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THE INFLUENCE OF LONG-TERM ANTHROPOGENICALLY-
INDUCED COMPACTION ON SELECT PROPERTIES OF SOILS
IN THE MIDWESTERN UNITED STATES

Eric C. Brevik
Department of Physics, Astronomy, and Geosciences
Valdosta State University
Valdosta, GA, 31698-0055
ecbrevik@valdosta.edu

ABSTRACT

Soil compaction by heavy equipment has become one of the most
important problems in modern large-scale plant production, but
one area that has not received much attention is the effect of soil
compaction on prairie soils over time periods in excess of about 10
years. This study addresses this issue by comparing properties in
compacted to non-compacted soils in an abandoned farmyard and
along a preserved stretch of the Mormon Trail. Properties compared
include soil morphology, bulk density, carbon, C/N ratio, and ap-
parent electrical conductivity (EC ). Bulk density, organic carbon,
and EC_ values were consistently different in the compacted versus
non-compacted soils. Darker soil colors were consistently found at
greater depths and roots were more abundant in the non-compacted
soils. Some changes in C/N ratios were observed and a zone of platy
structure was found in the abandoned farmyard.

Keywords: soil compaction, lowa, North Dakota

INTRODUCTION

The frequent crossing of soil by heavy equipment in modern agricultural
and forestry operations has made soil compaction one of the most important
issues these industries face today (1, 2). Soil compaction has many negative
influences on the soil system, including: reduced agricultural vields (3, 4,
5, 6), forage production (7, 8, 9), and tree growth (10); reduced numbers
and diversity of soil fauna (11, 12, 13); restricted root development (5, 14);
restricted air and water movement through the soil (1, 15); and reduced ad-
ditions of organic matter to compacted areas (9). At one time it was widely
believed within the soil science community that natural forces such as an-
nual freeze-thaw cycles and wetting-drying cycles of shrink-swell clays would
alleviate compaction problems in soils that were located in the appropriate
climates and/or contained shrink-swell clays (16) and that tillage would address
the problem in tilled soils (17). However, research over the last 20 years has
disproved this belief (9, 17, 18, 19, 20, 21, 22, 23).

Most of the studies that address soil compaction issues address time periods
of less than 20 years {i.e., 17, 19, 22, 24) and/or address soil compaction
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in forested ecosystems (i.e., 10, 18, 20, 21, 25). Longer-term studies on
grassland soils are largely absent, with the notable exceptions of 9 and 23.
This is probably because much of the land in grassland regions has been tilled
for agricultural purposes, leaving little in the way of relatively undisturbed
compacted study sites. By contrast, it is much easier to find areas in forests
undisturbed for 20 plus years due to the long growth period of the crop and
lack of tilling operations. There are, however, sites in grassland areas of the
United States that have undergone compaction and then been undisturbed
by tillage for long periods of time, including the abandoned farmyards found
throughout the American Midwest and the occasional preserved portions
of wagon trails. While these sites usually have not been used for production
agriculture, they often include soils used for such purposes in adjoining fields.
Two such sites were utilized for this study.

Study Sites

The sites chosen for this study are an abandoned farmyard near the
town of Linton in south-central North Dakota and a preserved portion of
the Mormon Trail near Murray in south-central lowa. Compaction at the
North Dakota site was by farm traffic such as tractors and heavy trucks,
while compaction at the lowa site was caused by covered wagon traffic.
The North Dakota farmstead was established in the 1930s (A. Amundson,
verbal communication, 5/14/2000) and abandoned in 1973 (P. Wagner,
verbal communication, 9/1998). P. Wagner, now retired in Linton, is the
wife of the farmer who worked this site until 1973, and A. Amundson is a
long-time neighbor who saw the farmstead constructed when he was a young
man. The lowa site was compacted when the portion of the Mormon Trail
that ran through southern lowa was used from 1846 until approximately
1853 (26). Sampling at the two sites was done between 1998 and 2000;
therefore soils had been compacted for 60-70 years at the North Dakota site
and about 150 years at the lowa site at the time of sampling. As well as can
be determined, neither site has been tilled since the compacting events took
place (P. Wagner, verbal communication, 9/1998, and R. Jackson, verbal
communication, 7/1998). R. Jackson is a rancher who's family has owned
the lowa site for several generations.

