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ABSTRACT - Aggregate formation and stability are related to soil quality, contributing significantly to the 

carbon storage and nutrient maintenance capacities of the soil. Soil aggregates are formed by two different  

process: physicogenic, related to moistening and drying cycles and input of organic matter; and biogenic,    

related to the action of macrofauna organisms and roots. The objective this work was to classify aggregates 

according to their formation process, quantify and compare organic carbon contents in humic substances and 

assess the stability of aggregates formed by different processes, in areas with different coverage in the Mid 

Paraiba Valley, Pinheiral, State of Rio de Janeiro, Brazil. Aggregated soil samples were collected at a depth of 

0-10 cm, in a Cambisol (Cambissolo Háplico Tb Distrófico) under four plant covers: secondary forest in     

advanced (SFAS), medium (SFMS) and initial (SFIS) successional stages and managed mixed pasture (MMP). 

Aggregates were classified and identified into three morphological classes (physicogenic, biogenic and        

intermediate). The variables evaluated were mean weight diameter (MWD) and geometric mean diameter 

(GMD) of aggregates, chemical fractions of organic matter, total organic carbon (TOC) and humic substances: 

humin (C-HUM) humic acid (C-FAH) and fulvic acid (C-FAF). Biogenic aggregates were found in smaller 

quantities and showed higher TOC, C-HUM and C-FAH, compared to intermediate and physicogenic          

aggregates. Thus, biogenic aggregates have potential to be used as soil quality indicators for structured        

environments, which are able to maintain its intrinsic formation processes.  

 

Keywords: Aggregate morphology. Forest fragments. Organic carbon. Humic substances. 

 

 

CARACTERIZAÇÃO DE AGREGADOS BIOGÊNICOS, INTERMEDIÁRIOS E FISIOGÊNICOS EM 

ÁREAS SOB DOMÍNIO DE MATA ATLÂNTICA   

 

 

RESUMO - A formação e estabilidade de agregados estão intimamente relacionadas à qualidade do solo,    

contribuindo de maneira significativa na capacidade de estocar carbono e manutenção de nutrientes no solo. Os 

agregados do solo são formados por duas vias distintas: a fisiogênica, relacionada a ciclos de umedecimento e/

ou secagem e adição de matéria orgânica e a biogênica associada à ação dos organismos da macrofauna e de 

raízes. Neste estudo, objetivou-se separar os agregados conforme a via de formação e, posteriormente,       

quantificar e comparar os teores de carbono orgânico das substâncias húmicas e a estabilidade de agregados 

formados por diferentes vias e coberturas vegetais, na região do Médio Vale do Paraiba Fluminense, Pinheiral 

(RJ). Foram coletadas amostras indeformadas de solo na profundidade de 0-10 cm, em um Cambissolo Háplico 

Tb Distrófico, sob quatro coberturas vegetais: floresta secundária em diferentes estádios sucessionais -        

avançado (FSEA); médio (FSEM); inicial (FSEI) e uma área de pasto misto manejado (PMM). Os agregados 

foram separados e identificados em três classes morfológicas (fisiogênica, biogênica e intermediária).          

Posteriormente, foram determinados o diâmetro médio ponderado (DMP) e geométrico (DMG) dos agregados, 

fracionamento químico da matéria orgânica e quantificação dos teores de carbono orgânico total (COT) e das 

substâncias húmicas: humina (C-HUM), ácido húmico (C-FAH) e ácido fúlvico (C-FAF). Os agregados      

biogênicos foram encontrados em menor quantidade e apresentaram maiores teores de COT, C-HUM, C-FAH 

em comparação aos agregados intermediários e fisiogênicos. Dessa forma, os agregados biogênicos têm       

potencial para serem enquadrados como indicadores de qualidade do solo, associados a ambientes mais       

estruturados, capazes de manter os processos intrínsecos a sua formação. 
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INTRODUCTION 
 

The Brazilian Atlantic Forest originally    

covered approximately 1.3 million km2 of a wide 

longitudinal band from the Northeast to the South 

region of the country. Several economic cycles were 

developed in its extent since its colonization,       

resulting in loss of almost all original forest and a 

continuous deforestation and fragmentation of forest 

remnants, putting the Brazilian Atlantic forest among 

the most threatened ecosystems in the world. This 

forest is distributed throughout 17 Brazilian states 

and today is represented by 7.9% of its total original 

area (FUNDAÇÃO SOS MATA ATLÂNTICA/

INPE, 2011). 

