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A Soil Quality Assessment within the 
Iowa River South Fork Watershed

Soil & Water Management & Conservation

The Conservation Eff ects Assessment Project (CEAP) was initiated in 2003 
to provide a scientifi c basis for assessing eff ectiveness of conservation prac-

tices by the USDA Natural Resources Conservation Service (NRCS) (Richardson 
et al., 2008). Th e initial focus was to assess conservation practice eff ects on water 
quality in 15 USDA Agricultural Research Service (ARS) CEAP experimental 
watersheds. In 2006, a soil quality assessment was initiated, fi rst in the Iowa River 
South Fork Watershed, and subsequently within all other ARS CEAP watersheds.

Th e South Fork Watershed consists of about 78,000 ha (Tomer et al., 2008), 
and includes tributaries of Tipton and Beaver Creeks. Th e landscape is relatively 
young and composed of glacial till deposited 10,000 to 15,000 yr ago. It is repre-
sentative of the Des Moines Lobe, which is the dominant land form of north-cen-
tral Iowa. Th e terrain is poorly dissected and internally drained prairie potholes are 
common in the upper parts of the watershed. Th e low relief creates poor drainage 
conditions, and hydric soils occupy 54% of the watershed area. Installation of sub-
surface tile drains and ditches began more than 100 yr ago. Th e artifi cial drainage 
accelerates transport of excess soil water and with it several dissolved contaminants.

Cropland soil quality at a specifi c site can be aff ected by the interaction of 
many factors including climate, soil type, and management practices such as crop 
rotation and tillage practice. Assessment tools are needed to evaluate the eff ects of 
those factors on critical soil ecoservice functions such as nutrient cycling and water 
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Soil quality assessment is a proactive process for understanding the long-term eff ects of crop and soil management prac-
tices within agricultural watersheds. Fields with both well-developed and poor (N-defi cient) corn (Zea mays L.) canopy 
growth were identifi ed within the Iowa River’s South Fork Watershed. Our objectives were to quantify several soil qual-
ity indicators, including the near-surface soil organic carbon (SOC) content, and determine if the Soil Management 
Assessment Framework (SMAF) could distinguish between the well-developed and poor corn canopy areas. Four sites, 
three representing the major soil series in the well-developed canopy areas and one in the poor area, were identifi ed and 
sampled (0–10 cm) within 50 fi elds.  Th ere were no signifi cant diff erences between performance zones when analyzed 
collectively. Using SMAF indicator scores, SOC, bulk density (Db), water-fi lled pore space (WFPS), electrical conduc-
tivity (EC), and microbial biomass carbon (MBC) were signifi cantly lower in the poor canopy areas; however, no single 
indicator scored signifi cantly less across all 50 fi elds. When separated by landscape position (hilltop, sideslope, toeslope, 
or depression), only SOC was signifi cantly diff erent between performance zones across each position. Other indicators 
that diff ered in at least one slope position included Db, WFPS, MBC, EC, P, Fe, Cu, Zn, or potentially mineralizable 
C. A majority of fi elds had multiple indicators with SMAF ratings at least 0.10 lower in the poor areas than in the cor-
responding well-developed canopy areas. Soil quality assessment on a fi eld-by-fi eld basis thus provides an approach for 
identifying potential specifi c soil-based causes for the poor canopy development.

Abbreviations: AGS, macroaggregate stability; BG, -glucosidase; CEAP, Conservation Eff ects 
Assessment Project; CRP, Conservation Reserve Program; Db, bulk density; EC, electrical 
conductivity; MBC, microbial biomass carbon; Nmin, potentially mineralizable nitrogen; SMAF, soil 
management assessment framework; SOC, soil organic carbon; SQI, soil quality index; WFPS, water-
fi lled pore space.
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partitioning. Such tools need to be fl exible with regard to selec-
tion of soil functions and indicators of those functions to ensure 
the assessments are meaningful and suitable for the producer’s 
management goals. Th e assessment tools also need to be sensi-
tive to management changes, preferably within a year or two aft er 
implementation. For this study, the Soil Management Assessment 
Framework (SMAF) (Andrews et al., 2004) was selected for our 
assessment. A peer-reviewed USDA-NRCS report (Potter et al., 
2006) describes the use of the interpretation step of SMAF for the 
national modeling portion of the overall CEAP project.

Th e SMAF provides site-specifi c interpretations for soil 
quality indicator results. A  beta version is available on the web 
(http://soilquality.org/tools/smaf_intro.html, verifi ed 23 Aug. 
2011) and the most recent version is available in Excel format 
from the authors. Th e SMAF uses measured soil indicator data 
to assess management eff ects on soil functions using a three-step 
process that includes indicator selection, indicator interpretation, 
and integration into an index. Th e SMAF uses soil taxonomy as a 
foundation for assessment, allowing for the modifi cation of many 
of the scoring indicator values to be based on soil suborder charac-
teristics, and providing a contextual basis for indicator interpreta-
tion. Soil quality and its assessment are soil and site specifi c, and 
depend on a variety of factors, including inherent soil characteris-
tics, environmental infl uences such as climate, and human values 
such as intended land use, management goals, and environmental 
protection. Th e SMAF includes soil physical, chemical, and bio-
logical indicators that are management-sensitive, and therefore 
dynamic. Currently, SMAF includes 13 indicators with scoring 
curves consisting of interpretation algorithms. Th ey are macroag-
gregate stability (AGS), plant-available water holding capacity, 
WFPS, Db, EC, pH, sodium adsorption ratio, extractable P and 
K, SOC, MBC, potentially mineralizable nitrogen (Nmin), and 

-glucosidase (BG) activity (Andrews et al., 2004; Wienhold et 
al., 2009; Stott et al., 2010).

A preliminary soil quality assessment along two transects 
crossing the South Fork watershed (Karlen et al., 2008) used a va-
riety of assessment approaches. Th e SMAF was used to compute a 
soil quality index (SQI) using four indicators: pH, EC, SOC, and 
P. Overall, there were no soil fertility limitation SQIs within the 
portion of the watershed evaluated based on an average pH of 6.96 
and extractable P and K levels of 36 and 162 mg kg–1, respectively. 
Th e SMAF analysis indicated soils within the watershed were func-
tioning at 87% of their full potential. Th e lowest indicator score was 
associated with SOC (0.60), which averaged only 28.4 g kg–1.

Our primary objective was to quantify several soil quality in-
dicators, including the near-surface carbon content, within a larg-
er portion of the South Fork Watershed, using 11 soil indicators 
that have scoring curves as well as several other soil indicators for 
which scoring curves have not yet been developed. Th e assessment 
was designed to see if SMAF could identify diff erences between 
well- and poorly developed canopy (based on yellowing of the 
canopy) areas within 50 fi elds scattered throughout the western 
two-thirds of the watershed. Two primary strategies have been 
suggested for assessing soil quality on a watershed scale (Karlen et 

al., 2008): surveys (e.g., Cambardella et al., 1994) or paired com-
parisons (e.g., Cambardella et al., 2004; Moorman et al., 2004). 
We used a combination of these two strategies. Our hypothesis 
was that a soil quality assessment using the SMAF and surface soil 
samples would be sensitive enough to separate the fi eld areas with 
diff ering performance zones, and would thus identify specifi c soil 
quality indicators that co-varied with poor canopy development.

