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Surface soil quality in five midwestern
cropland Conservation Effects Assessment
Project watersheds

D.L. Karlen, D.E. Stott, C.A. Cambardella, R.). Kremer, KW. King, and G.W. McCarty

Abstract: Soil quality (SQ) assessment is a proactive process for evaluating soil and crop
management effects on biological, chemical, and physical indicators of soil health. Our objec-
tives were to evaluate several SQ indicators within five Agricultural Research Service (ARS)
experimental watersheds (WS) and determine if those indicators were affected by manure,
tillage, or crop rotation histories. Ten soil quality indicators were measured within each of
600 0 to 5 cm (0 to 2 in) depth and 398 5 to 15 ¢cm (2 to 6 in) depth increment samples,
evaluated statistically, and then scored using the Soil Management Assessment Framework.
Except for soil organic carbon (C) at both depth increments or microbial biomass C and
B-glucosidase within the 5 to 15 cm increment, the indicators showed significant WS differ-
ences. Except for surface soil-test phosphorous (P), Soil Management Assessment Framework
indicator scores and overall soil quality index values also showed significant (p < 0.05) WS
differences. Microbial biomass C was significantly aftected by crop rotation at both sampling
depths and by WS within the surface 5 cm. B-glucosidase was significantly affected by all four
factors (WS, manure, tillage, and crop rotation) and their interactions within the 0 to 5 cm
increment. The water-stable macroaggregate indictor within the 0 to 5 cm increment and
within the 5 to 15 cm increment, however, were not significantly different for the tillage and
manure application treatments, respectively. Our study showed that the ARS Conservation
Effects Assessment Project (CEAP) watersheds provided a moderately controlled example
that watershed-scale monitoring of soil quality is feasible and should be used to monitor soil
health and/or conservation program effectiveness.

Key words: Conservation Effects Assessment Project—crop rotation—manure—soil
health—Soil Management Assessment Framework—tillage

The USDA Agricultural Research Service
(ARS) Cropland Conservation Effects
Assessment Project (CEAP) was initi-
ated in 2003 to scientifically evaluate
the effectiveness of Natural Resources
Conservation Service (NRCS) conserva-
tion practices because of their increasing
public cost (Karlen 2008; Richardson
et al. 2008). Soil quality (SQ) assessments
were incorporated into the ARS Cropland
CEAP in 2006 based on a National Research
Council (NRC 1993) recommendation that
soil quality and water quality impacts be
quantified when evaluating effectiveness of’
NRCS conservation programs.

This SQ assessment at ARS cropland
CEAP sites followed more than a decade of
SQ research (Karlen et al. 2008a) that was
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inspired by Alexander (1971) and Warkentin
and Fletcher (1977) who stated that multi-
factor assessment protocols were needed to
assess soil health/quality (Karlen et al. 2003).
Initiation of SQ research also coincided with
an increased emphasis on sustainable agricul-
ture during the mid- to late 1980s (NRC
1989) that brought public attention to the
increasing degradation of soil resources and
the implication of those changes for environ-
mental health. These efforts were not limited
to the United States as evidenced by the
Canadian Soil Quality Evaluation Program,
one of the first national efforts focused spe-
cifically on SQ assessment (CCME 1999). As
discussion and general interest in SQ and soil
health spread worldwide (Karlen et al. 1997,
2001), questions began to be raised regarding

This document is a U.S. government work and
is not subject to copyright in the United States.

the sustainability of many soil and crop man-
agement decisions (Pesek 1994).

In response to those questions, the NRCS
adopted the soil conditioning index (SCI)
as one factor for determining eligibility for
the USDA Conservation Security Program
and the Environmental Quality Incentives
Program funds following passage of the 2002
Farm Bill. Their justification was that if only
one indicator could be used to evaluate SQ,
soil organic matter would be the best choice
because of the multitude of soil physical,
chemical, and biological properties and pro-
cesses it influences (USDA NRCS 2003).
However, comparisons between the SCI and
Soil Management Assessment Framework
(SMAF) indices for semiarid soils indicated
the SCI was not well correlated with total
soil carbon (C) (Zobeck et al. 2008).

We used the SMAE as described by
Andrews et al. (2004), to assess SQ effects
within five cropland CEAP watersheds. The
SMAF provides a framework for evaluating
biological, chemical, and physical indicators
of SQ (soil health) and, if desired, combin-
ing the ratings into an overall assessment of
dynamic soil quality (Andrews et al. 2002a,
2002b, 2004). The SMAF emphasizes a
dynamic view of soil quality which involves
detecting soil response to current or recent
management decisions in contrast to inher-
ent soil quality which is determined by basic
soil forming factors and is relatively unre-
sponsive to recent soil and crop management
practices. Soil Management Assessment
Framework scoring curves or interpretation
algorithms have been developed for 13 indi-
cators including the quantity of water-stable
macroaggregate (WSA), plant-available water
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holding capacity, water-filled pore space,
bulk density (BD), electrical conductivity
(EC), pH, sodium adsorption ratio, Mehlich
III extractable (soil-test) phosphorus (P) and
potassium (K), soil organic carbon (SOC),
microbial biomass carbon (MBC), poten-
tially mineralizable nitrogen (PMN), and
B-glucosidase (BG) activity (Andrews et al.
2004;Wienhold et al. 2009; Stott et al. 2010).
However, as few as five SQ indicators can be
used to provide useful soil and crop man-
agement assessments (Karlen et al. 2008a)
provided biological, chemical, and physical
properties and processes affecting soil health
are represented in the analysis.

General characteristics of the five crop-
land CEAP watersheds for which this SQ
assessment was conducted are summarized in
table 1. Other features of each experimental
watershed (WS) follow:

1. The South Fork (SF) of the Towa River
in north-central lowa, represents rela-
tively young landscapes, developed in
glacial till with poorly dissected and inter-
nally drained prairie potholes and hydric
soils occupying 54% of the WS area.
The SF WS has several swine confine-
ment facilities which provide manure as
a component of many nutrient manage-
ment plans and has numerous subsurface
tile drains and ditches, some that were
first installed more than 100 years ago.
This extensive drainage network not
only helps increase crop production, but
also accelerates transport of excess soil
water with dissolved contaminants that
can lead to impaired water quality.

