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Highlight
The
state
of range
management
to goals
of
knowledge
in relation
society was considered
by a Forest
Service
committee,
and an enlarged
concept
of “range” was developed
to
include both ecological
characteristics
and land use. Range
can contribute
to better living conditions by providing
stability
to rural
communities
and
regional economies
and a high-quality
environment,
with optimum fish, wildlife, and recreational
opportunities.
Important
range research needs are to:
analyze
ecosystems,
inventory
range
resources, coordinate
management
and
use, improve
resources,
maintain
and
improve
environmental
quality,
and
analyze social and economic aspects of
resource
use.

It is worthwhile
in most any
endeavor to pause occasionally and
examine the status quo-to consider
carefully what has been accomplished and what needs to be done.
Accordingly,
the state of range
management knowledge in relation
to the goals of society was considered by a Forest Service committee, and a position statement
is being developed to guide future
range research. Since many questions have recently been raised
about range, objectives of range
management, and the role of the
American Society of Range Management itself, it was felt that
philosophies and conclusions of this
committee might be of interest to
others. The authors wish to acknowledge the assistance of many
colleagues who contributed to the
of ideas presented
development
herein, particularly Richard J. MclRetired.
Present
address:
Fort ColFormerly
Assistant
lins, Colorado.
Director, Rocky Mountain
Forest and
Range Experiment
Station, Fort Collins.
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Experiment
Stations:
Oregon;
and

Connen, Kenneth W. Parker,
Robert S. Rummell.
What

and

is Range?

The term “range,” as originated
in the United States, traditionally
carries a strong connotation of land
used primarily for livestock grazing.
Range is extensive and extremely
diverse with wide variations
in
elevation, topography, soil, climate,
It is viewed by
and vegetation.
some as a residual that was left after
more productive and valuable areas
were converted
to higher
economic uses (Upchurch, 1963). Consequently, range cannot be easily
defined so an enlarged concept
seems necessary to properly include
both ecological characteristics and
use:
areas
Ranges are uncultivated
that
support
herbaceous
or
shrubby vegetation.
The range
complex (ecosystem) includes not
only the soil and vegetation but
also the associated atmosphere,
water, and animal life. Some
areas are both range and forest:
the tree overstory may be sparse
or the trees may have been harvested or burned, allowing growth
of herbs or shrubs. Most ranges
are covered with native plants,
but extensive areas have been
Al though
seeded to exotics.
ranges are usually used by livestock and wildlife, some may not
be ecologically or economically
suitable and may not actually be
grazed.
Often, an area is range because
its ecological nature, economic conditions, or lack of irrigation makes
it unsuitable for cultivation.
Most
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native rangelands that are suitable
for cultivation were converted to
crop production or permanent pasture; some have reverted to noncultivated status because of errors
in selection, diminishing
productivity, or economic changes.
Land use is constantly changing
among ranges, forests, and croplands (Fig. 1). Some lands are concurrently used as range and forest.
Croplands, rangelands, and forest
lands have been and will continue
to be transferred to urban and
industrial uses as population increases.
Reliable information on the current extent of the Nation’s rangelands is unavailable, but estimates
based on land-use concepts rather
than resource characteristics
indicate that livestock graze 865 million
acres (38 percent of the Nation’s
land area) in addition to cropland
Not all rangeland
is
pastures.
grazed, however, and it is estimated
that half of the contiguous 48
States is rangeland.
Of the total
908 million acres, grasses and shrubs
characterize 653 million acres and
255 million
acres are forested
ranges.
Most rangelands are in the West,
and most western ranges are publicly owned; but substantial acreage,
especially in the plains and the
South, is privately owned. Grazing
by wildlife and livestock has been
the most commonly recognized use
of range resources; however, society
is becoming more concerned about
its total environment, and is looking at rangelands from new points
of view.
It should be emphasized that the
broadened definition of range is
not for the purpose of preempting
research and management responsibilities on additional lands but
rather to assure that certain lands
that will undoubtedly have more
and more uses and values in the
future are not ignored or mismanaged. The desert area of the
Southwest is a case in point.
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FIG. 1. Uses of ranges, forests, and croplands are constantly
changing.
The
arrows indicate some of the shifts in
use that occur.

The Range Ecosystem

Range
is composed
of communities of plants and animals in
their natural environment.
Variable and complex, it has innumerable combinations
of organisms,
soils, climate,
and topography.
These components function as an
“ecosystem,” which includes flow
of energy and transformation,
circulation, and accumulation of matter by living organisms.
Ecosystem is a term proposed by
Tansley (1935) to include both the
living organisms of a community
and the associated nonliving environment. Past attention has been
focused on vegetation, but plants
are merely part of the larger system,
and vegetal response must be interpreted in terms of other components of the system and their
interrelations
(Fig. 2). These components are closely interrelated;
any influence on one affects all
others (Ellison et al., 1951).
Components
Although the range ecosystem has
an endless number of components,
they may be conveniently grouped
into a few major categories.
Vegetation
is the aggregate of
plants,
including
fungi,
algae,
mosses, forbs, grasses, shrubs, and
trees. Range vegetation is characteristically variable and a small
plot may contain numerous species.
Hence, many different degrees of
tolerance to other factors of the

FIG. 2. The
and uses.

range

ecosystem

(adapted

from

environment
are represented
as
well as many different patterns of
growth form and reproductive development.
Animals
include not only man,
domestic livestock, and wildlife but
the entire fauna above and below
ground.
Undoubtedly,
domestic
livestock have had the greatest
effect on rangelands
in recent
times, but pressures of native wild
animals have also been severe in
many situations. Influences of grazing animals are mainly exerted
through herbage removal, trampling, and dissemination of seed.
Also, insect and rodent pests may
have tremendous effects on range
vegetation.
Man is both a part
and a manipulator of range ecosystems (Van Dyne, 1966), but in
reaching production goals he has
often upset the ecological balance
with disastrous results.
Soil is the natural body of organic and mineral material supporting plant life. It varies with
parent material from which it developed and with the associated

Billings,

19.52) and its many

products

climatic, topographic,
and biotic
factors. It is the source of water
and nutrients that support vegetation and, therefore, is the basic
range resource that must be maintained in a productive condition.
Topography
includes variations
in elevation as well as degree and
direction of slope of the land surface. It modifies the local climate
and, consequently, the character of
the vegetation.
It has a very important influence on the distribution of animals.
Climate
is a combination
of
atmospheric factors: radiation, precipitation, temperature, air, wind,
and humidity.
It dictates, to a
large extent, the type of vegetation
and soil on a particular area. Variations in climatic factors make different kinds of weather, which
greatly influences annual production of herbage.
Fire is considered as a separate
component of the range ecosystem
because of its unique effects. Starting from either climatic or biotic
causes, it has played an important

RANGE
part in shaping major biotic communities, particularly through the
destruction of woody plants, thus
allowing development of predominantly herbaceous vegetation. Fire
can be an important tool in vegetation management.
Despite recognition that the system functions as a whole, the maze
of interrelations between the various biotic and abiotic factors has
long discouraged attempts at complete ecosystem studies. Nevertheless, studies dealing with a few
factors have made real contributions to our understanding of certain ecosystems. Recent developments in modeling concepts, mathematics, and computer technology
have opened the way to more complete analyses.
Products

and

Uses

In the minds of many, range has
been associated merely with livestock production and in recent years
it has become increasingly evident
that the range has a rather low
capability to profitably absorb inputs for livestock production alone.
However, it is becoming recognized
more and more that livestock is but
one of many outputs from the
range, and that all outputs-present
and potential-and
their interrelations must be studied and evaluated.
Water
Water is probably the most important single product. Not only
is it directly essential to human
life, but it is vital to the life and
production of vegetation that may
be harvested for man’s use. Agriculture, transportation, power generation, manufacturing, and waste disposal need water produced by the
range ecosystem.
In terms of supply it is estimated
that total water withdrawals in the
contiguous 48 states in 1980 will
amount to 50 percent of renewable
surface ground water supplies, as
contrasted to 21 percent in 1960.
It should be recognized, however,
that present uses already approach
or exceed the limit of available
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supplies in many localities of the
East (U.S. Dep. Agr., 1962). Since
range comprises roughly one-half
the land surface of the United
States, it provides a substantial part
of the total water supply. It is
extremely important, therefore, that
the range be properly managed for
optimum
production
of quality
water.
Air
Air-the
mixture of gas, liquid,
and solid particles that envelops
our earth-is vital to man directly,
essential for plants and animals,
and necessary for man’s domestic,
community, industrial, and agricultural activities. Physical properties
of air-temperature,
water density, and air movement-affect
the
growth and development of plant
and animal life, and limit man’s
use of the land. Chemical properties-oxygen, carbon dioxide, water
vapor, and, increasingly, pollutants
-directly
affect man and his wellbeing (Middleton, 1966).
Rangelands provide a source of
unpolluted air as well as an immense capacity to receive, transport, and discard pollutants from
urban and industrial
areas. Air
quality is directly influenced by
wind erosion resulting from depleted vegetal cover, smoke from
burning organic matter and, of
course, by carbon dioxide-oxygen
exchange processes of the vegetation. With continually increasing
problems of air pollution, knowledge of the air environment
becomes more and more important
as a basis for regional “airshed”
management.
Fish