MATERIALS AND METHODS
Watershed Characteristics

Th e dominant soil association within the South Fork Watershed 
consists of Clarion (well drained Typic Hapludolls), Nicollet (somewhat 
poorly drained Aquic Hapludolls), and Webster (poorly drained Typic 
Haplaquolls) soils (National Cooperative Soil Survey, 1986a, 1986b; Soil 
Survey Staff , 2004) (Table 1). Th e prairie potholes are occupied by very 
poorly drained Okoboji soils (Cumulic Haplaquolls), oft en with calcar-
eous and poorly drained Harps soils (Typic Calciaquolls) on their mar-
gins. About 85% of the watershed is managed in a corn–soybean [Glycine 
max (L.) Merr.] rotation, with pasture or Conservation Reserve Program 
(CRP) land occupying 6% of the watershed, primarily in riparian valleys 
where cattle can have free access to streams. Most of the remaining land 
is developed or devoted to roadways, with only about 1% in forest or 
wetland. Th ere are about 100 confi ned swine-feeding operations, most of 
which are located in Tipton Creek and the upper South Fork watersheds.

Mean annual precipitation is 750 mm with 60% falling during 
May through August in relatively short, but intense events. Annual base-
fl ow constitutes 60% of the total stream discharge. Rainfall for 2006 was 
lower than the mean annual precipitation (Fig. 1), however the rain fell 
at the most opportune times, and crop yields were normal.

Soil Sampling
An aerial survey within the Iowa River’s South Fork Watershed was 

conducted by the Iowa Soybean Association’s Environmental Program 
Team in early August 2006. Th e survey used aerial visible color and 
color infrared photography to evaluate crop nutrient status, which has 
been successfully used to evaluate crop nutrient defi ciency and detect N 
stress in corn (Blackmer et al., 1996). Areas within fi elds were identifi ed 
that had a relatively well- or poorly developed crop canopy using the 
visible and near infrared color images. Since photosynthetically active 
plant tissue absorbs visible red (600–700 nm) and refl ects near infra-
red (750–1350 nm) light, visible red light is inversely related to chlo-
rophyll concentration and near infrared light is directly related to green 
leaf density (Knipling, 1970). Poorly developed (stressed) areas were 
identifi ed as yellowing in the green (visible light) images. If no yellowing 
was apparent, infrared images were used to identify areas of poor crop 
canopy development because near infrared sensors are more sensitive to 
a reduction in green leaf area rather than changes in the refl ectance of in-
dividual leaves (Knipling, 1970). Both visible and infrared images were 
collected and subsequently interpreted by a single individual because of 
the subjectivity associated with such evaluations. Visual assessment was 
combined with USDA-NRCS Soil Survey information and knowledge 
provided by local USDA-NRCS soil scientists to ensure proper identifi -
cation of the soil map units (SMUs) associated with each sampling area.
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In each of 50 fi elds, sampling sites were selected to include the 
three well-developed and one poorly developed (stressed) areas. Points 
were selected from areas where the imagery was relatively homogeneous 
across 20 m2. Th ere were specifi c management diff erences from fi eld to 
fi eld because they were owned and operated independently from one 
another, but overall, they were managed similarly with respect to tillage, 
planting density, fertilizer rates, manure use, and herbicide applications. 
Following harvest in October 2006, soil samples were collected from 
four areas within each fi eld. Twenty cores (3.2-cm diam.) were taken 

from the 0- to 10-cm depth and composited for each sampling site. Th e 
cores were sampled proportionately, by area, from the within and be-
tween row positions. Any surface residue was cleared from the sampling 
area so that all samples started at the soil surface. Samples were placed in 
plastic bags, sealed, and transported back to the lab.

Samples were weighed for bulk density (Grossman and Reinsch, 
2002) and water content determinations. A 10-g subsample was placed 
in an oven at 104°C for 24 h to gravimetrically determine fi eld water 
content. Soil was passed through an 8-mm sieve, removing rocks and 

Table 1. The soil series represented in this study by slope position. The classifi cation, texture, and drainage class are from the pub-
lished soils surveys (Soil Survey Staff, 2004), and the soil organic carbon (SOC), bulk density (Db, whole soil, moist, clod method), 
and pH data (1:1 suspension) are from summary reports generated from the National Cooperative Soil Survey (1986a, 1986b) 
characterization database. Not all the soil series represented in the study were found in this online database.

Soil 
series

Taxonomic 
classifi cation Texture Drainage

SOC Db pH

Range Mean Range Mean Range Mean

—— g kg 1—— —— g cm 3——

Hilltop

Clarion Fine-loamy, mixed, 
superactive, mesic Typic Hapludolls

loam moderately 
well

6.2–31.2 16.6 1.66–
1.99

1.79 5.0–
7.7

6.2

Muscatine Fine-silty, mixed, 
superactive, mesic Aquic Hapludolls

silty clay 
loam

somewhat 
poorly

13.8–34.6 25.1 1.25–
1.38

1.32 5.4–
6.3

5.8

Storden Fine-loamy, mixed, 
superactive, mesic Typic Hapludolls

loam moderately 
well

1.8–20.1 1.05 – 1.8 7.6–
8.2

7.9

Sideslope

Lester Fine-loamy, mixed, 
superactive, mesic Mollic Hapludalfs

loam well 0.5–23.7 5.1 1.70–
2.13

1.97 6.8–
8.3

7.8

Nicollet Fine-loamy, mixed, 
superactive, mesic Aquic Hapludolls

clay loam somewhat 
poorly

5.7–64.2 27.4 1.22–
1.86

1.65 5.9–
7.5

6.5

Saude Coarse-loamy over sandy or sandy-skeletal, 
mixed, superactive, mesic Typic Hapludolls

loam well 16.0–22.2 1.91 1.77–
1.79

1.78 5.8–
6.2

6.0

Tama Fine-silty, mixed, 
superactive, mesic Typic Argiudolls

silty clay 
loam

well 10.2–41.8 19.1 1.37–
1.86

1.68 4.4–
7.3

6.0

Terril Fine-loamy, mixed, 
superactive, mesic Cumulic Hapludolls

loam moderately 
well

12.5–19.3 15.5 1.6–
1.87

1.75 5.7–
6.9

6.4

Toeslope

Brownton Fine, smectitic, 
calcareous, mesic Vertic Endoaquolls

silty clay 
loam

poorly NA† NA NA NA NA NA

Canisteo Fine-loamy, mixed, superactive, 
calcareous, mesic Typic Endoaquolls

clay loam very poorly 6.2–25.7 16.4 1.73–
1.97

1.82 5.7–
7.0

6.4

Coland Fine-loamy, mixed, 
superactive, mesic Cumulic Endoaquolls

silty clay 
loam

poorly NA NA NA NA NA NA

Garwin Fine-silty, mixed, 
superactive, mesic Typic Endoaquolls

silty clay 
loam

poorly NA NA NA NA NA NA

Harpster Fine-silty, mixed, 
superactive, mesic Typic Calciaquolls

silty clay 
loam

poorly SP‡ 36.0 SP 1.62 7.8–
8.6

8.2

Webster Fine-loamy, mixed, 
superactive, mesic Typic Endoaquolls

silty clay 
loam

poorly 12.8–44.5 30.1 1.53–
1.78

1.67 5.6–
7.7

6.6

Depression

Harps Fine-loamy, mixed, 
superactive, mesic Typic Calciaquolls

clay loam poorly 12.8–34.8 25.5 1.73–
1.80

1.76 7.7 8.0

Okoboji Fine, smectitic, 
mesic Cumulic Vertic Endoaquolls

silty clay 
loam

very poorly 14.1–64.3 46.0 1.56–
1.66

1.59 6.8–7.3 7.0

Palms Loamy, mixed, 
euic, mesic Terric Haplosaprists

muck very poorly 6.9–16.3 10.2 NA NA 7.3–8.0 7.7

Wacousta Fine-silty, mixed, 
superactive, mesic Typic Endoaquolls

silty clay 
loam

very poorly NA NA NA NA NA NA

† NA, data not available in the database.
‡ SP, characterization of a single pedon was reported in the database.
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plant material larger than the mesh openings. Th e weight of removed 
material was recorded. A representative 150-g subsample was removed, 
placed in a plastic bag, and stored at 4°C for soil microbial biomass car-
bon determination. Another representative portion was hand-sieved to 
pass a 2-mm sieve, air-dried, and stored at 4°C until used for determin-
ing potentially mineralizable C and N assays (Cmin and Nmin, respec-
tively). Th e remainder of the sample was air-dried, ground to pass a 
2-mm sieve, bagged, and stored at 4°C until used.