2. The Walnut Creek (WC) WS near
Ames in central Towa, represents a
smaller intensive agricultural landscape,
also developed in glacial till on the Des
Moines Lobe with a gently rolling and
poorly drained topography. About 60%
of the area is tile drained, but there are
few animal operations in this WS.

3. The Cedar Creek (CC) WS is located
within the St. Joseph River watershed
in northeastern Indiana. The landscape
is dominated by closed depressions that
require extensive surface drainage for
successful corn (Zea mays L.) and soybean
(Glycine max L.) production.

4. The Mark Twain (MT) WS is part of
the Salt River basin located in north-
eastern Missouri. The basin has flat to
gently rolling topography with soils that
generally possess a shallow claypan which
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restricts vertical movement of water, and
thus increases surface runoff and subsur-
face lateral water flow. There is very little
tile drainage in this WS.

5. The Upper Big Walnut Creck (UBWC)
WS located in central Ohio, was selected
because the area is also extensively tile
drained, and this WS drains into a res-
ervoir that provides domestic water for
Columbus and surrounding communities.

Our objectives for this study were to (1)
evaluate several SQ indicators within five
ARS experimental watersheds and (2) deter-
mine if those indicators were affected by
location, manure application within the past
year, tillage practice or crop rotation.

Methods and Materials

Sampling Protocol. The five WS were sam-
pled following grain harvest in 2006 (SF
and WC), 2007 (CC), and 2008 (MT and
UBWC). A total of 600 soil samples from 0
to 5 cm (0 to 2 in) and another 398 samples
from 5 to 15 cm (2 to 6 in) were collected
from multiple locations within each WS.
The spatial sampling design within each
WS was different as illustrated by Stott et al.
(2011, 2013) because the specific SQ assess-
ment questions being asked were different.
For example, there were no samples for the
5to 15 cm (2 to 6 in) depth within the SF
WS. The only requirement for all cropland
CEAP WS was that at least half of the sam-
ples were to be taken from the 0 to 5 cm
(0 to 2 in) depth increment because fiscal
resources used to support this multiloca-
tion endeavor originated within the ARS
Global Climate Change National Program.
Therefore, in addition to meeting the CEAP
SQ assessment goals, this study also provided
data for use in ARS global climate change
modeling and assessment projects.

Available human and fiscal resources thus
limited the total number of samples that could
be processed for each watershed to an average
of 250. Therefore, local research teams had to
decide whether collecting samples from only
the 0 to 5 cm (0 to 2 in) depth would be more
or less informative for the questions they were
asking than having half as many sampling sites,
but two depth increments.

Metadata from each WS was used to iden-
tify sites that were representative of (1) areas
receiving manure (M) on an annual or bian-
nual basis; (2) conventional or reduced tillage
versus no-tillage (T);and (3) one of five gen-
eral crop rotations (([CR] i.e., continuous

corn, corn—soybean, corn—soybean—wheat
[ Triticum aestivum L.],soybean—soybean—other
crop or forage-based). The cross-location SQ
indicator assessment project was superim-
posed on the combined dataset, which was
compiled using data collected to help answer
each set of WS specific questions. Although,
the inconsistency in sampling strategies
among the five WS pose some statistical chal-
lenges, we are confident this multilocation
study will provide useful information regard-
ing how various SQ indicators are affected
by soil and crop management practices.

At each sampling site, 20 soil cores (3.2
cm [1.25 in] diameter) were collected within
a 3 m (10 ft) radius of a global positioning
system (GPS)-specified sampling point from
the 0 to 5 cm (0 to 2 in) depth. Also, except
for the SF WS, samples were taken from
the 5 to 15 cm (2 to 6 in) depth. Surface
residues were cleared from each sampling
point so that collection began at the min-
eral soil surface. All soil from each sampling
site and depth increment was placed in plas-
tic bag that was sealed and transported back
to the laboratory before weighing, mixing,
and taking a 100 g (3.5 oz) subsample that
was dried at 105°C (221°F) to determine soil
water content. The total field-moist weight
per composite sample was adjusted to a dry
weight and divided by the volume associ-
ated with the 20 soil cores to estimate BD
(Grossman and Reinsch 2002). Each sample
was passed through an 8 mm (0.35 in) sieve to
remove rocks and plant material larger than
the mesh openings. The weight of removed
material was recorded. A representative 150
g (5.3 oz) subsample was removed, placed
in a plastic bag, and stored at 4°C (39.2°F)
for soil MBC determination. Another rep-
resentative portion was hand sieved to pass
a 2 mm (0.07 in) sieve, air-dried, and stored
at 4°C (39.2°F) until used for determining
PMN. The remainder of the sample was air-
dried, ground to pass a 2 mm sieve, bagged,
and stored at 4°C (39.2°F).

Soil Assays. The quantity of WSA was
determined using a modified Yoder sieving
machine set to 30 strokes per minute for
5 minutes (Kemper and Roseneau 1986).
Twenty-five grams of 8 mm (0.35 in) sieved,
air-dried soil was placed on top of a nest of
four sieves with openings of 2, 1, 0.5, and
0.25 mm (0.35, 0.04, 0.02, and 0.01 in)
(sieve numbers 10, 18, 35, 60, respectively),
and physical disruption of the aggregates
was carried out in deionized water to limit
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Table 1

General characteristics of five midwestern United States cropland Conservation Effects Assessment Project watersheds where soil quality indicator
comparisons were made.

