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Part 645 – National Range and Pasture Handbook
Subpart F – Management of Grazing Lands
645.0601 Introduction
A. This subpart contains guidance for planning grazing management on the various kinds of grazing
lands. Section 645.0602, Managing Native Grazing lands, provides general guidance on all grazing
lands, but provides specific information on rangelands, grazed forest lands, and native and naturalized
pasture. Section 645.0603 provides information on managing forage crops and pasturelands. Section
645.0604 provides guidance on procedures and worksheets for planning grazing management. This
section includes information for completing livestock inventory and forage balance, determining
forage composition and value ratings, determining stocking rates, and completing grazing schedules.
B. Understanding plant communities, ecological processes, and plant-herbivore interactions are key
to successful management of grazing lands. Knowing the present condition of a grazing unit helps to
set the direction and guide management when changes are needed to meet objectives.
C. Sound grazing management ensures the health of plant communities and all Soil, Water, Air,
Plant, Animal, Human and Energy resources (SWAPA+H+E). Therefore, managed grazing (NRCS
National Conservation Practice Standard CPS 528) is a basic requirement for achieving desired
results for all conservation plans on grazing lands. Furthermore, livestock may be used as
management tools to manipulate vegetation structure and composition to achieve specific goals and
objectives for forage production, wildlife habitat, recreation, air, water, and soil resource concerns.
D. In some cases, land managers may have trouble understanding that grazing management may
provide a solution to the resource concerns that exist. If management changes are not made in those
cases, then the implementation of primary or supporting practices will have marginal effects at best to
solve problems on the land. Plant communities will remain weakened, and the cascading effects of the
resource concerns, both economic and environmental, will remain in place.
E. Grazing management attempts to manage the intensity, frequency, duration, and timing of grazing.
In managing these elements, many items must be considered including:
(1)
(2)
(3)
(4)
(5)
(6)

Land manager’s willingness to adopt or alter management
Ecological Site and current state
Grazing intensity and stocking rate
Forage nutritive value relative to desired animal performance
Forage seasonal availability
Distribution of grazing on the landscape

F. Each ecological site or state has inherent characteristics that influence adapted forage species,
productivity of the site, and ease of implementing grazing management. Understanding these
characteristics as they relate to a particular operation will assist in planning and implementing
supporting and accelerating practices and developing grazing units that have similar characteristics
and management considerations.
G. NRCS staff work with land managers through the nine steps of conservation planning to provide
assistance in inventorying, assessing, and monitoring grazing lands and in developing a conservation
plan that addresses resource concerns. See the following subparts of this handbook for more
information: Subpart D, Conservation Planning on Grazing lands; and Subpart E, Inventory,
Assessment, and Monitoring of Grazing lands.
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645.0602 Managing Native Grazing lands
A. When working with landowners on rangeland, many considerations must be included in the
planning process. Dynamic ecological sites, complexities of large acreages, arid and variable weather
conditions, multi-use habitats, checker-boarded land statuses, landowner goals, and financial and
management capabilities are just a few.
(1) Dynamics of ecological sites
(i) The natural plant communities for an ecological site are dynamic [Ecosystem Dynamics
Interpretive Tool website (EDIT)]. They respond to changes in the environment, to
various uses, and to stresses by adjusting the kinds, proportions, and amounts of species
in the plant community. Climatic cycles, fire, insects, grazing, and physical disturbances
are factors that can cause plant communities to change. Some changes, such as those
resulting from seasonal drought or short-term heavy grazing, are temporary, while others
may be longer lasting. In some cases, the degree of influence or disturbance can be
significant enough to cross a threshold and cause a permanent change in the ecological
site potential.
(ii) Individual species or groups of species in a plant community respond differently to the
same use or stress, such as fire, changes in climate, and grazing or browsing pressure. It
is normal for some plants to be grazed more closely and frequently than others by
livestock or wildlife. Most plants are sensitive to stress during some stage of growth.
However, they may be affected by improper use or stress during critical growth periods,
but tolerant at other times.
(iii) Many plants respond to changes in the microenvironment in a unique manner that may
be different from their associated species. For example, some species are destroyed by
fire, while neighboring plants thrive following fire or are dependent on fire to complete
life cycle stages. Just as the same weather conditions may be favorable for the growth of
one species, it may be unfavorable for another species in the same plant community. For
example, a growing season in which frequent light rainfall occurs may be ideal for some
species, while other species may be dependent upon deep soil moisture, making frequent
light rainfall ineffective, even though the total rainfall may be above average. Thus, many
complex factors contribute to changes in the composition, structure, health and
productivity, and trend of plant communities. Many changes may be caused by climatic
fluctuations, fire, and extreme episodic events, while some changes are related to
livestock grazing.
(iv) The inventory process provides the opportunity to gather information and data on the
present plant community. Once data can be described and quantified, then a comparison
of the current community to a desired community will help identify the differences and
resource concerns that need to be addressed. Ecological site descriptions (ESDs) are a
tool to assist in this process.
(v) On rangeland, Ecological Site Descriptions (ESDs) provide land managers a guide for
describing the plant community on rangeland ecological sites (ES). The potential for the
site is called the Reference Plant Community and attempts to describe what the plant
community was prior to European influence (pre-European >200 years ago). State-andtransition models within ESDs describe changes in the plant communities and associated
dynamic soil properties that can occur on a site. The causes of change, the constraints to
reversibility of the change, and the management interventions needed to prevent or
initiate change are described in ESDs (jornada.nmsu.edu/esd).
(vi) State-and-transition models include restoration pathways between States to help land
managers consider what conservation practices or management actions are needed to
direct the plant community towards a desired condition (Bestelmeyer 2017). A goal for
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manipulating and managing the plant community on most operations is to increase forage
production and diversify the existing plant community. In many cases, years of domestic
livestock grazing can reduce the amount of preferred forage species and diminish the
diversity due to selective grazing. Benefits to increase useable production are generally
apparent as they relate to higher carrying capacities; but increasing diversity to provide
greater resilience, improve wildlife habitat, increase soil health, and extend the growing
seasons may not be as well known. For more information on Inventory, Assessment and
Monitoring of grazing lands, see Subpart E of this handbook.
(vii) Common resource concerns on native grazing lands include degraded plant conditions
such as plant structure and composition, health and productivity, plant pest pressure, and
animal concerns such as feed and forage imbalance. Other resource concerns can also
occur and conducting an infield inventory and running appropriate assessment tools as
outlined in NRCS Planning Criteria (USDA-NRCS 2020) and described in Subpart E are
encouraged. For the full list of resource concerns and planning criteria requirements, see
the NRCS Resource Concern List and Planning Criteria (USDA-NRCS 2020). The
resource concern fact sheets can be found in NRCS National Instruction 450-309 as
Exhibit 309.22.
(viii) Many native grazing land operations include large acreages. Therefore, meeting all
resource concerns or the full extent of one resource concern may not be feasible with one
application of a conservation practice or treatment. Economics and the ability of the
landowner must be included in the process of determining realistic and attainable goals
and objectives and reaching desired conservation levels. For these operations, prioritizing
grazing units and resource concerns should be considered. NRCS employees should
discuss the benefit of Resource Management System (RMS) level planning with the land
manager and work to develop a complete conservation plan with the land manager, while
applying a progressive planning strategy, or step-by-step process to reach the RMS goal.
An RMS is a combination of conservation practices and resource management activities
that treats all identified resource concerns for soil, water, air, plants, animals, human and
energy to a level that meets or exceeds the planning criteria [USDA-NRCS National
Planning Procedures Handbook (NPPH)]. For more on conservation planning on grazing
lands see Subpart D of this handbook.
(ix) Another consideration on native rangelands should be the reality of time. In areas of low
precipitation, the effects of some conservation practices or management changes may
take longer to show. For example, the practice of range seeding may take several years
before climate conditions are conducive for seed germination, or the full effect of a brush
treatment may not be observed for several growing seasons. Even with proper planning
and application through proven specifications, limited precipitation and large variability
in weather patterns in arid regions create additional challenges that must be recognized.
(x) Further, considerations should also include the land manager’s ability to meet all
requirements of the practice. Restoration pathways in a state-and-transition model
identify practices needed to move toward a more desired state or condition, but
considerations for the ability of the landowner to meet all the requirements of the practice
need to be assessed. In some cases, supporting practices (like cross-fence), additional
water sources, and access control may need to occur before the primary practice can be
applied.
(xi) Conservation planning on many native grazing lands require a multi-use approach. With
the large expanse of many operations, watershed level planning may be appropriate.
Besides livestock grazing, additional activities on these operations may include hunting,
energy development and transmission infrastructure, mining operations, recreational and
scenic areas, archeology sites, municipal water origins, and considerations for multiple
wildlife habitat zones. Conservation planning must consider the additional requirements
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and parameters each of these and other activities present and include those factors in the
operation’s conservation plan.
(xii) Finally, many native grazing land operations include both private and Federal or State
land parcels. While agencies like the U.S. Forest Service, Bureau of Land Management,
and State Land Departments maintain oversight and management of public lands, all
acreages should be included in the overall conservation plan for the operation. Agencies
involved within the operating unit boundaries should collectively develop plans through a
process called Coordinated Resource Management Plan (CRMPs)(USDA-NRCS 2020).
The CRMP process outlines the opportunities to combine efforts and resources between
the agencies to improve management and provide collaborative guidance for the operator.
CRMPs have all the components of conventional conservation plans but also document
decisions agreed upon by the agencies involved and generally require more time to
develop during the planning phase (USDA-NRCS 2020).
(2) Establishing Management Objectives
Management objectives are developed and determined working with the landowner
during the planning process. The management objective requires developing an
understanding of the desired future condition of the grazing units with the client as
compared to the existing condition. Objectives should be feasible and meet the needs of
the landowner, the resources, and the grazing animals. NRCS will assist the land manager
in making informed decisions by conducting inventories and assessments, consider onsite and off-site resource concerns, identifying opportunities for natural resource
protection and management, and being informed of policies such as State and Federal
laws or mandates that affect the operation. Figure F-1 shows NRCS infield assistance
with landowners. Once resource concerns are identified, all treatment alternatives should
be evaluated and discussed.
Figure F-1. New Mexico NRCS staff discussing management objectives with a rancher.

(3) Use of Inventory and Assessment Data
The NRCS conservationist will use information from the ecological site description, trend
determinations, similarity index determinations, interpreting indicators of rangeland
health determinations, and other inventory and assessment information to assist the land
manager understand the current state. The goals and objectives of the land manager also
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help identify what inventory and assessment methods to run to provide the most helpful
and relevant information. This stage of the conservation planning process involves the
following steps:
• Inventory the present plant community and determine annual production for each
species.
• Identify from the ecological site description, where available, the desired plant
community that is achievable, meets the land manager’s goals and the resource
needs.
• Determine what changes may be occurring (determine trend).
• Compute similarity index or an approved inventory method to evaluate and compare
the present community to the desired plant community.
• Determine how the ecological processes of the site are functioning [Interpreting
Indicators of Rangeland Health assessment (Pellant 2020) or Describing Indicators of
Pasture Health assessment (Ogles 2020)].
• Determine what conservation practice alternatives and resulting resource management
system will achieve or maintain the desired plant community.
• Develop the grazing management plan within the Conservation Plan on the operation.
• Provide follow-up assistance to the land manager in plan implementation.
• Provide assistance to develop a monitoring plan. For more information on
conservation planning, see Subpart D of this handbook.
(4) Conservation practices
Conservation practices applied on grazing lands are grouped into two categories to reflect
their major purposes: primary practices and supporting practices.
• Primary Practices for grazed or hayed lands are Forage Harvest Management (511)
and Managed Grazing (528). These are the most difficult and complex practices to
plan and apply. These practices, respectively, are the proper application of hayland
harvest and the proper manipulation of livestock number, kind, and class through
pastures or rangeland in a time or manner that causes the plant community
composition to move toward or maintain the desired community, while meeting the
needs of the livestock and wildlife of concern.
• Supporting practices facilitate management or the function of another practice, or
both, but does not achieve the desired effects on its own. For example: a fence is a
supporting practice for managed grazing. Managed grazing helps improve forage for
livestock. Supporting practices need to be installed according to a technical design to
ensure success. NRCS personnel shall provide on-the-ground technical assistance
needed for design and installation to ensure technical adequacy and that NRCS
standards and specifications are met.
• Practices, such as brush management, herbaceous weed control, range planting,
pasture and hay land planting, prescribed burning, and grazing land mechanical
treatment, could be primary or supporting practices depending on how they are
addressing the resource concerns. All need to be installed according to a technical
design to ensure success. NRCS shall provide the technical assistance needed for
design and installation. Figure F-2 shows Conservation Practice Standard 548 Grazing
land Mechanical Treatment.
• A complete list of conservation practices, along with definitions and standards, are
provided in the National Handbook of Conservation Practices and in each State’s local
Field Office Technical Guide (FOTG). The FOTG provides detailed information
applicable to each conservation practice, including the practice standard and the Statespecific practice specification and implementation requirements.
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Figure F-2. Grazing Land Mechanical Treatment. Photo credit: Robert Crane, NRCS Area
Rangeland Management Specialist.

(5) Determining conservation practice treatment alternatives
(i) For most grazing units, there are several management alternatives. These alternatives
should promote the kind of plant community that supports and maintains a healthy
ecosystem, meets the needs of the grazing manager, produces adequate available amounts
of quality forage for grazing animals, and provides desirable wildlife habitat. Developing
alternatives with the landowner or operator must also take into account not only the
actions needed to address the identified resource concern or management objective, but
must also consider the level of willingness and ability of the manager to accept and
implement the actions needed.
(ii) Sometimes ranching operations follow grazing patterns developed or set over time or
through traditions. In these cases, pastures or grazing units may be used during the same
time and for the same length of time each year, as grazing strategies are continued from
one family generation to the next or are influenced by infrastructure locations like
working or shipping pens and water sources, livestock shelter, seasonal accessibility, and
public land permits with set grazing periods during the year. If changes are needed to
reach a desired plant community, changes in these grazing strategies may also be needed.
NRCS conservationists can help landowners understand benefits to changing grazing and
use patterns and explain how adaptive grazing strategies may be beneficial to help reach
the new desired plant community.
(iii) Additionally, conservation practices may include multiple treatment options and
methods. Matching those methods with the landowner’s goals and objectives will provide
the best opportunity for success on the operation. For example, if plant pest pressure has
been identified as a concern due to increases in woody invasive species – but the operator
has chemical hesitancy and prefers to not use herbicides – alternatives to meet the
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resource concern mechanically should be a treatment option for consideration. Figure F-3
shows Pinon mechanical extraction.
Figure F-3. Trac hoe extraction of Pinon and Juniper trees under CPS 314 mechanical brush
management. Photo credit: Brenda Simpson, NGLT.