The soil at the North Dakota site is mapped as the Bryant series (Fine-silty,
mixed, superactive, frigid Typic Haplustolls), which are deep, well-drained,
moderately permeable soils on loess covered uplands (27). The average sum-
mer temperature in Emmons County is 21°C (69°F) and the average winter
temperature is -11°C (13°F) (27). The average annual precipitation is 43.9
cm (17.3 inches), with about 70% of the precipitation occurring from April
through August (27). This area averages between 100 and 120 days a year
that the high is above and the low below freezing (i.e. freeze-thaw cycles) (28).
While the depth the soil freezes is not represented by these values, there are
significant freeze-thaw processes occurring at this site. The geology of the
study area is characterized by an undulating till surface of low to moderate
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relief that is veneered by loess (29). The youngest till at this site is Early Wis-
consinan to possibly pre-Wisconsinan in age (29). Loess deposition began
in this area during the Late Wisconsinan and continued off and on through
the late Holocene (29). From about 13,000 until 10,000 years BP, soils in
this area developed under a spruce woodland in a climate that was cooler
and moister than current (29). However, due to erosion and deposition, this
geomorphic surface is not necessarily present at the modern surface or even
still in existence in all parts of Emmons County (29). Since about 10,000
years BP the climate has fluctuated, leading to changes in native vegetation
between long, medium, and short grasses (29).

The soil at the lowa study site is Sharpsburg with 2-5% slopes. The
Sharpsburg is classified as Fine, montmorillonitic, mesic Typic Argiudolls.
Sharpsburg soils are moderately well drained and formed in loess on narrow
convex ridgetops and sideslopes on uplands with a native vegetation of tall
prairie grass (30). The Clarke County climate includes an average summer
temperature of 24°C (75.4°F) with an average winter temperature of -6°C
(20.5°F) and an average of 88.5 cm (34.9 inches) of annual precipitation
with about 60% falling between April and August (30). This area averages
between 100 and 120 days a year that the high is above and the low below
freezing (28). The geology is characterized by thick loess over till with the
Yarmouth-Sangamon paleosol marking the boundary between the loess
and till (30). Between 30,000 and 11,000 years BP Clarke County had a
cool moist climate and coniferous forest vegetation, but the climate became
warmer and drier between 11,000 and 9,000 years BP, and since 9,000 BP
has been similar to that of today (30).

The North Dakota site was used as a farmstead (site for the farm build-
ings) between the 1930s and 1973; the lowa site has been used as pasture
ever since it was fenced in the late 1800s (P. Wagner, verbal communication,
9/1998, and R. Jacksen, verbal communication, 7/1998). Both sites contain
“native” grassland communities. While each has undoubtedly been impacted
by the uses they have been placed under and do not have a true, full suite of
native plants, neither was ever tilled or planted and the plants that are present
are native species that survived human uses or exotics that have come in on
their own. Therefore, these are seen as reasonable sites to study the impact
of compaction on selected grassland soil properties.

MATERIALS AND METHODS

The top 20 cm of twelve pedons were sampled for bulk density, total
carbon, nitrogen, and particle size analyses. A shallow pit was dug at each
pedon and the pit wall described using standard soil survey methods (31).
Six pedons were sampled at the North Dakota site and six at the lowa site.
In each case, three pedons came from the compacted areas at the site and
three alongside the compacted areas, with each compacted pedon being
paired with one control (or non-compacted) pedon located approximately
3 m off the area of compaction. Bulk density samples were collected in 5
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cm depth increments in each of the twelve sampled pedons, with two bulk
density samples being taken from each 5 cm increment. Bulk soil samples
were then collected from each 5 cm increment for laboratory analysis and
stored in sealed and labeled plastic bags.

