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Abstract

There are several generalizations or assumptions concerning
rangeland hydrology and erosion relationships found in the liter-
ature and in the management arena. These generalizations have
found their way into rangeland models, where modelers have
assumed that diverse rangeland types can be lumped or averaged
together in some way to develop one algorithm or equation to
describe a process or relationship across the entire spectrum of
rangeland types. These assumptions and modeling approaches
based on the universal concept may not be appropriate for
diverse rangeland types. This paper presents a comprehensive
data set of vegetation, soils, hydrology, and erosion relationships
of diverse western rangelands, and utilizes the data to assess the
validity of the various assumptions/generalizations for range-
lands. The data set emphasizes the difficulty in understanding
hydrologic responses on semiarid rangelands, where the relation-
ship between plant/soil characteristics and infiltration/erosion is
not well established. When all sites were pooled together, infiltra-
tion and sediment production were not correlated with any mea-
sured vegetation or soil characteristic. A myriad group of factors
determine infiltration and erosion, and is dependent on range-
land type and site conditions. The infiltration and erosion
responses and correlation/regression analyses presented high-
light the risk of using generalized assumptions about rangeland
hydrologic response and emphasize the need to change the cur-
rent modeling approach. Universal algorithms to represent the
response of all rangeland types, such as the pooled multiple
regression equations presented, will not provide sufficient accu-
racy for prediction or assessment of management. We need to
develop a rationale to organize rangeland types/vegetation states
according to similarities in relationships and responses. These
functional rangeland units would assist in the development of
more accurate predictive equations to enhance model perfor-
mance and management of rangelands.

Key Words: rangeland hydrology, infiltration, erosion, hydrolog-
ic modeling

Rangeland ecosystems are comprised of diverse combinations
of vegetation, soils, and climatic conditions. Rangeland managers
need an understanding of this complexity to assess system health
and apply appropriate management practices. Where direct
knowledge of the rangeland system is limited, management deci-
sions are often based on assumptions about how the system may
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Resumen

Hay varias generalizaciones o supuestos concernientes a la
hidrologia de pastizales y las relaciones de erosién encontradas
en la literatura y en la drea de manejo. Estas generalizaciones
han encontrado su camino dentro de los modelos de pastizales,
donde los modeladores han asumido que diversos tipos de pasti-
zales pueden ser agrupados o promediados juntos en alguna
manera para desarrollar un algoritmo o ecuacién para describir
un proceso o relacion a lo largo de un espectro de tipos de pasti-
zal. Estas suposiciones o0 métodos de modelaje basados en un
concepto universal pueden no ser apropiados para diversos tipos
de pastizales. Este articulo presenta un juego de datos compren-
sivo de vegetacion, suelos, hidrologia y relaciones de erosién de
diversos pastizales del oeste y utiliza los datos para evaluar la
validez de varios supuestos/generalizaciones para los pastizales.
El juego de datos enfatiza la dificultad en entender la respuesta
hidrolégica de los pastizales semiaridos, donde la relacién entre
las caracteristicas de planta/suelo e infiltracién/erosion no estan
bien establecidas. Cuando todos los sitios se agruparon, la infil-
tracion y la produccién de sedimento no estuvieron correlaciona-
dos con ninguna de las caracteristicas del suelo o planta medidas.
Un grupo indeterminado de factores determina la infiltraciéon y
erosion y es dependiente del tipo de pastizal y condiciones del
sitio. Las respuestas de infiltracion y erosién y los andlisis de cor-
relacion/regresion presentan en forma destacada el riesgo de
usar suposiciones generalizadas acerca de la respuesta hidrolégi-
ca de los pastizales y enfatiza la necesidad de cambiar los méto-
dos actuales de modelaje. Los algoritmos universales para repre-
sentar la respuesta de todos los tipos de pastizal, tal como se
fusionaron en las ecuaciones de regresiéon miltiple presentadas,
no proveeran suficiente certeza para la prediccién o evaluacion
del manejo. Necesitamos desarrollar un fundamento para orga-
nizar los estados de tipos de pastizal/vegetacion de acuerdo a
similitudes en relaciones y respuestas. Estas unidades funcionales
de pastizal asistiran en desarrollar ecuaciones predictivas mas
certeras para mejorar el modelo de comportamiento y manejo de
los pastizales.

work. Some of the generalizations or assumptions concerning
rangeland hydrology and erosion relationships found in the litera-
ture are:
1. Rangeland ecological status/similarity index is directly relat-
ed to hydrologic condition (Ellison 1949, Osborn 1952),
2. Sediment production is highly correlated with amount of
infiltration/runoff (Blackburn and Skau 1974, Buckhouse
1984),
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3. Quantity of plant material and litter is
positively correlated with infiltration
(Gifford 1985, Wilcox et al. 1988),

4. Brush management alters hydrology
and erosion (Bedunah and Sosebee
1985, Carlson et al.1990),

5. Vegetation characteristics dominate
rangeland hydrology response
(Branson et al. 1981, Stoddart et al.
1975, USDA-NRCS 1997).

While numerous examples can be found in
the literature to further support these assump-
tions, little is known about the universality of
such assumptions to all rangelands.

This concept of universality has found
its way into rangeland models that man-
agers use to assist in the assessment and
management of rangelands. Modelers fre-
quently use simplifying assumptions or
generalizations to reduce the complexity
of model design and system representa-

tion. Current rangeland models are based
on the following assumptions: 1) algo-
rithms developed from abundant cropland
data should apply to rangelands (Foster
and Lane 1987) where limited data has
hampered rangeland modeling efforts, and
2) site characteristics of diverse rangeland
types can be lumped or averaged together
to develop 1 algorithm or equation to
describe a process or relationship across
the entire spectrum of rangeland types
(Alberts et al. 1995). This universal
approach simplifies the modeling process
and broadens the practical application of
the rangeland model. These simpler, more
generalized models may be easier to use
and require fewer resources. However,
they may also be unresponsive to, or inac-
curate in describing, variable interactions
that affect management decisions. They
may be unresponsive if the important fac-
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Site Location MLRA Lat./Long.
B Wahoo, NE M106 4103' 58"N, 96° 53'18"W
7 C  Amarillo, TX H77 350 16'30"N, 102° 16'42"W
ME  Eureka, KS H76 370 38'32"N, 96° 10'48"W
F  Akron,CO G67 40°2226"N, 103° 7' 42"W
G Newcastle, WY  G60A 439 45'00"N, 104° 22'30"W
H  Killdeer, ND F54 47° 25'30"N, 1020 52'45"W
=] Buffalo, WY G58B 44°20'32"N, 106° 31'38"W
mJ Blackfoot, ID A13 4393' 6" N, 111° 46'40"W
EHK  Prescott,AZ D35 340 46'41"N, 1120 37'57"W
CIL  S.L.Obispo,CA  CIS 350 19'46"N, 120° 41'49"W
(DM  CedarCity, UT  D28A 370 43'35"N, 113° 18' 4"W

Fig. 1. Location of sampling sites within the 11 Major Land Resource Areas chosen for

study.
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tors that govern rangeland hydrology on a
specific site are not included in the gener-
alized algorithm. They may be inaccurate
for a specific site if the relationship or
interaction between factors is poorly rep-
resented for that site by the generalized
algorithm.

Are these assumptions, and modeling
approaches based on the universal con-
cept, appropriate for use on diverse range-
land types? This paper presents a compre-
hensive data set of vegetation, soils,
hydrology, and erosion relationships for
diverse western rangelands. This initial
data summary is used to assess the validity
of these assumptions and determine their
credibility for rangelands in general.

Data Set

Background

Process-based models can improve our
understanding of system dynamics, and
enhance our capability to predict distur-
bance and management impacts on range-
lands. However, these types of endeavors
have been hampered by the lack of com-
prehensive, interdisciplinary data sets for
model development and testing. To
address this problem, the Agricultural
Research Service and the Natural
Resources Conservation Service (NRCS)
formed the National Range Study Team
(NRST) in 1990. This team collected criti-
cal interdisciplinary field data pertaining
to hydrologic response for a variety of
important rangeland soil-vegetation
assemblages across the western United
States. The data were collected to assist in
the development of infiltration and erosion
modeling components for WEPP (Water
Erosion Prediction Project, Flanagan and
Livingston 1995) and similar process-
based models and thus further our under-
standing of the complex soil-vegetation-
hydrology interactions that are particular
to rangeland ecosystems.