and

Wildlife

The Nation’s rangelands and associated waters are the habitat for
millions of big game and countless
numbers of other wildlife including songbirds, upland game birds,
waterfowl, and fish. These wildlife
resources provide recreation
and
income for a broad spectrum of our
population.
For example, some 40
million of us-about one in four-
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spend about $5 billion annually to
go hunting and fishing. In addition, great numbers
of people
simply like to observe, photograph,
or study wildlife, and thereby enjoy
the legacy of our lands and waters.
Fish and wildlife, then, contribute
substantially to our national economy, and are particularly important to many farm and rural community residents.
Vegetation manipulation through
such practices as livestock grazing,
timber harvesting, complete type
conversion, selective plant control,
and introduction
of new species
through seeding and planting can
greatly influence habitat quality
and, consequently, wildlife populations. Full consideration must be
given to interrelations between terrestrial range uses and associated
fish habitats.
Improper land use
in some areas has resulted in excessive stream siltation, unstable channels, and exposed banks. Improved
fish and wildlife outputs will come
about only through an understanding of the ecosystem and fully coordinated land management practices.
Forage for Livestock
Although some rangelands are
not high producers, essentially all
are integral parts of the operations
of thousands of ranch families
whose livelihood
depends upon
sustained yield of forage and livestock products.
Range forage is
used in combination with hay and
grain produced on local agricultural lands and allows profitable
utilization of such feeds that might
otherwise be difficult or uneconomical to market. This is particularly true of some of the sparsely
populated areas of the West. At
the same time, these rangelands are
a source of beef cattle and lambs
that are finished in the large commercial feedlots prior to slaughter.
Regardless of economic and social
factors, public and private rangelands have a long history of grazing
use. Such use will undoubtedly
continue in the foreseeable future.
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Therefore,
it is important
that they
be managed
in such a way as to
maintain
or improve the basic resource while providing
maximum
returns to the ranch families as well
as to the communities
and states
of which they are a part.
Open

Space

and Recreation

Rangelands
provide innumerable
recreation opportunities
in addition
to those directly
associated
with
fish and wildlife.
Abundance
of
surface water, wide open spaces,
and interesting
and beautiful landscapes are attracting
more
and
more people into range areas for
camping, picnicking,
rock hunting,
and other kinds of outdoor recreation activities.
Colorful rocks, unique geological
formations,
and a wide variety of
plant communities
make an endless array of interesting
and beautiful scenery for the viewer. Wildlife
is also a source of interest
and
beauty.
To some people the ultimate in enjoyment
of the outdoors
is seeing deer or elk in their native
habitat or hearing the song of an
unseen bird.
Pastoral
scenes can
also add much to the landscape.
Cattle
and sheep,
cowboys
and
sheepherders,
rustic cabins, corrals,
or even sheep-camp
wagons contribute to enjoyment
of the range
landscape-especially
if a good job
of land and livestock husbandry
is
evident.
Not the least of rangeland
attributes
is simply the broad expanse of open space where one’s eyes
and thoughts
can roam to distant
horizons.
With increasing recreational
use,
knowledge
of range ecosystems
is
essential to maintenance
of quality
opportunities
and wise integration
of recreation
with other uses and
values of this extensive
resource.
Miscellaneous

Products

Products from the range vary as
much as its sites, climate, and vegetation. Ranges produce edible nuts
and berries,
chemical
compounds
with present and potential
medicinal or industrial
uses, and wood
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products.
New
uses
constantly
stream from our Nation’s
laboratories. Since livestock grazing and
other land management
practices
affect the vegetation and its various
uses, management
plans should account for all product possibilities
from the range. Knowledge
of the
operation
of various
biotic
compunities
is essential
to proper
evaluation
of the many resource
values and to wise management
decisions.
Resource

Strengthen Rural

Reserve

As an output of the range ecosystem, the resource reserve is an important
national
asset maintained
in a readiness condition
available
to support our economic and social
culture (U.S. Dept. Agr., 1968). It
is much more than a source of
agricultural
production
and must
be preserved
as a viable, flexible
system that can respond to future
needs. This range resource reserve
has particular
significance
in view
of today’s rapidly changing society
generated
by a highly developed,
progressive
technology.
As our
growing
population
places more
and more demands
on our total
environment,
this resource reserve
will be available to satisfy presently
unforeseeable
needs.
We need to
learn how to manage
the range
ecosystem for efficient
production
at the present time without
causing serious damage or irreversible
changes in the basic resource.
Range in Relation
Goals of Society
The
Nation

vast rangeland
are becoming

valuable

to society.

ress, changes
varying

the

of the Nation’s

to

areas of the
increasingly

Economic

in society’s

roles among

fluencing

regions

relative

prog-

needs, and
are in-

importance

rangeland

uses and

products.
Important

goals

for

natural

re-

source

management

in the United

States

during

1970’s

(1) strengthen
(2) maintain

the
rural

and (3) provide fish, wildlife, and
recreational
opportunities.
Range can contribute
to better
living for present and future generations by providing security and
stability to regional economies and
rural communities.
It also can provide a high-quality
environment,
recreational
opportunities,
fish,
wildlife, water, forage, etc. These
uses must be balanced
within the
constraints
of the stewardship
responsibility.

are

to:

communities,

environmental

quality,

Communities

Livestock
products are valuable
income
sources for rural populations and regional economies.
The
social and economic
viability
of
rural communities
can be strengthened if farm and ranch incomes
can be increased
to provide adequate returns to the operators, and
rural slum situations
can be relieved. Correcting
these factors will
help reduce the flow of rural people
to urban areas in search of employment.
Rangeland
is a major
component of the income base for many
farms and ranches, large and small,
throughout
the West, South, and
the Ozarks.
Rangeland
use and
management
in these regions should
be directed
to provide
adequate
incomes
and
to maintain
and
strengthen the competitive
position
of families
whose
incomes
and
living standards are based on range
livestock production.
Opportunities
exist for more efficient
land use,
better balance of resource combinations, improved
efficiency
of livestock production,
increased volume
of business, and lower costs of production
for many range livestock
producers.
Although
livestock
production
always has been an economic mainstay of rangeland
areas, some localities
are experiencing
new diversification.
Recreational,
fishing,
and hunting opportunities
are relatively new sources of income
for
many rural communities.
Benefits
of these income sources can be increased through understanding
the
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ecosystem
and coordinated
management.
In much of the West, local and
regional
economies
are highly dependent on the range livestock industry, and many year-round ranch
operations
are based wholly on use
of range forage. In the Ozarks and
in the South,
most small-acreage
farmers depend upon grazing their
livestock on forest ranges to augment their incomes.
The amount
and quality of forage, the balance
of seasonal ranges, and the management efficiency of the ranch operation govern the incomes of ranchers
and of their communities.
A hypothetical
case demonstrates
the importance
of rangeland
to a
western rural economy.
If grazing
were reduced 20 percent
(222,876
animal-unit-months)
on
Federal
lands in Grant County, eastern Oregon, annual ranch income would
decrease 11 percent ($405,000),
and
total county
income
would drop
$624,000
per year (Bromley
et al.,
1968). Comparable
increases might
be realized
if range productivity
were improved.
Situations
exist where effective
management
and use of the range
resources would permit rural families to remain self-employed
and
independent
in their home communi ties, earn adequate
incomes,
and contribute
to their local economy rather
than move to a city
where their presence might add to
an urban
crisis.
Improved
management and use of the 163 million
acres of forested range in the South
can strengthen
and maintain
rural
families and communities.
Maintain

