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Introduction

The change of land use in the tropics can affect soil proper-

Abstract

Several authors have suggested a relationship between soil physicochemical properties and the
mineral composition of tropical soils concerning the development of soil structure and aggregate
stability. This study analyzed soil samples from different climatical conditions, from Bt, Bss, Bo, and
Bw (endopedons) soil diagnostic horizons, typical of tropical soils in Andean, Caribbean, and Ori-
noco regions in Colombia. The stability of soil macroaggregates was determined by the wet sieving
method, and the stability of microaggregates was determined by the laser diffraction method. The
results showed the predominance of silt and clay fractions and high variability of grain size distri-
bution, which translates into low soil structure stability and high susceptibility to their dispersion
(making them susceptible to degradation by erosion), except in Andisols. Wet sieving (KR) results
and laser diffraction-based aggregate stability index (ASI, )) showed good levels of microaggregate
stability only in Andisols. The soil organic carbon (SOC) content was medium to low in dry climates
and high in cold, humid conditions. Andisols were characterized by the high SOC content and Water
Resistance Index (WRI). This study provided knowledge of the differences in the physicochemical
properties of tropical soils as a tool for assessing the aggregation of soils under different manage-
ment practices and environmental change scenarios.

cal behavior (water movement and retention), compaction and
crusting processes, soil nutrient recycling, soil erosion, root pen-
etration, and crop yield (Bronick and Lal, 2005; Statescu et al.,

ties and ecosystem services it can offer (Machado et al., 2019),
which influences the impact of further remediation processes
intended in soil functions recovery (Xu et al., 2022). The aggre-
gate stability in relation to soil use, management, and degrada-
tion susceptibility among others factors have been widely used
as indicators of soil quality (Boruvka et al., 2002; Rieke et al.,
2022). The persistence or destruction of soil aggregates have
been presented as soil structure indicators in agriculture sys-
tems and remediation programs (Wuddivira et al., 2009; Carrizo
et al,, 2015; Xu et al.,, 2022). Soil structure is directly related to
many physical and chemical processes such as hydropedologi-

2013; Ye et al., 2019). Multiple factors are associated with the ag-
gregates stability, including heterogeneity of edaphic conditions,
soil water dynamics, flocculation of clay and soil organic matter
(SOM), and cementation of dispersed clay (Boruvka et al., 2002;
Ontl et al.,, 2015). Soil aggregation is a consequence of particles
flocculation, rearrangement, cementation, formation of orga-
nometallic compounds, and cations activity, which form bonds
between aggregates (Bronick and Lal, 2005). Plants, soil fauna,
and microbial activity are reported as key biotic elements in soil
agregate (Boruvka et al., 2002; Ontl et al., 2015; Xu et al., 2022).
For tropical rain forests Sun et al. (2023) reported high sensitiv-
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ity to seasonal changes of biological and chemical soil quality
indicators; in these soils the presence of Al** and Fe?* favors the
precipitation of compounds and particle assembly (Bronick and
Lal 2005).

Aggregate stability has been used as an indicator of the
structural condition of the soil for assessing soil vulnerability
to degradation (Carrizo et al., 2015; Ye et al., 2019). Several stud-
ies have focused on the importance of SOC and texture on soil
structure formation and stabilization, improving nutrient and
soil physical processes and properties (Carrizo et al., 2015; Zhou
et al., 2020). SOC response to different cropping systems, tillage,
fertilization, and vegetation restoration were studied by Siman-
sky et al. (2008), Zhou et al. (2020), and Rieke et al. (2022). The in-
teraction between geomorphological conditions, soil properties,
ecological processes, anthropic activities, land uses, and cover
directly influences soil structure variability (Ye et al., 2019). How-
ever, SOC varies through geomorphological positions, being the
soil texture of primary influence (Ontl et al., 2015). Numerous
studies have compared trends in soil organic matter and land
uses in relation to soil structural stability, although soil genesis
and type are not extensively considered.

