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Wind Erodibility of Organic Soils

Intensively cropped orgamic soils arc aften subjece zn severe wind crovion, The objective of this study was to measure
their physical wind eradibility properties. Four erganic soils were collected from Florida, North Carolina, and
Michigan. The organic matter content, aggregate density, dev-aggregate sability. aggregate size diswbution, and
suil water characteristios were measured. Travs (122 by 20 by 6 em) were illed with field-sumpled soils and sieved
sails with 80% of aggregates <U.84 mm. Trays of both crusted and uncrusted soil were place in a laboratary wind
tunncl and exposed to wind of various speeds. Aggregate densities ranged tfrom 0,93 ro 113 Mg m’ 3, which is
less than tspical mineral soils. Dry-aggregare stability was relatively high [2.9~47 In( | kg™, Threshold friction
velocity varied from 040 to 0.83 m s~ for the field condition and from 027 1 0.3 m 7! for the soil with 80%
I

of the aggregates <0.84 mm The aggregate abrasion cocthicients r.m;ad trom 0.0006 to 0.0136 m™*, meaning the
aggregates should be modetacely resistane to abrasion losses. The crust abrasion coethietents varied from 0,039 to
0.123 m~". Henee, a crusted soil surface should abrade more casily than  well-gggregaced soll. The loose erodible
material on the crusts ranged from 0.010 1o (.068 kg m ? and varied directly with sand content and inversely with
organic mateer. The threshold friction velocities of orgamc sails were shyhtly higher than would be predicted for
comparable mineral soils. From the results of this study, it is expected that for 4 given wind speed. a nearly equal
mass of suil would be eroded from vrganic suils as fram comparable mineral soil.

Abbreviations: AAC, aggregare abrasion cocfficient: ASD, aggregate size disuibution: CAC, crust
abrasion cocthicient; DAS, dry aggregare stability: GMD, geomerric mean diameter; GSD, geomerric
standard deviation; LEM, loose erodible material; WEF wind-crodible fraction; WEPS, Wind L rasion
Prediction System,

ind crosion can be 4 major problem on organic soils, resulting in severe soil

losses (Robertson ct al., 1978; Lucas, 1982; Parent et al., 1982; Mokma,
1992; Riksen and De Graatf, 2001; Campbell cral,, 2002; Parent and Ilnicki, 2003).
There arc an estimated 342 million ha of organic soils throughout the world, with ap-
proximately 21 million ha of these in the United States (Lucas, 1982). Organic soils
range from relatively undecomposed peat (fibric) to well-decomposed muck (sapric),
with mucky peat (hemic) an intermediace material. Although the area of these soils s
not great in comparison with the toral land arca. the muck soils are otten used to pro-
duce high-value crops and are also the most wind erodible. Maintaining adequate soil
depth and good soil qualiry is necessary o keep these soils producrive for future use,
For a given mass loss, the oftsite impacts of dust trom organic soils may be larger than
that from mineral soils because of their increased volume and other unique proper-
dies. Thus, wind erosion needs to be adequately controlled to meet these concerns.

Compared with research on mineral soils, there has been little rescarch con-
ducted on the characteristics of organic soils that control their wind erodibility.
Determining these characteristics and properties is essential in understanding the
basis for wind crosion on organic soils.

Dry aggregate stabilicy (DAS) is an important soil physical property thar
estimates an aggregate’s ability to resist breakdown by physical forces in the dry
state and is often expressed as the amount of energy needed to crush the aggregate
(Skidmore and Layton, 1992). The DAS is ultimately determined by the intrinsic

soil propertics, but is atfecred by seasonal variations in climare and management. A
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low crushing energy that averaged 1.4 In(] kg’ 1Y was measured
for three organic soils from Michigan (Mokma, 1992).

The aggregate size distribution (ASD) gives an estimate of
the amount of crodible sized aggregates present in the soil. The
ASD is often expressed by its geometric mean diameter (GMD)
and geometric standard deviation (GSD). The GMD is the ag-
gregate diamerer at which 50% of the aggregates are smaller and
50% are larger (Nimmo and Perkins, 2002); the GSD is a mea-
sure of the distribution around the GMD value. The GMD was
measured for three muck soils in Michigan and ranged from 1.90
to 4.66 mm (Mokina, 1992). Zobeck et al. (2003) reported that
the GMD tor four organic soils ranged from 2.5 to 7.9 mm. The
wind-erodible fraction (WEF), the percentage of aggregates that
are <0.84 mm in diamerer (Chepil, 1958), can also be used as a
way ro express the ASD. Woodrutt (1970, p. 5-8) found that the
WEF for nine muck soils ranged from 22 to 65%.

Aggregate density, which is much less variable with time com-
pared with the DAS and the ASD. can also affect the soil erodibil-
ity. [f other factors are equal, a wind of a given strength can move
laeger aggregates that are less dense compared with aggregates that
are more dense. Soils with higher amounts of organic matter gen-
crally have aggregare densities that are lower than typical mineral
soils. Woodruti (1970, p. 5-8) found thar aggregare densitics av-
eraged 0.94 Mg m™* for nine muck soils, while Mokma (1992)
tound mean aggregate densitics of 0.69 Mg m™. These differences
probably arise from the degree of decomposition, the organic mat-
ter content. and the composition of the mineral component.

The wetness of the near-surface soil is another factor in deter-
mining the wind velocity required to initiate soil movement and
in determining the abradibility of the surface aggregates. Chepil
(1956) found that increasing the moisture content in excess of
—1.5 MPa matric porential reduced erosion rates to near zero. Even
small increases in soil moisture contents have been found o increase
the wind vdocity required to initiate soil particle movement (Salch
and Fevrear, 1995: Cornelis and Gabriels, 2003). The threshold
wind speed scems to be conerolled by the thickness of the water films
around the soil particles. Thus, finer wextured soils would vequire
@redrer water content to prevent soil movement compared with
coarser rextured soils (Bisal und Hsich, 1966). Low temperatures in-
crease the air densiey, thus decreasing threshold wind speeds, while
air humidity plays a complex role (Neuman, 2003; Ravi et al., 2006).
Also, as the aggregare water content is increased, abrasion loss rates
tend to decrease (Hagen e al. 1988). Because of their high specific
surface arca, organic soils can hold large amounts of water {Lucas,
1982), which should aid in reducing their erodibility.