(6) Grazing Management Plan Development
(i) NRCS provides assistance to cooperators who wish to apply grazing management. The
primary conservation practice used is 528 Managed Grazing (formerly called Prescribed
Grazing). Managed Grazing is the vegetation management practice that is applied to all
land where grazing is a planned use. The grazing may be from domestic livestock, semidomestic animals (buffalo and reindeer), or wildlife. Managed grazing is managing
vegetation with grazing and browsing animals with the intent to achieve specific
ecological, economic, and management objectives. The 528 standard provides items that
should be included in a Grazing Management Plan (GMP).
(ii) The objectives of the GMP are developed with the landowner during the planning
process. The minimum level of planning for the managed grazing practice includes
enough inventory and assessment information for the landowner to understand the proper
amount of harvest of key species and other useable vegetation to maintain adequate cover
to protect the soil and maintain or improve the quality and quantity of desired vegetation.
(iii) The available forage and the number of grazing and browsing animals must be in
balance for effective management of grazing lands. A useful tool to understand this
balance is developing a feed-forage balance sheet. This part of the inventory identifies the
available forage from the land and the demand for forage by the livestock and wildlife. It
identifies where and when shortages or surpluses in forage exist. Procedures and
worksheets are in section 645.0604.
(iv) Once a feed and forage balance sheet is developed, a strategy should be designed on how
to utilize the pasture including when to graze, how long to stay and how often to come
back (intensity, timing, duration and frequency of grazing). Other factors besides
livestock numbers will affect this strategy, such as existing resource conditions and
concerns, existing infrastructure, planned infrastructure, and management goals. Once the
plan is developed, a monitoring plan should be implemented that gauges the impact of
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grazing on the management objectives and resource concerns. Adjustments to the plan
may be needed to meet these objectives, and a contingency plan should be designed in the
event of potential problems (i.e., drought, flooding, insect damage, etc.) See CPS 528 or
the National Range and Pasture Manual (NRPM)(USDA-NRCS 2021) for more details
https://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=46773.wba.
(v) Grazing can have a big impact on what plant species will dominate a site. Grazing
pressures can vary by types of grazing and browsing animals and affect different plant
species. If grazing is severe, undesirable plants can increase in the plant community.
(vi) Grazing management can be planned and applied that supports a particular plant
community or species. This can be done to meet the objectives of the landowner and the
needs of the resource. For instance, grazing management has been successfully planned
and applied to encourage the re-establishment and increase of desirable woody plants
along riparian areas, while still providing quality forage for the grazing animal in the
understory and adjacent areas.
(vii) Alleviation of grazing pressures that have caused composition changes in a community
does not immediately and solely end or reverse changes caused by these pressures. Many
plants, both desirable and undesirable to grazing, are long-lived. If increase of
undesirables is related only to the suppression of the desirable species, a change in
grazing pressure and management sometimes allows the desirable species to regain their
competitive status and suppress the invaders. Such a rapid recovery can occur only when
prior grazing has been harmful for a comparatively short time. Where plants have died,
recovery depends upon establishment of new plants. Re-establishment of seedlings of
desirable species usually only happens under favorable growing conditions.
(viii) Defoliation of a plant by grazing reduces the photosynthetic capability of the plant. The
leaves are the food factory. Rate of plant regrowth following grazing is dependent on the
amount of leaf area remaining for photosynthesis and the availability of active growing
areas to initiate new tillers and additional leaf area. Roots anchor the plants to the soil,
take up water and nutrients, and if healthy, enable the plant to survive stress from
drought, cold, heat, and grazing. Root growth is dependent upon the energy provided
from photosynthesis. Figure F-4 illustrates the relationship between grazing and root
growth. Healthy plant roots are essential for soil stability and erosion control.
(ix) Management of the grazing animal is one of the most economical methods to ensure the
health and stability of the grazing land resource. For grazing management to be
successful, it must help direct proper grazing use, meet the needs of the land, the
landowner, and the livestock, and meet the NRCS Field Office Technical Guide planning
criteria.
(viii) Key grazing areas and key species
• The term “grazing unit” is synonymous with terms such as pasture, paddock, range,
and planning land unit (PLU) as the management unit on grazing land. For this
subpart, all grazing management areas will be called grazing units for simplicity. They
are typically enclosed by fences or natural barriers and may contain multiple
ownerships and land status.
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Figure F-4. Plant root response to grazing – percentage of leaf material removed (NRCS Soil Health
Division 2016).

10–40%
0%
50%
2–4%
60%
50%
70%
78%
80–90%
100%
If 80% of plant leaf material is removed, plant root growth can cease for 12 full days,
which slows plant regrowth considerably (Crider 1955, Dietz 1989, USDA-NRCS
2016. If only 10% to 40% of plant leaf material is removed, plant root growth doesn’t
stop, and the plant regrows faster and remains healthier; but this effect varies by
species (USDA-NRCS 2016).

(190-645-H, June 2022)
645-F.9

Title 190 – National Range and Pasture Handbook
• Each grazing management unit has certain characteristics that influence the
distribution of grazing. Among these characteristics are soil, topography, size of
enclosure, location of water, fences, riparian areas, natural barriers, and the kinds and
distribution of plants. In addition, weather conditions, insects, location of salt and
minerals, type of grazing management being applied (timing, duration, frequency, and
intensity of grazing), and habits of the grazing animals affect the pattern of grazing
use. For these reasons, it is impractical to prescribe grazing use for every part of a
large grazing unit or to prescribe identical use for all grazing units of a farm or ranch.
Determining the key grazing area(s) in each unit and planning the grazing to meet the
needs of the plants in the key area are more practical. If the key grazing area of a unit
and the key grazing plants are properly grazed, the unit as a whole should not be
considered excessively used.
• The key grazing area in a management unit is a relatively small area within the
grazing unit. This key area(s) is used to represent the grazing unit as a whole. The key
grazing area and key species concepts have proven highly useful to managers in
evaluating grazing effects on useable vegetation (Holechek 1989, Holechek et al.
2011).
• Characteristics of a key grazing area:
− Provides a significant amount, but not necessarily the greatest amount, of the
available forage in the grazing unit.
− Is easily grazed because of even topography, accessible water, and other favorable
factors influencing grazing distribution. Small areas of natural concentration, such
as those immediately adjacent to water, salt, or shade, are not key grazing areas, nor
are remote areas far from water (generally over 1 ½ miles) or of limited
accessibility.
− Generally, consists of a single ecological site or the majority falls in one ESD.
− Areas of special concern can be designated as key areas. Areas of special concern
could include habitat for threatened or endangered species, cultural or archeological
resources, areas around impaired waterbodies, and critically eroding areas.
− Usually limited to one per grazing unit. In cases where the grazing units are small,
the entire acreage many be considered the key area. In other cases, more than one
key grazing area may be needed when:
-- units are large with diverse ecological sites and topography
-- units have riparian areas
-- units have very rough topography or widely spaced water where animals tend
to locate
-- different kinds of animals graze the unit, or when the unit is grazed at
different seasons
− Riparian areas are of special concern when establishing key grazing areas. Riparian
areas are of generally small extent in relation to the surrounding landscape. These
areas represent a significant resource in terms of forage production, buffering
surface water flows, controlling accelerated erosion and sedimentation, capturing
and transforming subsurface pollutants, and providing essential wildlife habitat and
local biodiversity. From an ecological basis, their designation as a key grazing area
is therefore an important consideration. See figure F-5 Bear Creek riparian area,
functioning well and providing forage production, buffering surface water,
controlling erosion, capturing pollutants, and providing diverse wildlife habitat.
− Table F-1 is an example of how and when to consider using a riparian area as a key
grazing area.
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Figure F-5. Bear Creek riparian area, Iowa NRCS. Photo credit Lynn Betts.

Table F-1. Decision support for consideration of riparian areas as key grazing areas:
Factors
Proportion of unit

Riparian area characteristics
5–10%

< 5%

 10%

Livestock
accessibility

Difficult because of
surface rock, steep
slopes, debris, etc.

Some difficulty, but
consistently used by
livestock classes able to deal
with limitations (e.g.,
yearlings).

Readily accessed and
consistently used by
all classes of
livestock.

Habitat/forage for
livestock

Livestock do not
congregate for protection
or forage based on
season of grazing,
geographic location.

Livestock congregate for
water, protection, or forage
based on season of grazing,
geographic location.

Livestock congregate
for water, protection,
and forage based on
season of grazing,
geographic location.

Ecological site

Similar to associated
upland sites.

Different from associated
sites; e.g., woody versus
herbaceous species.

Different from
associated sites; e.g.,
woody versus
herbaceous species.

Ecological rating

No less than associated
sites.

Less than associated sites.

N/A

Decision-support
riparian area key
grazing area status

Consider area as an
integral part of the
associated sites, but not
necessarily as a key
grazing area.

Consider area an integral part
of the associated sites, and
possibly as a key grazing
area.

Consider area
separate from
associated sites;
identify a key grazing
area within.

(ix) Key grazing species
• Key grazing species are forage species whose utilization serves as an indicator of the
degree of use of associated species. They are species that must, because of their
importance, be considered in the management program (Society for Range
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Management 1989, Holechek 2011). Most plant communities in a grazing unit consist
of several plant species in varying amounts. Even though the entire plant community
is of concern to management, attempting to reach the desired use of every species
would be impractical. It is more practical to identify a single species (or in some
situations two or three) as a key species to serve as a guide to the use of the entire
plant community. If the key species within the key grazing area is properly grazed, the
concept is that the entire plant community will not be excessively used or overgrazed.
• Considerations when selecting a key species include:
− Selected only after careful evaluation of the current pattern of grazing use in the
grazing unit.
− Selected to meet the objectives and needs of the resources, livestock, and
landowner. Objectives and needs must meet NRCS planning criteria.
− Changed when the pattern of grazing use is significantly modified because of
changes in season of use, kinds or classes of grazing animals, grazing unit size,
water supplies, or other factors that affect grazing distribution.
(x) Characteristics of key species (USDA-NRCS NGLT 1997):
• Palatability – A relatively higher grazing preference is exhibited for it by the kind of
grazing animal and for the planned season of use than for associated species in the key
grazing area. Very palatable plants that have a negligible production potential should
not be selected as key species, except as needed to meet management objectives or
resource goals, like restoring a missing functional group in a plant community or
ensuring that important species remain in a riparian area.
• Provides more than 15 percent of the readily available forage in the key grazing area.
A species providing less than 15 percent of the available forage can be selected as the
key species if it has a potential for greater production, like a species that should be
more dominant but has been “grazed out” or is critical to the needs of the specified
grazing animals [15 percent is a statistical result from research on pastures (USDANRCS NGLT 1997)]. A choice browse species on deer winter range or in a riparian
area are examples of such a species. Selection of this kind of species usually
necessitates a change in management such as a reduction in the stocking rate, timing
or season of use, or duration and intensity of use. Additional measures may be needed
to facilitate an increase in the desired species.
• Is consistent with the management objectives for the plant community. If the objective
is to maintain or improve the plant community to a near-reference state, the key
species should be one that is a major component of the reference state or community
phases within the reference state. For more on reference states and community phases
in ecological site descriptions, see Subpart B of this handbook.
• Is a perennial except where the grazing land is managed specifically for annual
vegetation or where the grazing unit has only annual species or a mixture of annuals of
good forage value and perennial species of little or no grazing value.
(xi) Key species should be selected in consultation with the land manager or decisionmaker
who should be involved in choosing the key grazing area and evaluating the present plant
community. This will help them in determining the kind of plant community that will be
the goal of the operation and management, thinking about the kinds and classes of
grazing animals and the season of use, and evaluating the factors affecting grazing
distribution. Figure F-6 shows NRCS working with a landowner on a key grazing area.
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Figure F-6. Virginia NRCS staff assisting cooperator at a key grazing area. Photo credit: Jeff
Vanuga.

(xii) Defining proper degree of grazing use for key species
• The objective of grazing management is to maintain or develop the kind of plant
community within the capability of the land that meets the goals of the land manager
or decisionmaker. The trend, similarity index, and rangeland health of the rangeland
ecological site are important to understand. Attaining a specified degree of use of key
plant species in key areas is not an objective. The degree of use specified for key
species is a planning tool and guideline or reference point by which the health of the
plant community can be evaluated.
• The following should be considered in defining degree of grazing use:
− Specifications for the degree of use of forage and browse species should be based
on local experience of the conservationist and rancher and on the best available
appropriate research data. Research and experience indicate that the amount of use
that plants can tolerate varies greatly according to the kind of plant, season of use,
soil, climate, recent weather conditions, vigor of the plants, and amount of use to
which competing species are subjected. NRCS State supplemental guidance and
Land Grant University publications are good sources for State-specific information.
− If a grazing unit is grazed mainly during the dormant season, use may be greater
than during the growing season, before damage to the plant occurs. However,
considerations should be made to ensure that enough residual amounts remain to
protect the soil surface from erosion and protect the plant crown from temperature
fluctuations, including providing thermal protection and increase the potential for
plant cover to catch and intercept precipitation and snow (Beckman 2021).
− The planned or allowable degree of use for browse species differs from grass
species. The degree of use applies only to the annual growth of twigs and leaves
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−