Upper Big
Descriptor South Fork Walnut Creek Cedar Creek Mark Twain Walnut Creek
Latitude 42°17'21" to 41°55'28" to 41°19'23" to 38°53'34" to 40°9'25” to
42°35'09” N 42°00'04" N 41°53'78"N 39°21'29" N 40°21'49 N”
Longitude -93°04'27" to -93°33'54" to -84°91'50" to -91°42'20" to -82°45'29" to
-93°40'18"W -93°44'15" W -85°31'88" W -92°11'30” -82°49'15" W
State lowa lowa Indiana Missouri Ohio
Scale of Samples were Samples were Samples were Samples were Samples from four,
assessment collected from collected from collected from 20 collected from 400 ha areas that
2,675 haor 3.2% 1,735 ha or 27.5% representative fields 210 ha within three collectively
of the 84,616 ha of the 6,319 ha within 40,290 ha or subwatersheds represent soil types
watershed watershed 57% of the 70,700 ha and are collectively and management
watershed representative of practices throughout
46,000 ha the entire 492 km?
watershed
Dominant Loess over Lacustrine
parent material Glacial till Glacial till Glacial till glacial till sediments
Predominant C-CL (5); L (59); C-CL (44); L (33); C-CL (31); L(38); Si-SiL-SiCl (100) Si-SiL-SiCl (100)
soil textural SL-SCL (20); SL-SCL (3); SL-SCL (2);
classes* Si-SiL-SiCl (17) Si-SiL-SiCl (20) Si-SiL-SiCl (29)
Mean O to 5 cm 186 296 269 180 158
clay content
(kg™
BMSD(O_OS) =26
Mean 5 to —1 291 291 212 178
15 cm clay
content (g kg™t)
BMSD(O_%) =30
Mean annual 900 820 900 915 985
rainfall (mm)
Subsurface tile Yes Yes Yes No Yes
drainage
Inherent No No No Yes No
claypan
Predominant Corn/soybean Corn/soybean Corn/soybean Corn/soybean/ Corn/soybean/wheat
crops wheat/grain sorghum
For additional Tomer et al. 2008; Hatfield et al. 1999 Smith et al. 2008 Lerch et al. 2008 King et al. 2008
information Beeson et al. 2011

Notes: C-CL = clay or clay loam texture. L = loam. SL-SCL = sandy loam or sandy clay loam. Si-SiL-SiCL = silt, silt loam or silty clay loam. BMSD
Bonferroni (Dunn) t-Test significance level at p < 0.05.

* Values in parenthesis indicate the percentage of sampling sites classified as having the specified soil texture.

(0.08)

1 Samples were not collected from the 5 to 15 cm depth in the South Fork Watershed.

chemical dispersion of the aggregates. Soil
texture was determined using the hydrom-
eter procedure of Gee and Or (2002) with
readings corrected for temperature. Percent
silt was calculated as the difference of 100
minus the percentage of sand minus the per-
centage of clay (i.e., 100 — [% sand + % clay]).

Electrical conductivity (Whitney 1998)
and pH (Watson and Brown 1998) were
determined with standard meters using
20 g (0.7 oz) of air dried 2 mm (0.35 in)
sieved soil mixed in a 1:1 soil-to-water ratio.
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Mehlich IIT extractable (Mehlich 1984) P
and K concentrations were determined using
an inductively coupled plasma-atomic emis-
sion spectrograph (ICP-OES) (Optima 5300
DV, Perkin-Elmer, Shelton, Connecticut).
Total soil C was measured by dry combus-
tion (EA1112 Flash NC Elemental analyzer,
Thermo Finnegan Scientific Inc., Waltham,
Massachusetts) using air-dried, ground soil.
For samples with a pH of 7.3 or greater, soil
inorganic C was quantified according to the
method of Sherrod et al. (2002). Soil organic

C was calculated as the difference between
total and inorganic C. Microbial biomass C
was determined using 8 mm (0.35 in) sieved
field-moist samples with standard soil fumiga-
tion and chemical extractions (Brookes et al.
1985;Vance et al. 1987). Potentially mineraliz-
able N was measured using an aerobic 28-day
incubation method described by Drinkwater
et al. (1996) with mineral N [(NO, + NO))
+ NH,] determined colorimetrically using
a flow injection system (Lachat Instruments,
Milwaukee, Wisconsin). B-glucosidase activity
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was determined using the method of Eivazi
and Tabatabai (1988) and expressed as mg
p-nitrophenol (pnp) released per kilogram of
soil per hour of incubation.

Soil Management Assessment Framework.
Ten SQ indicators (BD, WSA, pH, EC,
soil-test P and K, SOC, MBC, PMN, and
BG activity) were used to calculate a soil
quality index using the SMAE Each mea-
sured indicator was scored using an Excel
spreadsheet that is available from the corre-
sponding author. The spreadsheet contains
scoring curves that were developed for each
potential indicator based on soil taxonomy,
texture, typical temperature and rainfall
regimes for the sampling area, mineralogy,
slope, season samples were collected, domi-
nant crop, and selected methods of P and EC
analysis as previously published (Andrews et
al. 2004; Wienhold et al. 2009; Stott et al.
2010). After obtaining individual indica-
tor scores, a combined SQI was calculated
by summing the scores, multiplying by
100, and dividing by the number of mea-
surements for each assessment. The overall
SQI was also subdivided into physical (BD
+ WSA), chemical (pH and EC), biological
(SOC, MBC, PMN, and BG activity) and
nutrient indices (soil-test P and K) using
subsets of the scored indicator data. This
approach identifies the management areas of
greatest concern (i.e., lowest index scores) so
that land managers can be given better guid-
ance on how to most efficiently restore or
improve soil health at that specific location
(Stott et al. 2010).

Statistical Analysis. Indicator measure-
ments, SMAF scores, and overall SQI values
were analyzed using SAS version 9.2 (SAS
Institute, Cary, North Carolina). An analysis
of variance (ANOVA) was computed using
PROC GLM to determine if there were sig-
nificant differences due to WS location, manure
(M) application history, tillage (T) practice, or
crop rotation (CR).The data were also analyzed
to determine if there were significant WS-M,
WS-T, or WS-CR interactions. Finally, if the
ANOVA f-test was significant, a Bonferroni
Minimum Significant Difference (MSD) at p
= 0.05 was computed for mean separation.

