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ABSTRACT
 
!is paper assesses the long-term effect of no-tillage (NT) on soil organic carbon (OC) content 
and its distribution among different organic matter fractions in rainfed agrosystems of Aragón (NE 
Spain). Adjacent fields of NT, conventional tillage (CT) and natural soils (NAT) were compared 
in three different cereal production areas. In the soil surface, the higher OC content found in the 
NAT soils was due to the particulate organic matter. In the case of agricultural soils, in general, the 
fractions responsible for the OC increase under NT were the fine particulate organic matter and the 
mineral-associated organic matter occluded within stable microaggregates.

RESUMEN 
En este trabajo se evalúa el efecto a largo plazo del no laboreo (NT) en el contenido de carbono orgánico del suelo 
(OC) y su distribución en diferentes fracciones de materia orgánica en agrosistemas de secano en Aragón (NE 
España). En tres diferentes zonas cerealistas se compararon campos adyacentes de NT, laboreo tradicional (CT) y 
suelo natural (NAT). En la super!cie del suelo, el mayor contenido en CO encontrado en los suelos NAT se debió a 
la materia orgánica particulada. En el caso de los suelos agrícolas las fracciones responsables del incremento de OC 
en NL fueron, en general, la materia orgánica particulada !na y la fracción organo-mineral de los microagregados 
estables.

RESUMO 
Este trabalho avalia o efeito a longo prazo do plantio direto (NT) no conteúdo de carbono orgânico no solo (OC) 
e a sua distribuição em diferentes frações da matéria orgânica em sistemas agrícolas de sequeiro em Aragon (NE 
Espanha). Campos adjacentes do NT, plantio convencional (CT) e solos naturais (NAT) foram comparados em 
três diferentes áreas de produção de cereais. Na superfície do solo, o maior teor de OC encontrado nos solos NAT de-
veu-se à matéria orgânica particulada. No caso dos solos agrícolas, as frações responsáveis pelo aumento de OC em 
NL foram, em geral, à matéria orgânica particulada !na e a fração organo-mineral  de microagregados estáveis.
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1. Introduction
The  loss of physical protection of organic 

()123$+ ,4!/+25+ *3"6+ )771#7)%#*+ ,8#$#9+ #%+
)60+:;;</=+(>)$7#*+"$+*3"6+3?57#$)%"3$+)$@+
A"(13(6"A)%#+ ,B)6#*@#$%+ #%+ )60+ :;;;/+ )$@+
1#@C(#@+!+ "$DC%*+ %3+ %>#+ *5*%#A+ ,E36(>"$+
#%+ )60+ FGGH/+ >)I#+ 2##$+ "@#$%"9"#@+ )*+ %>#+
A)"$+ ()C*#*+39+ %>#+4!+@#(1#)*#+ "$+ )71"
cultural soils. However, conservation tillage 

)$@=+A31#+*D#("9"()665=+$3J%"66)7#+,KL/+A)5+
#$>)$(#+4!+)((CAC6)%"3$+ "$+%>#+*3"6+*C1
face compared with CT systems. Recently, 

MND#O+#%+)60+,:;;G/+#I)6C)%#@+%>#+)2"6"%5+39+
KL+ %3+ "$(1#)*#+ %>#+*3"6+4!+(3$%#$%+ (3A

D)1"$7+ ::+ D)"1*+ 39+ )@P)(#$%+ 9"#6@*+ 39+ KL+
and CT in different dryland cerealgrowing 

)1#)*+39+Q1)73$+ ,KR+-D)"$/0+ .$+ %>"*+S31T=+
*3"6+4!+C$@#1+KL+S)*+2#%S##$+UV+63S#1+
,3$65+"$+3$#+9"#6@/+)$@+HHV+>"7>#1+%>)$+%>)%+
found under CT in the 020 cm layer. The 

>"7>#1+ "AD)(%+ 39+ %>#+KL+ @C1)%"3$+ )*+S#66+
)*+39+3%>#1+)71"(C6%C1#+D1)(%"(#*+,(13DD"$7+
*5*%#A=+(13D+ 1#*"@C#*+A)$)7#A#$%=+ #%(0/+
(3C6@+A)*T+ %>#+ #99#(%+ 39+ 3%>#1+ "$96C#$%")6+
factors  as climate and soil  type.  The aim 

of the present study was to further under

standing of the contribution of different soil 

317)$"(+A)%%#1+91)(%"3$*+%3+%>#+4!+"$(1#)*#+
32*#1I#@+C$@#1+KL+)$@=+#*D#(")665=+39+%>#+
role of soil microaggregates in the physical 

