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Changes in tropical land use have profound effects on soil organic matter (SOM) status. It has been
suggested that alterations in the different fractions of SOM are more effective in indicating changes in
soil use than total soil organic matter content. The main objective of this study was to investigate
changes in the content of humic substances in an Ultisol under different land uses, in the northeast
region of Brazil. Soil samples were collected from the 0-10 and 10-30 cm layers, in three agricultural

Keyw_ords:b areas (conventional coconut orchard, integrated coconut orchard, and citrus orchard). A native forest soil
?;{néi:;;t;tances was used as reference. Organic C and total N were determined to characterize the SOM. Humic

substances were chemically fractionated into fulvic acid, humic acid, and humin, based on solubility in
acid and alkali. Significant loss (47.5%) of soil organic matter was observed in the surface layers of the
conventional coconut and citrus orchards, compared to the native forest. There was increased SOM
content in the integrated coconut orchard soil, due to the presence of cover crops as well as management
of crop residues. However, in the subsurface soil of the integrated coconut orchard, cultivation modified
the distribution of the more labile fractions of the soil organic matter, as measured by the ratio between
humic and fulvic acids (>1.0), indicating a substantial loss of fulvic acids. The degree of humification was
in the range 40-97%. The distributions of the soil organic matter fractions varied in the ranges 12-32.5%

Tropical soils

(fulvic acids), 12-34.5% (humic acids), and 40-69.5% (humin).

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Soil organic matter (SOM) plays an important role in maintaining
the productivity of tropical soils because it provides energy and
substrates, and promotes the biological diversity that helps to
maintain soil quality and ecosystem functionality. SOM directly
influences soil quality, due to its effect on soil properties (Wendling
et al., 2010). Once soil is cultivated for agricultural production,
especially in the tropics and the semi-arid regions, SOM is rapidly
decomposed due to modifications in conditions such as aeration,
temperature, and water content (Ashagrie et al., 2007). This can
affect many soil functions that are either directly or indirectly
related to SOM, due to its capacity to retain water and nutrients.
Although the breakdown rate of SOM can be faster in the tropics,
regular inputs of organic amendments can promote a buildup of
SOM (Follett, 2001).

Soils with low natural fertility and reduced water availability
have been brought into production by means of high technology
strategies including irrigation and the intensive use of fertilizers and
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pesticides. These management practices are very common in the
tropics and can contribute to negative changes in soil quality, which
should be investigated and monitored in order to reduce environ-
mental impacts of agricultural activities as well as to promote a more
sustainable use of soils. Due to the complexity of SOM compounds,
the relationship between SOM characteristics and land use is poorly
understood. Hence, knowledge of different pools of SOM should
render the impacts of management practice more measurable.

Soil organic matter labile fractions have been used instead of
total SOM as sensitive indicators of changes in soil quality (Bayer
etal., 2002; Haynes, 2005), due to the many important interactions
of these components in the soil system. Non-humic substances are
labile compounds with relatively rapid turnover in soil, since they
are readily utilized as substrates by soil microorganisms (Schmidt
et al, 2011). Humic substances are more stable organic matter
compounds, which make up a significant portion of the total soil
organic C and N (Lal, 1994; Milori et al., 2002). Humic substances
can improve soil buffering capacity, increase moisture retention,
and supply plants with available micronutrients. Moreover, these
compounds can also bind metals, alleviating both heavy metal
toxicity and metal deficiency in soils (McCarthy, 2001).

Humic substances represent approximately 40-60% of the soil
organic matter, and include three different fractions, defined
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according to different stability under acid hydrolysis and
permanganate oxidation (Paul et al., 2001). Humin (H) is the
insoluble fraction of humic substances; humic acid (HA) is the
fraction that is soluble under alkaline conditions; and fulvic acid
(FA) is the fraction that is soluble under both alkaline and acidic
conditions (Sutton and Sposito, 2005). The chemically reactive and
refractory nature of humic substances contributes to their
persistence in soils (Kiem and Kogel-Knabner, 2003; Rovira and
Vallejo, 2007), as well as to their important role in nutrient flows
through ecological systems, and C emissions to the atmosphere
(Lal, 2006). The relationship between concentrations of humic and
fulvic acids (HA/FA ratio) is indicative of the potential mobility of C
in the soil system. In general, sandy soils present higher ratios due
to the solubility and selective loss of fulvic acids during the
decomposition of SOM. The (HA + FA)/humin ratio indicates the
degree of illuviation of SOM (Benites et al., 2003).