Environmental

Quality

The concern
of society for environmental
quality has prompted
an examination
of past uses and
abuses of rangelands.
Certainly,
lack of harmony between man and
his environment
has been demonstrated,
but dearth of knowledge
about operation
of the ecosystem
prevented him from taking the action
necessary
to avoid
serious
problems.
For example:
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-When
livestock grazed the western ranges
during
the late
1890’s, the early settlers did
not
realize
that
too many
cattle could severely damage
the rangeland
vegetation
and
create soil erosion.
-When
18 million
acres
of
mixed
prairie
in the Great
Plains were plowed within a
lo-year period, no one visualized the duststorms
that were
to follow.
-When
chemicals were sprayed
on millions of acres to control
insects and noxious plants, the
possible
effects
on wildlife,
birds, fish, or man were not
anticipated.
-When
watertables
under
some rangelands
were lowered
through gully erosion, no one
could predict
the seriousness
of vegetation
changes
that
would follow.
The
science
of range management was developed under a philosophy of stewardship, on the premise that vegetation
can be used
perpetually for grazing while simultaneously
providing
society
with
high-quality
air and water, open
space, and recreation.
Proper exercise of stewardship
responsibilities
will protect the ecosystem and its
basic components
from irrevocable
damage.
The
total environment
must be preserved, restored, or improved, as an obligation
to future
generations.
Plant cover greatly affects amount,
timing, and quality of water produced.
Insect and disease infestations, wildfire, livestock and wildlife overuse, and severe droughts
can seriously
damage
vegetation,
reduce soil stability, and adversely
affect water quantity
and quality.
On the other hand, man can manage the system to produce desired
changes
in vegetation
with corresponding
improvement
in water
quality and/or yield.
Some 4 b,illion tons of sediment
are washed into tributary
streams
in the United States each’year, and
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a substantial
part of this comes
from rangelands.
Vegetation
is the
major deterrent to erosion.
For example, amount of live plant and
litter cover has been shown to be
the most important
site factor affecting
erosion
on rangelands
in
Utah, Idaho, and Montana
(Copeland, 1965).
Water
supply can be seriously
impaired
by livestock wastes. Domestic animals produce more than
1 billion tons of fecal wastes a year
and over 400 million tons of liquid
wastes. Waste production
by animals in the United States is equivalent to that of a population
of 1.9
billion
people
(Wadleigh,
1968).
Manure disposal is difficult, partly
because commercial
fertilizer is less
costly and easier to apply. Keeping
livestock dispersed on pastures and
ranges is one alternative
that may
help abate this type of pollution.
Rangelands
provide one of the
Nation’s largest reservoirs of clean
air. Vegetation
on these vast areas
is a vital source of photosynthetic
activity.
As plants extract carbon
dioxide from the atmosphere,
they
release oxygen as a by-product. This
contribution
to the oxygen-carbon
dioxide balance is basic to life, and
may be one of the range’s most
importan t-yet
most overlookedeffects on man’s environment.
An estimated 30 million tons of
dust enter earth’s atmosphere
each
year (Wadleigh,
1968). Windblown
soil not only pollutes the air, but
also lowers the quality of the land
and its capacity to produce.
Proper
management
of range ecosystems
and repair and improvement
of previously
damaged
rangelands
can
help alleviate this problem.
Range landscapes are rich in historical, archeological,
and esthetic
values.
In his constant
quest for
open space and natural beauty, man
can find freedom from disturbing
noises as well as offensive
sights
and odors.
Under pressures from
an expanding
population,
resource
managers are faced with the challenge to maintain
and enhance the
natural environment.
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Understanding
ecological
relationships among living things makes
it possible for the land manager to
conserve plant-animal communities
and restore or maintain desirable
landscapes. In Nicasio Valley, California, for example, environmental
designers found that the open grassland character
of the landscape
could be maintained
only when
cattle grazed the area (Twiss et al.,
n.d. [ 1969]).
Provide Fish, Wildlife,
and
Recreational Opportunities

Modern society values fish and
wildlife even more than the pioneers
who used them fo,r food. Today,
esthetic qualities for personal observation and photography outrank
values for hunting and fishing.
Managers of the range ecosystem
must recognize the importance of
the habitats for both fish and wildlife. Each species has peculiar food
and cover requirements.
Interactions among wildlife species as well
as interrelations
of livestock and
wildlife must be considered. Often,
livestock grazing is necessary to
maintain suitable wildlife habitats.
Streambank vegetation regulates
the amount of solar energy received
at the stream surface. Water temperatures
are critical
for many
species of fish. If vegetation
is
damaged, water temperatures may
change, and undesirable species of
fish may become dominant. Streamside vegetation also influences food
in streams and the
production
chemical content of the water. Condition of nearby watershed areas
also influences fish and their habiSediment
from roads, imtat.
properly used ranges, and barren
streambanks can destroy habitats
and fish populations.
Recreation on rangeland has expanded from token activities in
pioneer times to present-day major
use. Clawson (1959) estimated that
city and country park-type recreation would quadruple by the year
2000, but resource-based recreation
-visits to forests and rangelandswould increase 40 times.
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Man, as a recreationist,
exerts
pressures on rangelands similar to
those of grazing animals. Solutions
to many recreation problems may
be found in principles used for
years in range management.
Rotation of campground locations is a
short step from rotation of grazing
use by animals.
Damage due to
concentrations of people and pack
stock on fragile vegetation and soils
also is an ecological problem.
Recreational
values already are
high for some rangelands, especially
in the mountains. Those for other
areas, such as deserts, are increasing.
Generally, there need be no conflict
between recreation and grazing if
the two uses are properly managed.
Range

Ecosystem

Research

Public concern over rangeland
stewardship and conservation problems fostered the growth of the art
and science of range management
(Roberts, 1963; Stoddart and Smith,
1955), and a program of research
was developed to provide a scientific basis for range management
(USDA, Forest Service, Division of
Range Research, 1944).
Although range management has
usually emphasized “planning and
directing range use to obtain sustained maximum animal production” (American Society of Range
Management, 1964), range scientists
have recognized the multiple values
of the range and the complexity of
interacting factors within the ecosystem. Consequently, their efforts
have been directed at range ecology
as well as grazing management and
direct range improvement.
Because of public alarm over mudflows and flash floods, early range
scientists often focused attention on
watersheds damaged by unregulated
and excessive grazing, as well as on
fundamental
ecosystem characteristics and biological production.
Today’s research problems can be
grouped into the following categories: (1) analyze ecosystems, (2)
inventory range resources, (3) coordinate management and use, (4)
improve resources, (5) maintain
and impro’ve environmental quality,

and (6) analyze social and economic
aspects of resource use. Several
agencies and institutions are conducting research on these problems:
the U.S. Departments of Agriculture and Interior, State Agricultural
Experiment Stations, and many universities, particularly
those affiliated with the International Biological Program.
Although substantial progress has
been made, the total research effort
is far from adequate.
Funds sufficient for a realistic research program, even as contemplated over
30 years ago (USDA Forest Service,
1936), have not been available.
Some problems described in 1936
still persist, while new problems
emerge. The gap widens between
knowledge
available
and
that
responsible
needed
to exercise
and stewardship of
management
the range ecosystem. Basically, the
total range research program needs
to be expanded and its scope broadened to emphasize society’s growing
concern for environmental quality
and improvement
of rural communities.
The most pressing needs are for
new information
to: (a) help resolve serious problems confronting
people and communities that are
economically dependent on range
resources, (b) facilitate more effective management of rangelands as
a major portion of our total environment,
and (c) enable us to
meet stewardship responsibilities.
Range ecosystems should be intensively and comprehensively
analyzed, and rangeland resources scientifically inventoried.
Recent range research emphasizing resource improvement, management and use coordination, and
ecology of plant communities has
provided much usable information
and should be continued and exResearch
in the other
panded.
categories listed, however, has been
severely limited by shortage of
funds and societal preferences. An
expanded and intensified research
program in these areas is imperative.
Productive research on range ecosystems and man’s use of them will

RANGE
require
dedicated
scientists
with
thorough
and modern
training
in
various
disciplines-soil
physicists,
microbiologists,
ecologists, range scientists, zoologists,
mathematicians,
economists,
sociologists,
etc.-organized into teams. The traditional
single-function
research
organization cannot cope with today’s complex problems.
The needs and opportunities
for
range research are considered within
this general framework.
Analyze Ecosystems
Existing
information
on range
ecosystems is substantial
but it is
fragmentary.
The scientific foundation for management
of the huge
resource in the 1970’s and beyond
is inadequate
because the ecosystem
components
vary widely and their
interrelations
are extremely
complex. The first step toward meeting
society’s goals, especially
those for
environmental
quality and stewardship, is to consolidate
our present
knowledge
and initiate
new research to fill gaps in our understanding of ecosystem components
and their interactions.
Inventory