Study Sites

Eleven Major Land Resource Areas
(MLRASs) in 10 different western states
were evaluated (Fig. 1). Two to 3 contrast-
ing vegetation states within each of these
MLRAs were chosen for comparative
study based on their relevance to the
region and to management (Table 1).
Contrasting vegetation states were identi-
fied as transition states within the
Ecological Site/Range Cover Type, with
different ecological status (USDA-NRCS
1997) and/or plant species composition.
All study areas were located on native
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Table 1. Location and primary features of each study site.

State Site MLRA, Cover type Ecological ~ Slope Dominant species
ID status
(%) (%) (Descending order of % composition by weight)

NE B1 NE/KS Loess-Drift Hills
(106), Bluestem prairie 11 10 1-Kentucky bluegrass (Poa pratensis L.)
2-Dandelion (Taraxacum officinale G.H. Weber ex Wiggers)
3-Alsike clover (Trifolium hybridum L.)

NE B2 NE/KS Loess-Drift Hills 37 11 1-Primrose (Primula spp.)
(106), Bluestem prairie 2-Porcupinegrass (Stipa spartea (Trin.) Barkworth)
3-Big bluestem (Andropogon gerardii Vitman)
X Cl1 Southern High Plains (77), 72 3 1-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
Blue grama-buffalograss 2- 2-Buffalograss (Buchloe dactyloides (Nutt.) Engelm.)
3-Prickly pear cactus (Opuntia polycantha Haw.)
X C2 Southern High Plains (77), 62 2 1-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
Blue grama-buffalograss 2-Buffalograss (Buchloe dactyloides (Nutt.) Engelm.)
3-Prickly pear cactus (Opuntia polycantha Haw.)
KS El Bluestem Hills (76), 7 5 1-Annual broomweed (Gutierrezia dracunculoides (Pursh) Britt. & Rusby)
Bluestem prairie 2- Missouri goldenrod (Solidago missouriensis Nutt.)
3-Tall dropseed (Sporobolus asper (Poir.) Merr.)
KS E2 Bluestem Hills (76), 63 5 1-Little bluestem (Schizachyrium scoparium (Michx.) Nash)
Bluestem prairie 2-Big bluestem (Andropogon gerardii Vitman)
3-Indiangrass (Sorghastrum nutans (L.) Nash)
KS E3 Bluestem Hills (76), 45 3 1-Buffalograss (Buchloe dactyloides (Nutt.) Engelm.)
Bluestem prairie 2-Sideoats grama (Bouteloua curtipendula (Michx.) Torr.)
3- Little bluestem (Schizachyrium scoparium (Michx.) Nash)
CcO F1 Central High Plains (67), 76 7 1-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
Grama-Buffalograss 2-Western wheatgrass (Pascopyrum smithii (Rydb.) A. Love)
3-Buffalograss (Buchloe dactyloides (Nutt.) Engelm.)
CcO F2 Central High Plains (67), 44 8 1-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
Grama-Buffalograss 2-Sun sedge (Carex inops Baily spp. Heliophila (Mackenzie) Crins)
3-Bottlebrush squirreltail (Elymus elymoides (Raf.) Swezey)
CO F3 Central High Plains (67), 45 7 1-Buffalograss (Buchloe dactyloides (Nutt.) Engelm.)
Grama-Buffalograss 2 Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
3-Prickly pear cactus (Opuntia polycantha Haw.)
wY Gl Pierre Shale Plains and Badlands 21 7 1-Prickly pear cactus (Opuntia polycantha Haw.)
(60A), Wheatgrass-Grama- 2-Needle-and-Thread (Hesperostipa comata (Trin. & Rupr.) Barkworth)
Needlegrass 3-Threadleaf sedge (Carex filifolia Nutt.)
wY G2 Pierre Shale Plains and Badlands 22 8 1-Cheatgrass (Bromus tectorum (L.)
(60A), Wheatgrass-Grama- 2-Needle-and-Thread (Hesperostipa comata (Trin. & Rupr.) Barkworth)
Needlegrass 3-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
wY G3 Pierre Shale Plains and Badlands 50 9 1-Needle-and-Thread (Hesperostipa comata (Trin. & Rupr.) Barkworth)
(60A), Wheatgrass-Grama- 2-Threadleaf sedge (Carex filifolia Nutt.)
Needlegrass 3-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
ND H1 Rolling Soft Shale Plain 60 12 1-Needle-and-Thread (Hesperostipa comata (Trin. & Rupr.) Barkworth)
(54), Prairie Sandreed- 2-Prairie sandreed (Calamovilfa longifolia (Hook.) Scribn.)
Needlegrass 3-Sedge (Carex spp.)
ND H2 Rolling Soft Shale Plain 43 11 1-Clubmoss (Lycopodium dendroideum Michx.)
(54), Prairie Sandreed- 2-Sedge (Carex spp.)
Needlegrass 3-Crocus (Crocus L.)
ND H3 Rolling Soft Shale Plain 52 11 1-Sedge (Carex spp.)
(54), Prairie Sandreed- 2-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
Needlegrass 3-Clubmoss (Lycopodium dendroideum Michx.)
WY 11 N. Rolling high Plains (58B), 33 10 1-Big sagebrush (Artemisia tridentata Nutt. ssp wyomingensis Beetle & Young)
Sagebrush-Grass Wheatgrass 2-Prairie junegrass (Koleria macrantha (Ledeb.) J.A. Schultes)
- Grama-Needlegrass 3-Western wheatgrass (Pascopyrum smithii (Rydb.) A. Love)
wY 12 N. Rolling high Plains (58B), 40 7 1-Western wheatgrass (Pascopyrum smithii (Rydb.) A. Love)
Sagebrush-Grass Wheatgrass- 2-Bluebunch wheatgrass (Pseudoroegneria spicata (Pursh) A. Love)
Grama-Needlegrass 3-Green needlegrass (Stipa viridula (Trin.) Barkworth)
ID J1 Eastern Idaho Plateau (13),
Mountain Big Sagebrush 15 7 1-Big sagebrush (Artemisia tridentata Nutt. ssp. Vaseyana (Rydb.) Boivin)

2-Letterman’s needlegrass (Achnatherum lettermanii (Vasey) Barkworth)
3-Sandberg bluegrass (Poa secunda J. Presl)

ID J2 Eastern Idaho Plateau (13), 22 9 1- Letterman’s needlegrass (Achnatherum lettermanii (Vasey) Barkworth)
Mountain Big Sagebrush 2-Sandberg bluegrass (Poa secunda J. Presl)
3-Prairie junegrass (Koleria macrantha (Ledeb.) J.A. Schultes)

Continued on page 561
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Table 1. Continued.

State Site MLRA, Cover type Ecological  Slope Dominant species
D status
(%) (%) (Descending order of % composition by weight)
AZ K1 CO and Green River Plateaus 54 5 1-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
(35), Grama-galleta 2-Goldenweed (Haplopappus spp.)
3-Ring muhly (Muhlenbergia torreyi (Kunth) A.S. Hithc. ex Bush)
AZ K2 CO and Green River Plateaus 36 4 1-Rubber rabbitbrush (Ericameria nauseosa (Pallas ex Pursh) Nesom & Baird)
(35), Grama-galleta 2-Blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths)
3-Threeawn (Aristida ssp.)
CA L1 Central CA Coast Range (15), - 11 1-Creatanweed (Hedypnois cretica (L.) Dum.-Cours.)
Valley grassland 2-Ryegrass (Lolium spp.)
3-Burclover (Medicago polymorpha (L.) Beauv.)
CA L2 Central CA Coast Range (15), -—- 12 1-Ryegrass (Lolium spp.)
Valley grassland 2-Purple falsebrome (Brachypodium distachyon (L.) Beauv.)
3-Slender oat (Avena barbata Pott ex Link)
uT M1 Great Salt Lake Area (28A), 35 3 1-Big sagebrush (Artemisia tridentata Nutt. ssp wyomingensis Beetle & Young)
Wyoming big sagebrush 2-Bottlebrush squirreltail (Elymus elymoides (Raf.) Swezey)
3-James’ Galleta (Hilaria jamesii Torr.)
uT M2 Great Salt Lake Area (28A), 24 3 1- James’ Galleta (Hilaria jamesii Torr.)

