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a Cátedra de Manejo y Conservación de Suelos, Facultad de Agronomía, Universidad de Buenos Aires, Argentina 
b Instituto de Suelos-CIRN-INTA, Argentina 
c CONICET, Argentina 
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A B S T R A C T   

In the highly fertile and productive soils of the Pampa Region of Argentina, constraints on soil water regime as a 
consequence of the decline in aggregates stability and the development of platy structures, are observed. Most of 
agricultural plots in this region, even under no tillage, are subjected to simplification of crop sequences (low 
cropping intensity) with predominance of soybean. On the contrary, some farmers are intensifying the crops 
sequence to avoid soil degradation and equilibrate economical incomes. The aim of this work was to evaluate the 
effects of intrinsic soil factors and of cropping intensity on aggregates stability in the surface horizon of the main 
soils in this region. Three Mollisols (an Entic Haplustoll and two Typic Argiudolls) and a Vertisol (Hapludert) 
located across a west-east transect in the northern part of the Argentinean Pampas were selected for this study. In 
each site two management treatments under no-till (GAP: Good Agricultural Practices –high cropping intensity- 
and PAP: Poor Agricultural Practices –low cropping intensity-) and a soil without cultivation as a reference (NE: 
Natural Environment) were compared. In each treatment, aggregates destruction mechanisms were assessed by 
Le Bissonnais (1996) tests: slaking, microcraking and cohesion loss. Mollisols showed higher aggregates stability 
than the Vertisol. Differences on aggregates stability depended on management variables and on organic carbon 
contents in the Mollisols and on both clay content-clay type in the Vertisol, revealing a strong relationship of 
aggregation mechanisms with soils taxonomic order. In the Mollisols, the labile coarse particulate organic carbon 
fraction (POCc) determined the shifts on slaking and overall aggregates stability rather than other carbon 
fractions. In the soils studied, aggregates stability was linked mainly to management variables, best reflected by 
the cropping intensity index (CI). More intensive agricultural managements (GAP treatments) in Mollisols and 
Vertisol, resulted in an enhancement of aggregates stability; however, this relationship was stronger in the 
Mollisols. Surface horizons from both soil orders evidenced a high soil fragility related to slaking process (FW10s 
and FW tests). Thus, FW test was the best test to discriminate between management treatments. The results 
obtained in this work allow, on the one hand, to understand the stabilization mechanisms of the structure in the 
surface horizon of the main Pampas soils and, on the other hand, to highlight the effect of different NT man-
agement practice on soil aggregate stability, which highly affects soil health and the sustainability of agricultural 
systems.   
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1. Introduction 

No tillage cultivation (NT) is considered as one of the most successful 
soil management practices to promote soil conservation and for recov-
ering degraded agricultural soils (Morrás et al., 2001; Derpsch et al., 
2010). Among the benefits of this management are mentioned the in-
crease in aggregates stability (Six and Paustian, 2014), organic matter 
(Six et al., 2004) and biological activity and a better erosion control 
(Derpsch et al., 2010). The humid Argentine Pampa is one of the largest 
areas dedicated to cereal and oil crops in the southern hemisphere, due 
to a temperate climate, adequate rainfall and soils with high produc-
tivity (Durán et al., 2011; Rimski-Korsakov et al., 2015). In this region, 
NT has been increasingly adopted during the last 30 years, already 
reaching almost 93 % of cultivated lands (Nocelli Pac, 2018). 

Despite the high natural chemical fertility of these soils, their high 
silt content, usually reaching 60–70 % in the A horizon, is the cause of a 
low structural stability that favors a rapid deterioration of their hydro- 
physical properties when they are tilled. Also, the high proportion of 
fragile biolyths and volcanic glasses in their silt fraction seems to cause 
negative effects on its tensile strength and therefore on structural sta-
bility (Pecorari et al., 1990; Taboada et al., 2008). Moreover, along the 
last decades, and together with NT adoption, large changes have taken 
place in crops sequence composition, leading to the disappearance of 
pastures and the rapid expansion of soybean monoculture, resulting in 
long periods with bare soils (Novelli et al., 2011; Behrends Kraemer 
et al., 2013; Wingeyer et al., 2015). For instance, in the winter 2015 
almost 90 % of the crop area was under fallow (Pinto et al., 2017), 
evidently differing from crop diversification and high soil cover per-
centage recommended for NT management (FAO, 2013). Thus, and 
despite the expansion of NT, no clear improvements have been observed 
in soils organic matter content and features of physical degradation as 
platy structures and soil compaction have appeared and spread all over 
the region (Bonel et al., 2005; Morrás et al., 2012; Álvarez et al., 2014; 
Sasal et al., 2017; Behrends Kraemer et al., 2017, 2019). According to 
the concept of NT system and its assessment as proposed by Derpsch 
et al. (2014), this label may not be applicable to most of no-tilled agri-
cultural lands in this region. 

However, and following technical recommendations, an increasing 
proportion of farmers in the region are diversifying the crops sequence 
and increasing the time with soils covered by cultivated plants (Caviglia 
and Andrade, 2010). This improvement can be assessed by the cropping 
intensity (CI) index, which is defined as the length of the period with 
actively growing (green) crops in a sequence, on a yearly-basis (Caviglia 
and Andrade, 2010). In the Pampa region, the implementation of high CI 
under NT has shown increases in organic carbon content (Duval et al., 
2013; Studdert and Echeverría, 2000), increases in the number and di-
versity of soil macro and mesofauna (Morrás et al., 2001; Bedano and 
Dominguez, 2016) a lower presence of laminar structure and of runoff 
events (Sasal et al., 2017) and increases in aggregates stability (Novelli 
et al., 2013). 

Aggregates stability is a key parameters for assessing structural 
deterioration because it depends on complex interactions between soil 
management strategies, soil properties and plant roots traits (Garcia 
et al., 2019) and have been linked to agricultural yield, water dynamics 
and soil fauna (Hermawan and Cameron, 1993). Physical soil health is 
strongly related to aggregates stability which governs some other 
physical properties (i.e. pore configuration and stability, infiltration, 
drainage, water retention); therefore, the loss of aggregates stability is 
the first step for several degradation processes (i.e. soil crusting, 
compaction, erosion) (Denef et al., 2002; Aparicio and Costa, 2007). 
Among soil properties, soil organic matter is one of the main factors 
promoting soil aggregates stability (Tisdall and Oades, 1982; Six and 
Paustian, 2014). Numerous authors have suggested that the aggregates 
stability dynamics may be described better soil organic carbon (SOC) 
quality and particularly by its labile fractions, than by SOC quantity 
(Capriel et al., 1990; Albrecht et al., 1992; Le Bissonnais, 1996). 