Bronick and Lal (2005) underlined that soil genesis proc-
esses and anthropic activities affect soil structure development
and aggregate formation. In temperate regions, several authors
have focused on soil aggregate stability as an indicator of soil
structure development in Inceptisols, Spodosols, Vertisols, And-
isols, Ultisols (Statescu et al., 2013), Mollisols (Ontl et al., 2015;
Zhou et al.,, 2020), and Alfisols (Boruvka et al., 2002; Simansky
et al,, 2008; Statescu et al., 2013). In tropical zones these studies
were focused on land use and soil structure in Alfisols, Vertisols,
Entisols, Inceptisols, Andisols, Oxisols, Ultisols, and Mollisols
(Alekseeva et al., 2009; Pulido et al., 2009; Wuddivira et al., 2009;
Vial and Sandoval, 2015; Novak et al., 2019). Unfortunately, none
of these studies were focused on the loss of soil structure in the
genetic horizons. However, few studies have explored the rela-
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tionship between soil development under different ecological
zones for tropical soils with regard to soil aggregate stability in
endopedons. The diagnostic horizons of the most representative
soil orders for each natural region have been selected, seeking a
basic understanding of the driving mechanisms responsible for
soil characteristics over different pedogenetic conditions. The
aim of this study was (1) to determine the mechanical stability
of water-stable aggregates in tropical soils by comparing differ-
ent methods, and (2) to evaluate soil development impact on soil
organic matter content and water-stable aggregates.

2. Materials and methods
2.1. Study area

The soils considered in this study were Alfisol (ALF), And-
isol (AND), Oxisol (0X), and Vertisol (ERT) (Soil Survey Staff,
2022a) or as appropriate Luvisols (ALF), Andosols (AND), Ferra-
sols (0X), and Vertisols (ERT) IUSS Working Group WRB, 2022).
Soils are under different edaphoclimatic conditions, located in
Colombia’s Caribbean, Andean, and Orinoquia natural regions
of the equatorial and subequatorial zones (Fig. 1). The soil form-
ing factors, such as geomorphological position, parent material,
environmental and climatic conditions, as well as the land uses
are shown in Table 1. Representative soil types for the three
natural regions were selected for this study. The chosen pro-
files have been extensively studied by the IGAC (2013). The pre-
dominant vegetation was shrub and natural forest in the lower
montane moist forest, tropical, and subtropical dry and moist
forests. Nevertheless, the study areas were severely deforested
and A-horizons were degraded by deforestation, agriculture,
and grassland for cattle, and in some cases lost by erosion; this
dynamic has been associated with the colonization process from
100 years ago to the present day.

Andisol
Samaca, Boyaca

Fig. 1. Location of sampling sites and soils
profiles. Explanations: Alfisol (ALF,) Choc-
onta - Ventaquemada way, Cundinamarca;
Andisol (AND,) Samacad — Puente Boyaca
Way, Boyacd; Oxisol (OX,) Agrosavia “La
Libertad” - Villavicencio, Meta; Vertisol
(ERT,) Agrosavia — Palmira, Valle del Cauca

Vertisal
Palmira, Valle



203719

“U0ZIIOY :ZH AIprumy sAnedy ‘Hy ‘aanmeradurs) ueaw 1 ‘uoneidmaad uesw :dg :suoneuedxy

