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he Conservation Effects Assessment

Project (CEAP) 1s a multiagency

scientific effort to quantify environ-
mental outcomes of conservation practices
applied to private agricultural lands. The
program is anticipated to help shape future
conservation policies, programs, and prac-
tices. The integrated landscape approach
will focus on enhanced ecological resilience
and sustainable agricultural production,
both of which are essential to maintaining
livelihoods and meeting global food needs
(Nowak and Schnepf 2010).

Principal components of CEAP include
(1) detailed syntheses of scientific conser-
vation literature; (2) a national assessment
of conservation eftects on ecosystem ser-
vices; and (3) detailed investigations of
conservation practices at various scales,
including paddock, landscape, and water-
shed levels. The CEAP effort on grazing
lands began in rangeland in 2006 (Weltz et
al. 2008) with a synthesis of the scientific
literature on key rangeland conservation
practices (Briske forthcoming).

A CEAP effort on pastureland, pri-
marily in the eastern and central United
States, began in 2008. A literature synthesis
documenting the science behind key con-
servation practices (Nelson forthcoming)
revealed that scientific support exists for
most conservation practices on pastureland,
but critical knowledge, data, and technol-
ogy gaps remain, including the following:

* Comprehensive assessments of effects
of grazing management on a broad
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suite of environmental response vari-
ables, including soil, water, air, wildlife,
plant, and livestock.

e Long-term research to monitor
changes in biodiversity of pasture
and hayland.

* Better

ecology and wildlife responses to pas-

understanding of landscape

ture management.

» Effects of grazing animals on nutri-
ent cycling and distribution across
a landscape.

¢ Soil erosion data from pastures needed
to calibrate runoff and erosion models
and develop new models.

* Data on cost-effectiveness of best man-
agement practices.

* Models
site-specific

extend
land-
scape- and watershed-scale assessments

to integrate and

information  to
of the ecosystem services provided
by pastureland.

The synthesis pointed out that envi-
ronmental studies on pastureland are often
short-term (2 to 4 years), whereas the
processes of interest may take decades to
equilibrate and conducted at a paddock
scale without regard to landscape posi-
tion or location within a watershed. Other
important needs include tools for assessing
the risk and probability of success of a par-
ticular conservation practice in a particular
place and time, robust monitoring and
assessment tools for pastureland, appro-
priate process-based and biogeochemical
models, and research methodologies that
address ecosystem services across a broad
range of disciplines.

In this paper, we discuss resource and
conservation concerns on pastureland in
the United States, describe recent CEAP-
related research addressing these concerns,
and outline the need for new tools and
technologies for conservation manage-
ment of pastureland.

RESOURCE AND CONSERVATION
CONCERNS ON PASTURELAND
There are 48.5 Mha of pastureland in the
United States (figure 1) (USDA NRCS
2007). The conservation status of pas-
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tureland is not precisely known and
is minimally discussed in the national
Resource Conservation Act assessment
(USDA NRCS 2011a). Better information
is needed for development of appropriate
policies and management decision-mak-
ing related to US pastureland.

Soil and water resource conservation
is critical because pastures are often small
and frequently relegated to land unsuitable
for more profitable field or horticultural
crops. Pasture status depends on climate,
prior land use, landscape position, soil type,
and management inputs. In the eastern
United States, large areas of grassland are
rare, as many small land holdings segregate
agricultural land from forest and are inter-
spersed with growing urban areas.

Many pastures are managed with mini-
mal attention to achieve full production
potential. Continuous stocking with
limited or no fertilizer input is the most
common management on pasturelands,
often without regard to grazing intensity,
sward productivity, or subsequent effects
on soil, water, and air quality. Stocking
rate, grazing method, seasonal utilization,
and fertilization timing, source, and rate
could all be improved to increase produc-
tivity and to capture greater value from
the potential ecosystem services of pas-
tureland. Key ecosystem services include
sequestering soil carbon (C); mitigat-
ing nutrient runoff; recharging ground
and surface waters; maintaining above-
and below-ground biodiversity, wildlife
habitat, and recreation; and providing
scenic landscapes.

