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ABSTRACT: Soil quality has become an important issue in soil science. Considerable attempts have been
made to define soil quality, but a general concept has not yet been accepted by the scientific community.  The
selection of quantitative indices for soil quality is extremely difficult, and a considerable number of chemical,
physical, and biochemical properties have been suggested as potential indicators of soil quality. Because soil
organic matter (SOM) can be associated with different soil chemical, physical and biological processes, it has
been widely considered as one of the best soil quality indicator. Land use can significantly influence dynamics
of organic carbon and N, P, and S cycle. However, changes in total soil organic carbon (SOC) contents in
response to land use may be difficult to detect because of the natural soil variability. In the short to medium
term, biological properties and readily decomposable fractions of SOC, such as dissolved organic carbon
(DOC), are much more sensitive to soil management than is SOM as a whole, and can be used as a key
indicator of soil natural functions. Despite the fact that labile C accounts for a small portion of the total
organic matter in the soils, DOC is the most mobile and important C-source for microorganisms, and can
easily reflect the effects of land use on soil quality. Although several methods are used to characterize DOC,
the factors influencing mineralization and bioavailability of elements associated with organic matter (N, P,
and S) remains unclear. Future research should focus on the processes that govern DOC and nutrient dynamics
and how they affect soil quality.
Key words: ecosystem management, sustainability, indicators of soil quality.

CARBONO ORGÂNICO DISSOLVIDO E BIODISPONIBILIDADE
DE N E P COMO INDICADORES DE QUALIDADE DO SOLO

RESUMO: Nas últimas décadas, qualidade do solo tem se tornado um tópico importante na ciência do solo.
Embora esforços consideráveis tenham sido dedicados com o intuito de definir “qualidade do solo”, ainda
não há um conceito amplamente aceito pela comunidade cientifica. A seleção de índices qualitativos para
definir qualidade do solo é uma tarefa extremamente difícil, e diversas propriedades químicas, físicas e
biológicas tem sido sugeridas como potenciais indicadores. A matéria orgânica do solo está associada com
processos químicos, físicos e biológicos no solo, e, portanto, é considerada um dos melhores indicadores de
qualidade do solo. O manejo do solo pode influenciar significativamente a dinâmica do carbono orgânico e o
ciclo de N, P, e S. Entretanto, mudanças na concentração total da matéria organica em resposta ao manejo
pode ser dificil de ser detectada devido à variabilidade natural do solo. Quando comparada com a matéria
orgânica total do solo, a fração mais prontamente disponível, como o carbono orgânico dissolvido (COD), é
mais sensível às mudanças no manejo do solo a curto e médio prazo e, portanto, pode ser utilizada como
indicador fundamental de qualidade do solo ou das alterações das condições naturais. Embora a fração dissolvida
represente apenas uma pequena porção da matéria orgânica total do solo, o COD é móvel no solo e constitui
uma importante fonte de C para os microorganismos, podendo facilmente refletir os efeitos de diferentes
sistemas de manejo. Inúmeros métodos são utilizados para caracterizar o COD, mas os processos que
influenciam sua mineralização e a disponibilidade dos elementos associado com a matéria orgânica (N, P, e
S) ainda não são completamente entendidos. Pesquisas futuras devem buscar entender os processos que
governam a dinâmica de nutrientes e do COD e como os mesmos afetam a qualidade do solo.
Palavras-chave: manejo do ecossistema, sustentabilidade, indicadores de qualidade do solo

INTRODUCTION

Concern over accelerated soil degradation has di-
rected attention towards assessment of soil sustainability.

