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Abstract: This research aimed to study the relationship between different organic matter fractions and
agpgregate stability in carbonated and no carbonated soils in Tunisia. Saniples of soil were taken from A or Ap
horizon at twelve carbonated and ten no carbonated soils. Aggregate stability was tested by Le Bissonnais
method. Total soil organic carbon (SOC), particulate organic carbon (POC), hot-water-extract-polysaccharides
(HWEP) and humic compounds (HC: humic acids (HA) and fulvic acids (FA)) were analysed. Both carbonated
and no carbonated horizons showed high SOC and POC contents, notably under forest. While, HWEP and HC
(HA and FA) contents were greater in no carbonated soils. Across all horizons, positive correlation was found
between SOC and POC. Soil stability test showed that horizons were affected by fast wetting rather than
mechanical breakdowns (MWD g<MWD,2). The most stable horizon was a carbonated so1l with important SOC
content. However, there was a significant and positive relationship between SOC, POC and HC and aggregate
stability only in no carbonated topsoil. Consequently, relationship between organic matter fractions and
aggregate stability changes when soil properties vary. Accordingly, the present study may be useful to suggest
practices that improve soil aggregate stability and organic matter sequestration to help retard soil loss and
degradation.
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INTRODUCTION

Soil organic carbon (SOC) is one of the most
unportant constituents of soils due to its capacity in
affecting plant growth (Bongiovanni and Labartini, 2006).
Organic matter mnproves soil aggregation or structure
formation (Caravaca et al., 2004; Pinheiro et ai., 2004,
Tisdall and Oades, 1982) and it mediates many chemical
and physical soil properties (Carter, 2002). Boyle et al.
(1989) reviewed the influence of SOC on soil aggregation
and water mfiltration and concluded that SOC had a
disproportionate effect on soil physical properties. In soil,
where the SOC is the main binding agent, different size
agpregates can be formed. This fact was essentially
detected m soils with low contents of oxides and
hydroxides of iron and alummium (Le Bissonnais and
Le Souder, 1995) and also in no carbonated soils.
Consequently, causal relationships between management
and soil quality are difficult to extrapolate among regions,
because of differences m soil type, climate and
management norms (Pikul et al., 2007). On the other
hands, the relations between the organic matter content

of soil and its aggregate stability are complex and not
clearly understood (Puget et al., 1995).

SOC improves aggregate stability by different
mechanisms and different fractions. Indeed, Primary
particles and clay microstructure are bound together with
bacterial and fingal debris mto extremely stable
microaggregates. These latter may be bound together
with fungal and plant debris giving a larger
microaggregates. The humic matter, considered as a
persistent cementing agent, is involved in stabilizing
microaggregates (Bongiovanm and Lobartim, 2006).
These microaggregates are bound mto macroaggregates,
due to the effect of transient binding agents
(polysaccharides) and temporary binding factors (Oades,
1993; Tisdall and Oades, 1982). Particulate organic carbon
(POC) improves soil aggregation since it can form an
organic core swrounded by clay, silt particles and
aggregates (Six et al., 2000).

The macroaggregates are less stable than
microaggregates to wetting or mechanical actions. Their
destruction by different agents (rain, erosion, tillage) may
result in exposure of the inner core of organic substances
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(Six et al., 2000), facilitating rapid oxidation and attack by
micro-arganisms of these binding agents (Elliott, 1986).

In Tumsia, carbonated rocks were the parent
materials of most soils. However, m some cases
decarbonatation process decreases calcium carbonate
amount in the subsurface horizon, especially in humid
regions. On the other hands, soils in North of the country
were developed on the sandstone rocks. The topsoil
horizon (A) derived from the tow different substratum
showed variable resistance degree to the erosion and land
degradation. In addition, the extension of agriculture
practices on hill slopes m the Mediterranean basin
may be responsible for a loss of orgamc carbon from
soil, as a result of increasing runoff and erosion
(Le Bissonnais et al, 2007). The loss of C makes soil
aggregates less stable, which in turn increases erosion
risks. Consequently, we should use indicators of these
risks and so be able to identify the most threatened areas.

