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aBstract

improper land use has lead to deterioration and depletion of natural resources, as well 
as a significant decline in agricultural production, due to decreased soil quality. Removal 
of native vegetation to make way for agricultural crops, often managed inadequately, 
results in soil disruption, decreased nutrient availability, and decomposition of soil organic 
matter, making sustainable agricultural production unviable. Thus, the aim of the present 
study was to evaluate the impact of growing irrigated mango (over a 20 year period) on the 
organic carbon (Oc) stocks and on the fractions of soil organic matter (sOM) in relation 
to the native caatinga (xeric shrubland) vegetation in the lower são Francisco valley 
region, Brazil. The study was carried out on the Boa Esperança Farm located in Petrolina, 
Pernambuco, Brazil. In areas under irrigated mango and native caatinga, soil samples were 
collected at the 0-10 and 10-20 cm depths. After preparing the soil samples, we determined 
the Oc stocks, carbon of humic substances (fulvic acid fractions, humic acid fractions, and 
humin fractions), and the light and heavy SOM fractions. Growing irrigated mango resulted 
in higher Oc stocks; higher c stocks in the fulvic acid, humic acid, and humin fractions; 
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intrOductiOn

Growing of mango (Mangifera indica) under 
irrigated conditions in the Lower São Francisco River 
Valley has intensified in the past years. The region 
represented mainly by the states of Pernambuco 
and Bahia is responsible for around 93 % of the 
production and 84 % of Brazilian exports of mango 
(Agrianual, 2010). The Brazilian semiarid region is 
characterized by low rainfall, high evapotranspiration 
and temperature, and low biomass production 
(Araújo Filho, 2002). In this region, inadequate soil 
management may contribute to reduction in the 
stocks of soil organic matter (SOM).

As a fundamental component for maintenance 
of soil quality, SOM is involved in diverse physical, 
chemical, and biological processes. Since it is 
very sensitive to soil management practices, 
SOM undergoes imbalances in its supply and 
changes in decomposition rates, which may affect 
the productivity of agroecosystems (Roscoe and 
Machado, 2002). Although a productive soil is 
composed of less than 5 % SOM, SOM determines 
crop yield through its influence on the chemical 
and physical properties of the soil (UENF, 2013). 
The SOM and its different compartments supply 
nutrients to plants, structure the soil, and control 
the flow of water and gases between the Earth’s 
surface and the atmosphere (Gama-Rodrigues et al., 

2005). In longer cycle crops, such as mango, SOM 
is closely related to sustainability of production 
(Mendham et al., 2004).

The substitution of native forest for agriculture 
may lead to a reduction in soil C stocks, primarily in 
response to acceleration in the rate of decomposition 
caused by soil tillage, greater aeration, and physical 
exposure of SOM to decomposing microorganisms 
(Carneiro et al., 2009). In a study undertaken in the 
municipality of Paraipaba, CE, Brazil, in an area of 
hypoxerophytic schrubland (Caatinga hipoxerófila) 
with banana, cashew, guava, mango, soursop, and 
sapodilla, Bernardi et al. (2007) observed that the 
change from caatinga (xeric shrubland) to different 
types of use changed the organic carbon (OC) stocks. 
After six years of cultivation, the soils under guava, 
banana, cashew, and mango showed declines of 
12-24 % in OC stocks in the layer from 0-40 cm when 
compared to caatinga. The soils under soursop and 
sapotilla showed a 5 and 9 % decline in the OC stock 
in relation to caatinga. Soil tillage leads to degradation 
of organic matter and causes losses in OC, in spite of 
the annual deposit of organic residues from the fruit 
orchards (Bernardi et al., 2007). Evaluating the impact 
of banana and citrus orchards in relation to native 
vegetation (remaining from the Atlantic Forest) in the 
Plateau of Neópolis, Sergipe, Brazil, Guimarães et al., 
(2014) observed that an irrigated banana plantation 
resulted in a 14 % increase in the OC content in the 

and higher c stocks in the heavy and light sOM fraction in comparison to native caatinga, 
especially in the uppermost soil layer.

