2%"2Yy&[8GHk8<&XlK?KKL\?&8$&/3-$3&=,(3<&$%"&%'9%"($&0'$$")&322+:+03$',-&

S3(&,*(")F"7&'-&$%"&`LKK&4"3)(N,07&:3$+)"&.,)"($&3-7&J0*#401NG4"42"'.,)"($&[53*0"&a\&

S'$%&L<PJa?j&{&JOK?j&9&:NJ&3-7&L<PJJ?K&{&Oj^?L&9&:NJ<&)"(#"2$'F"04<&3-7&$%"&7"2'7+,+(&

.,)"($&[ZK&4"3)(N,07\&[L<LKO?a&{&jJa?J&9&:NJ\?&U-&$%"&*+)-$&(3F3--3&-,&0'$$")&322+:+03$',-&
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S3(&#)"("-$&3$&$%"&$':"&,.&$%"&($+74?&C'$$")&'-#+$(&'-&/3-$3&=,(3&"T+300"7&a?a&]9&1&%3NL&.,)&

$%"&:3$+)"&3-7&J0*#401NG4"42"&.,)"($(<&3-7&Z?Z&]9&1&%3NL&'-&$%"&aZ&4"3)(N,07&7"2'7+,+(&

.,)"($&[53*0"&a\?&8$&03&60,)&$%"&%'9%"($&0'$$")&322+:+03$',-&S3(&,*(")F"7&'-&$%"&(+93)23-"&

#0,$&[:+02%'-9&:3-39":"-$\<&.,00,S"7&*4&$%"&-3$+)30&(3F3--3&S'$%&(23$$")"7&$)""(<&$%"&

9300")4&.,)"($<&3-7&$%"&("&)%&#03-$3$',-?&C"((&0'$$")&322+:+03$',-&S3(&,*(")F"7&'-&$%"&

!2,#01&#03-$3$',-&2,:#3)"7&$,&$%"&,$%")&"2,(4($":(&[53*0"&a\?

/+*("T+"-$04<&$%"&%'9%"($&/H1&#,,0&+#&$,&ZK&2:&S3(&,*$3'-"7&'-&$%"&:3$+)"&.,)"($&

[JJ^?_&]9&1&%3NL\&3$&V/3-$3&=,(3W&3-7&'-&$%"&(+93)23-"&#03-$3$',-&[LaK&]9&1&%3NL\&3$&VC3&

60,)W?&5%"("&#,,0(&S")"&('9-'.'23-$04&7'..")"-$&[XlK?KL<&$N$"($\&$,&$%"&,$%")&03-7&

+("(z"2,(4($":(&($+7'"7&S'$%'-&"32%&('$"&[53*0"&a\?&8$&V/3-$3&=,(3W&$,$30&(,'0&1&

2,-2"-$)3$',-(&S")"&('9-'.'23-$04&%'9%")&'-&$%"&`aZ&4"3)(N,07&7"2'7+,+(&.,)"($&2,:#3)"7&

$,&$%"&*+)-$&(3F3--3&[6'(%")&XC/!&$"($d&6'9+)"&L\d&%,S"F")<&$%"&%'9%")&&!7&&'-&$%"&03$$")&

(4($":&)"(+0$"7&'-&-,&('9-'.'23-$&7'..")"-2"(&'-&$,$30&(,'0&1&#,,0?&800&"2,(4($":(&($+7'"7&

3$&VC3&60,)W&($,)"7&'-&9"-")30&0"((&*"0,SN9),+-7&1&$%3-&$%,("&.),:&V/3-$3&=,(3W?&i%"-&

S"&2,:#3)"7&$%"&/H1&#,,0&'-&$%"&aZ&4"3)(N,07&7"2'7+,+(&.,)"($&S'$%&$%"&:3$+)"&.,)"($&

3-7&$%"&J0*#401NG4"42"&.,)"($&3$&V/3-$3&=,(3W&$%"&0"F"0&,.&$%"&('9-'.'23-2"&S3(&XvK?KL&

[$N$"($\?&8$&VC3&60,)W&,-04&('9-'.'23-$&7'..")"-2"(&[XlK?KLd&$N$"($\&S")"&,*$3'-"7&*"$S""-&

$%"&(+93)23-"&#0,$&3-7&$%"&)"($&,.&03-7&+("(&3-7&"2,(4($":(?&82),((&300&"2,(4($":(&23?&ZK&

$,&aZe&,.&$%"&$,$30&/H1&#,,0&,22+))"7&'-&$%"&.')($&JK&2:&[53*0"&a\<&3&#,$"-$'30&':#,)$3-$&