However, in the Pampa region, the effects of CI on aggregates sta-
bility is complex and not well understood as it not only depends of crop 
management, but on soil type and organic matter quality as well 
(Novelli et al., 2013; Behrends Kraemer et al., 2019). As other soil 
quality indicators, the study of soil aggregates stability needs the 
elucidation of the differential effects of intrinsic and dynamics factors. 
Intrinsic factors (i.e. soil texture, clay mineralogy) are determined by 
basic soil factors and soil formation processes (Karlen et al., 2003). Clay 
mineralogy, calcium and iron content are reported to affect aggregates 
stability, although with different impact according to soil type (Le Bis-
sonnais, 1996; Cañasveras et al., 2010; Igwe et al., 1999; Denef and Six, 
2005). On the contrary, dynamic factors refer to soil properties closely 
linked to agricultural management (tillage, crops sequence, irrigation). 
For instance, in some soils, aggregates stability was found to increase 
with CI, which was related to changes in organic matter (Novelli et al., 
2013; Sasal et al., 2017) and with increases in sub-critical hydropho-
bicity (Behrends Kraemer et al., 2019). Even when aggregates stability is 
considered as a suitable soil quality indicator, studies assessing this 
parameter in contrasting CI managements under NT are still scarce. 
Moreover, few studies have dealt with aggregation mechanisms in soils 
with contrasting mineralogy and under different CI in this region. 

Mechanisms involved in aggregates destruction as slaking, micro-
craking and loss of cohesion, can be discriminated by Le Bissonnais 
(1996) method by fast wetting, slow wetting and stir after ethanol 
prewetting test, respectively. Fast wetting and subsequent slaking is 
reported as one of the main mechanisms of the low aggregates stability 
in this region (Novelli et al., 2013; Restovich et al., 2012). Lado et al. 
(2004) and Vermang (2012) stated that fast wetting and subsequent 
slaking is related to soil moisture, which depends on crops residue 
characteristics. Therefore, it may be hypothesized that crops sequence 
with low CI, thus with low vegetation cover and low stubble content, 
will lead to lower soil moisture status by increasing water evaporation 
and runoff, and therefore aggregates would slake faster when subjected 
to heavy rainfall. Moderate to high rainfall erosivity are described in this 
region (300− 600 MJ ha− 1 h− 1 year− 1) (Behrends Kraemer et al., 2018; 
Rojas and Conde, 1985). This effect would be enhanced by high soil silt 
content, with which formation and stabilization of structure is weak 
(Wischmeier et al., 1971; Álvarez et al., 2014; Pecorari et al., 1990) and 
highly dependent on biological aggregation mechanisms (Oades, 1993). 
However, this mechanism is also mediated by clay minerals typology, 
whose differential behavior would be evidenced by slow wetting tests. 

Particularly in the Pampean Region, organic matter and silt content, 
together with clay content and mineralogy (illites vs. smectites) are 
considered to be the main factors determining aggregates stability. In 
this sense, the importance of organic matter as the primary binding 
agent for soil aggregates holds true for moderately weathered soils 
dominated by illitic clay minerals as in Mollisols (Denef et al., 2002). 
However, in Vertisols, with high content of smectites, the effects of 
organic matter and drying-wetting cycles on aggregates stability are still 
unclear, because they can increase or decrease aggregation (Denef et al., 
2002). In short, the suitability of aggregates stability tests and the 
mechanisms involved could be more precisely assessed considering both 
intrinsic soil characteristics and management factors. 

Thus, the objective of this study was to evaluate the role of dynamic 
and intrinsic factors and particularly the effect of different cropping 
intensities in soils under NT on aggregates stability of Mollisols and 
Vertisols from the Pampean region 

2. Material and methods 

2.1. Soils and management 

For this study, representative soils and agricultural managements of 
the Pampa region were selected by scientists and farmers participants of 
the BIOSPAS consortium, an interdisciplinary project, whose long-term 
goal is to define ecological indicators of sustainability under no-till 
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farming in Argentina (Wall, 2011). Two approaches were followed to 
evaluate the effects of agricultural management on aggregates stability. 
The first one was an integrative and comparative evaluation of agri-
cultural plots under NT with either high or low CI. Thus, two agricultural 
managements were identified: Good and Poor Agricultural Practices 
(GAP and PAP). The second was a mechanistic approach that analyzed 
management variables regardless of the main treatment allocation (GAP 
or PAP). 

Because of the difficulty in establishing strict replication of man-
agement practices in actual production fields, the criteria described by 
the program of Certification in Good Agricultural Practices of AAPRESID 
(http://www.aapresid.org.ar/ac/buenas-practicas-agricolas/, last 
visited August 11, 2013) and the guidelines of Good Agricultural Prac-
tices developed by the Food and Agricultural Organization of the United 
Nations (www.fao.org/prods/GAP/index_en.htm, last visited August 11, 
2013) were adopted to allocate both managements. Thus, GAP are 
sustainable agriculture managements under NT with intensive crop ro-
tations (CI > 0.6), nutrient reposition and minimum use of agrochemi-
cals (herbicides, pest control) and PAP are unsustainable agriculture 
managements under NT with crop sequences closes to monocultures (CI 
< 0.5) with low nutrient reposition and high use of agrochemicals 
(Table 1). In addition, in each site, a reference soil (NE: natural envi-
ronment) was evaluated; this was the same or a similar soil with natural 
vegetation (CI = 1) located nearby the agriculture treatments (closest 
than 5 km), where no agriculture was performed at least for 30 years. 

To differentiate between the two contrasting managements (GAP and 
PAP) several variables were considered (Table 1): a) Cropping intensity 
(CIagr) that refers to the length of the period with actively growing crops 
in a sequence, on a yearly-basis (Caviglia and Andrade, 2010). For NE, 
CI was noted as 1 (CIall); b) Years under No-Till; c) Soybean/Crops: ratio 
of the number of total soybean crops and total crops; d) Maize/Crops: 
ratio of the number of total maize crops and total crops; e) Soy-
bean/Maize: ratio between number of soybean crops and maize crops; f) 
Soybean only crop: number of years of soybean as only crop in the 
agriculture sequence (further information about soil management could 
be found in Figuerola et al. (2012); Rosa et al. (2014) and Behrends 
Kraemer et al. (2017, 2019). Also, from these variables a new index 
(PC1_management) with a principal component analyses was 

constructed, to synthetize management characteristics of the agricul-
tural plots (PC1 = 78 %; principal autovectors: Soybean/Crops: 0.45, 
Soybean only crop: variability: 0.45, CIagr: -0.42) 