The removal of the original vegetation      

coverage and implementation of agricultural crops 

with inadequate management practices cause an  

unbalance between soil and environment, limiting 

the agricultural use of the soil and making it more 

susceptible to degradation (CARVALHO FILHO et 

al., 2009; RICHART et al., 2005).                         

Non-conservationist farming practices reduce the 

soil organic matter content due to weather exposure 

and subsequent oxidation, causing a decrease in  

aggregates stability in the soil surface layer, making 

it more susceptible to erosion (FERREIRA; FILHO; 

FERREIRA, 2010).  
The aggregation process consists of the union 

of unit particles, which bound forming                 

microaggregates after numerous                             

bio-physicochemical cycles (TISDALL; OADES, 

1982). This formation is called pedogenetic or   

physicogenic and depends on many characteristics of 

the soil, such as content and type of clay, polyvalent 

cations, oxides and hydroxides of iron, aluminum 

and manganese, organic matter, root exudates,     

compounds from microbial metabolism and        

compressive action of roots and hyphae. The organic 

matter, oxides and hydroxides are cementing agents 

for singly particles and formed aggregates. The    

wetting and drying cycles are also important        

environmental processes influencing the genesis of 

soil aggregates (CARVALHO, 1991; BASTOS        

et al., 2005)  
Soil aggregates are formed also by alternative 

genetic processes, such as the biogenic, which can be 

from feces of the soil macrofauna, and is a more  

rapid formation process compared to the first 

(MELLO; CÉCILLON; BRUN, 2008).  

Impacts on soil environment and biological 

activity result in changes in biogenic and             

physicogenic aggregate formation (PULLEMAN; 

MARINISSEN, 2004). Thus, analysis on aggregate 

stability has been used as indicator of soil physical 

quality, since it is sensitive to changes depending on 

the management practices adopted. However, few 

studies on the genesis of different types of           

aggregates are found, as well as on the influence of 

organisms (flora and fauna) in their formation      

process. Studies on the genesis of different types of 

aggregates produce information on their dynamics 

and related processes and can also qualify them as 

soil quality indicators. Thus, the objective of this 

work was to analyze the aggregates formed by     

different processes (biogenic and physicogenic) in 

areas with different coverage in the Mid Paraiba   

Valley, State of Rio de Janeiro, Brazil.  

 

 

MATERIAL AND METHODS 
 

The study was conducted in Pinheiral, Mid 

Paraiba Valley, State of Rio de Janeiro, Brazil, in the 

Ribeirao Cachimbal sub-basin, Paraiba do Sul river 

basin (22°29'03'' to 22°35'27'S and 43°54'49'' to            

44°04'05''W and 360 to 720 m of altitude) (Figure 1). 

According to the Koppen classification, the region 

climate is Am, tropical with dry winter and rainy 

summer. Its annual average precipitation is                

1,173 mm and annual average temperature is 20.9°C. 

The selected areas were in the upper third position of 

the slope, in which the soil was classified as                 

Cambisol — CAMBISSOLO HÁPLICO TB                  

DISTRÓFICO (SANTOS et al., 2013). 

Submontane Seasonal Semidecidual Forest 

areas in the Atlantic Forest biome were selected for 

study, which had the following successive stages: 

Secondary Forest Initial Stage (SFIS), Secondary 

Forest Medium Stage (SFMS), Secondary Forest 

Advanced Stage (SFAS) and Managed Mixed      

Pasture (MMP). 

The description of the areas used for this 

study was performed by Menezes et al. (2010) and is 

shown in Table 1. 

Six soil samples were collected in each area, 

at a depth of 0-10 cm, in the rainy season 

(February/2010), and subjected to sieving in the 

field, using sieves with mesh of 9.70 and 8.00 mm. 