Soil Assay
Macroaggregate stability was determined using a modifi ed Yoder 

(Holland, OH)1 sieving machine, set to 30 strokes per minute for 5 min 
(Kemper and Roseneau, 1986). Twenty-fi ve grams of 8-mm sieved, air-
dried soil was placed on top of a nest of four sieves with openings of 2.0, 
1.0, 0.5, and 0.25 mm (sieve numbers 10, 18, 35, and 60, respectively) 
and physical disruption of the aggregates was performed in deionized 
water to limit chemical dispersion of the aggregates. Soil texture was de-
termined using the hydrometer procedure of Gee and Or (2002). Th e 
readings were corrected for temperature. Percentage silt was calculated 
as the diff erence between 100 and (%sand + %clay).

Using 20 g of air dry, 2-mm sieved soil, electrical conductivity (EC) 
(Whitney, 1998a) and pH (Watson and Brown, 1998) were determined 
using a 1:1 soil/water ratio and standard EC and pH meters. Mehlich 
III extractable (Mehlich, 1984) P, K, Ca, and Mg concentrations were 
determined using an inductively coupled plasma–atomic emission spec-
trograph (ICP–OES) (Optima 5300 DV, PerkinElmer, Shelton, CT).

A 10-g subsample of fi eld moist, 8-mm-sieved soil was extracted with 
50 mL of 2 M KCl, and inorganic N [(NO2+NO3) + NH4] in the fi l-
trate was quantifi ed using fl ow injection technology (Lachat Instruments, 
Milwaukee, WI). Concentrations of Cu, Fe, Mn, and Zn were measured 
using ICP–OES aft er extracting another 20-g subsample with diethylene-
triamine-pentaacetic acid (DTPA) as described by Whitney (1998b).

Total soil C and total N were measured by dry combustion (EA1112 
Flash NC Elemental analyzer, Th ermo Finnegan Scientifi c, Inc., Waltham, 
MA) using air-dried, ground soil. For samples with a pH of 7.3 or greater, 

soil inorganic carbon was quantifi ed according to the method of Sherrod 
et al. (2002). Soil organic carbon (SOC) was calculated as the diff er-
ence between total and inorganic C. Microbial biomass was measured 
on 8-mm sieved fi eld-moist samples with standard soil fumigation and 
chemical extractions (Brookes et al., 1985; Vance et al., 1987). Potentially 
mineralizable N was measured using an aerobic 28-d incubation method 
described by Drinkwater et al. (1996) with mineral N [(NO2+NO3) + 
NH4] determined colorimetrically using a fl ow injection system (Lachat 
Instruments, Milwaukee, WI). Mineralizable C was also measured dur-
ing an aerobic 28-d incubation using KOH basetraps to absorb the CO2. 
Aliquots of the base trap were acidifi ed and the CO2 concentration was 
measured using a gas chromatograph (Model 3800, Varian, Inc., Walnut 
Creek, CA) equipped with a CombiPal autosampler (CTC Analytics AG, 
Zwingen, Switzerland) and a thermal conductivity detector. -glucosidase 
activity was determined using the method of Eivazi and Tabatabai (1988) 
and expressed as mg p-nitrophenol released kg–1 soil h–1 incubation.

Soil Management Assessment Framework
Eleven soil measurements (Db, AGS, WFPS, pH, EC, extractable P 

and K, SOC, MBC, Nmin, and BG activity) were used to calculate a SQI 
using the SMAF. Th e data were scored as previously outlined (Andrews 
et al., 2004; Wienhold et al., 2009; Stott et al., 2010) and used to com-
pute the indices for each site. To score the various indicators, knowledge 
of the soil taxonomic classifi cation, texture, and general climate is re-
quired. Besides obtaining individual indicator scores, a combined SQI 
was calculated by summing the scores, multiplying by 100, and dividing 
by the number of measurements, which for this study was 11.

Statistical Analysis
Data were combined (n = 200) and grouped by well-developed 

(n = 150) and poorly developed canopy (n = 50) areas. Data were fur-
ther grouped and analyzed by either previous crop (corn, soybean, or 
unknown) or by landscape position. Th e Clarion (n = 57), Clarion-
Storden complex (8), Muscatine (1) and Storden (1) SMUs were classed 
as hilltop positions. Th e Lester (n = 1), Nicollet (15), Saude (3), Tama 
(1), and Terril (1) SMUs occupied the sideslope positions. Brownton 
(n = 1), Canisteo (29), Coland (2), Coland-Terril Complex (2), Garwin 
(1), Harpster (1), Webster (11) and Webster-Nicollet complex (22) 
SMUs were considered to be in the toeslope position. Th e Harps (n = 
26), Harps-Okoboji complex (3), Okoboji (7), Okoboji-Harps complex 
(4), Palms (5), and Wacousta (1) soil series were grouped as depressions.

Statistics were calculated using SAS version 9.1 (SAS Institute, Cary, 
NC). Preliminary analysis using a chi-square test indicated that the soil 
indicator data were, in most cases, nonnormally distributed. Th erefore, 
nonparametric statistics (Wilcoxon analysis with Kruskal-Wallis test) 
were used to test for signifi cant diff erences among watersheds or landform 
elements at α = 0.05. Transformations that were tried included log, square, 
square root, and reciprocal, and the one that led to the most normally dis-
tributed transformation was chosen for each indicator. Analysis of vari-
ance using parametric methods on the transformed data yielded similar 
results to the nonparametric analysis. Type III sums of squares were used 
in the parametric ANOVA. Means were separated using Tukey’s range 
test at P = 0.05. For SQI values, means for the watersheds and landscape 

1 Mention of trade names or commercial products in this publication 
is solely for the purpose of providing specifi c information and does 
not imply recommendation or endorsement by the U.S. Department 
of Agriculture.

Fig. 1. Daily and cumulative precipitation during the 2004 growing 
season in Iowa River’s South Fork watershed.
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positions were compared with ANOVA for unbalanced design and the 
means were separated with the Student’s t test at P ≤ 0.05.

RESULTS AND DISCUSSION
Physical parameters of interest were AGS and Db for their role 

in soil structure and water infi ltration, as well as WFPS for its role 
in biogeochemical processes (Table 2). Most soils sampled were 
well aggregated, and while the mean Db was typical for the region, 
there was a wide range in values. At the time of sampling, the mean 
WFPS was slightly less than the 60% that is considered optimum 
for maximum biological activity (Linn and Doran, 1984), but this 
was not considered unusual since sampling occurred in October af-
ter grain harvest. Th e biochemical indicators related to soil organic 
matter and nutrient cycling processes that were measured included 
SOC, MBC, Cmin, and BG activity. Th e mean SOC was similar to 
that typically found in north-central Iowa, and about one-half that 
of the values associated with native Midwestern Mollisols (Karlen, 
2008; David et al., 2009). Th e BG activity was generally quite low 
as compared with other soils under similar climate, soil type, and 
management (Stott et al., 2010; Eivazi and Tabatabai, 1988; Dodor 
and Tabatabai, 2005). For a nutrient management assessment, pH, 
EC, N, NO3–N, Nmin, P, and K were the primary chemical and 
fertility indicators considered, with additional measurements for 
Ca, Mg, Cu, Fe, Mn, and Zn contents. Th e mean numbers were 
very similar to those found in previous surveys (Karlen et al., 2002; 
Karlen, 2008), and are typical for north central Iowa. Th e mean 
and median values for soil P and K would be classifi ed as very high 
(Sawyer et al., 2003; Sawyer et al., 2008). Of the micronutrients 
tested, only Zn had a potential for being low in some soils due to 
the near-neutral pH values (Vitosh et al., 1995).

