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ABSTRACT

Analysis of soil redistribution and sediment sources in semiarid and and watersheds provides infor
mation Tor implementing management practices to improve raii^eland conditions and reduce sediment

loads to streams. The purpose of this research was to develop sediment budgets and identify potential

sediment sources using n7Csand oilier soil properties in .1 series of small semiarid subwatersheds on the

USDA ARS Walnut Gulch Experimental Watershed near Tombstone, Arizona, USA. Soils were sampled in

a grid pattern on two small suhw.itersheds and along transects associated with soils -ind jieomorphology

on 5k larger subwatersheds. Soil samples were analyzed for 117Cs and selected physical and chemical

Keywords:

properties (ie.. hulk density, rocks, panicle size, soil organic carbon). Suspended sediment samples

Cs-137

collected at measuring flume sites on the Walnut Gulch Experimental Watershed were also analyzed for

Erosion
Soil redistribution

these properties. Soil redistribution measured using l37Cs inventories for a small shrub-dominated

Arid r.inselands

subwatershed and a small grass-dominated subwatershed found eroding areas in these subwatersheds

Writers heds

were losing -5.6 and -3.2 t ha

Sediment bud Rets
sourtf*

yr

, respectively: however, a sediment budget for each of these sub

watersheds. including depositional areas, found net soil loss to be -A3 t ha~'yr~' from the shruh-

dominated subwatershed and -O.I t ha~' yr"1 from the grass-dominated subw.nershed. Generally, the

suspended sediment collected at the flumes of the six other subw.iiersheds was enriched in silt and clay.

Using a mixing model to determine sediment source indicated ihat shrub-dominated subwatcrsheds
were contributing must of the suspended sediment lh.it was measured at the outlet flume of the Walnut
Gulch Experimental Watershed. The two methodologies [sediment budgets and sediment source anal

yses] indicate that shrub-dominated systems provide more suspended sediment to the stream systems.
The sediment budget studies also suggest that sediment yields measured at the nutlet of a watershed
may be a poor indicator of actual soil redistribution rates within these semiarid watersheds. Manage

ment of these semiarid rangelands must consider techniques that will protect grass-dominated areas
from shrub invasion to improve rangeland conditions.
Published by Elsevier Ltd.

1. Introduction

factors for monitoring and assessing soil quality, rangeland condi
tion, water quality, and managing semiarid rangelands (Wliitford

Degradation of semiarid and arid rangclands is a major coneern

et a].. 1998). Maintaining or improving soil quality or rangeland

and is usually described in terms of soil movement/erosion and

conditions requires managing soil erosion, soil organic carbon

changing plant communities (Havstad et ii, 2006; Tongway et aL,

movement and loss and vegetation at the field and Watershed scale

2003; de Soyza EUL, 2000; Hcrrick and Whitford. 1995). A National

;Verity and Anderson, 1990; Whitford et aL. 1998; Ul et a!.. 1998:

Research Council (1994) report cited a need to develop method

Ritchie and McCarty,

ology to monitor and assess this degradation and its impact on

erosion and subsequent redeposition of this eroded material within

rangelands and rangeiand conditions. Understanding the patterns

the same field play a significant role in soil organic matter patterns

of soil erosion, soil redistribution, and sediment yield are key

,ind therefore soil quality at field and landscape scales (Van Oost

2003).

Recent studies

indicate that soil

et al.. 2007: Ritchie 81 aL, 2007: Ritchie and McCarty, 2003: McCarty
and Ritchie, 2002; Verity and Anderson, 1990). The stability of
Corrrspanding Juilior. Tel.: -1 301 504 S717: fax; - 1 301 504 B931.

semiarid rangeland ecosystems lias been defined as the capability

E-mail address: jerry.mch ie45ari.UKU.gov ij.c Ritchie;.

of a site to limit redistribution and loss of soil resources (including

O265-931X..S - ice front nutter Published by Elsevn-i Ltd.
(loi:10]016,lj.jcnv[.!il.20O'J05.rjDS
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Fig. 1. Map of Walnut Culch Experimental Watershed. Tombstone. Arizona. USA showing the subwatersheds used in this study. | Adapted from http://www.rucsorurug$ov|.

nutrients and organic matter) by wind and water (Ritchie et al.,

2003; Schlesinger et al., 1990).