The aggregates retained on the 8.00 mm sieve were 

manually classified, according to the morphological 

classes described by Bullock et al. (1985), with a 

stereomicroscope. Three aggregate classes were: 

physicogenic, those that have angular shapes;      

biogenic, those that have rounded shapes, originated 

from intestinal tracts of the soil macrofauna, mainly 

Oligochaeta, and those in which the root activity is 

apparent; and intermediate, aggregates that have  

undefined formation and may be biogenic that lost 

their rounded shape due to aging, or physicogenic 

welded with a small coprolite. 
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Figure 1. Location of the studied sites, Pinheiral, Rio de Janeiro, Brazil. (Source: Google Maps). 

Table 1. Floristic characterization of the study areas under forest fragments and pasture. 

SFIS = Secondary Forest Initial Stage; SFMS = Secondary Forest Medium Stage; SFAS = Secondary Forest Advanced 

Stage; and MMP = Managed Mixed Pasture. 

The identification of classes was performed 

by weighing 100 g of aggregates from each plot and 

replication and determining their relative mass 

contribution. After classification, the stability of 

aggregates in water was evaluated (KEMPER; 

CHEPELI, 1965), and the aggregate indices mean 

weight diameter (MWD) and geometric mean 

diameter (GMD) were calculate. Part of the 

aggregates was disaggregated and sieved in a 2.00 

mm mesh sieve, to quantify the total organic carbon 

(TOC), according to the method of Yeomans and 

Bremner (1988), and chemical fractions of the 

organic matter in the aggregates (BENITES et al., 

2003), which were the humin (HUM), humic acid 

(FAH), and fulvic acids (FAF).  

The carbon content in these fractions were 

 1 

Study areas Description Families 

SFIS 

Herbaceous/shrubby physiognomy, with predominance 

of Heliophila species, few woody species (less than 

twenty per ha), with low diameter at breast height 

(DBH) (average less than 5 cm) and height (average 

less than 5 m). The community age were 0 to 10 years. 

Annonaceae, Melastomataceae, Spiranunaceae, 

Thelypteridaceae, 

Urticaceae. 

SFMS 

Shrub/tree physiognomy, with initial stratification, 

shading species emerging, individuals with DBHs and 

heights higher than the SFIS area, emergence of lower 

woods and woody lianas. The community age were 11 

to 25 years. 

Anacardiaceae, Lecytidaceae, Melastomataceae, 

Moraceae, Myrsinaceae, Myrtaceae, Rubiaceae, 

Sapindaceae, Siparmaceae, Urticaceae. 

SFAS 

Considered the oldest fragment of the Ribeirao 

Cachimbal sub-basin. Arboreal physiognomy with 

emergent trees, understory apparent formed by shade-

tolerant species, great diversity of woody species with 

higher DBH and height, and abundant lianas and 

epiphytes. The community age was over 25 years. 

Anacardiaceae, Bignoniaceae, Burceraceae, 

Fabaceae, Erytroxilaceae, Lauraceae, 

Lecytidaceae, Malvaceae, Meliaceae, Moraceae, 

Myrtaceae, Nyctaginaceae, Polygonaceae, 

Rubiaceae, Sapindaceae, Siparumaceae, 

Solanaceae e Urticaceae. 

MMP 

Spontaneous pasture area exploited since 1950, formed 

in the 1990s with Brachiaria decumbens and 

maintained through annual mowing and burning. A 

grassy species (Paspalum notatum), known as grama-

batatais, emerged in this landscape along the years, 

which now coexist with the introduced Brachiaria. 

 

 

 

Poaceae 

 

 

 

 



CHARACTERIZATION OF BIOGENIC, INTERMEDIATE AND PHYSICOGENIC SOIL AGGREGATES OF AREAS IN THE 
BRAZILIAN ATLANTIC FOREST 

 

J. C. F. FERNANDES et al. 

Rev. Caatinga, Mossoró, v. 30, n. 1, p. 59 – 67, jan. – mar., 2017 62 

then determined (C-HUM C-FAH and C-FAF), as 

well as the relationships C-FAH/C-FAF and             

C-AE/C-HUM, where C-EA is the organic carbon 

determined in alkaline extract (humic + fulvic acids). 