When the data were grouped into well- and poorly de-
veloped canopy areas, most of the means trended lower in the 
poorly developed areas, but the diff erences were not statistically 
signifi cant (Table 3). A small percentage of the well- (6.5%) and 
poorly developed (6.0%) canopy areas were rated as very low to 
low P (<15 mg kg–1) for corn, 14% of the areas were at optimum 
levels for P (16–20 mg kg–1) and 89.5 of the well-developed and 
80.0% of the poorly developed areas had high (21–30 mg kg–1) to 
very high (>31 mg kg–1) P levels (Sawyer et al., 2003, 2008). For 
K, 1.5 and 4.0% of the well- and poorly developed canopy sites, 
respectively, were rated as having low K levels (91–130 mg kg–1), 
6.9 and 14% had optimum levels (131–170 mg kg–1), 8.8 and 
8.0% had high levels (171–200 mg kg–1), while the remaining 
33.8 and 74.0% of the sites had very high levels of extractable K 
(>201 mg kg–1), respectively. Zinc becomes less available as pH 
increases, and among the well-developed canopy areas sampled, 
33.3% had adequate Zn (<0.9 mg kg–1), while only 24.0% of the 
poorly developed canopy areas had suffi  cient amounts.

Indicators were then scored with the SMAF (Andrews et al., 
2004; Wienhold et al., 2009; Stott et al., 2010), taking into account 
diff ering soil and climatic properties that are known to infl uence 
the interpretation of an indicator (Table 4). A SMAF score of 0.8 
means that the soil indicator is at 80% of the optimum or maxi-
mum value. Currently, only 11 of the indicators measured in this 

study have scoring functions available in the SMAF. Except for 
AGS, all the indicator scores exhibited wide ranges. For most of the 
soils represented in this study, AGS would have to drop below 70% 
before the score dropped below 1.0, and the lowest measurement 
was 68.6% (Table 3). Th e means of fi ve indicator scores were found 
to be signifi cantly diff erent in the well- vs. poorly developed can-
opy areas (Table 4): Db (Fig. 2), EC (Fig. 3), SOC (Fig. 4), MBC 
(Fig.  5), and P. Th e SQIs were also signifi cantly diff erent in the 
well- vs. poorly developed canopy areas, representing 86 and 82% of 
optimum soil quality, respectively. Th e minimum SQI score in the 
poorly developed canopy areas was lower than in well-developed 
areas, with the maximum SQI scores for both areas being the same. 
Th e mean SQI in the Karlen et al. (2008) study was 87, but only 
included four indicators: SOC, pH, P and EC, two of which were 
not considered signifi cantly diff erent in our study. Additionally, 
samples in that study represented a wide range of crop and soil man-
agement systems, including some meadows and CRP land.

Th e scoring curves for Db are less-is-better sigmoidal shapes, 
and take soil texture and mineralogy into consideration (Andrews 
et al., 2004). For a majority of the soils sampled, bulk densities of 
<1.3 g cm–3 are scored at 0.99 or better, and for the sandier soils, 

Table 2. Measured soil quality indicators for each compos-
ite sample averaged over all fi elds sampled in 2007 within 
the South Fork Watershed of the Iowa River in north central 
Iowa. Fifty fi elds were sampled (n = 200), with four compos-
ites taken from areas in each fi eld (three with well-developed 
crop canopy and one from the area displaying poor canopy 
development during the growing season).

Indicator Mean Median Range
Standard 
deviation

Physical

   % Clay 18.6 18.5 3.3–41.2 6.1

   % Sand 40.1 38.6 12.8–77.0 13.0

   Bulk density, g cm 3 1.2 1.2 0.17–1.61 0.46

   Wet aggregate stability, % 88.0 88.4 49.0–95.2 4.3

   Water-fi lled pore space, % 51 51 19–81 11

Chemical

   pH 7.0 7.3 4.8–7.9 0.8

   Electrical conductivity, ds m 1 0.27 0.26 0.08–0.56 0.11

Biochemical

   Soil organic C, g kg 1 30.5 27.0 6.1–221 22.6

   Microbial biomass C, mg kg 1 504 456 122–1875 224

   Mineralizable C, mg kg 1 329 335 54–1036 132

   -Glucosidase, mg PNP kg 1 h 1† 149 146 24–290 49

Nutrients

   Total N, g kg 1 2.7 2.3 0.9–18.7 1.9

   Nitrate N, mg kg 1 17.3 15.3 4.1–104.1 10.3

   Mineralizable N, mg kg 1 49.5 49.7 5.9–134 16.9

   Extractable P, mg kg 1 103 86 8.5–496 83

   Extractable K, mg kg 1 303 267 100–1072 151

   Extractable Ca, g kg 1 4.4 3.2 0.9–20.2 3.3

   Extractable Mg, mg kg 1 433 425 140–941 154

   Extractable Fe, mg kg 1 41.6 24.8 0.04–375 43.5

   Extractable Mn, mg kg 1 24.9 19.9 0.01–75.5 14.7

   Extractable Cu, mg kg 1 6.1 4.5 0.00–35.9 5.1

   Extractable Zn, mg kg 1 5.3 4.5 0.03–19.5 3.4
† PNP, p-nitrophenol.
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Db < 1.4 g cm–3 are scored at 0.99 or better. Bulk density infl u-
ences soil functions such as the soil’s physical structure, water, and 
solute movement, and soil aeration. Th e majority of the well-devel-
oped canopy sites had bulk density measurements that were scored 
at 90% of optimum for their specifi c soil types (Fig. 2), while less 
than one-half of the poorly developed canopy sites scored within 
the same range. It should be noted that even the lowest range of 
scores, <60% of optimum, still included a well-developed canopy 
site, thus emphasizing that no single indicator is likely to account 
for canopy development diff erences in all fi elds.

Most sites had EC scores > 0.99 (99% of optimum), but the 
sites that scored 0.99 or less were dominantly in the poorly devel-
oped canopy areas (Fig. 3). Th e mean scores for well- vs. poorly 
developed canopy areas (Table 4) are in line with the mean score 
of 0.96 from the preliminary survey (Karlen et al., 2008), but the 
range in values was wider in this study. Th e EC indicator scor-
ing curves have a parabolic shape denoting an optimum range, 
with too little or too much resulting in lower scores (Karlen and 
Stott, 1994). Th e scoring curves account for crop type, method 
of measurement (a constant in this study) and soil texture class. 
For most soils in this study, EC measurements between 0.17 and 
0.72 ds m–1 would result in a score of 1.0, and values between 0.72 
and 0.82 ds m–1 would have scores ≥ 0.90 (Andrews et al., 2004).

Th e SMAF SOC indicator scoring curves are the more-is-bet-
ter sigmoidal shaped curves (Karlen and Stott, 1994), taking into 
consideration soil taxonomic class, soil texture, and climate (which 
was the same for the entire watershed). For a majority of the soils in 
this study, a score of 1.0 would be equivalent to about 50 g C kg–1 
soil, and would represent values found in soils under native vegeta-
tion (Andrews et al., 2004). Total SOC was one of the lowest scoring 
indicators (Table 4), with the sample scores ranging from 1.00–0.06, 
and mean scores of 0.71 and 0.50 in the well-developed and poorly 
developed canopy areas, respectively. Th e data indicate that there is a 
potential for these soils to sequester C, providing that the appropri-
ate management schemes are put into place. Th ese scores are in line 
with those previously found in the area, with a mean SOC score of 
0.6 from 220 samples and a standard deviation of 0.26 (Karlen et al., 
2008) When viewing the distribution of the SOC scores (Fig. 4), 
it is evident that samples from the poorly developed canopy areas 
dominated the lowest scoring categories, but there were some well-
developed canopy areas that also fell into the lower categories.