Changes in field management practices can alter the chemical
properties of soil humic substances (Moraes et al., 2011). Spaccini
et al. (2006) reported a progressive decrease in humic substance
concentrations in soils that were converted from forest to arable
farming. Such decrease is commonly attributed to microbial
oxidation of the organic materials previously protected in the soil
aggregates destroyed by cultivation. Most studies report a
reduction in SOM and in its fractions when forest is converted
to other land uses (Navarrete and Tsutsuki, 2008).

In northeast Brazil, the production of tropical fruits occupies a
large area dominated by Ultisols. Management practices and yields
vary among orchards, and soil quality has not been a focus of many
farmers. In this region, there have been few studies that have
addressed the impact of land use change on levels of humic
substances in soils. The objective of this study was therefore to
evaluate SOM characteristics as influenced by land use. The degree
of humification of SOM, together with the contributions of the
different humic substance fractions, was determined using an
operationally defined chemical fractionation method, applied to an
Ultisol cultivated with tropical fruit trees. The same soil type under
native forest was used as a reference.

2. Materials and methods
2.1. Site characterization and experimental design

The work was conducted between August and October 2010 on
irrigated farms in the state of Sergipe, in the northeast of Brazil. The
climate is type BSh, according to the Koppen-Geiger classification
(Peel et al., 2007), with dry summers and rainfall concentrated in
the months of May to September. The mean annual precipitation
and temperature are 1200 mm and 30 °C, respectively. The soil is
an Ultisol (typic Hapludult). Physical and chemical properties of
the soil under different uses are presented in Table 1. Soil texture

Table 1
Physical and chemical characterization of the soils under different land uses.

Land use pH P CEC? Sand Silt  Clay
(mgkg' ) (Cmolckg) (%) (%) (%)
0-10cm
Conventional coconut 6.4 21.0 6.40 764 158 7.78
Integrated coconut 6.5 54.1 104 80.1 124 755
Citrus 6.7 245 5.16 833 10.8 5.87
Native forest 5.0 0.21 5.91 856 10.2 422
10-30cm
Conventional coconut 5.5  4.20 4.27 67.6 233 9.04
Integrated coconut 63 184 7.25 748 16.5 8.66
Citrus 6.5 7.80 3.93 80.1 134 6.51
Native forest 47  0.08 3.30 844 10.1 553

* Mehlich 1 extractable P.
¢ CEC: cation exchange capacity.

was analyzed by the hydrometer method, pH was measured using
a 1:2.5 soil/solution ratio, P was extracted using Mehlich 1
solution, and CEC was calculated by the sum of cations.

The study was carried out according to a fully randomized
factorial design, with four types of land use (conventional coconut
(Cocus nucifera L.) orchard, integrated coconut orchard, citrus
orchard, and native forest) and 2 depths of sampling (0-10 cm and
10-30 cm), with 3 replicates. The conventional coconut orchard
was managed without any conservation practices, using mineral
fertilization (NPK), mechanical and chemical weed control, and
micro-sprinkler irrigation (4.0 mm of water). The integrated
coconut orchard was managed with mineral fertilization and
conservation practices that included organic fertilization (castor
bean cake, cow manure), leguminous cover crops, and mulching.
The main crop residues were dispersed on the soil surface, and
irrigation employed a micro-sprinkler system (4.0 mm of water).
The citrus orchard (Citrus sinensis L. Osbeck) was conventionally
managed, with application of mineral fertilizer and pesticides.
Weeds were controlled using tillage operations, and irrigation was
performed via central pivot (4.0 mm of water). The native
vegetation was a remnant of the Atlantic Forest. The orchards
were implemented in 1998.

Each experimental area was divided into three plots of 100 m?.
In each plot, ten soil samples were randomly collected at each
depth, and mixed to obtain a composite soil sample. The soil
samples were homogenized, and transported in plastic bags to the
laboratory, where they were air dried, sieved through a 2-mm
screen, and stored prior to analysis.