To evaluate the effects of soils type on aggregates stability, man-
agement treatments were replicated in 4 sites located across a west-east 
transect in the northern part of the Argentinean Pampas: 1) sandy loam 
Entic Haplustoll (General Cabrera Series) (33◦ 01′ 31′′ S; 63◦ 37′ 53′′ W), 
2) silty loam Typic Argiudoll (Monte Buey Series) (32◦ 58′ 14′′ S; 62◦ 27′

06′′ 1 W), 3) silty loam Typic Argiudoll (Pergamino Series) (33◦ 56′ 36′′

S; 60◦ 33′ 57′′ W) and 4) silty clay loam Hapludert (Santiago Series) (31◦

52′ 59,6′′ S; 59◦ 40′ 07′′ W). The first three soils are Mollisols with high 
silt content and fine sands together with clay mineralogy in the topsoil 
consisting of 2:1 clays, mainly illites with a small proportion of irregular 
interstratified illite-smectite minerals, and traces of kaolinite. 
Contrarily, the Hapludert presents higher clay content with a consid-
erable proportion of smectite together with lower proportions of the 
previously mentioned clay minerals (Behrends Kraemer et al., 2012). 
The smectite plus I-S interstratified clay minerals content in the A ho-
rizon of each soil is presented in Supplementary Table 1. Former studies 
showed that physical, chemical and biological soil variables used to 
discriminate management treatments (NE, GAP and PAP) display 
different behavior between Mollisols and Vertisols (Calderoli et al., 
2017; Behrends Kraemer et al., 2017, 2019). Thus, in this work the 
selected soils were discriminated in two groups according to their tax-
onomy at the order level. 

2.2. Soil characterization 

Bulk soil samples were collected in each experimental unit (n = 3) at 
0–0.15 m depth. In crushed and 2 mm sieved soil samples, the following 
parameters were determined: Particle size distribution by the Rob-
inson’s pipette method for the clay (<2 μm) and silt fractions (2–50 μm) 
and by sieving for the sand fractions (>50 μm) (Soil Conservation Ser-
vice, 1972); Particle density with the pycnometer method (Blake and 
Hartge, 1986) with kerosene as non-polar liquid; Liquid limit (Ll) and 
Plastic limit (Pl) of Atterbergs method; Plasticity index (Pi) (Means and 
Parcher, 1965), Clay activity (CA) (Pl/ % clay content); pH (1:2.5 soil: 
water) using a potentiometer; Electric conductivity (EC) using a 

Table 1 
Management characteristics for Good and Poor Agricultural Practices (GAP and PAP, respectively) for each soil during the 2004-2010 period.  

Soil treatment/ 

Haplustoll (General Cabrera 
series) 

Argiudoll (Monte Buey series) Argiudoll (Pergamino 
series) 

Hapludert (Santiago series) 

Mollisols Vertisol 

GAP PAP GAP PAP GAP PAP GAP PAP 

2004/2005 Wheat/ 
Soybean 

Peanut Wheat/Sorghum Soybean Soybean Soybean Wheat/Soybean Maize 

2005/2006 Maize Wheat/ 
Soybean 

Maize Wheat/ 
Soybean 

Wheat/ 
Soybean 

Soybean Sweet clover+Rye-Grass/ 
Maize 

Soybean 

2006/2007 Wheat/ 
Soybean 

Soybean Wheat/Soybean Maize Maize Soybean Soybean Wheat/ 
Soybean 

2007/2008 Vetch/Maize Wheat/ 
Soybean 

Vetch/Maize- 
Soybean 

Soybean Soybean Soybean Wheat/Soybean Maize 

2008/2009 Wheat/ 
Soybean 

Soybean Maize Soybean Wheat/ 
Soybean 

Soybean Maize Soybean 

2009/2010 Soybean Soybean Wheat/Soybean Soybean Maize Soybean Soybean Soybean 
CIagr

a 0.67 0.53 0.64 0.49 0.56 0.42 0.59 0.50 
Years under No-Till 13 5 28 10 6 5 13 9 
Soybean/Crops ratiob 0.40 0.62 0.28 0.75 0.50 1.00 0.44 0.57 
Maize/Crops ratiob 0.20 0.00 0.30 0.14 0.25 0.00 0.22 0.28 
Soybean/Maizec 4 5 1 5 2 6 2 2 
Soybean as only crop 

(%)d 
0.17 0.50 0.00 0.66 0.33 1.00 0.33 0.50  

a CIagr-Crop sequence intensification index: relationship between number of months occupied by each crop and total number of months cropped during the study 
period. 

b Number of soybean or maize crops in relation to total crops during the study period. 
c Number of soybean crops related to maize crops (soybean/maize). 
d Number of soybean as the only crop in the year. 
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conductimeter; Exchangeable ions and cation exchange capacity (CEC) 
were determined by the ammonium acetate 1 N method and 
exchangeable cations were measured by atomic absorption spectrom-
etry; Clay mineralogy (homoionic to Mg2+) was established by X-ray 
diffraction (Philips PW1050 with a θ/2θ goniometer set to 50 kV and 40 
mA, 3–70◦ 2θ, step 0.02◦) and a semiquantitative analysis was per-
formed to determine smectite and smectite plus random interstratified 
illite/smectite proportions (S + I/S) (Holtzapffel, 1985). 

2.3. Aggregates structural stability tests 

Le Bissonnais methodology (ISO 10930:2012) (Le Bissonnais, 1996) 
was employed to assess soil aggregates stability. This procedure not only 
provides an overall status of aggregates stability but also allows dis-
tinguishing the different soil structural stability mechanisms regarding 
formation and maintenance of structure in different soil types. 

Three undisturbed samples cores (~3300 cm3) were taken from the 
topsoil (0.15 m) in each subplot (n:9 for each experimental unit) with a 
total of 432 samples for the whole experiment (3 samples per subplot x 3 
subplots x 3 management treatments x 4 soil types x 4 tests). Sampling 
was done in winter at least two months after summer crops harvesting 
and before seeding to minimize both effects on soil structure. 

Soil aggregates of about 3− 5 mm were retrieved by manual disag-
gregation from undisturbed soil samples conserved at near field capac-
ity. Then, samples were dried at 40 ◦C for 24 h and subdivided in 6 g sub- 
samples to which the different stability tests were applied. Triplicate 
samples were subjected to four pre-treatments: a) fast wetting in 
distilled water (FW); b) stir agitation in distilled water of samples pre-
viously immersed in ethanol (Stir); c) slow wetting in distilled water. 
Samples were placed in a sponge holder subjected to − 3 kPa column 
(SW). Also, a forth pre-treatment (d) was established in order to capture 
the early behavior of aggregates slaking. This pre-treatment is the same 
as the fast pre-treatment but the immersion time was change from 10 
min to 10 s (FW10s) (Behrends Kraemer et al., 2012). In addition, the 
average of a, b and c, was used (AS Mean) (Le Bissonnais and Arrouays, 
1997; Chenu et al., 2000). 