Wyoming big sagebrush

2-Arrowfeather threeawn (Aristida purpurascens Poir.)
3- Big sagebrush (Artemisia tridentata Nutt. ssp wyomingensis Beetle & Young)

rangeland (no history of cultivation).
Different vegetation states within a MLRA
had similar soils and Potential Natural
Communities (PNC); differences were
assumed to be the result of past and cur-
rent management. Site selection for each
vegetation state within a MLRA was
based on the benchmark site concept
(Franks et al. 1993) to assure that repre-
sentative sites integrated the important
features of plant community, soils, and
management history. Within each repre-
sentative site, 6 sampling plots with simi-
lar slope were randomly selected. A com-
plete description and history of study sites
can be found in Franks et al. (1998).

Methods

Rainfall simulation using a rotating
boom (Swanson 1965) was conducted
simultaneously on two, 3.1 x 10.7 m
runoff plots. Detailed description of the
rainfall simulation techniques used are
presented by Simanton et al. (1987, 1991)
and Franks et al. (1998). All 6 runoff plots
per site were on undisturbed (not disturbed
by farm implement) vegetation and soils.
For each of the plots, 2 different rainfall
simulation runs were conducted. The first
run was conducted on the initial
antecedent soil moisture with a target rain-
fall rate of 63.5 mm hr"' and lasted approx-
imately 1 hour or until steady-state runoff
occurred. This was termed the “dry” run.
A “wet” run was conducted 24 hours later,
utilizing the same target rainfall intensity
and lasted until an equilibrium runoff rate
was achieved. Runoff was measured con-
tinuously using small drop-box weirs
equipped with a pressure transducer bub-

bler gauge. Due to the differences in rain-
fall application rates typical of rotating
boom simulators, actual water application
rates and quantities were measured on
each plot during the simulation run.
Infiltration was calculated as the differ-
ence between measured rainfall and mea-
sured runoff over each 1 to 2 minute time
interval throughout the simulation.
Terminal infiltration rate was calculated as
the difference between final rainfall inten-
sity and final runoff rate. Sediment sam-
ples were collected in bottles at 1 to 2
minute intervals.

Because of the differences between sites
in total rainfall application, weighted vari-
ables were calculated, in addition to cumu-
lative totals, so that comparison of runoff
and sediment could be made on sites with
varying amount/duration of rainfall. These
normalized variables included runoff/rain-
fall ratio (mm mm™), which is the total
runoff divided by total rainfall, and sedi-
ment/runoff ratio (kg ha' mm™), which is
the total sediment divided by total runoff.

Five soil pedons from each study site
were characterized and sent to the NRCS
National Soil Survey Center for analysis.
One pedon was selected as representative
of the site’s soil phase and the others rep-
resented the typical range of soil surface
characteristics. In addition, 6 to 12 soil
bulk density samples were taken outside
each plot using either the compliant cavity
or the balloon technique (Blake and
Hartge 1986). Samples were taken prior to
the dry run and after the wet run at 2 dif-
ferent depths (0-2.5 cm, and 2.5-10 cm)
below the soil surface. Gravimetric soil
moisture samples associated with each
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plot were collected 30 minutes prior to the
dry run, 30 minutes prior to the wet run,
and 30 minutes after the wet run. Three
samples were collected from 0-5 cm
depths, and 3 were collected from 5-20 cm
depths (or to the bottom of the wetting
front if less than 20 cm). Selected average
soil characteristics for each vegetation
state within a MLRA are presented in
Table 2.

Vegetation canopy and ground cover
were evaluated using a point frame
(Mueller-Dombois and Ellenberg 1974)
with 10 systematic lines of 49 points per
runoff plot. First hits were used to deter-
mine canopy cover (individual species
recorded and standing dead) and ground
hits were used to determine ground cover.
Random roughness was measured at each
pinpoint by determining pin height
above/below an arbitrary line. The standard
deviation of each of the 10 lines was then
averaged for the composite random rough-
ness value. In addition, the standing live
and dead biomass (kg ha™) of individual
species/functional groups, and of litter and
other surface residue were also measured
for each plot by clipping/harvesting after
the rainfall simulation, oven drying, and
weighing. Root biomass for the surface 0-
10 cm of soil was estimated by wet sieving
soil cores and drying and weighing remain-
ing roots. Selected average vegetation char-
acteristics for vegetation states within each
MLRA are presented in Table 3.

All data were tested for normality,
skewness and kurtosis. Normalized distri-
butions were obtained for total sediment,
runoff/rainfall ratio and sediment/runoff
ratio by using a log transformation. An
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Table 2. Mean soil characteristics of each study site.

State Site Soil series, Surface Py Py Antec.  Antec. Clay  Sand Organic  Aggregate
ID  Surface texture Rough- Dry Wet SM! SM! 0-8 0-8 Carbon  Stability
ness 0-10 cm 0-10cm Dry Wet cm cm 0-8 cm
Run Run
(m) (gem™)  (gem”) (%) (%) ) (%) (%) (%)
NE Bl Burchard, loam .0099 1.40 1.17 242 30.1 326 273 6.22 67.0
B2 Burchard, loam .0101 1.19 1.00 19.9 25.7 279 359 3.95 81.2
X Cl Olton, loam .0081 1.14 1.14 7.1 23.1 22.8 323 2.39 78.2
C2 Olton, loam .0072 1.31 1.29 10.9 20.8 231 359 221 54.0
KS El Martin, silty clay loam 0116 1.10 0.97 18.6 30.1 443 4.8 4.23 86.0
E2 Martin, silty clay loam .0092 1.04 1.12 342 34.0 40.6 11.1 4.36 60.8
E3 Martin, silty clay loam .0088 1.01 1.01 18.7 336 434 2.7 434 56.8
CcO Fl Stoneham, loam .0098 1.10 1.07 5.6 21.7 217 519 1.45 57.6
F2 Stoneham, fine sandy loam .0087 1.34 1.34 42 15.7 13.3 55.9 1.75 59.7
F3 Stoneham, loam 0125 1.22 1.16 13.5 19.2 180  61.9 1.59 53.0
wY Gl Kishona, v. fine sandy loam .0165 1.15 1.26 32 14.6 114  58.1 1.29 34.0
G2 Kishona, clay loam 0192 1.21 1.14 6.6 15.5 237 47.1 1.76 41.8
G3 Kishona, v. fine sandy loam .0207 1.11 1.17 7.1 15.7 136  60.1 1.30 11.0
ND H1 Parshall, sandy loam .0101 1.25 1.16 6.5 16.3 15.3 61.3 2.70 83.8
H2 Parshall, fine sandy loam 0113 1.03 1.09 19.9 19.4 144 638 3.72 853
H3 Parshall, sandy loam .0097 12 1.31 15.1 19.6 11.3 70.3 3.13 74.0
wY I1 Forkwood, silt loam .0269 1.11 1.02 15.9 23.1 23.6 349 221 17.3
12 Forkwood, loam .0156 1.17 1.10 16.6 24.0 29.5 379 1.52 30.0
ID J1 Robin, silt loam 0308 0.95 0.82 8.5 252 17.4 16.3 5.60 46.8
12 Robin, silt loam .0259 0.93 0.81 7.8 275 17.4 14.8 8.06 67.2
AZ K1 Lonti, sandy loam 0152 1.36 1.34 8.0 17.2 10.3 53.0 1.26 222
K2 Lonti, sandy loam .0165 1.14 1.16 6.7 16.5 6.6 56.4 0.72 9.4
CA L1 Diablo, clay loam .0162 1.39 1.29 14.6 24.9 379 327 1.76 69.3
L2 Diablo, silty clay .0176 1.35 1.29 12.3 22.6 42.8 15.4 2.39 78.8
uT M1 Taylors Flat, sandy loam .0193 0.99 1.20 11.1 18.7 107 673 0.60 -
M2 Taylors Flat, sandy loam .0179 1.45 1.29 8.6 16.3 11.1 65.7 1.17 4.5
! Gravimetric antecedent soil moisture
Table 3. Mean vegetative characteristics of each study site.
State  Site Grass Grass& Shrub & Bare Litter - Annual Perennial Shrub Litter Total Root
ID Cover Forb Cactus  Ground  Cover Grass Grass Biomass Biomass Standing Biomass
Cover Cover Biomass Biomass Biomass
®%) (& (%%  (® (%)  (keha)) (kgha)  (kgha)  (kgha)  (kgha')  (kgha))
NE Bl 9.4 273 0 204 72.9 12 714 0 575 1100 4798
B2 10.2 17.4 52 11.6 86.0 167 1849 207 763 3443 1653
X Cl1 9.8 10.9 0.5 3.0 83.2 0 1111 101 2383 1331 4695
C2 8.9 8.9 T' 13.3 83.7 0 509 2 1694 510 5532
KS El 21.8 54.5 02 274 70.5 128 269 0 1679 1732 2573
E2 522 58.8 T 23.6 74.3 0 1927 43 1310 - 2069 8593
E3 322 372 0 41.8 552 5 404 15 387 508 6651
CO Fl 49.8 50.5 0 4.4 76.9 0 1124 0 2130 1126 4615
F2 42.0 422 0.1 14.4 57.3 0 830 0 1753 831 6357
F3 272 274 0.4 17.9 68.6 0 411 15 1789 427 11615
WY Gl 6.0 7.0 3.0 232 40.0 27 735 39 423 802 10239
G2 53.9 54.8 0.7 18.9 77.4 763 1104 7 1047 1879 4021
G3 27.6 30.1 0.5 53.1 321 0 722 4 174 766 8144
ND Hl 48.3 50.7 3.0 35 92.0 0 700 4 1534 810 6761
H2 46.9 63.8 0.5 3.8 64.1 0 692 S 655 1416 7482
H3 59.6 67.3 1.1 11.6 69.4 0 832 2 1139 1221 4089
wY 11 19.4 21.0 283 384 55.6 0 425 494 1103 1730 3413
12 41.9 47.8 T 36.5 54.9 29 872 0 796 2246 1881
ID J1 29.7 30.6 389 10.1 84.6 0 297 11 6413 774 3344
12 78.6 82.7 33 7.4 84.4 0 1194 112 4428 1422 7362
AZ Kl 312 45.8 1.6 50.7 28.7 29 474 3 216 782 912
K2 34.6 39.1 10.6 49.8 26.0 .3 566 481 735 1159 759
CA L1 433 96.3 0 50.3 374 1171 0 16 177 2621 668
L2 74.4 774 0 6.2 90.1 754 22 0 1730 817 883
ur Ml 3.0 5.1 20.7 59.6 29.5 0 45 405 4936 464 608
M2 25.3 30.0 1.3 58.2 37.0 1 604 19 2717 3306 1490