Decrease of soil stability m the studied area, was the
cause of decreasing agriculture production and mcreasing
soil erosion (Barthés and Roose, 2002, Cerda, 1998).
Subsequently, organic matter amendment forms the better
solution to these problems. However, our knowledge of
organic matter contribution in physical properties in
Tumnisia is not well understood.

This study aims to give further insights towards
different orgamec matter fractions present in Turusian soils
and their involvement in structural stability improvement.
The study focussed on carbonated and no carbonated
subswface horizons that support most of agriculture
practices m this country.

MATERIALS AND METHODS

Soils: The research was conducted in Tunisia along a
South-North axis, characterized by a sharp South-to-North
increase in rain amount. Along this axis twenty one soils
were sampled. They were selected to represent a wide
range of the principal soil types with large amount of
organic carbon and carbonate calcium contents.
Differences among the soils were due to the nature of
their parent material (calcareous rock, sandstone and
quaternary sediments) and land use (forestry or farming
practices).

The study sites, representing Mediterranean humid,
sub-humid and semi-arid climates along a climatic
transect, runmng from the North to Central region. The
mean annual ramnfall was ranged from 400 to 1200 mm and
annual mean temperature was ranged from 20 to 18°C
(Fig. 1). The climatic parameters vary widely among the
sites. The vegetation composition also differs among the
sites. In general, annual species decrease from the arid to
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Table 1: Sample denotation, soil classification, parent material and soil use
for the twenty two sampled sites

Soil Soil classification

denctation (FAQ terms) Parent material Soil use

Ay Humic Cambisols Sandstones Forest soil

A, Eulric Fluvisols Alluvium Cultivated soil
B Vertisol Calcareous rocks  Forest soil
BMF Calcaric Regosols Calcareous rocks  Pasture lands
BR Vertic Cambisols Calcareous rocks  Cultivated soil
C Vertisol Calcareous rocks  Cultivated soil
L, Luvic Kastanozems  Calcareous rocks  Pasture lands
L, Luvic Xerosols Calcareous rocks  Cultivated soil
Ls Humic Cambisols Calcareous rocks  Forest soil

N Podzolhuvisols Sandstones Forest soil

S, Eutric Fluvisols Alluvium Cultivated soil
T, Humic Cambisols Calcareous rocks  Forest soil

T, Luvic Phaeozems Calcareous rocks  Pasture lands
T Vertisol Calcareous rocks  Cultivated soil
T, Rendzinas Calcareous rocks  Cultivated soil
Ta Ferric Luvisols Sandstones Forest soil
™ Albic Luvisols Calcareous rocks  Forest soil

ZP, Ferralic Cambisols Calcareous rocks  Forest soil
ZP; Orthic Greyzems Calcareous rocks  Forest soil
ZP; Calcic Cambisols Calcareous rocks  Cultivated soil
ZP, Calcic Cambisols Calcareous rocks  Cultivated soil

the humid region with a parallel increase of perennial
herbaceous and plant cover. Species richness and species
diversity and number of species increased and the
dominance factor decreased with the merease of rain.

Soil samples were collected from soil profiles located
over landscapes and different management practices.
Properties of the soils along with their sample denotation
and classification are presented in Table 1.

s  Elevensoils: BMF, Br, C, L,, L,, Ty, T;, T,, ZP,, ZP;
and ZP, were collected from carbonated horizons
under different soil occupation.

o« Tensoils: A, A, B, L, N, S, T, Ta, TM and ZP,
were collected from no carbonated horizons under
different soil occupation.

Seil sampling: Undistwbed soil samples were collected
for chemical and physical analysis at the same locations
from the A horizons.

Soil analysis: Soil samples were air dried in the laboratory
and passed through a 2 mm sieve prior to analysis. All
the soil samples were analyzed for orgamc matter content
with the dichromate oxidation method. The particle size
fractions were determined using the pipette method. Soil
pH was measured in 1:2 soil: water suspension (Nelson,
1982) and CaCO, content was determined with a pressure
calcimeter (McLear, 1982).