Aggregates were then sieved with a 0.05 mm-mesh sieve while 
immersed in ethanol with a Feodoroff shaker. The aggregates retained 
were oven-dried at 40 ◦C for 48 h. Then, they were air-sieved through a 
column of sieves to obtain the size distribution of dried aggregates: >2 
mm, 2− 1 mm, 1− 0.5 mm, 0.5− 0.2 mm, 0.2− 0.1 mm and 0.1− 0.05 mm 
and <0,05 mm. Results were expressed as mean weight diameter 
(MWD). Aggregates stability classes were: MWD < 0.4 = very unstable, 
0.4− 0.8 = unstable, 0.8–1.3 = medium, 1.3–2.0 = stable and > 2.0 =
very stable (Le Bissonnais, 1996). 

2.4. Soil carbon fractions 

Soil samples were analyzed for total organic carbon (TOC) by dry 
combustion (LECO, St. Joseph, MI). Soil organic fractions were 
measured by several chemical or physical fractionation methods: coarse 
and fine particulate organic carbon (POCc and POCf, respectively) were 
determined by particle size fractionation following the procedure of 
Duval et al. (2013, 2018). Briefly, 50 g of soil were mixed with 100 mL of 
water and dispersed in a reciprocal shaker for 18 h. Then, the dispersed 
materials were passed through a pair of sieves of 53 μm and 105 μm of 
mesh diameter by rinsing several times with water. The material 
retained on the sieves (sand and particulate organic matter) was dried in 
an oven at 105 ◦C for 24 h and weighed. The carbon fraction of sizes 
ranging 53− 105 μm and 105− 2000 μm and representing the POCf and 
POCc, respectively, were measured by dry combustion (LECO, St. Jo-
seph, MI). The carbon content of the fine fraction (<53 μm, MOC) was 
determined by difference between TOC and (POCc+POCf). 

Total and soluble carbohydrates (CHt and CHs, respectively) were 
determined employing two different procedures (Puget et al., 1999). 
CHt was extracted by acid hydrolysis as follows: 1 g of air-dried and 

sieved (<2 mm) soil was treated with 10 mL of 0.5 mol L− 1 H2SO4, 
heated at 80 ◦C for 24 h. For CHs determination, extraction was carried 
out as follows: 1 g of air-dried and sieved (<2 mm) soil was suspended in 
10 mL of distilled water and heated at 80 ◦C for 24 h, and hydrolysis was 
attained by adding H2SO4 to obtain a 0.5 mol L− 1 concentration as in the 
dilute acid hydrolysis procedure. After extraction, each suspension was 
centrifuged at 4000 rpm for 15 min (Puget et al., 1999). Carbohydrate 
contents of the extract were determined by spectrometry using the 
sulphuric-phenol spectrometric method with glucose as the standard 
(Dubois et al., 1951). 

2.5. Statistical analyses 

A general linear mixed-effects model was used to determine how 
aggregates stability tests results (FW10s, FW, Stir, Slow and AS Mean) 
were influenced by management treatment (three levels: NE, GAP or 
PAP) and soils order (two levels: Mollisols and Vertisol) as fixed effects 
and all their interactions. In addition, the model included the influences 
of subplots nested within plots and nested within soil types as random 
effects (random intercepts). To further examine the effects of manage-
ment treatment or soil order on aggregates stability tests, a variance 
component analysis was used to determine the proportion of the vari-
ance of both factors. In this study the management variables were 
categorized as “dynamic variables” while most of the soil characteristics 
may be defined as “inherent or static variables”. Pearson correlation was 
used to explain the associations between aggregates stability tests and 
management variables, SOC fractions and soil physical properties. Those 
correlations were performed with two data sets corresponding to Mol-
lisols and Vertisol. Linear regressions were built to explain in detail main 
associations between aggregates stability tests and some variables of 
interest. Mixed models estimated with lmer function lme4-package 
(Bates et al., 2011) and variance component analysis where carried 
out in R environment (R, Development Core Team, 2018). Correlations 
and linear regression were performed in InfoStat 2014 (Di Rienzo et al., 
2011). 

3. Results 

3.1. Aggregates stability tests performance 

Mollisols presented higher aggregates stability (all tests) compared 
to Vertisol (p < 0.001) and management treatments showed significant 
differences in all tests (p < 0.0001). In this model, NE variance het-
erogeneity was adjusted as it displayed high data dispersion compared 
to GAP and PAP. AS Mean (FW, Slow and Stir average), showed clear 
differences in the behavior of management treatments according to soils 
order (Fig. 1). In the Mollisols, highest aggregates stability was found in 
NE treatments followed by GAP and PAP with statistical differences 
among them (Fig. 1). Following Le Bissonnais (1996) categories, PAP 
present medium stability, GAP was classified as stable whereas NE 
present very stable aggregates. The Vertisol showed a different trend 
compared to the Mollisols. GAP presented the lowest aggregates stability 
values showing statistical differences only with NE. PAP showed inter-
mediate values with no statistical differences with the other treatments 
(Fig. 1). NE and PAP were classified as stable and GAP was classified 
with medium stability (Fig. 1). 

For both soil orders, FW presented the lowest values followed by 
FW10s while Stir test showed the highest aggregates stability in Mollisols 
(Fig. 1). Aggregates stability was lower in all Vertisol treatments but 
with less differences between tests. However, FW10s and FW tests indi-
cating slaking were lower in the Mollisols compared to the other tests. 

As expected, for both soil orders, FW10s presents a high correlation 
with FW (0.92, p < 0.0001) and also with AS Mean values (0.96, p <
0.0001). On the contrary Stir tests present the lowest correlation co-
efficients with other tests (FW10s: 0.74; FW: 0.51 Slow: 0.71, p < 0.01). 

To discriminate the effects of inherent and dynamics variables (or 
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soil type and management factors) a variance components analysis was 
performed for all tests (Table 2). For Mollisols, FW10s showed the highest 
variance component for the management factor, followed by FW. 
Altough SW showed lower proportion of management factor compared 
to FW10s and FW, the residual component was lower. Conversely, Stir 
test showed the highest variance proportion for the soil type and also 
lower residual values (Table 2). AS Mean presented the higher propor-
tion for mananagement factor and the lowest (close to 0) for soil type. 
Tests for the Vertisol presented similar ranks. However, AS Mean 
showed higher proportion of soil type and less management factor. 
Residuals proportion were similar for both soil orders. Overall, man-
agement factor accounted for most proportion of variance. 