The data were assessed for normality 

(Lillefors test) and homogeneity (Cochran and 

Barttlet test) and then subjected to analysis of 

variance by the F test. The mean values, when 

significant, were compared by the Bonferroni t test at 

5%. 

 

 

RESULTS AND DISCUSSION 

All areas evaluated received greater 

contribution of the physicogenic morphological 

class, followed by the intermediate and biogenic 

classes (Table 2). This pattern indicates that, 

although the biogenic aggregation is faster in 

formation, it requires conditions of greater 

availability of resources, such as climate, chemical 

and physical soil properties, and especially quantity 

and quality of plant material in the soil (COQ et al., 

2007). This resources allow the soil fauna activity, 

which are the main precursors of biogenic 

aggregates, and make this processes more sensitive 

to ecosystem changes (JOUQUET et al., 2006). 

Table 2. Distribution (%) of aggregates on the different morphological classes. 

Averages from six replications. Values followed by the same upper case letters in the same line or same lower 

case in the same column do not differ by Bonferroni t test (p<0.05). SFIS = Secondary Forest Initial Stage; SFMS 

= Secondary Forest Medium Stage; SFAS = Secondary Forest Advanced Stage; and MMP = Managed Mixed 

Pasture. CV1: coefficient of variation of morphological classes; CV2: coefficient of variation of areas of study.  

The greatest amount of biogenic aggregates 

was found in the MMP and SFAS areas, which may 

be related to an intense rhizodeposition process 

(MMP) and better trophic conditions due their 

litterfall cycling (SFAS), and also due to a longer use 

time of the areas. Menezes et al. (2009) characterized 

soil macroinvertebrates in this same areas and found 

prevalence of Oligochaeta in MMP area. They 

attributed this result to the higher density of roots of 

grass species, which contributed to the greater 

availability of organic matter and provide a better 

environment in this area. 

A decreasing pattern of contribution of the 

biogenic aggregate class with the successional 

progress of the forest fragments was noted, i.e., from 

the SFAS to the SFIS area. This result can be 

attributed to the plant growth along the secondary 

succession process, which promotes a combination 

of litterfall and soil macrofauna, resulting in a 

heterogeneous distribution of soil components 

(SILVA et al., 2006). 

The SFIS area had the highest percentage of 

intermediate and smaller amount of physicogenic 

and biogenic aggregates, although had not 

statistically differed from SFMS area regarding the 

biogenic aggregates. The increase in the amount of 

aggregates from the intermediate class is probably 

due to changes in the aggregate form with time or 

welding of aggregates, confirming the significant 

carbon content found in these areas. The 

physicogenic morphological class were the most 

expressive in the MMP area. This result is attributed 

to a greater alternation of wetting and drying cycles, 

since pasture have lower maintenance of soil 

moisture compared to forest areas.  

The TOC (Table 3) presented statistical 

difference between the areas only for the 

physicogenic aggregates, which had highest values 

in the SFMS and SFIS areas. These areas were more 

recent formations, thus they had contributed to the 

organic matter content from the shrubby material and 

rhizodeposition of grasses from the pasture from 

which these areas were formed. 

The lower TOC aggregates was related to the 

physicogenic aggregates in the SFAS area, which 

had significant litterfall production, as assessed by 

Menezes et al. (2010).  The high amount of litterfall 

in SFAS could have favored the soil fauna 

development and consequently a higher TOC in the 

biogenic aggregates. Moreover, this type of 

aggregate contributes more efficiently to physical 

protection of soil organic matter, reducing the 

decomposition rate and increasing the carbon 

sequestration potential (SILVA NETO et al., 2010). 

Study areas 
% 

Physicogenic Intermediate Biogenic CV2 (%) 

SFAS 40.70 Aa 32.26 Bc  26.78 Ca  4.18 

SFMS 41.28 Aa 36.68 Bb 24.23 Cb 1.79 

SFIS 36.29 Bb 40.28 Aa 23.07 Cb 4.10 

MMP 42.19 Aa 28.20 Bd 28.77 Ba 5.63 

CV1 (%)             3.67             3.93            5.16  

 1 
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Table 3. Total organic carbon and carbon of humic compounds (g kg-1) and the relationships C-FAH/C-FAF,                         

C-HUM/C-EA of the different aggregate classes (AC) and study areas. 