Organic matter analysis
Particulate organic carbon: Particulate orgamc matter
was determined using the method of Cambardella and
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Fig. 2: Relationship between Soil organic carbon (SOC) and particulate orgamic carbon (POC) (a) no carbonated horizons

(b) carbonated horizons

Table 3: Pearson correlation coefficients between carbonate calcium
(CaC(Os), soil organic carbon (SOC), particulate organic carbon
(POC), hot water extract polysaccharides (HWEP) and hurnic
compounds (HC) content

Variables CaCO, s0C PoC HWEP HC
Carhonated sub soil horizons

CaCO; 1

S0C 0.053 1

cor 0.213 0.661% 1

HWEP 0.284 0.044 0.399 1

AH+ AF -0.014 0.100 0.214 0.270 1
No carbonated sub soil horizons

CaCO; 1

S0C -0.205 1

cor -0.230 0.939% 1

HWEP -0.264 0210 0.280 1 0.562
HC -0.464 0.504 0.576 0.562 1

*Significant correlation p<0.05

(soil 8,). But their amount in no carbonated soil was larger
than carbonated soils. Greater HWEP content under G1
was 0.09 g C kg™ in compared with 0.25 g C kg™' of scil
under G2.

The results of humic compounds analysis showed
low concentration in the carbonated soil. Values ranged
from 0.08 to 0.58 g C kg™, In contrast, in no carbonated
soils the reserves on HA+FA reached 9.04 g kg™ of soils
(Table 4). Consequently, the greater percentage of humic
compounds related to the SOC content was 4.7% (sample
Br) in the carbonated soils and 27.3% in no carbonated
soils (sample A,).

Aggregate stability: Different MWD of different
treatments (Fast Wetting, Slow Wetting and Mechanical
Breakdown) related to the aggrepate stability method
used in this study showed a wide range of values.
Consequently, there are different aggregate stability
situations. In addition, we noted that across majority of
horizons, MWD values decreased with increasing
energies of treatment because the fact that
MWDw>MWDg,. On the other hands, mechanical
breakdowns had lower effect on aggregate destruction
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Table 4: Pearson correlation coefficients between different mean water
diameters (MWD) related to the tree treatments fast wetting
(MWD gy, mechanical breakdowns (MWDyg) and slow wetting
(MWDsy) and soil organic carbon (SOC), particulate organic
carbon (POC), hot water extract polysaccharides (HWEP) and
humic compounds (HC) content in carbonated and no carbonated
sub soil horizons

Variables socC POC HWEP g HC
Carbonated sub soil horizons

MWDy 0.429 0.514 0.209 0.379
MWDy 0.464 0.600 0.454 0.392
MWDo 0.443 0.481 0.354 0.178
No carbonated sub soil horizons

MWDy 0.824% 0.911# 0.301 0.763#
MWDy 0.756% 0.900+ 0.509 0.736%
MWD ow 0.631 0.785% 0.455 0.708%

*Significant correlation p<0.05

than the fast wetting. Thus, MWD, was greater than
MWDy, across most of all horizons.

In G1, fast wetting treatment showed MWD, values
ranging from 0.34 mm (soil Br) to 3.30 mm (7P;), however
MWDy, varied from 0.80 mm (Br)to 3.43 mm (ZP,). As a
result, the resistance of soil can decrease widely with
increasing energles given by the treatment (case of soil
Br). Aggregate destruction was also caused by
Mechamcal Breakdown but its effect was smaller than fast
wetting, except for ZP, horizon. The values of MWDz
ranged from 0.67 to 3.21 mm.