Th e MBC scoring curves, like SOC, were s-shaped repre-
senting a more-is-better situation, that considered soil taxonomic 
class, soil texture, climate, and season of sampling (Andrews et al., 
2004), with the latter two factors being the same for all our sam-
ples. An MBC score of about 0.9 would be assigned to MBC read-

Table 3. Measured soil quality indicators over fi elds sampled in 2007 within the South Fork Watershed of the Iowa River in north 
central Iowa. Fifty fi elds were sampled, with three composites taken from areas in each fi eld with well-developed crop canopy 
(n = 150), and one from the area displaying poor canopy development during the growing season (n = 50). There were no signifi -
cant differences between the well- and poorly developed canopy areas.

Indicator
Normal canopy Poor canopy

Mean Median Range Standard deviation Mean Median Range Standard deviation

Physical

   % Clay 19.5 19.8 3.9–41.2 5.9 16.1 14.9 3.3–33.2 6.3

   % Sand 37.9 36.4 12.8–68.2 11.6 47.1 49.0 15.8–77.0 14.5

   Bulk density, g cm 3 1.2 1.2 0.5–1.6 0.2 1.2 1.3 0.6–1.6 0.2

   Wet aggregate stability, % 88.4 88.7 68.6–95.2 3.3 87.9 88.1 81.4–92.4 2.7

   Water-fi lled pore space, % 53.1 52.3 31.7–80.8 10.2 44.8 44.8 18.9–65.1 11.1

Chemical

   pH 6.9 7.2 4.8–7.9 0.8 7.1 7.4 5.0–7.9 0.7

   Electrical conductivity, ds m 1 0.29 0.27 0.11–0.56 0.10 0.23 0.19 0.08–0.54 0.11

Biochemical

   Soil organic C, g kg 1 32.1 29.1 221–12.3 22.6 25.6 19.1 154–6.2 22.7

   Microbial biomass C, mg kg 1 530 477 122–1875 226 426 365 190–1265 201

   Mineralizable C, mg kg 1 333 341 109–748 120 315 334 54–1036 165

   -Glucosidase, mg PNP kg 1† 153 152 24–291 49 132 125 61–265 43

Nutrients

   Total N, g kg 1 2.8 2.5 1.2–18.6 1.9 2.3 1.7 0.9–13.7 2.0

   Nitrate N, mg kg 1 17.2 15.3 4.1–104.1 10.3 13.9 11.2 4.3–92.0 12.9

   Mineralizable N, mg kg 1 50.7 51.5 13.8–116 15.7 46.3 43.5 19.5–134 19.1

   Extractable P, mg kg 1 105.2 87.0 8.5–496 84.9 94.3 76.2 10.9–463 78.5

   Extractable K, mg kg 1 311 273 103–965 147 284 241 100–1072 165

   Extractable Ca, g kg 1 5.5 4.3 0.8–30.0 4.4 4.4 3.2 0.9–20.2 3.3

   Extractable Mg, mg kg 1 444 439 140–941 151 399 373 143–868 158

   Extractable Fe, mg kg 1 44.0 28.6 0.04–196 39.5 34.5 17.1 6.4–375 53.7

   Extractable Mn, mg kg 1 26.1 20.8 0.01–75.5 15.4 21.4 17.3 7.1–52.5 11.8

   Extractable Cu, mg kg 1 6.6 5.1 0.0–35.9 5.42 4.5 3.0 0.8–17.5 3.7

   Extractable Zn, mg kg 1 5.6 5.0 0.03–19.5 3.5 4.4 3.6 0.7–13.6 3.0
† PNP, p-nitrophenol.
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ings of about 490 mg kg–1 and a score of 0.99 would be assigned 
to values of about 640 mg kg–1 (Andrews et al., 2004). Microbial 
biomass C would indicate the size of the soil microbial population, 
and by implication the ability of the soil to cycle nutrients and de-
grade organic pollutants. Th e mean MBC scores were relatively 
high, at 0.94 and 0.87 in the well-developed vs. poorly developed 
canopy areas respectively (Table 4), with almost 80% of the well-
developed canopy sites scoring 0.9 or better, and about 56% of the 
poorly developed canopy sites scoring in the same range.

Th e score distributions for Db, EC, SOC, and MBC (Fig. 2–5) 
emphasized that there was no single cause for poor canopy develop-
ment across all 50 fi elds and therefore an individual fi eld assessment 
would be more useful for developing amelioration plans.

Impact of Landscape Position
When considering landscape positions, 25% of the well-devel-

oped and 32% of the poorly developed canopy areas were on hill-
tops, 7.5 and 12% were on sideslopes, 25.5 and 34% were from toes-
lopes, and 17 and 22% were in depression areas, respectively. When 
separated by hillslope position, most measured indicators were not 
signifi cantly diff erent between the two canopy types (Table 5), 
with the following exceptions: On hilltops, Db and WFPS were 
signifi cantly higher, and extractable P was signifi cantly lower in the 
well-developed canopy when compared with the poorly developed 
canopy areas. Extractable P may be lower in the well-developed 
canopy areas because the crop growth is better, thus utilizing higher 
concentrations of applied P. At the sideslope position, only Cmin 

was signifi cantly higher under the well-developed canopy. On the 
toeslopes, WFPS, SOC, BG, Fe, Cu, and Zn are signifi cantly high-
er in the well-developed canopy areas and pH was signifi cantly low-
er in the well-developed canopy areas. In the depression areas, EC, 
SOC, Ca, and Mg were signifi cantly higher in the well-developed 
canopy areas. Most other indicators, although not signifi cantly 
diff erent, trended higher in the well-developed canopy areas at all 
slope positions, except Db and pH, which trended lower, and in 
the depression areas, P, K, and Fe trended higher. Only SOC was 
signifi cantly higher in the well-developed canopy areas across all 
slope positions. Indicators such as SOC, WFPS, MBC, and Cmin 
refl ect the soil’s biological resilience and its ability to cycle and store 
nutrients, highlighting the importance of maintaining or increas-
ing the C content of the soils in the South Fork of the Iowa River 
Watershed. In contrast to our fi ndings, a study in three Iowa water-
sheds (Cambardella et al., 2004) showed no signifi cant diff erences 

Table 4. Scored soil quality indicators calculated using the Soil 
Management Assessment Framework (SMAF) and fi eld data 
(measured data shown in Table 3) collected within the South 
Fork Watershed of the Iowa River in north central Iowa in 
2007. Fifty fi elds were sampled, with three composites taken 
from areas in each fi eld with well-developed crop canopy (n = 
150), and one from the area displaying poor canopy develop-
ment during the growing season (n = 50).