D13%#(%"3$+39+4!+"$+%>#*#+9)1A"$7+*5*%#A*0

2. Material and Methods
Fields  of  commercial  farms  with  a  large 

$CA2#1+ 39+ 5#)1*+ C$@#1+ KL+ ,GJ:F+ 5#)1*/+
were compared with adjacent CT fields in 

three different rainfed cereal areas of Ara

73$+,Table 1/0+Q%+#)(>+*"%#=+)+KQL+*3"6+S)*+
also selected as a control soil.  

-3"6+ *)AD6"$7+ ,;JH=+ HJ:;+ )$@+ :;JW;+ (A+
@#D%>*/+S)*+A)@#+"$+%>1##+@"99#1#$%+O3$#*+
S"%>"$+#)(>+ 9"#6@+ ,KL=+!L+)$@+KQL/+S>#1#+
two soil samples were collected and mixed 

%3+A)T#+)+(3AD3*"%#+*)AD6#0+Q+%3%)6+39+:<+
*3"6+*)AD6#*+S#1#+%)T#$+913A+#)(>+*"%#+,X+
9"#6@*+ ?+ X+@#D%>*+ ?+X+ 1#D6"()%#*/0+4$(#+ "$+
the laboratory, soil samples were subject

ed  to physical  fractionation,  following  the 

A#%>3@+39+-"?+#%+)60+ ,:;;;/=+ %3+32%)"$#@+W+
organic matter fractions: coarse particulate 

317)$"(+A)%%#1+ ,(Y4Z=+ [:H;+ \A+ "$+ *"O#/=+
9"$#+D)1%"(C6)%#+317)$"(+A)%%#1+,9Y4Z=+:H;J
HX+\A/=+A"$#1)6J)**3(")%#@+317)$"(+A)%%#1+
occluded  within  stable  microaggregates 

,Z"$J\)77=+ ]HX+ \A/+ )$@+ #)*"65+ @"*D#1*#@+
A"$#1)6+ )**3(")%#@+ 91)(%"3$+ ,Z"$J@=+ ]HX+
\A/0+ -3"6+4!+(3$%#$%+S)*+@#%#1A"$#@+25+
@15+(3A2C*%"3$+S"%>+)+MR!4+)$)65O#10+-3"6+
particle  size  distribution was  obtained by 

laser  diffraction  analysis  with  a  Coulter 

M-:X;+6)*#1+71)"$J*"O#10

Within each study site,  statistical compari

sons  among  treatments  were  made  using 

3$#JS)5+ QK4^Q=+ )**CA"$7+ )+ 1)$@3A"O#@+
experiment with the three sampling locations 

,"0#0+ *)AD6"$7+ O3$#*+ S"%>"$+ #)(>+ 9"#6@/+ )*+
D*#C@31#D6"()%#*+ ,!>1"*%3D>#1+ #%+ )60+ :;;G/0+
Duncan’s multiple  range  test  was  used  to 

(3AD)1#+%1#)%A#$%+A#)$*+,P+]+;0;H/0
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3. Results and Discussion
Tillage effect on total soil organic carbon

Q*+#?D#(%#@=+%>#+>"7>#*%+4!+(3$%#$%*+S#1#+93C$@+
"$+%>#+*3"6+*C19)(#+39+%>#+KQL+*3"6*+,Figure 1/+)$@+
especially in the Artieda site where more rainfall 

"*+1#(#"I#@+,Table 1/0+L>#+9)(%+%>)%+%>#+KQL+*3"6+
of Lanaja has been developed on an abandoned 

(13D+%#11)(#+,[+W;+5#)1*/+)$@+%>#+(C11#$%+D)**)7#+
39+*>##D+()$+#?D6)"$+%>#+1#6)%"I#65+63S+4!+(3$
tent along the soil profile. In the agricultural soils, 