Averages from six replications. Values followed by the same upper case letters in the same line or same lower case in 

the same column do not differ by Bonferroni t test (p<0.05). P = physicogenic, I = intermediate and B = biogenic. SFIS 

= Secondary Forest Initial Stage; SFMS = Secondary Forest Medium Stage; SFAS = Secondary Forest Advanced Stage; 

and MMP = Managed Mixed Pasture. CV1: coefficient of variation of morphological classes; CV2: coefficient of 

variation of areas of study. 

Biogenic aggregates had an enrichment of 

organic carbon compared to physicogenic aggregates 

in all areas (SFAS, 13.5; SFMS, 24.2; SFIS, 17.0 and 

MMP 18.5%). Bossuyt et al. (2005) found similar 

results, with biogenic aggregates enrichment of 

organic carbon of 22% compared to physicogenic 

aggregates. According to Brown et al. (2000), even 

in inhabiting subsurface layers of the soil, with low 

content of organic matter, earthworms can increase 

the decomposition of stable forms of the carbon 

ingested, due to moistening and addition of mucus of 

mutualistic microorganisms of their digestive 

system. This process increases mineralization rates 

in coprolites, which, according to James and Brown 

(2008), constitute important sources of nutrients for 

plants. 

The carbon of humic substances of all 

evaluated areas had larger percentage related to the 

humin fraction (60.71 to 77.16%), followed by the 

humic acid (13.44 to 20.58%) and fulvic acid (12.52 

to 19.20%) fractions. The greater carbon content in 

humin form implies a higher moisture retention, a 

better soil aggregation and a greater retention of 

cations (SOUZA; MELO, 2003). 

The higher levels of C-HUM were found, in 

general, in biogenic aggregates in forest areas (SFIS, 

SFMS and SFAS), with a decreasing pattern in the  

C-HUM content with the succession progress, which 

may be due to the most diverse nature of the 

substrate forming their litterfall, influencing 

positively in the decomposition community activity 

and thus benefiting the process of decomposition of 

organic matter (BARLOW et al., 2007).  

The SFAS and SFMS areas had higher          

C-FAF content compared to the SFIS and MMP 

areas for all aggregate classes. The higher values of 

C-FAH fraction were found in physicogenic 

aggregates in the SFAS area. These results may be 

related to higher litterfall production in these areas. 

Menezes et al. (2010) found in these same areas, 

higher litterfall production in the SFAS                          

(11 Mg ha-1 ano-1) and SFMS (7.4 Mg ha-1 ano-1). 

C-FAH/C-FAF and C-AE/C-HUM have been 

used for interpreting the results from chemical 

fractions of SOM, related to the condensation level 

of soluble organic matter (C-FAH/C-FAF) and 

structural stability level of the organic matter (C-AE/

C-HUM), i.e., the higher the relationship values the 

greater the stability (CUNHA et al., 2005). 

The C-FAH content was proportionally 

greater than the C-FAF content in all areas, 

presenting values greater than 1 for C-FAH/C-FAF, 

with the highest values for this relationship in the 

SFAS and MMP areas for physicogenic aggregates 

and in SFIS and MMP areas for biogenic aggregates. 

Indicating that these aggregate classes were 

AC 
 Study areas 

 SFAS SFMS SFIS MMP CV2 (%) 