Soil quality 
indicator

Normal canopy Poor canopy

Mean Range Mean Range

Physical

   Bulk density 0.96 a† 0.42–0.99 0.91 b 0.40–0.99

   Wet aggregate stability 1.00 0.98–1.00 1.00 –

   Water-fi lled pore space 0.92 0.59–0.98 0.87 0.36–0.98

Chemical

   pH 0.88 0.72–1.00 0.86 0.72–1.00

   Electrical conductivity 0.98 a 0.62–1.00 0.93 b 0.49–1.00

Biochemical

   Soil organic C 0.71 a 0.09–1.00 0.50 b 0.06–1.00

   Microbial biomass C 0.94 a 0.17–1.00 0.87 b 0.40–1.00

   -Glucosidase activity 0.18 a 0.02–0.87 0.15 b 0.05–0.69

Nutrients

   Extractable P 0.90 a 0.00–1.00 0.94 b 0.00–1.00

   Extractable K 0.97 0.67–1.00 0.95 0.66–1.00

   Mineralizable N 0.98 0.04–1.00 0.98 0.68–1.00

Standard soil quality index 85.7 a 70.5–94.0 81.5 b 63.6–94.2
† Different letters for an indicator indicates signifi cant difference as 
determined by Tukey’s range test (P = 0.05) on transformed data; no 
letters indicate no signifi cant difference in a paired comparison. The 
means presented in the table are for untransformed data.

Fig. 2. Percentage of sites within fi ve ranges for the bulk density (Db) 
indicator as scored with the Soil Management Assessment Framework 
comparing the areas with well-developed corn canopy to those 
with poorly developed corn canopy. A score of 1.0 represents an 
optimal value given soil texture and mineralogy combination. No Db 
measurement was scored below 0.60.

Fig. 3. Percentage of sites falling within six ranges of electrical 
conductivity (EC) indicator scores as determined using the Soil 
Management Assessment Framework, comparing areas with well-
developed corn canopy to those with poorly developed canopy. A 
score of 1.0 represents an optimal value for a given crop. No EC score 
measured below 0.40.
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Fig. 4. Percentage of sites falling within fi ve ranges of soil organic 
carbon indicator scores as determined using the Soil Management 
Assessment Framework, comparing the areas with well-developed vs. 
poorly developed corn canopy. A score of 1.0 represents an optimal 
value given soil texture, soil type, and climate.

Fig. 5. Percentage of sites falling within fi ve ranges for the soil 
microbial biomass carbon (MBC) indicator as scored by the Soil 
Management Assessment Framework, comparing areas with well-
developed corn canopy to those with poorly developed corn canopy. 
A score of 1.0 represents an optimal soil microbial biomass carbon 
content based on soil texture, soil type, climate, and season of 
sampling. No site was scored below 0.60 for MBC.

Table 5. Means of measured soil quality indicators in the South Fork of the Iowa River watershed as affected by landscape posi-
tion. Fifty fi elds were sampled, with three composites, usually from different soil series, taken from areas in each fi eld with well-
developed crop canopy, and one from the area displaying poor canopy development during the growing season.

Indicator

Slope position

Hilltop Sideslope Toeslope Depression

Canopy development

Normal Poor Normal Poor Normal Poor Normal Poor

n = 30 15 60 6 18 3 42 26

Physical

   Bulk Density, g cm 3 1.23 a† 1.17 b 1.19 1.24 1.21 1.26 1.05 1.23

   Wet Aggregate Stability, % 88.7 88.1 88.9 86.9 87.2 88.1 87.4 87.6

   Water-fi lled Pore Space, % 0.55 a 0.40 b 0.52 0.46 0.51 a 0.45 b 0.53 0.46

Chemical

   pH 6.89 6.91 6.89 7.42 6.86 a 7.18 b 7.15 7.09

   Electrical Conductivity, ds m 1 0.28 0.19 0.29 0.29 0.26 0.23 0.35 a 0.23 b

Biochemical

   Soil Organic C, g kg 1 27.3 22.3 29.8 25.0 27.8 a 23.0 b 49.1 a 31.6 b

   Microbial Biomass C, mg kg 1 493 386 521 438 490 399 662 487

   -Glucosidase, mg PNP kg 1 h 1‡ 160 137 158 116 152 a 124 b 143 148

   Mineralizable C, mg kg 1 334 280 346 a 191 b 308 341 358 311

Nutrients

   Total N, g kg 1 2.4 2.0 2.7 2.2 2.4 2.1 4.4 a 2.9 b

   Nitrate N, mg kg 1 17.3 a 12.7 b 14.8 10.6 15.8 11.8 20.3 18.7

   Mineralizable N, mg kg 1 50.1 45.4 51.3 34.2 47.1 44.3 55.8 52.6

   Extractable P, mg kg 1 119 a 173 b 104 54 97 78 91 98

   Extractable K, mg kg 1 305 218 327 238 279 262 351 359

   Extractable Ca, g kg 1 4856 3591 7386 5146 4629 4627 6949 a 4110 b

   Extractable Mg, mg kg 1 413 333 499 473 431 429 493 a 357 b

   Extractable Fe, mg kg 1 45.3 33.3 44.7 13.9 45.0 a 28.6 b 39.4 49.3

   Extractable Mn, mg kg 1 26.6 24.0 30.8 14.2 27.6 21.8 20.2 21.1

   Extractable Cu, mg kg 1 6.4 5.8 5.3 2.6 7.1 a 3.8 b 7.1 5.6

   Extractable Zn, mg kg 1 5.8 4.7 5.4 2.7 5.7 a 3.8 b 5.3 5.6
† Different lowercase letters for an indicator within a given landscape position, normal vs. poor canopy development, indicates signifi cant 
difference as determined by Tukey’s test on transformed data; no letters indicate no signifi cant difference in a paired comparison. The means 
presented in the table used untransformed data.
‡ PNP, p-nitrophenol.
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across fi ve landscape positions for AGS, Db, SOC, total N, nitrate 
N, MBC, and P. Th ey reported that pH was signifi cantly higher in 
the toe and footslope positions as compared with the summit. Only 
the backslope position had a signifi cantly lower Nmin relative to the 
toeslope and summit, with no diff erence when compared with the 
footslope and shoulder positions.

Once scored, SOC was signifi cantly lower in the poorly devel-
oped canopy areas when compared with the well-developed areas 
at all but the sideslope position (Table 6). Th e higher SOC indica-
tor scores probably refl ect the observation that the well-developed 
areas produced more biomass and roots than the poorly developed 
areas leading to more C retained in the soil. Th e advantage of sepa-
rating the samples by slope position is that it highlights the impact 
of erosion and deposition on the various indicators and their scores. 
Th is was evident in the earlier study in this watershed (Karlen et 
al., 2008) where the mean SOC scores were lowest on the hilltops 
(0.40) and greatest in the depression areas (0.93). Th at pattern re-
mained the same in our study, but our means were comparatively 
lower in the depression areas and higher on the hilltops as compared 
with the earlier study. Th e MBC indicator scores were signifi cantly 
higher in the well-developed areas for all but the sideslope position. 
Th e BG indicator scores were uniformly low for both canopy areas 
at all hillslope positions. Water-fi lled pore space was scored using 
the set of scoring curves based on the importance of WFPS to bio-
logical activity (Wienhold et al., 2009). Alternatively, it could have 
been scored based on its importance in environmental protection. 
Th e WFPS indicator scores were signifi cantly higher in the well-
developed areas for the hilltop position only. Th ese soils tended to 
be well-drained and the scores were probably indicative of the role of 
SOC in retaining water. Th ese indicators, when grouped together, 

represent the soil organic matter or biological indicators. Higher 
scores refl ect the level of carbon sequestration, which in turn im-
pacts microbial populations (MBC) and metabolic activity (BG). 
However the SOC scores in this study were relatively low, with the 
well-developed canopy areas having mean scores from 68 to 76% 
of maximum sequestration possible for the various soil types, and 
the poorly developed areas with mean scores of 44–71%. Th e mean 
BG scores were <20% of the maximum activity expected in these 
soil types (Stott et al., 2010) for both canopy areas and all landscape 
positions. Season of sampling generally does not impact BG activity 
levels. Interestingly, the MBC scores were relatively high, with the 
mean scores > 85%. Th is may be an indication of increasing micro-
bial populations in response to the postharvest availability of dead 
roots and plant biomass.

