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ABSTRACT
Differences in traffic and tillage intensity among positions in ridge

tillage create distinctly different environments for microbial activity.
This study was conducted to assess the impact of long-term controlled
wheel traffic on soil respiration in ridge-till and to use correlation
analysis to identify relationships between soil respiration and soil
physical and chemical properties. Soil respiration was evaluated from
0 to 30 cm in one row, one tractor-trafficked interrow, and one
nontrafficked interrow of continuous corn (Zea mays L.) and continuous
soybean [Glycine max (L.) Merr.]. Soil respiration was measured on
disturbed samples at three levels of water-filled pore space (WFPS)
by gas chromatography for 25 d. Properties assessed included bulk
density, soil strength, texture, aggregate-size distribution, saturated
hydraulic conductivity (/Cat), water retention characteristics, organic
C, and total N. Soil respiration was greatest at 0 to 7.5 cm in each
position and decreased significantly below that depth. Correlation
analysis indicated microbial activity in-ridge-till varied spatially in
relation to changes in the soil physical environment. Soil respiration
was negatively correlated with bulk density at each WFPS. The Ksn
was positively correlated with soil respiration at 0 to 7.5 cm for each
WFPS. Under drier soil conditions, as exemplified by 47% WFPS,
aggregates <1.0 mm and gravitational water were positively correlated
with soil respiration at the 0 to 7.5 cm. Soil environments characterized
by bulk density <1.4 Mg m"3 and £* >10 cm h"1 were associated
with respiration rates >4 and 12 mg COj-C L"' soil d~', respectively.

AOPTION OF RIDGE TILLAGE is increasing in an effort
to reduce soil erosion throughout the Midwest on

highly erodible land (Soil and Water Conservation Soci-
ety, 1990). Ridge-till has also been found to reduce fuel,
chemical, and labor inputs compared with conventional
tillage systems. Agricultural management systems such
as ridge-till are essential for the maintenance of crop
and soil productivity while minimizing environmental
impacts.

Ridge-till is characterized by a permanent row-
interrow configuration where the row is elevated 12 to
20 cm above the interrow throughout most the year.
Matched-width equipment is often used in ridge-till to
confine wheel traffic to the same interrows during each
traffic pass. As a result, three distinct soil environments
exist: trafficked interrows, nontrafficked interrows, and
rows. Compared with rows and nontrafficked interrows,
trafficked interrows in ridge-till have greater soil bulk
density and strength, aggregate mean weight diameter,
and water content at field capacity and wilting point,
while saturated hydraulic conductivity, water content at
saturation, and gravitational water have been found to
be less (Liebig et al., 1993). In the same study, organic
C and total N were greater in the row than the interrow
positions. Given the management-induced differences in
soil physical and chemical properties among positions
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in ridge-till, positional differences in microbial activity
are expected.

The effect of ridge-till on microbial activity is not well
established. Greater soil respiration has been observed
in the upper 7.5 cm of no-till than under a moldboard
plow system due to surface accumulation of organic
matter and a more optimal soil water status for microbial
activity (Linn and Doran, 1984). In a laboratory portion
of the same study, the researchers found slightly less
respiration with compacted soils across a range of WFPS
compared with loose, porous soils. On a sandy Coastal
Plain soil, respiration decreased 65% when bulk density
was increased from 1.4 to 1.8 Mg m~3 at 60% WFPS
(Torbert and Wood, 1992). Soil compacted by traffic,
then, may alter the structure and size of pores so as to
negatively impact microbial activity.

Understanding spatial differences in microbial activity
in ridge-till can contribute to our knowledge base for
zone-specific management. Additionally, integration of
the physical, chemical, and biological components of
ridge-till help to better define the function of this soil
ecosystem. We hypothesized that microbial activity var-
ies spatially in ridge-till in relation to changes in the
soil physical and chemical environment. To test this
hypothesis, we assessed the impact of long-term con-
trolled wheel traffic on soil respiration in ridge-till and
used correlation analysis to identify significant relation-
ships between soil respiration and soil physical and chem-
ical properties.