(Orwmy Oresnn
Qrpug ON

1S910] I1IV) [0STIISA syreisnideq ysodap eone)
SrwrayedAyosy 189104 Kap 1eardoay, J1([8d d1aSea] o1dAL relAn[Y 90BIIB], 0%-81 ssg LL ¥z LOST 000T [3P ([BA ‘BITWI[R] RRE|
(OLy20
ONISNID0[RJ
QrnnaadAy
Qrureaq
19107 1S910] ILIY) [OSTIISA syresnjdery yisodap Iesa)
oTurrayradAyost ‘sqnIys Axp reardoay, J118eIpAH d1[eS o1d4], Teran[y nsodaq Se-ST ssq 69 8T 8LTT 00T ‘rednpaqrea R
S9U0IS
15310 1STOW xoxadordeq Aepd SRU0ZRWY
(QLIYOQ QLIsAQ . z
srurrayiradAyos] Axysax03018y reordoay, oidAr,  pue pues doyH 9%-0¢ og L8 97 £€SE 01€ BN X0
Q1ANY D14R[D)
YO01SAAT] 19107 IsTour [0SeIIS] JLI9D xopnideq ysodap uej BN
J1S9UIOS] QAISURIX] reardouy, JTPOY INLLIS] o1dAL reranqy 9BIIBL 0S-¥¢ og 08 92 16S¢ 0gg ‘OTOURIIAR[IIA X0
1$910J 1sTour
(ordonoxryy,
YO01SIAT] aueUoW . spuepnidey sayse eoehog
JIS9WOS] 9AISURIXT JaMOT JH.,MM‘” o1dAl, JTUBI[OA doyH 89-¢¢ mg 08 i’ S69 6L8¢C ‘eoRWES ‘aNV
19107 IsTour [osopuy
159.10J auejuow J1nsAQ drIquIn spuepnideyq sayse embonuy
JTULIBOS] ‘sqnays I9MOT JLIIA dTpuenyy nIn JTUBI[0A doynH 09-¢¢€ mg SL 9T 9TLT 002¢ ‘aureny ‘anv
(@atinle)
‘onsAprdg
19107 IsTour QrueIn)
YD01SIAT] aurUoW QLIY OTWROT) syreasnidey ysoda BOIRUIRUTPUN)
J1SaUIOS] AATSURIXT IamoT [ostanT oridey o1dAL onser) CRI:ARENS 0722 g L8 7 €001 0852 eIu0201) TV
(orpuojord
QTUINy OrueIn) ysodap
arnysed 18310] QLY Q14e1D) sjreisnidey [e1AN[0D uej embonuy
SrwrayedAyosy ‘sqnays Kap reardoay, Tostang o1 deq o1dAL reanyy 9IBIIR], S€-0¢ g LL ST €SP 008 ‘owrtugrs[ ues TV
(20T
aurrgay (96T ‘eam dnoin (e720T 35018 uontsod (uor3ay
arnyeradwa], ‘93pLIPIOH) Junirom SsNI) £3AIng T10S) TeTI81RIN A3oroyd (wo) (%) (Do) (a4 /urur) Ts®e pue umoJ)
1os sasn [10S S9UO0Z JT'T UOT}BIYTISSE]) UOnBIYISSe) [eyuaaed -I0WI099 pdaq  uoziog HY YL da WIUoneAsd a11s ardures ardures

SONSLISIORILYD S[I0S PUR S31Is Apnis
1 9lqelL



oaiza-Usuga et al.

2.2. Soil sampling, chemical and physical

Soil samples were collected in February 2019. At each loca-
tion 0.3 x 0.3 x 0.5 m holds have been dug, subsequently a com-
posite soil sample was randomly taken from diagnostic horizons
from sites where the soil had retained its natural state from pre-
vious years according to the Soil Survey Staff (2022b) and IGAC
(2013) criteria. Moist soil blocks weighing around 0.5 kg were
carefully retrieved from the B horizon (diagnostic endopedon)
using a spade, to ensure sample integrity they were stored in
polystyrene boxes. Then, soil chemical properties were meas-
ured using standard methods for soil analysis according to the
Soil survey Staff (2022b). Soil texture was determined by the pi-
pette method NEN 5753 and PN-ISO 11277 standards (Taubner
et al.,, 2009). Chemical analyses were done in the Soil Science
Laboratory at the Universidad Nacional de Colombia (Campus
Bogotd), the University of Agriculture in Krakow, and the Insti-
tute of Agrophysics, Polish Academy of Sciences, Lublin, Poland,
according to Soil Survey Staff methodologies (2022b).

2.3. Aggregate stability analysis

The agregate stability was measured using the wet-sieving
method (Kemper and Rosenau, 1986). Briefly, four grams of air
dried soil having aggregates of 1-2 mm were placed on a sieve
of 0.25 mm, then they were slowly immersed in distilled water
and sieved in an Eijelkamp® Agriresearch Equipment; the frac-
tion retained on the sieve after 3 minutes corresponded to the
unstable fraction; next the sieving procedure is repeated with
a dispersing solution of NaOH (2 g/L), this fraction was taken as
a stable fraction. Both fractions were dried at 105°C for 24 hours
and weighed. Three replicates were made for each soil sample.
The Water Resistance Index (WRI) by KR was used as a meas-
ure of the soils structural stability. The soils with a WRI > 70%
(in fractions greater than 0.25 mm) were considered stable soils,
while those with a WRI (same fraction) <50% were considered
unstable soils. The percentage of WRI was calculated as suggest-
ed by Bieganowski et al. (2018).

WRI=_ MDS %)
M, + MDS

Where: WRI = water resistance index, MDS = the weight of soil
obtained using dispersing solution (stable fraction), M, = the
weight of soil obtained using water (unstable fraction).