For P, the scoring curve is an optimal type curve, with the be-
low optimum P concentrations resulting in low indicator scores 
could be due either to insuffi  cient P for plant growth, which was 
generally not the case in this study (Table 2), or to environmen-
tal risk of P in runoff . Th e diff erences in the scoring curves are 
based on crop type, taxonomic suborder (or SOC content), soil 
texture, and slope class. Th e curves are also adjusted based on 
method used, but that was a constant in this study. In this study 
(Table 6), the low P indicator scores resulted from a combina-
tion of high P and risk of P-laden runoff . Th e P indicator scores 
were signifi cantly better in the well-developed areas on the hill-
tops with low slopes, worse on the side-slopes and about equal 
in the toeslope and depression areas. Th e high scores for samples 
from hilltop positions in well-developed canopy areas is prob-
ably due to the better plant growth resulting in higher P usage, as 
the well-developed areas had smaller concentrations of P (Table 

Table 6. Means of scored soil quality indicators, calculated using the Soil Management Assessment Framework (SMAF), as affected 
by slope position and canopy development in the South Fork Watershed.

Indicator 
score

Slope position
Hilltop Sideslope Toeslope Depression

Canopy development
Normal Poor Normal Poor Normal Poor Normal Poor

n = 30 15 60 6 18 3 42 26

Physical

   Bulk density 0.95 0.99 0.95 0.98 0.97 a 0.91 b 0.98 a 0.87 b

   Wet aggregate stability 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

   Water-fi lled pore space 0.92 a 0.81 b 0.94 0.91 0.92 0.87 0.91 0.89

Chemical

   pH 0.88 0.87 0.91 a 0.86 b 0.90 a 0.85 b 0.85 0.88

   Electrical conductivity 0.99 a 0.87 b 0.97 1.00 0.96 0.94 1.00 a 0.92 b

Biochemical

   Soil organic C 0.69 a 0.44 b 0.75 0.71 0.68 a 0.50 b 0.76 a 0.47 b

   Microbial biomass C 0.94 a 0.88 b 0.96 0.97 0.92 a 0.84 b 0.95 a 0.89 b

   -Glucosidase activity 0.20 0.14 0.19 0.25 0.18 0.12 0.15 0.17

Nutrients

   Extractable P 0.86 a 0.60 b 0.88 a 1.00 b 0.95 0.99 0.94 0.94

   Extractable K 0.97 0.93 0.96 0.87 0.96 0.95 0.98 0.97

   Mineralizable N 0.97 0.98 1.00 a 0.91 b 0.97 0.98 0.99 1.00

Standard soil quality index 85.2 a 77.6 b 86.4 85.7 85.6 a 81.4 b 86.5 a 81.9 b
† Different lowercase letters for an indicator within a given landscape position, normal vs. poor canopy development, indicates signifi cant difference 
as determined by Tukey’s test on transformed data; no letters indicate no signifi cant difference in a paired comparison. The means presented in the 
table used untransformed data.
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5), and where low slopes reduced the risk of runoff . Th e lower 
scores on the sideslopes was probably a refl ection of too much P 
(Table 5) and a higher risk of erosion and runoff . Th e lower risk 
of runoff  in the toeslope and depressional areas resulted in near 
equal scores, with mean scores > 90% of the optimum score.

Th e soil chemical reaction indicators, pH and EC, had 
somewhat opposite results. Th e pH scoring curves diff er by crop, 
and have no other contributing factors, thus a single curve was 
used. Th e pH indicators scores were signifi cantly lower in the 
poorly developed areas at the side- and toe-slope positions, re-
fl ecting the higher pH values found in those areas that are above 
the optima for the corn crop. Th e EC scoring curves are diff eren-
tiated on the basis of crop (corn) and soil texture. Th e EC scores 
were higher for the well-developed areas at the hilltop and de-
pression areas. In the Karlen et al. (2008) study, mean pH scores 
from the four landscape positions were generally slightly higher 

than in this study, 0.89–0.95, while the EC scores, which ranged 
from 0.91 on the sideslopes to 0.99 on toeslopes and in depres-
sions, were about the same as we found.

Th e Nmin indicator scores were relatively high overall, with 
mean scores of 91 to 100% of the optimum concentrations for 
these soil types (Table 6). Only on the sideslope positions were 
the mean scores signifi cantly higher in the well-developed can-
opy areas as compared with the poorly developed areas. Th ere 
were wide ranges in all the N (total, nitrate, Nmin) indicators 
(Table 3), but little diff erentiation by landscape position, with 
the exception of total N in the depressional areas, that might re-
fl ect N gain through deposition. Extractable K scores were high, 
with means ranging from 0.87 to 0.98, and no signifi cant diff er-
ences were seen based on landscape position.

Th e physical indicators, Db and AGS, scored quite high. 
Th ere were no signifi cant diff erences in AGS, as all areas sampled 
scored from 99 to 100% of optimum, regardless of performance 
zones. Th e mean Db scores were also high, 0.87 to 0.99, and were 
signifi cantly higher in the well-developed canopy areas for the 
toeslope and depression landscape positions. Th is may be due to 
compaction from carrying out management operations when the 
soil was too wet, with other parts of the fi eld being at optimal 
moisture conditions for the operations.

Th e integrative SQI consistently detected signifi cant diff er-
ences in the well- vs. poorly developed canopy areas at every slope 
position (Table 6). Th is was despite the P indicators being higher 
for the poorly developed fi eld areas.

Impact of Previous Crop
Th e previous crop was known for 41 out of the 50 fi elds, 

with about one-half each in corn or soybean during the previ-
ous year (Table 7). In fi elds where corn followed corn, WFPS, 
EC, and SOC were signifi cantly higher in the well- vs. the poor-
ly developed areas. Once scored (Table 8), Db, EC, SOC, and 
MBC were signifi cantly higher in the well- vs. poorly developed 
canopy areas, as was the SQI. For fi elds previously in soybean, 
WFPS, pH, SOC, FE, Cu, and Zn were signifi cantly higher in 
the well- vs. poorly developed canopy areas. Th e only micronutri-
ent that had levels low enough to compromise crop growth was 
Zn. When indicators were scored, none of the 11 indicators were 
signifi cantly diff erent between performance zones. Th e SOC 
and BG scores were low compared with the other scores.

Our measurements for SOC, pH, EC, P, K Ca, Mg, and 
scores for SOC, pH, P, and EC within the well-developed can-
opy areas were similar to those previously published by Karlen 
et al. (2008), while those in the poorly developed canopy areas 
tended to be lower. Th is was not unexpected since the prelimi-
nary survey (Karlen et al., 2008) focused on sampling represen-
tative major SMUs outside of the growing season with no regard 
to canopy condition. Agreement between the two studies is also 
important, as it emphasizes that soil quality assessment using the 
SMAF protocol is consistent and reproducible. Th is means that 
long-term soil and crop management eff ects on soil resources 
within a watershed can indeed be assessed and compared over 

Table 7. Means of measured soil quality indicators in the 
South Fork watershed as affected by previous crop. The previ-
ous crop was known for 39 fi elds, 21 with corn the previous 
year, and 18 with soybean. Three composites were taken from 
areas, usually from three different soil series, in each fi eld 
with well-developed crop canopy, and one from the area dis-
playing poor canopy development during the growing season.