Keywords: Mangifera indica, organic carbon, humic substances, heavy fraction, semiarid 
region.

resuMO: Frações da Matéria OrgâniCa eM uM neOssOlO QuartzarêniCO, 
sOb CultivO de Mangueira irrigada nO vale dO subMédiO 
sãO FranCisCO

A utilização inadequada das terras tem ocasionado deterioração e esgotamento dos recursos 
naturais existentes, além da queda significativa da produção agrícola, em razão da piora da qualidade 
do solo. A remoção da vegetação natural para dar lugar a cultivos agrícolas muitas vezes manejados 
de forma inadequada resulta na desestruturação do solo, diminuição da disponibilidade de nutrientes 
e decomposição da matéria orgânica do solo, inviabilizando a sustentabilidade da produção agrícola. 
Assim, este estudo teve por objetivo avaliar o impacto do cultivo de mangueira irrigada (20 anos de 
idade) no estoque de carbono orgânico (CO) e nas frações da matéria orgânica do solo (MOS), em relação 
à caatinga nativa na região do Vale do Submédio São Francisco. O estudo foi realizado na Fazenda Boa 
Esperança localizada em Petrolina, PE. Nas áreas sob mangueira irrigada e caatinga nativa, foram 
coletadas amostras de solo nas camadas de 0-10 e 10-20 cm. Após a coleta e o preparo das amostras de 
solo, foram determinados os estoques de CO, C das substâncias húmicas (fração ácidos fúlvicos, ácidos 
húmicos e humina) e frações leve e pesada da MOS. O cultivo de mangueira irrigada promoveu maiores 
estoques de CO, C das frações ácidos fúlvicos, ácidos húmicos e humina, C da fração pesada e matéria 
orgânica leve, quando comparado à caatinga nativa, principalmente na camada mais superficial do solo.

Keywords: Mangifera indica, carbono orgânico, substâncias húmicas, fração pesada, semiárido.
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0-10 cm layer when compared to native vegetation. In 
contrast, in an irrigated citrus orchard, there was a 
reduction in OC content of approximately 38 % in the 
same layer. Differences in OC stocks were explained 
by the amount of organic residues deposited on the soil 
surface and by the plant canopies, which were greater 
in the area under banana.

Many studies have evaluated the SOM dynamic 
under annual crops in regions with high rainfall 
(Freixo et al., 2002; Carneiro et al., 2009). Nevertheless, 
little is known in respect to SOM stocks and their 
dynamic in sandy soils under irrigated orchards in 
semiarid regions. Fruit orchards, such as mango, 
in irrigated areas have represented a profitable 
alternative for farmers in this region, where research 
information in regard to C stocks of the diverse 
SOM fractions is scarce, indicating the need for 
more studies. In a system with an adequate level 
of technology and with a high density of irrigated 
mango growing, such as the São Francisco River 
Valley, irrigation, fertilization, pruning, and weed 
control with a view toward adequate production 
constitute management practices performed in each 
crop production cycle, which result in deposit and 
maintenance of large amounts of plant residues on 
the soil surface, and this may increase the SOM 
stocks (Franzluebbers et al., 2007).

Considering that SOM is formed of different 
compartments with different cycling times and 
that the most stable SOM compartments (humic 
substances) are quantitatively dominant under 
tropical conditions, direct determination of losses and 
gains of SOM through change in usage might not be 
easily perceived. Consequently, fractionation of SOM 
may be an important tool for detecting changes in 
the SOM stocks in the short term and for directing 
research with a focus on studying SOM (Benites et al., 
2010). In a study carried out in the Plateau of 
Neópolis, SE, evaluating the impact of eight years 
of banana and citrus orchards on the soil organic 
matter fractions in relation to the Atlantic Forest, 
Guimarães et al., (2014) did not observe a difference 
in the OC content in the 10-30 cm depth layer when 
comparing the banana plantation to native forest. 
In contrast, in this same layer, particulate organic 
matter was 29 % greater in the soil under native 
forest when compared to the banana orchard, and this 
fraction may be used as an indicator of soil quality. A 
greater amount of particulate organic matter in the 
soil under native forest was explained as being due 
to greater root systems and deposit of root exudates 
under native vegetation.

Although growing of irrigated mango is of great 
socio-economic importance in the Lower São Francisco 
River Valley region, little is known about the impact 
of this activity on the C stocks of the SOM fractions. 
In this context, the aim of the present study was 
to evaluate the impact of growing irrigated mango 
on the organic carbon (OC) stocks, the C in humic 

substances, and the C of the heavy fraction and light 
fraction of SOM in comparison to the native caatinga 
in the Lower São Francisco Valley region.