Definitions of sustainability and soil quality can be based
on ecological, economical, social and political issues. Soil
quality (SQ), when defined as “the capacity of a specific
kind of soil to function, within natural or managed eco-
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system boundaries, to sustain plant and animal produc-
tivity, maintain or enhance water and air quality, and sup-
port human health and habitation”, covers a range of out-
puts including ecosystem productivity, water quality and
energy balances (Karlen et al., 1997; Carter, 2002). In
spite of the large number of scientific papers dealing with
soil quality, only a few attempted to estimate and quan-
tify the level of soil quality (Gil-Sotre et al., 2005). No
measure can index all of these landscape outputs; there-
fore, the specific definition of SQ must be subjective and
dependent on the user’s goals and/or specific ecosystem
function. For instance, the goal may be crop yield,
biodiversity or environmental protection. Consequently,
the selection of indicators may be different for each goal.

Soil quality indicators are not well defined; nor
are there accepted or approved parameters known to char-
acterize or to define soil quality (Bouma, 2002). Many
soil ecosystems functions are difficult to infer directly
and, consequently, SQ must often be inferred from other
easily measurable soil properties (Weil & Magdoff, 2004).
Physical (e.g., aggregation, bulk density), chemical (e.g.,
pH, salinity, exchangeable cations) and biological indi-
cators (e.g., microbial biomass, enzyme activity, basal res-
piration) have all been suggested as SQ indicators. A SQ
indicator should ideally be (i) easily measurable, (ii) sea-
sonally stable, but (iii) sensitive to changes in ecosystem
functions that determine the user’s goal. However, one
of the main premises of this concept is that better indi-
cators of SQ are not individual soil characteristics or pro-
cess measurements that meet the above criteria, but out-
put from mechanistic models that incorporate and syn-
thesize soil-based processes that define the user’s goal.

If the goal is to index a soil’s quality for plant
production, then soil organic matter, infiltration, soil ag-
gregation, pH, microbial biomass, forms of N, bulk den-
sity, topsoil depth, conductivity or salinity, and extract-
able nutrients, represent the range of indicators that have
been used. Soil organic carbon (SOC) is an extremely
important soil attribute (Haynes, 2005) and has been con-
sidered one of the most important indicators of soil qual-
ity because plays important role in the maintenance of soil
structure, water-holding capacity, microorganisms, and
nutrient cycling (Goulding et al., 2000).

SOC is the net result of carbon input and miner-
alization in the soil. Input tends to increase with increas-
ing yield, while mineralization is more a function of the
environment (temperature and moisture). SOC is closely
linked to soil’s water retention capacity, nutrient avail-
ability, structural stability, and soil compaction. Addition-
ally, changes in soil physical characteristics resulting from
erosion of surface layers and losses of soil particles and
nutrients also affect SOC contents and composition. In
short, SOC and its components are related to a set of soil
chemical, physical and biological attributes, as well as
temporal and spatial variations.

Nevertheless, changes in total SOC content in
response to land use may be difficult to detect because
of the natural soil variability (Haynes & Beare, 1996).
Recently, studies showed that dissolved organic carbon
(DOC) contents and soil attributes are sensitive to
changes in total SOC. In the short to medium term, bio-
logical properties and the readily decomposable fraction
of SOC, such as DOC, are much more sensitive to soil
management than is SOM as a whole. DOC concentra-
tion and composition are related to land management
and the quality of crop residue. Particulate organic
matter (POM), for instance, was found to be the frac-
tion preferentially lost when soils were converted
from pastures to cropping. Chan et al. (2002) found that
POM is a more sensitive indicator of management-in-
duced changes than total SOC, and it was related to wa-
ter stability of aggregates and mineralization of nitro-
gen.

Components of SOC associated with multivalent
cations (e.g. Al, Fe, and Ca) and clay particles are more
resistant to decomposition, with turnover times measured
in hundreds to thousands of years. DOC reflects the equi-
librium between dissolved and solid phases, and is closely
related to microbial activity, thereby being a sensitive in-
dicator of total SOM and changes in soil management
and, by extension, soil quality. Additionally, transport and
bioavailability of metal and organic pollutants in contami-
nated areas are also affected by DOC dynamics (Zsolnay,
1996).