Another critical parameter tor wind crosion control is the
threshold friction velocity (U "), which is a measuve of the driv-
ing force of the wind when crosion begins. The U/" can be af-
Table 1. Description of the organic soils used in the study.

Soil series

Taxonomic classification

fected by numerous soil propertics. including ASD, soil texture,
crust propertics, and water content (Gillerte et al, 1980).

Usinga wind tunnel, good estimates of the mobile soil mass avail-
able to initiate erosion at various wind speeds can be determined. Soll
[oss amounts have been measured for some organic soils (Woodruti,
1972, p. 4-5). It was concluded that the relationship beeween the
weight of soil eroded and the percentage of aggregates >0.8 Fmm di-
ameter for mineral soils was true for organic soils as well,

The resistance of immobile soil aggregates or a erusted soil
surtace to withstand abrasion losses by saltating particles can be ex-
pressed as the abrasion cocticient (Hagen ¢t al., 1992). Abrasion
coefficients (I 1) are defined as the ratio of the mass of soil abrad-
ed from the aggregates or a crust fora given unitarca (M L 7) per
unit mass of abrader blown past the aggregates or crust for a unit
width across the air stream (M L7, A low abrasion coctlicient

would signity that the soil aggregates or the surface crust is stable
anity gg

to saltatis T particlc‘s and would be dithcule ro abrade.

The loose crodible material (LEN) is the loose, unconsoli-
dared soil material that is €0.84-mm cquivalent diameter and s
lying exposed on crusted surfaces. When crusted. the soil suttace
can be very stable, but the LEM lying exposed on the surface can
be casily moved by the wind and act as an abrader in destroying
the stable surtace crust and embedded immobile soil aggregates.

The Wind Frosion Prediction System (WEPS), developed
by sciencists at the USDA-ARS Wind EFrosion Rescarch Unit, is a
process-based, daily-time-step model thae simulares weather, ficld
conditions, management, and crosion (Hagen, 1991; Wagner,
1996). The WEPS incorporates the latest wind-crosion science
and technology, and is designed to be a replacement for the Wind
Erosion Equation. But the WEPS and other physically based ero-
sion models need additional wind crodibility dat for organic
soils. The purpose of this study was to determine the crodibility
parameters for different organic soils to improve wind-crosion-
model predictions. The soil physical propertics of organic matter
content, aggregate density, DAS, ASD, and soil moisture char-
acteristics were measured. Threshold friction velocities, soil-loss
amounts, aggregate and crust abrasion cocfheients, and LEM

amounts were also determined for different organic soils.

MATERIALS AND METHODS
Soil Description

Four ditferent organic soils were selected and sampled by the
NRCS (Table 1). All soils were dassified as mucks, meaning that chey
arc well-decomposed organic soils. No pear samples were considered
because of their rapid change to mucks once rilled. All samples were col-
lecred with a square-nosed shovel from the 0- o 5-cin depeh. The soils
were placed into burlap sacks or plastic bags and shipped to the labora-

cory. At the lab, the soils were placed into tubs and allowed to aiv dey.

Location Previous crop

Terra Ceia muck

euic, hyperthermic Typic Haplosaprist Palm Beach County, Il sugarcane
Scuppernony muck loamy, mixed, dysic, thermic Terric Haplosaprist Perquiman County, NC Com
Thomas tmuck line-loamy, mixed calcareous, mesic Histic Humaguept Sanitac County, Ml corm
Palms muck loamy, mixed, euic, mesic Terric Haplosaprist Ingham County, Ml corn
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Soil Physical Properties

Tests were conducted on air-dried samples to de-
termine the nrgzmic Matrer Content, aggregate dcnsity,
DAS, ASD, and soil moisture characreristics. All teses
except DAS were replicated six times for each of the
soils and the resules were averaged. For DAS, 180 ag-
gregares from cach of the soils were crushed.

v-l "AL' Ol'g(’llliu matger contenr was n'lC'd.\'U['Cd on Qv-
en-dried soil (105°C) by using the dry-ashing method
(Karem, 1993}, For texture analysis, a nuflle furnace

and then [,0, were used ro remove the organic mar-

The mincral fraction was dispersed by adding so-

dium hexamesaphosphuce, and the sand traction was
then determined (Gee and Bauder, 1986). Aggregate
density was determined for I-, 2-, 3-, 4-, and 5-mm-
diamerer aggregaces with an envelope density ana-

lvzer (Geolyve 1360, Micromeritics, Norcross, GAJ.

Procedures were followed uccording to Micromeritics

(1996). The DAS was measured with a soil-aggregare

crushing-energy meter as deseribed in Boyd et al.
(1983 o crush 180 aggregares in the 6.35- to 19.035-
mm range for che sols. The inical break foree and crushing energy were
mezsured for cach aggregare. The DAS was expressed as the narural
log of the crushing encrgy per unit mass: The ASD was decermined by
dry sieving with 4 rotary sieve (Lyles et al,, 1970), with the following
sieve designations: 042, 0.84. 2.00, 6.35, 19.05. 44.45, and 76.20 mm.
Micromesh sieving was performed on the <0.42-mm sample by using a
sanjc sitter (Model L3P ATM Corp., Milwaukee, WI). From this ASD

attained from rotary and micromesh sieving, the GMD and GSD were

found according to the computational procedure outlined in Wagner

and Ding (1994), which 1 2 modification of the lognormal distriburion
ot Gardner (1936). This tour-parameter lognormal distribution is used
in the WEPS o describe the soil ASD. The WEF was calculated from
the sieve daraind represented the percentage of aggregates <0.84 mm.
Adr-dried moisture contents were measured for each soil by using the
gravimerric method wich oven deving (TTopp, 1993). Soil moisture re-
lease curves were determined according to the procedures outlined in
Klure (1986). Moisture contents were found at warer tensions of 0.01,
0.033,0.10, 0.50, 1.00. and 1.50 MPa.