2.2. Chemical fractionation of soil organic matter

The chemical fractionation was carried out following the
method proposed by the International Humic Substances Society
(IHSS) (Hayes et al., 1989) to obtain humin (H), humic acid (HA),
and fulvic acid (FA) fractions, based on the solubility in acid and
alkali. Total soil organic C (TOC) and the C contents of these
fractions were determined according to Yeomans and Bremner
(1988). The relationships HA/FA and (HA+FA)/H were also
calculated. The degree of humification was calculated using the
formula (HA + FA + H)/TOC x 100.

Soil total N was determined by the Kjeldahl method, as
described by Bremner and Mulvaney (1982).

2.3. Statistical analysis

The data were analyzed following complete randomized design
and using subplots. The soil use types and sampling depths were
considered as primary and secondary effects, respectively. The
results were submitted to variance analysis for identification of
relevant effects, and the means were compared using the Tukey
test (P <0.50). All analyses were performed using SISVAR
software, version 5.0 (Fereira, 2003).

3. Results and discussion
3.1. Total soil organic matter and stratification ratio

Total soil organic matter (SOM) concentrations in the 0-10 cm
soil layer differed significantly among land uses (Fig. 1), and
followed the order: integrated coconut > native forest > citrus = -
conventional coconut. Considering the soil of the native forest as a
reference, the integrated coconut orchard showed an increase in
SOM of approximately 37%. On the other hand, in the conventional
coconut and citrus orchards the SOM concentrations were reduced
by almost 40%. This was mainly because the different soil uses and
managements affected the inputs of organic residues. Even within
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Fig. 1. Soil organic matter under different land uses, at different soil depths. Means
followed by the same uppercase letter (for a given soil depth), and lowercase letter
(for a given land use) are not significantly different using Tukey’s test at p < 0.05.

the same land use (as was the case for the two coconut orchards),
SOM concentrations can be very different as a result of different
management practices. In the integrated coconut orchard, the soil
was cultivated using conservation practices that included legumi-
nous cover crop (Pueraria phaseoloides Benth), mulching, and
frequent inputs of organic and inorganic amendments, which also
improved plant biomass production and consequently contributed
to greater amounts of residues added to the soil. These mimicked
natural systems by increasing residue returns and minimizing C
removal, both of which are recognized as important components of
sustainable systems (Lal, 2008). These practices were not applied
in the conventional coconut and citrus orchards. The differences
observed across land uses can also be attributed to differences in
microclimate, vegetation canopy, and litter input (Yao et al.,
2010).In the 10-30cm soil layer, SOM concentrations were
significantly lower than in the 0-10 cm layer, with values in the
order: native forest = integrated coconut > citrus = conventional
coconut. The results obtained here differed from those of Schroth
et al. (2002), who reported no significant difference in C
concentrations below 10 cm depth. Their study showed that the
effect of forest conversion to crops, as a result of agricultural
activities, was largely restricted to the topsoil.Most of the SOM
content was concentrated near the soil surface (0-10cm), as
shown by the stratification ratio, which varied from 2.0 to 3.4
(Fig. 2). Accumulation of SOM at the soil surface was a result of
surface placement of crop residues, together with a lack of soil
disturbance that kept the residues isolated from the rest of the soil
profile. The SOM stratification ratio was greater under integrated
coconut cultivation compared with other land uses. According to
Schnabel et al. (2001), stratification of SOM pools with soil depth is
common in many natural ecosystems, such as forests, as well as in
managed grasslands. Besides surface placement of organic

Stratification ratio of soil organic
[3S)
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Fig. 2. Stratification ratio of soil organic carbon under different land uses.

residues, undisturbed soils offer a suboptimal decomposition
environment, thus causing accumulation of SOM at the soil surface
(Franzluebbers, 2002).

However, care must be taken when evaluating the SOM
stratification ratio as an indicator of soil quality, because a high
stratification ratio does not always reflect good soil quality. High
SOM stratification ratios are expected to indicate relatively
undisturbed soil with good water infiltration capacity, aggregate
stability, microbial activity, and nutrient supply (Franzluebbers,
2002). In the present work, this was as expected for the native
forest soil. However, the conventional coconut and citrus orchard
soils also presented high SOM stratification ratios, but this time as
a result of soil compaction (data not shown), which reduced the
rate of residue decomposition.