' Trace amount
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Table 4. Differences in cumulative infiltration (mm), terminal infiltration rate (mm hr!), were also the same grassland regions that
runoff/rainfall ratio (mm mm™), total sediment (kg ha™'), and sediment/runoff ratio (kg ha™) for  showed differences in texture and aggre-
each study site under dry antecedent soil moisture conditions. Means within a column and with-  oate stability between the vegetation states.

in a region/cover type followed by different letters are significantly different (P < 0.10). The tallgrass prairie in Kansas (E), the

State  Site  Cumulative Terminal Runoff/ Total Sediment/ annual grassland in California (L), and the

1D Infiltration Infiltration Ramfall Sediment Runc?ff mixed-grass prairie in North Dakota (H)

Rate Ratio Ratio showed only slight differences in cumula-

(mm) (mm hr) (mm mm™) (kg ha™) (kg ha”’ mm™) nowed only slig . I . u

tive infiltration, terminal infiltration rate,

NE Bl 26.6a 19.1a 0.51b 234.9b 8.8b or total sediment among the different vege-

T }(‘3:% ié-gg ‘ﬁ?}; g-(l)ga 618»373 ;-za tation states studied. The shrub-steppe

. . .d1sa ./a .o0a e . “ e

c2 112a 14.8a 0.44b 235.6b 10.0a ra}ngeland types exhll?ltec.l few S}gnlflcant

KS El 57.4a 54.52! 0.00a 1.4a 12.1a differences in cumulative infiltration or ter-

E2 58.1a 58.1a' 0.00a 0.3a 2.8a minal infiltration rate. All sagebrush sites

E3 55.4a 52.2a 0.04b 17.7b 7.4a in Wyoming (I), Idaho (J), and Utah (M)

CO  F1 42.4a 32.8a 0.28a 121.7a 8.3a .

F2 3862 31.6a 0332 119.9a 6.6a tended to have greater sediment/runoff

F3 35.8a 37.8a 0.36a 488.5b 27.2b ratios for the sites without brush manage-

wYy Gl 46.9b 48.1b 0.04a %1.28 7.3a ment, but this difference was only signifi-
G2 53.7¢ 54.3b 0.05a 9.6a 12.7a

G3 39.6a 32.5a 0.30b 293.1b 17.3a cant.for Idaho (J) . Utah.(M).' . .

ND  HI 48.8a 53.5b 0.09a 24.1a 6.92 Differences in cumulative infiltration,

H2 50.4a 53.0ab 0.08a 73.1b 17.4b terminal infiltration, and runoff/rainfall

H3 48.3a 49.3a 0.12a 47.5ab 6.9a ratio between vegetation states were more

wy 11 52.9a S1.4b 0.05a 77.6a 17.5a apparent during the wet runs (Table 5).
2 47.1a 42.5a 0.14a 113.5a 10.2a

D 1 50.0a 49 3a 0.08a 28 8a 6.0b Only the annual grassland (L) and the

32 48.7a 47.8a 0.11a 18.0a 3.5a Colorado shortgrass prairie (F) did not

AZ 2 ‘3‘5-33 gg-za gﬁa }ggga 191 ~55a show significant differences in cumulative

Oa .0a Sla .0a Da . - . . . .

CA L1 5672 56.2a! 0.0a 0.3a 1 1a infiltration apd/or terxpmal mﬁln.”atlon rate

L2 60.4b 50.0a 0.02a 6.7a 1.5a between their respective vegetation states.

ur Ml 55.3a 53.4a 0.05b 49.2b 20.3b Vegetation states within grassland sites

M2 56.9a 55.4a 0.01a 7.8a 9.3a differed in total sediment and/or sedi-

! Infiltration rate was greater than application rainfall rate.

. . Table 5. Differences in cumulative infiltration (mm), terminal infiltration rate (mm hr'l),
analysis of variance was performed on runoff/rainfall ratio (mm mm™), total sediment (kg ha™), and sediment/runoff ratio (kg ha™) for
vegetation states within each MLRA, and each study site under wet antecedent soil moisture conditions. Means within a column and with-
across MLRAs (with nesting), using SAS in a region/cover type followed by different letters are significantly different (P < 0.10).