Threshold and Armoring

Wind-nmnel tesrs were conducted ar the USDA-ARS Wind
Erosion Rescarch Laboratory located on the campus of Kamsas State
University. An ourdoor push-type wind cunnel was used to keep indoor
organic dust to wsmnimun (Fig. 1), The tunnel dimensions were 13 by
1.20 by 147 m. Sereens were placed over the entire tunnel cross-section
downwind o the fan to promote flow uniformity and dectease longitu-
dinal rurbulence. A honeycomb next to the screens was used to decrease
lateral turbulence, and spires were placed ac the upwind end of the nunnel
Hoor ww increase the initial-boundary-liver deprh. The tunnel was lined
with pea-sized gravel to simulate a surface roughness similar to the organic
soil Trays 122 by 20 by 6 em were tilled with air-dried soils in dheir field-
sampled condition. Trays were also prepared for each of the soils in which

80% of the aggregares were <0.84 mm. Random roughness was measured

Fig. 1. The outdoor wind tunnel used for the study. The tunnel setup shown was used to
measure the threshold friction velocity and soil loss.

for cach tray by using a pin meter (Wagner and Yu, 1991; Skidmore et dl.,
1994) and quantificd as the standard deviaton of the pin heighes. The

trays were placed even with the cunned floor. A slor carcher and a Sensic

wind eroding mass sensor (Sensit Co., Portland, NI, a device char uses a
piczoelectric erystal to detect soil particle impacts (Gillecee and Stockron,
1986), were positioned behind each tray. nsrrumentation to record the
temperacure, relative humidity, baromerric pressure, wind speed. and
Sensit counts was positioned in the tunnel. Wind speed profiles were re-
cotded by using pitot-static tubes ar heights of 1, 2, 3,35, 7.3, and 10 ¢m
above each tray atwind speeds of 3, 4. and Sm s | The profiles were used
to caleulate friction velocities and acrodvnamic roughness values by using
the leasr squuares technique deseribed by Ling (1976). Atwer dhe profiles
were recorded above each tray. the freesstream wind speed was increased
in 0.5 m s ' increments unl a critical number of Sensit counts was
reached. Previous runs had shown that saltation acrass the entire surtace
had occurred at approximately 2 counts & I and this was considered the
critical number of Sensit counts. Once the Sensit detected 2 counts 571
three 15-min runs were made at wind speeds approximately 0.5, L5, and
2.5 m s~} higher than the wind speed thar produced the eritical number
of counts. Trays were weighed betore and after cach run to determine the

cumuladve weighe loss, The value of U7 was found by using a modified

form of the cquation outlined in Hagen cral. (1999):
Ag=C, CU*?(U*~U*)AX [1]

where g is the horizontal discharge of soil (kg m 's 11 € i the co-
< ke < cm
efficient of emission (m 1), C_is the saltation transport parameter
- 5 . “ — - - . & F
(kgm™s%) with atypical value of 0.3, 1™ is the friction velocity (m s 1),
" is the threshold friction velocity (s 1), X s the distance along che

wind dircetion (m). and A is a finite difference operaton.

The cumulitive weight-loss duta ar certain frictlon velocities were

entered into TableCurve 21D software (SPSS, 1997) to solve Eq. [ 1] for

the threshold friction velocity and the coefficient of emission.
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[he WEDPS uses the immobile clod or crust cover and the acrody-
namic roughness on bare. dry soil to determine an empirical value tor
the static L7, The WEDPS threshold estimates were decermined for cach
of the arganic soils by using tray data on the immobile clod cover and
the aerodynamic roughness. [ this analysis, the immobile clod cover
for the organic soil was assumed ro be the aggregate fraction >0.84-mm
diamerer, the same as applied to mineral soils.

To caleulate the soil loss, the trays were blown at wind speeds in ex-
cess of the threshold until all erodible material was removed. For the trays
with the ficld-sampled-condition soil, runs were made ar free-stream wind
speeds of 12, 14, and 16 m I For the trays with 80% of the aggregares
<084 mm, runs were made at 8. 10, and 12 ms™% Trays were weighed
before and ater each rin o determine the amount of soil Toss. The soil-loss
amounts for the organic soils were compared with those from mineral soils.
Chepil (1930) developed tables to determine soil loss amouns from differ-
ent ASDs and aggregace densities for a varicty of mineral soils. Those tests
were performed on erays in 4 wind wunned wich wind speeds of 112 m !
ara 1S-em height. For the organic soil runs, the free-stream wind speed of
12ms " wasneardyequalto 112 m s Fwhen extrapolated down o the 15-
et heighe. Thus, accurate comparisons could be made berween the soil-loss

amounts of the organic soils and those from mineral soils.

Abrasion Coefficients and Loose Erodible Material

Values for the aggregate abrasion coetficient (AAC) were determined
by running a known abrader flux of 0.29- to 0.42-mm silica sand over 6.35-
to 19.05-mm-diamerer aggregates. The aggregares were placed on mesh
sereens to give u 30% aggregate cover. The sereens were 30 by 30 em in size
and had 2-mm openings o allow the abraded soil to fall through. Pea-sized
gravel was placed around the mesh sereens of aggregates to ereate an acro-
dvnamic roughness similar o field conditions. Fifteen kilograms of silica
sand was placed uniformly across the upwind end of the tunnel and was
blown across the aggregares at a wind speed of 11 m s™!, keeping most of
the saltation in the lower pare of the boundary layer. The screens with ag-
gregares were weghed before and after each run to determine the amount
ot soil abraded trom the aggregares. Abrader flux was tound by measuring
the amount of abrader in downwind sediment samplers thar crossed the
screens per unit width across the tunnel. The AACs were then caleulated as
the ratio of soil loss by abrasion to abrader Hux.