3.2. Soil total nitrogen

Soil total nitrogen (TN) is an important component of SOM, and
greatly influences SOM decomposition and humification rates. TN
concentrations varied widely among land uses (from 0.58 to
1.14 g kg~'in the 0-10 cm layer and from 0.29 to 0.55 g kg~ ! in the
10-30 cm layer) (Fig. 3). Total N values were greater at the soil
surface than at depth (Fig. 3). The soil under integrated coconut
cultivation showed best results, presenting 34% more TN than the
native forest soil, probably as a result of good management
practices and application of N as both inorganic and organic
amendments. The presence of leguminous plant species as cover
crops, frequent inputs of organic residue (cow manure and castor
bean cake), and retention of plant residues on the soil surface were
some of the management practices that contributed to higher
levels of soil total N. Under natural conditions, soil TN is controlled
by climate and vegetation. In tropical soils, TN varies from 0.02 to
0.40%, and is mainly (95%) present in organic forms (Stevenson,
1994). The present results were therefore within the normal range
(0.03-0.14%). On the other hand, very low TN concentrations were
observed in the conventional coconut orchard soil. This site was
frequently treated with herbicides to control weeds, and no
residue management was employed. TN concentrations reduced
significantly with soil depth, following the C trend.

3.3. Degree of humification of soil organic matter

The degree of humification of SOM is a measure of the
proportions of humic and non-humic substances. Non-humic
substances are labile compounds with relatively rapid turnover in
soil, and are readily utilized as substrates by soil microorganisms
(Masciandaro and Ceccanti, 1999). Humic substances are more
stable organic compounds that make up a significant portion of the
total organic C and N in soil (Lal, 1994).
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Fig. 3. Soil total nitrogen under different land uses, at different soil depths. Means
followed by the same uppercase letter (for a given soil depth), and lowercase letter
(for a given land use) are not significantly different using Tukey’s test at p < 0.05.
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Fig. 4. Percentages of total humic substances in soils under different uses. Means
followed by the same uppercase letter (for a given soil depth), and lowercase letter
(for a given land use) are not significantly different using Tukey’s test at p < 0.05.

Soils from the different land uses presented varied degrees of
humification (from 23.0 to 86.3%) (Fig. 4). Mean values followed
the order: citrus (57.4%) > conventional coconut (51.2%) > native
forest (46.0%) > integrated coconut (43.8%). Soils from the native
forest and the integrated coconut orchard presented a lower
degree of humification when compared with the other land uses.
This suggests that there was a greater content of non-humic
substances, probably due to non-decayed inputs. Even though
these two land uses were very distinct, as far as inputs and
decomposition of organic residues and microclimate are con-
cerned, good soil quality is favored by the input of large amounts of
organic residues, which contributes to improved soil physical,
chemical, and biological properties (Denef et al., 2007). Consider-
ing that the total SOM content was greater in soil under native
forest and in soil cultivated with coconut using the integrated
management system, it can be concluded that non-humic
substances comprised most of the SOM in these two areas. This
labile fraction of SOM may be physically protected within soil
aggregates (Milori et al., 2002), and account for the major part of
soil C. In addition, the integrated coconut orchard soil was kept
constantly protected with cover crops, grass, and organic residue
amendments. This management practice improves soil water
retention, protects soil from direct solar irradiation, and reduces
temperature at the soil surface, all of which act to reduce the SOM

Table 2

mineralization rate. The same features were observed for the
native forest soil, for the same reasons.

There was an increase in the percentage of humic substances
with soil depth across all land uses. This is a common trait in most
soils, especially in those from forests (Milori et al.,, 2002). The
buildup of humic substances in subsurface layers is probably related
to their recalcitrance, their adsorption by the soil mineral matrix,
and their intra-aggregate occlusion (Mikutta et al., 2006). In the soil
evaluated in this study, there was a natural increase in clay content
from the surface (0-10cm) to the subsurface layer (10-30 cm),
which also reinforces the increase in humic substances at depth.
There was also a greater proportion of fresh organic material in the
surface layers as compared to the subsurface layers.