Without adequate information about
system-level, long-term environmental
and economic risks of management prac-
tices, a singular focus on production and
economics can result in decreased for-
age quality and quantity and increased
erosion and nutrient loading off farm.
Despite progress made in understanding
how implementing conservation practices
on cropland translates into environmen-
tal outcomes, similar data are meager
or nonexistent for pasture and hayland
(Nelson forthcoming). A research net-
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work is being assembled to develop such
knowledge across a range of key US
pasture ecosystems.

Chesapeake Bay Watershed. The
Chesapeake Bay watershed, home to
17 million people, drains the District of
Columbia and all or portions of six eastern
states into North America’s largest estuary.
Excess nutrient and sediment loadings
from the watershed produce a dead zone
that typically covers 15%-20% of the Bay.
As urban and suburban land uses expand,
well-managed agricultural land becomes
increasingly vital for mitigating pollutant
loadings to the Bay. The Chesapeake Bay
watershed is 18.5% pasture and hayland
(32,800 km?); perennial grassland such as
this filters rainwater and overland flow,
maintains open space, and provides wild-
life habitat.

Livestock producers in the northeast-
ern and mid-Atlantic United States rely
heavily on forages, pastures, and grazing
management to reduce production costs
and remain competitive. Recent efforts
to develop total maximum daily loads for
phosphorus (P) within the Chesapeake
Bay watershed highlight grazing and
pasture management as agricultural best
management practices (BMPs) to reduce
P loads (USDA NRCS 2010a).

Mississippi Atchafalaya River Basin.
Pasture management is also critical in
the Mississippi Atchafalaya River Basin
(MARB), which drains 41% of the con-
tiguous United States and contributes
to a recurring 17,300 km” hypoxic zone
in the Gulf of Mexico (USEPA 2011).
The Mississippi River Basin Healthy
Watersheds Initiative (MRBI), initiated to
address pollutant loading related to agricul-
ture, comprises 13 states surrounding the
Mississippi River and includes numerous
CEAP and MRBI Focus Area watersheds
(USDA NRCS 2011b). Approved con-
servation practices for the MRBI include
prescribed grazing, nutrient management,
pasture and hayland planting, forage har-
vest management, fencing to control
access to streams, and well-designed water
facilities and walkways.

The MARB includes significant por-
tions of the Great Plains, a region with a
pronounced precipitation gradient from
subhumid in the east to semiarid in the
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Figure 1

Area and distribution of nonfederal grazing land in the United States (USDA NRCS 2007).
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west and harsh hot to frigid temperature
regimes. The region is characterized by
mixed land uses with significant com-
ponents of pastureland, cropland, and
rangeland (prairie) across the landscape
and within individual farms. Conservation
challenges associated with mixed land use
include landscape fragmentation (affecting
wildlife habitat), degraded soils and pas-
ture vegetation on abandoned cropland,
managing grazing animals on cropland
(vegetative winter wheat [Triticum aes-
tivum], stubble of summer crops), and
brush encroachment into prairies (e.g.,
Eastern red cedar [Juniperus wvirginiana
L.]). Traditional field-by-field approaches
to conservation planning frequently
neglect habitat fragmentation. Research,
extension, and conservation planning
have largely focused on single enter-
prise systems. This approach does not
help landowners compare options for
investing across enterprises on the farm
or plan for multiple economic and eco-
logical goals and does not easily support
evaluation of grazing animal impacts on
annual cropland.
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RESEARCH IN SUPPORT OF
PASTURELAND CONSERVATION
EFFECTS ASSESSMENT PROJECT