Material and MethOds

The present study was carried out on the Boa 
Esperança Farm, located in the municipality of 
Petrolina, PE, Brazil. The area of study is located 
at the geographic coordinates of latitude 9° 19’ 55.8’’ 
S and longitude 40º 26’ 54.2’’ W, where the soil was 
classified as Neossolo Quartzarênico órtico típico 
(Quartzipsamment) (Santos et al., 2013). Climate 
in the region is BSwh (semiarid) according to the 
Köppen climate classification, with a low rainfall 
index throughout the year (400 to 800 mm). It has 
a mean annual temperature of 26.3 °C, relative air 
humidity of around 71 %, 2,774 sunlight hours, mean 
annual evapotranspiration of 7.5 mm/day, and wind 
speed of 19.7 km/h.

Soil samples were collected in November 2012 
in two areas of the Boa Esperança Farm, one with 
irrigated mango (20 years of growth) and another 
with native forest (hypoxerophytic schrubland), 
located approximately 150 m from one another and 
under the same soil classification. It was assumed 
that 20 years of growing irrigated mango would 
allow verification of its effect on C stocks of the SOM 
fractions in relation to native forest. Prior to the 
irrigated mango plantation, the area was occupied 
by native caatinga up to the middle of 1993. After 
removal of the caatinga, the soil was tilled (plowed 
and disked) for planting mango. The soil pH was then 
amended through application of dolomitic limestone 
to raise pH to 5.5-6.0 using the base saturation 
method (Alvarez V and Ribeiro, 1999). In addition 
to soil amendment at the time of planting, soil pH 
was amended annually after each production cycle, 
when necessary. Mango (Tommy Atkins) was planted 
at a spacing of 5.0 × 10.0 m, with the addition of 
cattle manure (20 L plant/hill) and fertilization 
at planting (P, K, S) according to soil analysis. In 
addition, fertilization for fruit production is carried 
out annually (650 g/pl of Ca(NO3)2, 800 g/pl of KCl, 
450 g/pl of MgSO4, and 50 g/pl of H3BO3) to meet 
the nutritional requirements of the crop (expected 
yield>30 t/ha), according to the recommendations of 
Silva et al. (2002). In addition, 20 L/pl of goat manure 
is added annually in the plant row (under the canopy). 
The irrigation system used is localized (microspray), 
seeking to meet the water requirements of the 
plant. Flowering of the mango is always induced 
by application of calcium nitrate and potassium 
nitrate (Albuquerque et al., 2002). The plant row 
and between the plant row were always kept free 
of weeds through manual and mechanical weeding. 
After harvest, the plants are pruned annually, leaving 
the organic residue in the plant row.
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The present study is composed of two treatments 
(irrigated mango and native caatinga), with 10 
replications (10 georeferenced points). In the areas 
under irrigated mango and caatinga, soil samples 
were collected in the 0-10 and 10-20 cm depth soil 
layers. It should be noted that in the area under 
irrigated mango, soil samples were collected in the 
plant row (under the canopy of the mango); and, in 
the caatinga area, a subsample was collected at a 
georeferenced point and two others in a radius of 1 
m from that point (Figure 1). Three samples were 
collected from each depth to obtain a compound 
sample for each georeferenced point. The soil samples 
were air dried, broken up, homogenized, and passed 
through a sieve with a 2.0 mm screen. Undisturbed soil 
samples were also collected (with soil sample rings) 
in the aforementioned soil layers for determination of 
soil bulk density (Bd) by the core method, following 
procedures from Claessen et al. (1997).

The TFSA samples were ground up and passed 
through a sieve with a 100 mesh (0.149 mm) for 
determination of organic C (OC) by the wet oxidation 
method, with external heating (Yeomans and 
Bremner, 1988).

Fractionation of humic substances was carried 
out according to the method suggested by the 
International Humic Substances Society (Swift, 
1996) adapted by Benites et al. (2003). From this 
fractionation, we obtained the fulvic acid fraction 
(FAF), humic acid fraction (HAF), and humin 
fraction (HF), based on the solubility in acid or 
alkaline solutions. The C content in each humic 
fraction was determined by the wet oxidation 
method with external heating (Yeomans and 
Bremner, 1988). The CHAF/CFAF, CHF/(CFAF+CHAF), 
and CFAF+CHAF+CHF/CTotal ratios were calculated 
(Labrador-Moreno, 1996).