−

−

−

−
−

−

−

within reach of animals. If deciduous browse species are used during the dormant
season, the degree of use suggested applies to the annual twig growth.
A significantly greater percentage of annual growth can be safely removed from
many native plants if pastures are grazed at high intensity for short periods and
completely rested for longer periods. This is particularly true if all plants growing in
association are harvested somewhat equally. Extreme care must be exercised in
applying such grazing management to ensure that vegetation and conditions are
similar to those for which specifications are being established. Temporary heavy use
must be compatible with the management objectives and must not contribute to site
deterioration.
If grazing units contain significant amounts of both warm- and cool-season forage
plants, key species need to be changed when the grazing season and grazing periods
are during that species’ usage preference or growing season (warm or cool season).
Key grazing areas may also need to be changed to areas where those species are
present.
If two or more kinds of animals make significant use of a grazing unit, and their
forage preference or grazing patterns differ, specifications for season of use and
proper grazing use should be determined for each kind of animal. This includes
selecting appropriate key grazing areas and key species, as needed.
The degree of use for most grazing units is expressed as the percentage removal, by
weight, of the key species in the key grazing area(s). Estimates of the percentage
removal are based on the total production of the key grazing plants for the growing
season.
The degree of use on annual ranges of the Mediterranean-type climatic zone can be
expressed in pounds of current growth left as residue (Bartolome et al. 2020).
For certain perennial plant communities, the appropriate degree of use can also be
expressed in pounds per acre of annual growth residual remaining at the end of the
grazing season if:
-- The plant community is dominated by a single plant species of high forage
value that is uniformly distributed in the grazing unit.
-- The management objective is to perpetuate that species as dominant.
-- The resulting cover provides adequate soil and moisture protection.
-- Research or reliable data based on local experience are available for guidance.
The amount of growth left on a perennial plant – not the amount removed – is
important for the plant to function within its community. During an unfavorable
growing season, a weakened plant may be severely damaged by use that would not
otherwise adversely affect it during a normal or favorable growing season. Under
these conditions, the residue procedure (above) can be applied. In many plant
communities, however, species are neither equally abundant nor uniformly
distributed, and they do not have the same ecological status. Thus, a specification
based on weight per acre would be impractical. Supporting grazing use
specifications are better suited to indicate the percentage of annual growth that can
be removed from the key plant species in key grazing areas.
The Percent Use of Grazing Species form (see Subpart E, figure E-23) is useful for
recording planned utilization specifications for key species in key grazing areas.
Data concerning actual grazing use for future comparisons can also be recorded.
Methods for determining the degree of utilization of key plants are described in
Subpart E, 645.0502.
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(7) Degree of grazing use as related to stocking rates
(i) Because of fluctuations in forage production or loss of forage other than by grazing use,
arbitrarily assigning a stocking rate at the beginning of a grazing period does not ensure a
specific degree of use. If the specified degree of use is to be reached and trend
satisfactorily maintained, stocking rates must be adjusted as the amount of available
forage fluctuates.
(ii) When determining initial stocking rates, grazing distribution characteristics of the
individual grazing unit must be considered. For example, a Stony Hills Range Site has
steep areas adjacent to a relatively level Loamy Upland Range Site. The site generally
receives less grazing use by cattle than the Loamy Upland Range Site due to the added
energy cattle must exert grazing on the steeper slope areas. The Stony Hills Range Site
may produce enough forage to permit a stocking rate of two acres per animal unit per
month when it is the only site in a grazing unit. Its grazing use, however, is generally
substantially less, in the example just described, by the time the Loamy Upland Range
Site has been properly used. The reverse may be true if the grazing animal is sheep or
goats. Therefore, initial stocking rates for a grazing unit should not be based directly on
the initial stocking rate guides without a careful onsite evaluation of factors affecting
grazing use of the entire grazing unit and the types of livestock that will be using those
grazing units.
(iii) Many methods are used to determine the initial stocking rate within a grazing unit. Often
the past stocking history and the trend of the plant community are the best indicators of a
proper stocking rate. New software programs can help calculate stocking rates when
information like soils, plant community species and production, distance to water, slope,
and other topographic information is known. For example, the NRCS Grazing land
Resource Analysis System (GRAS) is a grazing management planning tool within
Conservation Desktop to assist NRCS personnel in developing conservation treatment
alternatives for land units where grazing or browsing occur. GRAS is a national grazing
management tool integrated into the agency enterprise system. It leverages existing client
geospatial and attribute information and provides consistency across the agency in
developing forage animal balance reports.
(iv) GRAS further supports the development of grazing plan components required for the
conservation practice of grazing, CPS-528, and assists in the inventory and analysis of
grazing lands, leading to the development of forage animal balance between animal
demand and forage and roughage supply. This information provides documentation
addressing the resource concern – inadequate feed and forage. Advanced features of
GRAS will be included to assist clients who desire a more detailed forage and livestock
inventory. See also Stocking Rate and Forage Value Rating Worksheet, directions and
examples (figures F-7 and F-8).
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Figure F-7. Stocking Rate and Forage Value Rating Worksheet
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Instructions for Stocking Rate Based on Preference and Forage Value Rating.
This is a method to determine stocking rate based on consumption of forage allocated by preference of animal
species. When wildlife are on the site, allocate feed to them first. Livestock stocking rate is based on the
remaining forage. If more than one wildlife species is present, allocate to the larger animal first, then to the next
smaller wildlife species. The remaining forage is then allocated to livestock. If more than one type of livestock is
on the site, allocate feed to the larger animal first, then the smaller. This ensures that the area will not be
overstocked with a combination of wildlife and livestock.
1. Record the name of the site being inventoried.
2. Record the management unit number.
3. Record the acreage of the area represented by the plant community being evaluated.
4. Record the date of the inventory.
5. Record the name of the client.
6. Record the field office name.
7. Record the name or initials of the person providing the technical assistance.
8. Record the canopy of the overstory of woody species.
9. Determine the present plant community composition by weight, then calculate the percentage composition.
The composition is based on the forage within reach of the animal, normally below 4 ½ feet.
10. Compute the potential pounds consumed by multiplying the harvest efficiency times the pounds per acre of
each plant listed in the community. Use the following harvest efficiencies:
11. Preferred =35%, Desirable= 25%, and Undesirable= 15%. Place the pounds consumed under the proper
preference heading.
12. Total the pounds harvested for each preference heading. Then sum the production for total forage
consumed.
13. Compute the AUM/AC by dividing the total forage consumed by 790 (the pounds allocated to an AUM).
14. Determine the AC/AU by dividing 12 by the AUM/AC.
15. Compute the forage value rating by determining the percent preferred, desirable and undesirable for the
animal. Compare the percent preferred and desirable to the following table to determine the forage value
rating.
Very high
50% P + D = 90%
High
30% P + D = 60%
Moderate
10% P + D = 30%
Low
Less than 10 P
16. Compute AUM/AC and AC/AU and the forage value rating for the other animals following the above
guidance. (Steps 10 through 14).
17. Compute the pounds per acre consumed by the different wildlife species presently on this site.
Example:
If site has one deer per 15 acres, divide 9,490 pounds (amount of forage allocated to an Animal Unit
Year) by 15 = 632.6 pounds per acre total forage consumed by one AU of deer. Five Deer = one AU in
this case. Divide 632.6 by 5 deer = 126.5 pound of forage per acre consumed by deer.
Or
9,490 divided by 5 deer = 1,898 pounds of forage consumed by one deer. 1,898 divided by 15 acres =
126.5 pounds per acre of forage consumed by deer when there is one deer per 15 acres.
18. Compute the forage consumed by wildlife (deer) by first recording the pounds consumed per acre (126.5)
in the total forage consumed line and in the deer portion of actual consumed. Then, allocate preferred,
desirable, and undesirable forages in that order until the deer are fed the computed forage consumed (126.5
pounds in example). When a forage plant is used to the maximum harvest efficiency level, then none is
available to livestock or the next smaller wildlife species. If forage is left, then the remaining amount is
allocated to the next smaller wildlife or livestock. Allocate the remaining plants to the livestock or next
smaller wildlife in the same manner.
19. Then compute the livestock and wildlife AUM/AC and AC/AU based on the new total forage consumed
for the livestock and wildlife. (Example: 48 AC/AU compared to the 35.3 AC/AU for livestock originally
computed.) If wildlife populations are greater than what the “potential” computation show is advisable,
then the plants will be overused, and then none of the wildlife plants will be available for the livestock.
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Figure F-8. Stocking Rate and Forage Value Rating Worksheet Example
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(8) Grazing Schedule (System, Strategy, Methods). A number of terms are commonly used to
describe the way a livestock manager sets up a plan to graze and rotate livestock through their
grazing units. Grazing systems vary with each operation based on climate, available plant
species, soil types, and livestock species. Some operations utilize continuous grazing or
season-long stocking where animals are in the grazing unit throughout the year or for that part
of the year during which grazing is feasible. In cases where animals are continuously in a
grazing unit, stocking rates must be carefully considered to avoid exceeding the recovery of
the plant community and causing deterioration.
(i) How each type of grazing management system works, and the advantages and
disadvantages of each type, must be understood. A land manager rarely adopts any
grazing management system exactly as it is conceptualized in a handbook or textbook.
The management that gets applied to the land is a combination of things that come closest
to achieving the needs of the resources, landowner, and livestock. The NRCS
conservationist must understand how livestock graze, the response of plants to grazing,
and how rangelands in an area are impacted by different types of grazing management.
Generally, the more extensive the grazing management, the slower the response of the
forage resource; the more intensive the grazing management, the faster the forage
response. However, risk of poor animal performance may be increased. All of these
factors must be discussed with and understood by the land manager.
(ii) A grazing schedule is a system in which two or more grazing units are alternately
deferred or rested and grazed in a planned sequence over time. The period of nongrazing
can be throughout the year or during the growing season of the key plants. Generally,
“deferment” implies a nongrazing period less than a calendar year, while “rest” implies
nongrazing for a full year or longer. The period of deferment is set for a critical period for
plant germination, establishment, growth, or other management objectives. While grazing
management is defined as the manipulation of grazing and browsing animals to
accomplish a desired result, it is a tool to balance the capture of energy by plants, the
harvest of that energy by animals, and conversion of that energy into a product that is
marketable, while maintaining or improving the natural resources. This is done primarily
by balancing the supply of forage with the demand for that forage. Such systems help to
• Maintain or accelerate improvement in vegetation and facilitate proper use of the
forage in the grazing units.
• Improve efficiency of grazing through uniform use of the grazing units.
• Stabilize the supply of forage throughout the grazing season.
• Enhance forage quality to meet livestock and wildlife needs.
• Improve the functioning of the ecological processes.
• Improve watershed protection.
• Enhance wildlife habitat.
(iii) Some grazing systems are better suited in some areas and in some operations due to
many varying factors. These factors can include forage production potential, topography,
water source availability, climate, accessibility, and availability of grazing units.
Managed grazing is designed to fit the individual operating unit and to meet the
operator's objectives, meet the conservation practice standards, and address resource
concerns. Figures F-9 and F-10, NRCS’s Grazing Schedule Worksheet, may be used in
conservation planning. Other formats are available now through many grazing software
programs.
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Figure F-9. Grazing Schedule Worksheet
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Instructions for Managed Grazing Schedule
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Enter client’s name.
Enter name of person providing technical assistance.
Enter date of technical assistance.
Enter type of livestock or wildlife enterprise.
Enter number of animal units of animals presently on land.
Enter number of animal units of animals for which the plan is being developed.
Record the kind and estimated number of grazing and browsing wildlife on the operating unit.
Record the number of the pasture or field and the pertinent information that affects the production, such as
forage suitability group, fertilization rate, harvest efficiency.
Record the acreage in the pasture or field.
Record the total AUMs available in the field or pasture for the year.
Enter the months in a manner that matches the months listing on the forage inventory, or in a manner that
best depicts the grazing period in relation to growth of forage.
Record by month the AUMs of animals scheduled to graze in each of the pastures or fields during the year.
Also record mechanical forage harvest or the allocation of forage used in any other manner.
Record the total of AUMs scheduled in the pasture or field.
Record the total for all columns.
Record notes needed to explain any part of the worksheet or information needed for follow-up evaluations.
Notes should include information about supplemental feeding plans of action in case of drought, future
adjustments, desired trends, sales or shipping dates, hunting seasons, husbandry dates, (dates of breeding
seasons), calving or lambing season, livestock working dates, type of grazing system, fertilizer rates and
dates, and other information pertinent to the operation of the grazing schedule.
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Figure F-10. Managed Grazing Schedule Worksheet
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(iv) Basic types of grazing management systems are as follow. Many others can be
developed to fit specific objectives on specific lands.
• Deferred rotation
• Season-long deferred rotation
• Rest rotation
• High intensity – Low frequency
• Short duration
• Adaptive grazing
(v) Deferred rotation grazing
• Deferred rotation is any grazing system that provides for a systematic rotation of
deferment among pastures. The time of the rest period generally changes in
succeeding years. An example of a deferred grazing system is the four-pasture, threeherd Merrill System. This system grazes three herds of livestock in four grazing units,
with one unit being deferred at all times. The number of livestock is balanced with the
available forage in all four grazing units. Each grazing unit is deferred about four
months. In this way the same grazing unit is not grazed the same time each year. This
type of system will repeat itself every four years. Figure F-11 is an example of a
deferred rotation system.
• The fifth year of this type of system is the same as the first year. Note that the actual
length of time grazed and deferred depends on the size of the grazing units, the size of
the herd, and the weather for the year. The model in Figure F-11 assumes equal size
(in terms of forage supply) for the four grazing units in the system.
Figure F-11. Deferred rotation system model example
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(vi) Season-long grazing
• In many parts of the United States, livestock cannot graze on the land the entire year.
Where snow or other related conditions prevent yearlong grazing, the concepts of the
grazing systems still apply. Figure F-12 is an example of a season-long deferred
rotation grazing scheme where the livestock can only be on the grazing land from
April through October.
• When livestock are grazed during the growing season, forage is usually at its highest
nutritional level.
• Stocking rates should consider regrowth needs of forage.
• Excessive grazing of grasses during the growing season can reduce food-producing
(photosynthesizing) parts of the plant, increase vulnerability to growing points, and
reduce food reserves and growth.
Figure F-12. Season-long rotation grazing scheme (April-October)
Mgt. unit
1
2
3
4