Pasture Scale. Grazing intensity is the
key variable controlling many livestock
and environmental responses on pasture-
land (Sollenberger et al. forthcoming).
Research by USDA Agricultural Research
Service (ARS) and land grant universities
has supported CEAP objectives by address-
ing environmental outcomes of grazing
management. With its partners, USDA
ARS has quantified effects of stocking
rate, grazing method, fertilizer manage-
ment, and winter feeding practices on
water and soil quality (Owens et al. 1994;
Owens and Shipitalo 2009, 2011). Soil
organic C and total nitrogen (N) accu-
mulation are affected by forage utilization
regime (Franzluebbers and Stuedemann
2010). Nutrient stratification occurs hori-
zontally within a paddock due to animal
behavior and also occurs vertically in
soil due to surface accumulation of plant
residues and manure (Franzluebbers et al.
2000). Intensity and spatial distribution
of soil nutrients in livestock concentra-
tion areas varies with management type
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(Franzluebbers and Stuedemann 2010),
and the relationship of high soil nutrient
gradients with vegetation cover and sur-
face runoft can determine surface-water
nutrient contamination risks (Sanderson
et al. 2010).

USDA ARS and collaborating research-
M)

interactive effects of grazing management

ers seek to understand multiple
alternatives on productivity; profitabil-
ity; and soil, water, air, plant, and animal
responses; (2) understand the role of soil,
landscape position, land use history, and
climate on the potential of pastureland to
sequester soil organic C, mitigate green-
house gas (GHG) emissions, and develop
resilient agroecosystems; and (3) quantify
changes in soil organic C, nutrient bal-
ances, and water cycling across a diversity
of conditions expected from improved
pasture management.

Watershed Scale. USDA ARS and
Penn State University (jointly funded
by the National Institute of Food and
Agriculture, USDA ARS, and USDA
Natural Resources Conservation Service
[NRCS])
effects of agricultural land use and BMP

investigated ~ watershed-level

placement in Spring Creck watershed
in central Pennsylvania. Fencing, cattle
crossings, and streambank stabilization
were applied to all streamside pastures
in one subwatershed of Spring Creek in
1991and1992. A
was largely untreated, and a third primar-

second subwatershed
ily forested subwatershed was used as a
nonagricultural control. Pre- and post-
treatment monitoring of water quality
from 2001 to 2003 and again from 2007
to 2008 demonstrated a decrease in sedi-
ment and increase in trout populations in
the treated subwatershed, but there was no
change in nutrient concentrations (Carline
and Walsh 2007; Brooks et al. 2011).
Spatial placement of BMPs was also
investigated in the Spring Creek watershed.
On-farm sampling and aerial photography
were used to map livestock concentration
areas, barnyards, buffer strips, and other
land use types and BMPs. The land use
maps were overlaid with detailed eleva-
tion maps to identify water flow pathways
and possible nutrient movements or filter-
ing. This information will be combined
with long-term data on water quality
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in the watershed to help understand the
environmental role of agricultural land
use placement.

Cropland CEAP research in southwest-
ern Oklahoma at the Fort Cobb Reservoir
and Little Washita River watersheds has
been expanded to address conservation
issues related to grazing lands. In particular,
hydrologic effects of encroaching Eastern
Red Cedar into native prairie will be
evaluated, focusing on hydrologic implica-
tions of plant interception of precipitation
and seasonal shifts in water use. Studies
on sediment sources (upland vs. channel,
cropland vs. grazing land, gullies), fate and
transport of eroded sediments, and BMPs
for high-impact source areas are being
initiated. New climatic approaches will
attempt to better capture the spatio-tem-
poral correlation of weather parameters
across the landscape and represent recent
climate variability and trends. Paddock-
scale research is being expanded to address
processes
crop-forage-energy-livestock

catchment-scale in  mixed-
enterprise
systems and to identify management sys-
tems that enhance environmental services,
productivity, and profitability. Additionally,
studies on native prairie pastures are
addressing management-intensive grazing
versus continuous stocking, quantifying
effects on vegetation, soil C, and soil phys-
ical properties.