According to Teit (1991), the stability of humic substances in
soils is related to the regular addition of organic matter, which
determines the formation of new humic substances and their
destruction due to the formation of stable humus forms. Therefore,
even if there are minimal alterations in total C inputs, changes in
management and C quality, which in turn affect breakdown rates,
can also have effects on C dynamics in different systems (Lal, 2008).

3.4. Fractionation of humic substances in soil

Concentrations of C in fulvic acid (FA), humic acid (HA), and
humin fractions in the 0-10 cm and 10-30 cm soil layers are
presented in Table 2. Mean values of FA, HA, and humin varied from
0.46 to 1.08 gkg™', 0.41 to 0.75gkg™!, and 1.60 to 2.52 gkg™ ',
respectively. As expected, humin contents were higher than those
of the HA and FA fractions, for all land uses (Table 2). The humic
substances of forest soils are characterized by higher content of FA
than HA (Guggenberger and Zech, 1994), as observed in this study.

Significant differences between the soils in terms of humin
content were only observed for the 0-10 cm soil layer (integrated
coconut = native forest > citrus = conventional coconut). The
humin fraction is less prone to change with management practices,
because it is the most stable and recalcitrant fraction (Stevenson,
1994). Humin concentrations decreased significantly with depth
for all land uses, with the exception of the citrus orchard soil. A
higher concentration of C in the humin fraction of the soil surface
layer could be related to intensive microbial activity and
consequently a higher SOM decomposition rate. Furthermore,

Humic substances organic carbon (fulvic acids: FA; humic acids: HA; humin) in soil under different land uses, at different soil depths. Means followed by the same uppercase
letter in a row (for a given soil depth), and lowercase letter in a column (for a given variable and a given land use) are not significantly different using Tukey’s test at p < 0.05.

Humic substances (gkg™") Soil depth (cm) Land use

Conventional coconut Integrated coconut Citrus Native forest
FA 0-10 0.56 Ba 0.60 Ba 0.69 Ba 1.16 Aa
10-30 0.37 Cb 0.65 Ba 0.52 Bb 1.01 Aa
HA 0-10 0.59 Ba 0.90 Aa 0.43 Ba 0.92 Aa
10-30 0.49 Aa 0.40 Ab 0.40 Aa 0.58 Ab
Humin 0-10 2.17 BCa 3.37 Aa 1.80 Ca 2.82 ABa
10-30 1.14 Ab 1.67 Ab 1.41 Aa 1.53 Ab
HA/FA 0-10 1.06 Ba 1.53 Aa 0.62 Aa 0.79 Ca
10-30 1.31 Aa 0.61 Bb 0.73 Aa 0.58 Ba
HA +FA/Humin 0-10 0.54 ABb 0.44 Ba 0.62 ABb 0.74 Ab
10-30 0.77 Ba 0.64 Ba 0.54 Aa 1.04 Aa
HA+FA/TOC 0-10 0.15 Ab 0.10 Bb 0.14 Ab 0.17 Ab
10-30 0.25 Aa 0.21 Aa 0.24 Aa 0.26 Aa
(HA +FA +Humin)/TOC 0-10 0.44 Aa 0.33 Bb 0.38 ABb 0.40 Aa
10-30 0.58 ABa 0.54 Ba 0.76 Aa 0.52 Ba
C/N 0-10 12.8 Ba 14.7 Aa 11.7 Ba 144 Aa
10-30 11.9 Aa 9.00 Ab 12.9 Aa 12.8 Aa
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humin constitutes a major part of the total organic carbon (TOC),
and has an intimate association with the soil mineral fraction
(Moraes et al., 2011).

Since the concentrations of humic substances are influenced by
the amounts of organic residue inputs and TOC, calculation was
made of the proportion of each fraction (fulvic acids, humic acids,
and humin) (Fig. 5). The overall trend was humin (61.0%) > FA
(21.4%) > HA (17.6%). More FA than HA were observed in all soils,
with the exception of the conventional coconut orchard soil. The
frequent input of fresh organic residues, especially in the case of
the native forest soil, contributed to the higher proportion of FA.
Irrespective of soil depth, the FA content followed the order: native
forest = citrus > integrated orchard = conventional coconut. It is
interesting to note that although the citrus and conventional
coconut orchards presented similar concentrations of SOM (Fig. 1),
the distribution of humic fractions was very different (Fig. 5). The
proportion of FA was significantly higher in the citrus orchard soil
than in the conventional coconut soil. The inverse occurred for the
HA. The HA fraction did not differ significantly among soil uses.
Maintenance of high levels of SOM, especially the more soluble
fractions, in the cultivated soils investigated in this study would be
a very hard task, due to the sandy nature of the soil combined with
the warm climate of the region.