(SAS Institute 1999) General Linear

Model& Treatment means were Separated State Site Cumulative Terminal Runoff/ Total Sediment/
using the Student-Neuman-Kuels multiple ID Infiltration Infiltration Rainfall Sediment Ruanf
. Rate Ratio Ratio
range test with P < 0.10. The degree of () (am hr) (o mm™) (gha) (kg ha’ mm™)
linear association of variables most related
to infiltration and erosion were evaluated NE Bl 8.4a 17.7a 0.50b 29.6a 36a
using SAS Correlation procedures B2 25.1b 43.9b 0.07a 21.4a 11.9b
(Pearson correlation matrix). Forward TX Cl 25.4b 40.5b 0.14a 48.3a 11.2b
multiple regression analysis (P < 0.15) C2 15.5a 17.4a 0.46b 78.4a 6.2a
identified variables that may estimate KS El 48.0b 50.6b 0.02a 17.2a 10.6b
infiltration and erosion across MLRAsS. gg iggb 523932b 8(3]82 9%071 ggz
]?ifferen.ces. djscussed in the Fext are statis- co Fl 19:2: 18, 6: 0.49b 81:9a 522
tically significant at the defined P-values E2 232a 33.5a 0.29a 88.8a 9 7ab
unless indicated otherwise. F3 18.5a 20.8a 0.47b 195.8b 12.8b
WY Gl 44.6b 40.7b 0.10a 75.6b 19.6a
G2 37.4b 52.1c 0.06a 17.7a 7.6a
G3 20.9a 24.6a 0.38b 134.5b 10.7a
Results ND HI 51.7b 58.3b' 0.00a 0.6a 5.4a
H2 31.1a 36.0a 0.18b 85.3b 10.2a
Vegetation States Within MLRA H3 25.8a 33.4a 0.22b 67.8b 8.5a
The vegetation states within the tallgrass wY I 21.5a 42.6b 0.14a 83.8a 17.9a
prairie in Nebraska (B), the shortgrass 12 20.3a 27.1a 0.36b 113.1a 9.1a
prairie in Texas (C), and the mixed-grass ID 1 40.6b 44.4a 0.11a 38.8a T.1a
e . 2 33.4a 50.9a 0.07a 8.9a 4.0a
prairie in Wyoming (G) showed the great- AZ Kl 17.7a 271a 0.36a 75.3a 7.2a
es_t cor.ltrast in cumulative 1nf11t.rat10n, t;r- K2 17.2a 28.8a 036a 100.6a 10.0a
minal infiltration rate, runoff/rainfall ratio, CA L1 359a 14.0a 0.42a 179.4b 6.8b
and total sediment under dry conditions L2 28.7a 7.0a 0.41a 88.3a 4.5a
(Table 4). Vegetation states of these grass- uT M1 21.8a 38.1a 0.24a 110.9a 19.4a
lands had very dramatic differences in M2 58.8b 45.6a 0.50b 163.0a 17.0a

vegetation composition (Table 1), and " Infiltration rate was greater than application rainfall rate.
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Table 6. Correlation coefficients for various canopy cover, ground cover, above-ground biomass, root biomass, and soil characteristic variable class-
es for total (cumulative) infiltration, terminal infiltration rate, total (cumulative) sediment (log10), and sediment/runoff ratio (log 10) on mixed and
tall grass study sites. Only the highest correlated variable in each class and run is presented (some sites had few correlated variables). Correlations
were performed for each state/region/cover type for both the dry and wet runs.

State, Region,  Hydrologic/Erosion Canopy Cover Ground Cover Above-ground Root Biomass Soil
Cover Type Parameter Variables' Variables® Biomass Variables® Variables* Variables’®
Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
Nebraska, 1. Total Infiltration -0.89 -0.95 -0.79 -0.75 0.85 0.94 -0.72 0.87 0.99
Tallgrass (mm) (forbs)  (forbs)  (basal)  (basal) (pgrass) (total) (average) (agstab) (ag. stab)
Bluesm 2 Terminallnfilration 090  -083 073 056 088 085  -063 071  -091  -086
prairie Rate (mm hr”) (forbs)  (forbs)  (litter)  (basal) (pgrass) (total) (average) (average) (smsurf) (sm surf)
3. Total Sediment 0.93 0.81 088 055 076 094 064
(kgha™) (forbs) (basal) (p grass) (pgrass) (average) (smsurf) (sm sub)
4. Sediment/Runoff 0.73 078 062 063  -0.73 0.95 074  -053 0.75 0.86
Ratio (kg ha™ mm™) (forbs)  (forbs)  (basal)  (basal) (agrass) (shrubs) (average) (average) (sm surf) (ag stab)
Kansas, 1. Total Infiltration 0.71 0.66 0.60 -0.77
Tallgrass (mm) (litter) (p grass) (surf) (clay ss)
gﬁl; ;:;m 2. Terminal Infiltration 0.80 0.74 -0.78
prairie Rate (mm hr') (litter) (total) (clay ss)
3. Tota}ll Sediment -0.61 -0.78 -0.74 -0.57 -0.71 0.70 0.88
(kg ha™) (stdead) (litter)  (litter)  (total)  (total) (clay ss)  (clay ss)
4. Sediment/Runoff 082 059 <050  -091 -0.62 0.94
Ratio (kg ha™ mm™) (grass)  (basal) (litter)  (p grass) (average) (clay s)
Wyoming, 1. Total Infiltration 0.70 062 -0.65 -0.69 0.63 0.67 0.68
Ml’ff{d grass (mm) (cacti) (bare) (bare) (sub) (intsurf) (agstab) (ag stab)
Wheatgrass. 2 Terminal Infiliation 058 065 076 -0.83 063  -064  -061 080 08
Rate (mm hr™) (forbs)  (forbs)  (bare)  (bare) (total) (sub) (sub)  (agstab) (ag stab)
needlegrass )
3. Total Sediment 0.60 0.52 075 062  -0.78 051 062  -069
(kg ha™) (forbs)  (forbs)  (bare)  (litter)  (shrubs) (average) (agstab) (OC sub)
4. Sediment/Runoff -0.62 -0.77
Ratio (kg ha™' mm™) (crypts) (shrubs)
North Dakota, 1. Total Infiltration 0.92 0.83 -0.64 0.80 -0.75
Mixed grass  (mm) (st dead) (litter) (total std) (sub) (sm surf)
B« 2. Terminal Infiltration 0.94 0.91 063 052 082 075
Wheatgrass Rate (mm hr) )
needlegrass (st dead) (litter) (total std) (average) (sub) (sm surf)
3. Total Sediment -0.92 -0.95 0.66 052 077
(kg ha™) (st dead) (litter) (total std) (smsurf) (sm surf)
4, S.ediment/.ll{umﬁf 0.69 0.54 -0.58 0.53 0.62
Ratio (kg ha” mm™) (forbs) (crypts)  (litter) (forbs) (sm surf)

! st dead=standing dead
? crypts=cryptogams, bare=bareground

3

IS

5

clay ss=subsurface clay content, OC sub=subsurface organic carbon

p grass=perennial grass, a grass=annual grass, total=total yield, tot std=total standing biomass
average=average over soil sampled, surf=surface, sub=subsurface, int surf=interspace surface
ag stab=aggregate stability, sm surf=surface antecedent soil moisture, sm sub=subsurface antecedent soil moisture, clay s=surface clay content,

ment/runoff ratio, although the differences
were not well correlated to runoff/rainfall
ratios. There were no significant differ-
ences in sediment yield or sediment load
between any of the vegetation states for
shrub sites studied.

The vegetation and soil variables most
correlated with infiltration and erosion are
presented for tall and mixed grasslands
(Table 6), shortgrass and annual grass-
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lands (Table 7), and shrub-steppe range-
lands (Table 8). While there were a few
variables that were common among some
of the rangeland types, they varied widely
in their significance. Litter, for example,
was highly correlated with terminal infil-
tration rate (R = 0.91) on the North
Dakota mixed grass sites (H, Table 6), but
only slightly correlated with terminal infil-
tration rate (R = 0.53) on the sagebrush

sites of Utah (M, Table 8). Some variables
were positively correlated on some sites,
but negatively correlated on others. For
example, shrub biomass on the Nebraska
tallgrass sites (B) was positively correlated
with sediment loading, but negatively cor-
related on the Wyoming mixed grass sites
(G, Table 6). These correlations demon-
strate the extreme diversity of rangelands
located in different MLRAs with respect
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Fig. 2. Average a) terminal infiltration rate (mm hr"), b) runoff/rainfall ratio (mm mm™), c)
total sediment (kg ha™), and d) sediment/runoff ratio (kg ha” mm™) for dry and wet runs
for the 11 region/cover types studied. Values within dry or wet runs followed by a different

letter are significantly different (P < 0.10).

to how soil and vegetation properties
affect infiltration and erosion processes.