the

Piedmont extending from North Carolina

Pastureland use in Southern
to ecastern Alabama is closely aligned
with poultry production. Nutrient appli-
cation with poultry litter has become
a water quality concern when applied
indiscriminately without concern for
landscape position (Franklin et al. 2007).
Future research by the USDA ARS at
Watkinsville, Georgia, will address the
critical role of poultry litter application
timing, landscape features (e.g., sensitive
riparian zones), and landscape nutrient
balances to assess conservation in pas-
tures. Key unexplored management issues
include grazing method and stocking rate
effects on residual herbage mass, surface
soil organic matter and potential soil C
sequestration, infiltration, and overland
flow of water and nutrients (Franzluebbers
2010). Upper Oconee River Watershed in
Georgia demonstrates how a well-doc-
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umented history of land use change can
help discern broad land use patterns on
stream water quality (Fisher et al. 2000).
Such changes in land use are essential
to know, given the intense interactions
among agricultural, urban, peri-urban, and
extensive forested land uses.

TOOLS AND TECHNOLOGIES NEEDED
FOR CONSERVATION MANAGEMENT
Pastureland Monitoring. The Pasture
Condition Score (PCS), defined as “the
status of the plant community and the soil
in a pasture in relation to its highest pos-
sible condition under ideal management,”
was developed as a monitoring and man-
agement tool for pastureland (Cosgrove
et al. 2001). There are critical dynamic
conceptual ecological differences regard-
ing the PCS and methods used to monitor
rangeland health. The PCS emphasizes
production and is not based on ecological
sites or reference states. In contrast, range-
land health monitoring methods compare
hydrologic function, soil and surface sta-
bility, and biotic integrity indicators to a
standard reference condition (Pellant et
al. 2005; Sanderson et al. 2009). There is
a need to bring more quantitative and
ecological rigor to the PCS system to
bridge the gap between rangeland and
pastureland so a more unified approach to
assessing and monitoring grazing lands on

a national scale can be achieved.

Forage Suitability Groups. USDA
NRCS has developed Forage Suitability
Groups (FSGs) within the context of Major
Land Resource Areas to classify soil map
units by their potentials and limitations for
forage production (USDA NRCS 2003).
Areas within the same group are expected
to support the same species at compara-
ble productivity levels and require similar
conservation management. Delineation of
FSGs is primarily based on expert knowl-
edge and includes soil properties, climatic
features, and physiography, as well as field
trial data and other available information.
FSG reports can be used as management
guides and in conservation planning.
These reports also provide production
estimates, growth curves, soil limitations,
and management interpretations. USDA
NRCS is now using quantitative methods,
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cluster analysis, and ordination to identify
key soil variables and FSGs.

Unlike the Ecological Site Descriptions
(ESDs) used in rangelands, FSGs cannot
be based on the presence of a character-
istic plant community because pasture
communities are composed primarily of
introduced species and maintained by man-
agement. Despite that limitation, ongoing
USDA ARS research is working to create
a quantitative ecological basis for delin-
eating FSGs or similar groupings. Such a
scientifically-valid classification will form
the basis for regional and national simula-
tion modeling of pastureland ecology and
environmental impacts. New research at
El Reno, Oklahoma, and Mandan, North
Dakota, will address extending FSGs and
ESDs into prairie and other Great Plains
land uses.

Pastureland National Resource
Inventory and Assessment. NRCS has
used resource inventories for more than 65
years to assess natural resources on nonfed-
eral lands (USDA NRCS 2001). On-site
National Resource Inventory (NRI) data
provides information about land condi-
tion and related natural resources at several
scales. Recent reports on rangeland high-
lighted issues such as rangeland health,
invasive nonnative plant species, bare
ground and intercanopy gaps (related to
wind and water erosion and invasive plant
establishment), and soil surface aggre-
gate stability (Herrick et al. 2010; USDA
NRCS 2010b).