The humin fraction proportion in the integrated orchard was
higher than in the native forest soil, and did not differ among the
cultivated soils, indicating the occurrence of a more intensive
decomposition process in the agricultural soils. This result confirms
the assertion that total SOM is not a very sensitive indicator for
evaluation of changes in soil quality as a function of soil management,
because the predominant fraction is the more recalcitrant pool.

3.5. Ratios involving humic substances
The relationships between different components of humic

substances can be of great interest when studying the effect of land
use and soil management on soil quality.
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Fig. 5. Percentages of fulvic acids, humic acids, and humin in soil organic matter
under different land uses, at 0-10 cm soil depth (A) and at 10-30 cm soil depth (B).
Means followed by the same letter, within each variable, are not significantly
different using Tukey’s test at p < 0.05.

The ratio between humic and fulvic acids (HA/FA) reflects the
mobility of soil organic carbon. A HA/FA ratio near 1 is indicative of
good quality organic material that could enhance soil physical
properties and improve plant growth. A HA/FA ratio >1 indicates
loss of the more labile FA fraction, a situation very common in
sandy soils. In this study, the HA/FA ratio varied from 0.62 to 1.53
(0-10 cm), and from 0.58 to 1.31 (10-30 cm), and showed some
persistence of FA in soil under citrus cultivation and native forest
(Table 2). More FA than HA indicates low humification rates.
Although the conservation management practices applied in the
integrated coconut orchard contributed to an increase in the total
SOM concentration, degradation rates were high due to the quality
of organic residue added, as well as the high N content, which
increased the loss of the more labile fraction in the surface layer.

The ratio between the combined humic and fulvic acids and
humin ((HA + FA)/humin) can provide information about the loss
of SOM through the soil profile. For the different land uses, the ratio
varied from 0.44 to 0.75 (0-10 cm), and from 0.54 to 1.05 (10-
30 c¢m), indicating the predominant presence of humin (Table 2).
The broad range of values could be related to high heterogeneity of
the organic residues applied to the different sites, as well as
differences in the SOM humification process. The values of the
(HA + FA)/H — C ratio were lower than 1 across all land uses,
indicating a greater proportion of the humin fraction. These values
could also be related to strong interaction between SOM and the
soil mineral phase, resulting in high stability of SOM in the more
recalcitrant humin fractions (Canellas et al., 2008).

The rates of decomposition of organic residues and, as a
consequence, the accumulation of SOM, are influenced by the C/N
ratio, which varied from 9.0 to 14.4. The highest C/N ratio was
found for the native forest soil. In the cultivated areas, frequent
inputs of N fertilizers contributed to lower C/N ratios, due to
stimulation of residue decomposition. This was confirmed by the
reduced TOC and C concentrations in the SOM fractions of soils
from the cultivated areas.

4. Conclusions

The use of SOM chemical fractions to evaluate changes in soil C
dynamics due to agricultural use was more effective than
determination of total SOM. The distribution of C among the
different fractions changed when forest soil was brought into
cultivation, due to the amount and quality of organic materials
added to the soils. Amongst the most labile fractions, fulvic acid
predominated, resulting in a HA/FA ratio < 1 for most land uses.
The predominance of a higher percentage of fulvic acids, as
compared to humic acids, indicated either a slow rate of SOM
decomposition, or frequent inputs of fresh organic residues. Fulvic
acid was effective in discriminating changes in land use, due to its
characteristic lability. On the other hand, the humin fraction was
stable, and similar for the different cultivated soils. Compared to
the native forest soil, cultivation increased the proportion of the
recalcitrant fraction, and led to a reduction in the labile fraction of
SOM. Sustainable management practices should therefore be
employed in order to achieve soil stability and biological
productivity.
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