Jan

Mgt. unit
1
2
3
4

Jan

Mgt. unit
1
2
3
4

Jan

Mgt. unit
1
2
3
4

Jan

Feb

Feb

Feb

Feb

March

March

March

March

Year one
June
graze

April
graze

May
graze

graze
graze

graze
graze

April

May

graze
graze
graze

graze
graze
graze

April
graze
graze
graze

May
graze
graze
graze

Year three
June
graze
graze
graze

April
graze
graze

May
graze
graze

Year four
June
graze
graze

graze

graze

graze
graze
Year two
June
graze
graze
graze

July
graze
graze

Aug
graze
graze

Sept
graze
graze

Oct
graze
graze

graze

graze

graze

graze

July
graze

Aug
graze

Sept
graze

Oct
graze

graze
graze

graze
graze

graze
graze

graze
graze

July

Aug

Sept

Oct

graze
graze
graze

graze
graze
graze

graze
graze
graze

graze
graze
graze

July
graze
graze
graze

Aug
graze
graze
graze

Sept
graze
graze
graze

Oct
graze
graze
graze

Nov

Dec

Nov

Dec

Nov

Dec

Nov

Dec

graze

(vii) Rest rotation grazing
• Allows for a full year of rest from grazing for the units on a rotating basis. For
example, in year one, grazing units 2 and 4 are rested after March for over a year
before being grazed again. The grazing units receiving rest will rotate different years
through this system. See figure F-13 for the example.
• Rest rotation grazing consists of either multi-pasture, multi-herd, or multi-pasturesingle herd systems.
• Grazing units are rested or deferred to
− Restore plant vigor.
− Allow for seed development and ripening.
− Allow seedling establishment.
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− Livestock numbers should be based on the amount of forage that is produced in the
pastures that are to be grazed each year.
• Figure F-13 is a model of one example of five grazing periods in which the growing
season begins the first of April, and seed ripening occurs in July. Sequence of grazing
treatments is an entire year of grazing followed by complete rest the second growing
season. This rest period allows plants to regain vigor. During the third growing
season, the grazing unit receives a deferment until seeds of the desired plants have
ripened and then is grazed the remainder of the growing season. The fourth year is an
entire growing season of rest to allow for seedling establishment. During the fifth
growing season, grazing is deferred during the early of the growing season to further
enhance seedling establishment, and then the unit is grazed the remainder of the
growing season.
Figure F-13. Rest rotation system model example
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(viii) High intensity – low frequency grazing
• High intensity – low frequency (HILF) systems are multi-pasture systems where
livestock numbers are high, and grazing duration is short. These systems are generally
single herd systems.
• Stock density is high to extremely high. Stock density is the relationship between
number of animals and the specific unit of land being grazed at any one point in time.
This may be expressed in animal units per unit of land area (animal units at a specific
time or area of land)(Society for Range Management).
• The length of the grazing period is moderate to short, with a long rest period. Dates
for moving livestock are set by the utilization of the forage.
• Grazing units are not grazed the same time of year each year.
• Figure F-14 is an example of a model of a HILF grazing system. In HILF, the number
of grazing units and grazing capacity of each unit determine how often, if ever, the
same grazing unit is grazed during the same period of the year.
Figure F-14. HILF grazing system model example
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(ix) Short duration grazing
• Short duration grazing is similar to high intensity-low frequency except that the
length of the grazing and rest periods are both shorter for the short duration strategy.
Utilization, therefore, is less during any given grazing period. Stock densities are
high. Figure F-15 is a conceptual model of a short duration grazing system.
• In the short duration model, the pattern may never repeat itself.
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Figure F-15. Short duration grazing system model:
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(x) Adaptive grazing
• Adaptive grazing management, or sometimes referred to as outcome-based grazing,
uses current monitoring information, current precipitation data, forage production, and
grazing intensity to keep grazing animal numbers in balance with forage supplies on a
seasonal and annual basis for a particular grazing unit (Holechek et al. 2011).
• The concept of adaptive management is that the grazing strategy is adaptable and
modifiable to accommodate changing conditions to ensure that the grazing unit
condition is not adversely affected. Generally, multiple grazing units are used in this
strategy.
• Application of supporting practices for grazing management (e.g., fencing and water
development) are often necessary to facilitate necessary management changes, but
they should not be the focus of planning efforts. The emphasis should be placed on
integrating these practices with adaptive management decisions such as stocking rate,
drought resiliency, and land health goals (Briske 2011).
• The quality of grazing management is on a continuum where it is always being
evaluated for improvement. The plan should be to further the application of sound
principles improving from the benchmark. Understanding these principles is central
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for adaptive management. See Subpart E of this handbook for information on
evaluating grazing management.
• Adaptive management requires constant vigilance with observation and analysis of
ecological, economic, and logistic components of a ranching operation being flexible
with objectives (actions), having a variety of choices available, and having clearly
defined priorities and goals for conservation outcomes. Focused monitoring of
ecological variables is crucial for adaptive grazing management (Briske 2011).
• Adaptive management allows for continual progress towards conservation goals.
Rigid application of any “grazing system” will rarely be successful (Briske 2011), but
adaptive grazing management allows incremental improvements to be rapidly applied.
For example:
− Basing grazing timing decisions on phenological growth stages to manage invasive
annual grasses (Smith et al. 2012).
− Assessing plant recovery from grazing (and readiness for grazing) based on
phenological growth stages of perennial grasses (Grissom 2013).
− Establishing a “forage bank” or stockpiling forage, in concert with patch burning, to
increase drought resiliency and forage quality (Spiess et al. 2020).
− Strengthening important forage plants in riparian areas with only short periods of
use or moderate intensity use during the growing season, providing sufficient
growing season recovery before next use, and grazing at a different time from one
year to the next, with annual and seasonal decisions based on riparian vegetation
monitoring (Swanson et al 2015).
B. Managing grazed woodlands
(1) Principles of woodland grazing
(i) Managing a wooded area to produce forage for livestock, desired wildlife habitat, quality
water, quality fisheries, wood products, and many other desired outcomes requires an
understanding of the wooded ecosystem and how it responds to the manager’s decisions.
(ii) Not all sites capable of growing trees and forages are suitable for silvopasture
establishment and management. Establishing these systems requires significant
investments that need to be compensated with sufficient productive outputs. Marginal
sites may be limited in productivity and may be more susceptible to negative grazing
impacts, reducing production over time (Chedzoy et al. 2022).
(iii) Grazeable woodlands include grazed forests, silvopasture, and wooded lots used for
holding livestock.
(2) Forest grazing (as depicted in figure F-16) is based on the ecological principles that drive a
natural system to move toward or maintain a desired ecological site.
(i) Typical management practices may include (but are not limited to) grazing deferments
based on selected forage and browse availability, prescribed fire, forest improvement that
drives the forest ecologically toward a desired outcome, herbivory that doesn’t detract
from the desired natural regeneration or ecological site needs, biological or chemical
brush management, and livestock grazing intensity based on key forage plant preferences
for the grazing season.
(ii) The desired plants are only grazed to the degree that still allows for them to have the
desired dominance level in the plant community. Forage preference values are currently
derived from manager’s experience, the USDA Ecological Site Information System (for
some sites), or Extension Service experience and documentation (Brantly 2014).
(iii) Some forest ecosystems managed for forest products have limited capabilities for
livestock grazing. Livestock grazing can cause detrimental effects, such as reduced
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regeneration of desired native woody and herbaceous species, merchantable tree damage,
altered hydrology, adverse soil compaction, or soil erosion on steep, highly erodible sites.
(iv) With good management, the native or naturalized plant community is strategically
grazed and browsed when the canopy is more open, with adequate light reaching the
forest floor (Brantly 2014).
Figure F-16. Forest Grazing (Brantly 2014)

(v) In most forests, solar energy is the major ecological component affected in the
management process. Solar energy is intercepted by the canopy of the tallest trees (figure
F-17). This reduces solar energy as it penetrates to the next vegetation layer, the midstory
of woody plants, or grasses and forbs growing on the forest floor. Managing the forest
ecosystem for the desired plant community and the desired outcomes is, in a large part,
accomplished by managing the plant populations in the different vegetation layers
(overstory, midstory, and understory) to provide the most efficient use of solar energy by
the desired plants.
(vi) As the forest matures, canopy closure reduces the understory herbaceous and shrubby
components until grazing is no longer feasible. For most ecosystems, canopy cover
exceeding 50 percent results in inadequate forage for forest grazing.
(vii) Managing forests for forage and wood products requires that the Forest Management
Plan and the Managed Grazing Plan be coordinated to produce the desired effects on the
plant community and all of the ecological components.
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Figure F-17. Manage canopy for solar infiltration. Photo Credit: Ron Nichols.

(3) Principles of silvopasture management
(i) Silvopasture is the deliberate integration of trees and grazing livestock operations on the
same land. These systems are intensively managed for both forest products and forage,
providing both short- and long-term income sources (Smith et al. 2022).
(ii) Because few individual producers or land managers have all the skills needed for
establishing and managing a silvopasture, the best approach is to build a team. The team
should include the land manager and all who are engaged in land management at the site,
such as extension agents, foresters, and technical service providers (from the NRCS,
conservation districts, or land management agencies), as well as those who routinely
perform tasks on the farm or ranch, such as companies or professionals who spread
fertilizer or spray chemicals (Chedzoy et al. 2022).
(iii) Silvopastures are most commonly created either by planting trees into pastures or
thinning stands of trees and planting or encouraging forage. However, silvopasture can
also be established in existing orchards or savannas. The addition of cross and boundary
fencing and water infrastructure is usually a part of establishment. Regardless,
silvopasture managers coordinate tree thinning and pruning practices to modify the
canopy density in ways that complement sustained forage production throughout the
majority of the rotation and meet the needs of canopy species.
(iv) Silvopasture systems are intensively managed and therefore require regular and
consistent monitoring. A producer must understand each of the three components: trees,
forage, and livestock, and how they interact to be successful (USDA-NAC 2008).
Successful rotational or management intensive grazing is generally considered a
prerequisite to silvopasture management. Smith et al. (2022) found that 98 percent of
silvopasture adopters use rotational or management intensive grazing.
(v) Silvopasture management (as depicted in figure F-18) is based on the agronomic and
forestry principles used to profitably produce and harvest forage and forest products,
guided by the limitations and potential of the land. Typical management practices may
include (but are not limited to) soil amendment applications (usually fertilizer and lime),
pasture renovations, rotational grazing management based on total forage production,
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targeted grazing by livestock that will help control woody seedling and sampling
regeneration, chemical and mechanical weed management, tree pruning, hay harvest, tree
protection, and forest thinning for proper canopy management (Smith et al. 2022).
Figure F-18. Silvopasture (USDA-NAC 2013)

(vi) Tree species are often selected that have an economic potential and meet forage light
requirements. However, tree species selection may be driven by other management
objectives, such as wildlife habitat. Forages are selected that thrive in the range of
sunlight penetration that is anticipated with the given canopy management and are
typically introduced or native pasture grasses and nitrogen fixing legumes (USDA-NAC
2008).
(vii) Livestock benefit in silvopasture systems from shade and reduced heat stress, which
improves animal performance and well-being (Smith et al. 2022).
(viii) Wildlife habitat and populations of many wildlife species often increase with the
addition of agroforestry systems in urban and agricultural areas (Mason et al. 2014).
(ix) Most silvopastures are used in rotation with open or more traditional pastures.
Approximately 96 percent of silvopasture practitioners use a combination of both
silvopastures and open pastures in rotation (Smith et al. 2022).
(x) Silvopasture requires that forest management, pasture management, and grazing
management be coordinated and conducted together to ensure the production of multiple,
harvestable components (Brantly 2014). See figure F-19 for a summary of primary
effects of silvopastures (Smith et al. 2022). See Conservation Practice 381-Silvopasture
for more information on establishment or management of desired trees and forages on the
same land unit.
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Figure F-19. Summary of primary effects of silvopastures (Smith et al. 2022).
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(4) Turning livestock into the woods (Brantly 2014).
(i) Using wooded areas for supplemental grazing units (as depicted in figure F-20) is usually
based on the need for additional forage or browse, to rest other pastures, and sometimes
just the need to reduce environmental stress on animals. Livestock managers may choose
to utilize woodlots or forests as loafing lots for animals that simply need some place to be
for a short while.
Figure F-20. Turning Livestock into the Woods (Brantly 2014)

(ii) They may also choose to turn livestock into the woods for short durations to help control
invasive plants.
(iii) These areas can sometimes provide temporary shade, winter and wind protection, or
low-quality roughage for dry cows.
(iv) Depending on the geographical region, the species and stage of tree maturity, and soil
characteristics, a forest may recover adequately from a single temporary grazing period.
However, when a relatively large number of cattle have uncontrolled access to forest for
long periods of time, production of wood products and forest attributes will almost
always degrade.
(5) Management of the overstory
(i) Ecological site descriptions for forest land are housed in the Ecosystem Dynamics
Interpretive Tool (EDIT) at https://edit.jornada.nmsu.edu/. They provide information for
each forestland ecological sites where they are developed. At this time, not all Forest
ESDs are complete. Completed forest land ecological sites contain a description of the
overstory canopy composition classes that are on the site. Plant species adapted to the site
and the amount of sunlight that penetrates to the ground level are listed for each canopy
class. The description of the understory composition includes the production (in pounds)
of each plant or groups of plants and the total production for the canopy class.
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(ii) Where forest ESDs are not developed, alternative information can be found in older
woodland site descriptions, NRCS State Technical Notes, Land Grant publications, and
from other forestry agencies. See Cornell University Silvopasture documents at
https://blogs.cornell.edu/ccednrpublications/agroforestry-silvopasture/.
(iii) As canopy closes from totally open to totally closed (figure F-21, a southeast forest site),
the understory species changes from shade-intolerant to more shade tolerant to very little
understory vegetation. The gradual elimination of sunlight penetration leads to species
composition changes and reduced forage production.
Figure F-21. Canopy classes in a southeast forest site

(iv) Management of the overstory canopy is essential to the desired production of forage and
understory species. The mid-density of forest canopy of 21–35 percent and 36–55 percent
(figure F-20) produce a mixture of the shade tolerant and shade intolerant plants, and in
many instances can be managed to meet forest management objectives.
(v) For example, in some southern pine forests the practice of periodic thinning on a 5- to 6year rotation can help maintain the desired canopy opening of trees to meet forest
management objectives. This canopy allows substantial forage production for livestock
and wildlife (figure F-22) This periodic thinning is continued until the forest matures. At
that time, the forest is clear-cut and allowed to regenerate, or it is replanted to the desired
tree species. The forage and browse production are usually excellent until the canopy of
the regenerated or planted trees closes at about 10 years. Very little understory will be
produced for about five years. The first thinning occurs when the stand has grown for 15
years. This starts the maintenance of the 35 to 55 percent overstory to meet forest
management objectives and allows substantial understory forage production.
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Figure F-22. Example forage production clear-cut for natural regeneration with periodic thinning

(vi) If, in the above example, the periodic cutting cycles are not made, the canopy will
completely close and shade out the understory. Forage production will be limited, and the
wildlife habitat for grazing or browsing wildlife will be undesirable (figure F-23). Pulp
wood rotations, where plantings are made and not thinned until they are fully harvested,
are examples of this type of management. Many privately owned forests are not managed
due to a lack of understanding of forest management, grazing management, or other
factors. This causes a canopy closure with the same results.
Figure F-23. Forage production clear-cut or natural regeneration with periodic thinning (compared
to clear-cut or natural regeneration with no thinning).
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(6) Management of the midstory
(i) Many forests develop a midstory canopy that can completely shade the ground level
understory (figure F-24). Even if the overstory is managed to maintain the desired
canopy, a midstory can severely reduce the amount of sunlight reaching the ground level.
The effects are the same as if the overstory is closed. The understory species composition
changes to shade tolerant, and eventually forage production is severely reduced.
(ii) In this case, if understory production is desired, the manager must reduce the midstory. In
some cases, prescribed burning can be used to control the midstory species. In other
cases, forest stand improvement should be planned to manage the midstory to achieve the
desired canopy density.
Figure F-24. Example forage production clear-cut or natural regeneration with periodic thinning
(effects of hardwood midstory).

(7) Management of the understory
(i) The understory is made up of grasses, forbs, legumes, sedges, vines, shrubs, bryophytes,
and lichens. When the overstory and the midstory are managed to allow the desired
amount of light to reach the forest floor, a plant community develops that is adapted and
supported by the amount of available light, water, and nutrients available on the site.
(ii) Livestock and wildlife graze their preferred plant species. If livestock are stocked too
heavily, they overgraze the desired species. These species become weakened and
possibly eliminated, while the less-preferred species increase in percentage composition.
If the process is continued, both the preferred and secondary plant species will be
severely reduced and replaced with nonpreferred species (figures F-25 and F-26).
(iii) To correct this grazing management problem, managed grazing must be applied with
facilitating practices, like mechanical treatments such as mowing, firebreaks, fences,
ponds, wells, pipelines, and troughs. Other practices, such as trails, walkways, and roads,
may be needed. Sometimes a planting practice may be needed to provide a seed source of
the desirable species.
(iv) Each conservation plan must be tailored to meet the needs of the soil, water, air, plants
and animals, and objectives of the landowner.
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Figure F-25. Example plant community response to grazing management (36 to 55% canopy).

Figure F-26. Forage production clear-cut or natural regeneration with periodic thinning (very high
forage value rating vs. low forage value rating).

(v) Figure F-27 is an example of a southern pine forest plan developed for a 50-year forest
stand rotation, livestock production, and improved wildlife habitat.
(vi) Example F-1 describes a plan for a southern pine forest. Every 5th year, thin pastures as
needed. In one pasture (1/11) clear-cut and plant or harvest to seed trees.
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Figure F-27. Clear-cut or natural regeneration using a 55-year cutting cycle.

Diagram Legend: Fence=

Watering facility=

Livestock water pipeline=

Example F-1. Plan for southern pine forest (refer to figure F-27)
1.
2.

3.
4.
5.
6.

7.
8.