USDA NRCS and ARS began a five-
state pastureland NRI pilot project in
2007. In 2008, the pastureland NRI on-
site study went “real time” with 13 states
and expanded to 25 states in 2011. Previous
NRI surveys included rangeland, pasture-
land, and forestland, but the data were
mostly qualitative (Spaeth et al. 2003). The
need for a more quantitative approach to
the NRI to fulfill agency directives led
to a new rangeland on-site NRI study in
2003, which continues today (Spaeth et al.
2005). Subsequently, the pastureland NRI
approach was patterned after rangeland
on-site study protocols with modifica-
tions, as needed, for pastureland (table 1).
Once full-scale national collection of NRI
data has been completed, an unparalleled
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Table 1

National Resource Inventory on-site field protocols for grazing lands by survey type.
Protocol name Pastureland Rangeland
Point locations and plot transect layout X X

Data gatherers X X
Ownership X X

Land cover/use X X

Forage suitability group/ecological site X X

Line point Transects for cover composition X X

Line intercept transects: canopy gaps X X

Soil stability test OPT X

Plant height X X

Dry weight rank OPT OPT
Production (species composition by weight) NA X
Standing biomass X NA

Plant census (replaces noxious/invasive) X X
Resource concerns X X
Conservation practices X X
Disturbance indicators X X
Rangeland health NA X
Pasture condition X NA
Sagebrush shape NA X

Notes: X = protocol is required. OPT = protocol is optional. NA = protocol is not applicable.

description of the area and condition of
US pasturelands will be presented.

Simulation Modeling. The ALMANAC
model has been extensively used to simu-
late crops (Kiniry and Bockholt 1998;Yun
Xie et al. 2001) and warm season grasses
(Kiniry et al. 2005; 2007). ALMANAC
is the designated plant growth model for
the western rangeland CEAP and may
be useful for assessing conservation prac-
tices on pasturelands. The model simulates
plant species and community influence on
and response to fluctuating availabilities of
water and nutrients.

A version of ALMANAC with prefer-
ential grazing is currently being evaluated
with western grazing land data and with
eastern pastureland grazing. Future refine-
ment of the model is planned as model
evaluation results are reported. New
approaches to climatology that better
reflect recent climate; multiyear persis-
tent patterns; and extreme events such
as drought, flood, heat waves, and shifts
in frost-free probability are planned, as is
linking to watershed models and validat-
ing the model for mixed land use regions.

The Integrated Farm System Model
(IFSM) is a process-based model that
simulates the full production system of
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beef, dairy, or crop farms over multiple
weather years (Rotz et al. 2011). [FSM
has been applied internationally to evalu-
ate economic viability and environmental
sustainability of management practices at
the field and farm level (Rotz et al. 2002;
Sanderson et al. 2006). For example, IFSM
studies have demonstrated that precision
management of feeding supplements and
forage can bring small northeastern dairy
farms into P balance, reduce off-farm
P losses, and increase farmer net returns
(Ghebremichael et al. 2007). However,
while IFSM simulates pastures with both
warm- and cool-season forages (Corson
et al. 2007a, 2007b), future research needs
include species
within a pasture and implementing pref-

representing diversity

erential grazing.

SUMMARY
The economic and environmental value
of pastureland can be realized through
sustainable land management and animal
production practices that support liveli-
hoods and provide multiple ecosystem
services. To fully realize multiple eco-
system benefits of soil C sequestration,
GHG mitigation, nutrient cycling, and

water conservation, pasturelands must
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be valued as a land use equivalent to
other agricultural land uses (Steiner and
Franzluebbers 2009).

CEAP facilitates the development of a
focused national network of USDA ARS
and land grant university research loca-
tions in partnership with USDA NRCS to
address conservation issues on pastureland.
Meeting CEAP research objectives will
provide quantitative understanding of the
environmental outcomes of conservation
practices on pastureland. This strong scien-
tific basis will facilitate the development of
comprehensive erosion control, nutrient
management, and conservation planning
technologies, which will in turn reduce
environmental impacts from pastureland
and provide a foundation for future work.

REFERENCES

Briske, D.D. Forthcoming. Environmental Benefits
from Conservation Practices on Rangelands.
Lawrence, KS: Allen Press.