The wet sieving with multiple sieves developed by Yoder
(1936) and modified by Pojasok and Kay (1990) was used to char-
acterize structural stability. The soils analyzed were stored in
a humidity chamber Hcp (Memmert®) at field moisture condi-
tions before the analysis. Another 100 g of undisturbed soil sam-
ple was sifted through an 8 mm sieve, after wich the soil sample
was passed through a series of five sieves: opening sieves 6.3,
4.0,2.0, 1.0, and 0.5 mm in the Wet Sieve Shaker Yoder Type (Wet
Sieving Machine Bionics Scientific Technologies, Delhi, India).
The soil sample was exposed to vertical oscillations of 32 mm
at a rate of 30 cycles/min for 30 minutes. To determine the ag-
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gregation index, the fractions obtained in each sieve were dried
(105°C, 24 h) and weighed. The Weighted Average Diameter
(WAD) was used as a measure of structural stability. The WAD
values in fractions above 0.5 mm > 70% are associated with high
aggregate stability, while if WAD <50%, the soil in considered
unstable. The Weighted Average Diameter (WAD) was calculated
according to Yoder (1936).

n
*

Zmi di

WAD=2 (2)
mi

Where: m, = aggregate mass, d, = mean sieve opening diameter
in mm. The measurements were recorded over one replication
per site.

2.4. Microscopy, image processing, and analysis

This analysis was done according to the method reported by
Sochan et al. (2015) and Bieganowski et al. (2018), using air-dried
aggregates between 1-2 mm. The optical microscope (Morpholo-
gi G3, automated particle size, and particle shape analysis, Mal-
vern, UK) was used to quantify aggregates Particle Size Distribu-
tion (PSD). A high-resolution microscope ensures quality particle
images for image analysis data using a Nikon Plan UW 1x/0.04
objective, which captured the images at a 123x magnification
objective and a pixel size of 1.08 um. The software for imagen
treatment was used to determine aggregates PSD measuring an
average of 250 aggregates per sample in an approximate time of
10 minutes for each one. The images were subjected to a Mor-
fologi G3, Circle Equivalent (CE) Diameter software treatment to
measure particles with diameters (d.,) of 0.5 mm, removing dust
particles from image analysis (Bieganowski et al., 2011).

2.5. Soil particle-size distribution - laser diffraction method

A Laser Diffraction Analysis of air-dried soil aggregates was
done using Malvern Mastersizer 2000 (Malvern®) following the
method of Bieganowski et al. (2011, 2018). The samples were
measured in the Hydro G dispersion unit (Malvern®). The stir-
ring tank at 700 rpm was used; the sample was recirculated us-
ing a centrifugal pump (1750 rpm), which performed the work of
retaining and homogenizing suspended solids. This equipment
is designed for standard determination of grain size distribution
of particles within the size range of 0.02-2000 ym. It uses scat-
tered laser light and converts it into particle size distribution.
Each single diffractometer measurement was adjusted in a time
0of 60 s (30 s for red light and 30 s for blue light) with an obscura-
tion range between 10% and 20%; ten single measurements
were taken. The aim of the measurements was to determine the
change in median particles distribution during the measure-
ments in order to determine the water stability of aggregates.
The measurements were done in three replicates for each sam-
ple. To measure water aggregate stability the aggregates stability
index based on laser diffraction ASI, j was used. This index cor-
responds to the calculated slope between two points: the higher
value is obtained by light microscopy, and the lower value is the
median of the laser diffractometer measurement after 60 s. The
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ASI | index using microscopy analysis was calculated according
to Bieganowski et al. (2011).

2.6. Statistical analysis

The PROC NLIN (SAS®) procedure was used to analyze the
data so that gives us estimate of least squares for the nonlinear
model parameters and thus obtains the model that offers the
best fit. The agreement between stability orders can be assessed
using Spearman’s rank correlation coefficient (r = 0.2381). The
concordance between the three stability indexes was evaluated
with the Spearman rank correlation coefficient. The SAS soft-
ware (version 9.2; SAS Institute, Inc.) was used to analyze the
statistical parameters.

3. Results and discussion
3.1. Soil physico-chemical analysis

The highest clay content was observed in the Vertisol 2
(ERT,) and in the Oxisol 1 (0X,), and the highest values for silt
fraction were detected in the Andisol 1 (AND,), Alfisol 2 (ALF,),
Andisol 2 (AND,), and Vertisol 1 (ERT,) (Table 2), silt content in
the other studied soils was smaller than 19%. The OX,, ALF, and
OX, had the highest sand conten; the other soils were lower than
26%. All studied soils showed a predominance of fine particles
(Table 2). Poesen (1986) and Pulido et al. (2009) showed that the
predominance of particles between 2 to 100 pum confers low
structural stability in soils, and high susceptibility of separation
against the raindrop impact because less energy is required to
separate the aggregates (Table 2).