Similar results were found for G2. Except for A,, T,
and 7P, horizons, all soils were most affected by fast
wetting than mechanical breakdowns. The data showed
that MWD, varied from 0.45 mm (sample A)) to 2.97 mm
(sample A,); MWDy ranged from 0.88 mm (sample L) to
3.13 mm (sample A,) and MWD,,; ranged from 0.85 mm
(sample A,)to 2.82 mm (sample A) (Fig. 3a, b).

Effect of organic matter on aggregate stability: The
presence of calcium carbonate in the subsurface horizon
affected orgame matter dynamics and aggregate stability.
Indeed, only no carbonated horizons showed evident
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relationship between organic matter fraction and
aggregate stability indicators (MWDgy,, MWD, and
MWD,;). On the other hands, in no carbonated soils
there was no directly relationship between organic matter
and aggregate stability.

Consequently, in no carbonated soils (G2), different
measured MWD were related to SOC, POC and humic
compounds. In fact, MWDg, MWDy, and MWD,
showed positive correlation with SOC contents (Fig. 4a-c)
and coefficient of determination R’ was 0.67, 0.57 and
0.39, respectively. The same result was found between
MWDy, MWD,z and MWD, POC content (Fig. 4d-f).
However, in this case coefficients of determination R*
were greater than those obtained with SOC content.
Therefore, R* was 0.82, 0.80 and 0.61 for MWD, MWD,
and MWDy, respectively. Data showed also that
aggregate stability was associated to the HC since
positive and significant correlation between different
MWD values and HC was shown (Fig. 5a-c). In fact,
calculated R* was 0.54, 0.58 and 0.50 for MWD, MWD,
and MWDy, respectively.

Organic matter in soils: In both carbonated and no
carbonated soils, SOC content vary widely. Therefore, the
differences in SOC properties studied were related to (i)
soil use or cultivation (i1) the subsurface horizon
characteristics (amount of calcium carbonate). We noted
that samples collected from forest soils showed high
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SOC content. Under forest soils, the presence of litter
recycles continuously SOC storage in topsoil horizons
(Garcia-Pausas ef al., 2004). However, in the pasture lands
and specially cultivated soils, perenmial herbaceous or
crop residues were the main carbon resources. Cultivation
decreases amount of carbon by the following processes:
(1) accelerated mineralization, (2)
translocation as dissolved or particulate organic C and (3)
accelerated erosion (Bongiovanni and Lobartini, 2006;
Li et al., 2007). The SOC content in the no carbonated
soils was higher than in carbonated soils. This fact can be
attributed to the sampling sites from where derived no
carbonated soils. Because sampling were selected in the
north of Tunisia, where the important forest ecosystems
are installed. Consequently, in these sites we observed
thick layer of litter recycling continuously SOC content in
the subscil horizon. Also, in carbonated soils neutral
acidity improves biodegradation activity of organic matter
and the presence of calcium carbonate influenced organic
mineralization and humification (Jacquin and Chouliaras,
1976).

Similar results were found in particulate organic
carbon (POC) analysis. The date
considerable differences in POC contents between soils
in different sub socils horizons used in this study.
Thought, cultivated soils appear to have harmfully
affected the POC content (Bongiovanni and Lobartini,
2006). Indeed, destruction of macroaggregates by tillage

leaching and

showed also



J. Agron., 7 (2): 127-137, 2008

4,001 4.007
(:}
@ R*=0.6798 ® R =0.5718
3,50 3,50
3,004 3.00
’E‘ 2.50- ’E‘ 2.504
& 2.00- g 2.00-
%k 1.50 g 1.50-
1.60- 1.00-
0.50- 0.50-
0.00 T T T T T T 1 0-00 T T T L] T T 1
0 10 20 30 40 S50 60 70 0 10 20 30 40 50 60 70
SOC (gkg ) S0C (gkg )
4.00- 4.007
© R= 03983 @
3.504 3.501
3.004 *e .
. * * 3.00
’E‘ 2.501 'E‘ 2.507
200 G 2,007
% 1.50' E 1.50_
*
1.00- - 1.00-
0.50- 0.50
0.00 L] T T T L] T 1 OAUG
¢ 10 20 30 40 50 60 70 0
SOC (gkg )
4,007 4.007
3,50 3.501
3.001 3,00
'E‘ 2,501 ’E‘ 2.507
"8 2.00- 3 2,00
g 1.50 E 1.50-
L
1.00- 1.00- .
0.504 0.50
0.00 r : . 0.00 T r ,
Q 10 20 30 0 10 20 30
POC (gkg ) POC (gkg )