MATERIALS AND METHODS
The research site is at the University of Nebraska-Lincoln

Rogers' Memorial Farm approximately 19 km east of Lincoln,
NE (96°24'W and 40°59'N). The soil is a nearly level (0-
3% slope) Sharpsburg silty clay loam (fine, montmorillonitic,
mesic Typic Argiudoll) with 10% sand, 57% silt, and 33%
clay. A long-term tillage study was established on the site in
1980 by the USDA-ARS. Ridge-till was one of six tillage
treatments in the study. Corn and soybean have been grown
continuously in ridge-till since 1980 and 1985, respectively.
Each tillage-crop plot was six 0.76-m-wide rows and 22.9 m
long. Controlled wheel traffic has been used on all plots since
their establishment. The experiment was designed as a random-
ized complete block with three replications.

Soil samples were taken on 27 June 1991, =1 wk after
ridging operations. Ridge height at sampling was approximately
15 cm. Samples were collected at three depths in three positions
of both crops. Positions evaluated in each ridge-till plot included
one row, one tractor-trafficked interrow, and one nontrafficked
interrow. The nontrafficked interrow was located between the
third and fourth rows of a six-row planter. Interrows, trafficked
by the tractor, were located between the second and third
and between the fourth and fifth rows. Rows considered for
evaluation included the third and fourth rows. A single
trafficked interrow and row were randomly selected for sam-
pling in each plot. Bulk soil samples were collected at depths

Abbreviations: WFPS, water-filled pore space;
conductivity.

, saturated hydraulic
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of 0 to 7.5, 7.5 to 15, and 15 to 30 cm in each position using
a long-bladed square-end shovel. After collection, all samples
were placed in separate sealed containers, immediately trans-
ported to the laboratory, and placed in cold storage at 5°C.

Soil respiration was used as a measure of aerobic microbial
activity and was assessed using gas chromatography. In the
laboratory, each soil sample was sieved at field water content
through a 2.0-mm sieve and split into three subsamples. Each
subsample was placed into a separate plastic vial (0.15 L) and
packed to field bulk density as determined by Liebig et al.
(1993). Total soil volume within each vial was 0.04 L. Water
was pipetted onto the surface of each subsample to achieve
low, medium, and high levels of WFPS. This soil has a
tendency to swell because of the presence of montmorillonitic
clay. The target WFPS without swelling was 60, 75, and 90%
for the three levels, respectively. Actual WFPS was calculated
as (<I>w X pb)/TP using measurements obtained after swelling,
where 3>w is gravimetric water content, pb is bulk density, and
TP was total porosity (Linn and Doran, 1984).

Subsamples were incubated at 25 °C in sealed 1.9-L glass
jars with lids having a serum stopper for gas sampling. A
1-cm3 sample of the headspace atmosphere was removed from
each jar 3, 6, 10, 15, 20, and 25 d after incubation began.
Carbon dioxide content in each sample was determined using
a gas chromatograph equipped with a Poropak Q column (0.3/
0.18 mm [50/80 mesh], Supelco, Bellefonte, PA) and a thermal
conductivity detector. Temperatures of the column oven and
thermal conductivity detector were 70 and 100°C, respectively.
Helium was used as the carrier gas at a flow rate of 0.06 L
min"1. Output from the thermal conductivity detector was
interpreted with an integrator, which expressed CO2 content
as a percentage of a known standard. Average daily soil respira-
tion values were based on the 25-d incubation period. Soil
respiration calculations were made on a final volume basis
after swelling.

Details on the collection and determination of soil physical
and chemical properties were outlined previously (Liebig et
al., 1993). Bulk density was calculated on an oven-dry basis
from undisturbed soil samples (Doran and Mielke, 1984).
Particle-size distribution was determined using the hydrometer
method (Gee and Bauder, 1986) assuming a particle density
of 2.65 Mg m~3. Soil strength, Ksa, and soil-water retention
characteristics were assessed using undisturbed samples. Soil
strength was determined using a fall-cone penetrometer at a
matric pressure of -0.5 kPa (Hansbo, 1957). A constant-head
method was employed to determine K^ (Klute and Dirksen,
1986). Samples were desorbed at matric potentials of —1,
-5, -10, -30, -50, -100, -500, and -1500 kPa to
assess soil-water retention characteristics (Klute, 1986). Field
capacity and wilting point were approximated as the volumetric
water content at -33 and -1500 kPa, respectively. Water
content at saturation was set equal to the porosity of each
sample. Gravitational water was calculated was the difference in
water content between saturation and field capacity. Available
water-holding capacity was calculated as the difference in water
content between field capacity and wilting point. A dry sieving
procedure was used to determine aggregate-size distribution
for fractions >2.0, 1.0 to 2.0, 0.5 to 1.0 and <0.5 mm
(Kemper and Rosenau, 1986). Organic C and total N were
determined using a CNS analyzer (Model NA1500, Carlo Erba
Strumentazione, Milan, Italy).1