Bulk density was determined at the North Dakota site using the paraffin-
coated clod method (32) and at the lowa site using rings of known volume
(each ring is approximately 60 cm?) to collect soil cores which were then
dried at 105°C for 24 hours (31). The bulk density methods differ because
data was originally collected from these sites as a part of two separate stud-
ies. However, the different methods are not a problem, because bulk density
values are not being compared between the two sites. Total soil carbon and
nitrogen content were determined with a LECO CHN-600 using the total
combustion technique (31). Two C and N samples were analyzed for each
depth increment in each pedon. The Sharpsburg soils sampled for this study
have been leached free of carbonates (pH is about 6.0} (30); therefore total
carbon is assumed to also represent total soil organic carbon (SOC). Inorganic
carbon content at the North Dakota site was determined using the Chittick
method (33) and SOC was calculated by subtracting inorganic carbon from
total carbon. The C/N ratio was determined by dividing SOC by total nitro-
gen. Bulk density values were multiplied by the percent SOC, determined
from the corresponding pedon and depth increments, to obtain the mass of
SOC per unit volume of soil.

An electromagnetic induction survey was also run at each site using a
Geonics EM-38 in the vertical dipole. When used in the vertical dipcle, the
EM-38 integrates soil properties to a depth of about 1.5 m to obtain an
apparent soil electrical conductivity (EC)) value (34). Soil EC, is controlled
by a combination of soluble salts, clay content and mineralogy, soil water
content, and soil temperature (35, 36). Research has shown that changes in
bulk density can alter soil electrical properties (37, 38). For this study, EC,_
data was collected in the compacted soils and to each side of the area of
compaction.

Mean values of the various soil properties investigated in the compacted
versus non-compacted areas were compared using a t-test for paired two
sample means with the statistical package embedded in Microsoft Excel
(Redmond, WA).

RESULTS AND DISCUSSION

Soil EC, was higher in the compacted soils at both the North Dakota and
Iowa sites than in the non-compacted soils (Tables I, II}. In addition, there
was no significant difference in soil EC, measurements made on opposite
sides of the compacted soils (Table II}; this indicates that the compaction was
causing the differences in soil EC_ as opposed to other possible explanations.
Changes in bulk density may change soil EC_ because more clay is packed into
a unit volume of soil and the contact between soil particles is increased (38).
Changes in bulk density can also alter water relations in the soil; it takes less
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water to saturate a compacted soil as opposed to a relatively uncompacted
soil, assuming the soils are otherwise similar, because there is less pore space
in the compacted soil (39). These altered water relations may, in turn, influ-
ence soil EC_(40). In this particular study, the EC, survey does not establish
exactly what pedO]OglC changes have taken place in the compacted soils, but
it provides evidence that there are differences in soil properties between the
compacted and non-compacted soils.

Table I. Results of the electromagnetic induction surveys at each study site.
Non-compacted 1 and non-compacted 2 refer to measurements made on
either side of the compacted soils.

Site Compacted | Non-Compacted 1 | Non-Compacted 2
North Dakota 55.6 46.3 45.6
lowa 53.8 46.6 46.1

Table II. P-values from the statistical comparisons of the electromagnetic
induction surveys. Non-compacted 1 and non-compacted 2 refer to measure-
ments made on either side of the compacted soils.

North Dakota

Site Non-Compacted 1 Non-Compacted 2
Compacted <0.0001
Non-Compacted 1 0013 0.7522
lowa

Site Non-Compacted 1 Non-Compacted 2
Compacted 0.0001
Non-Compacted 1 <0.0001 0.4841