3.2. Relationship between aggregates stability and management variables, 
organic carbon fractions and soil characteristics 

3.2.1. Aggregates stability tests and management variables 
All agreggates stability tests and AS Mean showed strong and sig-

nificant correlations with management variables (Table 3). The weakest 
correlations were found with Stir test. Mollisols presented a larger 
number of significant correlations and with higher determination coef-
ficient (Table 3). For Mollisols, CIall presented the highest correlations 
coefficients whereas Maize/Crops ratio showed the lowest coefficients. 
CIagr, which takes into account only the cropping intensification of 
agricultural managements (GAP and PAP) also presents high and posi-
tive correlations with most of the tests. It must be noted that PC1_ma-
nagement, that condense all management variables, showed significant 
associations with all tests, but lowest coefficient for Stir test. The num-
ber of years under NT (NT years) presented a positive correlation with 

all agreggates stability tests while soybean as only crop in the sequence 
showed negative associations with agreggates stability. Management 
variables where maize was included, showed positive correlations 
although not always with statistical significance. 

Particularly, FW10s and FW showed a similar correlation pattern for 
all management variables with sligh higher correlation coefficient for 
FW. However the highest correlation coefficient was found between 
FW10s and CIall (0.93, p < 0.0001). Also, SW presented similar correla-
tion coefficient compared to FW and FW10s. For the Vertisol, only CIall 
correlated with agreggates stability tests (Table 3). 

When these correlations were inspected in detail, different behavior 
according to soil order was found. For all correlations, grouping apart 
Mollisols from Vertisol improved determination coefficients. Most of the 
trends in the Vertisol presented opposite slopes or lowest R2 compared to 
Mollisols (Fig. 2). For instance, PC1_management and Soybean as only 
crop showed a strong and negative slope for the Mollisols. On the con-
trary, for the Vertisol, this relationship was not significant and presented 
a positive slope. For CIall and CIagr positive and significant linear models 
were adjusted in the Mollisols. On the contrary, lowest slope and co-
efficients were found in the Vertisol (Fig. 2). 

3.2.2. Aggregates stability and soil characteristics 
In general, weaker correlations were found between aggregates sta-

bility tests and soil characteristics compared to management variables 
(Table 3). Mollisols showed a higher number of significant correlations, 
however the determination coefficients in general were low (Table 3). 
Stir test presented the highest correlations compared to other tests. Stir 
correlated positively with clay content and CEC and negatively with 
sand content. Particle density presented a positive relationship with all 

Fig. 1. Aggregates stability average for each test and Mean aggregates stability (AS Mean, mm) for Mollisols and the Vertisol. FW10s: Fast wetting (10 s), FW: Fast 
wetting, Stir, SW: Slow wetting and AS Mean: FW, Stir and SW average. NE: Natural Environment, GAP: Good agricultural Practices and PAP: Poor Agricultural 
Practices. Dotted lines correspond to Le Bissonnais (1996) classification. 

Table 2 
Variance components (management, soil type and residual) of aggregates stability tests for Mollisols and Vertisol. FW10s: Fast wetting (10 s), FW: Fast wetting, Stir, SW: 
Slow wetting and AS Mean: FW, Stir and SW average.  

Aggregates stability tests Variance components (%) 

(Le Bissonnais, 1996) Management Soil Type Residual  

Mollisols Vertisol Mollisols Vertisol Mollisols Vertisol 

FW10 s 56.0 45.4 22.4 25.8 21.6 28.9 
FW 43.8 50.7 39.6 23.2 16.6 26.1 
Stir 28.3 23.9 56.5 30.4 15.2 45.7 
SW 48.4 53.1 32.8 22.4 18.7 24.5 
AS Mean 70.0 43.8 0.1 29.2 29.9 27.0  
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tests but not with Stir, while clay activity presented a positive rela-
tionship with all aggregates stability tests. Many variables as clay con-
tent, CEC and liquid limit, was affected by soil order and showed 
opposite behavior (Fig. 3a–c). For instance, for these three variables the 
Mollisols showed positive slopes whereas the Vertisol showed negative 
ones. Contrary, for both soil orders aggregates stability measured by Stir 
test decreased with higher Smectite + interestratified illite/smectite 
content (Fig. 3d), although this relationship was more noticeable in the 
Vertisol. 

3.2.3. Aggregates stability tests and organic carbon fractions 
The effects of organic carbon fractions on the aggregates stability 

depended on the soil order considered. For the Vertisol only CHt was 
correlated with Stir test (Table 3). In turn, for Mollisols, most of the 
organic carbon fractions showed positive and significant correlations 
with the aggregates stability tests. Coarse particulate organic fraction 

(POCc) presented the highest correlations with all tests (Table 3). On the 
contrary, MOC showed the lowest correlations coefficients (Table 3). 
When TOC was related to fine particules (TOC/clay + silt), in most cases 
this variable increased their effect in all AS tests but Stir (Table 3). 
Overall, CHs presented higher correlation coefficients compared to CHt 
mainly in the Mollisols. 

Among aggreggates stability tests, Stir showed the highest correla-
tions coefficients with TOC and CHt. FW10s and FW had similar response 
and strong correlations with POCC, CHs and CHt; however in all cases 
FW10s presented stronger relationships for these organic carbon frac-
tions. Some of these correlation were further modeled to show the 
different behavior between soil orders (Fig. 4a–c). Positive and signifi-
cant effects of TOC, POCc and CHs on AS Mean were observed only in 
Mollisols. Conversely, in the Vertisol characterized by higher TOC 
values, no relationship between these organic carbon fractions and AS 
Mean were found. For Mollisols the determination coefficients were CHs 

Table 3 
Pearson correlations between aggregates stability tests and a) management variables, b) physical and chemical properties and c) organic carbon fractions for Mollisols 
and Vertisol. FW10s: Fast wetting (10 s), FW: Fast wetting, Stir, SW: Slow wetting and aggregate stability Mean: FW, Stir and SW average. ***P < 0.001; **P < 0.01;* P 
< 0.05.  

a) PC1_management: linear combination of management variables obtained by multivariate analyses; CIall: crop sequence intensification index; CIagr: crop sequence 
intensification index for agricultural managements; Years under No-Till; Soybean/Crops: ratio of the number of total years in soybean crops and total crops; Maize/ 
Crops: ratio of the number of maize crops and total crops; Soybean/Maize: ratio between number of soybean crops and maize crops; Soybean only crop: number of years 
of soybean as the only crop in one year of the agricultural sequence; b) EC: electrical conductivity; ESP: Exchengeable sodium percentage; CEC: cation exchange 
capacity; Pl: Plastic index; Ll: Liquid limit; Pi: Plasticity index; CA: clay activity; S + I/S: smectite plus interstratified illites/smectites; c) TOC: total organic carbon; 
TOC/clay + silt: total organic carbon normalized by clay and silt content; POCc: coarse particulate organic carbon POCf: fine particulate organic carbon; MOC: mineral 
associated organic carbon; CHt: Total carbohydrates and CHs: Soluble carbohydrates. 
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> POCc > TOC (Fig. 4a–c). 