Dissolved organic carbon
Issuing a general, chemical definition of DOC

is an impossible task; it is operationally defined as all
organic substances smaller than 0.45 µm. This material
is distributed among different pore sizes and structures
(Kalbitz et al., 2000). DOC can be classified as DOM
I, DOM II and DOM III (Zsolnay, 1996). DOM I corre-
sponds to DOC in microaggregates and it is not
bioavailable, since it is physically protected from mi-
croorganisms (by the microaggrates). However, if ex-
posed by disturbance, it is a viable form of energy for
microorganisms. Conversely, DOM III, found in mac-
roaggregates, is metabolized by microheterotrophs. At-
tributes of DOM II, the mesoaggregate fraction, lie
somewhere between DOM I and DOM II. The
mesoaggregate and microaggregate DOM might not be
assessable in laboratory studies without disturbing
the sample (Chantigny, 2003). Water-Extractable-Or-
ganic Carbon (WEOC) is the fraction of the SOC re-
leased by extracting soil samples with aqueous solution
under agitated conditions (DOM III, and some of DOM
I and II).

Particulate organic carbon (POC) is defined as or-
ganic carbon retained on a 0.45 µm filter, inferring that
the colloidal material is usually considered to be part of
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the dissolved phase. Qualls et al. (1991) supported this
contention by showing that POM does not exceed 3% of
the DOC.

Methods used to extract DOC affect its attributes
as well as the amount extracted. Generally, DOC can be
extracted using batch or column experiments. In lieu of
simplicity, many researchers have extracted DOC using
distilled water. However, experimental conditions such as
soil:solution ratio, temperature, contact time, agitation
method and preparation and storage of soil samples
should be considered because they influence the compo-
sition of the extracted solution. Salt extracts have been
also used to extract DOC from field-moist soils. For in-
stance, 0.5 mol L-1 K2SO4 have been used as indicator of
soluble C (Haynes, 1999). However, when using salt so-
lutions to extract DOC, one should be aware that con-
centrations may differ from those measured by water ex-
traction (Haynes, 2005).

Dissolved organic nitrogen (DON), dissolved or-
ganic phosphorus (DOP), water-extractable organic nitro-
gen (WEON), and water-extractable organic phosphorus
(WEOP) can be analyzed in the same DOC extract. As
much as 90% of N, 50% of P and 90% of S occur in or-
ganic forms. Qualls et al. (1991) found that organic N and
P were the dominant forms of these nutrients in forest
soils due to both the addition of organic forms and a re-
moval or transformation of inorganic forms, as throughfall
percolated through the soil.

Despite the fact that DOC and WEOC account for
a small portion of total SOC, these fractions markedly in-
fluence soils chemical, biological, and physical proper-
ties, as primary sources of mineralizable C, N, P, and S
(Haynes, 2000). In aquatic ecosystems, DOC is the larg-
est pool of organic material. DOC is also considered a
mobile, important C-source for microorganisms. Measur-
ing the production of CO2 can determine if DOC works
as substrate for microorganisms (Zsolnay, 1996). How-
ever, DOC degradability is variable, presumably as a re-
sult of variations in SOC quality and structure (sugars,
proteins, phenols, tann ins contents). These attributes have
been related to the density of the SOC. Kalbitz et al.
(2000) reported that about 10-40% of DOC might be eas-
ily decomposable by microorganism in a period ranging
from days to a few months. However, these authors sug-
gested also that it is impossible to precisely quantify mi-
crobial degradation of DOC in mineral soils because of
adsorption reactions protect DOC against degradation.

DOC is a heterogeneous phase, represented by
different classes of acids, bases and neutral compounds
with varying degradability rates; humic substances are
generally the largest fraction (Qualls & Richardson,
2003). Aromatic structures are more recalcitrant than ali-
phatic structures and, consequently, are more stable. Hy-
drophobic compounds are less accessible to microbial
degradation than hydrophilic molecules. Presumably, this

may be due to the higher affinity of hydrophobic com-
ponents of DOC to be absorbed by clay minerals, which
protect them against degradation (Piccolo 1996; Jardine
et al. 1989). Also, hydrophobic molecules in soil solu-
tion exhibiting long chain, aliphatic or benzene-based
compounds are protected from microbial decomposition,
and this concept of hydrophobicity may explain the rate
of organic matter turnover in soils (Piccolo, 1996).