Brooks, R.P, S.E. Yetter, R.E Carline, ].S. Shortle,
J.A. Bishop, H. Ingram, D. Weller, K. Boomer,
R. Stedman, A. Armstrong, K. Mielcarek, G.
Constantz, S. Goslee, T. Veith, and D. Piechnik.
2011. of BMP

Performance and Maintenance in Spring Creek,

Analysis Implementation
an  Agriculturally-Influenced ~ Watershed in
Pennsylvania. Washington, DC: USDA-NIFA,

Carline, R.E, and M.C. Walsh. 2007. Responses to
riparian restoration in the Spring Creek water-
shed, central Pennsylvania. Restoration Ecology
15(4):731-742.

Corson, M.S., C.A. Rotz, and R.H. Skinner. 2007a.
Evaluating warm-season grass production in
temperate simulation
Agricultural Systems 93(1-3):252-268.

Corson, M.S., C.A. Rotz, R.H. Skinner, and M.A.

Sanderson. 2007b. Adaptation and evaluation of

pastures:  a approach.

the Integrated Farm System Model to simulate
temperate multiple-species pastures. Agricultural
Systems 94(2):502-508.

Cosgrove, D.,D. Undersander, and J.B. Cropper. 2001.
Guide to Pasture Condition Scoring. Ft. Worth,
TX: USDA-NRCS Grazing Lands Technical
Institute.

Fisher,D.S.,].L.Steiner,D.M.Endale,].A.Stuedemann,
H.H. Schomberg, AJ. Franzluebbers, and S.R.
Wilkinson. 2000. The relationship of land use
practices to surface water quality in the Upper
Oconee Watershed of Georgia. Forest Ecology
and Management 128(1-2):39-48.

SEPT/OCT 2011—VOL. 66, NO. 5

Franklin, D.H., M.L. Cabrera, L.T. West,V.H. Calvert,
and J.A. Rema. 2007. Aerating grasslands: Effects
on runoff and phosphorus losses from applied
broiler litter. Journal of Environmental Quality
36(1):208-215.

Franzluebbers, A J. 2010. Soil organic carbon in man-
aged pastures of the southeastern United States
of America. In Grassland carbon sequestration:
Management, Policy and Economics, eds. M.
Abberton, R. Conant, and C. Batello, 163-175.
Integrated Crop Management 11. Rome, Italy:
FAO.

Franzluebbers, AJ., and J.A. Stuedemann. 2010.
Surface soil changes during twelve years of pas-
ture management in the Southern Piedmont
USA. Soil Science Society of America Journal
74(6):2131-2141.

Franzluebbers, A.J., J.A. Stuedemann, and H.H.
Schomberg. 2000. Spatial distribution of soil
carbon and nitrogen pools under grazed tall
fescue. Soil Science Society of America Journal
64(2):635-639.

Ghebremichael, L.T., PE. Cerosaletti, T.L. Veith,
C.A. Rotz, ]. M. Hamlett, and WJ. Gburek. 2007.
Economic and phosphorus-related effects of
precision feeding and forage management mod-
eled at a farm-scale. Journal of Dairy Science
90(8):3700-3715.

Herrick J.E., V.C. Lessard, K.E. Spaeth, PL. Shaver,
R.S. Dayton, D.A. Pyke, L. Jolley, and J.J. Goebel.
2010. National ecosystem assessments supported
by scientific and local knowledge. Frontiers in
Ecology and the Environment 8(6):403—408.

Kiniry, J.R., and A.J. Bockholt. 1998. Maize and sor-
ghum simulation in diverse Texas environments.
Agronomy Journal 90(5):682-687.

Kiniry, J.R., K.A. Cassida, M.A. Hussey, ]J.P. Muir,
W.R. Ocumpaugh, J.C. Read, R.L. Reed, M.A.
Sanderson, B.C.Venuto, and J.R. Williams. 2005.
Switchgrass simulation by the ALMANAC model
at diverse sites in the southern U.S. Biomass and
Bioenergy 29:419-425.