The grain size distribution for ALF, showed high silt content
that increased the proportion of less stable aggregates. Studies
conducted by Boruvka et al. (2002) in Alfisols showed the strong-
est influence of fine silt and clay particles in the aggregate sta-
bility coefficient. Pulido et al. (2009) reported low soil structure
stability associated with the predominance of particles between
2-100 ym (fine sand and silt) in Alfisols. Particles <2 pm (clay)
were dominant in Vertisols conferring high structure stability
even under wetting conditions. Pulido et al. (2009) find a rela-
tionship between fine particles percentage in tropical Vertisols
with high aggregate stability; water-stable aggregates were con-
centrated in the range of 2-4 mm diameter. The results for Ver-
tisols of Wuddivira et al. (2009) showed similar clay content and
water-stable aggregation values to those found in this study. The
studied Andisols showed higher aggregate stability values, these
results coincide with Vial and Sandoval (2015), who reported
a high percentage of aggregation (77.8 +9.7% to 85.4 +11.1%) and
a predominance of macroaggregates in Andisols. The OX, and
0X,showed variable clay content and high aggregate stability. In
Brazilian Oxisols Novak et al. (2019) reported high clay content
and stable aggregation. In Oxisols, iron is a strong binding agent
that favors physical stability to mechanical stress (Arias et al,,
2001).

The biplot representation showed the relationship between
physical and chemical variables for the studied soils. The results

Table 2

Soil texture and chemical properties

Mg Na Fe* SBs

Ca

pH (1:1)

SOC

Texture
Soil

Diameter milimeters

2-1

Sample

(cmol kg™)

0.5- 0.25-  0.1- 0.05- 0.02-  <0.002
-0.1

1-0.5

(mg kg™

(cmol(+) kg™

Survey
Staff

KCl

H,0

(%)

-0.02  -0.002

-0.05

-0.25

(%)

(2022b)

Physicochemical properties in tropical soils

23.2
2.7

4.7

0.15
0.49

5.3 3.1

14.6

5.3
4.0

6.2

1.1
6.6

0.18

374 Sandy clay
2

10.4

9.7 14 13.1 2.5 4.3
3.3 8.7 2.5

0.6

8.6

ALF,

2.1

0.60 0.13

1.5

0.50 4.6

Silty clay
loam

9.4

43.2

12.2

0.1

ALF,

12.4 4.7 4.2 2.1 2.1 0.42 0.19 1.6 4.7

0.96

Silt loam

3.6 54 4.0 1.5 13.7 62.7 8.7

0.5

AND,

0.69 0.13 0.45 1.5 2.1

0.82

4.0

4.5

5.6

0.46

Silty clay
loam

0.5 1.8 6.6 2.5 11.6 40.9 35.8

0.3

AND,

1.6
1.5

72.8

0.09
0.14

0.28 0.10
0.07

0.42

1.2

39
3.7

4.7

0.7

0.10
0.08

Clay

8.0 9.4 50.5

7.3

2.9
31

5.2 11.1 11.8
4.6

1.1

X,
OX,

149.3

0.90

4.8

0.26

Sandy clay
loam

289

11.6

17.7

26.5

0.3

0.55 7.5 5.5 53.1 34 15.7 0.66 23.2 72.8

Clay loam 0.22

0.9 8.6 134 2.8 16.9 26.1 31.1

0.2

ERT,
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show contrasting values between the soil profiles of each soil
type. The similarity between the main components for physi-
cal-chemical variables (closeness between points), especially
for some properties related to the type of clay, is illustrated in
Fig. 2. The groups of correlated variables showed a direct rela-
tionship between the finest fraction (size 0.002 mm) and Na, Fe,
Cu, Ca, K, and Mg contents; while the fractions between 0.05 to
0.02 mm were directly related to N, SOC, and C:N ratio, with an
inverse relationship with pH (H,0) and pH (KCl). The sand frac-
tions were related to each other, without exhibiting noticeable
relationships with the other measured variables. The results
were consistent with Boruvka et al. (2002), who reported that
the sand content did not show any significant correlation with
aggregate stability. The pH was very strongly acidic, except for
ALF, and ERT, (neutral), located in tropical dry forest conditions
(Table 2). Studies in Alfisols, Vertisols, and Andisols by Stadtescu
et al. (2013) reported negative impact of soil acidity in soil ag-
gregation due to loss of stable connection of cement particles in
aggregates.