Resources

The
Nation’s
range
resources
should be continually
inventoried
and evaluated as a basis for developing national policies and programs.
Such an inventory
would provide
periodic data on quantity,
quality,
and productivity
of rangeland
ecosystems.
Coordinate

Management

and Use

Satisfactory
management,
often
complicated,
is essential
to controlling environmental
quality and
strengthening
rural
communities.
Systems are needed that minimize
conflicts
between
grazing by livestock and wildlife and other uses;
complementary
uses should be encouraged.
Managers responsible for
multiple use planning need to know
the probable
impacts of ecosystem
alternatives
on somanipulation
ciety’s goals.
Improve

Resources

Many ranges have been depleted
because of unwise attempts to cul-
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tivate, past mismanagement
of livestock, encroachment
of undesirable
shrubs and trees, and destruction
by pests.
Low-value
plants have
invaded
more
than
300 million
acres in the West; intensive
treatment is needed on 40 to 80 million
acres to protect watersheds,
to improve landscape values, and to restore forage productivity.
Maintain

and Improve Environmental
Quality

Man’s use has often impaired the
environmental
quality of our rangelands. As population
and use pressures grow, the threat of further
loss of environmental
quality
inResearch
is needed
to
creases.
monitor
undesirable
changes
imposed by management
practices and
uses; to determine
impacts on soil,
water, air, fish, wildlife, recreation,
and landscape values; and to find
ways to overcome past damage and
prevent
future
losses in environmental quality.
Analyze Social and Economic
of Resource Use

Aspects

Viable resource
use systems develop and operate within constraints
imposed
by social and economic
criteria
as well as by ecological
criteria
(Firey,
1960).
A comprehensive
range ecosystem
research
program should include work in the
social and economic sciences.
Too
often, the lack of kno,wledge and
understanding
of the social,
political, or economic aspects of rangeland use has hampered-or
even
blocked-full
use of sound biological research.
Research
is needed to provide a
sound basis for directing ecological
studies, and for getting their findings into practice.
Social and economic research also is essential to
maintain and strengthen rural economies.
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Highlight
Forages produced on some high northwestern
ranges were
concentration
to determine
the
analyzed
for selenium
hazard
of white muscle disease
(WMD)
in calves and
lambs.
The selenium concentration
in 94 forage samples
ranged from 0.01 to 0.78 ppm, of which 20 samples contained more than 0.10 ppm.
The remaining
74 samples
contained
less than 0.10 ppm and 59 of those contained
less than 0.05 ppm.
Approximately
90% of the summer
ranges studied produce
forage
containing
less than 0.10
ppm selenium.
Thus, the hazard of WMD on these northwestern ranges may be high.
Ranchers
should work individually
and in groups
to ascertain
losses from
the
disease and minimize them by injecting
the animals with
selenium.

Livestock losses from selenium responsive diseases
are common
in the northwestern
United
States.
White muscle disease (WMD),
the most common
of these diseases, afflicts calves and lambs, causing
serious economic losses. WMD occurs when animal
feeds contain insufficient
selenium for normal animal nutrition
(Muth,
1963).
The minimal
diet
level of selenium
required
to prevent WMD
is
from 0.03 to 0.10 parts per million (ppm), depending upon the level of vitamin E and possibly other
substances (Allaway et al., 1967; and Underwood,
1966). While range forage is still green, it contains
a good supply of vitamin
E and the required
selenium content to prevent WMD is below 0.10
ppm and may be as low as 0.03 ppm. As the range
forage dries, the selenium content required to prevent WMD increases to about 0.10 ppm. WMD is
l Received July 16, 1969; accepted for publication September
15, 1969.

Oak Ridge Nat. Lab., Oak Ridge,
Tenn. 46 p.
WADLEIGH,CECIL H. 1968. Wastes in
relation to agriculture and forestry.
U.S. Dep. Agr. Misc. Pub. 1065,
112 p.

common in animals being fed hay that contains less
than this amount.
Animals on high selenium diets for a few months
build up selenium reserves that may protect them
and their offspring
from WMD for a full year.
Thus, the selenium content of feed being consumed
by livestock during all seasons should be known.
Low selenium diets at a certain time may not represent a WMD hazard if animals have built-up protective reserves from a previous diet. The duration
of these selenium reserves depends on the concentration in the diet and how long the animals are
on that diet.
Generally, only animals less than six months old
are afflicted by WMD. The disease is characterized
by muscle tissue degeneration,
and the animal may
or may not exhibit visible symptoms, depending on
the muscles that are affected.
Heart muscles are
most commonly affected, and animals may exhibit
no symptoms
until death.
Other muscles commonly affected are hindquarter,
forequarter,
and
throat muscles.
When these muscles degenerate,
the animals have difficulty
walking, standing, or
swallowing.
Often the degenerating
muscle tissue
contains
white deposits of calcium
compounds.
Hence the name-white
muscle disease.
Plants may contain from none to several thousand parts per million
of selenium,
depending
upon the plant species and the soil. On alkaline
soils, certain plants may accumulate concentrations
toxic to livestock.
Toxicity
usually results from
eating plants containing
from four to several thousand parts per million
selenium
(Rosenfeld
and
Beath, 1964).
Extensive
information
is available
about selenium
toxicity to animals and the geographic regions where selenium
toxicity is likely
are also well characterized.
A map showing the selenium
concentration
in
forage and hay crops produced in broad general
areas is available (Kubota et al., 1967). Alfalfa was
the primary plant sampled for this map, and high
rangeland samples were not included.
A more detailed map showing selenium
concentration
in
forage and hay crops in the Pacific Northwest was
published later (Carter et al., 1968), but again alfalfa
was generally the plant sampled. This latter study
did include samples from three high ranges, however. The data from these three ranges indicated
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common in animals being fed hay that contains less
than this amount.
Animals on high selenium diets for a few months
build up selenium reserves that may protect them
and their offspring
from WMD for a full year.
Thus, the selenium content of feed being consumed
by livestock during all seasons should be known.
Low selenium diets at a certain time may not represent a WMD hazard if animals have built-up protective reserves from a previous diet. The duration
of these selenium reserves depends on the concentration in the diet and how long the animals are
on that diet.
Generally, only animals less than six months old
are afflicted by WMD. The disease is characterized
by muscle tissue degeneration,
and the animal may
or may not exhibit visible symptoms, depending on
the muscles that are affected.
Heart muscles are
most commonly affected, and animals may exhibit
no symptoms
until death.
Other muscles commonly affected are hindquarter,
forequarter,
and
throat muscles.
When these muscles degenerate,
the animals have difficulty
walking, standing, or
swallowing.
Often the degenerating
muscle tissue
contains
white deposits of calcium
compounds.
Hence the name-white
muscle disease.
Plants may contain from none to several thousand parts per million
of selenium,
depending
upon the plant species and the soil. On alkaline
soils, certain plants may accumulate concentrations
toxic to livestock.
Toxicity
usually results from
eating plants containing
from four to several thousand parts per million
selenium
(Rosenfeld
and
Beath, 1964).
Extensive
information
is available
about selenium
toxicity to animals and the geographic regions where selenium
toxicity is likely
are also well characterized.
A map showing the selenium
concentration
in
forage and hay crops produced in broad general
areas is available (Kubota et al., 1967). Alfalfa was
the primary plant sampled for this map, and high
rangeland samples were not included.
A more detailed map showing selenium
concentration
in
forage and hay crops in the Pacific Northwest was
published later (Carter et al., 1968), but again alfalfa
was generally the plant sampled. This latter study
did include samples from three high ranges, however. The data from these three ranges indicated
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ranges may