Indicator

Previous crop

Corn Soybean

Canopy development

Normal Poor Normal Poor

n = 63 21 57 20

Physical

   Bulk density, g cm 3 1.17 1.19 1.20 1.24

   Wet aggregate stability, % 88.5 87.8 87.5 88.1

   Water-fi lled pore space, % 0.55 a† 0.45 b 0.52 a 0.47 b

Chemical

   pH 7.0 7.2 6.8 a 7.3 b

   Electrical conductivity, ds m 1 0.29 a 0.24 b 0.29 0.25

Biochemical

   Soil organic C, g kg 1 35.8 a 30.3 b 30.3 a 25.0 b

   Microbial biomass C, mg kg 1 540 457 515 439

   -Glucosidase, mg PNP kg 1 h 1‡ 158 139 151 140

   Mineralizable C, mg kg 1 365 365 324 314

Nutrients

   Total N, g kg 1 3.1 2.7 2.6 2.2

   Nitrate N, mg kg 1 13.3 17.1 15.8 11.5

   Mineralizable N, mg kg 1 52.7 49.4 48.6 47.4

   Extractable P, mg kg 1 127 123 81 74

   Extractable K, mg kg 1 344 347 273 239

   Extractable Ca, g kg 1 5111 4143 6062 4837

   Extractable Mg, mg kg 1 453 382 453 448

   Extractable Fe, mg kg 1 45.2 43.7 42.3 a 23.5 b

   Extractable Mn, mg kg 1 25.5 21.3 25.8 19.5

   Extractable Cu, mg kg 1 7.8 6.0 5.6 a 3.9 b

   Extractable Zn, mg kg 1 6.57 5.64 4.62 a 3.36 b
† Different lowercase letters for an indicator within a given previous 
crop indicates signifi cant differences as determined by Tukey’s test 
on transformed data; no letters indicate no signifi cant difference 
in a paired comparison. The means presented in the table used 
untransformed data.
‡ PNP, p-nitrophenol.
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time using an SQI or individual scores as hypothesized in the 
soil quality development literature (e.g., Karlen and Stott, 1994; 
Andrews et al., 2004; Wienhold et al., 2006).

Analysis of Individual Fields
Despite the mean diff erences that were identifi ed, no single 

indicator scored signifi cantly less in the poorly developed canopy 
areas as compared to the well-developed areas across all 50 fi elds. 
When looking at fi elds on an individual basis, most had multiple 
indicators that scored at least 0.10 less in the poorly developed 
areas than in the well-developed areas. For example, in a major-
ity of soils tested, a 0.10 change in the SMAF SOC score cor-
responded to a 2 to 3 g kg–1 shift  in SOC content when scores 
range from 0.3 to 0.7 and are within the linear portion of the 
sigmoidal scoring curve, which is the general borderline for be-
ing able to accurately measure signifi cant SOC changes in the 
fi eld. For scores > 0.7, larger shift s in SOC content are required 
to change the scored value. In some of the depressional areas, soil 
type and texture required use of diff erent SOC scoring curves, 
where a score change of 0.10 corresponded to a SOC content 
change of 20 to 30 g kg–1. Soils such as these would also have a 
greater capacity to sequester C (Andrews et al., 2004).

Out of 50 fi elds evaluated, 21 had bulk densities that scored 
at least 0.10 lower in the poorly developed canopy areas; however, 
every fi eld had suffi  cient wet-aggregate stability to support ecosys-
tem services (AGS scores ranged between 0.98–1.00). Th e WFPS, 
which is a physical measurement that contributes to the biological 
activity, varied widely, however, on a fi eld-by-fi eld basis, was not 
markedly diff erent between well- and poorly developed canopy ar-
eas. All three of the biochemical indicators (SOC, MBC, and -glu-
cosidase activity) were scored at least 0.10 lower in 54% of the poorly 
vs. well-developed areas in a given fi eld, yet 22% of the fi elds showed 
no diff erences (<0.1). Seventy-two percent of the fi elds had at least 
one nutrient indicator (P, K, or mineralizable N) scoring 0.10 lower 
in the poorly developed canopy areas, while 34% of the fi elds had 
at least two indicators that were 0.10 lower. Th e P indicator oft en 
scored higher in poorly developed canopy areas, but usually not by 
more than 0.10. For the soil chemical indicators (pH, EC), at least 
one was lower in the poorly developed canopy areas in 78% of the 
fi elds. A fi eld-by fi eld analysis is valuable for the land manager, and 
SMAF can be useful tool for accomplishing the assessment.

CONCLUSIONS
While there was no single cause for poor canopy develop-

ment in the corn fi elds that were assessed, there was a pattern of 
lower SOC and plant available nutrients and/or higher bulk densi-
ties in the poorly developed areas, although when all samples were 
grouped together, there were no statistically signifi cant diff erences. 
When the sample pool was divided by landscape position, several 
indicators became signifi cantly diff erent on at least one slope posi-
tion between the well- vs. poorly developed areas: Db, WFPS, EC, 
pH, SOC, BG, Cmin, Total N, NO3–N, Ca, Mg, Fe, Cu, and Zn. 
When the indicators were scored using SMAF, a diff erent pattern 
of signifi cance emerged, with the biochemical indicators, SOC 

and BG having the lowest overall scores. Th e pattern showed that 
while soil quality overall was maintained though eff ective soil and 
nutrient management, the organic matter and metabolic indica-
tors were low, oft en <50% of maximum for the SOC and <20% 
for BG, suggesting that the soils’ biological capacity has been 
compromised. Th e MBC had scores in the 80s and 90s, refl ect-
ing response of the microbial population to the abundance of dead 
and dying roots and biomass, but this may not result in additional 
C sequestration. When the sample pool was divided by cropping 
history, signifi cant diff erences between canopy development areas 
was seen only in the corn on corn rotation. Th e soil quality assess-
ment did not pinpoint diff erences in the canopy development ar-
eas when soybean was the previous crop. Th is may indicate that 
canopy development issues reside with the corn management, or 
other factors not measured were in play.

Our study supports previous conclusions that the SMAF 
methodology provides a tool for answering resource manage-
ment questions where soil parameters play a key role. Scoring 
indicators using the SMAF allows shift s in interpretation due to 
soil and climatic factors. Th e primary eff ect of texture was seen 
in a few of the wetter depression areas, classifi ed as Haplosaprists. 
For the year sampled, these areas all exhibited well-developed 
canopies and with the appropriate scoring curve could be readily 
compared with other soil types.

On a more practical level, using SMAF for a fi eld-by-fi eld 
assessment of the impacts of management practices on soil pa-

Table 8. Means of scored soil quality indicators, calculated 
using the Soil Management Assessment Framework (SMAF), 
as affected by previous crop and canopy development in the 
South Fork Watershed.

Indicator 
score

Previous crop

Corn Soybean

Canopy development

Normal Poor Normal Poor

n = 63 21 60 20

Physical

   Bulk density 0.97 a† 0.92 b 0.95 0.91

   Wet aggregate stability 1.00 1.00 1.00 1.00

   Water-fi lled pore space 0.91 0.88 0.94 0.88

Chemical

   pH 0.88 0.86 0.88 0.86

   Electrical conductivity 0.99 a 0.95 b 0.98 0.96

Biochemical

   Soil organic C 0.70 a 0.52 b 0.69 0.57

   Microbial biomass C 0.94 a 0.88 b 0.93 0.90

   -Glucosidase activity 0.20 0.16 0.17 0.17

Nutrients

   Mineralizable N 0.99 0.98 0.96 0.98

   Extractable P 0.87 0.86 0.94 0.99

   Extractable K 0.98 0.96 0.96 0.94

Standard soil quality index 85.7 a 81.6 b 85.5 83.2
† Different lowercase letters for an indicator within a given previous 
crop indicates signifi cant differences as determined by Tukey’s test 
on transformed data; no letters indicate no signifi cant difference 
in a paired comparison. The means presented in the table used 
untransformed data.
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rameters allowed for pinpointing possible specifi c soil-based 
causes for the poor canopy development in each area.
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