Prior wind-cunnel studies on mineral soils have shown that the AAC
can be determined from the DAS {Hagen cral., 1992). In this study. pre-
dicted AACs were also determined for cach organic soil from their DAS.

The cruse sbrasion coetlicients (CACs) were found in 2 similar
manner. Crusts were created by subjecting soil trays to simulared rain-
fall produced by a raintall cower. The rainfall tower consisted of 4 3-m
lony by 0.3-m-wide boom supporting three Spraying Systems Full Jer 4
FIHTAWSQ sprav nozzles (Spraying Svstems Co., Wheaton, [L). The
nozzles were spaced 0.6 m apart, and the boom was 10 m above the tloor.
Wirer was filteced o remove any substances that mighe alter the soil
properties. Raindrop size and distribution were measured by using the
oil method of Eigel and Moore (1983). Raindrops were caughr in petri
dishes contaming 4 2: 1 mixrure of mineral oil to STP Oil Trearment (First
Brands Corp., Danbury, CT). Single petri dishes were placed in a grid
parrern under the rainfall cower and were exposed to simulated rainfall by

usinga shutter device. A digital image was taken of the petri dishes, along

with a metric ruler for scale. The images were analyzed ro determine rain-
drop size using SigimaScan sofrware (SPSS, 1999). The kineric energy per
unitvolume of rainfall, £ (1 m™> mm™ 1), was found by using the equation
from Figel and Moore (1983). The rerminal velocicy was determined by
using the polynomial equation proposed by van Dijk ctal. (2002}, Median
drop size was tound by using the same method as Humphry er al. (2002,

Fight trays of cach of the organic soils were rained on at 4 rate of
25 mmh ' A total 0f 32 mm of rain was applied. The trays were allowed
to air drv after the rainfall events. Four of the trays of air-dried crusted soil
were placed even with the wunnel floor, which was lined with pea-sized
gravel. The LEM on the crust was found by weighing the crays before and
after blowing at a wind speed of 13 m s ! for 5 min with no abrader. Any
LEM was removed at this wind speed. Values for the CAC were found
from the same trays by running a known abrader hux 0£0.29- o 0.42-mm
silica sand over the crusted soil trays. Siliva sand (7.5 kg) was placed ar
the upwind end of the tunnel and was blown across the crusted trays ara
wind speed of 11 m s ! Trays were weighed before and atter to determine
the amount of soil abraded. Abrader flux was determined by measuring
the amount of abrader crossing the trays per unit wideh across the tunnel.

The four other travs that were rained on for cach soil were rotary
sieved to determine the ASD after a rainfall. Aggregates from the 6.35-
0 19.05-mm range were crushed with the soil-aggregare crushing-energy

meter to determine the DAS.

Statistical Analysis

Data were analvzed according to the GLM and REG procedures of
SAS statistical sottware (SAS Institute, 2000). All wests were considered
significant ac £ < 0.05. To determine if the AAC for the organic soils were
significantly different from what would be predicred by the regression
cquation from Hagen et al. (1992), 95% conlidence incervals were found.
The original data set was entered into TableCurve 2D software (SPSS,
1997) and fit to che regression line. The confidence intervals were deter-
mincd by using the set confidence/prediction intervals oprion, SigmaStac
statistical soteware ( Jandel Scientific, 1994) was used ro determine signifi-

cant ditferences among the eradibility measurements on the test soils.

RESULTS AND DISCUSSION
Soil Physical Properties

The organic matter contents of the soils ranged from 452 to
615 gkg ' (Table 2). These values appear to be typical for many
tilled organic soils. In the mincral fraction, the sand contents
averaged 30% tor che Thomas and Palms mucks, but increased
to 58 and 62% for the Scuppernong and Terra Ceia mucks, re-
specrively. The sand content is important because the presence of
saltating sand particles during wind crosion serves to accelerate
the breakdown of immobile crusts and aggregares by abrasion.

No relationship was found between aggregate densities and di-
amcters for aggregates with diameters 21 mm, so the aggregace den-
sities were averaged for che five different aggregate diameeers. The
aggregate densities ranged from 0.93 Mg m 3 for the Thomas muck
to 1.13 Mg m for the Palins muck (Table 2). These aggregare den-
sities arc similar to the values found by Woodrutt (1970, p. 5-8).
but greater than those found by Mokima (1992). Chepil (1950)

tound aggregare densities for mineral soils to vary from 1.46 to
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Table 2. Physical property data for the organic soils. All values except dry aggregate stability are the mean of six replications.

Aggregate size distribution

Air-dried moisture

Soil Organic matter  Aggregate density Dry aggregate stabilityt GMD? GSDS§
¢ kg Mg m™* In() kg ! — ke kg
Terri Ceia 198.6 ab¥ 1.10 ab 4.21h 1.07 a 6.92 ab 0.10 ab
Scuppernong 151.6 a 0.99 ab 2.92a 1.22.a 8.96 h 0.06 a
Thomas 589.4 ab 093 a 2.87 a 1.67 ab 596a 0.15h
Palms 614.6b 113 b 4.69 ¢ 8.82 b 5.81 a 011 ab

+ Diry agaresate stability is the mean of 180 crushed aggregates from the 6.35- 19.05-mm range.

+ Ceometric mean diameter,

'

§ Geometric standard deviation.

€ Means within columns lollowed by different letters are significantly different at P < 0.05

1.66 Mg m ™ for aggregates >0.84 mm in diameter. Compared with

mineral soils, the aggregare densities were less for the organic soils.
Dry aggregate stabilities for the Terra Ceia muck and the

Palms muck were 4.21 and 4.69 In(J kg 1), respectively (Table 2).

Stabilities in excess of 4.0 In(] kg !