Results and Discussion

Watershed Characteristics. Among the five
cropland CEAP watersheds, clay content (table
1) was lowest in samples collected from both
depths within the UBWC WS in Ohio. The
highest levels were found in samples from
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WC in Iowa and CC in Indiana, where more
samples had clay, clay loam, or loam textures.
Samples from the MT WS, which is located in
the claypan region of Missouri, had an inter-
mediate clay content at both depths, although
the 0 to 5 cm (0 to 2 in) samples were similar
to those within the SF WS. With regard to SQ
assessment, clay content as well as factors such as
profile depth, slope, parent material, and mean
annual rainfall are considered to be indicators
of inherent SQ (Karlen et al. 2001, 2008a).
Those factors are captured in traditional soil
capability ratings but also influence dynamic or
temporal soil quality indicator ranges, and are
thus reflected in the scoring curves (Andrews
et al. 2004; Wienhold et al. 2009) developed for
interpreting SQ indicator measurements.
Indicator Differences Among Watersheds.
The overall ANOVA results (table 2) show
that, except for SOC at both sampling depths,
or MBC and BG within the 5 to 15 cm (2
to 6 in) increment, all measured SQ indica-
tors showed significant WS difterences. This
was not a surprise since the CEAP WS were
selected to represent a variety of landscapes
with different soils, cropping systems, and
animal operation intensities (i.e., availability
of animal manure) as shown in table 1. The
lack of significant differences in SOC is also
consistent with many other soil C studies
(Johnson et al. 2014) presumably because of
the variation in SOC encountered in many
midwestern United States soils. This hypoth-
esis appears to be confirmed by mean SOC
data presented in table 3. Even thoughan 11 g
kg (1.1%) difference in SOC was measured
in surface within the 0 to 5 cm (0 to 2 in)
samples and a 13 g kg™' (1.3%) difference was
measured among the watersheds within the
5to 15 cm (2 to 6 in) depth increment, WS
differences were not statistically significant at
p<0.05. Similar SOC difterences (i.e.,9to 11
g kg!) were noted among the five CR, but
again those differences were not significant.
The SMAE which normalizes indicator
data using scoring curves (Andrews et al.
2004), helps overcome the spatial variation
illustrated above. For example, the overall
ANOVA for SMAF scores (table 4) show
that except for surface soil-test P, all indi-
cator scores and overall SQI values for both
sampling depths within the five watersheds
were significantly different at (p < 0.05).
Furthermore, SOC scored values for the CR.
showed statistically significant differences.
Both the WS and CR responses can be seen
in table 5, which shows that scored values

for the five WS ranged from 0.61 to 0.97
while among the five CR they ranged from
0.65 to 0.86.

Among the 10 soil quality indicators, BG
had the lowest scores at both depth incre-
ments (table 5). The scoring curve for this
indicator was developed with long-term
no-till or pasture data from similar soils to set
the upper end of the curve (Stott et al. 2010)
and from long-term conventionally tilled
(moldboard plow) systems to define the lower
end. Low scores indicate that less of this vital
enzyme, which is involved in cellulose deg-
radation, is being produced, but at this time
we lack knowledge as to when these levels
fall below a threshold where residue and root
decomposition would be impeded enough to
impact critical soil functions.

Bulk density in the surface increment was
highest in samples from WC and MT WS
(table 3), presumably reflecting higher clay
content at WC and clay-pan morphology
within the MT WS. For BD, SOC, MBC,
and BG, the 5 to 15 cm (2 to 6 in) sam-
ples had substantially lower scores (table 4)
than for the 0 to 5 cm (0 to 2 in) increment.
Presumably, the latter three indicators reflect
long-term SOC loss when compared to
inherent or potential levels reflected in the
SMAF scoring curves (Andrews et al. 2004).
Similarly, lower BD scores reflect the higher
measured values which suggest that subsur-
face compaction may be an emerging soil
health concern.

Mehlich III extractable P and K values
(table 3) and scores (table 5) were lower in
the 5 to 15 ¢cm (2 to 6 in) samples than in
the 0 to 5 cm (0 to 2 in) increment within
the four watersheds where both depths were
evaluated. Measured and scored values for
the remaining four indicators (WSA, PMN,
pH, and EC) also showed significant WS
differences, but none of them would be con-
sidered limiting for crop production.

The overall SQI values within the 0 to 5
cm (0 to 2 in) depth indicated soils within
all five WS were functioning at between 78%
and 92% of their potential which is consistent
with other midwestern SQ assessment studies
(Karlen et al. 2006, 2008a, 2008b). Similarly,
soils from the 5 to 15 cm (2 to 6 in) depth
increment within the four sampled WS were
functioning at between 63% and 80% of their
potential for crop production. Examining
component indices for physical, chemical,
biological, or nutrient processes (data not
presented), rankings in the 0 to 5 cm (0 to
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Table 2
Overall analysis of variance test (ANOVA) results for measured soil quality indicator data from the o to 5 cm and 5 to 15 cm depth increments within
five midwestern cropland Conservation Effects Assessment Project watersheds.
Clay soC WSA MBC P K BD EC BG (mgpnp PMN
Factor (gkg™) (gkg") (gkg™ (ugg") pH  (mgkg?) (mgkg™) (gem™) (dsm™) kgt'soilh™) (mgg)
0 to 5 cm depth
Watershed (WS) *k*x NS * k% *k* *k* * k% *k* *k*x * k% *k* *k*
Manure (M) NS NS wkx NS NS NS NS *x NS i NS
Tillage (T) o NS NS NS * NS NS NS wkx * NS
Crop Rotation (CR) NS NS * k% *k*x NS * k% * *k* * % * k% * k%
WS (M) NS NS * k% *k*x NS NS ** NS *k* *k* *k*
WS (T) * % NS * k% *k*x * k% * NS * % * * NS
WS (CR) *k*x NS * k% *k*x *k* * k% *k* * ** *k* *k*
5 to 15 cm depth
WS *k*x NS * k% NS ** * k% *k* *k* *k* NS * k%
NS NS NS NS NS NS NS Ak NS NS NS
T NS NS i NS NS NS NS NS w*x NS Hkx
CR NS NS * k% *k*x NS * k% ** NS *k* * k% * k%
WS (M) NS NS i * NS * wx NS NS *x *
WS (T) * NS i NS NS wokx NS NS NS NS NS
WS (CR) NS NS * k% NS * % * k% * k% * % NS *k* *
Notes: Clay = clay content. SOC = soil organic carbon. WSA = water stable macroaggregates. MBC = microbial biomass carbon. P = soil-test phospho-
rus. K = soil-test potassium. BD = bulk density. EC = electrical conductivity. BG = 3 -glucosidase. PMN = potentially mineralizable nitrogen.
*p <0.10 **p <0.05 ***p<0.01

2 in) increment were biological < physical <
chemical < nutrient functions. This presum-
ably reflects the attention given to soil fertility
within these agricultural WS. Within the 5
to 15 ¢cm (2 to 6 in) increment, however, the
component SQI rankings (values not pre-
sented) were biological < nutrient = physical
< chemical fraction. This presumably reflects
lower soil-test P and K values and potential
soil compaction and/or soil pH problems at
the lower sampling depth.

Indicator Response to Manure. Table 2
shows significant difference due to M appli-
cation within the past one or two years only
for WSA, BD, and BG in the surface samples
and for BD in the 5 to 15 ¢cm (2 to 6 in)
samples. The quantity of WSA was signifi-
cantly lower in O to 5 cm (0 to 2 in) samples
from sites with a history of M application,
but based on metadata comments indicating
M was generally applied to lighter texture
soils, the WSA response may have been due
to lower clay content.

