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DISSOLVED ORGANIC CARBON IN OLD FIELD SOILS:
COMPOSITIONAL CHANGES DURING THE
BIODEGRADATION OF SOIL ORGANIC MATTER
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Summary—The quality of soil dissolved organic carbon (DOC) was examined using the Leenheer DOC:
fractionation scheme, which separates soluble organic compounds into well-defined functional groups that
exhibit similar reactive properties. DOC fractions were measured for five previously cultivated old fields
undergoing secondary succession, and an undisturbed oak savanna. Despite differences in field age (time
since abandonment), plant community composition, distribution and amounts of phytomass, C and N
storage, and potential amounts of CO,-C and net-N mineralization, the quality of soil DOC did not appear
to differ. Nearly all DOC occurred in acid fractions (77%); hydrophilic acids alone constituted 50%. The
fractionation procedure was also performed at four different times during a 210-day regulated in vitro
incubation of the soils. Despite decreasing mineralization response to soil DOC concentrations, the
fractional composition of the DOG remained relatively constant throughout the incubation. Although we
could not evaluate DOC utilization, the results demonstrated that soil DOC was altered during the
decomposition of soil organic matter: both total amounts and the relative N content of the hydrophobic
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acid fraction increased during the incubation period.

INTRODUCTION

Dissolved organic matter in soil has been used as
an indicator of resource quality since it is thought
to be readily-available to soil microbes. However, in
a companion study, we suggested that not all the
DOC in soil is labile (Cook and Allan, 1992). Deter-
mination of DOC lability requires characterization
techniques that correspond to amounts of biological
decomposition and subsequent nutrient release. Frac-
tionation of soluble organic compounds into well-
defined, functional groups is considered to be the
most logical approach to determine lability. The
heterogeneous make-up of soil organic matter makes
detection and quantification of individual com-
pounds impractical, and individual identification
would not facilitate biodegradation modelling (Hunt,
1978; Leenheer and Huffman, 1976).

In this study, we measured the composition of
soil DOC using Leenheer’'s DOC fractionation
scheme to separate hydrophobic and hydrophilic-
acids and -neutrals, and total bases (Leenheer and
Huffman, 1976; Leenheer, 1981). Although the DOC
fractionation scheme may not be the ideal assay for
resource quality (Qualls R. G., unpublished Ph.D.
thesis, University of Georgia, 1989), we believed it
would help explain the relationship between DOC
and soil mineralization.

Because different patterns of C and N cycling had
been identified in old field and oak savanna soils by
Zak et al. (1990) and Cook and Allan (1992), we
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hypothesized that the initial composition of dissolved
organic matter would differ among the soils. We
expected that these compositional differénces'would. -
relate to field age (time since agricultural abandon-
ment), plant community composition, or estimates
of potentially mineralizable C and N. In addition,
we reasoned that large changes would occur in
the composition of soil DOC as the soil organic
matter was decomposed during a regulated incu-
bation procedure.

MATERIALS AND METHODS
Vegetation sampling and analysis

As described in the companion study (Cook and
Allan, 1992) a series of five old fields, aged 12, 32, 37,
55 and 62 yr since abandonment, and an uncultivated
oak savanna site were selected at the Cedar Creek
Natural History Area. Litter was collected from five
sampling areas at each site on 14 and 15 April 1989.
Samples consisted of all dead, above-ground plant
matter in each sampling area, clipped at the soil
surface. Litter was dried at 65°C for 24 h in a forced
air drying oven.

Roots and rhizomes that did not pass through a
2 mm sieve were rinsed by brief sonication in 0.1 M
NaH,PO, at pH 7 (Gourley et al., 1989). Cleaned

roots and rhizomes for each field were dried in a -

convection oven at 65°C to constant weight. Obvi-
ously dead and partially decayed organic material
was not included in this weight, but otherwise no
attempt was made to distinguish between live and
dead roots.
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