) arc considered fairly stable,
meaning that the aggregates of these soils should be resistant to
abrasion by salrating particles. The Scuppernong muck and che
Thomas muck had lower DAS values 0f 2.92 and 2.87 In(J kg 1),
respectively. These aggregates would be more prone to abrasion
losses than would the other two organic soils, bur arc still fairly re-
sistant. Mineral soils with increasing clay contents have increasing
aggregate stabilitics (Skidmore and Layton, 1992) and lesser crod-
ibilities (Chepil, 1955} Organic marter, much like clay, promotes
soil aggregation and thus increases aggregate stabilicy.

The GMD values tor the Terra Cetamuck and the Scuppermong
tnuck were similar at 1.07 and 122 mun, respectively ( Table 2). The
Thomas muck had a slightly larger GMD at 1.67 mm, whercas the
GMD ot the Palms muck was much larger ac 8.82 mm. The GMD
values tor the soils tested by Zobeck et al. (2003) and Mokma (1992)
tell within chis range. It scems that GMD values for organic soils can

be quite variable and are atfected by the dime of sam-

pling because both elimare and management practic- e
¢s have a large effect on GMD. The WEF amounts
ranged from 11 1o 51%. All values were in the range Ll
found by Woodruft (1970, p. 5-8) except the Palms
muck, which had only 11% of the aggregates <0.84 12
mm in diamerter. ot

[he soil moisture release curves (Fig. 2) show QEN- 1
that the organic soils can hold considetable amounts &
of water at all the water censions. The more organic '% 08 = -ooeee-
matter content the soil contained, the greater the (@
water holding capacity was at cach tension value. &

= 06

“The soil motsture release curves should aid in under- =
standing how soil water contents change as the soil
dries. The soil moisture release curve is important 0
for modcling purposes to know when the soil be-
comes dry cnongh to start cvoding. Chepil (1956) 0.2
tound that soil loss decreased to nearly zero at water
tensions of approximately —1.5 MPa, and that in- 0
creasing the moisture content even slightly required 0.00

rcl.mvcl_\' Frear Increases in \\‘ind VClOCiLy o px’()dLlCC

movement of the soil. Saleh and Fryrear {1995)

found that even small increases in the moisture content of dry soil

required much higher friction velocities to initiate soil movement.

Erosion Threshold

The U} ranged from 040 to 0.83 m 5 ! for the field sampled
condition and from 0.27 t0 0.31 m s~ ! tor the soils with 80% of the
aggregates <0.84 mm (Table 3). The ASD had wsignificant effect on
U (Fig. 3). The larger the WEF, the less triction velocity was needed
to injtiate soil movement. These measured {7 values were slighely
greater than predicred {rom the equations used in the WEPS, bur not
significandy different. The threshold velocity for these low-density
organic soils was larger than expected. A possible explanation may be
the large degree of angularity of the organic soil aggregates (Fig. 4)
(Kohake, 2003). The angularicy probably causes the particles to inter-
lock more tightly than particles that ave rounder and smoother, such
as sand grains. Due to this interlocking, it requires a greater friction
velocity to initiate particle movement. Work conducred on stream
fows has given similar results. Gomez (1994) found hat particles
with an angular shape required greater stream power to initiate bed

load discharge compared with rounder particles,

—&— Scuppernong muck
—8- Terra Ceia muck
—#— Thomas muck
== Palms muck

0.20 040 0.60 0.80 1.00 1.20
Gravimetric Water Content

Fig. 2. Soil moisture release curves for the organic soils used in this study.
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Table 3. Wind erodibility data for the organic soils in the field-sampled condition and for the prepared organic soils with 80% of

the aggregates <0.84 mm.

WEPSt U*  Aerodynamic Coefficient of

Soil . ' icie Soil loss amounts at various wind speeds )
j estimate  roughness emission  125ms" 145ms™! 165msT 80ms ! 10.0ms! 12.0ms!

ms ! ms ! mm m ! - kg m - - —— -
Orpanic soils in the feld-sampled condition§
lerra Ceia JA40a% 0.35 U.41 a 0.00053 2 0.35b 071 b 1.36 b
Scuppernong 0.33a 0.45 N.75 a 0.00011 a 0.13 b 0.27 b 0.59b
Thomas 49 a (.40 0.51 a 0.00018 a 0.10b 031 h 0.75 b
Palms .83 b 0.81 1.61h 0.00001 b 0.01 a 0.02 a 0.03a
Organic soils with 80% of the aggregates <0.84 mm#
Terra Ceja .29 a .26 011 a 0.0033) a 0.76 a 1.91 a 3.19a
e uppernang (3300 a (126 0.11 a 2.00964 a 0.64 a 2:40 a 1.67 a
Thonas (27 5 0.26 0.06 a ().00896 a 111 a 2.04 a 345a
Palims 0.31.a 0.26 D2 a 0.0083 a 0.69 a 1.55a 2650
t Threshold triction velocity -
£ \Wind Erosion Prediction Svstem.
s Data for organie solls in the field-sampled condition were replicated six times.
© Means within columns tollowed by different letters are significantly different at P < 0.05
= Data tor organic soits with 80% of the aggregates <0.84 mm were r(»;‘.l'.l'.'.rud twice

Friction velocity is also affected by the acrodynamic rough-
ness. When immobile aggregates provide shelter, they generally
increase acrodynamic roughness and thus require a greater fric-
tion velocity to initiate soil movement (Hagen and Armbrust,
[992). This was alsa true for the organic soils in our study ( Table
3; Fig. 51, This helps explain why the Palms muck had a larger val-
ue for £/ " than che other organic test soils. The soil loss amounts
also ditfered for the organic soils (Table 3), with the roughness
and ASD of the Palms muck having a significant effect. These
amounts represent the mobile sojl available to initiate erosion
on large ficlds. They may also represent total soil Joss for a single
wind-erosion event from a short strip near a nonerodible surface
withourabrasion. Average, aggregated, mineral soil loss amounts
measured inwind runnels (Chepil, 1950) wereall within the 95%
confidence interval of the measnred organic soil loss amounts for
the ficld-sampled conditions, except for the Scuppernong muck.