Methods
Sampling
rangelands
locations
lar high

locations
used for

were selected
on high northwestern
summer
and early fall grazing.
The

selected represent
large areas typical
range.
These
ranges are generally

grass or conifer-grass
complexes.
sumed by livestock
was sampled

Mixed
at each

Cl
Q0

of the particuconifer-aspen-

forage being conlocation.
At most

Baker

Wyomng
0

Burns

sites the samples were composed
of 4 to 8 different
plant
species. The relative proportions
of the various species were
not determined
because the primary objective
was to sample
the forage being consumed
by the livestock.
Each sample
was composed of clippings
of mixed forage from at least 20
different
plants or plant clusters.
Generally,
the samples
were composited
from plants sampled over more than one
acre. Care was taken to avoid sampling
plants
and areas
that might
have been contaminated
by construction
activities or excessive animal activity.
The samples were placed in cloth bags, taken to the laboratory,
dried at 50 C for at least 48 to 72 hours,
and
ground to pass through a l-mm sieve. The selenium content
was determined
fluorometrically
and Cary (1964).
No selenium
elevation
areas
species samples
forage in the
were collected

by the method

of Allaway

tents of different
species at the same site were very nearly
the same. Differences
were generally
within the margin of
experimental
error of the analysis procedure.
These results
agree with a report that the selenium concentration
of nonaccumulator
species will be nearly the same on low selenium
soils (Ehlig et al., 1968). Thus,
even if animals selectively
grazed,
they would
obtain
about
the same quantity
of
selenium
as they would from random
grazing.

and

Salina
0

accumulator
plants grow in any of the high
However,
to assure that mixed
sampled.
represented
the true selenium content
of all
area, samples
of several
individual
species
at some sampling
sites. The selenium
con-

Results

Jtah

Discussion

The selenium content of 94 forage samples from
high northwestern
ranges varied from 0.01 to 0.78
ppm, but only 20 samples contained
more than
0.10 ppm. The remaining
74 samples contained
less than 0.10 ppm selenium.
Of these 74 samples,
59 contained
less than 0.05 ppm. Thus,
forage
produced
on many high summer ranges in the
northwestern
U.S. is low in selenium
concentration, and livestock losses from WMD and other
selenium-responsive
diseases may occur on these
rangelands.
The high rangelands sampled were grouped into
14 areas according to geographic location (Fig. 1).
Each range area was then classified according
to
the selenium
level found in the forage sample
(Table 1). Where 75% or more of the samples contained more than 0.10 ppm selenium, the area was
classified as adequate in selenium, even though it
is realized that some ranges in this group may have
localized areas of inadequate
selenium in the forage. Where 75% or more of the samnles contained

14
34

FIG. 1. Geographic location of high northwestern ranges where
forage was sampled for determining
selenium content.

less than 0.10 ppm selenium, the area was classified
low or very low in selenium level depending upon
the proportion
containing
less than 0.05 ppm
selenium.
Areas not falling in the described groupings were classified as variable in selenium level.
Some information
on the geologic materials
and
the soil associations
present in each area is also
given in Table
1 (Ross and Forester,
1947, and
Western Land Grant Universities and Colleges and
the Soil Conservation
Service, 1964).
Areas 1,6,9 and 13 produce forage that generally
contains adequate selenium
for animals.
Area 1
is north of Burns, Ore., and lies within an area
where Carter et al. (1968) found that alfalfa at
lower elevations
contained
adequate
selenium.
Thus, both high elevation summer forage and hay
used for winter feed contains sufficient
selenium
to protect livestock from WMD.
This range was
the largest summer range sampled that produced
forage containing
adequate selenium.
Area 6 comprises the Big and Little Lost River drainages in
Idaho,
including
the important
Copper
Basin
range.
This area also lies within an area where
alfalfa grown at lower elevations
contained
adequate selenium.
Area 9 is on a mountain
range
containing
phosphate deposits known to contain
considerable
selenium
(unnublished
data of au-

CARTER,

236
Table

1.

Selenium

concentration

in forage

from
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high

ranges.

Area

summer

locations

are shown

in Fig.

1.

Number of samples
by selenium
concentration

Area

States

Counties

Oregon
Oregon

Baker
Harney

Oregon
Idaho

Idaho
Nevada
Utah

Baker
Washington
Adams
V;lley
Custer
Elmore
Camas
Lemhi
Custer
Madison
Custer
Twin
Falls
Power
Franklin
Bear
Lincoln
Custer
Elko
Cache

12

Utah
Wyoming

Weber
Davis
Salt Lake
Summit
Uinta

13
14

Utah
Utah

Utah
Sevier

Idaho
Montana
Idaho
Idaho
Idaho
Wyoming

9
10
11

National
forests
Malheur
WillowaWhitman
WillowaWhitman
Payette
Boise
Challis
Salmon
Challis
Salmon
Beaverhead
Challis
Sawtooth
Caribou
Bridger

Elevation
(ft) of
samples

(PPm> ranges
o-o.5

0.050.10

>O.lO
6
0

50005260-

5500
6000

1

1
1

5000-

7250

11

2

Very

7000-

8300

1

1

Low

7000- 8000
7000- 8000
7000-10000
5500- 7200

6
0

0
0

17
2

3
2

Very low
Adequate
Very low
Low

Adequate
Low
Low

Caribou
Humboldt
Wasatch
Cache

7500
5000- 8000
6750- 8600

0
3
2

0
0
2

Wasatch
Uinta
Ashley
Uinta
Fishlake

7000-10000

6

1

7000
8000-10000

0

0

9
59

TOTAL

thors).
The sample from area 9 contained
0.78
the highest found in the study.
ppm selenium,
Area 13 is part of the Uinta National Forest south
of Payson, Utah. Areas 9 and 13 lie within areas
mapped variable by Carter et al. (1968). Thus livestock grazing summer ranges may or may not obtain
adequate
diet selenium
for part of the year on
these areas, depending upon the selenium content
of winter feed.
Area 14 was the only range classified as variable.
On this range, 69% of the samples contained
less
than 0.10 ppm selenium.
Livestock
losses from
WMD in that area depend upon where the stock
graze, supplement
feeding programs and the selenium content of hay feed on home ranches.
The
WMD hazard is fairly high in area 14.
Five range areas produce forage classified as low
in selenium level. These are areas 2, 4, 8, 10, and
11. Area 2 is south of Baker, Oregon in the Willowa-Whitman
National Forest. Area 4 represents

Selenium
level
Adequate
Low
low

0

Very

2

5

Adequate
Variable

15

20

low

two ranges east of Challis, Idaho. Area 8 includes
most of the high range in the southeastern
corner
of Idaho. Area 10 is the high range in northeastern
Nevada, and area 11 is the Wasatch
Mountain
range in Utah. Livestock grazing forage on these
ranges may not obtain adequate selenium to protect young animals from WMD.
The remaining
four range areas produce forage
very low in selenium content.
Area 3 includes a
vast area north of Boise, Idaho which extends into
Oregon.
Area 5 is in southern Montana,
and it
lies within a region where alfalfa grown at lower
elevations is also low in selenium
(Carter et al.,
1968). Area 7 includes portions of the Sawtooth
National
Forest in southern Idaho and Northern
Utah. Area 12 is the Uinta Mountains
in Utah
with one sample from Wyoming.
Ranges producing
low and very low selenium
forage represent approximately
90% of the grazing
area studied. Only a small portion of the rangeland
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2.

Geologic

Area

materials

and soil associations

Geological

materials

Soil associations present

2

Columbia
River basalt
Carboniferous
rocks.

3

Jurassic
and Triassic
rocks.
Columbia
River basalt
Batholith.
Permian
Granitic
rock of the Idaho
sedimentary
rocks.
Belt age argillites
and quartzites.
Paleozoic
sedi-

6
7

8

9

10
11

12

13
14

Columbia

Jurassic

River

basalt.

and Triassic

rocks.

mentary rocks.
Permian,
undifferentiated,
chert
sandstone,
stone, quartzite
and shale.
Pre-Belt
gneiss,
and related rock.
Paleozoic sedimentary
rocks, undifferentiated.
lis volcanics.
Snake River
basalt,
Idavada
volcanics.
Belt
argillites and quartzites.
Some granitic rocks.
Mesozoic
sedimentary
rocks.
Paleozoic
rocks. Alluvial and glacial deposits.
Mesozoic

sedimentary

areas.

present

Jurassic

5

rocks.
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1

4

and Triassic

IN

limeschist
Chalseries

sedimentary

rocks.