Divide into 11 equal units. Eleven units allow the 50-year forest management cycle to have one unit
cut every 5 years and replanted.
Install 30-foot-wide fertilized green firebreaks between units (20 acres per section in example). These
also serve as roads for managing forest and livestock and for harvesting trees, clearing for fence lines,
trails for livestock distribution, and wildlife habitat.
Install a 1- or 2-wire electric fence along each firebreak.
Install livestock water in each grazing unit.
Thin forest stands every 5 years in all units except those recently planted. First thinning will be at year
15.
Clear-cut and plant, or harvest to seed trees, one unit every 5 years. Rest new plantings as needed. Seed
to native grasses, legumes, and forbs if a seed source is needed for establishment. (Severely overgrazed or old cropland fields may need a seed source).
Prescribe burn established stands on a 4-year cycle.
Rotate one herd of livestock through the grazeable units to meet the needs of the pine, forage plants,
wildlife, and livestock.

(8) Western native forest lands
(i) Some western forests have naturally open or savanna-like aspects with highly productive
understory plant communities. Others naturally develop dense canopies that eliminate
nearly all understory vegetation. Savanna forest overstories are typically managed by
removing a few trees for forest products on a periodic basis, while managing the
understory community for wildlife habitat and forage.
(ii) Dense forest lands develop understory vegetation when the stand is thinned or clear-cut
to allow sufficient light for understory vegetation or after a wildfire. After a fire, forests
reseed or naturally regenerate allowing the plant community to transition back to dense
forest. The 10- to 20-year transition period provides forage for livestock and wildlife.
Forest management may involve periodical thinning or clear-cutting and varies based on
species, markets, and landowner objectives. This ensures that a stable transitory forage
resource is available for wildlife and livestock on the operation.
(iii) Conservation planning activities must consider both the forest resource and the wildlife
and forage resources available to the landowner. Close coordination is needed to optimize
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the economic gain from these resources while protecting the ecological integrity and
diversity of the management area.
(iv) Managing grazed forest lands for multiple benefits
• Many native forest lands in the Western United States provide forest products, forage
for livestock, wildlife habitat, sustained summer stream flows, and clean water.
Careful resource management is required to ensure a proper balance is achieved and
that multiple resource values are sustained.
• Grazed forest lands range from high mountain spruce-fir ecosystems, to Douglas fir
stands at middle elevations, to the dryer savanna-like mixed fir-pine and pure pine
sites.
• An example of a typical grazed forest land ecosystem in the Western United States is a
ponderosa pine, bitterbrush, Idaho fescue ecological site. This site is dominated by an
overstory of ponderosa pine. Site indices (SI) can range from a low of less than 40 to
more than 120. Forest products are harvested using uneven-aged management
techniques. Trees are thinned from the stand based on the landowner’s forest
management plan and objectives. Younger trees get increased sunlight allowing them
to rapidly grow and replace the thinned trees.
• Fire plays an important role in this community by periodically thinning some younger
trees while causing little damage to the older ones because of their insulated, fireresistant bark. This creates an open, savanna-like community, creating some of the
most productive wildlife areas in the country, especially during the winter and spring.
• Understory vegetation is dominated by Idaho fescue and antelope bitterbrush. These
species provide excellent forage and browse for deer and elk, as well as domestic
cattle and sheep. Production in the understory is directly related to the density of the
overstory tree canopy.
• Even though fire plays an important role and is a natural part of these communities,
people have aggressively suppressed fire, causing major changes in the structure and
health of many of these forest communities. Dog-hair thickets of young ponderosa
pine, or forests where the trees have grown extremely thin and close together, now
occupy the middle canopy layer, effectively shading out the understory vegetation
while creating the potential for catastrophic, stand-replacing crown fires (figure F-28).
See Subpart J Prescribed Burning in this handbook for more information on fire.
Figure F-28. Dog-hair thicket ponderosa pine stand burned in the Los Alamos wildfire in New
Mexico.
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• Management of these communities requires a knowledge of both the forest resource
and the understory grazing resource. Forests may be thinned periodically while
routinely harvesting the forage for the production of food and fiber through livestock
grazing.
• The first step in managing the forest resource on a site is to develop a forest
management plan that includes an inventory of the forest stands and a determination
of the growth potential or Site Index (SI) for each stand. A rule-of-thumb for stand
management is as follows:
− SI > 100 – Thin trees to a D+3 to D+6 spacing. Remove trees as part of this thinning
when feasible.
− SI 80 to 100 – Thin trees to a D+5 to D+8 spacing. Remove trees as part of this
thinning when feasible.
− SI < 80 – Thin trees to a D+6 to D+9 spacing. Remove trees as part of this thinning
when feasible.
• For optimum grazing in these stands, add one or two feet to the spacing.
• The D+ spacing is determined by measuring the diameter at breast height of each
leave tree, then converting this number to feet and adding the + factor to establish total
spacing for each individual tree’s optimum growth. Select the next leave tree at the
perimeter of this thinned area and repeat the process. As forest products are removed
from the stand, additional thinning may be necessary to keep the stand well managed.
Priority should be given for the removal of deformed and diseased trees during the
thinning process.
• Grazing management of the understory vegetation follows the same principles as for
rangeland management. A grazing management plan should be developed for each
grazing unit. Managed grazing is the National Conservation Practice Standard (528) to
be followed when designing practices for grazed forest lands.
• Wildlife use in these areas is often significant, and available forage must be allocated
accordingly. Grazing plans should also take into account critical habitat requirements
for threatened and endangered species and species of concern and consider significant
life cycle events for wildlife life fawning and nesting areas and dates.
(9) Inventorying forage on grazed forests
(i) As described above, the amount and nature of the understory vegetation in forest are
highly responsive to the amount and duration of shade provided by the overstory and
midstory canopy. Significant changes in kinds and abundance of plants occur as the
canopy changes – sometimes regardless of grazing use. Some changes occur slowly and
gradually as a result of normal changes in tree size and spacing. Other changes occur
dramatically and quickly, following intensive woodland harvest, thinning, or fire.
However, significant changes can result from grazing use, and the understory can often
be extensively modified positively or negatively through the manipulation of grazing
animals.
(ii) Currently, the forest site descriptions in EDIT contain sections describing the forest
overstory and understory, the canopy structure, ground cover, and soil surface cover; but
typically, the total production of the site in pounds per acre is not available. In the past,
woodland and forest sites contained information on forage value ratings. Some of those
site descriptions may still be in circulation, so a description on how to use forage value
rating is being retained in this version of the handbook for reference. Forage value ratings
of grazeable forest are not an ecological evaluation of the understory. If a forage value
rating table is available, it is a rating of potential utilization of the existing forage value of
a specific tract of grazeable forest for specific livestock or wildlife. The landowner or
manager needs to understand the current species composition and production in relation
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to their desired use of the land by specific animals. Table 5 in part 450.53 shows diet type
by animal species. Also, many grass identification books, State technical notes, and Land
Grant University publications may have forage value ratings and diet preference ratings
by livestock class.
(ii) Procedure for determining forage value rating
• Forage value ratings are to be based on the percentage, by air-dry weight, of the
existing understory plant community (below 4.5 feet) made up of preferred and
desirable plant species. Four value ratings are recognized:
Forage value rating

Minimum percentage

Very high
High
Moderate
Low

50 preferred + desirable = 90
30 preferred + desirable = 60
10 preferred + desirable = 30
Less than 10 preferred

•

Introduced species should be rated according to their preference by the animal
species of concern and included in the determination of forage value rating. See
Worksheet for Determining Forage Value Rating and example (figures F-29 and F30).
• The production of understory plants can vary greatly, even within the same canopy
class. Therefore, if the forage value rating obtained by considering only the
percentage of preferred plants is very high or high, but the production is less than that
expected for the existing canopy, reduce the final forage value rating one or more
classes to reflect the correct value.
(10) Conclusions
(i) Before implementing silvopasture, forest grazing, or turning livestock into the woods,
consider the site’s topographical and site features that may limit its suitability. Features
such as soils, slopes, and invasive and toxic plants should be assessed.
(ii) Pastures and woods are commonly associated with sub-prime soils. However, these soils
can normally support adequate tree and forage growth under intensive rotational grazing
(Chedzoy et al. 2022).
(iii) Avoid areas that have highly erosive or compaction-prone soil types, especially with
excessive slope or frequent saturation (Chedzoy et al. 2022).
(iv) Grazing on slopes that have other factors such as gullies, springs, and poor paddock
designs can contribute to unacceptable levels of erosion and site degradation (Chedzoy et
al. 2022).
(v) In many locations that are suitable for woodland silvopasture, the starting condition is
associated with agricultural abandonment, fire suppression, or historical overharvesting,
and often exhibits an understory rife with invasive and nuisance species (Chedzoy et al.
2022).
(vi) Consider the potential for livestock poisoning when livestock enter a new foraging area.
In addition to poisonous plants that animals may know to avoid in open pastures, there
may be poisonous plants that occur predominantly in the forested portion of the
landscape, such as bracken fern, hemlock, chokecherry, plants of the nightshade family,
acorns (seasonal), snakeroot, black cherry and black locust. In addition to these plants,
also be on the lookout for oleander, coral ardesia, coffee senna, marsh marigold,
mountain laurel, and sheep laurel in the south and eastern parts of the country. The
western forested areas have milkvetch, ponderosa pine needles, spring parsley, tansey
ragwort, and some lupines that possess toxic properties. There are numerous other toxic
plants that livestock may encounter. Other toxic plants that livestock consume in wooded
areas may suddenly become toxic after an environmental event, such as wilted cherry
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leaves on broken branches after a windstorm. Livestock producers should always become
familiar with potentially dangerous flora throughout the wooded areas (Brantly 2014).
Most States’ Land Grant universities have poisonous plant guides specific to that State.
Here are a few online references for commonly found poisonous plants:
• https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_022478.pdf
• https://www.ars.usda.gov/is/np/poisonousplants/poisonousplants.pdf
• https://extension.missouri.edu/publications/g4970
(vii) In addition to these livestock considerations, the impact that grazing management will
have on the plant, soil, and water components of the ecosystem should be evaluated.
Some ecological sites are highly productive and extremely resilient when impacted by
disturbances such as intensive grazing, mechanical brush control, or even tillage. While
other ecological sites can be fragile, sensitive to disturbances, they may never recover
from even light grazing, or prescribed fire (Brantly 2014).
(viii) The nine steps of conservation planning should be used to manage forest grazing,
silvopasture, and turning livestock into the woods systems. See Subpart D of this
handbook for more information on conservation planning.
Figure F-29. Determining Forage Composition and Value Rating worksheet

(190-645-H, June 2022)
645-F.42

Title 190 – National Range and Pasture Handbook

Instructions for Worksheet for Determining Forage Composition and Value Rating
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Record the name of the site that you are inventorying.
Record the management unit number.
Record the date of the inventory.
Record the name of the client.
Record the field office name.
Record the name or initials of the person providing the technical assistance.
Record the canopy of the overstory of woody species.
Record the plant species inventoried on the site.
Record the weight of each species in pounds per acre.
Record the percentage composition for each species.
Record the animal for which you are computing the forage value rating.
For each plant species, list the forage value (preferred or desirable) for the animal of concern.
For the plant species rated as preferred, list the percentage composition found in the present composition.
(See item 10).
14. For the plant species rated as desirable, list the percentage composition found in the present composition.
(See item 10).
15. Record the total weight in pounds per acre of the plants inventoried.
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16.
17.
18.
19.
20.

Record 100%.
Record the total percentage of the preferred plants.
Record the total percentage of the desirable plants.
Record the forage value rating for each animal as calculated using the chart provided.
Record the direction of plant community movement in relation to the desired plant community for each of the
animals of concern. Is the forage value rating improving, not detectable, or moving away from the desired
plant community for the animal of concern?
21. Record the total estimated yield for a very high value rating for livestock as a point of reference. This data
should be recorded in the ecological site description for rangeland or forest land.
22. Identify the key grazing plant for each animal of concern.
23. Record the estimated safe starting stocking rate for the site. This may be taken from the ecological site
description or calculated based on the production of preferred and desirable species.
Example: Cattle
500 pounds preferred times 35% harvest efficiency = 175 pounds
200 pounds desirable times 25% harvest efficiency = 50 pounds
Total harvested = 225 pounds
9,490 (pounds in AUY) divided by 225 pounds = 42 acres required per animal unit of cattle.
24. Record notes needed to ensure understanding of inventory.
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Figure F-30. Determining Forage Composition and Value Rating worksheet example.
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C. Managing naturalized or native pasture
(1) Naturalized or native pasture is cleared, converted, past cultivation, “old-field” or “go-back
land.” It is forestland and cropland that primarily contain introduced species that are largely
adapted and have become established without agronomic and cultural inputs, persist under the
current conditions of the local environment, and are stable over long time periods. In the case
of forest land, the land was forest originally but is now being managed primarily for the
production of forage rather than the production of wood products. It is managed with only the
application of grazing management principles. The absence of the application of fertilizer,
lime, and other agronomic type practices distinguish this land use from pasture.
(2) Because naturalized pasture was forest in its natural state, it will naturally evolve back to a
forest-dominated plant community without management. For the site to be maintained as
naturalized pasture, a form of brush management (CPS 314) is normally planned to suppress
the tree and shrub component of the site. Prescribed burning and brush control using
mechanical, herbicide, or biological brush need to be planned, designed, and applied to create
the desired plant community to meet the resource criteria.
(3) Managed grazing is planned to meet the needs of the plant community, livestock, and wildlife
of concern. The grazing management principles applicable to grazed range and pasture are
applicable to naturalized pasture. The managed grazing plan must address solving all of the
resource problems and concerns identified in the inventory and problem identification
process, especially when livestock or wildlife are contributing to the concern.
(4) Range planting (CPS 550) is typically the conservation seeding practice to use on native
grazing lands and may be needed to establish the desired plant community when a seed
source of the desired species is not evident. Facilitating practices are planned as needed, such
as firebreaks, fences, and livestock water development practices.
(5) NRCS assists cooperators to understand the ecology of their naturalized or native pasture.
They assist them in inventorying and evaluating the naturalized pasture productivity and in
determining the suitability of present and potential vegetation for the appropriate needs and
uses. Where Forest Ecological Site Descriptions are developed, they are to be used as the
naturalized or native pasture interpretative unit. The understory descriptions and
interpretations, as described in the Forest Ecological Site Description, provide the needed
information for inventory. Where ESDs are not developed, consult the NRCS State grazing
specialist.
(6) Ecological site descriptions can be used to provide an index for the landowner and manager
to understand the value of the present plant community in meeting the needs of their livestock
and wildlife. In some cases, where Forest ESDs are not complete, previously developed
forage value ratings from historic woodland site descriptions may be helpful when planning
on these sites.