In this sample, the acrual loss amount on a muass basis was

lesy for the organic soil than would be predicted for a mineral

16

=

Threshold Friction Velocity (ms™)

2 04 15 45 07 o8 09
Wind Erodible Fraction (< 0.84 mm diameter)

Fig. 3. Decrease in threshold friction velocity with increasing wind
erodible fraction.

soil with the same aggregare size distribution. These resules cell
us chac organic soils have similar masses of mobile soil as min-
eral soils do, which confirms the carlicr conclusion of Woodrutt
(1972, p. 4-5). Because of their lower densitics, however, organ-

ic soils should erode in larger volumes.

Abrasion Coefficients and Loose Erodible Material

The AAC values for mincral soils have been found to range
from near zero up to 0.08 m™! (Hagen et al, 1992). The AACs
for the organic soils tll within this range, with mean values from
0.0006 to 0.0136 m™! (Table 4). These values are relatively small,
meaning the aggregates of organic soils should not abrade casily.
This would be expected because of the relatively high DAS values
that these soils had. Comparing the measured with the predicred
AACs showed that the regression equation scems to hold for organ-
ic soils at the higher DAS values. The lerra Ceia muck and Palms

muck fell within the 95% confidence intervals of the regression Jine

Fig. 4. Aggregates <100 pm from a typical organic soil.
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Fig. 5. Effect of aerodynamic roughness on threshold friction velocities.

found by Hagen eral. (1992). The Scuppernong and Thomas mucks
fell outside the 95% confidence interval. The regression cquation
scems to hold at the higher DAS values, but overpredicts the AAC
ac lower DAS values. Because the organic soils have lower aggregate
densiries, they may absorb more saltation impact energy widiout
breaking than the weak mineral soils with a bricde structure. Lhis
could explain why the mincral soil equation overpredicts the abra-

sion coctficient at the lower organic agg

regate stabilitics.

The average rainfall kinetie energy used to ereate che crusts
todetermine the CAC was 25.0Jm > mm™ . Thesc kinetic ener-
gy values are comparable to the reported values ot kinetic energy
tor natural raintall at similar intensicies (Hudson, 1995: Carcer
ctal., 1974). The median drop size was 1.69 mm.

Previous studies have found that CACs differ widcly for differ-
entsoils. The CACs were from 0.13 10 0.18 m ! in one study (Hagen
etal. 1992) and from 0.002 m ™! forsiltloamand claysoils toasmuch
as 3.179 m™! for an organic soil in another study (Zobeck, 1991).
The CACs for the organic soils used here ranged from 0.039 m Ufor
the Palms muck to 0.123 m ! for the Terra Ceia muck. The CAC
values were significantly larger than those of the AAC. ‘Thus, a soil
crust should be casier to abrade than soil aggregates.

The amounts of LEM have been found to be influenced by
soil texture, ranging from 0.091 kg m 2 for the coarsest textured
soil to 0.003 kg ™" for che finest textured soil (Poteer, 1990).
The amounts of LEM for the organic soils fell between these, with
values ranging from 0.010 to 0.068 kg m -2 The organic mattex
was inversely correlared (R = 0.93) and sand conrent was directly
correluted (R = 0.78) with the LEM. Complete texture analysis
way not accomplished for these organic soils, but the mineral
sand component had an ¢ffect on the LEM amounts. Their offi-
cial series deseriptions indicate that the Thomas and Palms mucks
formed in soils with a clay loam subsoil. The Scuppernony, muck
is dominated by sands in the lower minceral horizons. The under-
lying materials for the Terra Ceia muck can range from sandy to
clayey. It is reasonable to assume thae the mineral portion of the
upper layers would have texcures similar to these lower layers. The

Scuppernong, which has the most sands, had the largest amounts

Table 4. Aggregate and crust abrasion coefficients (CAC) and
loose erodible material (LEM) amounts for the organic soils.
All data are the means of four replications.

Aggregate abrasion coefficients

Soil - CAC LEM
Measured Predictedt
— N T — kg m
Terra Ceia 0.0028 b 0.0065 0.123a 0.034b
Scuppernong  (.0087 ¢ 0.036. 0.079a Q068 b
Thomas 0.0136d 0.0380 0.05%a 0010a
Paims 0.0006 a 0.0027 0.039a 0018 a

1 Predicted egate abrasion coelficient found by using the Wind
Erosion Prediction System regression equation and substituting in the
dry aggregate stability

3 Means within calumns followed by different letters are siamificantly
different at 7 < 0 05.

of LEM. The Thomas and Palms mucks, which formed in clayloam
soils, had the lowest values. Because the crust resistance to abrasion
afrer rainfall was relatively low, the amount of loose, sand-sized ag-
gregates available on the surface will have a significant cltect on
the crodibility of these organic soils. Henee, it would be usetul to
develop a widely aceepted methodology so that the near-surface
sand content of organic soils could be included in soils databases.

The DAS and ASD of the organic soils were determined
after wavs had simulaced rain applied to determine how rainfall
atfecred these soil properties. The GMD decreased and WEF in-
creased for all che soils (Table 3). Thus, akver rainfall, the organic
soils required less friction velocity to initiate soil movement and
should have incicased soil loss amounts in response to crosive
winds. The DS deereased for all soils except the Thomas muck,
which had a slight increase in the DAS value.

SUMMARY AND CONCLUSIONS

Numerous soil properties were mcasured for four organic soils
to determine their wind erodibility. These data should prove useful
to improve the predictive abilities of physically based wind-crosion
models. In the test soils, the organic matcer content ranged from 45
10 61% and they had much lower aggregate densities compared with
mineral soils. The DAS showed that aggregares of these soils had
medium to high stabilitics. The ASD varied for the soils used in the
study and had asignificant effect on U and soil loss amouns. The

U,” for the organic soils were slightly greater than would be predicred

Table 5. Dry aggregate stability (DAS) and aggregate size dis-
tribution data after rainfall

Aggregate size distribution

Soil DASt e
GMD* GSD§ WEFS
In() kg "1 mm S Yo
Terra Cein 148 as 0.81 a 1.76 a 2.3 a
Scuppernong R73a 0.6T a 5.16a 61.8 a
Thomas 3.05a 0.63 a 1.08 a 62.2a
Palms 1.12b 1.34 a 4.11a 14.7 a

t Obtained by crushing 25 aggregates trom the 6.35-19.05-mm range.
F Geometric mean diameter.