Idavada
volcanics
and
silicic
rocks
of volcanic
origin.
Knight
Conglomerate,
chiefly
fluvial
Ordovician
rock.
Nounan
formation
limestone
and dolomite.
Brigham Quartzite
formation.
Mississippian
rocks, undivided
Early Tertiary,
andesitic
and
pyroclastic
rocks.
Alluvial
deposits.
Mutual Formation,
chiefly quartzite.
Early tertiary
andesitic
and pyroclastic
rocks.
Late Tertiary
basalt
and basaltic
andesite
Tertiary
volcanic
rocks, undifferentiated.
outwash.

flows,
Glacial

produces forage with adequate selenium to assure
protecting
livestock from WMD.
Therefore,
the
hazard for livestock losses from WMD on these
western ranges may be high.
However,
actual
losses may not be great on all these ranges because
of high vitamin E content of green forage, and
other factors.
Incidence
of WMD in calves and lambs is related to the supply of selenium to the mother before
the calves and lambs are born.
There
is some
lasting protection against WMD when mother animals have been supplied adequate selenium.
How
long the protection
lasts depends upon many factors such as the length of the adequate
supply
period and the selenium concentration
in the supplying source relative
to the critical
protective
level. Thus calves and lambs born on high summer
ranges may not suffer WMD
even though the

Soils of
regions
(F 14).
Soils of
regions

the cool to cold subhumid
(F). Western
Brown Forest,

and humid
Regosol and

forested

the cool to cold, subhumid
(F). Western
Brown Forest,

and humid forested
Regosol and Lithosol

Lithosol

(F 14).
Soils of the cool to cold, subhumid
and humid forested
regions (F). Brown Podzolic,
Lithosol
and Regosol
(F 2)
and Western Brown Forest.
Dark colored soils of the subhumid
regions (D). Prairie,
Gray Brown Podzolic
and Western
Brown Forest
(D 8).
Dark colored soils of the subhumid
regions (D). Chernozem, Prairie and Lithosol (D 4).
Dark colored soils of
Gray Brown Podzolic
Dark colored soils of
Gray Brown Podzolic
Prairie,
Gray Wooded,
Dark colored soils of

the subhumid
regions (D).
and Western
Brown Forest
the subhumid
regions (D).
and Western
Brown Forest
Chestnut
and Lithosol
(D
the subhumid
regions
(D).

Prairie,
(D 8).
Prairie,
(D 8).
10).
Cheno-

zem, Chestnut
and Prairie
(D 2). Prairie,
Gray Brown
Podzolic and Western
Brown Forest (D 8).
Soils of the cool to cold, subhumid
and humid forested
regions
(F).
Gray Wooded,
Gray Brown
Podzolic,
and
Western Brown Forest (D 9).
Dark colored soils of the subhumid
regions
(D). Prairie
and Lithosols (D 11).
Dark colored soils of the subhumid
regions (D). Prairie,
Gray Wooded,
Chestnut
and Lithosol
(D 10).
Soils of the
regions
(F).

cool to cold, subhumid
Gray Wooded,
Podzol,

and humid
and Lithosol

Dark colored soils of the subhumid
regions
(D).
Gray Wooded, Chestnut and Lithosol (D 10).
Dark colored soils of the subhumid
regions (D).
Gray Wooded,
Chestnut
and Lithosols
(D 10).

forage

contains

of young
the

animals

mothers

insufficient
can
with

also

selenium.
be

selenium

assured
during

forested
(F 10).
Prairie,
Prairie,

Protection
by

injecting
gestation

et al.,
1965; and Mace et al., 1962).
Another way to provide protective
selenium
on
high ranges would be by supplying selenium-fortified salt, if it were approved for use (Paulson et al.,
1968).
The feed consumed by livestock during the entire year should be considered
in management
practices to combat WMD losses. Cattle and sheep
usually are fed hay in the winter, g-raze low elevation ranges in the spring, graze high elevation
ranges in the summer, and again graze low elevation ranges and late growth in cultivated fields in
the fall. In this type of management
system there
are at least three sources of feed--the hay, the low
elevation
range forage, and the high elevation

(Hidiroglou
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range forage.
Often supplements
are fed during
certain times of the year. The selenium content
of all these sources is important.
When all feed
sources are low in selenium, the incidence of WMD
will likely be higher than when one or more feed
source contains adequate selenium.
For example,
area 5 is located where all local sources of animal
feed contain
insufficient
selenium.
Losses from
WMD in this area are high and ranchers inject
most young animals with selenium
to minimize
losses. In contrast,
areas 10 and 12 are within
regions where lower elevation
range forage and
hay produced contain adequate selenium.
Therefore, losses from WMD may be few, although the
actual losses are not known.
The data presented in this paper indicate that
most of the high northwestern
ranges produce
forage low in selenium content.
On these ranges,
calves and lambs are not assured protection against
WMD and possibly other selenium-responsive
diseases. Even if animals are not lost to WMD, they
are not building selenium reserves to protect them
or their offspring
at a later time.
Thus, many
ranchers in the region may lose young livestock on
the high summer ranges or at a later time from
WMD.
These losses may have occurred for many
years and may be considered
as part of the “natural” range losses. Where actual losses are verified,
practices to minimize
them will be of economic
value to ranchers.
The best known approved practices are to inject young calves and lambs with
selenium
soon after birth, or to inject pregnant
animals.
For cattle, the latter practice would be
more expensive because selenium must be administered in relation
to animal weight, but it would
be more convenient
than finding, catching,
and
injecting the young calves on the range. The most
convenient
and economic
practice
will depend
upon the particular
situation.
Ranchers
should

Individual
The following
individual
additional
financial
support
Leslie R. Albee
Richard
E. Anderson
Harold
H. Biswell
Jack M. Buckhouse
Arthur
C. Buether
Robert
S. Campbell
W. R. Chapline
Francis
T. Colbert
Reginald
M. DeNio

AND

BROWN

determine
minimize

the best practice for their operation and
losses from WMD where they occur.
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Highlight

Lot 1. 8 cows, pasture not burned.

Individual
blood samples showed variation
in components
between
range
cows and for the same animal
at different
seasons.
Adiusted
means values
for all blood samples were: phosphorus
and calcium per 160 ml plasma 5.2 and
11.4 mg, respectively;
hemoglobin
11.6 gm per 100 ml blood; and hematocrit
54%
packed cells.
Blood
calcium,
hemoglobin,
and hematocrit
levels were
significantly
influenced
by season and breed of cow.
There
was a highly
significant season effect on blood phosphorus,
a significant breed )( season interaction, and a non-significant
effect when values were averaged
for all seasons.

The relationship
between pasture
and animal performance
is of particular
interest
when
cattle
are
grazed on improved or native pastures. The composition
of the pasture at different periods during the
year establishes
the base supply of
nutrients which must meet the animal nutritional
requirements.
Unburned
wiregrass
(A ristida
spp.) from phosphorus
(P)-deficient
areas (Becker
et al., 1933) contained an average of 0.038% and
from burned ranges 0.082% phosphorus while wiregrass from burned
healthy ranges had 0.135%. Unpublished data from the Range Cattle
Experiment
Station
(RCES)
show
that nine samples
of grass harvested in a 12-month period from
an area protected
from burning
averaged
0.07%
phosphorus
and
0.43% calcium.
Nine samples from
an adjoining area which was burned
in the spring had 0.09% phosphorus
and 0.52% calcium.
According
to
Cunha et al. (1964) unburned wiregrass may furnish
less than onethird and a burned
area slightly
more than one-third
of the total
phosphorus requirements
of a nursing cow. Duncan and Epps (1958)
luniversity
of Florida Institute
of
Food and Agricultural Sciences, Journal Article No. 3184. Received February 19, 1969; accepted for publication January 8, 1970.

tained
on the area.
They
were
separated into two lots of eight and
three lots of 10 animals
for the
winter supplement
period.
The 46
cows ran together from March 22
to November
22, being rotated on
the five fields. Treatment
of pasture and average daily supplement
fed per animal from November 22,
1944, to March 21, 1945, 119 days,
were as follows:

reported
that to meet the requirements for a nursing cow the minimum phosphorus
in air-dried forage was 0.180/,, while the National
Research
Council
(1963) suggests
that 0.15% meets the need of all
but fattening
cattle.
In Florida
Cunha et al. (1964) reported
that
inorganic
phosphorus
below 5 mg
per 100 ml blood plasma is reason
to suspect a deficiency.
Blood was obtained
at five periods in a year from five groups of
grazing cows wintered
under differenl management
practices to ascertain phosphorus,
calcium, hemoglobin, and hematocri t values.
The
present
blood
component
study was imposed
on cow-calf
herds grazing unimproved
Florida
flatwoods and fed different supplements during winter.
The pasture
area consisted mainly of Immokalee
and Leon soil types with numerous
small ponds, typical of large areas
in central and south Florida.
Wiregrass predominated
on the flatwoods and there were some broadleafed grasses, many saw palmettos
(Serenoa repens (Bartr.) Small) and
a few pine trees.
Methods
The
SOO-acre area was divided
into five pastures of 160 acres each.
Forty-six
native and grade Brahman, Devon,
and Hereford
cows
from 7 to 14 years of age were main239