Although differences were not significant,
Mehlich IIT soil-test P concentrations in the
0to 5 cm (0 to 2 in) samples were more than
30% higher in samples from fields that had
recently received M applications (table 3).
In contrast to this assessment, previous SQ
samplings within the SF WS (Karlen et al.
2008b) had shown significant manure appli-
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cation effects within the 0 to 20 cm (0 to 8
in) plow layer.

Table 4 shows that M application had sig-
nificant effects on SOC and BD scores (table
5) and SQI values (table 3) within the 0 to
5 c¢cm (0 to 2 in) depth increment and on
soil-test K scores (table 5) within the 5 to
15 cm (2 to 6 in) increment. However, sites
receiving M within the two years of sample
collection actually had lower SOC scores
and higher BD scores within the 0 to 5 cm
increment and lower soil-test K concentra-
tions and K scores within the 5 to 15 cm
increment (all indicating a lower SQ). The
SQI values, although significantly different
indicated the soils were functioning at 83%
or 84% of their inherent potential with or
without recent M application.

Indicator Response to Tillage. Table 2
shows highly significant (p < 0.01) T effects
on EC values within the 0 to 5 cm (0 to
2 in) increment and significant (p < 0.05)
EC differences in the 5 to 15 cm (2 to 6
in) increment. This may have been caused
by mixing of residual fertilizer salts or sub-
surface carbonates during T operations since
measured EC values (table 3) within both
depth increments were higher in tilled than
nontilled soils. Within the 5 to 15 ¢cm incre-
ment, WSA and PMN values (table 3) were
greater in nontilled samples, presumably due

to less soil structure disturbance and subse-
quent oxidation of labile organic materials.

Table 4 shows significant difterences for
WSA, EC, and BG within the 0 to 5 cm (0
to 2 in) increment and for SOC, BD, and BG
within the 5 to 15 cm (2 to 6 in) increment.
Electrical conductivity scores were higher in
tilled samples from both depth increments,
so if T mixing discussed above occurred, it
did not appear to have a negative soil health
impact. B-glucosidase scores for both depth
increments were higher for nontilled sam-
ples, perhaps reflecting the numerically
higher BG level (table 3) within the 0 to 5
cm increment of nontilled soils. Overall, T
had no significant on the average SQI with
the O to 5 cm increment functioning at 83%
to 86% of its potential and the 5 to 15 cm
increment functioning at 70% to 72% of its
potential (table 3).

Crop Rotation Effects on Soil Quality
Indicators. With the exception of SOC, pH,
and soil-test K, significant CR differences
were measured within the 0 to 5 cm (0 to 2
in) increment (tables 2 and 3). Similarly, sig-
nificant CR effects were detected within the
5to 15 cm (2 to 6 in) increment for indicators
other than SOC, pH, and BD. Continuous
corn had the lowest quantity of WSA and
highest soil-test P and EC values (table 3) in
the 0 to 5 cm increment. When normalized
through the scoring functions, CR effects on
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Table 3
Mean soil quality indicator and overall soil quality index values for soil samples collected from the o to 5 cm and 5 to 15 cm depth increments at
sites with different manure, tillage, or crop rotation histories within five midwestern cropland Conservation Effects Assessment Project watersheds.
soc WSA MBC P K BD EC BG(Mgpnp PMN
Factor (8kg™) (8kg™) (vgg") pH (mgkg?) (mgkg?) (gem™®) (dsm™) kg'soilh™) (mgg?) SaQl
Oto5cm
Watershed
South Fork (1A) 31 439 504 70 103 303 1.20 0.27 148 50 0.83
Walnut Creek (I1A) 28 542 487 6.8 42 231 1.44 0.31 157 39 0.78
Cedar Creek (IN) 28 440 588 6.5 104 611 1.07 0.28 171 40 0.84
Mark Twain (MO) 20 895 556 6.8 44 186 1.35 0.28 205 54 0.86
Upper Big Walnut 23 670 581 6.2 86 223 1.23 0.16 191 67 0.92
Creek (OH)
BMSD 4 o5, NS 41 90 0.3 22 63 0.06 0.04 23 8 0.02
Manure
Yes 26 486 518 6.9 103 312 1.27 0.27 159 48 0.83
No 27 589 541 6.7 75 324 1.24 0.27 172 49 0.84
BMSD,; o, NS 22 NS NS NS NS 0.03 NS 12 NS 0.01
Tillage
Yes 27 536 507 6.8 82 310 1.26 0.28 163 47 0.83
No 26 650 609 6.6 77 350 1.21 0.24 186 53 0.86
BMSD; o, NS NS NS NS NS NS NS 0.02 NS NS NS
Crop rotation
Continuous corn 31 473 502 6.9 91 291 1.26 0.29 157 45 0.82
Corn-soybean 27 518 466 6.8 75 288 1.26 0.24 150 46 0.83
Corn-soybean-
wheat 22 669 548 6.7 85 376 1.23 0.29 198 50 0.86
Soybean- 22 645 531 6.3 74 407 1.16 0.21 182 55 0.89
soybean-other
Forage-based 28 780 933 6.5 47 333 1.21 0.26 200 68 0.89
BMSD ., NS 49 107 NS 26 NS 0.07 0.04 28 9 0.03
5to 15 cm
Watershed
South Fork (IA) — — — — — — — — — — —
Walnut Creek (IA) 25 623 310 6.6 20 115 1.44 0.27 95 27 0.69
Cedar Creek (IN) 24 526 327 6.4 56 305 1.36 0.18 84 39 0.75
Mark Twain (MO) 12 868 203 6.6 16 113 1.35 0.17 57 20 0.63
Upper Big Walnut 17 650 284 6.1 38 133 1.28 0.11 72 36 0.80
Creek (OH)
BMSD, ., NS 49 NS 0.3 9 41 0.06 0.04 NS 5 0.03
Manure
Yes 17 668 326 6.4 20 142 1.43 0.18 66 29 0.69
No 19 705 276 6.5 34 177 1.36 0.19 77 30 0.71
BMSD, ., NS NS NS NS NS NS 0.06 NS NS NS NS
Tillage
Yes 18 659 267 6.5 28 166 1.38 0.20 77 27 0.70
No 20 685 296 6.4 39 187 1.34 0.17 75 34 0.72
BMSD 445, NS 26 NS NS NS NS NS 0.02 NS 3 NS
Crop rotation
Continuous corn 26 625 324 6.6 24 121 1.39 0.29 102 26 0.71
Corn-soybean 22 643 245 6.4 30 153 1.38 0.16 72 30 0.70
Corn-soybean- 16 688 243 6.6 40 207 1.35 0.18 70 30 0.70
wheat
Soybean- 15 655 261 6.1 38 195 1.34 0.13 65 32 0.74
soybean-other
Forage-based 19 747 424 6.4 24 175 1.33 0.16 80 38 0.73
BMSD(O_Os' NS 65 77 NS 11 54 NS 0.05 17 7 0.04
Notes: SOC = soil organic carbon. WSA = Water stable macroaggregates. MBC = microbial biomass carbon. P = soil-test phosphorus. K = soil-test po-
tassium. BD = bulk density. EC = electrical conductivity. BG = 3 -glucosidase. PMN = potentially mineralizable N. SQI = soil quality initiative. BMSD(O_%)
= Bonferroni (Dunn) t-Test significance level at p < 0.05
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Table 4
Overall analysis of variance test (ANOVA) results for the Soil Management Assessment Framework indicator scores and index value within the o to 5
cm and 5 to 15 cm depth increments of five midwestern cropland Conservation Effects Assessment Project watersheds.
Factor soC WSA MBC pH P K BD EC BG PMN SQl
0 to 5 cm depth
Watershed (WS) *k* *k*x *k* *k* Ns *k%k *k* *k*x *kk ** *k*
Manure (M) * NS NS NS NS NS wkx NS NS NS wx
Tillage (T) NS *x NS NS NS NS NS *x * NS NS
Crop rotation (CR) *k*k *%* *k*x *k*x Ns *k%k *k* Ns *k% NS *k*k
WS (M) ** * NS *k* Ns NS NS *k*x *k%k NS **
WS (T) NS NS NS wkx NS * NS NS NS NS NS
WS (CR) *k*k *k*x * *k* Ns * *k* *k*x *k %k NS *k*
5 to 15 cm depth
WS *k*k *%* *k*x *k*x *k*x *k% *k* *k*x *k%k *k*x *k%k
NS NS NS NS NS *x NS NS NS NS NS
T * NS NS NS NS NS * NS o NS NS
CR ** Ns *k*x NS Ns NS *k* *k*x *k%k NS *k*k
WS (M) NS NS wx wkx * o * * NS NS NS
WS (T) NS NS NS * *x NS NS * NS NS wx
WS (CR) NS *%* * * % *%* *k%k * *k*x *k%k NS **
Notes: SOC = soil organic carbon. WSA = Water stable macroaggregates (g kg*). MBC = Microbial Biomass Carbon (ug g1). P = soil-test phosphorus
(mg kg4). K = soil test potassium (mg kg*). BD = bulk density (g cm-2). EC = electrical conductivity (ds m*). BG = B-glucosidase (mg pnp kg soil h-%).
PMN = potentially mineralizable N (mg g*). SQI = soil quality index.
*p <0.10 **p <0.05 ***p<0.01