sediment samples (Slattery et al., 1995; Sutherland and Bryan.
1989). Fingerprinting compares properties of potential sediment

Soil losses are a major concern around the world with degradation
of both onsite and off-site resources (Boardman and Poesen, 2007;

sources and suspended sediment using physical, chemical, radio
logical, and mineralogical properties to determine sediment sour

Pimentel, 2006; Pimentel et al, 1995). With the growing recognition of
the enormity of this problem, determining soil redistribution patterns

ces within the watershed (Walling. 2003,2005; Slattery et aL. 1995;
Walling and Woodward, 1992).

in watersheds is needed, for relating suspended sediment to source

Physical, chemical, and radiological (l37Cs) properties have been

areas in the watershed, and for determining the effectiveness of

widely used for fingerprinting suspended sediment (Smith and

management practices on the runoff and soil redistribution. With the

Dragovich, 2008; Walling. 2005; Mabit et al., 2008; Walling and
Woodward. 1992; Bonniwell et al., 1999; Wallbrink et al., 1999).
These properties of potential sources and suspended sediment are
used in mixing models (Walling, 2005; Walling and Woodward,
1992: Slattery et al., 1995) to establish the relative contribution of
the potential sources to the suspend sediment load.

growing concern about degradation of semiarid and arid rangelands

(National Research Council. 1994), a better understanding of soil
redistribution patterns of these ecosystems is necessary to maintainor
improve rangeland conditions.
Two general approaches (monitoring and fingerprinting) have
been used to identify sediment sources for watersheds. Monitoring

of source areas employs erosion pins, runoff plots, and suspended

The objective of this research was to use radioactive fallout 137Cs

distribution patterns to determine soil redistribution and sediment
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Table 1

l37Cs inventories for the reference site and the Lucky Hill and Kendall

subwatersheds.
Site

Maximum

Bqm-J

Reference

5086

Lucky Hills

Kendall

Minimum

BqnT2

Mean

Bqm"2

Standard
deviation

Bqm"2

Number of

profiles

1100

20

1200

1000

68

4824

390

2300

2000

62

budgets and to combine measurements of 137Cs with other physical

subwatersheds

of the Walnut

Culch

55% sand, 20% silt, and 25% clay. The organic carbon contents of the soils from
the Lucky Hills and Kendall subwatersheds are approximately 0.8% and 1.1%.
respectively. Both subwatersheds were historically used as grazing land:
however, the Lucky Hills subwatershed was fenced in 1S63 eliminating grazing

by domestic livestock. The Kendall subwatershed continues to be grazed at

a density of 3-4 animal unit km 2 (Osborn and Slmanton. 1983). These sub-

watersheds are instrumented with flumes for runoff and suspended sediment

2200

3644

124S
0

and chemical properties to identify potential sources of suspended
sediment in the streams of grass-dominated and shrub-dominated
semiarid

639

Experimental

Watershed.

2. Materials and methods
2.1. Study area

the study area (Fig. 1) is located in the Southeastern Arizona Basin and Range
province on the United States Department of Agriculture (USDA). Agriculture
Research Service (ARS) Walnut Culch Experimental Watershed near Tombstone,

Arizona USA (31° 43' N. latitude. 110° 41' W. Longitude). The watershed is

approximately 150 km2 in a high foothill alluvial fan of the San Pedro River

Watershed at elevations ranging from 1220 to 1950 m. Mean annual temperature is
18 °C ranging from 1 °C in January to 35 °C in June. Mean annual precipitation in the

watershed is 356 mm with annual totals ranging from 250 to 500 mmyr '. with
approximately two thirds of the rainfall occurring in the monsoon season (JulyAugust). Most of the surface runoff occurs during the monsoon period. The main

branch of Walnut Culch is dry approximately 99% of the time (Nichols et iL. 2002).
Soils in the Walnut Culch Experimental Watershed are closely related to their
parent material (Rhoton et al.. 2008.2006) and have developed on Precarnbrian to
Tertiary-age sandstone, conglomerate, limestone, volcanic, granodiorite. and quartz
monzonite materials. Quaternary alluvium from limestone makes up approximately

