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Summary—Little is known about the effects of most surface land-use practices on shallow subsurface
microbial communities. We analyzed duplicate cores taken aseptically from up to 10 m depth from
unconsolidated valley sediments (soils) beneath an abandoned pasture reverting to tall grass prairie and
cropland. Both profiles had similar soil texture, with moderately higher silt under cropland and a slight
decrease in clay with depth. Soluble organic C was about two times higher in the grassland site and
dissolved O, was about 8% lower compared with the cropland site. Water content and C-to-N ratios were
greatest at the grassland surface but were less in the grassland than the cropland site within 2 m depth.
In general, numbers of aerobic heterotrophic bacteria and protozoa decreased with depth until the
saturated zone (4.3 m in grassland and 5.3 m in the cropland site). Bacterial numbers as determined by
plate counts were about 10-fold less at the groundwater interface than in the surface soils at both sites.
Direct microscopic counts of total bacteria were approximately the same in the surface soil and the
sediments at the top of the water table at both sites. The top of the water table generally did not exhibit
elevated microbial biomass or activity relative to deeper sediments. There was no significant relationship
between protozoan numbers and microbial thymidine uptake at the cropland site, but a negative
relationship was observed at the grassland site. The data suggest that cultivation may affect microbial
biomass and activity in the subsurface, as well as community interactions between protozoa and bacteria.
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INTRODUCTION

Groundwater quality is inextricably linked to
subsurface microbial activity. Groundwater is fre-
quently used for drinking in rural areas and the
quality of groundwater is likely a reflection of surface
land use. Thus, understanding how surface activities
influence subsurface microbial communities will
enhance our ultimate understanding of anthropo-
genic effects on water quality. Groundwater contami-
nation with xenobiotic compounds can significantly
alter communities of groundwater microbes (Dob-
bins et al., 1992), but less is known about the effects
of agricultural practices on subsurface microbial
communities (Hall, 1992; Madsen, 1995).

The microbial ecology of the subsurface is only
beginning to be understood. All common types of
microbes found in soil can be isolated from material
collected from great depths, except where rocks or
sediments do not contain interstices large enough for
microbes to move through (Ghiorse and Wilson,
1988; Madsen and Ghiorse, 1993). Total numbers of
microorganisms typically decrease within several
meters below the surface. After this initial decline,
numbers usually do not continue to decrease further
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with depth (Ghiorse and Wilson, 1988; Madsen and
Ghiorse, 1993), and numbers within the saturated
zone occasionally can be similar to those observed at
the surface (Beloin et al., 1988).

We report here soil and sediment characteristics
and microbial numbers and activities from below an
old field-grassland and a cultivated field. A similar
analysis of unconsolidated river valley sediments had
been performed at a nearby site (Sinclair et al., 1990),
but microbial distributions were not linked to surface
land-use practices in that study. Because of the
lack of agreement concerning methods to estimate
microbial numbers and activity, we used several
techniques to measure each of these variables.
Bacterial numbers were estimated by plate counts,
direct counts, counts of active bacteria and bacterial
C by fumigation extraction. Microbial activity was
determined by thymidine incorporation and CO,
evolution. Correlation analysis was used to establish
patterns among variables.

MATERIALS AND METHODS

Study sites and sampling

All wells were drilled at the Konza Prairie Research
Natural Area, a 3500-ha area dedicated to tallgrass
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prairie ecological research. The area lies within the
Flint Hills of northeast Kansas, and the underlying
geology consists of alternating layers of limestone
and shale. Samples were collected from two boreholes
each that were drilled to bedrock in a grassland and
cropland area in the Kings Creek valley, where
clay-based unconsolidated sediments overlie the
limestone bedrock.

The grassland site has been in pasture since 1939
and was used for livestock grazing as recently as 1980.
At one point before 1976, the area was planted with
brome (Bromus sp.); it probably has never been
fertilized, and was likely plowed when planted with
brome. The site has not been grazed for 14 years, is
burned every year or two and is reverting to tallgrass
prairie. About 50% of the grass is big bluestem
(Andropogon gerardii), a dominant grass in the
tallgrass prairie. We will refer to the site as
‘grassland’. The cores were collected during drilling
from wells approximately 100 m up-slope from the
stream bed. Cores from duplicate boreholes were
taken in 60 cm lengths to limestone bedrock (8 m) on
19 April 1993. The two boreholes were approximately
7 m apart. At the time of drilling, the capillary fringe
occurred at a depth of 4 m, and the top of the water
table was found at approximately 4.3 m.