soil-test P, EC, and PMN within the O to 5
cm increment were not significantly different
(table 4), but SOC and soil-test K differences
were significant at p < 0.01.

The overall ANOVA (table 4) showed that
CR significantly affected SQI ratings, but
all five systems were functioning at between
82% and 89% or from 70% to 74% of their
potential within the 0 to 5 cm (0 to 2 in)
or 5 to 15 cm (2 to 6 in) increment, respec-
tively (table 3). Continuous corn had one of’
the lower SQI ratings within both sampling
depths, while forage-based rotations were
among the highest. This is consistent with
previous midwestern SQ studies (Karlen et
al. 2008b) and agrees with similar cropping
system and manure application studies on
other claypan soils in Missouri (Veum et al.
2014). They reported that perennial vegeta-
tion (i.e., native prairie, restored prairie or
timothy [Phleum pretense]) sites had the high-
est SMAF indices (0.94 to 0.98), followed by
no-till and conventionally tilled crop pro-
duction treatments. Within the five cropland
CEAP WS evaluated for this study, soils from
the 0 to 5 cm (0 to 2 in) depth were func-
tioning at 89% of their potential.

Summary and Conclusions

The objectives for this study were to (1) eval-
uate several SQ indicators within five ARS
experimental watersheds and (2) determine
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if those indicators were aftected by WS loca-
tion, M application within the past year, T
practice, or CR. Detecting significant SOC
changes was difficult because of high vari-
ability among the sampling sites, but using
SMAF scoring curves to normalize the data
and help interpret the measurements did
result in statistically significant differences
due to WS location and CR. Several other
SQ indicators showed significant WS difter-
ences. Only a few of the indicators showed
significant M or T effects, presumably because
the varied sampling designs resulted in sub-
stantial inequality in the number of samples
being compared in those groups. Among
the five CR treatments, continuous corn
generally had lower SQI values than for-
age-based systems. Finally, although the ARS
CEAP WS provide a moderately controlled
example, we conclude that watershed-scale
monitoring of SQ is feasible and suggest its
assessment can be used to monitor soil health
and/or conservation practices. The next step
for long-term soil quality/health assessments
within these and similar midwestern water-
sheds will be to use this initial sampling
as a baseline for comparisons with future
assessments conducted every three, five, or
even ten years. This could be implemented
through existing NRCS conservation pro-
grams by working with soil-testing and crop
consulting groups to monitor effectiveness of

these and other conservation programs within
cropland watersheds such as the five sampled
for this study.