80% of the watershed surface. The soils formed on this parent material are welldrained, calcareous gravelly loams (Gelderman, 1970). Watershed soils formed in
alluvium and colluvium from andesite and basalt, and residuum from granodiorite
are generally fine-textured, shallow, and well-drained. Rock contents at the soil

surface range from 0 to 70% (Slnunton and Toy. 1994).
At lower elevations in the watershed, shrub species of creosote bush [Larrea

tridentata (DC) Coville; larrea divaricata Civ.],1 whitethorn [Acacia constricta

Benth.), tarbush [Hourensia cemua DC], snakeweed [Gutienezia sarothrae (Perch)
Britton S> RusbyJ, and burroweed [Isocoma tenuiseaa CreeneJ dominate the land

scape. At higher elevations, grass species of black grama [Bouteloua eriopoda (Torr.)
Torr.L blue grama [Bouteloua gracilis (Kunth) Lag. ex Criffith], sideoats grama
[Bouteloua curtipendula (Michx.) Torr.j. curly mesquite [Hilaria belangeri (Steud.)
Nash] and bush muhly [Muhlenbergia porteri Scribn. Ex Beal] dominate the vege

measurements (Renard et al., 1993).
2.12. Study area - sediment sources

The sediment source research was conducted on subwatersheds 3. 7, 9,10,11,
and 15 of the Walnut Culch Experimental Watershed (Fig. 1). Dominant vegetation
in subwatersheds 3. 7. and 15 is shrubs while the dominant vegetation in subwatersheds 9,10. and 11 is grass (Slmanton et al., 1994). These subwatersheds. as
well as the outlet of the Walnut Culch Experimental Watershed, are instrumented
with supercritical flumes for runoff measurements and suspended sediment
collection (Renard et at, 1993).
22.

2J.I. Soil sampling - sediment budget studies
For the sediment budget studies in Lucky Hill (68 soil samples) and Kendall (62
soil samples) subwatersheds, soil samples were collected on a 25-m grid pattern. A

differential CPS (Clobal Positing System - Trimble Ceoexplorer XT2 -1m accuracy)
was used to determine the latitude, longitude, and elevation of each sample site.
Cover (i.e.. vegetation, bare) was noted for the sample sites. Bulk soil samples at each
site were collected for the 0-25 cm soil layer at three points within 1 m and
composited for analyses.
2.2.2. Soil sampling - sediment source studies

For the sediment source studies, 530 soil samples were collected from transects
from the six subwatersheds based on area occupied by different soil mapping units.
Transects were delineated so a range of surface geomorphology factors were rep
resented. At each location, soil samples were collected from the surface of 0-5 cm at
three points, approximately 10-m apart and perpendicular to the slope, and
composited for analyses. This sampling depth generally represents the A-horizon
thickness which is most affected by soil erosion processes. Site data were recorded
for latitude, longitude, slope position, slope gradient, and slope aspect.
22.2. Suspended sediment sampling - sediment source studies
Suspended sediment was collected with vertical samplers mounted on the face

of the flumes on each of the six subwatersheds and the outlet Hume (Flume 1) of the
Walnut Culch Experimental Watershed. These samples were collected from the flow
in 30.5-cm vertical increments above the floor of the flume to a flow depth to 122 cm
in 500-mL plastic sample bottles mounted inside the seated sampler at each depth.

Additionally, 2-L sample bottles were attached to the bottom of the samplers to
ensure sufficient volumes of suspended sediment was obtained at each 30.5-cm
flow depth during low flow events. Suspended sediment samples collected between
1999 and 2003 were composited to provide a sample for each flume for this study
(Rhoton et al.. 2008).
2.3.

tation (Simanton et al, 1994: Weltz et aL 1994). The Walnut Culch Experimental
Watershed serves as grazing land for cattle and horses. Crazing (3-4 animal units

km 2) has occurred in the area since the establishment of Spanish ranches in the

early 1800s.
2.I.I. Study area - sediment budgets

Sediment budgets were determined for the Lucky Hills and the Kendall

subwatersheds (Fig. 1) of the Walnut Culch Experimental Watershed. The Lucky
Hills subwatershed has an area of 3.7 ha and the Kendall subwatershed has an

area of 1.9 ha. For the time period of 1963 through 2004, the measured mean

annual precipitation measured at Lucky Hills was 292 mm and 315 mm at
Kendall (Nichols et iL. 2002). Mean hillslope gradients of the Lucky Hills and
Kendall subwatersheds are 7.7% and 12.3%, respectively. The Lucky Hills subwatershed is a shrub-dominated semiarid rangeland with approximately 25%