645.0603 Managing Pasture Lands and Forage Crops
A. Considerations in managing improved pasture
(1) Pasture is harvested principally by the grazing animal; therefore, it requires being managed
differently than hayland and cropland harvests. Managing seasonal availability or distribution
of forage growth is vital to allocating enough feed to the grazing animal without wasting it or
overgrazing it.
(2) The benefits of livestock grazing standing forages are minimized loss of plant parts (no loss
compared to cutting and baling) and minimized loss of vitamins and dry matter. Livestock
can also selectively graze available forage to some degree, so managers who recognize and
adjust their management to match cycles in forage quality and quantity, and growth and
availability, can provide forages near optimum nutritional value.
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(3) Grazing also recycles most of the nutrients consumed. Excess nutrients are excreted from the
livestock through manure and urine. While these nutrients may not be evenly distributed over
the pasture, they are continually returned to the grazing unit while it is occupied by the
livestock.
(4) Grazing intensity is an important consideration and is a critical element in pasture
management. Stocking rate (animal units per unit area) is the most common animal-based
measure of grazing intensity (Thorne 2007). When combined with the amount of time
livestock are allowed access to individual pastures (grazing period), grazing intensity has the
greatest impact on forage, animal, soil, water, and wildlife responses on pastureland (Nelson
2012). Failure to achieve the proper stocking rate, and therefore the proper grazing intensity,
cannot be overcome by any other grazing strategy. Grazing intensity must be a priority in
conservation planning on pasturelands.
(i) Different forage species require different residual heights to maintain adequate leaf area
to intercept full sunlight (see individual State guidance on recommended residual grazing
heights). Forages grazed too intensely and too frequently lack adequate leaf area to
optimally capture sunlight for optimal growth. This delays regrowth and uses stored
carbohydrate reserves. If grazed too intensely and too frequently, the forage plant
becomes weaker as carbohydrate reserves are depleted. This leads to reduced productivity
and persistence, increases the percentage of bare ground, and opens the site to invasion
from intermediate and undesirable species.
(ii) Forages differ greatly in their ability to withstand intense grazing. Forages that have
growing points and some leaf area below the typical grazing height can withstand intense
grazing (e.g., bermudagrass, bahia grass, Kentucky bluegrass, white clover), and if
present in a frequently and intensely grazed pasture, will tend to be the dominant forage
species.
(iii) Spot (selective) grazing of pastures occurs when the intensity in combination with stock
density (pounds of livestock per grazing area) and length of grazing period allow the
animals to go back to previously grazed areas where the less mature (vegetative) plants
are located. They will seek out these forages because they are more palatable than earlier
refused plants. Spot grazing can occur whenever the forage supply is larger than animal
demand.
(iv) Many other factors cause the potential for spot grazing, such as plant palatability
differences. These differences can exist from species to species, within a species at stage
of growth, or from anti-quality factors and based on soil conditions impacting plant
nutrients. Spot grazing by livestock to avoid plants soiled by dung and urine is common.
Shade and steep slopes also can cause spot grazing.
(5) Timing grazing events, such that availability and nutritive value of the forage meets the
requirements of the type and class of livestock grazing, is also a consideration. Nutritive
value fluctuates throughout the growing season and is influenced by several factors (Blaser et
al. 1986). Primary among these are stage of maturity and species.
(i) As forages mature from the leafy vegetative stage of growth to the reproductive stage of
growth with higher proportions of stem and fiber, nutritive value declines (see Figure F31). See Appendix B: Relative Forage Preference of Plants for Grazing Use by Season in
Idaho for an example of State supplemental guidance on plant palatability differences by
season.
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Figure F-31. Growth stages of grasses and legumes and their effect on intake, digestibility, and dry
matter production (Blaser et al. 1986).

(ii) Species of forage influence nutritive value. Warm season forages have lower nutritive
value potential than cool season forages, and legume species have the highest overall
nutritive value potential. Grazing forages when they are in the vegetative growth stage
and incorporating legumes, to the extent possible, into the forage system will provide the
most nutritive value potential (observing the recommended residual grazing heights in
State supplemental guidance).
(iii) Often the forage’s growth curve does not dictate the forage’s grazing availability, but
rather management decisions do. For example, forages can be stockpiled. They are
allowed to grow and accumulate mass and then grazed at a later date after the growing
season has ended. Forages that retain their leaves and nutritional value are preferred for
stockpiling (e.g., tall fescue).
(iv) Crop residues can also be grazed, with their availability as the important consideration
rather than growth curves. For instance, cornstalk residue becomes available after harvest
and has a useful life of about 60 to 90 days before weathering or trampling diminishes it
as a feedstuff. This is, of course, dependent on rainfall and temperature. Low rainfall,
coupled with very cold temperatures, prolongs its nutritional quality; and decomposition
is arrested or slowed, and no mud is available to be trampled onto the residue.
(6) Understanding seasonal distribution of growth and availability of that growth is a
consideration that helps manage and allocate pasture to livestock. Planners should understand
and utilize growth curves for their regions. See figures F-32, F-33, and F-34 for example
growth curves from various regions. Note how different forages have different growth curves
for the year (i.e., warm season versus cool season production).
(i) Combining warm and cool season forages into complementary forage systems can lead to
extended grazing seasons and less reliance on stored feed.
(ii) Growth curves effectively demonstrate periods of growth. They do not, however, indicate
when the forage may be made available for grazing. It is the manager’s decision to make
the forage available.
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Figure F-32. Gulf Coast seasonal distribution of growth and availability of pasture (Ball et al 1991).

Figure F-33. Upper South seasonal distribution of growth and availability of pasture (Ball et al.
1991).
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Figure F-34. Upper Midwest seasonal distribution of growth and availability of pasture (adapted
from Undersander et al. 1991).

(7) Consideration of the site, its characteristics, and how livestock will be distributed or will
distribute themselves on the landscape, are needed. Multiple factors will impact grazing
intensity and nutrient distribution in the pasture including:
(i) Slope
(ii) Livestock water source
(iii) Shade
(iv) Barriers that affect livestock movement or behavior
(8) Generally, livestock will tend to prefer more level terrain and will minimize the amount of
time they spend on slopes if adequate forage supplies are available on level areas.
Additionally, slopes tend to be less productive, so livestock spend less time there due to
reduced forage supply. Developing management units with similar slope characteristics can
be beneficial in reducing ability of the livestock to choose what portion of the landscape they
utilize. Fencing and herding can serve to force livestock into steeper terrain, but lures such as
watering facilities, mineral supplements, and feed may also serve to attract livestock into
steeper terrain.
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(9) Livestock water sources serve as the center of grazing activity. Where they are placed in the
grazing system heavily influences grazing distribution, with livestock typically utilizing areas
closer to the watering source more heavily in both vertical and horizontal distance. The
further livestock travel to a water source, the less likely they are to utilize that area. The lack
of utilization essentially amounts to a loss in production, as the forage matures, and nutritive
value drops, or the forage goes unutilized entirely. In humid and temperate environments, it is
often recommended to keep travel distance to water between 700 to 900 feet, where possible.
See table F-6 and table F-7 for more information on slope adjustments and general distance to
water for grazing lands.
(10) In warm seasons or warm climates, shade may have more effect on livestock distribution
than location of the watering source (Nelson 2012). When the only shade in a pasture is
riparian shade, the riparian area may be overutilized with negative effects on soils, plant
communities, wildlife populations, and water quality. Therefore, managing livestock access
to riparian areas is effective in improving water quality and generally benefiting wildlife
populations (Nelson 2012). Livestock also tend to prefer natural shade to artificial shade.
(11) Each of these factors not only affects the distribution of grazing, but also the distribution of
nutrients within the pasture. Livestock return the vast majority of the nutrients that they take
in back to the pasture environment through manure and urine. It is not an even distribution of
nutrients but is usually a relocation of nutrients to areas with less slope, closer to water
sources and shade. Approximately 70–90 percent of nitrogen, phosphorus, and potassium
eaten are returned to the soil with urine, accounting for approximately 75 percent of the
nitrogen and potassium and approximately 75 percent of phosphorus in the manure (USDANRCS 2016). Developing management units with similar slope characteristics, well
distributed water sources, and taking into account utilization of shade can assist in more
evenly returning nutrients to the pasture and lowering fertility costs for the land manager.
B. Conservation practices on grazing lands
(1) Managed Grazing-Conservation Practice Standard 528.
(i) The managed grazing conservation practice is used to provide adequate nutrition to
animals, while maintaining or achieving the desired vegetative community on the grazed
site, while protecting the natural resources. It is the foundational practice on all grazed
lands.
(ii) The principal agent for vegetative manipulation is the grazing animal. If the controlled
stocking of grazing animals alone cannot effectively change the vegetation toward the
desired level of production or forage species composition in the time frame desired, then
additional primary or supporting conservation practices are employed. See section
645.0602 in this subpart for more information on primary and supporting practices.
(iii) A complete list of conservation practices, along with definitions and standards, is
provided in the National Handbook of Conservation Practices and in each State’s local
Field Office Technical Guide (FOTG). NRCS Field Offices also have Conservation
Practice Standard information sheets, guide sheets, job sheets, or implementation
requirements to assist conservation planners and livestock producers to successfully
apply these practices.
(iv) Some examples of primary practices include:
• Managed Grazing (528)
• Nutrient Management (590)
• Pasture and Hay Planting (512)
• Range Planting (550)
• Prescribed Burning (338)
• Irrigation Water Management (449)
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(2)

(3)

(4)

(5)

• Brush Management (314)
• Herbaceous Weed Control (315)
• Grazing land Mechanical Treatment (548)
• Forage Harvest Management (511)
(v) Some examples of supporting practices include:
• Fence (382)
• Trails and Walkways (575)
• Heavy Use Area Protection (561)
• Watering Facilities (614) and its various associated practices which could be:
− Pipeline (516)
− Spring Development (574)
− Pond (378)
− Pumping Plant (533)
− Water Well (642)
Several grazing methods can be used to accomplish the goals of the livestock producer while
protecting the natural resources in implementing managed grazing. Several methods of
stocking or grazing exist and can meet the producer’s goals when observing the guidelines of
the Managed Grazing practice. Herbivores graze, but livestock producers stock them on
pasture, so the use of the term “stocking” is preferred over the term “grazing” here. However,
when working with producers, it is important to understand their terms for these methods.
Most producers will use the term, “grazing” system or method. For more details on grazing
methods, see section 645.0602 of this subpart or contact the NRCS State grazing specialist
for State-specific guidance. Other sources of information include the local Cooperative
Extension office, Land Grant University publications, and the Environmental Effects of
Conservation Practices on Grazing lands–A Conservation Effects Assessment Project
(CEAP).
For forages tolerant of continuous grazing and managed that way, it means leaving enough
residual stubble height, or stop-grazing height, to maintain optimal leaf area for full sunlight
interception while guarding against underutilized areas caused by spot grazing. Perennial
forage pastures may need to be clipped (mowed) when areas of mature plants produce seed
heads. This stimulates those plants to produce new vegetative growth.
For forages suited to and utilized in rotational methods, it means leaving enough residual
stubble height to allow recovery of the plants. It also means respecting the recovery period
needed by these forages. Delaying or speeding up grazing rotations can do harm to the forage
stand, as well as cause distortions in feed quality and quantity. Delays in implementing
livestock movements can develop because of faster forage growth than expected, or the
grazing period is extended to use pastures or paddocks better. When this occurs, some of the
paddocks nearing seedhead emergence or bud flowering should be cut for stored feed,
stockpiled for grazing later, or trampled onto the surface to improve soil health. If grazing
rotations are sped up as a result of grazing periods being cut short for lack of enough
available forage, stored feed or additional grazeable acres must be used to meet the animal
demand.
The manager using any of the grazing methods needs to know the amount of available forage
in the pasture or paddock. “Available forage” is a critical term. As applied to pasture, it
should be is defined as the consumable forage in pounds of digestible dry matter per acre
between the allowable minimum stubble height, or stop-grazing height, for the preferred
forage species being grazed and the plant height achieved before grazing. Harm can be done
to the forage crop when grazed too close. As it is defined here, it is sometimes also called
“usable forage.”
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(6) Available forage must meet each class of livestock’s nutrient requirements at all times. When
this cannot be met, supplemental feed, such as hay, must supply the remaining needed
nutrients.
(7) Figure F-35 shows the relative amount of available forage that must be presented to different
kinds and classes of livestock. Otherwise, a loss in livestock production occurs when
availability falls below the minimum required.
Figure F-35. Available forage requirements for different classes and ages of livestock (Blaser 1986).

(8) “Forage utilization” is the estimated percent of available forage actually consumed or
destroyed by the grazing animal based on annual net forage accumulation.
(9) Tables F-2 and F-3 give utilization rates versus grazing period length. The table values
should be viewed as estimates only. The upper limit on high quality rotational pasture before
intake by meat livestock becomes depressed enough to reduce gain per acre is 80 percent
utilization. Forty percent utilization of available forage would maximize forage intake but
leave much unutilized forage behind (figure F-33). This may meet some livestock producers’
goals for a period of time but would usually not be the management system used in the long
term.
Table F-2. Univ. of Missouri and Jim Gerrish Grazing Utilization Research (MU Extension 1999)
Grazing Period

Cont. (>21 days)
7–10 days
3–5 days
1–2 days

Temporal* Utilization Rate

35%
40%
50%
60%

Seasonal** Utilization Rate

40–45%
50%
65%
70+%

*Temporal Utilization Rate is the % of forage utilized (grazed) above the ‘stop grazing heights’ during one grazing
period.
**Seasonal Utilization Rate is the % of the total annual forage production that was harvested by the grazing animal above
the stop grazing heights.
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Table F-3. North Carolina State University Utilization Table.
Grazing Period (Days)

Hay (for comparison)
1–4
5–14
15–21
Continuous (>21)

Utilization Rate

85%
75%
60%
45%
35%

Figure F-36. Forage utilization as it affects forage intake* (adapted from Hodgson 1990).

(10) Allocated forage availability must be high for high performance livestock for them to
maximize intake rates that sustain high rates of gain or milk production. Intake declines as
soon as dry matter per bite goes down, and the number of bites per grazing period goes up.
The livestock classes shown at the upper end of the curve in Figure F-35 may need to be
followed on rotational pastures with a less demanding herd of livestock. For example, the
milking herd on a dairy farm can be followed by dry cows and replacement heifers. On other
farms, calves, lambs, and colts may be allowed to forward creep graze ahead of their mothers.
Creep grazing can be accomplished easily by allowing the young to walk under temporary
fencing into the next paddock. Once past peak lactation, their mothers have a lesser intake
requirement. This increases the overall utilization rate for the good of the forage stand and the
efficiency of the pasture system.
(11) To summarize, livestock must be given a forage allowance (pounds of dry matter per animal
unit) that covers their forage requirement.
C. Nutrient management on pastures differs from forage crop production nutrient management.
(1) Most nutrients are recycled within a pasture’s boundaries (figure F-37). Few of the nutrients
brought onto the pasture as feed supplements, manures, atmospheric deposition, or
commercial fertilizer leave its boundaries as animal products.

(190-645-H, June 2022)
645-F.54

Title 190 – National Range and Pasture Handbook
Figure F-37. Nutrient cycling in a pasture ecosystem (adapted from Barnes et al. 1995).