Fig. 4: Relationship between (i) (a) mean weight diameter fast wetting MWD, (b) mean weight diameter mechanical
breakdowns MWD,z and (¢) mean weight diameter slow wetting (MWDg,) and SOC content (ii) (d) mean weight
diameter fast wetting MWDg, (&) mean weight diameter mechamcal breakdowns MWD, (f) mean weight diameter
slow wetting (MWD,y,) and POC content in no carbonated sub surface horizons

may result in exposwure of the inner core of POC facilitating Important POC contents were measured in carbonated and

rapid decomposition by microorganisms of this important  no carbonated horizons. This result, which may be
organic carbon reserve in the soil (Six et af., 1999, 2004). expected, can be attributed to the presence of litter and to
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the effect of calcium carbonate calcium. Because, organic
residues was surrounded by a mineral enclosing matrix of
CaCQ, limiting microorganisms attack (Tacquin and
Chouliaras, 1976).

The positive correlation between SOC and POC in all
solls was considerable. This 1s the case was to the role
played by POC as an important fraction of SOC and a
source of other organic matter fractions obtained after its
mineralization and humification.

On the other hands, data indicated that the HWEP
concentration was not important in whole soils. The
reason of this situation was the labile nature of these
compounds, vulnerable to  decomposition by
microorgamsms. However, HWEP was greater m no
carbonated than in carbonated horizons, because
degradation activity in carbonated horizons was more
important than in the other horizons. Also fungal activity
observed m sandy horizon of no carbonated soils,
produces more polysaccharides substances in sub
surface horizons.

134

Humic compounds (HA+FA) were low in carbonated
soils due to the presence of CaCO, that stopped organic
matter maturation. In addition, in most no carbonated soils
sampled, low pH values results from the mereasing
occurrence of humic and fulvic acids whose eluviate from
the humus layers (Seeber and Seeber, 2005). This soil
acidity reduces microbial and faunal activities leading to
an accumulation of organic material and thus organic
matter increases in the topsoil (Seeber and Seeber, 2005).

Aggregate stability: The most stable sample was derived
from a carbonated horizon. In carbonated soils, i addition
to organic matter and clay, CaCO, was considered an
important agent of aggregation. But in no carbonated
horizon, the sandy texture decreased aggregate formation
and stabilisation (Bouajila and Gallali, 2007).
Considering all MWD related to the different
treatments (FW, SW and MB), aggregate stability was
most affected by fast wetting (FW). Indeed, the later can
mimic a strong rain that destroys macroaggregates by



J. Agron., 7 (2): 127-137, 2008

Varigbles (axis F, et F;: 77.59%%)
1.00

CaCO,
0.75

0.504

0254

0.00
socC

E, (20.22%)

-025-
-0.50 HC

-0.754

-1.00
-1.0

075 050 025 -000 025 050 075

F, (57.37%)

1.00

Fig. 6: Principal component analysis between different
mean water diameters (MWD) related to the tree
treatments fast wetting (MWDy), mechanical
breakdowns (MWD),,.) and slow wetting (MWDgy)
and soil organic carbon (SOC), particulate organic
carbon (POC), hot water extract polysaccharides
(HWEP) and humic compounds (HC) content in all
horizons Scil Correlation circle and variables axis,
first and second components

burst, which produces microaggregates (Annabi et al.,
2007). However, slow wetting affected soil aggregation
lower than fast wetting. The reason was the differences of
treatment energies between fast and slow wetting. On the
other hands, mechanical breakdown, in more than 80% of
studied horizons, affected aggregates lower than fast
wetting. Soils with MWD, <MWD; indicated that their
macroaggregates was more resistant to burst than to
breakdown.