4. Discussion 

4.1. Aggregates stability tests performance 

Aggregate stability has been reported as highly sensitive to changes 
in agricultural management (Kay and Angers, 2000; Novelli et al., 2013; 
Castiglioni and Kraemer, 2019). However, studies using different tests to 
evaluate aggregation mechanisms in soils with contrasting characteris-
tics (i.e. clay content, clay mineralogy) under NT are still scarce. Cas-
tiglioni and Kraemer (2019), successfully used Le Bissonnais tests to 
assess the short-term effect (months) of different cover crops in the 
Pampa Region of Argentina. Also, Novelli et al. (2013) have used Le 
Bissonnais tests to evaluate the effects of cropping intensity on aggre-
gates stability in a Mollisol and a Vertisol, finding clear differences be-
tween both soils. However, in the present study the effects of soil 
composition, soil organic fractions and detailed management variables 
are available to further analyze aggregation mechanisms in different 
Mollisols and a Vertisol. 

In the studied soils, AS Mean ranged from 2.74 in the NE – Haplustoll 
to 1.03 mm in the PAP - Argiudoll (Monte Buey series) (Suppl. Fig. 2). 
Similar results were found in Argentina (2.77 y 0.92 mm) for the same 
soil orders (Mollisol and Vertisol) and for an Alfisol (Gabioud et al., 
2011). For coarser soils, Taboada Castro (2011) reported mean weight 
diameter range from 2.23 to 0.77 mm. AS Mean values of NE treatments, 
were also in agreement with Gabioud et al. (2011); however, these au-
thors found higher values in the Vertisol (2.77) compared to Molisolls 
(2.21), while in the present study Mollisols (2.61) showed higher ag-
gregates stability than the Vertisol (2.41). These divergences may be 

related to differences in the edaphic properties between the subgroups of 
Mollisols considered in both studies (Typic Mollisols in our case and 
Aquic Mollisol in Gabioud et al. (2011). These taxonomic differences 
would correspond to differences in biological activity and the evolution 
of organic matter, among other properties, generating a decrease of 
aggregates stability in soils with partially anaerobic conditions. 

Most of the tests proposed by Le Bissonnais (1996) as well as the 
FW10s test (Behrends Kraemer et al., 2012) were here useful to distin-
guish management treatments due to the high variance proportion 
attributed to the Management factor and the low proportion regarding 
soil factor. Besides, all tests showed high correlations with most of 
management variables (Table 3). Aggregates stability tests with the 
highest relation to the management factor were those employing more 
disturbing energy (FW10s and FW) (Fan et al., 2007; Lado et al., 2004) 
(Table 2). 

Even when both fast wetting tests showed similar variance propor-
tion, FW10s showed a higher residual component thus suggesting that 
the number of replicates must be increased to match the discrimination 
potential of FW. Thus, FW test was the best test to discriminate between 
management treatments. On the contrary, the variance proportions of 
Management factor and of Soil type factor were the same in the Stir test. 

By analyzing different cropping intensities under NT in different soils 
of the Pampas, Novelli (2013) and Castiglioni and Kraemer (2019) also 
found that FW was the main destabilization mechanism of aggregates, 
followed by SW and Stir tests. This agrees with the findings of Le Bis-
sonnais (1996) and Cosentino and Chenu (2008), who also mentioned 
the relevance of FW in silty soils. Similarly, Smith et al. (2015) indicates 
the relevance of slaking in Vertisols. These results suggest that the slake 
susceptibility of soils studied here may be a main cause of structure 
degradation. As mentioned by Pinto et al. (2017), even under NT, and 

Fig. 2. Linear regressions between Mean aggregate stability and: a) PC1_management; b) Soybean as only crop (number of years of soybean as the only crop in the 
year in the agricultural sequence; c) CIall (cropping intensification index) and; d) CIagr (cropping intensification index for agricultural managements) for Mollisols and 
Vertisol. ***P < 0.001; **P < 0.01; *P < 0.05. 
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due to soil fragility and the absence of a sufficient mulch cover over the 
years, in some managements (mostly related to PAPs as defined here) 
soil remains exposed to fast wetting and slaking processes. Besides, in 
the soils studied here also SW test have showed and important impact on 
AS. In GAP treatments, crops residue is more abundant decreasing 
raindrops impact, minimizing the risk of aggregates slaking and surface 
sealing and therefore lead to a better infiltration rate. Therefore, in plots 
under NT, different cropping intensities will impact differently on ag-
gregates wetting and on water infiltration. This highlights the relevance 
of SW and FW tests to assess the stability of soil aggregates. 

4.2. Aggregates tests and management 

As the statistical results of components variance and single correla-
tions with management variables have shown, all aggregates stability 
tests were close related to changes in agricultural practices. However, 
when these associations were further inspected, it was evident the 
contrasting behavior between Mollisols and the Vertisol. In Mollisols, as 
expected, GAP presented higher AS in all tests compared to PAP. In the 
Vertisol on the contrary, the impact of management variables on soil 
structure stabilization was less marked (Table 2, Fig. 1). In this case GAP 
treatment (i.e with higher cropping intensity and more balanced crop 
sequence) did not present statistical difference with PAP. 

One of the most effective variables to explain AS changes in both soil 
orders was CIall (Table 2, Fig. 2). The same effect of cropping intensity 
over AS was found by Novelli et al. (2013) in a Mollisol and a Vertisol. 
Several studies indicate that cropping intensification raise crop yields 
(Caviglia and Andrade, 2010) and that the higher volume of roots and 
other plant residues incorporated to soil may enhance biological activ-
ity, thus increasing stabilizing compounds in soils (Garcia et al., 2019; 
Behrends Kraemer et al., 2019) and therefore soil aggregation (Abiven 
et al., 2007).Other authors suggested that type and quantity of residues 
may produce different organic matter fractions and thus favor 

differential aggregates stabilization processes (Angers and Caron, 1998). 
In fact, Cosentino et al. (2006) showed that the addition of fresh residues 
on Mollisols have a profound impact on lowering slaking and micro-
craking (i.e. fast and slow wetting) due to changes in microbial respi-
ration rate and microbial biomass together with increases in pore sizes. 
Briefly, different cropping intensities resulting in different amounts and 
frequency of plant residue additions to soil, would modify biological 
habitats and their activity, impacting on soil aggregation and on pores 
development processes (Cosentino and Chenu, 2008) and thus leading to 
differences in water entry. 