4!+"$+%>#+9"1*%+H+(A+39+*3"6+S)*+>"7>#1+C$@#1+KL+
%>)$+C$@#1+!L+"$+%S3+39+%>#+*%C@5+*"%#*+,M)$)P)+
)$@+L311#*/+S"%>+I)6C#*+39+FXJFH+7+T71 vs. 10 g 

T71 "$+!L+,Figure 1/0+.$+%>#+Q1%"#@)+*"%#=+%>#+6)(T+
of differences between both treatments was due 

to the excessive removal of crop residues from 

%>#+KL+9"#6@+)$@+%>#+C*#+39+%>#+(>"*#6+D63C7>+"$+
%>#+ !L+ %1#)%A#$%+ ,Table  1/0+ L>#+ @"99#1#$(#*+
among  treatments  decreased  with  soil  depth 

due to both the homogenization of soil profile by 

A3C6@23)1@+D63C7>"$7+,!L/+)$@+%>#+4!+(3$(#$
%1)%"3$+71)@"#$%+"$+C$@"*%C12#@+*3"6*+,KL+)$@+KQL+
*3"6*/0+K3+#99#(%+39+ *3"6+ %5D#+S)*+ 93C$@+3$+*3"6+
4!+(3$%#$%*0+L>"*+S)*+D132)265+@C#+%3+%>#+$)1
13S+%#?%C1#+1)$7#+39+%>#+*%C@5+*3"6*+,)66+A#@"CA+
%#?%C1#@+*3"6*/0+M"T#S"*#=+A#)$+)$$C)6+D1#("D"%)
tion did not  seem  to explain  the differences  in 

-4!+C$@#1+KL+)$@+!L+)A3$7+%>#+*%C@5+*"%#*0+

-"A"6)1+ 1#*C6%*+S#1#+ 1#D31%#@+25+Q6I)1#O+ ,:;;H/+
)$@+Q$7#1*+)$@+R1"T*#$J_)A#6+,:;;U/+931+)+S"@#+
range of  soils,  climate  and  tillage practices.  In 

our study conditions, probably, a higher impact 

of other agricultural practices, as crop residues 

management  or  cropping  intensity,  could  be 

A)*T"$7+%>#+#99#(%+39+3%>#1+*"%#+(>)1)(%#1"*%"(*0

Tillage effects on soil organic carbon fractions

The easily dispersed mineralassociated fraction 

,Z"$J@/+(3$%1"2C%#@+A3*%+%3+%>#+%3%)6+4!+(3$%#$%+
S"%>+D#1(#$%)7#*+39+W;J<;+V+,Figure 1/0+_3S#
ver, this fraction was not affected by tillage and 

$3+@"99#1#$(#*+S#1#+93C$@+2#%S##$+KL+)$@+!L+
in any case. In contrast, at the surface layer, the 

9Y4ZJ!+)$@+%>#+Z"$J\)77J!+S#1#+>"7>#1+C$@#1+
KL+ %>)$+ C$@#1+ !L=+ )6%>3C7>+ $3%+ )6S)5*+ %>#*#+
differences  were  statistically  significant.  The 

(Y4Z+)$@+9Y4Z+91)(%"3$*+>)I#+2##$+(3$*"@#
red the first steps on the degradation of organic 

@#21"*+ ,-"?+ #%+ )60+ :;;F/0+4$(#+ )7)"$=+ %>#+ 63S#1+
#99#(%+ 39+ %"66)7#+3$+ %>#+ 9Y4ZJ!+ "$+Q1%"#@)+S"%>+
respect  to  the  other  sites  can be  attributed  to 

%>#+63S+4!+"$DC%*+913A+(13D+1#*"@C#*+"$+KL+)$@+
the use of the Ch plough in the CT treatment. As 

"$+%>#+()*#+39+%>#+%3%)6+4!+(3$%#$%=+%>#+9Y4ZJ
C was reduced with depth in all treatments and 