Across MLRAs

The 11 rangeland soil-vegetation assem-
blages were analyzed to compare differ-
ences in hydrologic response across
MLRAs, assuming that the vegetation
states represented the typical range of veg-
etation and soil conditions found within
MLRAs. For the majority of MLRAsS,
average terminal infiltration rates for the
dry runs ranged from 40 to 55 mm hr’
(Fig. 2a). Slowest terminal infiltration
rates occurred on the 3 grassland regions
where shortgrass (or sodgrass) predomi-
nated. Wet terminal infiltration rates were
slightly lower, but exhibited the same gen-
eral pattern found in dry runs. The 1
exception, however, was annual grass-
lands. Dry terminal infiltration rates in
annual grasslands were among the highest
of the MLRAs, but the wet terminal infil-
tration rates were significantly lower than

the other rangeland types. The shrink-
swell clayey soils on these sites had exten-
sive sub-surface cracking when dry, and
apparently sealed off under wet soil mois-
ture conditions. The runoff/rainfall ratio is
a way to compare across sites when differ-
ing amounts of total precipitation were
applied (but using the same target intensi-
ty of 65 mm/hour). Runoff/rainfall ratios
(percentage of rainfall lost to runoff, Fig.
2b) basically showed the same general
patterns as those observed for terminal
infiltration rates.

Colorado shortgrass prairie (F) had the
greatest amount of total sediment under
dry conditions, followed by the shortgrass
site in Texas (C) and the Arizona shrub-
steppe (K, Fig. 2c). Under wet antecedent
soil moisture conditions, greatest sediment
loss occurred from the sagebrush site in
Utah (M), the annual grasslands, and the
shortgrass prairie site in Colorado (F). The
tallgrass prairie regions in Nebraska (B)
and Kansas (E), the mountain big sage-
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brush in Idaho (J), and the mixed grass
prairie in North Dakota (H) had among the
lowest total sediment production.

The sediment/runoff ratio provides a
way to evaluate the erodibility of soil.
Rangeland types with greater total sedi-
ment were not necessarily the MLRAs
with the greatest soil erodibility. Under
dry conditions, the Wyoming sagebrush
site in Utah (M) ranked the highest for
erodibility, and annual grasslands in
California (L) the lowest (Fig. 2d).
Sediment loading was greater from the 2
Wyoming sagebrush regions in Wyoming
(I) and Utah (M) compared to the moun-
tain big sagebrush region in Idaho (J).
Under wet conditions, there were few dif-
ferences between sites in sediment load-
ing. Many rangeland types were actually
less erodible during the wet run. These
rangelands may be detachment-limited,
whereby the majority of erodible material
had already been removed the previous
day during the dry run.

When all sites were pooled together,
infiltration and sediment production were
not well correlated with any measured
vegetation or soil characteristic (R < 0.5).
Forward multiple regression equations for
infiltration and erosion variables were
developed for both the dry (Table 9) and
the wet runs (Table 10). Estimation equa-
tions containing 10 or more poorly corre-
lated variables could explain only about
50% (dry condition) to 65% (wet condi-
tion) of the variation in infiltration and
erosion occurring on all rangeland types.
There was a slightly better fit for wet runs
because of the removal of antecedent soil
moisture as a source of variation. These
regression equations were developed only
to demonstrate why model dysfunction
occurs when using these types of simplis-
tic relationships (pooled data) for range-
lands and should not be applied to man-
agement decisions.

Discussion

Infiltration and sediment production
were differentially affected by vegetation
and soil properties on rangeland types
throughout the western United States.
There were no consistent correlations or
variables that affected infiltration or ero-
sion on all sites. When all sites were
pooled together, infiltration and sediment
production were not well correlated (R <
0.5) with any measured vegetation or soil
characteristic. The regression equations
illustrate the poor fit that results when
including all rangeland types. This type of
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Table 7. Correlation coefficients for various canopy cover, ground cover, above-ground biomass, root biomass, and soil characteristic variable classes
for total (cumulative) infiltration, terminal infiltration rate, total (cumulative) sediment (log10), and sediment/runoff ratio (log 10) on short and
annual grassland study sites. Only the highest correlated variable in each class and run is presented (some sites had few correlated variables).
Correlations were performed for each state/region/cover type for both the dry and wet runs.

State, Region,  Hydrologic/Erosion Canopy Cover Ground Cover Above-ground Root Biomass Soil
Cover Type Parameter Variables' Variables® Biomass Variables® Variables* Variables®
Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
Texas, 1. Total Infiltration 0.89 -0.78 -0.72 0.94 0.85
Shortgrass (mm) (st dead) (bare) (sub) (ag stab) (ag. stab)
Pone JU 2 Terminalinfilration .85 068 067 060 066 05  -074 055 094 080
Rate (mm hr”) (stdead) (forbs)  (bare)  (basal) (totalstd) (totalstd) (sub) (sub)  (agstab) (ag stab)
buffalograss
3. Total Sediment -0.81 -0.51 0.63 0.82
(kg ha™) (stdead) (stdead) (bare) (sm sub)
4. Sediment/Runoff 0.71 -0.61 0.61 -0.54 -0.87
Ratio (kg ha”™ mm”) (forbs) (bare) (forbs) (average) (BD ave)
Colorado, 1. Total Infiltration -0.51 0.65
Mi)'(e.dgrass (mm) (total) (sm sub)
prairie, . .
Wheatgrass- f{ a"{:xza}irlv?)ﬁltranon (}Oil) (-t(c)).tfi?)
grama- ) orbs
needlegrass 3. Totall Sediment -0.74 -0.51 0.79 -0.50
(kg ha™) (grass) (p grass) (smsurf) (WBDs)
4. Sediment/Runoff -0.69 0.57 0.78 0.56
Ratio (kgha mm") (grass) (shrubs) (smsurf) (sand s)
California, 1. Total Infiltration -0.86 -0.56 -0.80 -0.68 0.74 0.81
Annual (mm) (forbs) (litter) ~ (total std) (p grass) (sub) (ag stab)
\g/r:lslil;md, 2. Terminal Infiltration -0.51 -0.68 0.71
-1 .
grassland Rate (mm hr™) (litter)  (p grass) (sm surf)
3. Total Sediment 0.58 0.74 0.71 -0.74 0.63
(kg ha™) (forbs) (p grass) (shrubs) (smsub) (sm sub)
4. Sediment/Runoff 0.54 -0.67 0.54 -0.65 055 -059
Ratio (kg ha”™ mm™) (forbs) (litter)  (p grass)  (litter) (smsub) (ag stab)

"st dead=standing dead

? bare=bareground, basal=basal cover
3

p grass=perennial grass, total=total yield, total std=total standing biomass
* average=average over soil sampled, sub=subsurface

* ag stab=aggregate stability, sm surf=surface antecedent soil moisture, sm sub=subsurface antecedent soil moisture, BD ave=dry BD averaged
over soil sampled, wBD s=surface wet BD, sand s=surface sand content

pooled multiple regression equation is
often used in the development of process
models (Flanagan and Livingston 1995,
Foster and Lane 1987), and the relatively
low R? value (0.5 to 0.65) illustrates why
infiltration and/or erosion estimates are
inaccurate for some rangelands. Spaeth et
al. (1996a) also found that universal equa-
tions representing a wide variety of range-
land plant communities were not as robust
compared to equations develop for specif-
ic plant communities, due to the unique
nature of plant communities. Weltz et al.
(2000) also recommend partitioning
rangelands according to soil functional
units and developing nonlinear predictive
equations to estimate infiltration for range-
lands based on vegetation and soil charac-
teristics.

Within rangeland types (within MLRA),
there were generally an adequate array
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(Franks et al. 1993) of vegetation and soil
characteristics representing the range of
typical vegetation states that helped point
out the most important factors affecting
infiltration and erosion on these soil types.
In some cases, it was difficult to identify
important variables due to highly variable
runoff and erosion responses, especially
on arid shrub-steppe rangelands. These
rangelands are typified by high microsite
variability in the spatial location of shrub
coppices and interspaces, leading to
greater variability between individual
plots (Pierson et al. 1994, Blackburn 1975,
Johnson and Gordon 1988).

Generally, dry-run infiltration rates
ranged from 40 to 55 mm hr"' for most
sites. Those sites with lower infiltration
rates (< 40 mm hr" for the dry runs) were
dominated by shortgrasses or sod-forming
grasses and this is consistent with the liter-

ature (Blackburn 1975, Wood and
Blackburn 1981, Knight et al. 1984,
Thurow et al. 1986,1988, Thurow 1991,
Spaeth et al. 1996a).