Characterization of DOC is difficult because of
the high variability of compounds, however the fraction-
ation based on its molecular size has been widely used
(Qualls & Haines, 1991). According the procedure devel-
oped by these authors, DOC can be separated into the fol-
lowing fractions, defined by their behavior on nonionic
and ion-exchange resins: (i) hydrophobic neutrals, (ii)
weak (phenolic) hydrophobic acids, (iii) strong (carboxy-
lic) hydrophobic acids, (iv) hydrophilic acids, (v) hydro-
philic neutrals, and (vi) bases. In this context, hydropho-
bic acid fraction includes the humic substances along with
the amino acids and phosphates esters; weak hydrophilic
acids (phenols) contain tannins and flavonoids without
carboxylic acid groups; and hydrophilic acids may con-
sist of humic-like substances with lower molecular size
and higher COOH:C ratios, oxidized carbohydrates with
carboxylic acid groups, low molecular size carboxylic
acids, and sugar phosphates. Hydrophobic neutrals in-
clude lipids and some pigments; hydrophilic neutrals may
include simple and complex carbohydrates, and bases
contain free amino acids and free proteins, which and it
might be the more bioavailable substances of the DOC
(Qualls et al. 1991).

Hydrophobic and hydrophilic acids are the domi-
nant fractions of DOC (Qualls & Haines, 1991;
Smolander & Kitune, 2002).  In general, the hydropho-
bic acids contents are reduced with depth, what suggests
that a selective net removal of these compounds occurs
when DOM percolates through soils horizons. Once
again, this may occur because the high affinity of hydro-
phobic compounds to be absorbed by soils.

The degradability of DOC is closely related to the
dynamics of N, P, and S in soils and may be affected by
external factors such as rainfall, temperature, vegetative
cover, and soil properties (pH, nutrients, salts, O2). Some
soil components, especially Al, Fe oxides, and clay min-
erals determine the sorption/desorption between the dis-
solved and the solid phase of the organic matter in soils.
Metal hydrous oxide surfaces can strongly bind DOC
through either electrostatic bonding (anion exchange),
specific adsorption (i.e. ligand exchange), or physical
(Van der Waals) forces (Stevenson, 1994). Drainage may
also influence DOC/WEOC. Land use and management
practices affect DOC/WEOC content in soils, but the ef-
fects are not well known. Since there is no optimum, ab-
solute value, soil quality assessments require measuring
the current DOC/WEOC contents and composition in un-
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disturbed areas, considered as desired values, and com-
pared the results to disturbed areas.

DOC production and consumption depend on mi-
crobial activity and the product input. The main sources
of DOC in soils are photosynthesis, plant litter, soil hu-
mus, and root exudates (Kalbitz et al. 2000). However,
it is not clear whether DOC originates primarily from re-
cent litter or from relatively stable organic matter in the
lower part of organic horizons (Kalbitz et al., 2000). Hu-
mified organic matter is the major source of DOC due to
the relatively high proportion of humus in relation to lit-
ter in soils (Zsolnay, 1996). Microbial biomass is also
considered a potential source of DOC, and microbial me-
tabolites constitute a significant proportion of DOC
(Kalbitz et al., 2000). Nevertheless, it is difficult to quan-
tify the relative proportion of DOC produced by plants
or microorganisms. In some cases, where nutrient supply
is not limiting, forest soils have DOC and WEOC con-
centrations higher than farmed areas because of the higher
microbial activity. Fungi play a significant role in DOC
production and the higher fungal biomass in forest floor
compared to agriculture soils or impacted areas may be
an explanation for differences in DOC and WEOC con-
tents. Surprisingly, Smolander & Kitune (2002) found that
DOC chemical composition is not affect by plant species.
These results contradict the concept that much of the
DOC originates from the soluble organic matter present
in fresh litter (Qualls et al., 1991). It is possible that the
components of DOC change before being leached, and
that modifies the characteristics of the soluble material.