Crop, position, depth, and WFPS effects on soil respiration

were evaluated by analysis of variance, with crop as the whole-
plot factor, position as the split-plot factor, depth as the split-
split-plot factor, and WFPS as the split-split-split-plot factor.
Caution was exercised when interpreting results, as depth could
not be randomized (Cassel and Nelson, 1985). Mean comparisons
for main and interactive effects were made using least significant
differences (LSD) at P < 0.05 (SAS Institute, 1990).

Correlation analysis was used to identify relationships be-
tween soil respiration and soil physical and chemical properties
for each WFPS. Selected soil properties were separately re-
gressed against soil respiration by depth. Significant correla-
tions were identified using PROC REG (SAS Institute, 1990).

Treatment combinations were grouped to quantify the extent
to which soil physical and chemical properties changed as soil
respiration decreased. Treatment combinations at each WFPS
were arranged in descending order for each depth according
to the average daily soil respiration. The 18 ranked treatment
combinations, and associated physical and chemical properties,
were then divided into three groups of six sampling units. The
mean value for the three respiration groups were calculated
and referred to as high, medium, and low.

RESULTS AND DISCUSSION
A predominance of montmorillonitic clay caused the

soil to swell »15% on a volume basis with the addition
of water, resulting in lower bulk density. The majority
of the swelling was observed in the first 3 d of incubation.
Thus, WFPS across treatments averaged 47,61, and 73 %
for the low, medium, and high WFPS levels, respectively
(Table 1).

Table 1. Postincubation water-filled pore space (WFPS) among
positions and depths averaged across crops.

1 Mention of commercial products and organizations in this publication
is soley to provide specific information. It does not constitute endorsement
by the University of Nebraska or USDA-ARS to the exclusion of other
products or organizations not mentioned.

Position

Trafficked Nontrafficked
Depth interrow interrow Row Mean

cm

0-7.5
7.5-15
15-30
Mean
LSD for depths

within positions

0-7.5
7.5-15
15-30
Mean
LSD for depths

within positions

0-7.5
7.5-15
15-30
Mean
LSD for depths

within positions

0-7.5
7.5-15
15-30
Mean
LSD for depths

within positions

44
47
42
44x

10

56
58
57
57x

7

73
69
66
69y

13

58
58
55
57x

9

47%
51
51
47
49x

16
61%

65
62
59
61x

16
73%

WFPS
54
41
49
48x

10
WFPS
70
56
64
64x

8
WFPS

79 84
72 68
71 75
73xy 76x

20 10
Mean

65
62
59
61x

17

69
55
63
63x

8

49at
46a
47a

64a
59a
60a

79a
70a
71a

64a
58a
59a

LSD for
positions

within
depths

10
16
12

11
11
11

14
13
14

12
13
11

t Values for main effects followed by the same letter within a column (a,
b, c) or row (x, y, z) are not significantly different at P •& 0.05.
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Table 2. Summary of P values for analysis of variance, showing
main and interactive effects of crop, position, depth, and water-
filled pore space (WFPS) on soil respiration.

Source of variation P value

Crop
Position
Position x crop
Depth
Depth x crop
Depth x position
Depth x position x crop
WFPS
WFPS x crop
WFPS x position
WFPS x position x crop
WFPS x depth
WFPS x depth x crop
WFPS x depth x position
WFPS x depth x position x crop

0.0697
0.0001
0.0624
0.0001
0.9731
0.0001
0.2430
0.0001
0.8217
0.0023
0.9283
0.0001
0.7840
0.0018
0.9276

Soil Respiration in Ridge Tillage
All main effects significantly (P < 0.05) influenced

soil respiration except for crop (Table 2). Significant
interactive effects among position, depth, and WFPS
were also observed. Subsequent discussion of soil respi-
ration is referenced to treatments averaged across crops.