Kiniry, J.R., B.L. Burson, G.W. Evers, J.R. Williams,
H. Sanchez, C. Wade, J.W. Featherston, and J.
Greenwade. 2007. Coastal bermudagrass, bahia-
grass, and native range simulation at diverse sites
in Texas. Agronomy Journal 99(2):450-461.

cl.

Outcomes from Pasture and Hayland Practices:

Nelson, ed. Forthcoming. Conservation
Assessment, Recommendations, and Knowledge
gaps. Lawrence, KS: Allen Press.

Nowak, P, and M. Schnepf, eds. 2010. Managing

Agricultural
Quality It

Landscapes for Environmental

Achieving  More  Effective

PROOF * NOT FOR DISTRIBUTION * PAGE #s NOT FINAL

Conservation. Ankeny, IA: Soil and Water
Conservation Society.

Owens, L.B., W.M. Edwards, and R.W.Van Keuren.
1994. Groundwater nitrate levels under fertil-
ized grass and grass-legume pastures. Journal of
Environmental Quality 23(4):752-758.

Owens, L.B.,and M.J. Shipitalo. 2009. Runoft quality
evaluations of continuous and rotational over-
wintering systems for beef cows. Agriculture,
Ecosystems, and Environment 129(4):482-490.

LB, MJ.  Shipitalo.  2011.

Sediment-bound and dissolved carbon con-

Owens, and
centration and transport from a small pastured

watershed.  Agriculture, and
Environment 141(1-2):162-166.

Pellant, M., D.A. Pyke, P. Shaver, and J.E.Herrick.
2005. Interpreting Indicators
Health Version 4. Technical Reference 1734-6,
2005. Denver, CO: US Department of Interior
Bureau of Land Management.

Rotz, C.A., M.S. Corson, D.S. Chianese, E Montes,
S.D. Hafner, R. Jarvis, and C.U. Coiner. 2011.

Model  (IFSM):
Reference Manual Version 3.4. http://www.
ars.usda.gov/SP2UserFiles/Place/19020000/
ifsmreference.pdf.

Rotz, C.A., A.N. Sharpley, W.J. Gburek, L.D. Satter,
and M.A. Sanderson. 2002. Production and

feeding phosphorus

Ecosystems,

of Rangeland

Integrated Farm  System

strategies  for manage-
ment on dairy farms. Journal of Dairy Science
85(11):3142-3153.

Sanderson, M.A., M.S. Corson, C.A. Rotz, and K.J.
Soder. 2006. Economic analysis of forage mix-
ture productivity in pastures grazed by dairy
cattle. Forage and Grazinglands. doi:10.1094/
FG-2006-0929-01-RS.

Sanderson, M.A., S.C. Goslee, J. Gonet, and R.
Stout. 2009. Pasture monitoring at a farm scale
with the USDA NRCS pasture condition score
system. Journal of Soil and Water Conservation
64(6):423-433.

Sanderson, ML.A., C. Feldmann, J. Schmidt, A.
Herrmann, and E Taube. 2010. Spatial distribu-
tion of livestock concentration areas and soil
nutrients in pastures. Journal of Soil and Water
Conservation 65(3):180-189.

Spaeth, K.E., EB. Pierson, ].E. Herrick, P. Shaver, D.A
Pyke, M. Pellant, D. Thompson, and R. Dayton.
2003. New proposed National Resources

Inventory protocols on nonfederal range-
lands. Journal of Soil and Water Conservation
58(1):18A-21A.

Spaeth, K.E., G. L. Peacock, J.E. Herrick, P. Shaver,

and R. Dayton. 2005. Current and Future

JOURNAL OF SOIL AND WATER CONSERVATION



Applications of the USDA-NRCS Rangeland
NRI. Journal of Soil and Water Conservation
60(5):114A-119A.