Microbial transformation and immobilization,
mineralization, precipitation and adsorption to mineral
surfaces are involved in DOC degradation, and these pro-
cesses are considered as a sink of DOC. The microbial
mineralization of DOC is catalyzed by photolysis of DOC
to low-molecular size compounds (Qualls & Richardson,
2003). An approach to determining if DOC is a substrate
for microorganisms is to measure CO2 production. A cor-
relation between DOC and total mineralizable organic
carbon could indicate to what extent DOC is labile. Ad-
ditionally, microbial transformation may also immobilize
N and P, and this phenomenon is considered an impor-
tant factor controlling the availability of these nutrients
to plant uptake (Quall et al., 1991).

The equilibrium between DOC and solid SOC
will affect the production of soluble compounds. DOC is
replaced in solution as a result of the equilibrium with a
large pool of potentially soluble organic matter by adsorp-
tion/desorption reactions (Qualls & Richardson, 2003).
Neff et al. (2000) raise the possibility that DOC fluxes,
as well as DON and DOP, are controlled by soils physi-
cal rather than biological factors. These authors concluded
that the strong relationship between DOC and DON flux
and soil C and N contents indicates that DOC and DON
fluxes are more closely related to overall pool of organic

matter than the rate of microbial turnover. This pattern
is more evident in mineral soils where sorption reactions
may assume an important role controlling DOC fluxes.
DOC adsorption to mineral surfaces is far more impor-
tant than its decomposition in reducing DOC concentra-
tions (Kalbitz et al., 2000). Jardine et al. (1989) found
that physical mechanisms are involved in DOC adsorp-
tion and that hydrophobic organic solutes are preferably
adsorbed by the soils than hydrophilic compounds. Con-
sequently, hydrophilic molecules will accumulate in the
soil solution because their lower affinity to adsorption by
the solid phase.

Conversely, DOC may be an important interme-
diary in the fixing of organic carbon in soil, participat-
ing of its cycling. Even though carbon fixation is con-
sidered one of DOC sinks in soils, this process seems to
be more important in deep layers, since in surface hori-
zons the mineralization and incorporation into biomass
are more important (Zsolnay, 1996). However, the mecha-
nisms by which DOC is adsorbed are unknown. The tran-
sition of organic carbon from the so called “light” frac-
tion (LF) to the mineral or “heavy” fraction (HF) is con-
sidered one of the most significant steps in C fixation
(Zsolnay, 1996). The LF is relatively more labile than the
HF, which tends to be more firmly fixed by the soil’s ma-
trix. Nevertheless, the role of DOC in the LF-HF transi-
tion is not well understood. Neff et al. (2000) observed
that DOC fluxes are controlled by physical desorption,
dissolution and sorption reactions in soil horizons and,
in some cases, DOC is not correlated to CO2 production.
Zsolnay (1996) observed that there is a complex equilib-
rium between the DOM and the immobile organic mat-
ter as a result of abiotic and biotic (bio)chemical reac-
tions. SOC molecules show a distinct, relative affinity for
the solid fraction and this pattern is often represented by
the distribution coefficient (Zsolnay, 1996). Consequently,
depending on the extent of the distribution coefficient, ad-
sorption or desorption will control DOC dynamics and,
further on, the carbon sequestration process.

Adsorption of DOC depends on the nature and
properties of sites available to interact with the ions and
molecules present in soil solution (Cornejo & Hermosin,
1996). Soil clay minerals, metal hydrous oxide materials
can adsorb organic matter. The association between or-
ganic matter and inorganic colloids in soils defines if the
process of enrichment is more relevant that the depletion
of carbon. Although the processes involved in DOC ad-
sorption in mineral surfaces are hypothetical, it has been
suggested that the affinity of this reaction depends upon
the quantity and characteristics of indigenous organic
matter and the mineral composition of the soil (Jardine
et al. 1989). In this study, soils with higher C content
showed lower DOC adsorption capacity, suggesting that
the indigenous C unfavored further adsorption of added
DOC. Mineral composition and crystalline and non-crys-
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talline Fe oxides and hydroxides contents also affected
DOC adsorption.