Soil respiration throughout the 25-d incubation period
ranged from 1 to 25 mg CO2-C Lr1 soil d~ ] (Fig.
1). Highest respiration occurred early in the incubation
period and respiration in the row was generally greater
than the interrow positions (Fig. 1). This was especially
evident at 0 to 7.5 cm, where respiration in the row
diminished more slowly than interrow positions with
time. Differences in soil respiration between the interrow
positions throughout the incubation were negligible. In
most treatments, soil respiration decreased during the
first 10 d and stabilized thereafter. This trend reflects a

decrease in activity of the zymogenous, opportunistic
microbial population, which responds positively to sub-
strate and water availability in the early stages of incuba-
tion experiments. The stabilization of soil respiration
may reflect a background respiration level characteristic
of the autochthonous, slow-growing microbial population
(Neilson and Pepper, 1990).

Soil respiration increased with increasing WFPS (Ta-
ble 3). Previous research has shown that maximum soil
respiration is achieved near 60% WFPS (Greaves and
Carter, 1920; Pal and Broadbent, 1975; Linn and Doran,
1984). The 0- to 7.5-cm depth of the row was the only
exception to this trend. Instead, maximum respiration
was observed at the 73% WFPS level (Table 3). Further
investigation of soil from this treatment combination
indicated that it contained as much as 4% less clay than
other treatment combinations and had a lower initial bulk
density (1.14 Mg m~3 vs. 1.41 Mg m~3 on average for
other treatment combinations). Consequently, it swelled
little and maintained a WFPS 5 to 10% higher than the
interrow positions at 0 to 7.5 cm. Results indicate that
maximum potential soil respiration, under laboratory
conditions, may be achieved at a WFPS from =70 to
80% (Tables 1 and 3), compared with 60% WFPS as
was suggested by previous research (Greaves and Carter,
1920; Pal and Broadbent, 1975; Linn and Doran, 1984).
In a laboratory study including highly weathered Hawai-
ian soils with very fine granular structure, maximum
respiration was exhibited at 78% WFPS (Doran et al.,
1990).

Because most samples remained aerobic throughout
the incubation, discussion of soil respiration differences
among positions and depths are based on mean values
for the three WFPS levels. Soil respiration in the row

47% WFPS 61% WFPS 73% WFPS
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Fig. 1. Average soil respiration in the trafficked interrow (TI), nontrafficked interrow (NTI), and row (ROW) at 47, 61, and 73% water-filled

pore space (WFPS) at three depths for a 25-d incubation period.
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was 85 % greater than in the nontrafficked interrow and
111% greater than in the trafficked interrow (Table 3).
Significant differences in soil respiration between the
row and interrow positions were observed at 0 to 7.5
and 15 to 30 cm. At 0 to 7.5 cm, soil respiration in the
row was more than twice that in the interrow positions.
Below 7.5 cm, differences in soil respiration between
positions decreased. Comparisons between interrow po-
sitions indicated that wheel traffic had a negative, but
nonsignificant, impact on soil respiration. These posi-
tional differences are supported by Rochette et al. (1991),
who found soil respiration to be significantly greater in
the row than in the interrow positions at water contents
from 0.13 to 0.18 m3 irr3.

Soil respiration was greater at 0 to 7.5 cm, where
roots and crop residue were most abundant (Table 3).
Between the 0- to 7.5- and 7.5- to 15-cm depths, soil
respiration decreased approximately twofold in the in-
terrow positions and more than threefold in the row.
Significant differences in soil respiration between the
two lower depths were not detected.

Variation in potential soil respiration among positions
and depths can result in substantially different levels of
N immobilization. Increased fertilizer-use efficiency may
be realized if judicious amounts of fertilizer N were
placed below the biologically active upper 7.5 cm of
each position. A similar suggestion has been made for
no-till (Doran, 1987). Placement of fertilizer in trafficked
interrows, however, may not be a prudent use of re-
sources. We observed crop roots to be least abundant
in the trafficked interrow. Consequently, the potential
for root interception of fertilizer would be less in the
trafficked interrow than the nontrafficked interrow or
row. A similar conclusion was also made by Kaspar et
al. (1991), who noted that wheel traffic reduced corn root
growth in the 0- to 15-cm layer of trafficked interrows
regardless of tillage system or fertilizer placement.