The cropland area is 1 km downstream in an area
that is geologically similar to the grassland site (J.
Oviatt, pers. commun.). The soil at both sites is
mapped as Reading silt loam (fine, mixed, mesic
Typic Argiudolls). The agricultural area was under
cultivation for soyication bean (Glycine max) and
wheat (Triticum aestivum) (including routine addition
of N and P fertilizer) and was under continuous
cultivation between 1939 and 1950 as evidenced by
areal photography. Wells in this area also were drilled
about 100 m from the stream. Duplicate cores were
collected on 25 April 1993 down to bedrock (10.3 m),
with the capillary fringe starting at 5.1 m and the
water table at 5.3 m. The two boreholes were
approximately 9 m apart.

Wells were drilled with a hollow core auger with a
split barrel in the stem. The center of the barrel was
lined with 5.1 cm dia polycarbonate sleeves. No
drilling fluids or muds were used and all equipment
was pressure washed with water before drilling at
each site. Cores were collected in lengths of 60 cm.
The split core and the sleeves were sanitized with 90%
ethanol-10% H,O and air-dried immediately before
use. When cores were removed from the borehole, a
subcore (2 cm long in a 1.4 cm dia syringe base with
plunger intact) was taken immediately for O,
analysis. Temperature of the cores was taken, and
each core was sealed immediately with O, diffusion-
resistant plastic wrap and stored on ice. The cores in
their sleeves were stored at 4°C until they were
partitioned on 29 April 1994. Sanitized tools (dipped
in 95% ethanol-5% H,O and flamed) were used to
remove the material from the core sleeves into four
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sterile Whirl-Pak bags, where they were stored at 4°C
until analysis. Results are presented g~' dry soil.

Chemical and physical methods

Soluble organic C was extracted from 10 g moist
soil with addition of 50 ml of 0.5 M K,SO,, shaking
for 1 h at 200 rev min~', and centrifugation for 10
min at 18,000 x g. The supernatant was analyzed for
dissolved organic C using a Dohrman DC180 carbon
autoanalyzer (Rosemount Analytical, Santa Clara,
CA) by ultraviolet-promoted persulfate oxidation
and infrared detection of the CO,. A significant C
contribution from extractable inorganic C occurs in
these soils so separate injections were performed to
quantify inorganic and total C. Organic C was
obtained by difference and coefficient of variation
within standards was estimated at < 5% with a
lower limit of detection at 1 mg C 1~'. Dissolved O,
was measured within 6 h after removal from the site.
Measurements were taken with a cathode type
microelectrode (Revsbech and Jergensen, 1986) with
a 30 um dia sensing tip imbedded in an 18 gauge
stainless steel needle.

Gravimetric soil water content was determined by
oven-drying duplicate subsamples from each depth-
interval at 105°C for 24 h and was calculated as g
H,0 g~'dry soil x 100. Total organic C and N were
determined on air-dried soils with a Carlo Erba CNS
analyzer (Carlo Erba Strumentazione Rodana,
Milan, Italy). Total organic C samples were acidified
to remove carbonates prior to C analysis. Soil texture
was analyzed by the hydrometer method (Forth et al.,
1982).

Microorganisms

Viable aerobic bacteria were enumerated by
standard plate count techniques (Wollum, 1982).
Bacteria were separated by aseptically blending 10 g
soil or sediments with 100 ml of 0.1% sodium
pyrophosphate (Na,P,0,-10H,0; pH 7) for 1 min in
two, 30 s intervals. Serial 10-fold dilutions were then
prepared with sterile sodium pyrophosphate, and
fractions (0.1 ml) of the resulting dilutions were
spread-plated in triplicate on 5% peptone-tryptone-
yeast—glucose (PTYG) extract agar media (Balkwill,
1990). Plates were incubated at 25°C for approxi-
mately 7 days (until a significant change in bacterial
colonies was not observed). Actinomycetes and fungi
were not counted. The values obtained from replicate
determinations within the same core at each depth
were averaged.

Direct counts of total bacteria and active bacteria
were performed with 5-cyano-2, 3-ditolyl tetrazol-
ium chloride (CTC), 4',6-diamdino-2-phenyl-indole
(DAPI) and epifluorescence microscopy (Rodriguez
et al., 1992; Yu et al., 1995). Active bacteria were
stained with the redox dye CTC (2.0 mM final
concentration; Polyscience Inc., Warrington, PA) for
4 h with shaking at 160 rev min~'. These counts did
not include addition of organic C. The samples were