Physicochemical mineralization of DOC and
DON is also reported in the literature. In some cases, so-
lar radiation is a pathway of mineralization, since it can
enhance degradation of some refractory substance, mainly
humic fraction (Qualls & Richardson, 2003).

UV absorbance has been used to characterize
DOC, but it is not always a reliable predictor for DOC
biodegradability. On the other hand, nuclear magnetic
resonance (NMR) spectroscopy has proven to be an use-
ful tool to explain SOC decomposition. Liquid state 13C-
NMR spectroscopy techniques have been used to assess
the composition of organic acid in DOC. Few studies
have compared the composition of DOC in impacted and
non-impacted areas. Generally, larger molecules and
organo-metal complexes are found forest soils when com-
pared to intensively managed areas. In this case, DOC can
be used as a parameter to evaluate the extension of deg-
radation in disturbed areas and the effect of changes in
land management associated with reduction in soil qual-
ity.

Mineralization of the DOC and nutrient supply
Dissolved organic matter carries not only C, but

also N, P and metals, playing therefore a major role in
determining accumulation, transport and balance of these
elements in soils (Qualls & Richardson, 2003). DOC is
an important factor in determining the balance of soil N
and P over the time of soil development (Qualls &
Haines, 1991) and it can contribute to cycling of soil nu-
trients (Smolander & Kitunen, 2002). DOC, DON, and
DOP fluxes play important roles in terrestrial C, N and
P budgets (Neff et al., 2000). However, the availability
of nutrients is poorly understood and the affinity of DOC
to adsorption by soil colloids may affect the regulation
of dissolved organic nutrients (Qualls & Richardson,
2003). Actually, sorption of DOC in subsoils is an im-
portant mechanism to control losses of organic nutrients
from soils. The extent of this mechanism regulates N and
P mineralization, and varies according to soil character-
istics (Neff et al., 2000) and distribution of these elements
among DOC fractions of different mobilities (Kaiser,
2001).

Over 90% of N is found in organic forms and this
fraction plays an important role in plant nutrition (Kelley
& Stevenson, 1996, Goulding et al., 2000). Although
DON or WEON can be measured in the soil solution, un-
like C, inorganic N forms cannot be separated by acidi-
fication. Ordinarily, organic N compounds are quantified
by the difference between the total amount and the con-
centration of inorganic species, such as nitrate, nitrite, and
ammonium (Zsolnay, 1996; Smolander & Kitunen, 2002).
However, organic N may be resistant to microbial degra-
dation and, consequently, may be unavailable to be ab-

sorbed by plants. This is caused, possibly, by the incor-
poration of N from amino acids and other amino com-
pounds into the structures of humic and fulvic acids dur-
ing the humification process. Besides the recalcitrant frac-
tion, organic nitrogen also exists as labile, utilized by mi-
croorganisms, such as H-bounded peptides and proteins
(Kelley & Stevenson, 1996). However, DON fluxes are
primarily regulated by overall abundance of C and N in
SOC, instead of by microbial N demand. DON (and DOC)
losses are closely related to microbial activity only when
the soil capacity to stabilize soluble carbon is low (Neff
et al. 2000). Satti et al. (2003) found that N mineraliza-
tion was regulated by the quality of C in the litter (leaf
litter lignin), and by the total N in the soil. Results from
sequential extraction of DOC have shown that N is asso-
ciated mainly with hydrophobic and hydrophilic acids
fraction, and DON mobility is influenced by the presence
of carboxylic, and perhaps phenolic groups (Qualls &
Haines, 1991). Smolander & Kitunen (2002) found that
the hydrophobic acid fraction was the most dominant, ac-
counting for 40-55% of the total DON. However, Kaiser
(2001) concluded that the hydrophilic DOM was N-en-
riched in comparison to the hydrophobic fraction, but the
first showed lower affinity to be sorbed by mineral
phases, while the hydrophobic molecules were strongly
retained in soil. Consequently, organic matter remaining
in solution showed higher N concentration and larger por-
tion of hydrophilic compounds.