§ Geometric standard deviation.

€ Wind erodible soil percentage <0.84-mm diameter

2 Means within columns tollowed by difierent lewers are significantly
different at P = 0 05.
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for mineral soils with the same ASD. Soil loss amounts showed that
awind of a given strength should crode equal weights of soil from
organic and mineral soils. Amounts would be greater when looking
at volumes of soil eroded because organic soils have lower densities.
The AAC revealed thar aggregates of organic soils should be moder-
ately reststanc to abrasion. This coincides with the aggregates having
medium to high stabilities. The CAC values were higher chan those
of the AAC, meaning that a crusted soil surface should be easicr to
abrade than a well-aggregated organic soil. Amounts of LEM varied
inversely with organic matter and directly with sand content. Afrer
rainfall, these soils had a smooth surface, a weak crust, and adequate
sand-sized LEM to support erosion. Henee, in large fields, they will
require \igniﬁcunt wind erosion control measures. Soils with >80 to
90% organic maceer may ditfer from chese tested soils, so additional

wind crodibility measurements are needed on organic soils.

REFERENCES

Bisal. F.and ] Hsich. 1966, Influence of moisture on cradibility of soil by wind.
Sonl Sei. 102:81 8¢

Bovd, WL E L. Skidmors, nd LG Thompson. 1983. A soil-aggregate crushing-
energy meter. Soil Sei. Soes Am. ] iT:313-316.

Campbell. DR, C. Lavoie. and L. Rochetort, 2002, Wind erosion and surfice
stabilicy in abandoned milled peatlands. Can, J. Soil Sci. 82:85-95.
Carter. Gl 1D, Greer, HJ. Brawd, and LM, Flovd. 1974, Randrop

characteristics in south central United States. Trans. ASAF 17:1033- 1037,

Chepil, WS, 1930. Peoperties of suil which influence wind crosion: 1. Dry
aggregare structure as an index of crodibility. Soil S¢i. 694034 L4

Chepil. WS, 1955, Facrors that infuence clod structure and erodibiliry of soil by
wind: IV, Sand, sile, and ¢lay. Soil Set. 80:155- 162

Cligpil, WS, 1956, Influence of moisture on erodibility of soil by wind. Soil Sei.
Soc. Am. Proc. 20:288-292,

Chepil, WS 1958 Soil conditions that influence wind erosion. USDA Tech.
Bull. 1185, US. Gov. Print. Office, Washingron, DC.

Cornelis, WAL, and D. Gabriels. 2003, The offeet of surfice moisture on the
cutrainment of dune sand by wind: An evaluation of selected models.
Sedimentology 50:771-790.

Ligel. 1D and LD Moore. 1983, A simplified technigue for measuring raindrop
size urnd distribution. Trans. ASAT 24: 10791083,

Gardner. W.R. 1956. Representation of soil agaregate size diswibution by a
lagarithmic-normal diseribution. Seil Sci. Soc. Am. Proc. 20:151 - 153.

Gee GW, and IW, Bauder. 1986, Particle-size analysis. p. 383-109. n A. Klue (ed.)
Methods of soil analvsis. Parr 1. 2nd ed. SS5A Book Ser. 5. SSSA. Madison, WL

Gillerre. DAL ] Adame, A Endo, D Smith, and R Kihl. 1980, Threshold velocities For
inpur ol soil particles into the air by desert v’)lls,‘[.(_;coph.\'\, Res. 83:3621-3630.

Gilletze, DAL, and IH. Stockton. 1986. Mass momentuin and kinetic energy
Husxes of saltating parricles. p. 35-56. In W.G. Nickling (ed.) Acolian
geomorphology. Allen and Unwin, Boston.

Gomez. B. 1994, Ltfecrs of particle shape and mobility on stable armor
development. Water Resour. Res. 30:2229-2239.

Hagen, LI 1991, A wind crosion prediction system to meet user needs, ). Soil
Water Consery, 46: 105111,

Hagen, L) and DY Armbruse, 19920 Acrodvnamic roughness and saltation
wupping ctiviency of dllage ridges, Trans. ASAE 35:499-504.

Hagen. L), F.1. Skidmore, and LB, Layton. 1988. Wind erosion abrasion:
Effeers of aggregate moiscure. Trans, ASAE 31:725-T28:

Hagen, L. FL SKidmore, and AL Saleh. 1992, Wing evosion: Prediction of
aggregace abrasion cocticients. Trans. ASAE 35:1847 1850

Plagen, L LE Wagner and E.L Skidmore. 1999. Analvacal solutions and sensitivity
analysis for sediment transpore in WEPS. Trans, ASAE 42: (823~ 1832

Hudson, NV, 1995, Soil conservation. 3rd ed. lowa State Univ. Press, Ames.

Humphry, 1B, T.C, Duniel, DR, Edwards, and A.N. Sharpley. 2002 A portable
cainfall sunulator for ploc-scale runottstadies. Appl. Eng, Agric. 18:199-204.

Tandel Sciendfic. 1994, SigmaStac staristical software user’s manual. Jandel
Saentific Gorp.. Sun Rafacl. CA.

Karcin, A. 1993, Chemical propertics of organic soils. p. 439171 In M.R. Carter
{ed.) Soil sampling and methads of analysts. Lewis Publ.. Boca Raton, FL.

Khute, A. 1986, Warer retention: Laboratary methods. p. 633662 Ir A. Klute (ed.)
Methods of soil analvsis. Part 1. 2nd ecd. S$SA Boak Ser. 5. S5SA. Madison WL,

Kohake. [2.J. 2003, Wind erodibility of organic soils. M.S. thesis. Kansas State
Univ., Manhattan.