Generally, aggregate stability of no carbonated soils
and carbonated soils was almost the samme between soils
in the same conditions.

Organic matter effect on aggregate stability: The
considerable effect of orgamc matter on aggregate
stability of the soils was discussed in literature. However,
several studies showed that relationship between organic
matter and aggregate stability varies widely between soils.
In addition, this relationship can be affected by the
method used to evaluate structural stability (Chenu et af.,
2000; Le Bissonnais and Arrouays, 1997).

Results obtained in the present study showed two
different relationships between organic matter fractions
and aggregates stability (1) not clear or indirectly
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association G1 soils and (ii) directly association G2 soils.
In fact, in the soils with low CaCO, content (G2),
aggregate stability was associated to the organic matter
(sigmficant correlations). In these soils, we can suggest
that organic compounds are the principal binding agents
of aggregate and the most factors influencing their
stability.

In summary, SOC content in the no carbonated sub
soil horizons improves aggregate stability. Also, the data
indicated that this influence was insured essentially by
two fractions: COP and Humic compounds (HA+FA).
Similar results were found by Ashagrie et al. (2007),
Annabi et al. (2007) and Piccolo and Mbagwu (1999).
However, many studies showed significant relationship
between polysaccharides and aggregate formation and
stability (Haynes and Francis, 1993; Annabi et af., 2007).
In contrast, there was no significant role of hot water
extract polysaccharides in aggregate stability in this
study. This 1s the case due to nature of this organic matter
compounds. In addition, acid extract polysaccharides
content was greater in soil than HWEP and then play
more important role in aggregates stability (Puget et al.,
1999),

Relationship between organic carbon fractions and
aggregate stability in topsoil horizons, with important
CaCO, content, showed no correlation. This fact can be
attributed to (1) the presence of CaCO, causing no organic
matter maturation (11) its aggregationrole and (u1) effect of
the interaction between clay, organic matter and CaCQ; in
this case of soils, which can influence aggregate stability.

For evaluating and te summarise relationships
between several variables analysed in this study, we use
Principal Component Analysis (PCA) representation
(Fig. 6). In this representation, data of twenty one
sampling soils were used. Results showed that aggregate
stability was mostly associated to the SOC and POC
contents rather than HC and HWEP. However, we
hypothesized trough PCA analysis that, in the presence
of CaCO,, HC and HWEP mmproves structural stability.
Ladd et al. (1993) and Munneer and Oades (1989)
suggested that the presence of CaCO, in the soils caused
clay flocculation and stabilization of organic matter
compounds which improves soil aggregate organisation
and stability.

CONCLUSION

The present results sowed that orgamic matter
dynaniics and evolution were not the same in carbonated
and no carbonated soils. The presence of important
CaC0O, content in carbonated horizons affects

significantly ~different organic matter compounds
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concentrations. On the other hands, Tunisian soils
showed different aggregate stability situations. In general,
soils with sandy texture and low content of organic matter
showed the lowest MWD values.

In addition, results above indicate that the organic
matter improves aggregate stability. However, this role
can not be clear in all soils. Tt was more important in the
no carbonated soils where the organic matter was the
most aggregate agent. Also, present results suggested
that both particulate orgame carbon and humic
compounds were the important fractions of total organic
matter that improve aggregate stabality.

These findings will be useful for the management of
organic amendments with the purpose of improving soil
structure stability. In Tunisian subhumid and semi arid
regions, wind and water erosion are persistent problems.
Soil conservation practices that improve soil aggregate
stability also help retard soil loss by maintaimng soil
structure and surface conditions resistant to erosion.
Because the predominance of carbonated horizons in
Tunisian soils, we must integrate the effect of CaCO,
content when we discuss evolution of soil physical
properties. Furthermore, CaCO, particles properties
(nature and size) affect differently aggregate stability
(Le Bissonnais, 1996).
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