(2) Second, nutrients can be redistributed unequally on pastures by preferential animal
movement. Shady areas, watering sites, laneways, salt blocks, rubbing areas, natural
waterbodies, windbreaks, buildings, and sunning areas can cause a disproportionate amount
of dung and urine spots to be deposited in localized areas. This redistribution of nutrients can
cause plant nutrient deficiencies in some areas and excess nutrients in other areas.
(3) Because of the high application rate, loss of N at urine spots through leaching out of the root
zone is possible in high rainfall areas. High losses of urea N at urine spots during dry weather
also occurs.
(4) Phosphorus (P) and potassium (K) levels are rather stable in pasture soils. Pastures should be
soil tested every three to five years for these two elements.
(5) Soil reaction, or pH level, should also be noted when the soil test results return. Keep the soil
reaction within the range of acceptable forage production. Most legumes grow best in a
slightly acid to neutral soil. Where aluminum toxicity can inhibit forage growth, maintain soil
pH at 5.5 or higher. Rhizobium activity, symbionts that fix nitrogen in legume root nodules,
is also reduced for most strains of Rhizobium as the pH falls below 6.0.
(6) Nitrogen (N) can leave by three pathways: volatilize, leach, or run off. The distribution of
dung and urine is uneven. On an annual basis, a highly stocked pasture receives excreted N
on less than 35 percent of its area. Where the stocking rate is an AU per acre, only 16 percent
of the pasture surface receives any excretal N.
(7) Rotational stocked pastures tend to have a more even distribution of manure than do
continuous set stocked pastures. Increasing the stock density within the rotation will likely
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further improve the distribution. However, it is important that water, feeding areas, salt
boxes, mineral boxes, and shade are evenly distributed on a rotational pasture. Poorly laid out
paddocks and single-source water, feeding, salt, mineral, and shade areas cause livestock to
camp at these sites just as they do on continuous set stocked pastures.
(8) Nitrogen can be supplied for forage growth two ways: apply a nitrogen fertilizer or add a
legume component to the forage mixture growing on the pasture. When applying nitrogen
fertilizers, organic or inorganic, rates of application should be low enough to prevent luxury
consumption by plants and avoid leaching of nitrate through the root zone. Overfertilization
of summer annual grass pastures with N can also cause nitrate and prussic acid poisoning in
livestock if plant growth is stressed by frost or drought. Early spring growth applications
must be avoided on all pastures where grass tetany is known to be a problem to livestock. If a
legume component is desired to improve animal intake and nutrition, N fertilizer rates and
timing should also avoid giving the grasses a competitive advantage over the legumes.
(9) Legumes can fix atmospheric nitrogen by acting as a host to rhizobium bacteria. See Table F4. Note that legumes do not always grow well in all parts of the country. The values presented
in this table are not absolutes, it is advised to refer to a local Land Grant University for more
specific information.
Table F-4. Seasonal total of nitrogen fixation by forage legumes and legume-grass mixtures 1/
Legume or Legume grass

Alfalfa
Alfalfa-orchardgrass
Alfalfa-reed canarygrass
Berseem clover
Birdsfoot trefoil
Birdsfoot trefoil-reed canarygrass
Ladino clover
Red clover
Red clover- reed canarygrass
Subterranean clover
Subterranean clover-soft chess
White clover
1/
2/

Total N fixation (lb/acre)2/

70–300
13–121
73–226
55–210
44–100
27–116
100–179
20–200
5–136
52–163
19–92
103–114

Sources: Ball et al. 1991, Barnes et al. 1995, Chessmore 1979, and Graffis et al. 1985.
Ranges given where available

(10) Nitrogen fertilizer additions, whether from fertilizers or N fixing legumes, induce long-term
soil acidification in the topsoil and subsoil. As an example, when added to the soil, 100
pounds of urea, whether from urine or chemical fertilizer, requires 84 pounds of calcium
carbonate (lime) to neutralize the soil. In fact, all nitrogen carriers containing either ammonia
or urea acidify the soil.
(11) Use of pastures as sites for manure disposal must be done with some caution. Sheep are
susceptible to copper (Cu) toxicity. Sheep should not be allowed to graze pastures with recent
applications of poultry litter or swine manure. Both manures may contain high Cu
concentrations. High rates of poultry litter applied to endophyte-infected tall fescue pastures
can also intensify bovine fat necrosis outbreaks. Ideally, no more than four tons per acre of
poultry litter should be spread on tall fescue pastures. It is also important not to overload
pasture soils with P and K either. Long-term accumulations of these nutrients can induce
deficiencies of other essential nutrients in plants and animals. For more information on
animal husbandry, see Subpart H of this handbook.
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(12) Another trace element of importance is boron (B). It improves legume growth. Boron can be
added to the soil using borax or B-containing mixed fertilizer. It must be added in low
amounts (0.5 to 3 pounds of B per acre) to avoid toxicity problems.
(13) Grazing management can be helpful in managing nutrients on pasture. Conscious efforts can
be made to ensure the best distribution of dung and urine as possible within the setting
involved.
D. Prescribed burning
Bermudagrass pastures can be burned a week or so after the last killing frost in the spring to
control winter annual weeds, some leaf diseases, and insects such as spittlebugs. It also
removes low quality dead grass and hastens green-up. Tall warm-season grasses – such as
switchgrass, big bluestem, and Indian grass – should be burned periodically in late spring to
improve forage quality and remove invading cool-season grasses. Burning should take place
before any regrowth of the warm-season grasses; otherwise, stand thinning occurs.
E. Managing forage cropland
(1) Hayland and cropland produce machine-harvested forage, but sometimes can be used as
sources of supplemental, emergency, and seasonal pasture for grazing, or to improve soil
health.
(2) When cropland is used for grazing, it is important to continue a rotational system where
possible. Increasing rotation cycles while trampling some residues onto the soil surface can
reduce potential compaction issues. Remove livestock before the growing point is grazed on
annual plants if regrowth is desired.
(3) When hay is mechanically harvested from perennial crop fields, ensure that the timing and
methods not only allow for high quality hay, but desired forage species are maintained or
enhanced. See the NRCS conservation practice Forage Harvest Management (511) for further
information.
(4) Forage crop production
(i) Forage crop production is capital, labor, and machinery intensive. It requires silage
storage, dry hay storage, sometimes automated feeding systems, and a full line of
machinery from seedbed preparation to harvest, feeding operations, waste handling, and
often livestock confinement facilities.
(ii) Forage crop production is usually done in one of two approaches.
• One approach is used to support pasture production. This grassland farming is used
where mechanically harvested forage crops are only produced to carry the livestock
through periods when pasture is dormant or in low supply. With this approach, the
balance between pasture and forage crop production shifts from time to time,
depending on pasture availability and which is most economical to produce and feed.
• The other approach does not use pasture production. This is often done to achieve
economy of scale. Farms with large herds and a low land-to-livestock ratio find this
most convenient. These operations may range from importing varying amounts of a
portion of the feed to the point of purchasing all feed.
• Whichever approach the producer chooses, management of forage crop production
remains essentially the same. The goal is to efficiently produce high quality forages to
the maximum potential of the site and efficiently provide feed for the livestock.
• The first approach to forage crop production requires the highest degree of integration
of all grazing land resources on the farm or ranch. To integrate well requires analyzing
the farm or ranch operation available resources, the tools that are available to produce
forages, and how those tools can be used to best advantage on the specific site being
analyzed. This thought and decision-making process is diagrammed in figure F-38.
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Figure F-38. Forage integration model (adapted from Barnes et al. 1995). The objective is to match
the quantity and quality of forage available as pasture or stored forage with the requirements of
specific livestock classes and with the available or potential grazing and storage options.
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(iii) After integrating pasture and forage crop production acres into a workable plan for the
farm or ranch, the forages that will meet the landowners or manager's objectives and their
harvesting methods will need to be analyzed.
(iv) Pasture states of ecological sites characterize major soil limitations and give guidance on
how they can be overcome. They help forage site selection by pointing out which forage
species are suitable for the soils on a land unit, as well as management interpretations for
the site.
F. Conclusions
(1) With this management section guidance for forage crop and pasture lands, State specialists
should prepare more specific guidelines for field office personnel to use in planning and
applying resource conservation practices. Several Land Grant Universities produce agronomy
manuals or guides that give more specific recommendations than can be placed in a national
publication. Seeding rates, seeding mixtures, stubble heights, irrigation rates and scheduling,
noxious weed lists, and recommended species and cultivars are just a few of the more specific
details needed to have a complete field office technical guide. As much as possible, this
material should be condensed into tables or charts that are easily read and understood. Design
procedures should be formalized, readily followed, and placed on job sheets.
(2) More information is provided in subpart E, which gives guidance on creating an inventory of
a land unit’s resources. Having a complete pasture and forage crop production inventory
provides information on how to feed the livestock on the land unit in the most efficient way.
Once the inventory for the land unit is done, conservation planning options are discussed and
weighed with the land manager. Many of the conservation practices’ information and
guidance listed in this chapter will make up the final resource conservation plan. Subpart H:
Livestock Nutrition, Husbandry, and Behavior of this handbook gives instruction on fulfilling
the needs of the livestock raised on the land unit. Conservation planning and application on
grazing lands are detailed in subpart D: Conservation Planning on Grazing lands. How each
type of grazing management system works, and the advantages and disadvantages of each
type, must be understood. A land manager rarely adopts any grazing management system or
forage cropland system exactly as it is conceptualized in a handbook or textbook. The
management that gets applied to the land is a combination of things that come closest to
achieving the needs of the resources, landowner, and livestock in an efficient and
economically sound manner.

645.0604 Procedures and Worksheets for Planning Grazing Management
A. General
(1) Calculating Stocking Rates
(i) Determining the grazing capacity of an area can be complex and confusing and is the
main factor affecting the success of a managed grazing strategy. The task of determining
the amount of air-dry weight of the current year’s standing crop is often variable and
unpredictable. Adding to the complexity are species quality, quantity, and distribution.
See subpart E of this handbook for more information on inventory, assessments, and
monitoring techniques on grazing lands.
(ii) Stocking rate is defined as the number of specific kinds and classes of animals grazing or
utilizing a unit of land for a specific period of time. Stocking rate may be expressed as
animals per acre, hectare, or section, or the reciprocal (area of land/animal). When dual
use is practiced (e.g., cattle and sheep), stocking rate is often expressed as animal units
per unit of land or the reciprocal.
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(iii) Many methods could be used to determine the appropriate stocking rate within a grazing
unit. Often the past stocking history (producer records) and the trend of the plant
community are the best indicators of a proper stocking rate.
(iv) Three techniques for forage inventory and stocking rates are described in Examples D-1,
D-2, and D-3 in subpart D: Conservation Planning on Grazing Lands, section 645.0406 of
this handbook. Using different techniques and comparing the results will help refine the
numbers used for planning.
(v) Rates of stocking vary over time, depending on season of use, climate variations, site,
and previous and current management goals. A safe starting stocking rate is an estimated
stocking rate that is fine-tuned by the client by adaptive management through the year
and from year to year. See exhibit F-1: Estimating Initial Stocking Rates Technical Note
3 in this subpart for more information.
(2) Grazing Resource Analysis System (GRAS) is an NRCS tool that is integrated within the
Conservation Desktop (CD) Planning platform. The GRAS tool enables planners to more
efficiently combine field data with software capability in CD to develop forage inventories,
forage partition profiles, calculate harvest roughage, develop grazing schedules, develop
monitoring and contingency plans, and compute feed and forage balance sheets. The GRAS
tool provides:
(i) Quick stocking rate reports
(ii) Forage inventory reports
(iii) Forage adjustment reports
(iv) Harvest roughage reports
(v) Animal demand reports by herd and animal group
(vi) Grazing schedule reports
(vii) Forage animal balance reports
(viii) Grazing schedule contingency plans
(ix) Grazing system monitoring reports
(x) Managed grazing practice designs
(3) Harvest efficiency
Harvest efficiency is the percentage of forage actually ingested by the animals from the
total amount of forage produced. Harvest efficiency increases as the number of animals
increases in an area, and they consume plant material before it senesces, transfers to litter,
or otherwise leaves the area. Continued season-long grazing or increased stocking rates
can eventually decrease forage intake and forage production per unit area. See exhibit F-2
Harvest Efficiency in Prescribed Gazing Range Technical Note in this subpart for more
information.
(4) Animal preference
It is important to know what species different classes of livestock and wildlife will utilize
when developing a feed and forage balance sheet and in calculating carrying capacity. An
area may appear to have plenty of vegetation available, but if it is not the type of
vegetation suitable to the class of livestock grazing, it should not be counted in the feed
and forage balance sheet. See Table F-5 for diet preference by animal species.
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Table F-5. Diet Preference by Animal Species
Diet Preference
Animal Species

Grasses

Cattle
Horses
Sheep
Goats
White-tail deer
Elk, red, and fallow deer

65–75
70-80
45–55
20–30
10–30
30–60

Type of Diet
Broadleaf weeds
and legumes

20–30
15-25
30–40
10–30
30–50
40–50

Browse1/

5–10
0–5
10–20
40–60
30–50
10–30

1/

Shrubs or Trees
Source: D. Forbes and G.W. Evers, Texas A&M Univ.; D.I. Bransby, Auburn Univ.;
M.A. McCann, Virginia Tech Univ.; and W.R. Getz, Fort Valley State Univ. in Southern Forages 3rd Edit. (Ball 2002).

(5) Adjustment factors used to determine stocking rate guide
Adjustments in stocking rates should be considered for areas that are not grazed by
livestock because of physical factors such as difficulty of access (slope) and distance to
water. The adjustments should be made only for the area that is considered necessary for
reduction of the animal numbers. For example, 40 percent of a management unit may
have 30 percent slopes; therefore, the adjustment is only calculated for 40 percent of the
unit. Distance to drinking water also reduces grazing capacity below levels indicated by
forage production. Local guides should be developed for use in inventorying and
determining safe initial stocking rates. Local guides should also contain adjustments for
different kinds and classes of livestock. Table F-6 gives example adjustments for slope on
rangelands, and table F-7 gives an example of adjustment for water distribution on
rangelands.
Table F-6. Adjustments for slope on rangelands (This is a general guide. Local guidance may be
more specific). Other factors will influence these values like species of grazing animal, breed, class.
climate etc.
Percent slope

Percent adjustment

0-15
15-30
31-60
 60

0
30
60
100

Table F-7. Adjustments for water distribution on rangelands (This is a general guide. Local guidance
may be more specific). Other factors will influence these values like species of grazing animal, breed,
class, climate, etc.
Distance (miles)

Percent adjustment

½ to 1
1 to 2
2 to 3

0
50
75

B. Forage inventory
(1) Forage inventory based on trend, health, and utilization
(i) Often the best method for establishing the initial stocking rate is to assist the client in
making a trend study and utilization check on the key grazing area of the management
units (see figures F-40 and F-41). A recording of current stocking rate, along with an
evaluation of trend or health of the plant community and percent use of the key species,
can provide an insight to the correct stocking rate for the grazing period.
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(ii) Consideration should be given for the past and current growing conditions. Together
these evaluations can be used by the client to determine if stocking rate for the grazing
unit has been too high, low, or correct for the grazing period. Following this analysis, the
client can readily observe and make a decision on correct stocking rates, as well as future
management needs. After the annual stocking rate is determined, projected production by
the day, week, month, or season can be determined by applying growth curve factors (see
figures F-42 and F-43). Production from each management unit is then totaled to
determine an estimated initial stocking rate for the operating unit.
Figure F-40. Worksheet–Forage Inventory Based on Current Stocking Rate, Trend, Health and
Utilization. This is a method for determining fixed stocking rate.
Cooperator:_____________________________________________
Planner:__________________________________________ Date:____________________

Current stocking rate
Pasture

Acres

AU

Mo.