In the TFSA samples, physical fractionation of the 
SOM was also carried out, according to the method 
proposed by Demolinari et al. (2008). Concisely, the 
method consisted of shaking 15 g of TFSA with 30 
mL of distilled water in centrifuge tubes for 16 h in 
a vertical shaker, without making use of a chemical 
dispersant. After that, the samples were centrifuged 

at 630 g for 15 min and the supernatant was passed 
through a sieve with 100 mesh (0.149 mm) for 
collection of the light organic matter fraction (LF). 
As the procedure adopted involves breakup of the 
aggregates through continuous shaking, before 
separation, the isolated LF is constituted by the 
inter- and intra-aggregate compartment (Sohi et al., 
2001). The organic matter associated with the soil 
mineral components and that settled to the bottom 
of the centrifuge tube was considered the heavy 
fraction (WF). After separation, the LF was dried in 
a laboratory oven at 72 °C for 72 h and then weighed. 
The organic C contents of the WF were determined by 
wet oxidation with external heating, according to the 
procedure proposed by Yeomans and Bremner (1988).

The C stocks in the SOM fractions were calculated 
considering the equivalent soil layer concept 
(Bayer et al., 2000). To do so, the C stocks of the soil 
under the mango tree were calculated for each layer, 
multiplying the results by the factor obtained by 
division of the soil Bd of the caatinga by the Bd under 
the mango tree. This factor was applied only to the C 
data in the soil under the mango. The C stocks at each 
soil depth were calculated by the use of the following 
formula: C stock (t/ha) = C content (g/kg) × Bd × e/10, 
in which Bd: soil bulk density at the depth (kg/dm3) 
and e: thickness of the soil layer (cm).

After obtaining the data, descriptive analyses 
were carried out to obtain estimates of variance and 
application of the Student t test (α = 5 %) for the 
purpose of comparison of the mean values of the OC 
stocks of the soils under irrigated mango and native 
caatinga. It should be noted that the results of the 
analyses of soil OC did not take variation in depth 
in the treatments into account, but rather variation 
between the treatments in each soil layer evaluated. 
All the statistical analyses were carried out with 
the statistical program Sisvar 5.1 (Ferreira, 2007).

results and discussiOn

Organic carbon stocks
The organic carbon (OC) stocks shown in the 

present study ranged from 3.8 t/ha (native caatinga, 
10-20 cm depth) to 12.2 t/ha (irrigated mango, 
0-10 cm depth) (Figure 2). The OC contents in 
the soil had a greater impact on variation of the 
stocks than bulk density, which had little variation 
(irrigated mango: 1.58 and 1.56 kg/dm3, and native 
caatinga: 1.6 and 1.65 kg/dm3 in the layers from 
0-10 and 10-20 cm depth, respectively). The OC 
contents ranged from 2.29 g/kg (native caatinga, 
10-20 cm depth) to 7.47 g/kg (irrigated mango, 
0-10 cm depth), which were below the mean values 
(4.50-29.00 g/kg) found by Silva (2012) in an 
Argissolo Amarelo latossólico (Ultisol) of medium 

Figure 1. Sketch of collection of simple soil samples 
under the mango canopy and in the area of 
native caatinga.

Mango canopy  

 
Caatinga  area 

Georeferenced point

Simple sample

1 m

1 m



R. Bras. Ci. Solo, 39:1068-1078, 2015

1072 José Alberto Ferreira Cardoso et al.

to clayey texture under irrigated mango and native 
caatinga in the region of Petrolina, PE, Brazil. 
The low clay content (2.51 dag/kg) of the Neossolo 
Quartzarênico (Quartzipsamment) provides less 
physical and/or colloidal protection to soil OC due 
to lack of formation of clay-organic complexes, 
resulting in low OC stocks (Tan et al., 2004). In 
physical protection (structural), OC is retained 
within the aggregates (especially microaggregates) 
of the soil, whereas in colloidal protection, there is 
close association of the organic matter functional 
groups with soil colloids (Caravaca et al., 2004). In 
the soil, soil organic matter is essential for water 
retention and nutrient supply, and it also affects 
soil physical properties (Cunha et al., 2005). Thus, 
due to this strong relationship of organic matter 
with other soil properties of different textures, it 
is important to use management techniques that 
maintain or increase soil organic matter content 
(Grigal and Vance, 2000).