The contents of Ca and Mg were high in ALF, and ERT, in the
other soil orders these were low to very low. The K content was
high in all soils, except in OX (low). The Na content was medium
for the studied soil orders, except for the ERT in which the Na
value was high. The Ca*, Mg, Na* ions ratio influences soil ag-
gregation and stability under field conditions (Mamedov et al,,
2010, Statescu et al., 2013). The chemical results were consist-
ent with Agegnehu and Anede (2017) and Chang et al. (2019),
that showed progressive soil acidification processes, a decrease
of exchangeable cations, and low soil fertility in tropical soils.
The interactionships among clay, organic matter, and aggregates
formation are closely related to the soil chemical composition
(pH, CEC, Na*, Ca*?, Mg*?) and clay amount and type (Amezketa et
al., 2003; Statescu et al., 2013). In tropical soils, Jiang et al. (2011)
found that Fe oxide content increased with the degree of soil de-
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velopment; in this research different pattern was observed (low
iron content). The chemical behavior for sandy clay, sandy clay
loam, and clay soils was similar; the same happens for silty clay
loam and silt loam soils. The ERT, (clay texture) showed an atypi-
cal behavior, characterized by high contents of all variables to
the right and low contents of those that point to the left (Fig. 2). It
was found greater similarity between soil variables in the OX, it
is worth noting the proximity with the ALF,. In the case of AND,
it was clear the importance of factors that favor aggregation that
were associated with andic properties as bulk density (BD) and
soil organic carbon (SOC) (Fig. 2).

3.2. Effect of soil organic carbon

The Soil Organic Carbon (SOC) content was different
among the studied soil orders. The soils located below 1000 m
a.s.l. (seasonal drier climates) have medium and low SOC con-
tent; soils above 2000 m a.s.l. had high SOC content. According
to Loaiza-Usuga et al. (2013) SOC content is associated with soil
microclimate (Udic soil moisture regimes) and weather condi-
tions. The AND1, AND2, and ALF, had 46% to 95% more SOC
contents than the other studied soil orders. Andisols showed
WRI values of 99.2% and 98.6%, being the most stable soils in
this regard. To Rieke et al. (2022) and Sun et al. (2023), soil prop-
erties were influenced by inherent soil properties and climate.
Some Alfisols (ALF), Oxisols (OX), and Vertisols (ERT) are stable
soils with WRI values around 89% (Tables 2 and 3); these soils
despite being in dry ecosystems with low SOC contents had high
WRI values associated with the clay content; in the case of OX
the presence of iron oxides played an important stabilizing role
on the soil structure. Denef et al. (2002) concluded that soils
dominated by variable charge clay minerals (1:1 clays and Fe
and Al oxides) have higher potential to form stable aggregates
under low OC concentrations. The results showed a close rela-
tion between SOC content and agregate stability, espe-
cially for Andisols, where high organic matter content

and kind of colloids plays an important role in soil
structure. The results agree with those of Calero et al.
(2023), who find the Pearson’s correlation matrix for
clay content, giving a high weight to the SOC content,
which had a high effect on the reduction of the partial
R and the statistical significance. The C/N ratios were
extremely low respect to the values reported for tropi-

Dim 2 (31.1%)

cal soils by Loaiza-Usuga et al. (2013) and Martinez et
al. (2020). Soil structure and SOC are associated with
environmental conditions and land use in the study
sites. Boruvka et al. (2002), Ontl et al. (2015), and Xu et
al. (2022) underlined the importance of environmen-
tal factors in the soil structure development, Denef
et al. (2002) highlight the importance of type clays in
the structure development. Although AND,, AND,, and

Fig. 2. Correlation coefficient by Sperman class for Particles

Dim 1 (37.9%)
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ALF, showed a larger SOC input and high levels of stable mac-
roaggregate formation with respect to the other studied soils,
it cannot be stated that the organic matter content is the only
factor responsible for the stability of soil aggregates in tropical
soils. It is clear that the readily available SOC becomes depleted
over time due to microbial decomposition and, subsequently,
microbial activity and production of binding agents decrease
(Table 2). The composition and concentration of soil organic
carbon depends on the SOC source, affecting soil aggregation
due to the influence of the association of cations with soil par-
ticles (Bronick and Lal, 2005). On the other hand, the high SOC
content in tropical soils is related to environmental conditions
and land uses (Loaiza-Usuga et al., 2013, Martinez et al., 2020).
Zhou et al. (2020) reported the dominant effect of SOC concen-
tration in water-stable aggregates (WSA) WSA ;¢ o5 mm» WSA, 5
and WSA on soil aggregate stability.