Field methods

Laboratory analyses

Soils and suspended sediment samples were air-dried and then oven-dried at

60 "C. All samples were sieved to pass a <2 mm screen. Weights of soil (<2 mm) and
rock fragment (>2mm) fractions were determined. Particle size analyses were
determined by standard pipette analysis (USDA-Natural Resources Conservation
Service. 1996). Total carbon and nitrogen were determined using a Leco CN-2000
carbon-nitrogen analyzer (Leco Corp., St. Joseph. Ml).
The soil and suspended sediment fractions (<2 mm) were placed into counting

containers and sealed for analyses of l37Cs by gamma-ray spectrometry using
a Canberra Cenie-2000 Spectroscopy System that receives input from three Can

berra high purity coaxial germanium crystals (HpC > 30% efficiency) into three
8192-channel analyzers. The system is calibrated and efficiency determined using
International Atomic Energy Agency sample (IAEA-327) as a standard. Measurement

precision for 137Cs is ±4-6% (Ritchie. 2000).

canopy cover during the rainy season and a gravelly sandy loam soils with

a primary particle size distribution of 52% sand, 26% silt, and 22% clay. The
Kendall subwatershed is a grass-dominated semiarid rangeland with approxi
mately 35% canopy cover during the rainy season with a few shrubs and forbs
having a gravelly fine sandy loam soils with primary particle size distribution of

2.4.

Estimation of soil redistribution rates - sediment budget studies

Radioactive l37Cs was globally distributed by the deposition of radioactive
fallout material from atmospheric nuclear weapon tests from the mid 1950s to the

mid 1970s, mostly by rainfall (Playford et aL, 1993: Cambray et aL. 1989: Carter and
Moghiui. 1977). While rainfall may be patchy in semiarid and arid landscapes, the

1 Scientific nomenclature of plant names according to the USDA. ARS. National
Cenetic Resources Program, Cermplasm Resources Information Network - (GRIN)

2 Trade names are included for the benefit of the reader and do not imply an

[Online Database!. National Cermplasm Resources Laboratory. Beltsville. Maryland.
URL: http://wwwjrs-grin.gov/cgi-bin/nDgs/html/taxgenforin.pl71an8uagec.en (l

endorsement of or a preference for the product listed by the U. S. Department of

February 2009).

Agriculture.
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Fig. 2. Soil redistribution patterns in the Lucky Hills subwatcrstied of the Walnut Cukh Experimental Watershed. Tombstone. Arizona. USA (adapted from Ntirinj el iL, 2005}

assumption is th.it over the 20-year period of radioactjfe f.illout, all areas would
receive approximately equ.il rain and fallout li7Ci deposition [Ritchie t( al., 20O31

2.5.

the landscape is due to phystc.il processes {i.e., water erosion, wind erosion, tillage

waiersheds (3. 7.9.10,11, anc 15J to the suspended sediment loads measured at Che

Since "7Cs is quickly adsorbed by clays, any subsequent movement of '"Cs across

erosion). Thus patterns of l]!Cs distribution across the landscape can be used to

Sediment .sources analyses
The relative

contribution of suspended

sediment

from

each of the sub-

outlet flume {Rjme 1) of the Walnut Culcli Experimental Watershed was estimated

estimate soil redistribi:[ion rates and pactems bd5fd on the measurement of ll7Cs

using ttie multivariale mixing model methods described in detail by Rhoron et aL

inventories in the eroding or depositing sites and comparing them to measurements

(20011) to compare the physical, chemical, and radiological properties measured for

of'nCs inventory si reference sites where soil erosion lias not occurred (Mabitetal..

the soil and suspended sediment samples. Each property was normalized by its

20DB; Willing, 2003; Walling and He, 2001, 1393; Ritchie and Mdlenry. 1D90:

standard deviation. This mixing model allowed the measured properties of sus

Zipau, 2002;.

pended sediment .it Flume 1 to be expressed in terms of possible contributions of