Disclaimer

Mention of trade names or commercial products in this
publication is solely for the purpose of providing spe-
cific information and does not imply recommendation or

endorsement by the USDA.
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Table 5

Mean Soil Management Assessment Framework scores for soil quality indicators measured using samples from the o to 5 cm and 5 to 15 cm depth incre-
ments at sites with different manure, tillage, or crop rotation histories within five midwestern cropland Conservation Effects Assessment Project water-
sheds.

soc WSA MBC pH P K BD EC BG PMN
Factor score score score score score score score score score score
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Upper Big Walnut Creek (OH) 0.97 1.00 1.00 0.83 0.94 0.94 0.89 0.83 0.70 0.98
BMSD,; o, 0.09 0.04 0.05 0.04 NS 0.02 0.06 0.04 0.06 0.05
Manure
Yes 0.65 0.92 0.93 0.88 0.87 0.96 0.87 0.96 0.26 0.98
No 0.70 0.94 0.93 0.88 0.95 0.95 0.76 0.96 0.41 0.98
BMSD, ., 0.04 NS NS NS NS NS 0.03 NS NS NS
Tillage
Yes 0.67 0.94 0.92 0.88 0.93 0.95 0.78 0.97 0.33 0.98
No 0.74 0.92 0.94 0.88 0.96 0.95 0.78 0.94 0.52 0.98
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BMSD,; o, 0.10 0.04 0.06 0.05 NS 0.03 0.07 NS 0.07 NS
5to 15cm
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South Fork (IA) — — — — — — — — — —
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BMSD, ., 0.08 0.03 0.10 0.04 0.09 0.05 0.07 0.06 0.04 0.07
Manure
Yes 0.42 0.99 0.81 0.88 0.67 0.74 0.48 0.89 0.10 0.90
No 0.49 0.97 0.64 0.88 0.79 0.83 0.58 0.84 0.11 0.95
BMSD,; o, NS NS NS NS NS 0.05 NS NS NS NS
Tillage
Yes 0.47 0.98 0.62 0.89 0.76 0.82 0.54 0.86 0.10 0.95
No 0.51 0.97 0.68 0.88 0.82 0.84 0.61 0.81 0.12 0.95
BMSD, ., 0.04 NS NS NS NS NS 0.04 NS 0.02 NS
Crop rotation
Continuous corn 0.57 0.99 0.58 0.90 0.711 0.77 0.55 0.95 0.10 0.94
Corn-soybean 0.48 0.98 0.58 0.89 0.80 0.83 0.55 0.79 0.09 0.97
Corn-soybean-wheat 0.43 0.95 0.62 0.86 0.79 0.86 0.55 0.87 0.12 0.94
Soybean-soybean-other 0.58 0.98 0.81 0.90 0.85 0.81 0.65 0.73 0.10 0.97
Forage-based 0.49 1.00 0.85 0.93 0.76 0.79 0.65 0.79 0.14 0.93
BMSD 0.11 NS 0.13 NS NS NS 0.10 0.08 0.05 NS

(0.05)

Notes: SOC = soil organic carbon. WSA = Water stable macroaggregates. MBC = Microbial Biomass Carbon. P = soil-test phosphorus. K = soil test
potassium. BD = bulk density. EC = electrical conductivity. BG = B-glucosidase. PMN = potentially mineralizable N. SQI = soil quality index. BMSD(O_OS) =
Bonferroni (Dunn) t-Test significance level at p < 0.05

SEPT/OCT 2014—VOL. 69, NO. 5 JOURNAL OF SOIL AND WATER CONSERVATION



http://www.swcs.org

nitrogen: A rapid direct extraction method to measure
microbial biomass nitrogen in soil. Soil Biology &
Biochemistry 17: 837-842.

CCME (Canadian Council of Ministers of the Environment).
1999. Canadian soil quality guidelines for the protection of
environmental and human health: Introduction. In Canadian
Environmental Quality Guidelines, 1999, Canadian Council
of Ministers of the Environment, Winnipeg.

Drinkwater, L.E., C.A. Cambardella, ].D. Reeder and C.W.
Rice. 1996. Potentially mineralizable nitrogen as an
indicator of biologically active soil nitrogen. p. 217-229.
In Methods for Assessing Soil Quality, eds. J.W. Doran
and AJ. Jones. Madison, WI: Soil Science Society of
America Inc.

Eivazi, E, and M.A. Tabatabai. 1988. Glucosidases and
galactosidases in soils. Soil Biology & Biochemistry
20:601-606.

Gee, G.W,, and D. Or. 2002. Particle-size analysis. p. 255-293.
In Methods of Soil Analysis, part 4, physical methods,
eds. J.H. Dane and G.C.Topp. Madison, WI: Soil Science
Society of America Inc.

Grossman, R.B., and T.G. Reinsch. 2002. Bulk density and
linear extensibility. In Methods of Soil Analysis, part 4,
Physical methods, eds. J.H. Dane and G.C. Topp, 201-
228. Madison, WI: Soil Science Society of America Inc.

Hatfield, J.J., D.B. Jaynes, M.R. Burkart, C.A. Cambardella,
T.B. Moorman, J.H. Prueger, and M.A. Smith. 1999.
Wiater quality in Walnut Creek watershed: Setting and
farming practices. Journal of Environmental Quality
28:11-24.

Johnson, J.M.E, G.E. Varvel, D.E. Stott, S.L. Osborne,
J.M. Novak, D.L. Karlen, J.A. Lamb, and J.M. Baker.
2014. Crop residue mass needed to maintain soil
organic carbon levels: Can it be determined? BioEnergy

http://link.springer.com/article/10.1007/
$12155-013-9402-8.

Karlen, D.L., MJ. Mausbach, J.W. Doran, R.G. Cline,
R.E Harris, and G.E. Schuman. 1997. Soil quality: A

concept, definition, and framework for evaluation. Soil

Research

Science Society of America Journal 61:4-10.

Karlen, D.L., S.S. Andrews, and J.W. Doran. 2001. Soil
quality: Current concepts and applications. Advances in
Agronomy 74:1-40.

Karlen, D.L., S.S. Andrews, B.J. Wienhold, and J.W. Doran.
2003. Soil Quality: Humankind’s foundation for survival.
Journal of Soil and Water Conservation 58(4):171-179.

Karlen, D.L., E.G. Hurley, S.S. Andrews, C.A. Cambardella,
D.W. Meek, M.D. Duffy, and A.P. Mallarino. 2006.
Crop rotation effects on soil quality at three northern
corn/soybean  belt locations.

98:484-495.

Karlen, D.L. 2008. A new paradigm for natural resources

Agronomy  Journal

research: The Conservation Effects Assessment Project.
Journal of Soil and Water Conservation 63(6):220a,
doi:10.2489/jswc.63.6.220A.