Comparison of the field observations shows some definite differences in
soil morphologic properties. The pedons in the compacted areas have lighter
surface colors than in the non-compacted pedons, for example, 10YR 4/2
in the compacted pedons versus 10YR 3/2 in the non-compacted pedons at
the North Dakota site. With the exception of the absence of the dark surface
layer in the compacted pedons, the same colors tend to occur in both the
compacted and non-compacted pedons. However, changes routinely occur
about 10 cm deeper in the non-compacted pedons than in the compacted
pedons (i.e., pedons from both compacted and non-compacted areas shift
from 10YR 4/2 to 10YR 5/2 at the North Dakota site, but this shift occurs
at about 15 cm in the control pedons and 5 cm in the compacted pedons)
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There are considerably more roots in the upper few centimeters of the control
pedons than in the corresponding portion of the compacted pedons. There
is also a distinct zone of platy structure in the compacted pedons at the North
Dakota site from about 5 to 10 c¢m that is not present in any of the control
pedons or in the compacted pedons at the lowa site. Intense compaction may
cause platy structure (41), and the absence of platy structure in the compacted
pedons at the lowa site may indicate that the compaction in North Dakota
was more intense than the compaction in lowa.

Mean bulk density values are higher in the compacted than in the non-
compacted pedons at all depths studied; these differences are statistically
significant in the upper two depth intervals at the North Dakota site and the
lower three depth intervals at the lowa site (Table Iil). This finding is signifi-
cant, because both these study sites are in areas that have strong potential
for freeze-thaw activity (28) and the soils at both sites contain significant
quantities of smectite clays (27, 30). Freeze-thaw processes and the wetting
and drying of smectite clays can lead to considerable volume changes within
the soil (42). Some researchers have theorized that these volume changes
would act to alleviate soil compaction (16), but that does not appear to be
the case at either of these two long-term compaction sites. There is also a
consistent trend of higher carbon values in the non-compacted pedons than
in the compacted pedons when measured as both percent carbon (Table IV)
and as mass of carbon per unit volume of soil (Table V) with the exception of
the surface layers at the lowa site. These differences in carbon content likely
explain the color trends with depth in these profiles (43, 44), as discussed
above.
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Table HI. Mean bulk density values and statistics for the four depth inter-

vals sampled in this study and the P values for the statistical comparison of
compacted to non-compacted values by depth.

Denth Mean bulk Mean bulk

I p Density Non- | Standard Density Standard P
nterval . L

teutl) compacted  |Deviation| Compacted |Deviation| Value

Pedons (g/cm?) Pedons (g/cm?)

North Dakota Site

0-5 0.82 0.124 1.09 0.201 | 0.016
5-10 1.19 0.109 1.37 0.182 | 0.028
10-15 1.30 0.119 1.37 0.118 | 0.200
15-20 1.31 0.065 1.38 0.123 | 0.186

lowa Site

0-5 0.98 0.017 1.04 0.065 | 0.195
5-10 1.25 0.058 1.44 0.117 |<0.001
10-15 1.20 0.105 1.34 0.111 | 0.013
15-20 1.22 0.109 1.37 0.043 | 0.003

Table IV. Mean organic carbon values and standard deviations for the depth
intervals sampled in this study and the P values for the statistical comparison
of compacted to non-compacted values by depth.

Mean Mean
carbon Standard
IDepth values Deviation carbon Stagdérd P value
nterval Nor- Non- values Deviation
(cm) Compacted | Compacted
compacted | compacted 5
%) %)
North Dakota
0-5 4.56 0.266 2.41 0.675 0.003
5-10 2.49 0.094 1.35 0.301 0.001
10-15 1.54 0.127 1.20 0.305 0.007
15-20 1.79 0.337 1.47 0.367 0.007
lowa
0-5 519 1.42 571 1.65 0.25
5-10 3.52 0.59 275 0.25 0.051
10-15 2.77 0.061 1.60 0.15 <0.0001
15-20 1.97 0.062 1.24 0.068 0.0004
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Table V. Mean g organic C/cm?® of soil values and statistics for the depth
intervals sampled in this study and the P values for the statistical comparison
of compacted to non-compacted values by depth.