mm’ 0.5-1 mm

3.3. Comparison between methodologies

The values of WRI in the KR test were higher in all studied
soils (> 89.5%) especially in Andisols, it has a direct relationship
with the presence of high organic matter content, fine and coarse
silt content. The presence of noncrystalline materials and humus
has a strong effect on aggregate formation in Andisols (Shoji et
al., 1993). The Yoder method had a good performance in Oxisols
where the presence of sands and soil colloids confers high soil
stability; the results were coincident with Mamedov et al. (2010)
for oxisols. The type of colloids and granulometry are the key
factors in the soil stability behavior (Powers and Schlesinger
2002, Bronick and Lal 2005, Pulido et al., 2009). The KR method
had a better performance in soils with higher aggregation, high
organic matter content and the presence of fine granulometry
materials. The other studied soil orders showed dissimilar ten-
dencies among samples, from rapid disaggregation to a greater

Table 3
Macroaggregate stability according to “Kemper and Rosenau” method

(KR). and Aggregate Stability Index by Laser Difractometry (ASI, ), and
wet sieving with multiple sieves (YODER)

Sample KR* ASIL YODER**

ALF, 0.895 (3) -0.769 (4) 0.818 (7)

ALF, 0.975 (5) -0.831 (6) 0.719 (3)

AND, 0.993 (8) -1.147 (8) 0.745 (4)

AND, 0.986 (7) -0.914 (7) 0.685 (2)

0X, 0.984 (6) -0.828 (5) 0.759 (5)

0X, 0.759 (2) -0.645 (2) 0.889 (8)

ERT, 0.626 (1) -0.624 (1) 0.304 (1)

ERT, 0.898 (4) -0.727 (3) 0.788 (6)
Explanations: * percentage of aggregates retained in fractions

2-0.250 mm; ** percentage stable aggregates retained in fractions
8-0.5 mm and classification by stability ranges in brackets (1 low stability
to 8 high stability).

Physicochemical properties in tropical soils

stability of aggregates in the remaining samples. This result may
be explained by the precision of the structural stability meas-
urements based on particle size, underlined by Bieganowski et
al. (2018). The ASI ) method presented a good precision in the
measurement of structural stability by particle size, being easily
applicable to soils with low stability of aggregates; where it was
difficult to measure under conventional methods. Alekseeva et
al. (2009) reported contrasting behavior in Vertisols, character-
ized by the lowest and highest water stability. Andisols showed
fewer differences between samples and Vertisols showed great-
er disparity. In the acidic tropical and subtropical soils, the the-
ory of soil structure hierarchy is inapplicable due to the high
soil mineral variability and organic matter content that can lead
to aggregate stabilization by different means (Alekseeva et al,,
2009). High values of KR and Yoder indices indicated high stabil-
ity, while the values for ASI were inversely proportional (Ta-
ble 3).

The correlation between methods showed agreement be-
tween stability values, using Spearman’s rank the correlation
coefficient was -0.952381 (P = 0.001141). The KR and ASI, , meth-
ods had a significant negative correlation that reflects a high
similarity between the structural stability values measured by
both methods. The behavior of similarities/dissimilarities has
the same tendencies between soil orders as well as the group-
ings between variables, it is worth highlighting the way in which
the indices were configured around the evaluated variables. The
Fig. 2 shows scarse correlations for the studied soil orders. The
differences between these methods suggest that they measure
different aspects of soil aggregation, in the case of Yoder index
is correlated with the first group of variables, while KR is as-
sociated with variables associated with the soil chemical behav-
ior and type of clay. The Sperman rank correlation coefficient
(r =-0.2143) for Yoder and KR methodologies showed incon-
sistencies in the aggregate stability values for most of the soils
except to ERT,, which presented the lowest aggregate stability
in both methods. This tendency was evidenced in a negative
correlation between these methods, reflected in the contrast-
ing values for aggregates stability (Fig. 2). The Sperman rank
correlation coefficient (r = 0.2381) results for Yoder and ASI .
However, with the exception of AND, and ERT,, a negative corre-
lation would be expected. The other six soils had a positive cor-
relation that reflected the inconsistencies for structural stability
measurements between methods (Fig. 2). The classification of
aggregate stability range was based on the three methods and
the contrast between them (Table 3). It was found that this is
consistent with contrasting results obtained by Amezketa et al.
(2003), using different methods in tropical soils. The results are
agree with Bieganowski et al. (2018), who report low change in
particle size after dispersion and low ASI | values, for soils with
high aggregate stability.