Karlen, D.L., S.S. Andrews, B.J]. Wienhold, and T.M. Zobeck.
2008a. Soil Quality Assessment: Past, Present and Future.
Electronic Journal of Integrative Biosciences 6(1):3-14

Karlen, D.L., M.D. Tomer, J. Neppel, and C.A. Cambardella.
2008b. A preliminary watershed scale soil quality
assessment in north central lowa, USA. Soil and Tillage
Research 99:291-299.

Kemper W.D., and R.C. Roseneau. 1986. Aggregate stability
and size distribution. In Methods of Soil Analysis, part 1,
Physical and mineralogical methods, eds. A. Klute 425-
442. Madison, WTI: Soil Science Society of America Inc.

JOURNAL OF SOIL AND WATER CONSERVATION

King, K.W,, PC. Smiley Jr., BJ. Baker, and N.R. Fausey.
2008. Validation of paired watersheds for assessing
conservation practices in the Upper Big Walnut Creek
watershed, Ohio. Journal of Soil and Water Conservation
63(6):380-395, doi:10.2489/jswc.63.6.380.

Lerch, R.N., EJ. Sadler, N.R. Kitchen, K.A. Sudduth, R.J.
Kremer, D.B. Myers, C. Baffaut, S.H. Anderson, and
C.-H. Lin. 2008. Overview of the Mark Twain Lake/
Salt River Basin conservation eftects assessment project.
Journal of Soil and Water Conservation 63(6):345-359,
doi:10.2489/jswc.63.6.345.

Mehlich, A. 1984. Mehlich 3 soil
modification of Mehlich 2 extractant. Communications
in Soil Science & Plant Analysis 15:1409-1416.

NRC (National Research Council). 1989. Alternative
agriculture. Washington, DC: National Academy Press.

NRC. 1993. Soil and water quality: An agenda for
agriculture. Washington, DC: National Academy of

test extractant: A

Sciences, National Academy Press.

Pesek, J. 1994. Historical perspective. In Sustainable
Agriculture Systems, eds. J.L. Hatfield and D.L. Karlen,
1-19. Boca Raton, FL: CRC Press.

Richardson, C.W.,, D.A. Bucks, and E.J. Sadler. 2008.
The conservation efects assessment project benchmark
watersheds: Synthesis of preliminary findings. Journal
of Soil and Water 63(6):590-604,
doi:10.2489/jswc.63.6.590.

Sherrod, L.A., G. Dunn, G.A. Peterson and R.L. Kolberg.

2002. Inorganic carbon analysis by modified pressure-

Conservation

calcimeter method. Soil Science Society of America
Journal.66:299-305.

Smith, D.R., SJ. Livingston, B.W. Zuercher, M.Larose,
G.C. Heathman, and C. Huang. 2008. Nutrient losses
from row crop agriculture in Indiana. Journal of Soil
and Water Conservation 63(6):396-409, doi:10.2489/
jswe.63.6.396.

Stott, D.E., S.S. Andrews, M.A. Liebig, B.J. Wienhold, and
D.L. Karlen. 2010. Evaluation of B-glucosidase activity
as a soil quality indicator for the Soil Management
Assessment Framework (SMAF). Soil Science Society of
America Journal 74:107-119.

Stott, D.E., C.A. Cambardella, R.Wolf, M.D.Tomer, and D.L.
Karlen. 2011. A Soil quality assessment within the Towa
River south fork watershed. Soil Science Society of
America Journal 75:2271-2282.

Stott, D.E., D.L. Karlen, C.A. Cambardella, and R.D. Harmel.
2013. A soil quality and metabolic activity assessment
after fifty-seven years of agricultural management. Soil
Science Society of America Journal 77: 903-913

Tomer M.D., T.B. Moorman, and C.G. Rossi. 2008.
Assessment of the Towa River's South Fork watershed:
Part 1. Water quality. Journal of Soil and Water
Conservation 63:360-370, doi:10.2489/jswc.63.6.360.

USDA NRCS (Natural Resource Conservation Service).
2003. Interpreting the Soil Conditioning Index: A
tool for measuring soil organic matter trends. http://
www.nres.usda.gov/Internet/FSE_DOCUMENTS/
nres143_019219.pdf

Vance, E.D., P.C. Brookes, and D.S. Jenkinson. 1987.
Microbial biomass measurements in forest soils:
Determination of kC values and tests of hypotheses
to explain the failure of the chloroform fumigation-
incubation method in acid soils. Soil Biology &
Biochemistry 19:689-696.

Veum, K.S., K.W. Goyne, R.J. Kremer, R.J. Miles, and K.A.
Sudduth. 2014. Biological indicators of soil quality and

soil organic matter characteristics in an agricultural
management continuum. Biogeochemistry 117:81-99.

‘Warkentin, B.P., and H.E Fletcher. 1977. Soil quality for
intensive agriculture. In Proceedings of the International
Seminar on Soil Environment and Fertility Management
in Intensive Agriculture, 594-598. Tokyo: Society
of Science of Soil and Manure, National Institute of
Agricultural Science.

Watson, M.E., and J.R. Brown. 1998. pH and lime
requirement. In Recommended Chemical Soil Test
Procedures for the North Central Region, eds. J.R.
Brown, 13-16. NCR Publ. 221. Missouri Agric. Exp.
Stn. Bull. SB1001. http://ncera-13.missouri.edu/pdf/
sb1001_updatedOct2012.pdf.

Whitney, D.A. 1998. Soil
Chemical Soil Test Procedures for the North Central
Region, eds. JR. Brown, 59-60. NCR  Publ. 221.
Missouri Agric. Exp. Stn. Bull. SB1001. http://ncera-13.
missouri.edu/pdf/sb1001_updatedOct2012.pdf.

Wienhold BJ., D.L. Karlen, S.S. Andrews, and D.E.
Stott. 2009. Protocol for Soil Management Assessment

(SMAF)  soil
development. Renewable
Systems 24:260-266.

Zobeck, T.M., A.D. Halvorson, B. Wienhold, V. Acosta-
Martinez, and D.L. Karlen. 2008. Comparison of two soil

salinity. In Recommended

Framework indicator scoring curve

Agriculture and  Food

quality indexes to evaluate cropping systems in northern
Colorado. Journal of Soil and Water Conservation
63(5):329-338, doi:10.2489/jswc.63.5.329.

SEPT/OCT 2014—VOL. 69, NO. 5

401


http://www.swcs.org

	Surface soil quality in five midwestern cropland Conservation Effects Assessment Project watersheds
	

	tmp.1506446094.pdf.71Czg