P 

TOC 

    19.68 ABa    20.61 Ab   21.15 Ab 17.12 Bb     6.54 

I     20.55 Aa    21.21 Ab   20.92 Ab   19.01 Aab     8.90 

B     22.33 Aa    25.60 Aa   24.74 Aa 20.28 Aa   10.31 

CV1 (%)     12.91      8.35        6.73        5.90  

P  3.62 Ab 3.45 Aa     3.17 Ba  2.76 Cb     2.72 

I C-FAF  3.95 Aab 3.44 Ba    3.07 Ca  3.05 Ca     4.59 

B        4.07 Aa 3.48 Ba    3.10 Ca  2.77 Db     4.27 

CV1 (%)       4.81      3.21        3.02        4.11  

P  4.05 Aa 3.49 Bb    3.28 Bb  3.26 Ba     6.18 

I C-FAH 3.66 Aa   3.57 Aab    2.81 Bc    3.25 ABa     8.18 

B  3.95 Aa      3.95 Aa    3.89 Aa 3.27 Ba     5.69 

CV1       

P       12.70 Bb    12.51 Bb 14.00 Ac   13.21 ABb     3.28 

I C-HUM  14.20 Aab    13.21 Ab 15.55 Ab      13.39 Ab     7.50 

B   15.81 ABa    16.55 Aa 17.03 Aa      13.95 Ba     6.43 

CV1(%)       6.39      9.48       3.76        0.95  

P  1.10 Aa 0.96 Bb     1.01 ABb        1.13 Aab     5.66 

I C-FAH/C-FAF 0.94 Aa 1.04 Aa  0.96 Ab        1.04 Ab     6.65 

B  1.01 Ba    1.08 ABa 1.23 Aa        1.23 Aa     6.45 

CV1 (%)       8.82      3.17      5.53        6.32  

P  0.63 Aa 0.52 Ba 0.45 Ca  0.45 Ca     6.06 

I C-EA/C-HUM 0.59 Aa 0.54 Aa 0.38 Cb 0.47Ba     4.35 

B  0.52 Ab 0.46 Bb 0.40 Cb  0.46 Ba     4.08 

CV1 (%)       5.57      6.40      4.11        3.32  

 1 



CHARACTERIZATION OF BIOGENIC, INTERMEDIATE AND PHYSICOGENIC SOIL AGGREGATES OF AREAS IN THE 
BRAZILIAN ATLANTIC FOREST 

 

J. C. F. FERNANDES et al. 

Rev. Caatinga, Mossoró, v. 30, n. 1, p. 59 – 67, jan. – mar., 2017 64 

associated with more stable organic material. 

The SFIS and MMP areas had the lowest 

values of C-AE/C-HUM, denoting a greater 

preservation of the organic material, which results in 

a higher proportion of stable fractions and greater 

structural stability, i.e., a more advanced 

humification stage. 

C-HUM content (17.03 g kg-1) was greater in 

the SFIS area, confirming the values of the C-HUM/

C-EA (2.51), and smaller in the MMP area                 

(13.95 g kg-1). However, the contribution of the 

carbon in the humin fraction compared to TOC 

(Figure 2) for the MMP area (68.79%) had similar 

percentages to those found in the SFIS area 

(68.84%), with higher percentages for biogenic 

aggregates in the SFAS area (70.80%). This result 

denotes favorable conditions to microbial activity 

(temperature, moisture, aeration and nutrient 

availability), mineralization processes and humus 

synthesis, since those are predominantly from 

microbial origins (LONGO; ESPÍNDOLA, 2000). 

Figure 2. Relative distribution (%) of humin fractions (HUM), humic acid (HA) and fulvic acid (FA) in relation to the total 

organic carbon (TOC) in the aggregate classes physicogenic, intermediate and biogenic in Secondary Forest Initial Stage 

(SFIS), Secondary Forest Medium Stage (SFMS), Secondary Forest Advanced Stage (SFAS) and Managed Mixed Pasture 

(MMP). 

Earthworms have a direct effect on 

biogeochemical cycling through the rearrangement 

of soil particles, changing the pore distribution and 

size, and act in soil fragmentation and incorporation 

of plant debris, increasing the availability of 

resources for microorganisms (JOUQUET et al., 

2006), positively affecting the ecology of 

humification, as observed by the highest C-HUM 

content in aggregates from biological processes. 

The biogenic aggregates had higher C-FAH 

content in the SFMS and SFIS areas and higher 

values of C-FAH/C-FAF. This results may be due to 

the favorable physical and chemical conditions to 

biological activity, increasing the intensity of 

humification process, thus contributing to the 

formation of more condensed alkali-soluble humic 

substances (humic acids) in these aggregates 

(STEVENSON, 1994). 