AUM

Trend

Percent
use of key
species

Selected stocking rate
AU

Mo.

AUM

Notes:
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Instructions for Forage Inventory Based on Current Stocking Rate, Trend, Health, and
Utilization
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.
13.
14.
15.
16.
17.

Cooperator’s name.
Planner’s name.
Date of completion of the inventory.
List the pastures or fields to be inventoried.
Enter the acres in each of the pastures or fields listed.
Record the animal unit equivalents normally stocked in each pasture.
Record the number of months the animals listed in item 6 are in each of the pastures.
Multiply item 6 times item 7 and record the product. This is the number of animal unit months with which
the pasture has been stocked.
Record the apparent trend of the vegetation in the pasture.
Record the observed percent utilization of the key grazing species in each of the pastures.
After evaluating the apparent trend and the percent use of the key species with the land manager, record the
animal unit equivalents the land manager thinks is needed to ensure an upward trend and proper management
of the key species.
Record the number of months the animal will be in the pasture.
Multiply item 11 by item 12 and record the product. This is the animal unit months of grazing that it is
estimated that the pasture will produce for the animal being evaluated.
Record the total acres being evaluated in all pastures.
Record the total animal unit months that represents the current stocking rate for all of the pastures being
evaluated.
Record the total animal unit months that is the new recommended safe starting stocking rate for the area
evaluated.
Record any notes of explanation needed for understanding evaluations or needed follow-up.

Figure F-41. Example: Forage Inventory Based on Current Stocking Rate, Trend, Health, and
Utilization (Method for Determining Fixed Stocking Rate)
Cooperator:__(1)___________________________________________
Planner:__(2)__________________________________Date:__(3)________________
Pasture
(4)

Acres

1
2
3
4

Total

(5)

320
640
320
320

Current stocking rate
AU
Mo.
AUM
(6)

20
28
40
40

(7)

12
12
6
6

(8)

240
336
240
240

Trend
(9)

Percent use of
key species

0
+

(10)

60
40
60
50

Selected stocking rate
AU
Mo.
AUM
(11)

16
32
36
40

(12)

12
12
6
6

(13)

192
384
216
240

(14)

(15)

(16)

1,600

1,056

1,032

Notes:
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(2) Forage inventory based on production data and growth curves
(i) Another method of establishing the initial stocking rate is based on production data and
growth curves developed locally as a part of the field office technical guide. An estimate
of forage supply can be made for each month and totaled for the annual production for
each management unit. The forage supply for each separate month can be totaled to
provide a monthly total production for the entire operating unit, as well as a total
production for the operating unit (see figures F-42 and F-43).
(ii) Monthly and annual production can then be compared to the monthly forage needs of the
animals to determine months of surplus and deficient forage supply. The spreadsheet
should be designed to accommodate the necessary identification of response units
occurring in the management units. Response units are distinguished from each other
based on their ability to produce useable forage. Normally, consideration is given to:
• Range ecological sites
• Similarity index
• Pastureland and hayland alternative states in ecological site descriptions and
fertilization rates
• Pastureland and hayland species
• Forest ecological sites
• Transect data
• Plant vigor
• Adjustment factors resulting from accessibility, such as distance to water or elevation
change
• Harvest efficiencies resulting from grazing management strategy or system
• Barriers that restrict travel to parts of the management unit
(iii) Forage supply is determined for each of the grazing units (ecological site or alternative
state) and totaled to determine the production for the management unit (pasture or field).
It can be expressed as production per day, week, month, or season, and totaled for the
year.
(iv) Production for the operating unit is then determined by totaling the production of each
management unit. This is expressed as daily, weekly, monthly, annual, or seasonal totals.
The forage inventory should be developed to adequately express the forage production to
allow the necessary detail of planning for grazing management.
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Figure F-42. Forage Inventory
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Instructions for Forage Inventory
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Enter name of the client.
Enter name of the person providing assistance to client.
Enter date of assistance.
Record the name and/or number of the pasture or field.
Record the information needed to reflect the production level. (note: HE=harvest efficiency)
Record the acres in each management unit or response unit located in each management unit.
Record the expected animal unit months production per acre for the entire growing season.
Multiply item 6 times item 7 and record the product. This is the estimated AUMs of production without
adjustment for trend, vigor or some unaccounted reason.
Record the current trend or apparent trend of the plant community.
Record the needed adjustment to the stocking rate in item 8 to reflect the reduced production or harvest
efficiency for which you have not accounted. This should be the number that represents the percentage of
total production in item 8 that will be available.
Multiply item 10 times item 8 and record the product. This is the AUMs estimated to be produced on the
response unit or management unit.
Record the abbreviations for the months above the 12 columns. You may record these starting with any
month to best reflect the growing and grazing seasons in your area.
Record the AUMs produced each month. This is calculated by multiplying the percentage produced each
month times the total AUMs recorded in item 11.
Record the name indicating the area being inventoried.
Record the total acres inventoried.
Record the total AUMs produced on the area inventoried.
Record the total AUMs produced on the area inventoried by month.
Record information concerning purchase or harvest of hay.
Record information concerning the purchase or securing of protein supplement.
Record the AUMs of hay purchased or harvested.
Record AUMs of protein if applicable.
Record any explanation needed to understand the forage inventory.
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Figure F-43. Example-Forage Inventory
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(3) Stocking rate determinations
(i) Usable production method
This method of determining stocking rates is based on measuring or estimating the total
amount of forage (standing crop) per acre and converting green weight to air dry weights
and into AUMs. Air dry conversion factors can be determined by using conversion tables
based on forage species or similar functional groups and stage of growth (see subpart E,
tables E-6 through E-10).
(ii) The only production to be considered in determining stocking rate is the current year’s
forage growth below 4.5 feet vertical height. Forage from plant species that are
undesirable, non-consumed, or toxic to the kind and class of livestock intended to graze
the area should not be counted. The air-dry weight is summarized for the entire area to be
grazed after any necessary adjustments are made.
(iii) The amount of forage available for consumption is multiplied by the harvest efficiency
expected for the area. This is the amount of forage allocated for the animal’s
consumption. This amount is then divided by the amount of forage allocated to an animal
unit month (AUM). This gives the number of animal unit months the area can safely
support if the estimated or expected forage production occurs.
(iv) Formula F-1 is an example of the calculation to determine the stocking rate for an area
that is producing 2,000 pounds per acre of total annual forage production. To arrive at the
total AUMs for that grazing unit (pasture), the AUMs per acre are multiplied by the
number of acres represented by each level of production.
Formula F-1. Example of the calculating stocking rate
2,000 lb/ac x 0.25 (harvest efficiency) = 500 lb forage consumed
500lb
= 0.63 AUMs ÷ ac or 1.58 ac/AUM
790 lb(forage for 1 animal unit for 1 month

(4) Forage value rating method
(i) Forage value is a utilitarian classification indicating the grazing value of important plant
species for specific kinds of livestock or wildlife. The classification is based on
palatability or preference of the animal for a species in relation to other species, the
relative length of the period that the plant is available for grazing, and normal relative
abundance of the plant. The five forage value categories recognized are:
• Preferred plants
• Desirable plants
• Undesirable plants
• Non-consumed plants
• Toxic plants
(ii) Preferred plants
Preferred plants are species that are preferred by animals and are grazed first by
choice. These plants are generally more sensitive to grazing misuse than other plants
and decline under continued heavy grazing.
(iii) Desirable plants
Desirable plants are useful forage plants. Although not as highly preferred by grazing
animals, they can provide forage. Some of these plants may increase, if the more
highly preferred plants are grazed heavily.
(iv) Undesirable plants
Undesirable plants are species that are not readily eaten by animals and species that
conflict with or do not contribute to the management objective. These plants are
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relatively unpalatable to grazing animals and may become more abundant if the
preferred species are over utilized or grazed out.
(v) Non-consumed plants
Non-consumed plants are unpalatable to grazing animals, or they are unavailable for
use because of structural or chemical adaptations. They may become abundant if more
highly preferred species are over utilized or grazed out.
(vi) Toxic plants
Toxic plants may accumulate or produce a substance toxic to animals that cause
sickness, death, or deviation from normal health (synonym = poisonous plants). They
have various palatability ratings and may or may not be consumed. They may become
abundant if unpalatable, and if the more highly preferred species are removed from the
community.
(5) These ratings are used in the determination for understory stocking rates for grazed forest.
The amount and nature of the understory vegetation in grazed forest are highly responsive to
the amount and duration of shade provided by the overstory canopy. Significant changes in
the kinds and abundance of the plants occur as the canopy changes, often regardless of the
grazing use. Some of the changes occur slowly and gradually as a result of normal changes in
tree size and spacing. Changes following intensive woodland harvest, thinning, or fire may
occur dramatically and quickly. For these reasons, the forage value ratings of grazed forest
are not an ecological evaluation of the understory as is used in the range similarity index
rating for rangeland. This is a utilitarian rating of the existing forage value of a specific area
of grazed forest. These ratings are based on the percentage, by air dry weight, of the existing
understory plant community made up of preferred and desirable plant species. Four value
ratings are recognized in table F-8. See section 645.0602 (B) for more on managing grazeable
forests.
Table F-8. Forage Value Ratings
Forage value rating

Very high
High
Moderate
Low

Minimum percentage

50 preferred + desirable = 90
30 preferred + desirable = 60
10 preferred + desirable = 30
Less than 10 preferred

(6) To achieve a given forage value rating, first determine the percentage preferred. Add the
percentage desirable. If the required total percentage of preferred and desirable are not
achieved (90, 60, 30), reduce the forage value rating to the next lowest rating. A very high
forage value rating for a given animal species requires that at least 90 percent of the plant
composition is rated preferred and desirable, with at least 50 percent being preferred. A high
forage value rating requires a total of 60 percent preferred and desirable, with at least 30
percent being preferred.
(7) The production of the understory plants can vary greatly, even within the same canopy class.
Forage value rating must always consider the production of air-dry forage when determining
stocking rates. Introduced perennial species are considered preferred or desirable plants if
they are adapted and produce high quality forage.
(8) Figure F-44, Worksheet for Determining Forage Composition and Value Rating, and example
figure F-45 is a grazeable woodland site guide that uses canopy class and forage value ratings
and suggested stocking rates.
(9) Figures F-7 and F-8 in section 645.0602 of this subpart describe in detail the calculations for
determining stocking rates based on preferences of forage plants by specific animal species.
These calculations should be used for establishing safe starting stocking rates for each forage
value rating on a given site.
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Figure F-44. Worksheet for Determining Forage Composition and Value Rating
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Instructions for Worksheet for Determining Forage Composition and Value Rating
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Record the name of the site that you are inventorying.
Record the management unit number.
Record the date of the inventory.
Record the name of the client.
Record the field office name.
Record the name or initials of the person providing the technical assistance.
Record the canopy of the overstory of woody species.
Record the plant species inventoried on the site.
Record the weight of each species in pounds per acre.
Record the percentage composition for each species.
Record the animal for which you are computing the forage value rating.
For each plant species, list the forage value (preferred or desirable) for the animal of concern.
For the plant species rated as preferred, list the percentage composition found in the present
composition. (See item 10).
14. For the plant species rated as desirable, list the percentage composition found in the present
composition. (See item 10).
15. Record the total weight in pounds per acre of the plants inventoried.
16. Record 100%.
17. Record the total percentage of the preferred plants.
18. Record the total percentage of the desirable plants.
19. Record the forage value rating for each animal as calculated using the chart provided.
20. Record the direction of plant community movement in relations to the desired plant
community for each of the animals of concern. Is the forage value rating improving, not
detectable, or moving away from the desired plant community for the animal of concern?
21. Record the total estimated yield for a very high value rating for livestock as a point of
reference. This data should be recorded in the ecological site description for rangeland or
forest land.
22. Identify the key grazing plant for each animal of concern.
23. Record the estimated safe starting stocking rate for the site. This may be taken from the
ecological site description or calculated based on the production of preferred and desirable
species.
Example: Cattle
500 pounds preferred times 35% harvest efficiency=175 pounds
200 pounds desirable times 25% harvest efficiency =50 pounds
Total harvest
=225 pounds
9.490 (pounds in AUY) divided by 225 pounds = 42 acres required per animal unit of
cattle.
24. Record notes needed to ensure understanding of inventory.
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Figure F-45. Worksheet Example for Determining Forage Composition and Value Rating
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C. Animal inventory
(1) An inventory of the domestic animals occupying or planned to occupy the operating unit
must be developed. This animal inventory should be separated into the necessary herds to
allow the desired husbandry to be practiced. This is done generally by kind, breed, class, and
age. If a management unit is critical to a particular herd, it should be noted. The number of
livestock is shown in each management unit to be grazed by the day, week, month, or season,
and a total is given so that the forage demand can be planned in relation to forage production.
(2) Herbivorous wildlife numbers should be determined by management unit and their forage
requirements expressed in the same manner as the livestock. If they are migratory, such as
elk, determine the time they are expected to be in the management unit. See State-specific
Livestock Inventory and Forage Balance sheets as they may provide more specific
information for that state and wildlife.
(3) The animal inventory is used in combination with the forage inventory to balance the forage
supply with the demand. See figures F-47 and F-48 for a Worksheet for Livestock Inventory
and Forage Balance form and example.
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Figure F-46. Worksheet for Livestock Inventory and Forage Balance
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Instructions for Worksheet for Livestock Inventory and Forage Balance
1.
2.
3.
4.

5.
6.
7.

8.

9.
10.
11.
12.
13.

14.

Enter client’s name.
Enter date of technical assistance.
Enter name of person providing technical assistance.
Record the identification of a specific herd, flock, etc. of animals being inventoried. This generally
includes information such as kind, breed, class and age. Record each different group of animals.
Maintain separate groups needed for desired husbandry to be practiced.
Record the number of animals in the group identified on the line.
Record the animal unit equivalents for the identified group.
Multiply the planned number of animals (item 5) times the AU equivalents (item 6) and record the
product. This number represents the animal units of the particular number of animals recorded on this
line.
Record the months in the same manner as you did in the forage inventory. This should start with the
month that best reflects the growing and grazing season for the year. Record the animal unit
equivalents in the months the animals will be on the operating unit during the year.
Enter the total of the animal unit months recorded for each line.
Continue to list the animals as in item 4 above.
On this line, list the AUMs in each month. This information comes from the forage inventory that has
been developed for the operating unit.
Total the animal units column, and the AUMs for each month, and the total AUMs column, indicating
the total forage needed.
Subtract the total forage needs line from the total forage available line and record the AUM
differences, indicating whether there is a shortage (-) or excess (+) of forage available that month, and
for the year.
Record notes needed to explain any part of the worksheet.
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Figure F-47. Example Worksheet for Livestock Inventory and Forage Balance
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Figure 3 – Illustration of the grazing efficiency concept.
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