Table 10+!>)1)(%#1"*%"(*+39+%>#+)71"(C6%C1)6+'#6@*0+KL=+$3J%"66)7#`+!L=+(3$I#$%"3$)6+%"66)7#0+Z2=+A3C6@23)1@+
D63C7>`+!>=+(>"*#6`+-2=+*C2*3"6#1

a+bcB+,:;;</0

Site

,Y13I"$(#/
Z#)$+)$$C)6

D1#("D"%)%"3$+,AA/
Soil type Treatment

Soil and crop residue

management

Lanaja

,_C#*()/
WXX

Silt loam

Calcaric cambisol*

KL
,FW+5#)1*/

CT

Crop residue retention

Z20+K3+(13D+1#*"@C#+1#%#$%"3$

Artieda

,d)1)73O)/
<WF

Loam

Haplic regosol

KL
,:F+5#)1*/

CT

K3+(13D+1#*"@C#+1#%#$%"3$

!>0+K3+(13D+1#*"@C#+1#%#$%"3$

Torres

,_C#*()/
WeU

Sandy loam

Calcaric cambisol

KL
,G+5#)1*/

CT

Crop residue retention

Z2f-2f!>0+K3+(13D+1#*"@C#+1#%#$%"3$
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*"%#*+ #*D#(")665+ "$+ KL+ %>)%+ *>3S#@+ *"A"6)1+ 4!+
(3$%#$%*+%>)$+!L+"$+%>#+:;JW;+(A+6)5#10+KCA#
rous studies point  to an effect of  tillage on the 

@#()5+ 39+ 9Y4Z+ @C#+ %3+ %>#+ "$(1#)*#+ 39+ 1)%#+ 39+
@#*%1C(%"3$+39+ %>#+)771#7)%#*+ ,B)6#*@#$%+#%+)60+
:;;;/+)$@=+%>C*=+%>#+317)$"(+A)%%#1+@#71)@)%"3$+
,8#$#9+#%+)60+:;;</0+M"T#S"*#=+)+@#(1#)*#+"$+%>#+
formation  of  organomineral  complexes  within 

soil aggregates is often associated with the de

D6#%"3$+39+%>#+9Y4Z+91)(%"3$+,E36(>"$+#%+)60+FGGH/0+
In  fact,  in  the  present  study,  the  separation  of 

%>#+Z"$J\)77J!+913A+%>#+Z"$J@J!+)663S#@+C*+%3+
)**#**+%>#+()D)("%5+39+KL+%3+#$>)$(#+D>5*"()6+
D13%#(%"3$+39+4!+S"%>"$+*%)26#+A"(13)771#7)%#*+
in the soil surface.

Figure 1.+-3"6+317)$"(+()123$+,4!/+91)(%"3$*+)*+)99#(%#@+25+*3"6+A)$)7#A#$%+,!L=+(3$I#$%"3$)6+%"66)7#`+
KL=+$3J%"66)7#`+KQL=+$)%C1)6+*3"6/0+g31+%>#+*)A#+91)(%"3$+)$@+*3"6+@#D%>=+@"99#1#$%+6#%%#1*+"$@"()%#+*"7$"'()$%+
@"99#1#$(#*+)A3$7+%1#)%A#$%*+,P+]+;0;H/0
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4. Conclusions
.$+1)"$9#@+(#1#)6+)1#)*+39+Q1)73$=+%>#+>"7>#1+4!+
(3$%#$%+93C$@+"$+%>#+*3"6+*C19)(#+C$@#1+KL+%>)$+
C$@#1+!L+"*+A)"$65+@C#+%3+%>#+"$(1#)*#+39+9Y4Z+
)$@+Z"$J\)77+91)(%"3$*0+L>#+D>5*"()6+D13%#(%"3$+
%>)%+*%)26#+A"(13)771#7)%#*+399#1+%3+4!+*##A*+
to be a main cause for longterm soil enrichment 

in organic matter resulting from the adoption of 

KL+"$+%>#*#+#$I"13$A#$%*0+c#*C6%*+913A+%>"*+3$J
farm study also indicate that a proper manage

ment of crop residues is essential for successful 

KL+ "$+ 1)"$9#@+Q1)73$=+S>3*#+ "$96C#$(#+ ()$+ 2#+
even greater than other factors such as precipi

tation or soil texture. However, further research 

in a broader scenario of soil type and climate is 

necessary to an accurate evaluation of the effect 

39+KL+3$+63$7J%#1A+4!+*%)2"6"O)%"3$+"$+*3"6*0
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