4. Conclusions
The soil aggregation formation processes are soil depend-

ent, they cannot be easily generalized, an emphasis should be
placed on developing simple and reproducible methods.
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(1) The KR and ASI , methods showed similar results, in con-
trast with the results obtained using the Yoder method.
Soils with low structural stability, KR and ASI had better
performance under high soil organic matter content condi-
tions (Andisols) whose stability depends on soil microaggre-
gates. The Yoder method had a better performance in soils
where stability depends on the macroaggregates (Oxisols)
that result from the presence of iron and aluminum oxyhy-
droxides complexes. The disparities in the results suggest
that the breakdown processes of soil aggregates subjected
to wet sieving treatments were affected by different factors
influencing soil agregate stability, physical and/or chemi-
cal soil properties. Notwithstanding their precision, KR and
ASI,  did not have a significant correlation factor with other
estructural stability indices and reference values.

(2) The high weathering and pedogenesis in the soils of the equa-
torial region do not necessarily imply a high soil agregate sta-
bility. The pedogenic development in the studied soils was
inversely proportional to the durability of structural peds.
The soil aggregate stability was different even inside similar
soil orders, despite similar pedogenesis. The chemical char-
acteristics of Andisols and Oxisols have a relation with soil
aggregation and particles size, while Vertisols and Alfisols
showed a high disparity relation. Despite the relative proxim-
ity of the values for chemical properties of the soil as a func-
tion of the texture, the results found were not conclusive.
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Wilasciwosci fizykochemiczne gleby i stabilno$é¢ agregatéw w glebach

tropikalnych

Slowa kluczowe Streszczenie
Gleby tropikalne
Geneza gleby
Stabilno$¢ agregatéw
Wietrzenie tropikalne

Wielu autoréw badajacych gleby obszaréw tropikalnych sugeruje zwigzek miedzy sktadem mine-
ralnym tych gleb a wlasciwo$ciami fizycznymi, szczegélnie w odniesieniu do wyksztalcenia struk-
tury gleby, stabilno$ci agregatéw glebowych i skltady granulometrycznego. W przeprowadzonych
badaniach analizowano prébki gleb pobrane z endopedonéw — pozioméw genetycznych (Bt, Bss,

Bo i Bw) pochodzgcych z wybranych gleb stref klimatycznych obszaru tropikalnego Kolumbii, z re-
jonéw Andoéw, Karaibow i dorzecza Orinoko. Okreslono stabilno$¢ agregatéw glebowych metoda
przesiewania na mokro i metoda dyfrakeji laserowej. Wyniki wykazaly duza zmienno$¢ sktadu
granulometrycznego gleb, z dominujacym udziatem frakeji pylowych i itowych. To przeklada sie
na niska stabilnos$¢ agregatow glebowych, a tym samym duza podatno$¢ na ich dyspersje z wyjat-
kiem Andisoli. Wyniki przesiewania na mokro (KR) i wskaznik stabilno$ci agregatéw oparty na dy-
frakeji laserowej (ASILD) wykazaty dobry poziom trwatos$ci mikroagregatéw tylko w Andisolach.
Zawarto$¢ wegla organicznego (OC) byla $rednia do niskiej w glebach pochodzacych z klimatu
suchego i wysoka w glebach klimatu zimnego i wilgotnego warunkach. Andisole charakteryzowaty
sie najwyzsza zawarto$cia SOC. Wplyw wietrzenia zostat potwierdzony wystepowaniem kaolinitu
jako dominujacego mineratu ilastego. Niniejsze badanie dostarczyly wiedzy na temat zr6znicowa-
nia wlasciwosci fizykochemicznym i sktadu mineralogicznego gleb tropikalnych jako narzedzia do
oceny agregacji gleby réznie uzytkowanych w zréznicowanych warunkach srodowiskowych.
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