The dynamics of DON seems to be closely re-
lated to DOC, and might involve common processes
(McGill & Cole, 1981; Qualls, & Haines, 1991). Sources
of both DON and DOC are conceptually similar
(Zsolnay, 1996). On the other hand, P is not an integral
part of all molecules of DOC; instead, organic P is trans-
ported by more specific substances (Quall & Haines,
1991). Some studies have shown that DOP concentra-
tion is not closely related to DOC concentration, and P
contents are much more variable than the N contents
(Qualls & Richardson, 2003). Qualls et al. (1991) re-
ported that the P contents in DOM are much lower than
in throughfall, suggesting that the soil is a sink of inor-
ganic P (PO4

3-) as well as mycorrhizae and P removal
by roots. This difference in N and P behavior occurs be-
cause mineralization of N takes place in conjunction
with biological C mineralization, while P mineralization
involves both biological and enzymatic (biochemical)
process (McGill & Cole, 1981).

Monoesters are the most dominant form of or-
ganic P in soils. These compounds show different stabi-
lization degree and they are totally derived from micro-
organisms (Magid et al., 1996). Thus, the chemical nature
and dynamics of organic P in soils are determined by mi-
crobial products. However, phosphorus was not found to
be a factor controlling the mobility of a large portion of
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the DOC, although anionic P esters may influence DOP-
containing molecules (Qualls & Haines, 1991). On the
other hand, Neff et al. (2000) found that fertilization with
P increased DOP leaching and decreased both DOC and
DON fluxes. DOP is largely affected by the throughfall and
represents an important input of organic P into the soil
(Qualls et al., 1991). Results from DOC fractionation
showed that organic P is found mainly in the hydrophilic
fraction (80% of bulk organic P), and this P-enrichment
was more pronounced than that of N (Kaiser, 2001). Even
though hydrophilic compounds can be more mobile into
the soil profile than hydrophobic molecules, this study
showed that the former was strongly adsorbed by subsoil
horizons. Numerous experiments have shown that organic
forms of P can reduce P fixation in soils with strong P af-
finity (Goulding et al., 2000). Organic ligands present in
the DOC sorbs on to P-fixing surfaces, decreasing P fixa-
tion, thus increasing plant availability and utilization of P.
This pattern can be especially important in tropical soils
that have high P-fixing capacity and low P concentrations
(Andrade et al., 2002).

CONCLUDING REMARKS

Soil organic carbon can be considered a good in-
dicator of a healthy soil system. Because DOC is more sen-
sitive to changes in the environment than SOC as a whole,
DOC is an alternative tool for monitoring adverse impacts
of management on soil quality. Understanding the role of
DOC in nutrient cycling is an important factor for sustain-
able ecosystem management. Although it is known that
DOC can influence nutrient cycling in aquatic and terres-
trial ecosystems, factors influencing the DOC
bioavailability remains poorly understood. Because DOC
may also contain most of the compounds that are the source
of mineralizable N and P, the availability of these nutri-
ents is closely liked to DOC dynamics.  There is the need
for much greater information regarding processes involved
in DOC dynamics, and what is the role of environmental
conditions on soil quality. Biochemical reactions of C, N,
and P are inextricably linked and abitotic and biotic fac-
tors controlling their dynamics can also play an important
role in soil quality. Future research should address this sub-
ject, aiming to increase available knowledge on processes
that govern SOC, N and P mineralization and/or immobi-
lization in soils. Knowledge on how DOC contributes to
the mobility of some metals and pollutants shall be re-
garded as the basis of sustainable management of soil.
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