In the same way, CIagr, was highly associated with aggregates sta-
bility tests suggesting that this soil variable is sound to discriminate 
agricultural management treatments under NT. The high correlation of 
CIall and CIagr with FW10s suggests that the presence of active roots 
together with higher biological activity promote the occurrence of hy-
drophobic substances in aggregates (Jaramillo, 2003); these substances 
produce a decrease of sudden rupture of aggregates due to entrapped air 
as water permeates more slowly, thus increasing aggregates stability 
(Hallett and Young, 1999). The effects of agricultural managements on 
slaking process and hydrophobicity is further studied in Behrends 
Kraemer et al. (2019) and the formation of crusts and morphological 
changes of soil aggregates are addressed in Behrends Kraemer et al. 
(2017) for all Mollisols evaluated here. 

Regarding SW tests, Taboada Castro (2011) and Gabioud et al. 
(2011) mentioned that SW reflects aggregates breakdown due to regular 
rainfall pattern and high moisture environments, as often occurs after 
long term cultivation under NT. Comparing conventional tillage with NT 
over 10 years, Díaz-Zorita et al. (2004) found that NT increases mean 
weigh diameter of soil aggregates. This is in agreement with the positive 
relationship and the higher correlation coefficient found here between 
SW and years under NT, compared to the other aggregates stability tests 
performed (Table 3). Thus, both slow and fast wetting stability tests 
appear relevant to evaluate aggregates improvements along with 

Fig. 3. Linear regressions between Mean aggregate stability and a) CA: Clay activity and b) Ll: liquid limit. ***P < 0.001; **P < 0.01; *P < 0.05.  
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intensified cropping managements. 
Furthermore, clear relationships between high aggregates stability 

values and more balanced crop sequences (graminea and leguminosae) 
were also found in this study. The Soybean/crops ratio and soybean as 
only crop variable, in particular, showed strong and negative tendencies 

(Table 4) highlighting the negative effect of soybean cultivation on soil 
aggregation, even under NT. According to Lynch and Bragg (1985) and 
Oades (1993), to maintain AS, monocot plants are better than dicot 
plants due to their greater biomass production (Amézketa, 1999). For 
Mollisols, Novelli et al. (2013) reported quite similar results with higher 
AS in more balanced crop sequences. Also, comparing monocultures of 
soybean and maize after 15 years under NT, Chagas et al. (1995) found 
that AS in the topsoil was significantly lower in the soybean treatment. 
Bronick and Lal (2005) mentioned that maize crop residues possess 
important amount of phenols, a high C:N ratio and high organic carbon 
and carbohydrates that determines an increment on aggregates stability. 
Also, mucilages produce by maize roots may directly enhance AS 
without increasing necessarily soils biological activity (Morel et al., 
1991). 

On the contrary, the less favorable effect of soybean is related to 
lower crop residues volume, a lesser roots development and a low 
biochemical quality leading to poor soil aggregation. However, due to 
the increment of biological activity that their low C:N ratio promotes, it 
may counteract those negatives effects of soybean plants (Bronick and 
Lal, 2005). In this sense, Villamil et al. (2006) found higher AS right 
after soybean harvesting compared to maize, as the beneficial effect of 
microbial biomass prevails over the worst residue quality. Nevertheless, 
in a previous study, after winter crops (graminea) between the soy-
bean/maize crop sequences, higher AS was found due to a higher 
cropping intensity. All of these findings are also supported in the present 
work by the positive correlations found between some of the aggregates 
stability tests and managements variables that include Maize (Table 3). 

4.3. Aggregates stability tests and soil characteristics 

Soils aggregation mechanisms are diverse and the preponderance of 
each one depends on soil type and its characteristics (Oades, 1993). In 
the pampean soils, and particularly in the soils evaluated here, free iron 
and aluminium contents are low (Behrends Kraemer, 2015; Durán et al., 
2011). Also, the proportions between exchangeable cations such as Ca+2 

and Na+ were similar in the different soils and treatments and therefore 
provides no information to explain differences found in AS (Suppl. 
Table 1). Overall, all soils have a high silt content (Suppl. Table 1) The 
Haplustoll has the lower silt content together with the coarser texture. 
However, sands in these samples correspond to fine sands size and thus 
physical behavior is analogous to silty samples. On the other hand, an 
important proportion of the silt fraction in these soils is composed by 
low density grains (volcanic glasses and phytholits) (Behrends Kraemer, 
2015; Osterrieth, 2006). According to Pecorari and Cosentino (1990), 
this characteristic results in lower mechanical resistance and therefore 
in lower aggregates stability particularly due to slaking (FW and FW10s). 
This behavior was corroborated by the positive relationship between 
these tests and soil particle density (Table 3), explained in turn by the 
high proportion of low density silt grains. Besides, this negative effect of 
silts on aggregates stability affects mostly the Mollisols, due to the strong 
differences on clay type and content of those soils with the Vertisol, 
which is also clearly reflected in the contrasting plasticity indexes be-
tween both soils orders (Pl, LL and Pi; Suppl. Table 1). 

In general, the relationship between soil characteristics and aggre-
gates stability tests was low as evidenced by the low variance component 
of soil factor and weak correlations between soil principal components 
(PC1_soil and PC2_soil) and aggregates stability tests. The only test that 
presented several significant correlations was Stir test. This test evalu-
ates soil cohesion which depends on clay content and other variables 
related to flocculation of soil particles. In fact, clay content and CEC 
presented a positive relationship with this test in opposition to sand 
content and ESP in Mollisols. According to Le Bissonnais (1996) and 
Taboada Castro (2011) CEC is one of the main variables involved in soil 
aggregation (Bronick and Lal, 2005). Similarly, AS increased with higher 
clay activity and liquid limit (Fig. 3). 