The Diffusion and Migration Model for Erosion jnd Deposition on Undisturbed

Soils (Willing and Hi, 2001.1999; Zapau. 2002). which accounts the time-depen
dent behavior of Imh tithe ]J7G fallout input and us subsequent redistribution in the

soil profile, was used to convert from'^Cs inventories to net soil erosion/deposition
rates for the Kendall {Veiling et aL 2OQ5; and Lucky Hills (Ritchie ct iL, 2005;
subwatersheds. Tile ne; soil redistribution r.ues were calculated by comparing the

L17Cs inventories of the soil s.nuples collt'cttfd over Ihe subvvatersheds and ll7Cs

suspended sediment from [iLmes 3. 7. 9.10.1!, and 15 and the subwatershed soil
samples.

3.

RirSulti ,i:iu i!i-,

3.1. Development of sediment budgets

inventory ji nearby reference sites. Negative values represent soil loss and positive
values represent soil gains [dejxisiiion).
Soil redistribution and sedimen: biui^ets were calculated based on coutour

maps and maps of net soil redistribution produced by using a fcnging interpolation
method for the Lucky Hills and Kendall subwatersheds. Maps of rock distribution
were also developed to compare with the patterns of soil redistribution.

Twenty soil profiles collected at sites near or on the Walnut

Gulch Experimental Watershed with little evidence of physical or
biological disturbance of [he surface were used as reference soil

sites for determining 137Cs input for the area. The mean i37Cs
Erosion and depoiiton ratal
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inventory in these samples was 2200 ± 1100 Bq m2 (Table 1). This
variability in reference samples is similar to the variability
measured in other studies (Wallbrink et al., 1994; Sutherland. 1996:

Ritchie et aL, 2003). We assumed that this l37Cs inventory
(2200 ± 11,400 Bqm"2) represented the 137Cs input to the water

shed area and used it as the reference inventory in the Diffusion
and Migration Model (Walling and He, 2001,1999) to calculate soil
redistribution rates for the sediment budget studies. The variability
of the reference samples was used to calculate the confidence limits

for our methodology. To do this, each value of the twenty 137Cs

reference samples was run through the Diffusion and Migration
Model (Walling and He. 2001,1999) to compute the confidence
range for the value of zero erosion represented by the reference soil
surface samples. We then assumed that net erosion rates from the
watersheds that fell in that range were not significantly different
from zero. The mean reference inventory had a coefficient of vari
ation (CV) of 50% (Table 1). The variation in the reference samples
translated to a confidence in the zero value of erosion of

±1.2 tha"1 yr"1.

The spatial patterns of soil redistribution in the two watersheds
are shown in Figs. 2 and 3. Erosion rates were greater in the Lucky
Hills subwatershed than in the Kendall subwatershed with eroding

sites in Lucky Hills subwatershed averaging -5.6tha~'yr' soil
loss while the Kendall subwatershed averaged -3.2 t ha"' yr"' soil

loss. About 85% of the sampling sites in the Lucky Hills subwatershed were eroding compared to 53% of the sites in the Kendall
subwatershed. Deposition sites (47% of the sample sites) in the

Kendall subwatershed were greater than in the Lucky Hills sub
watershed (15% of the sites). The Kendall subwatershed had higher

deposition rates within the subwatershed (+3.9tha~'yr~1) than
the Lucky Hills subwatershed (+3.4 tha"1 yr"1) at the deposition
sites.

When the total soil redistribution budgets were calculated
based on aerial pattern of soil redistribution, soil loss from the

Lucky Hills subwatershed was -4.31 ha"1 yr"1, while the calculated

soil loss from the Kendall subwatershed was -0.1 tha"1 yr"1

(which was not statistically significantly different from zero). These
rates are similar to soil losses calculated from the suspended

sediment loads (5.8 tha"1 yr"1 and 0.14 tha"1 yr"1 for Lucky Hills

and Kendall, respectively) measured at the supercritical flumes on

these subwatersheds (Nearlng et al., 2005).
Differences in soil loss rates between the two subwatersheds
appear to be related to cover and patchiness of the vegetation,
while within-watersheds variation in hillslope soil loss rates

appeared to be controlled by surface rocks. There was a significant
positive linear relationship between soil erosion and percent rock