Sediment production from all sites was
less than 300 kg ha'. However, greater
sediment/runoff ratios for some sites indi-
cate a potential for more sediment loss
should large, intense storms produce sig-
nificant runoff. Under dry conditions, sites
in Colorado (F3), Wyoming (G3, I1),
North Dakota (H2), and Utah (M1) had
greater potentials to produce higher sedi-
ment loads with large runoff events. Most
of these sites tended to have higher bare
soil exposure coupled with less litter and
grass cover. Under wet conditions, sites in
Wyoming (I1) and Utah (M1) still had a
greater erosion potential from large runoff
events. In addition, the Utah sagebrush
site with brush management (M2) also had

JOURNAL OF RANGE MANAGEMENT 55(6) November 2002



Table 8. Correlation coefficients for various canopy cover, ground cover, above-ground biomass, root biomass, and soil characteristic variable class-
es for total (cumulative) infiltration, terminal infiltration rate, total (cumulative) sediment (log10), and sediment/runoff ratio (log 10) on shrub-
steppe study sites. Only the highest correlated variable in each class and run is presented (some sites had few correlated variables). Correlations
were performed for each state/region/cover type for both the dry and wet runs.

State, Region,  Hydrologic/Erosion Canopy Cover Ground Cover Above-ground Root Biomass Soil
Cover Type Parameter Variables' Variables® Biomass Variables® Variables* Variables’
Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
Wyoming, 1. Total Infiltration -0.88 -0.65 0.58 0.63 0.63 0.75 0.64 0.87 -0.75
Sage-grass-  (mm) (forbs) ~ (forbs)  (litter)  (litter)  (litter) (agrass) (intsurf) (intsurf) (sm sub)
h . .
;,;‘g;:f:g‘:fié 2. Terminal Infiltration 088 084  -068  -068 068 081 068 084  -050  -078
sagebrush Rate (mm hr™) (forbs)  (forbs)  (rock)  (rock)  (litter)  (litter) (intsurf) (intsurf) (BDss) (sm sub)
3. Total Sediment 0.65 0.54 -0.63 067 076  -061  -0.63 0.53 0.59
(kg ha™) (forbs)  (forbs)  (litter) (litter)  (litter)  (intave) (intave) (BDave) (sm sub)
4. Sediment/Runoff -0.54 -0.63 0.53 0.54 0.53
Ratio (kg ha” mm™) (st dead) (p grass) (average) (BDs) (BDs)
Idaho, 1. Total Infiltration 0.68 0.76 -0.71
Sage-grass-  (mm) (shrubs) (forbs) (sm surf)
ﬁ;‘l‘l‘;gle:g‘l’g 2. Terminal Infiltration -0.67 -0.59
-1 .
sagebrush Rate (mm hr") (bare) (int sub)
3. Total Sediment -0.56 0.56
(kg ha) (forbs) (st dead)
4. Sediment/Runoff 0.59 0.60 0.59
Ratio (kgha' mm")  (stdead) (stdead) (sm sub)
Arizona, 1. Total Infiltration 0.50 -0.53 -0.72 0.56 0.55
Shrub steppe-  (mm) (forbs) (basal) (p grass) (int surf) (WBD ss)
glr(:xrr:gas:l,leta 2. Terminal Infiltration 0.56 -0.62 0.51 -0.85 0.70
g Rate (mm hr') (forbs) (basal)  (basal) (p grass) (int surf)
3. Total Sediment 0.70 0.52 2075 -0.70
(kg ha) (stdead) (st dead) (a grass) (int ave)
4. Sediment/Runoff 0.65 051 0.51 053 -0.67 -0.57
Ratio (kg ha™ mm™) (stdead) (crypts) (crypts) (agrass) (agrass) (int ave)
Utah, 1. Total Infiltration 0.86 0.52 0.74 -0.75 0.73 0.88
Shrub steppe,  (mm) (grass)  (litter)  (litter) (shrubs) (average) (BD ss)
:Zy;’;::;ﬁ big 2. Terminal Infiltration 0.59 0.53 0.55 -0.67
& Rate (mm hr") (litter)  (litter) (forbs) (sm sub)
3. Total Sediment -0.53 -0.89 -0.52 0.53 -0.64
(kg ha™) (grass) (litter) (average) (intave) (BDs)
4. Sediment/Runoff 0.60 -0.76 0.53 -0.71 0.62
Ratio (kg ha”™ mm™) (shrubs) (litter) (shrubs) (int ave) (sm surf)

"'st dead=standing dead

2
j p grass=perennial grass, a grass=annual grass
S

avg=average dry BD, wBD ss=sub-surface wet BD

a sediment/runoff ratio exceeding 16.0 kg
ha! mm”, as did the prickly pear cactus-
dominated mixed grass prairie site in
Wyoming (G1).

Universal Assumptions

The assumptions about hydrology and
erosion relationships that were presented
in the introduction did not hold true for all
rangeland types studied. For every range-

crypts=cryptogams, bare=bareground, basal=basal cover

average=average over soil sampled, int surf=interspace surface, int avg=interspace average
sm surf=surface antecedent soil moisture, sm sub=subsurface antecedent soil moisture, BD s=surface dry BD, BD ss=sub-surface dry BD, BD

land site in this data set that reinforced the
generalized assumptions, there was anoth-
er rangeland site that refuted them.

Rangeland ecological status/similarity
index is directly related to hydrologic
condition

Greater ecological status or seral state
was not always associated with improved
hydrologic condition. For example, the
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cheatgrass site in Wyoming (G1) had sim-
ilar infiltration to the late seral site domi-
nated by native mid and short grasses
(G3). Differences in bare ground and litter
cover were more important than seral state
in determining infiltration rates in this
case. The same was true for the heavily
grazed broomweed site (E1) in Kansas.
This site had similar runoff and infiltration
rates as compared to site E2 (dominated
by mid and tall grasses) despite its early
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Table 9. Forward regression equations for dry run infiltration and erosion variables developed across all Major Land Resources Areas (MLRSs).

Variable Terminal Infiltration Total Runoff/Rainfall Total Sediment Sediment/Runoff
Rate Infiltration Ratio (logyo) Ratio (logjo)

(mm hr') (mm) (mm mm™) (kg ha™) (kg ha' mm™)

Intercept 60.06 19.31 -0.23 2.99 1.38

Variable 1 13.73 Grass Cover 9.75 Grass Cover -5.10 Cacti Cover -51.80 Cacti Cover -18.35 Cacti Cover

Variable 2 7.95 Wet Surface 354.25 Surface 0.53 Basal Cover -0.63 Dry Surface Bulk -2.89 Slope

Bulk Density Roughness Density
Variable 3 -25.92 Dry Sub- 10.85 Wet Surface 0.36 Dry Sub-surface -0.0001 Total Standing -0.0001 Perennial Grass
surface Bulk Density Bulk Density Bulk Density Biomass Biomass

Variable 4 0.008 Annual Grass 0.002 Total Standing -0.0001 Annual 0.00005 Root Biomass 0.00003 Root Biomass
Biomass Biomass Grass Biomass

Variable 5 0.003 Total Standing 0.29 Surface Cation -0.00004 Total -0.041 Surface Cation -0.017 Surface Cation
Biomass Exchange Capacity Standing Biomass Exchange Capacity Exchange Capacity

R? 0.33 0.38 0.36 0.47 0.30

R? Maximum 0.48 0.57 0.52 0.56 0.41

(Complete Model,
10+ variables)

seral state, apparently because of equiva-
lent vegetation production, litter cover,
and bare soil exposure.

The shortgrass/mixed grass prairie sites
in Colorado had contrasting composition,
production, and bare soil exposure and dif-
fered in their ecological status. Despite
these differences, infiltration rate did not
differ between the sites during either the
dry or wet run. Spaeth et al. (1996b) also
found that range ecological status may or
may not be correlated to hydrologic condi-

tion, depending on the structure and
demography of the plant community.