Lot 2. 8 cows, % pasture
Lot 3. 10 cows, % pasture
plus 6.6 pounds
lasses daily.

burned.
burned
cane mo-

Lot 4. 10 cows, % pasture burned
plus 7.3 pounds fresh sugar
can daily.
Lot 5. 10 cows, % pasture
plus 1.3 pounds
tein
cottonseed
daily.

burned
41% propellets

One-quarter
of each pasture
for
Lots 2, 3, 4, and 5 was burned in
late November
and an additional
l/ of these
same pastures
was
burned the following January.
The
mineral, described by Becker et al.
(1957),
to which
the cattle
had
access consisted
of 58% defluorinated phosphate,
33.89% common
salt, 3.39% red oxide of iron, 0.68%
copper sulfate, 0.04% cobalt chloride, 2% cane molasses, and 2% cottonseed meal.
A 25 ml sample of blood from
cows in the five herds was obtained on December
11, 1944 and
on January
31, April 4, August 21,
and October
16 in 1945. Samples
were
ci trated
and chilled
with
crushed ice until analyzed.
Phosphorus in blood plasma was determined by the molybdophosphoric
acid calorimetric
method of Fiske
and Subbarow
(1925); calcium
in
plasma
by the
titrimetric
permanganate
procedure of Clark and
Collip (1925); h emoglobin
by the
acid
hematin
calorimetric
technique of Cohen and Smith (1919);
and hematocrit
by centrifuging
the
titrated blood at 1860 times gravity
(Relative
Centrifugal
Force) for 30
minutes in calibrated
tubes.

KIRK
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Results

and

Statistical

Discussion
Analysis

2Statistical
analyses by Frank G. Martin, Associate Statistician
and Marvin
Koger, Animal Geneticist,
IFAS, University of Florida,
Gainesville.
1.

Analysis

of variance

mean

Hemoglobin
Source

DAVIS

breed x season interaction
for these
blood constitutents.
There
was a
highly significant
effect of season
on blood phosphorus, no significant
average breed effect, but a significant change in rank of breeds from
one collection date to another.
The adjusted means and range
in values of blood components
for
the four breeds are given in Table 2.
The pattern of the breed differences
(Kramer
1957) show that the level
of hemoglobin
and hematocrit were
higher in the Brahman (Bos indicus)
than in the other
three breeds
(P < .Ol) with no significant
differ-

The least square analysis of variance2 (Table
1) showed that blood
hemoglobin,
blood hematocrit,
and
blood calcium
levels were significantly
influenced
by season and
breed of cow. There were no significant changes in rank of the different breeds from season to season
as indicated by the non-significant

Table

AND

squares.
Calcium

Hematocrit

Phosphorus
df

M.Sq.

df

M.Sq.

df

M.Sq.

df

Season

4

35.8284””

4

741.8364””

4

12.5435**

3

21.3716**

Breed

3

52.4064**

3

1314.4955””

3

1.4430

3

2.5458”

12

2.9459

12

65.3480

12

9

0.6218

175

2.6816

170

61.1902

165

128

0.8830

Season x
Breed
Error

MSq.

1.6667”
0.7681

* Significant at the 5% level.
** Significant at the 1% level.
Table

2.

Breed

groups

and

Phosphorus
adjusted

means

for blood

components.

Breed
Blood
constituents

Inorganic

Range:

Calcium

Devon

Hereford

Brahman

(18;i2

5.0

5.0

5.3

5.3

low

3.1

2.9

3.0

3.7

-

high

8.9

7.8

7.8

7.5

-

10.9

11.1

11.3

11.8

11.4
(144)”

means

(mg/ 100 ml plasma)

Adjusted
Range:

Hemoglobin
Adjusted
Range:

Hematocrit
Adjusted
Range:

Native

Adjusted
means
values1

phosphorus (mg/ 100 ml plasma)

Adjusted

means
low

9.0

8.2

8.3

9.8

-

high

14.3

14.4

13.9

13.9

-

ml blood)
11.3

10.9

11.4

12.7

@n/100
means
low

9.2

6.4

7.2

10.8

high

14.9

16.0

15.3

16.1

53.9

50.6

52.9

58.9

(% packed

low

36.7

31.3

36.7

41.8

high

67.8

68.4

68.4

85.0

1 No. blood samples
2 No. determination

11.6
(195)
-

cells)

means

in brackets.
on samples

ence among the native and Devon
and Hereford
(Bos tarus) breeds.
Brahman
cows had higher blood
calcium than the native and Devon
groups (P < .Ol) with the difference
between
Brahman
and Herefords
being nonsignificant.
Method
of
handling and disposition of animals
may affect the quantitative
value
of some blood components.
The breed and season subclass
means for blood phosphorus (Table
3) show the changes in rank which
were responsible
for the significant
breed x season interaction
for this
constituent.
The interpretation
of
this interaction
is uncertain.
It is
recognized,
however,
that
phosphorus
levels are influenced
by
pregnancy,
lactation
status,
and
level of milk production.
It is probable that these factors
were responsible for breed-phosphorus
differences
being
inconsistent
from
one collection
period to the next.
Breed differences
in blood phosphorus were small and nonsignificant when averaged over all five
seasons.

taken

April

4, 1945.

53.5
(191)
-

Data in Table
2 show that inorganic
phosphorus
blood values
for the five groups of cows were
normal
averaging
5.2 mg per 100
ml plasma.
Individual
cows, however, had values below 4.0 mg per
100 ml plasma, close to the minimal
amount
considered
adequate
to
meet cattle requirements.
A Devon
cow, in Lot 2 (% of range burned)
had a value of 2.9 mg on January 3 1,
10 days after calving; in April, 4.5
mg; August, 3.4 mg; and in October, 6.8 mg. Budyka (1964) found
phosphorus
blood plasma values of
8.9 mg for cows in late gestation
compared
to 3.8 mg immediately
after delivery. There was little difference in average blood phosphoand
rus in December,
January
April, being 5.1 mg, 5.2 mg, and
5.1 mg, respectively,
while values
were lowest in August, 4.3 mg, and
highest in October,
6.0 mg. Sixty
percent of the blood values were
between 4.0 and 6.0 mg per 100 ml
plasma,
17% blood values in the
P-deficiency
range, below 4.0 mg,

COW’S
Table

3.

Adjusted

means

for

blood

phosphorus
Phosphorus

Collection
date

Native

BLOOD

by season
x

Devon

and
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season interaction
Hereford

Brahman

Dec. 11, 1944

4.8

5.0

5.1

5.1

31,

1945

6.4

5.1

5.6

4.9

Jan.
Apr.

4,

1945

4.3

5.0

5.3

5.9

Aug.

21,

1945

3.4

4.1

4.6

5.0

Oct.

16, 1945

6.0

6.1

6.0

5.7

5.0

5.0

5.3

5.3

Adjusted

mean

and 23% above 6 mg phosphorus.
Duvall
and Hansard
(1967)
reported average values of 5.8, 6.1,
and 6.4 mg phosphorus
per 100 ml
plasma in Louisiana
range cattle
during April, early September,
and
November,
respectively.
Shirley et
al. (1968) found that cows grazing
pangolagrass
without
phosphorus
fertilizer had 4.3, compared
to 5.1
mg phosphorus
per 100 ml plasma
for cows on phosphated
pastures.
Calcium

Calcium values for all herds were
the lowest (9.6 mg per 100 ml
plasma) during December
and the
highest
(12.3 mg) during
April.
There was no shortage of calcium
since the native forage had from
0.4 to 0.5% and cattle consumed an
estimated
23 pounds
of calcium
yearly from the feed plus that in
the complete
mineral
eaten.
The
values suggest that blood calcium
increase reflected
changed grazing
conditions
on spring
pasture
as
compared
with
winter
pasture.
Duvall
and Hansard
(1967)
observed higher
average
values
of
13.9, 13.6, and 12.8 mg calcium per
100 ml plasma in April, early September, and November, respectively,
in range cattle in Louisiana.
Their
values were higher and less variable
than those obtained
in this study.
There
were no clinical
symptoms
of calcium deficiency
with any of
the cows. Calcium values obtained
by Shirley
et al. (1968) for cows
grazing
pangolagrass
as the only
source of this element averaged 9.8,
10.5, 11.3, and 10.4 mg per 100 ml
plasma in March, June, September,
and December,
respectively.

tively. Hemoglobin
values for cows
on improved
pasture obtained
by
Shirley et al. (1968) ranged from 12
,gm per 100 ml blood in March to
13.2 gm in December.

breed.