Intervention in native vegetation for establishing 
agricultural crops may lead to a decline in soil OC 
due to an increase in the erosion process, acceleration 
of decomposition, reduction in the contribution 
of plant material, or differences in the quality of 
the residues (Bayer and Mielniczuk, 2008). The 
increases observed may occur due to plant growth or 
to management practices (Lugo and Brown, 1993). 
Various factors affect the magnitude and the speed 
with which these changes occur, including the type of 
soil use, type of soil, climate, and original vegetation 
(Post and Kwon, 2000).

The effect of the change of the type of land 
use led to a significant difference (p<0.05) in the 
OC stock in the 0-10 cm soil layer when irrigated 
mango was compared to native caatinga (Figure 2). 
The soil under irrigated mango had an OC stock of 

12.22 t/ha, whereas the soil under native caatinga 
had 7.92 t/ha of OC, an increase of 54.29 % in the 
OC stock in irrigated mango. The high OC stock in 
the soil under irrigated mango was the result of the 
accumulation of organic residues on the soil surface 
coming from the mango trees, as visually observed 
in the area of study, and this was a C source for 
the soil (Costa et al., 2009). In addition, 20 L/pl of 
goat manure is applied on an annual basis in the 
plant row (under the tree canopy). In contrast, a 
significant difference (p<0.05) was not observed in 
the OC stock in the 10-20 cm depth layer. This is 
due to the fact that accumulation of soil OC occurs 
mainly in the uppermost soil layer, and is reduced 
in deeper layers of the soil profile (Bernard et al., 
2007). A similar result was obtained by Coringa et al. 
(2010), who determined the OC stocks in Neossolo 
Quartzarênico (Quartzipsamment) under different 
plant covers. They observed that the OC stocks 
were inversely proportional to the depth evaluated. 
In a study carried out in Sergipe, Brazil, evaluating 
the impact of eight years of banana growing on the 
SOM of an Argissolo (Ultisol) in relation to native 
forest, Guimarães et al. (2014) observed that growing 
irrigated banana resulted in a 14 % increase in 
the OC content. The greater OC contents found in 
the area of the banana plantation compared to the 
native forest area arise from the incorporation of crop 
residues (leaves and pseudostem) and of the plant 
material cleared off the area itself, together with the 
contribution of plant matter from herbaceous species.

carbon stocks in the humic substances
The soil under irrigated mango showed greater C 

stocks in the fulvic acid fraction - FAF (1.32 t/ha), humic 
acid fraction - HAF (1.82 t/ha), humin fraction - HF 
(9.64 t/ha), and humic substances - HS (12.79 t/ha) 
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when compared to the soil under native caatinga 
(FAF = 1.16 t/ha, HAF = 1.50 t/ha, HF = 6.09 t/ha, 
HS = 8.75 t/ha) in the 0-10 cm depth layer (Figure 3). 
Similar behavior was observed for FAF, HAF, and 
HS in the 10-20 cm depth layer. Therefore, the 
deposit of organic residues over 20 years of mango 

growing favored an increase in C stocks in the humic 
substances in the soil. In irrigated mango areas, such 
as the São Francisco Valley region, especially in soils 
with low nutrient contents, fertilization for restoring 
the nutrients extracted by harvest may lead to an 
increase in primary productivity, such that greater 
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caatinga. Columns designated by the same letter do not differ by the Student t test (α = 5 %). The 
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quantities of plant matter may return to the soil and 
increase the C stocks of the humic fractions. Although 
experimental results are scarce for irrigated mango, 
analyzing information from various experiments, 
Johnson and Curtis (2001) observed that, in general, 
perennial crops (planted forests) with application of 
fertilizers showed greater contents of organic C in 
the soil.

Evaluating the impact of growing irrigated 
mango in comparison to native caatinga on medium 
texture/clayey Argissolo Amarelo (Ultisol) in 
Petrolina, PE, Silva (2012) observed that annual 
application of organic compounds (goat manure) in 
the area of irrigated mango resulted in an increase 
in the C contents of the humic fractions of soil 
organic matter when compared to native caatinga. 
Considerable water restriction, characteristic of 
semiarid environments under native caatinga 
vegetation, results in low plant biomass production, 
which results in reduction of organic residue 
input in the soil (Marin et al., 2006). In contrast, 
in irrigated mango orchards, this restriction does 
not occur, given that production of plant residue 
by high yielding mango is high. Thus, the input 
of organic matter (leaves, roots, plant material 
from pruning) in the soil over 20 years occurs with 
greater frequency and in a greater amount, favoring 
an increase in the stocks of organic matter in the 
soil, even in quite sandy soils, such as Neossolo 
Quartzarênico (Quartzipsamment).