Sediment production is highly corre-
lated with amount of
infiltration/runoff

Site characteristics affect infiltration and
erosion processes in different ways.
Therefore, sediment production may not be
well correlated with amount of runoff. For
example, total sediment for the wet run did
not differ between vegetation states in the

tallgrass prairie of Nebraska (B) or the
shortgrass prairie of Texas (C) despite
large differences in infiltration. Likewise,
sites F1 and F3 in the shortgrass prairie of
Colorado had similar runoff for the dry and
wet runs, but site F1 had a lower sediment
load than site F3. Less production of
perennial grasses apparently led to greater
sediment production from the heavily
grazed F3 site. While California annual
grassland sites (L1 and L2) did not differ
in infiltration or runoff/rainfall ratio during

Table 10. Forward regression equations for wet run infiltration and erosion variables developed across all Major Land Resource Areas (MLRAs).

Variable Terminal Infiltration Total Runoff/Rainfall Total Sediment Sediment/Runoff
Rate Infiltration Ratio (logio) Ratio (logio)
(mm hr) (mm) (mm mm™) (kg ha™) (kg ha'mm™)
Intercept 37.62 17.64 0.44 2.20 1.31
Variable 1 60.85 Standing Dead 32.72 Forb Cover -0.59 Standing Dead -1.14 Standing Dead -0.42 Grass Cover
Cover Cover Cover
Variable 2 -0.96 Surface Soil 68.04 Standing Dead 0.015 Surface Soil -30.88 Half-shrub Cover 0.50 Cryptogam
Moisture Cover Moisture Cover
Variable 3 0.37 Surface Sand -1.43 Surface Soil -0.005 Surface Sand 0.021 Surface Soil -0.010 Surface Soil
Content Moisture Content Moisture Moisture
Variable 4 -19.66 Dry Subsurface 0.26 Surface Sand 0.074 Dry Subsurface -0.0003 Perennial Grass 0.00005 Forb
Bulk Density Content Bulk Density Biomass Biomass
Variable 5 17.52 Subsurface 17.41 Subsurface -0.24 Subsurface -0.46 Subsurface -0.00008 Perennial
Organic Carbon Organic Carbon Organic Carbon Organic Carbon Grass Biomass
R? 0.60 0.54 0.59 0.50 0.24
R? Maximum 0.66 0.69 0.69 0.56 0.29

(Complete Model,
10+ variables)
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the wet run, L1 had twice the sediment
yield as L2. L2 had significantly less
exposed bare soil and more litter cover
than L1. In this case, overland flow veloci-
ty was reduced on L2, thus producing less
sediment compared to L1.

Quantity of plant material and litter is
positively correlated with infiltration
Tallgrass prairie sites in Nebraska (B)
represented highly contrasting vegetation
states. Site B1 represented a Kentucky
bluegrass-dandelion dominated site that
had been subjected to heavy season-long
use for many years. Site B2 was not
grazed (hay meadow) and was dominated
by primrose and mid and tall grasses with
3 times the productivity of BI.
Cumulative infiltration and infiltration rate
for both the dry and wet runs were nega-
tively correlated with basal cover, but pos-
itively correlated with total yield. Litter
cover and/or biomass were not strongly
correlated with infiltration on 5 out of 11
rangeland sites, and total biomass was a
correlate on only 4 rangeland types.
Individual plant species or overall species
composition and the structural component
of the plant community may be more
important than total cover or biomass
(Spaeth et al. 1996a, 1996b). Root mor-
phology, plant growth form and architec-
ture, spatial pattern of plants, soil chemi-
cal or physical factors, soil crusts, and
micro flora, etc. are attributes of the plant
community (associated with individual
species or community structure) which can
influence infiltration and erosion, but are
difficult to measure (Spaeth et al. 1996a).

Brush management alters hydrology
and erosion

The Wyoming big sagebrush sites in
Wyoming (I) differed in grass and shrub
cover due to brush control on site 12 (pre-
scribed burn 3 years prior to study).
Infiltration differed slightly for both the
dry and wet runs, but total sediment was
equivalent for both sites (I1, 12). The
mountain big sagebrush sites in Idaho (J)
also differed primarily in shrub and grass
cover due to brush control on site J2 that
reduced shrub cover from 40% to about
5% (chemical control eight years prior to
study). Yet infiltration rates and total sedi-
ment did not differ between the 2 sites (J1,
J2). Both sites had relatively high surface
and subsurface organic carbon contents
and surface roughness that probably con-
tributed to the good infiltration rates mea-
sured on both sites. The Wyoming big
sagebrush sites in Utah (M) represented
differences between an undisturbed site

(M1) and a site that had a history of brush
control (chemical control 3 years prior to
study)(M2). There were no differences in
infiltration rate for the dry or wet run, and
only the dry run showed slight differences
in total sediment production.

High variability in hydrologic response
among plots within a site in some cases
made it difficult to discern true differences
between vegetation states. This was espe-
cially true on the range sites where undis-
turbed shrub and shrub-converted sites
were compared. Soil characteristics and
structure associated with shrub-interspace
zonation may still exist after conversion
(Hester et al. 1997), resulting in similar
hydrologic response despite differences in
shrub cover. Also, greater variability in
soil and vegetation characteristics due to
this zonation makes predictive relation-
ships more difficult to ascertain (Pierson
et al. 1994).

Vegetation characteristics dominate
rangeland hydrology response

Annual grasslands in California (L) had
the highest infiltration rates under dry soil
conditions, but wet infiltration rates were
the slowest measured on any site. These
clayey soils (high smectite content) had
sub-surface cracking under dry conditions,
leading to preferential flow. Once wet,
these cracks closed and infiltration rates
measured were the lowest for the wet runs.
The L1 and L2 sites varied considerably in
the amount of bare ground, litter cover,
grass cover and biomass, total standing
biomass, and litter biomass, yet infiltration
and erosion differed very little between
the two vegetation states. Vegetation char-
acteristics such as total standing biomass
and litter were actually negatively corre-
lated with infiltration. Soil properties,
rather than vegetation characteristics, were
the predominant factor controlling hydro-
logic response on these annual grasslands.

Implications

The examples presented above empha-
size the difficulty in the “one size fits all”
modeling approach in developing univer-
sal algorithms to include all rangeland
types. While the amount of vegetation and
corresponding litter have been found to be
the most correlated variables with infiltra-
tion (Branson et al. 1981), others have
found that the relationship between plant
cover/litter and infiltration rates is not well
established on semiarid rangelands
(Gifford 1968, Blackburn 1975). The
amount (biomass and cover) and type of
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vegetation and litter, canopy structure,
rooting patterns, soil physical properties,
small-scale spatial variability, bare soil
exposure, potential for soil crusting, slope
gradient, consumptive water use, and sea-
sonal dynamics can affect hydrology and
erosion to varying degrees depending on
the plant community type (Rauzi 1960,
Johnson 1962, Branson and Owens 1970,
Meeuwig 1970, Tromble et al. 1974,
Blackburn 1975, Davis and Pase 1977,
Branson et al. 1981, Wood and Blackburn
1981, Hibbert 1983, Knight et al. 1984,
Thurow et al. 1986, 1988 Johnson and
Gordon 1988, Wilcox et al. 1988,
Holmstead 1989, Hicks et al. 1990, Thurow
1991, Pierson et al. 1994, Spaeth et al.
1996a, 1996b, Weltz et al. 1998). The
NRST data set provides some information
as to the degree of influence that various
soil and vegetation variables have on infil-
tration and erosion. However, it also empha-
sizes the difficulty in determining hydrolog-
ic relationships on semiarid rangelands,
where infiltration rates are determined from
a myriad group of factors that are different
(or differ in importance) depending on
rangeland type and site conditions.

There are quite a few generalizations or
assumptions about the relationships
between rangeland soil and vegetation
characteristics and infiltration and erosion,
and there are examples presented in the
NRST dataset that both confirm and refute
these generalizations. The regression
equations presented highlight the poor fit
that results when including all rangeland
types. Previous models that have attempt-
ed to characterize rangeland infiltration
and erosion using similar generalized or
generic models/algorithms have not per-
formed well because of this complex inter-
action of factors that differ from one soil-
vegetation assemblage to the next (Pierson
et al. 2001). A new paradigm to organize
rangeland communities into "functional"
units according to similarity in relation-
ships and responses could aid in the devel-
opment of better models to more accurate-
ly predict infiltration and erosion on
rangelands.
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