In Vertisols, the high content of expandable clay plays a fundamental 

Fig. 4. Linear regressions between Mean aggregates stability and a) TOC: Total 
organic carbon, b) POCc: Coarse Particulate organic carbon, c) CHs: Soluble 
carbohydrates for Mollisols and Vertisol. ***P < 0.001; **P < 0.01; *P < 0.05. 
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role in the aggregation processes (Oades, 1993; Igwe et al., 1999). 
However, in Mollisols, organic carbon and other dynamic variables are 
responsible for the degree and changes in soil aggregation and stabili-
zation (Oades, 1993). Therefore, the correlation coefficients of Stir test 
with intrinsic soil variables were lower than the correlation with man-
agement and organic carbon variables. These results were in agreement 
with Taboada Castro (2011) that reported that the effectiveness of Stir 
test to discriminate management treatments is higher in coarser soils 
than in silty soils. It is also to be said that Stir is not considered as an 
appropriate test in soils under NT due to the fact that this test emulates 
the direct impact of rain on soils surface, situation that is attenuated in 
NT due to crop residues (Gabioud et al., 2011). However, in a long term, 
NT may increase soil cohesion, thus the selection of this test may be 
adequate to evaluate fragile soils, as silty soils evaluated here (Novelli 
et al., 2013; Le Bissonnais, 1996). 

In the case of the Vertisol, high AS values were expected due to its 
high smectitic clay content. However, NE treatment showed a lower AS 
compared to other soils mainly due to the low Stir test values (Fig. 3 
Table 3). In this study, Mollisols presented higher AS than the Vertisol 
(AS Mean 2.61 vs. 2.41, respectively). This could be attributed to their 
differences in clay composition (Suppl. Table 1). In the case of the 
Vertisol higher swelling and shrinkage process is expected lowering AS 
(Igwe et al., 1999). Nevertheless, this same process may also ameliorate 
soil structure (Denef et al., 2002; Utomo and Dexter, 1982). This was 
verified in this study as in the Vertisol the minimum AS values were 
higher than in the other soils and presented lesser AS ranges for all test 
but SW (Suppl. Table 2). 

4.4. Aggregates stability tests and organic carbon fractions 

The results of this study indicate that the effect of organic carbon 
fractions on aggregates stability is dependent on the soil order. A sig-
nificant positive effect of all carbon fractions on AS of Mollisols was 
observed, whereas in the Vertisol no important effects were detected. 
Denef et al. (2002) and Novelli et al. (2013) also found different organic 
carbon effects in relation to soil order and clay mineralogy type. For 
instance, Denef and Six (2005) reported stronger relationship between 
organic carbon with illites than with kaolinites. 

Several authors highlight the positive effects of organic carbon on AS 
in moderately weathered soils as Mollisols (Oades, 1993; Six et al., 2004; 
Álvarez et al., 2014; Novelli et al., 2011) and with about 2% TOC to 
achieve stronger effects. (Loveland and Webb, 2003; Smith et al., 2015). 
In this taxonomic order organic carbon play as a stabilizing agent as 
indicated by Oades (1993) and Dexter (1988). In fact, in the Mollisols 
here studied most aggregation lost in the agricultural treatments may be 
explained by changes in organic carbon fractions, in these soils the 
threshold for TOC seems to be around 1.5 %. In Vertisols, on the con-
trary, the weak effects of organic carbon effects on aggregates stability, 
relies on the predominant influence of their clay type and content. For 
Vertisols, Novelli et al. (2013) and Smith et al. (2015) report a threshold 
of around 3.5 % TOC at the soils surface (0–5 cm) to detect effects on AS. 
However, in this study, higher TOC values did not have any impact on 
AS (Fig. 4). 

In the soils here studied long term effects of cropping intensity are 
also related to TOC content, in turn showing a strong relationship with 
Stir test. According to Le Bissonnais (1996), Stir test reflects aggregates 
cohesion. This force is related to some stable biological bindings but is 
mostly related to intrinsic soil characteristics (Kay and Angers, 2000). 
Thus, most recalcitrant organic carbon fractions (MOC and TOC) often 
bonded to soils clay, showed the highest correlations coefficients with 
this test. Moreover, Stir relationship with TOC/Clay + Silt becomes 
weaker suggesting, as mentioned before, that Stir is highly dependent on 
intrinsic soil characteristics. It must be noted that TOC comprises wide 
range of carbon fractions and thus may show both dynamics and static 
behaviour, and therefore this stronger effect on Stir must be understood 
comparatively. 

Several studies state that labile organic fractions (i.e. POC and CH) 
have a marked effect on AS (Tisdall and Oades, 1982; Six et al., 2004) 
and may have an impact even in Vertisols (McGarry and Malafant, 
1987). In the Vertisol studied here, just a single correlation was regis-
tered between CHt and Stir test. In Mollisols instead, the most labile 
fractions, POCc and CHs, that describe short term shifts in agricultural 
managements (Duval et al., 2013), showed the highest correlation co-
efficients with FW and FW10s. Cambardella and Elliott (1992) reported 
that macroaggregates stability was expressed by the relationship be-
tween FW tests and POC fractions. In the Pampean soils here evaluated, 
high organic carbon content prevented aggregates slaking process. 
Moreover, the correlations found particularly with FW10s indicate the 
mechanistic effect of labile fractions on the early slaking process. On the 
contrary and also supporting these results, the pre-wetting of aggregates 
in ethanol in Stir tests lowered slaking and differential swelling 
(Amézketa, 1999); the AS value thus remained high, and lower rela-
tionship with labile fractions and Stir compared to FW and FW10s were 
found. These results suggest that those labile organic carbon fractions 
are sound proxys of aggregates stability due to their relationship with 
slaking process (FW and FW10s). 

5. Conclusions 

The stabilization mechanisms of aggregates in the surface horizon of 
Mollisols with different textures and in a Vertisol from the Pampean 
Region of Argentina cultivated under no-till with different management 
practices (GAP and PAP) and in uncultivated plots (NE) were studied in 
this work. Mollisols showed higher aggregates stability than the Vertisol. 
Differences on aggregates stability relied on management variables and 
on organic carbon contents in the Mollisols and on the clay content-clay 
type characteristics in the Vertisol. In the Mollisols, the labile coarse 
particulate organic carbon fraction (POCc) determined the shifts on 
slaking and overall aggregates stability rather than other carbon frac-
tions. Soil aggregates stability was linked mainly to management vari-
ables, summarized and best reflected by the cropping intensity index 
(CI). In both soil orders, more intensive agricultural managements (GAP 
treatments) resulted in an enhancement of aggregates stability; how-
ever, this relationship was stronger in the Mollisols. 

In all soils, and particularly under PAP treatments, a high soil 
fragility related to slaking process was detected. Thus, FW was the best 
test to discriminate between management treatments and may be rec-
ommended for monitoring aggregates stability and soil health in this 
region. The results obtained in this work allow, on the one hand, to 
understand the stabilization mechanisms of the structure in the surface 
horizon of the main Pampas soils and, on the other hand, to highlight the 
effect of different NT management practices on soils health and on the 
sustainability of this agricultural system. 
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