After interference in native vegetation and a 
change in residue deposition in an ecosystem in a 
state of balance, there is the need for a new period 
of constant management practices so that soil 
organic matter attains a new point of stabilization. 
Under these new conditions of equilibrium, the 
stocks of organic matter may be less than, equal to, 
or greater than the stocks before the disturbance. 
This is a characteristic that depends on the type of 
soil, vegetation, and management practices (Swift, 
2001). In a study carried out in soils planted to 
fruit-bearing plants, sugarcane, and vegetables 
in irrigated areas of Petrolina, PE, and Juazeiro, 
BA, Faria et al. (2007) found that the growing of 
vegetables, which are annual crops, contribute to 
reduction in OC contents in the soil, whereas the 
fruit-bearing plants and sugarcane contribute to 
increasing them, due to the input of organic residues 
provided by the management system for these crops.

In a system with an adequate technological 
level and a high planting density of irrigated 
mango, such as in the São Francisco Valley region, 
pruning, for the purpose of adequate production, 
constitutes a management practice carried out in 
each crop production cycle, resulting in deposition 
and maintenance of plant residues on the soil 
surface, contributing to an increase in the stocks of 
soil organic matter (Franzluebbers et al., 2007). In 
addition to the nutritional aspect, the maintenance 

of plant residues after pruning protects the soil from 
direct impact of raindrops, reducing the erosion 
process (Martins, 2005), avoiding erosion of the soil 
surface layer. Furthermore, the maintenance of plant 
residues increases soil moisture content and favors 
the supply of nutrients through mineralization of 
C-residues over time (Gonçalves, 2002). However, 
Caravaca et al. (2004), in a study carried out in 
Spain, observed that the soil under native forest 
showed a greater stock of C in the FAF and HAF 
in comparison to the soil under annual agricultural 
cropping. Production of annual crops with frequent 
soil turnover contributed to lower stocks of C in the 
humic fractions of the soil organic matter in relation 
to native vegetation.

According to Bayer and Mielniczuk (2008), under 
natural vegetation, soil organic matter remains 
stable. When subjected to agricultural use, there 
may be a sharp reduction in organic matter content, 
especially when tillage methods with intense soil 
turnover are used (exposing the soil organic matter to 
microbial action) and crop systems with low addition 
of crop residues. Reduction in soil organic matter has 
a negative effect on soil quality, and results in effects 
on nutrient cycling, lower activity of the biota, and 
less aggregate stability (Dantas et al., 2012). Areas 
under irrigated mango orchards are occupied by 
perennial crops without frequent soil turnover. Thus, 
they show higher OC and C stocks in the soil organic 
matter fractions. The absence of soil turnover in 
irrigated mango areas results in greater physical and 
chemical protection of the soil organic matter against 
microbial decomposition (Silva and Mendonça, 2007).