Sollenberger, L.E., C.T. Agouridis, E.S. Vanzant,
A.J.Franzluebbers, L.B.

Forthcoming. Prescribed grazing

and Owens.
on pas-
from

turelands. In Conservation Outcomes

Pasture and Hayland Practices: Assessment,
Recommendations, and Knowledge Gaps, ed.
CJ. Nelson. Lawrence, KS: Allen Press.

Steiner, J.L., and A.J. Franzluebbers. 2009. Farming
with grass — for people, for profit, for produc-
tion, for protection. Journal of Soil and Water
Conservation 64(2):75A-80A.

USEPA (US Environmental Protection Agency).
2011. Gulf of Mexico
Watershed Nutrient Task Force.
epa.gov/type/watersheds/named/msbasin/
index.cfm. Washington, DC: Office of Wetlands,
Oceans, and Watersheds.

Mississippi ~ River

http://water.

USDA NRCS (Natural Resources Conservation
Service). 2001. Resources Inventory: General
Manual (GM) 290-INV, Issue 1, Part 400.
‘Washington, DC.

USDA NRCS. 2003. National Range and Pasture
Handbook. Chapter 3. Ecological Sites and
Forage Suitability Groups. ftp://ftp-fc.sc.egov.
usda.gov/GLT1/technical/.../nrph/nrph-ch3.
pdf.

USDA NRCS. National Resources Inventory: 2007
Annual NRI. Washington, DC. http://www.nrcs.
usda.gov/technical/nri/.

USDA NRCS. 2010a. Chesapeake Bay watershed
initiative. http://www.nrcs.usda.gov.

USDA NRCS. 2010b. National Resources Inventory
Rangeland Resource Assessment. Washington,
DC: USDA NRCS Resource Inventory and
Assessment Division.

USDA NRCS. 2011a. RCA Appraisal. G-6-RCA

APPRAISAL  2011-Pre-Publication ~ Copy.

March 2011. Washington, DC: USDA NRCS
Resource Inventory and Assessment Division.
USDA NRCS. 2011b. Mississippi River Basin
Healthy Watersheds Initiative. http://www.nrcs.

usda.gov. Washington, DC: USDA NRCS.

Weltz, M.A., L. Jolley, M. Nearing, J. Stone, D.
Goodrich, K. Spaeth, J. Kiniry, J. Arnold, D.
Bubenheim, M. Hernandez, and H. Wei. 2008.
Assessing the benefits of grazing land con-
servation practices. Journal of Soil and Water
Conservation 63(6):214A-217A.

Yun Xie,].R. Kiniry,V. Nedbalek, and W.D. R osenthal.
2001. Maize and sorghum simulations with
CERES-Maize, SORKAM, and ALMANAC
under water-limiting

Journal 93(5):1148-1155.

conditions. Agronomy

The

and Art of Adapti

Innovating for Sustainable Agriculture
and Natural Resource Management

Keith M. Moore, Editor

The Sciences and Art of Adaptive Management

Edited by Keith M. Moore
2009, 264 pages
$28/copy

ISBN 978-0-9769432-7-3

This book is the newest addition to the SWCS publications. The 25 authors
represent a rich international knowledge base related to sustainable agriculture

and natural resource management.

As Moore describes in the preface, “Adaptive management is a structured
process of learning by doing.” Adaptive management is not just a trendy term

of the day; it is an approach that will become even more essential in the future
to adequately understand the interlinking systems that affect landscape health
and to successfully mitigate negative impacts on the environment. Landscapes
are described in the book as “complex adaptive systems.” Managing landscape
resources requires considering the interplay of many factors, from biophysical to
cultural. The book develops an approach that promotes resilient systems over
nonresilient systems.

The Sciences and Art of Adaptive Management is an indispensable resource for
the conservation community and the basis of much future work—research, policy,
and practice.

Visit the SWCS Online Store (http://store.swcs.org) or call 1-800-843-7645

(1-800-THE-SOIL) to buy these and other books published by the SWCS
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