":'$$")&,.&1HJ&$,&$%"&3$:,(#%")"?&
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1,:#3)'(,-&S'$%&,$%")&($+7'"(
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5%"&2,:#3)'(,-&,.&,+)&)"(+0$(&'(&0':'$"7&*4&$%"&."S&-+:*")&,.&($+7'"(&2,-7+2$"7&'-&7)4&

$),#'230&.,)"($(&,.&1"-$)30&8:")'23?&6,)&"c3:#0"<&'-&$%"&X32'.'2&2,3($&,.&]"c'2,&;3)2|3N

H0'F3&"$&30?&[JKKO\&%3F"&)"#,)$"7&$,$30&(,'0&1&2,-2"-$)3$',-(&'-&$%"&$),#'230&7"2'7+,+(&

.,)"($&3$&PJ?Z&9&Y9NL?&>,%-(,-&3-7&i"7'-&[L__j\&)"#,)$"7&'-&(,'0(&7"F"0,#"7&.),:&F,023-'2&

$+..(&3$&$%"&VC,:3(&f3)*+730W&*',0,9'230&)"(")F"&'-&(,+$%")-&V;+3-323($"W&$%3$&$,$30&(,'0&

1&'-&$%"&'-$32$&7"2'7+,+(&.,)"($&S3(&ZJ?P&9&Y9NL&[KNLZ&2:\&3-7&Lje&0,S")&'-&$%"&9)3((03-7&

[CO'#07"\&#0,$(&2,:#3)"7&$,&#0,$(&'-&$%"&'-$32$&.,)"($&[F"9"$3$',-&".."2$&,-&$,$30&(,'0&1&S3(&

('9-'.'23-$&3$&X&l&K?KL\?&5%"("&F30+"(&3)"&S'$%'-&$%"&)3-9"&,.&,+)&73$3<&'?"?&ZK?_&3-7&aL?P&9&

Y9NL&'-&$%"&.')($&LK&2:&.,)&$%"&ZK&3-7&`LKK&4"3)(N,07&7"2'7+,+(&.,)"($<&3-7&OZ?^&3-7&Pj?P&9&

Y9NL&.,)&$%"&J0*#401NG4"42"&.,)"($&3-7&$%"&*+)-$&(3F3--3&#0,$<&)"(#"2$'F"04<&3$&V/3-$3&

=,(3Wd&3$&V03&60,)W&$%"&$,$30&(,'0&1&[KNLK&2:\&'-&$%"&(3F3--3&[CO'#07"\&S'$%&(23$$")"7&$)""(&

S3(&Pj?a&9&Y9NL?&U-&3-,$%")&($+74&2,-7+2$"7&'-&(,+$%S"($")-&1,($3&='23&[VH(3W&#"-'-(+03<&

`&Z<KKK&::&4)NL\<&10"F"03-7&"$&30?&[JKKP\&,*$3'-"7&$,$30&(,'0&1&2,-2"-$)3$',-(&$%3$&)3-9"7&

.),:&ZK&$,&aZ&9&Y9NL&3-7&Za&$,&a^&9&Y9NL&+-7")&F")4&%+:'7&#)':3)4&.,)"($&3-7&7")'F"7&JK&

4"3)(N,07&#3($+)"&'-&%'9%04&S"3$%")"7&Hc'(,0(&3-7&F")4&.")$'0"&300+F'30&:,00'(,0(<&

)"(#"2$'F"04?&5%"("&F30+"(&2,))"(#,-7"7&$,&3&(,'0&1&#,,0&'-&$%"&KNLK&2:&,.&PP?^<&Pj?Z<&

OO?_&3-7&ZZ?O&]9&1&%3NL?&

U-&/,+$%&8:")'23<&5'"(("-&"$&30?&[L__^\&#),F'7"7&73$3&+-7")&7'..")"-$&03-7&+("&

(4($":(&'-&7)4&$),#'230&.,)"($(&,.&f)3A'0?&5)+:*,)"&"$&30?&[L__Z\&)"#,)$"7&7"2)"3("(&,.&

/H1&S%"-&$%"&7)4&$),#'230&.,)"($&S3(&2,-F")$"7&$,&#3($+)"<&30$%,+9%&'-$")#)"$3$',-&,.&

)"(+0$(&'(&:3(Y"7&*4&$%"&('$"&#)"#3)3$',-&:"$%,7(&":#0,4"7?&I-7")&(3F3--3&F"9"$3$',-&

$%"&$,$30&(,'0&1&#,,0&S3(&"($':3$"7&3$&ZO?j&]9&1&%3NL&+#&$,&OK&2:&7"#$%&'-&-3$'F"&

9)3((03-7(&,.&$%"&f)3A'0'3-&1"))37,&[73&/'0F3&"$&30?<&JKKO\?&U-&3-,$%")&($+74&2,-7+2$"7&'-&
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