Carbon stocks in the humic fractions of the soil 
followed the decreasing order of HF>HAF>FAF 
(Figure 3). Similar results were observed by 
Piccolo (2002), who affirms that the C stock in 
the HAF is normally greater than the C stock in 
the FAF. In a study carried out in native cerrado 
(Brazilian tropical savanna), with conventional 
tillage and no-tillage in the southwest of Piaui in a 
Latossolo Amarelo distrófico (Oxisol), Campos et al. 
(2013) also observed that the C stock of the HF 
was predominant in relation to the C stock of the 
other humic fractions in the 0-5 cm layer. The 
FAF normally has great mobility in the soil profile 
(Silva and Mendonça, 2007), especially in a very 
sandy soil (clay content = 2.51 dag/kg), such as 
Neossolo Quartzarênico (Quartzipsamment). In 
addition, the HF has the greatest humus content of 
the SOM, contributing to greater soil stabilization 
(biochemical protection) (Cunha et al., 2007). 
Evaluating the labile and recalcitrant fractions 
of soil organic matter in the 0-30 cm soil layer in 
a Latossolo Vermelho distróferrico (Oxisol) in an 
integrated crop-livestock system in Maracaju, MS, 
Brazil, Silva et al. (2011) observed that the HF was 
the most recalcitrant fraction of the soil organic 
matter, in comparison to HAF and FAF, regardless 
of the management systems and depths analyzed.
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The predominance of the HF in relation to the HAF 
and FAF corroborate the data obtained by Cunha et al. 
(2005), who analyzed the humic fractions of the soil 
organic matter of diverse soil types in Brazil. The HF 
of the soil organic matter is closely associated with 
the soil mineral fraction. The most probable means of 
formation of this fraction is through inheritance, which 
describes direct evolution of the lignified insoluble 
compounds present in the scarcely transformed 
organic matter and which essentially constitutes the 
inherited humin or residual humin (Duchaufour, 
1977). Evaluating the HS composition of the soils of 
the Amazon, Lima (2001) observed the predominance 
of the HAF and HF, with a lesser contribution of the 
more soluble and mobile fractions (FAF). According to 
the author, this may be related to the intense humus 
formation and rapid mineralization of the organic 
matter. In addition, the accumulation of soil organic 
matter may contribute to an increase in the humic acid 
stocks through a process of inheritance of compounds 
of fresh organic matter, in a way similar to that which 
would occur to inherited humin, especially lignin 
(Stevenson, 1994).

In studies involving humic substances, the 
CHAF/CFAF ratio may be considered an index of 
humus formation of the organic matter present in 
the soil (Souza and Melo, 2000), such that values 
greater than one indicate the predominance of 
polymerization of the organic matter. Differences 
were not observed in the CHAF/CFAF ratio between 
the soils under irrigated mango and native caatinga 
in the 0-10 and 10-20 cm depth layers (Table 1). 
Nevertheless, numerically, all the values in reference 
to the CHAF/CFAF ratio were greater than 1.0, which 
indicates that the environmental conditions of the 
region and the management of the area with irrigated 
mango favored humus formation, creating and 
accumulating HAF to the detriment of FAF in the 
soil profile, corroborating information from Ortega 
(1983). According to Orlov (1998), increase in the C 
stocks of HAF may be an indicator of improvement 
in the quality of the soil humus or of the increase 
in biological activity, which promotes the synthesis 
of more condensed humic substances. Similar 

results were observed by Ebeling et al. (2013); upon 
evaluating the C stock in humic fractions of diverse 
samples of Organossolo (Histosol) from different 
regions of Brazil, they observed that the values of the 
CHAF/CFAF ratio were greater than 1 and concluded 
that the environmental conditions favored the 
stabilization of C in the HAF. In contrast, Leite et al. 
(2003) observed that the CHAF/CFAF ratio was greater 
in the soil under native vegetation than in the soil 
under agricultural production systems, explaining 
that in natural forests, without disturbance of the soil, 
there is greater polymerization of humic compounds, 
increasing the proportion of the HAF in relation to 
the FAF. Cunha et al. (2007) also found values of 
HAF greater than FAF in Amazon forest soils. In 
the semiarid conditions under irrigated mango, the 
climatic factors, associated with the quality of the 
plant residue deposited, as well as the absence of 
frequent soil turnover, may have contributed to the 
process of humus formation of the soil organic matter, 
resulting in similar values for the CHAF/CFAF ratio in 
the irrigated mango and native caatinga.

The CHF/(CFAF+CHAF) ratio indicates the direction 
of equilibrium of direct transformation between 
the humic fractions (Pizauro Junior and Melo, 
1995), such that values greater than one indicate 
polymerization of organic matter in the direction of 
fulvic acids to humins. The soil growing irrigated 
mango showed a greater value of the CHF/(CFAF+CHAF) 
ratio (3.09) compared to the soil under native 
caatinga (2.29) in the 0-10 cm depth layer (Table 1), 
which indicates greater structural stability of soil 
organic matter under irrigated mango in this layer 
(Labrador-Moreno, 2002). In contrast, for the 
10-20 cm depth layer, no difference was observed in 
the CHF/(CFAF+CHAF) ratio between the treatments 
evaluated. Thus, the effects of change in the type of 
land use from native caatinga to irrigated mango in 
regard to the structural stability of the soil organic 
matter were restricted to the uppermost soil layer. 
This result confirms that 20 years of accumulation 
of organic residues coming from irrigated mango, in 
general, favored a greater proportion of components of 
greater molecular weight in the uppermost soil layer, 