641

Conversely, the Kendall subwatershed had a swale area which
slowed runoff, allowing most of the suspended sediment in the
runoff from the hillslopes to be deposited in the swale area before
reaching the subwatershed outlet.
An important implication of this study is that sediment yield at
the outlet of a watershed may not reflect the actual soil redistri
bution rates within the watershed (Nearing et al., 2005). The results
from this study for the Kendall subwatershed are illustrative of the
point. Even though the net soil loss from the subwatershed from
the sediment budgets was negligible, and even though past actual
measurements show sediment yield rates to be quite small, net soil
erosion occurred on more than 50% of the Kendall subwatershed

area at rates as high as 7.9 tha"1 yr"1. Hillslopes at Kendall have
been eroding over the past 40 years, even though very little sedi
ment is being exported from the subwatershed at the site of the
measuring flume (Nearing et al., 2005).
32. Identification of sediment sources

Selected physical, chemical, and radiological properties of the
soils and suspended sediment (Tables 2 and 3) indicate an
enrichment of clay content of the suspended sediment over that of

the subwatershed soils ranged from 1.7 in subwatershed 3-1.0 in
subwatershed 9 with an average 1.4 for the 6 subwatersheds.

Rhoton et aL (2008) concluded that subwatershed 3 had the most
erodible soils, and subwatershed 9 had the least erodible soils.
Further, suspended sediment was enriched in silt-size material,
relative to the clay fractions, in most subwatersheds by a factor of
2-3 times. These differences of particle size were probably due to
the selectivity of soil erosion and sediment transport process to

detach and move the finer particle sizes.
Organic carbon contents of the suspended sediment averaged

2.1 greater than the subwatershed soils with the suspended sedi
ment averaged 2.4% compared to 1.1% for the subwatershed soils.
This difference is probably due to overland flow selectively
removing organic matter from the soil surface. Soil organic carbon
varied significantly between subwatersheds with subwatershed 15
having twice the concentration of organic carbon as subwatershed
7 soils.

The distribution of radionuclides in the subwatershed soils

(Table 3) indicates that the n7Cs concentrations ranged from
11.1 Bqkg"1 (subwatershed 11) to 16.5 Bq kg"1 (subwatershed 10)
and averaged 13.1 Bqkg"1. The highest 137Cs concentrations were
found in subwatersheds with the highest clay contents. This is as

expected since 137Cs is rapidly and strongly adsorbed by the clay

fragments in both Kendall and Lucky Hills (Fig. 4). Less erosion in
the areas with more rock fragments may be explained by the
reduction of rain drop impact and sediment transport capacity of
flow with increasing hydraulic resistance on rocky surfaces and
rock fragment armoring (Nearing et al., 1999: Poesen et al., 1999).
Contrast in vegetation cover/type between the catchments appears

to be related to the patchiness of the vegetation. The vegetation
(grass) cover is greater, more uniform, and less patchy in the Ken
dall subwatershed than that of the Lucky Hills subwatershed.
where shrubs were essentially single plants separated by relatively
wide inter-plant bare soil spaces. Slope gradient and curvature at

the sample site did not have a significant influence on the hillslope
erosion rates.
Contrast in the delivery of eroded soil to the outlet of each
subwatershed appears to be due to differences in deposition
between the two subwatersheds, which were related to differences
in the subwatershed and drainage network morphology. The Lucky
Hills subwatershed has a strongly incised channel network which
facilitated transport of eroded sediments from the subwatershed.

10

20

30

40

50

60

Percent rock fragment (%)
Fig. 4. Relationships between percent rock fragments in the upper 25 cm of the soil
profile and calculated erosion and deposition rates in the Lucky Hills and Kendall
subwatersheds (adapted from Neiring et al. 2005).
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Table 2

Selected physical and chemical properties in soils and suspended sediment by
subwatershed. Subwatershed/Flume 1 is the outlet flume of the Walnut Culch
Experiment Watershed. All subw.itersheds flow through Flume 1.
Subwatershed/
Flume Cover

Clay(X)

Silt(S)