Correlation Analysis
Cause-and-effect relationships are difficult to ascertain

given that measurements of soil respiration were con-
ducted on disturbed samples, whereas measurements for
many soil properties were done on undisturbed samples.
Additionally, soil respiration was assessed under condi-
tions of optimum temperature for microbial activity.
Despite this, some general trends are evident and deserve
presentation.

Coefficients for significant correlations between soil
respiration and soil properties across WFPS and depths
are shown in Table 4. Bulk density was negatively corre-
lated with soil respiration at each WFPS, but not at
all depths. The ATsat was positively correlated with soil
respiration at each WFPS, but only at the 0- to 7.5-cm
depth. Organic C and total N were both positively and
negatively correlated with soil respiration depending on
depth. They were positively correlated at the 15- to
30-cm depth at each WFPS, but negatively correlated
at the 0- to 7.5- and 7.5- to 15-cm depths at 61 and
73% WFPS. With a limiting WFPS that results in low
microbial activity, as exemplified by 47% WFPS, aggre-

Table 3. Mean comparisons of soil respiration among positions
and depths averaged across crops. Least significant difference
(LSD) at P < O.OS are given for the interactions.

Soil respiration

Position

Trafficked Nontrafficked
Depth interrow interrow Row

cm

0-7.5
7.5-15
15-30
Mean
LSD for depths

within positions

0-7.5
7.5-15
15-30
Mean
LSD for depths

within positions

0-7.5
7.5-15
15-30
Mean
LSD for depths

within positions

0-7.5
7.5-15
15-30
Mean
LSD for depths

within positions

4.6
2.5
1.8
2.7y

1.4

6.3
3.3
2.2
3.6y

1.9

7.9
4.0
2.7
4.3y

2.2

6.3
3.3
2.2
3.5y

1.7

- mg CO2-C L-' soi

5.7
2.6
2.0
3.1y

1.5

7.5
3.1
2.5
4.1y

1.9

8.1
4.1
3.4
4.8y

2.1

7.1
3.3
2.7
4.0y

1.7

47% WFPS
13.5
3.6
3.0
5.8x

2.2
61% WFPS

19.0
5.0
4.0
8. Ox

3.2
73% WFPS

16.8
5.8
5.8
8.3x

3.0
Mean

16.4
4.8
4.1
7.4x

2.5

Mean

Id- 1 ——

7.9at
2.9b
2.3b

10.9a
3.8b
3.0b

11. Oa
4.7b
3.8b

9.9a
3.8b
3. Ob

LSD for
positions
within
depths

2.7
2.3
0.4

3.8
2.3
1.0

3.6
2.0
0.8

3.2
2.1
0.5

t Values for main effects followed by the same letter within a column (a,
b, c) or row (x, y, z) are not significantly different at P < 0.05.

gation parameters, sand content, and soil-water retention
characteristics were significantly correlated with soil res-
piration at the 0- to 7.5-cm depth.

At 47 % WFPS, high and low respiration groups across
depths were primarily comprised of observations from
the row and trafficked interrow, respectively (Table 5).
Under drier soil conditions, then, soil environments com-
pacted by traffic were associated with the lowest levels
of aerobic microbial activity. Under wetter soil condi-
tions, as exemplified by 61 and 73% WFPS, there was
not a consistent trend in position distribution across
depths (Table 5). At 0 to 7.5 cm, positions were equally
distributed among respiration groups. At 7.5 to 15 cm,
observations from the trafficked interrow and row were
predominant in the high and low respiration groups,
respectively. This trend reversed at 15 to 30 cm.

Soil respiration was generally maintained above 4 mg
CO2-C L"1 soil d~' when bulk density was <1.4 Mg
irr3 (Table 5). Within similar textural and structural
classes, soils with lower bulk density generally possess
a higher proportion of large to small pores, greater pore
continuity, and a lower surface area covered with water
than soils with higher bulk density (Torbert and Wood,
1992). As a result, aerobic microbial activity is enhanced
in lower bulk density soils because of greater availability
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Table 4. Correlation of selected soil properties with soil respiration at three water-filled pore space (VVFPS) levels at three depths.