Table 1. Values of the ratios ChaF/cFaF, chF/(cFaF+chaF), and cFaF+chaF+chF/ctotal in the 0-10 and 10-20 cm 
soil layers under irrigated mango and native caatinga

treatment chaF/cFaF chF/(cFaF+chaF) cFaF+chaF+chF/ctotal

%
 

0-10 cm
Caatinga 1.31 a 2.29 b 110.35 a
Mango 1.41 a 3.09 a 105.02 a

10-20 cm
Caatinga 1.24 a 1.91 a 102.94 a
Mango 1.27 a 1.72 a  98.78 a

CFAF: Carbon of the fulvic acid fraction; CHAF: Carbon of the humic acid fraction; CHF: Carbon of the humin fraction. In the columns, 
values followed by the same letter do not differ among themselves by the Student t test (α = 5 %).
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which confirms the presence of organic matter of 
greater stability. Among the humic fractions, humin 
is the fraction with the most complex molecular 
structure and with molar mass greater than those of 
humic and fulvic acids (Silva and Mendonça, 2007).

Significant differences were not found in the 
values of the CFAF+CHAF+CHF/CTotal ratio between 
irrigated mango and native caatinga (Table 1). 
This ratio provides information about the degree 
of humus formation of the soil organic matter. The 
values of the CFAF+CHAF+CHF/CTotal ratio ranged 
from 98.78-110.35 %. Benites et al. (2003) reports 
that the range of variation may be from 98-105 %.

light fraction and heavy fraction carbon of 
the soil organic matter

The stock of the light fraction (LF) of the soil 
organic matter was greater in the soil under 
irrigated mango (LF = 2.01 t/ha) in the first 10 cm of 
depth as compared to the soil under native caatinga 
(LF = 0.66 t/ha), but no difference was observed 
in the 10-20 cm depth layer (Figure 4). The LF 
of the soil organic matter is basically composed 
of partially decomposed plant residue, and it is 
strongly influenced by the quantity and quality of 
residue deposited on the soil (Six et al., 2002). Thus, 
the increase in LF, especially in the uppermost layer 

in the soil under irrigated mango in comparison 
to native caatinga, reflects the greater deposition 
of residues that occurs on the soil surface. This 
increase in the C-LF in relation to native vegetation 
is important because, although its stock is normally 
less than other more stable fractions of SOM, it 
constitutes a compartment with rapid cycling that 
may favor the soil biota (Silva and Mendonça, 2007). 
This shows that the LF may be used as a sensitive 
indicator to detect changes in the quality of soil with 
different uses and management practices (Wu et al., 
2004), although this greater stock of LF is not always 
seen (Leifeld and Kögel-Knabner, 2005).

The C stock of the heavy fraction (WF) of the soil 
organic matter was also greater in the soil under 
irrigated mango (WF = 8.12 and 7.35 t/ha) compared to 
the soil under native caatinga (6.04 and 3.72 t/ha) for 
the 0-10 and 10-20 cm layers, respectively (Figure 4). 
The WF of the soil organic matter becomes important 
in soil C accumulation since it is more stable in 
response to changes in management practices due to 
its close association with the mineral fraction of the 
soil (Freixo et al., 2002). In a study carried out in the 
region of Machado, MG, Rangel (2006) also observed 
that the area under coffee cultivation provided for an 
increase in the C stock of the WF of soil organic matter 
compared to the native forest area.
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Figure 4. Light fraction (LF) and C stock of the heavy fraction (WF) of soil organic matter in the 0-10 and 

10-20 cm layers of the soil under irrigated mango and native caatinga. Columns designated with the 
same letter do not differ by the Student t test (α = 5 %). The vertical deviation bars represent the 
standard deviation of the mean.
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cOnclusiOns

Growing irrigated mango in an area previously 
occupied by native caatinga led to a greater stock 
of organic carbon, though this effect was restricted 
to the uppermost soil layer evaluated.

Growing of irrigated mango increased the carbon 
stocks of the fulvic acid fraction, humic acid fraction, 
humin fraction, and humic substances as compared 
to native caatinga. A similar behavior was observed 
for the carbon stock of the heavy fraction and for the 
light fraction.

The organic carbon, humic fractions, light 
fraction, and heavy fraction were indicators that 
were sensitive to changes in soil organic matter 
after establishment of irrigated mango growing in 
the Lower São Francisco Valley region.
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