The lowest values of MWD and GMD (Table 

4) were found in the SFAS area in all aggregate 

classes. The SFIS area stood out among the areas 

evaluated with the highest MWD values related to 

biogenic aggregates and higher DMG values related 

to the intermediate class. 

The results of the SFIS area may be related to 

its recent conversion, due to the abandonment of the 

pasture formerly established, which started the forest 

succession process, having a contribution to the input 

of organic matter from the grass rhizodeposition.  

The aggregate weight (Figure 3) presented a 

pattern similar to that found for the MWD and GMD 

values, with the greatest aggregate weight in class of 

larger diameter. Therefore, the greater the stability in 

water of the 2.00 mm aggregate class, the greater the 

MWD, GMD and aggregate weight. 
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Table 4. Mean weight diameter (MWD) and geometric mean diameter (GMD) (mm) of different aggregate classes (AC) 

and study areas. 

Averages from six replications. Values followed by the same upper case letters in the same line or same lower case 

in the same column do not differ by Bonferroni t test (p<0.05). SFIS = Secondary Forest Initial Stage;                          

SFMS = Secondary Forest Medium Stage; SFAS = Secondary Forest Advanced Stage; and                                           

MMP = Managed Mixed Pasture. CV1: coefficient of variation of morphological classes; CV2: coefficient of 

variation of areas of study. 

The SFAS area had higher weight of smaller 

aggregates, probably due to its longer land use time 

compared to the other areas and its higher SOM 

humification level (seen in lower C-AE/C-HUM), 

which favors the maintenance of stability of stable 

(micro) aggregates, while the root activity benefited 

the formation of macroaggregates in the other areas, 

resulting in a higher (macro) aggregate weight.  

Figure 3. Distribution of water-stable aggregates by size classes in the different sites of study. Values followed by the same 

letter within each class do not differ significantly by Bonferroni t test at 5% (p<0.05). 

CA  Study areas  

  SFAS SFMS SFIS MMP CV2 (%) 

Physicogenic MWD 4.12 Bb 4.87 Aa 4.99 Aa 4.82 Aa 2.01 

Intermediate 
 

4.39 Ba 4.91 Aa 4.95 Aa 4.85 Aa 2.00 

Biogenic 4.42 Ca 4.89 Ba 4.96 Aa 4.85 Ba 0.79 

CV1(%)     2.85       1.30      0.41      0.63  

Physicogenic GMD 3.13 Cb   4.59 ABa 4.84 Aa 4.32 Ba 4.86 

Intermediate 
 

3.59 Ca 4.56 Ba 4.84 Aa 4.39 Ba 2.53 

Biogenic 3.67 Ca    4.58 ABa 4.81 Aa 4.47 Ba 2.81 

CV1(%)     5.16        4.80     0.62     2.16  

 1 
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The morphological classes presented 

statistical difference only in the SFAS area, in which 

the biogenic class presented the highest MWD and 

GMD values, confirming the C-HUM values            

(Table 2), although it did not statistically deferred 

from the intermediate class. According Oyedele et al. 

(2006), the process soil and organic waste intake by 

earthworms leads to the formation of coprolites, 

biogenic aggregates which are stable and resistant to 

soil cycles of wetting and drying.  

Silva Neto et al. (2010) compared physical 

and chemical attributes of pedogenetic and biogenic 

(coprolites) aggregates of different soil classes of 

state of Paraiba, and found higher MWD values in 

biogenic aggregates in all soil classes. They 

attributed this result to the higher proportions of 

clay, cations and organic matter of coprolites, which 

favors more intense interactions compared to 

pedogenic aggregates (physicogenic). 

 

 

CONCLUSIONS  
 

SFIS and SFMS areas have higher values of 

TOC for physicogenic aggregates, resulting in higher 

values of MWD and GMD; 

The distribution of aggregates in SFAS areas, 

regarding their stability, evaluated by MWD and 

GMD, have the following pattern:                   

biogenic > physicogenic > intermediaries; 

Biogenic aggregates have higher increase of 

TOC, C-HUM and C-FAH compared to 

physicogenic; 

The significant differences found in the 

physical and chemical attributes evaluated indicate 

that the morphological classification is effective for 

characterize the established formation processes. 
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