Bulk density
Soil strength
Aggregate mean weight diameter
Aggregates >2.0 mm
Aggregates 1.0-2.0 mm
Aggregates 0.5-1.0 mm
Aggregates <0.5 mm
Sand
Silt
Clay
Saturated hydraulic conductivity
Water content at saturation
Water content at field capacity
Water content at wilting point
Gravitational water
Available water-holding capacity
Organic C
Total N

0-7.5

-0.86**
NS

-0.53*
-0.50*

NS
0.62**
0.51*
0.49*
NS
NS
0.55*
0.71**

-0.63**
-0.67**

0.71**
NS
NS
NS

47% WFPS

7.5-15

-0.55*
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

r
61% WFPS

15-30

-0.70**
NS
NS
NS
NS
NS

0.63**
NS
NS
NS
NS
NS
NS
NS
NS
NS

0.67*
0.71**

0-7.5

NS
NS
SN
NS
NS
NS
NS
NS
NS
NS
0.55*
NS
NS
NS
NS
NS

-0.53*
NS

7.5-15

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.49*
-0.53*

15-30

-0.62**
NS
NS
NS

-0.65**
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.54*
0.54*

0-7.5

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.53*
NS
NS
NS
NS
NS

-0.48*
NS

73% WFPS
7.5-15

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.48*
-0.52*

15-30

-0.62**
NS
NS
NS

-0.62**
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.56*
0.56*

*, ** Correlation significant at P < 0.05 and 0.01, respectively; NS = not significant at f < 0.05

of 02 at soil microsites. Conversely, under conditions
of higher bulk density, soil respiration was reduced.
Decreased soil respiration and increased N loss by deni-
trification due to poor aeration have been observed in

soils compacted by tractor traffic (Bakken et al., 1987;
Doran et al., 1990; Torbert and Wood, 1992).

Soil respiration >12 mg COa-C L"1 soil d"1 was
associated with soil environments that had K^ >10 cm

Table 5. Distribution of positions and property mean values for high, medium, and low respiration groups having 47, 61, and 73%
WFPS for correlations that were significant at P s 0.05.

Position distribution

Soil respiration, mg CO2-C L~' soil d"1

Bulk density, Mg m"3

Aggregate mean weight diameter, mm
Aggregates >2.0 mm, %
Aggregates 0.5-1.0 mm, %
Aggregates <0.5 mm, %
Sand, %
Saturated hydraulic conductivity, cm h~'
Water content at saturation, m3 m"3

Water content at field capacity, m3 m~3

Water content at wilting point, m3 m~ 3

Gravitational water, m3 m~3

Organic C, kg C m"3 soil
Total N, kg N m~3 soil

Position distribution

Soil respiration, mg COi-C L~' soil d"1

Bulk density, Mg m"3

Aggregates 1.0-2.0 mm, %
Saturated hydraulic conductivity, cm h ~ '
Organic C, kg C m~3 soil
Total N, kg N m"3 soft

Position distribution

Soil respiration, mg COi-C L"1 soil d"1

Bulk density, Mg m-3

Aggregates 1.0-2.0 mm, %
Saturated hydraulic conductivity, cm h~'
Organic C, kg C m~3 soil
Total N, kg N nT3 soil