Ling. C.H. 1976, On the cilenlation of surface shear stress using the prufile
method. J. Geophys, Res. 81:2581-2582.

Lucas, R.E. 1982, Organic soils (Histosols): Formation, distribution, physical and
chemical properties and management for crop production. Res. Rep. 435,
Michigan Stace Univ. Agric. Exp. Stn. and Coop. Ext. Serv,, Fast Lansing.

Lyles, L., 1.D. Dickerson, and LA, Disrad. 1970, Modified rotary sieve for
improved accuracy, Soil Sei, 109:207-210.

Neuman, C M. 2003, EHecrs of temperacure and humidicy upon the entrainment
of sedimentary particles by wind. Boundary-Laver Mercoral, 108:61-89.

Micromeritics. 1996, GeoPye 1360 operator’s  manual.  Veston  LOX
Micromerities Instrument Corp.. Noreross, GA.

Mokma, DL 1992, Effect of tillage and climate on temporal sl properties of
wind-crodible organic and sandy soils in Michigan. Field Study Final Rep.
Michigan State Univ,, bast Lunsing,

Nimmo, l.R., and K.S. Perkins, 2002, Aggregare saability and size distribution. p.
317328, In J.H. Dancand G.C. Topp (ed.) Methods of soil analysis. Part
- SSSA Book Ser. 5. 55SA. Madison, WL

Parent, L.E.. and P. Tlnicks. 2003, Organsc soilsand peat materials for sustamable
agriculture. CRC Press, Boca Raton, FL.

Parent. L.E. LA, Millerte, and G.R. Mehuys, 1982, Subsidence and crosion ofa
Histosu). Soil Sci. Soe. A [ 164041018,

Poteer, K,N. 1990, Esunuting wind-crodible material on newly crusted soils. Soil
Sel. 150:771-776.

Ravi, S.. TAML Zobeek, TAL Over, G.S. Okin, and P. D’Odorico. 2006. On the
eHeer of moisture binding forces in airdry soils on threshold inction
velocity of wind crosion. Sedinentology 53:597-609.

Riksen, MJPM., and J. De Graaft: 2004 On-site and ofsite effects of wind
crosion on Furopean light soils. Land Degrad. Develop. 12:1-1

Roberrson, LS. H.C. Price. D.D. Wamcke, and D.1.. Mokma, 1978, Wind
erosian: A major pmblcn‘. of organic soil. File 3221, Coop. Lxt. Serv,,
Michigan Sute Univ, Fast Lansing.

Saleh, A, and DN Fryrear. 1995, Threshold wind velocities of wet soils as
affected by wind blown sand. Soil Sei. 160:30:-309.

SAS Institure. 2000. SAS vser’s guide. Version &1 SAS Inse., Cary, NCL

Skidmore, L., L], Hagen, DV, Armbrust, A A. Durar, DWW, Fryrear, KON Poreer,
LF. Wagner, and TM. Zobeck. 1994 Methods for investigating basic
processes and condivons affecting wind erosion. p. 295-330. 7w R, Lal (ed.)
Soil crosion research methods, Soil and Wacer Conserv. Soc.. Ankeny TA.

Skidmore, E.L, and ] B. Laveon. 1992 Drv-soil aggregate stabilicy as influenced
by sclected soil properties. Soil Sci. Soe. Am. [ 56:557 561

SPSS. 1997, TableCurve 2D Version 4.0 users manual. SPSS Inc., Chicago, 1L.

SPSS. 1999, SigmaScan Pro 5.0 user’s guide. Version 5.0, SPSS Ine., € hicago, IL..

Topp, G.C. 1993, Soil water content. p. 541-557. /i M.R. Carter {ed.) Soil
sampling and methods of analysis. Lewis Publ, Boca Raton, FIL..

van Difk, ALLM. LA, Bruijnzeel, and C.J. Rosewell, 2002, Raintall intensity
kinetic energy relationships: A crivical lirerature appraisal. | Hydrol, 261:1-23,

Wagner. 1.E. 1996. An overview of the Wind Frosion Prediction Systemn, p. 73—
78, /i Proc. Int. Cont. on Air Pollution from Agric. Operations, Kamsas
Ciry, MO, 7-9 Feb. 1996. lowa State Univ,, Ames.

Wagner, L.E, and D. Ding. 1991, Representing aggregate size distributions as
modificd lognormal distmbutions. "Trans, ASAL 37:815-821,

Wagner, LE. and Y. Yu. 1991, Digitzation ot profile meter p]mlogr‘Lph\. “Trans.
ASAE 3:412-416.

Waoodruft, NP 1970. Annual research repore, soil erosion research, USDA-ARS,
Wind l'rosion Res. Unit, Manhattan, KS.

Woodriff, N.P. 1972, Annual research repore, soil erosion research, LSDA-ARS,
Wind Erosion Res. Unit, Manhatran, KS.

Zobeek, T 1991, Abrasion of crusted sonlss Influencc of abrader fuy and voil
propertics. Soil Sci. Soc, Am. J. 35:1091- 1097,

Zobeck, TM., TW. Popham, L.L. Skiduore, LA, Lamb, S.D. Merrill, M.
Lindsrrom, D.L. Mokma, and R.E. Yoder. 2003, Aggregatc-mean diameter
and wind-crodible soil predictions using dry aggrepatesize distributions.
Soil Sci. Soc. Am. . 67:4235-136.

SSSAJ: Volume 74: Number 1 © January-February 2010

257


http:1l1(,,".Jn
http:Di;.in/.tt
http:rJ.lUfC.Jp
http:Ralllt.t.ll
http:hI(J!'o.11
http:el'''.I1
http:1-32~.ln
http:tkhl~.U1
http:of.\(:J.'lIlcnt.Jr
http:phy~iL.11
http:li.\w:o.ol
http:LIJi.:.lS
http:R':~lI-.If
http:Acolt.U1
http:u.;u:.io
http:I~rt'!:.uc
http:c(:nlr.ll
http:aggrcgJ.te