Mean C
Standard Mean C
Ilr?te pthl Vl\z]ii;;e_s Deviation Values Sir.]d?;i P value
i Non- Compacted ol
(cm) compacted Compacted
(@ C/cm?) compacted | (g C/cm?)
North Dakota
0-5 0.038 0.0079 0.025 0.0032 0.021
5-10 0.030 0.0023 0.018 0.0037 0.002
10-15 0.020 0.0032 0.016 0.0039 0.005
15-20 0.024 0.0047 0.020 0.0037 0.059
lowa
0-5 0.051 0.018 0.058 0.013 0.267
5-10 0.044 0.010 0.040 0.003 0.190
10-15 0.034 0.004 0.022 0.006 0.001
15-20 0.024 0.003 0.017 0.003 0.001

The C/N ratios tend to be higher in the non-compacted soils than in
the corresponding compacted soails, although the differences observed were
only statistically significant for about half of the depth comparisons (Table
VI). Lower C/N ratios indicate a higher state of decomposition of organic
matter (45). This makes it appear that compaction of the soil is affecting the
relative amounts of highly decomposed versus slightly decomposed organic
matter in the soil. This may be due to restricted root growth in the compacted
soils leading to reduced vegetative growth, as observed by (5) and (14), and
thus reduced additions of organic matter to the soil system. Reduced organic
matter additions would in turn lead to seils with lower nutrient status, making
them less able to support plant growth. Visual evidence from the study sites
indicates less vigorous plant growth in the compacted soils when compared
to the non-compacted soils (Figure 1).
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Table VI. Results of the t-test analysis comparing C/N ratios for the four
depth intervals sampled in this study.

Standard

Depth Mean C/N Deviati Mean Standard p
Interval | Ratio, Non- eviation C/N Ratio, | Deviation,
(cm) Compacted He Compacted | Compacted Valug
Compacted
North Dakota
0-5 11.06 1.90 8.85 0.81 0.024
5-10 943 253 8.12 0.24 0.090
10-15 8.19 0.38 7.90 0.98 0.307
15-20 6.24 2.03 541 2.06 0.302
lowa
0-5 10.17 0.87 10.17 0.48 0.500
5-10 9.46 1.01 943 0.82 0.480
10-15 10.00 0.97 8.58 1.26 0.028
15-20 9.50 1.30 7.86 0.81 0.023

Figure 1. The Mormon Trail at the lowa study site in August. The trail
runs from the lower right to the upper center portion of the photo. Note the
reduced vegetative growth in the trail in this late summer view.
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Some researchers would argue that the reference point for this study
should be a subsurface horizon that can be identified in both the compacted
and non-compacted soils. It is felt that this approach is not the appropriate
one for this study. The times involved in this study range from approximately
60-150 years since initial compaction at the study sites. While 60-150 years
is not an overly long period of time compared to the formation time for many
soils, it is a much longer period of time than the 1 to 10 years covered in most
of the compaction studies that have been done. At the research sites utilized
in this study, we have new surfaces and new surface conditions created by the
compacting events. For the last roughly 150 years, the compacted surface of
the lowa site has served as the soil’s surface and has been subjected to all the
soil forming factors that have also been working in the non-compacted soils.
The same is also true of the compacted surface of the North Dakota site over
the last 60-70 years. Over those time periods, the compacted surface layers
have exerted influence on properties such as infiltration, aeration, thermal
conductivity, penetration resistance, or any other process that influences these
soils as relates to plant growth, microbial activity, chemical reactions, etc.;
in short, the compacted layers have influenced pedogenesis in these soils.
Numerous researchers have shown significant pedogenic processes occurring
over time periods similar to or less than those addressed in this study (46, 47,
48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59). For these reasons, it is felt
that using the surface as a reference point in this study is justified.

CONCLUSIONS

A number of changes due to compaction were evident in the soils at
both the sites studied. Bulk density, organic carbon, and EC, values were
consistently different in the compacted versus non-compacted soils. Darker
soil colors were also consistently found at greater depths and roots were more
abundant in the non-compacted soils. Some changes in C/N ratios that may
be related to compaction were observed, and a zone of platy structure, a
structure that is not common in prairie soils but can be caused by compaction,
was found in the compacted soils at the North Dakota site. Each of these
differences is attributed to the compaction that took place at the two study
sites several decades before this research.
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