High

6ROWt

13.5
1.14
2.36

37.5
17.8
25.6
13.5
11.8
0.60
0.33
0.21
0.28

2 ROW
2NTI
2TI
13.4

10.5
22.3

2 ROW
2NTI
2TI
12.1

10.6
22.3

0-7.5 cm

Medium

5 NTI
1 TI

6.43
1.34
2.60

42.2
15.0
21.0

9.35
8.78
0.55
0.37
0.25
0.18

2 ROW
2 NTI
2TI

4.45

6.48
25.2

2 ROW
2 NTI
2TI

5.82

6.48
25.2

Low

1 NTI
5TI

3.85
1.42
2.93

50.3
12.6
18.9
11.9
2.08
0.51
0.38
0.28
0.13

2 ROW
2 NTI
2TI
2.63

5.58
24.3

2 ROW
2 NTI
2TI

3.43

5.58
24.3

High

47%
2 ROW
2 NTI
2TI
4.60
1.38

61%
1ROW
2 NTI
3TI
12.1

23.4
2.00

73%
4TI
2 NTI

12.2

23.5
2.00

7.5-15 cm

Medium

WFPS
2 ROW
3 NTI
1TI
2.47
1.42

WFPS
2 ROW
2 NTI
2TI
4.42

24.7
2.11

WFPS
3 ROW
3 NTI

5.36

25.0
2.11

Low

2 ROW
1 NTI
3TI

1.64
1.44

3 ROW
2 NTI
m
2.56

25.1
2.14

3 ROW
1 NTI
2TI

3.68

24.6
2.14

High

3 ROW
2NTI
1 TI
3.20
1.41

15.6

21.4
1.86

4 ROW
2TI

8.58
1.39

20.7

21.4
1.86

4 ROW
2TI

9.35
1.39

20.7

21.4
1.85

15-30 cm

Medium

3 ROW
1 NTI
2TI
2.24
1.41

12.1

20.5
1.74

1ROW
5 NTI

3.46
1.44

24.6

19.4
1.74

1 ROW
4 NTIm
4.19
1.42

25.1

20.1
1.74

Low

3NTI
3 TI

1.40
1.46

12.6

17.4
1.50

1ROW
1NTI
4TI

1.72
1.45

24.3

18.6
1.50

1ROW
2 NTI
3TI
2.05
1.47

23.8

17.9
1.51

t ROW = row; NTI = nontrafficked interrow; TI = trafficked interrow.
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h"1 (Table 5). For this study, a moderately rapid K^,
class corresponded with the highest level of soil respira-
tion. Soils with greater Ksat drain faster, favoring condi-
tions needed for aerobic microbial activity.

Significant correlations shown for the aggregation pa-
rameters may reflect soil microsite effects associated with
smaller aggregates. For the 0- to 7.5-cm depth at 47%
WFPS, the high respiration group had approximately
6% more aggregates <1.0 mm than the low respiration
group (Table 5). A 3% difference in the proportion of
aggregates <1.0 mm between high and low respiration
groups was observed at 15 to 30 cm. Surface area of
aggregates exposed to microorganisms increased with
increasing proportion of aggregates <1.0 mm. In aerobic
environments, fungi have been observed to colonize
mainly on the outer portions of aggregates (Hattori and
Hattori, 1976). Fungi contribute more to C mineraliza-
tion than other soil microorganisms because they consti-
tute >50% of the microbial biomass in most soils
(Wagner, 1975; Paul and van Veen, 1978). Thus, as the
proportion of aggregates <1.0 mm increased, the soil
physical environment may have become more suitable
for fungal activity.

CONCLUSIONS
Main and interactive effects of position, depth, and

WFPS significantly influenced soil respiration. Differ-
ences in soil respiration between interrow positions were
nonsignificant. Soil respiration was localized in the upper
7.5 cm and decreased significantly below that depth.
Advantages in zone-specific management in ridge-till
may be realized if judicious amounts of fertilizer N were
placed below the biologically active upper 7.5 cm of
nontrafficked zones.

Microbial activity in ridge-till tended to vary spatially
in relation to changes primarily in the soil physical
environment. Soil respiration was negatively correlated
with bulk density at each WFPS, but not at all depths.
The ^Tsat was positively correlated with soil respiration
at each WFPS, but only at the 0- to 7.5-cm depth. Under
drier soil conditions, as exemplified by 47% WFPS,
aggregates <1.0 mm and gravitational water were posi-
tively correlated with soil respiration at the 0- to 7.5-cm
depth. The row was generally associated with the highest
levels of soil respiration at 47% WFPS. At 61 and 73%
WFPS, no one position was consistently associated with
the high or low levels of soil respiration. Soil environ-
ments characterized by bulk density <1.4 Mg m~3 and
^Tsat >10 cm rT1 were associated with respiration rates
>4 and 12 mg CO2-C L"1 soil d"1, respectively.
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