Soils

Soils

Suspended
sediment

1-Mixed

133
11.8

15 - Shrub

14.1

9-Crass

163

10-Crass

11 - Crass

Soils

sediment

20.7

3 - Shrub
7 - Shrub

Organic Carbon {%)
Suspended

sediment

413

21.6

Suspended
231

14.8

40.9

1.02

3.21

17.6

16.2

32.6

0.85

2.49

18.2

25.1

39.5

1.42

2.60

15.7

18.4

33.7

1.21

139

16.0

17.1

14.2

41.0

1.15

1.93

133

16.8

13.6

32.0

1.18

2.16

and organic matter fractions in soils and decreases exponentially

with depth (Ritchie and McHenry, 1990; Cremers et al.. 1988). The

137Cs concentrations in the suspended sediment were lower than
the l37Cs concentrations in the subwatersheds surface soils. This

suggests that primary sediment sources are not from overland flow
erosion but are areas where rills, gullies, and streambanks erosion
dominate rather than sheet erosion of the surface soil.

3.3. Sediment source estimations

Physical, chemical, and radiological properties of the suspended
sediment were used with a mixing model to determine the relative
contribution of suspended sediment from each subwatershed to
the suspended sediment collected at Hume 1. The shrub-domi
nated subwatersheds 3, 7, and 15 contributed 46%, 22%. and 18%,
respectively while the grass-dominated subwatersheds 9,10, and

11 contributed only 4%, 6%; and 4%. respectively, of the suspended
sediment measured at Flume 1 at the outlet of Walnut Culch
Experimental Watershed (Fig. 1). Thus 86% of the suspended sedi
ment leaving the Walnut Culch Experimental Watershed origi
nated from the shrub-dominated subwatersheds 3.7 and 15 with
the other 14% coming from the grass-dominated subwatersheds 9.
10. and 11. These shrub-dominated subwatersheds had lower
ground cover and lower clay content and are closest to Flume 1
when compared to the grass-dominated subwatershed, thus the
suspended sediment contributed by these subwatersheds to the
main channel does not undergo as much sorting prior to its delivery

at Flume 1.

Stable carbon isotope (13C) data (Rhoton et al., 2006) indicate

that 63.8% of the stable carbon isotopes in the suspended sediment
at Flume 1 are from C3 plant (shrubs) origin. At the flumes on the
shrub-dominated subwatersheds 3. 7, and 15. 68, 65. and 55%,

respectively of the stable carbon isotope is from C3 plants. These
Table 3

"7Cs concentrations in soils and suspended sediment by subwatershed. Sub
watershed/Flume 1 is the outlet flume of the Walnut Culch Experiment Watershed.
All subwatersheds flow through Flume 1.
Subwatershed/
Flume Cover

'"Cesium
Soils

Suspended
sediment

Bqkg"1
1-Mixed

13.6

3-Shrub
7-Shrub
15-Shrub

11.2

9.1

12.8

14.2

12.8

185

9-Crass

14.2

105

10 - Crass

16.5

7.0

11 - Crass

11.1

12.7

data support the mixing model results which indicate subwatersheds 3, 7, and 15 are contributing most of the suspended
sediment at Flume 1, and suggest a strong relationship between
stable carbon isotope composition, land cover, and soil erosion.
4. Conclusions

Both sediment budget and sediment source analyses indicate
that shrub-dominated ecosystems are providing more suspended
sediment at the Walnut Culch Experimental Watershed than the
grass-dominated ecosystems. Sediment budgets and sediment

source analyses using fallout 137Cs provided useful data for
understanding soil redistribution patterns and sediment sources
areas to estimate which portions of the semiarid rangeland
watershed are producing the suspended sediment loads in the
stream. The sediment budget studies indicate that significant soil
redeposition is occurring within the watershed before soil particles
reach the watershed outlet, thus sediment yields measured at the
outlet of a watershed may be a poor indicator of magnitude of
actual soil redistribution occurring within a watershed.
Sediment source studies indicated that most of the suspended
sediment measured at the outlet of the watershed were from
shrub-dominated subwatersheds. Expanding our sampling areas to
include more eroding surfaces (i.e.. streambanks. gully faces, etc.)
as well as sheet erosion sites would allow inferences to be made
about the relative contribution of streambank versus gully versus
sheet erosion contributions from the subwatersheds. The ability
to identify primary sediment sources in watersheds contributes to
a more efficient implementation of management practices to
reduce suspended sediment and chemicals load from watersheds.
Our studies suggest that management of these semiarid rangelands
must consider techniques that will protect grass-dominated areas
from shrub invasion to maintain or improve rangeland conditions.
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