Hematocrit

Hemoglobin

Hemoglobin
blood values averaged 10.6, 10.4, 12.5, 11.8, and 12.8
gm per 100 ml blood in December,
January,
April, August, and October, respectively.
Pasture
forage
had its highest nutritional
value in
April.
The October
blood collection date was after the calves were
weaned.
These
two factors may
have influenced
the higher hemoglobin
values
for these seasons.
Hemoglobin
value of 11.6% was
considered
above the average for
cows grazing unimproved
pasture
in Florida
(unpublished
data) on
the basis of several hundred
samples taken over more than 20 years.
Brooks and Hughes (1932) reportecl
values of 11.7 + 0.1, and 10.9 + 0.1
gm for 59 heifers and 103 cows,
respectively, of dairy breeds in New
York. Duvall and Hansarcl (1967)
found 33 range cows in Louisiana
to average
11.6 f 0.1, 12.7 + 0.2,
and 13.8 rt 0.2 gm in April, early
September

and

Table
4.
Effect
components.

November,

of

pasture

respec-

Hematocri t values for Brahmans
were 24% greater than for Devons,
which breed group had the lowest
value for this blood constituent.
One Brahman
cow had hematocrit
values of 70.2, 85.0, 45.0, 59.5, and
62.7% packed cells in the five collection months while a cow of similar
breeding had 41.8, 52.7, 58.7, 53.3,
and 47.9% during the same periods.
A single blood sample may reflect
a temporary acute situation rather
than long term effects.
Average hema tocri t values were
57, 58, 47, 55, and 52% packed cells
for December,
January,
April, Aurespectively.
gust, and October,
Birth of calves and the improvement in quality
of pasture from
March to June may have influenced
bloocl cell volume.
These factors,
however, do not explain the variation in hematocrit
values for individual
cows in all lots, or the
wide range of 31.1 to 85.0% in
Lot 1. The low individual hematocrit values for the five lots ranged
from 31.1 to 41.8% and the high
values from 67.8 to 85.0%.
Braun
(1946) fount1 that hematocrit values
for cows 18 to 30 months of age
were 34.4 -C 0.6% while Shirley et al.
(1968) obtained average values from
48.2 to 52.1% for different
groups
of cows on improved pasture.

management

Phosphorus
‘m$w;~a;ll

and

supplements

fed

Calciutii
Hemoglobin
@$/lsomoafnl &F/100 ml
blood)

on

blood

Hematocrit
(” packed
cells)

Pasture
treatment

Supplement

No burning

None

5.0

11.0

11.6

52.0

l/2 burned

None

4.8

11.1

12.1

55.0

l/z burned

cane
molasses

5.2

11.4

11.1

51.0

l/z burned

fresh
sugarcane

5.3

11.2

11.8

57.0

l/2 burned

cottonseed
pellets

5.4

11.5

11.4

54.0

5.2

11.4

11.6

53.5

Average
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Management
and Supplement
Feeding

The effect of management
and
supplement
feeding
on the four
blood
components
are shown in
Table
4. Burning
X the pasture
resulted in the lowest average blood
phosphorus and highest hemoglobin
values. Burning
pasture plus feeding cane molasses gave the lowest
average hemoglobin
and hematocrit values and feeding fresh sugarcane gave the highest
values for
hematocrit.
The 46 cows had a 67% weaned
calf crop in 1945. Calf production
per cow ranged from 180 pounds
for the herd on unburned
pasture
to 234 pounds when s pasture was
burned
and reached
256 pounds
when YZ pasture was burned
plus
feeding
1.3 pounds of cottonseed
pellets daily per cow.
Burning
of pasture and supplement feed increased calf production
per cow but did not affect phoshemoglobin,
and
phorus, calcium,
hema tocri t blood levels. Pregnancy,
parturition,
lactation,
weaning
of
and nutritive
quality
of
calves,
pastures appeared to have a greater
influence
on blood
components
than did pasture management
and
winter feeding.
Mineral

Consumption

Average mineral
consumed
per
cow in the 119-day winter period
beginning
on November
22, 1944,
was: Lot 1, unburned
pasture, 25
pounds; Lot 2, YZ pasture burned,
2 1 pounds; Lot 3,s pasture burned
and fed cane molasses in winter, 19
pounds;
Lot 4, 1/ pasture burned
and fed fresh sugarcane, 20 pounds;
Lot 5, 1/ pasture burned and fed
cottonseed pellets, 19 pounds. Cows
in Lot 1 eating an average of 59
pounds
of mineral
yearly,
(25
pounds during the winter and 34
pounds
when the 46 cows were
together
during
the remainder
of
the year) obtained
5.1 pounds of
phosphorus.
This amount plus that
estimated
to be in range forage
eaten gave a total of 8.1 pounds
This is calculated
to
phosphorus.
be equivalent
to 0.16% P in the
ration on an air-dry basis and is

Phosphorus:

mg. Per 100 m

FIG. 1.

I. Plasma

Distribution

slightly
below
the minimum
requirements
for a beef cow.
Becker et al. (1965) showed that
iron, copper, and cobalt were essential to the well being of cattle.
Cows in the present study on unburned
range during
the winter
(Lot 1) consumed an average of 59
pounds of complete mineral a year
which contained
20.0 pounds common salt, 2.00 pounds red oxide of
iron, 0.40 pounds copper sulfate,
and 0.02 pounds cobalt chloride.
These elements plus those obtained
from the forage
eaten was considered adequate to maintain blood
hemoglobin
values.
Distribution

of

Blood

Components

The
frequency
distribution
of
blood samples according
to phos-

FIG. 2.

Distribution

Calcium:

of phosphorus

of hemoglobin

mg Per 100 ml

and calcium

Plasma

in cows blood.

phorus
and calcium
content
are
shown in Fig. 1 and on a basis of
hemoglobin
and hematocrit
in Fig.
2. Seventy-nine
percent
of phosphorus values are between 4 and 7
and 73% of calcium values between
10 and 13 mg per 100 ml plasma.
Seventy-five percent of hemoglobin
values are from 9 to 14 gm per 100
ml blood and 87% of blood samples
have hematocrit
values from 40 to
70%.
Summary
Blood samples from five groups
of cows on native range with differing management
practices
including burning 1/ the pasture and feeding
various
winter
supplements
were analyzed for phosphorus,
calcium, hemoglobin,
and hematocrit.

and hematocrit

in cows blood.

COW’S BLOOD
Adjusted
mean
values for all
blood samples were:
phosphorus
5.2 mg and calcium
11.4 mg per
100 ml plasma;
hemoglobin
11.6
gm per 100 ml blood; and hematocrit 54% packed cells.
There was a wide variation
in
the four blood constituents
from
period to period for individual animals while average values fell within
the normal range except for hematocrit. Seventeen percent of the samples showed values for inorganic
blood phosphorus
below 4 mg per
100 ml, although there were no overt
symptoms of phosphorus deficiency.
None of the animals consistently
remained
within
the deficiency
range.
The
variability
in individual
blood samples from the same animal and for different animals during the same period, suggests that
single blood analyses should
be
used with care in evaluating
the
phosphorus
status of range cattle.
It also implies that animals may
respond to changes in dietary phosphorus intake and to stress factors
such as parturition
and nursing
more rapidly
than generally
has
been supposed.
Blood calcium, hemoglobin
and
hematocrit
values o,f Brahman
cattle were higher than those for the
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calcium with a suggested modification. J. Biol. Chem. 63:461-464.
COHEN, B., AND A. H. SMITH. 1919.
The calorimetric determination of
hemoglobin. J. Biol. Chem. 39:489.
CUNHA, T. J., R. L. SHIRLEY, H. L.
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other three breed groups. The extremely high hematocrit
values for
some animals suggest an unusual
unexplained circumstance but probably not related to treatments.
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Highlight
Fire retardants
used in combating
forest and range fires
have been accused of killing livestock by nitrate poisoning.
Ammonia-based
retardants
cannot cause nitrate poisoning
directly.
They must first enter the soil, be converted
to
nitrates, then be absorbed and accumulated
by plants. This
process occurs only under special climatic
conditions
and
requires two to three weeks. The possibility of injury to
livestock from fire retardant
materials
is very slight-much
less than that from a range or pasture fertilization
program.

No phase of forest fire control has developed as
rapidly, or changed so drastically, as the use of fire
retardant
chemicals.
Retardants
dropped by air
tankers have brought about a complete revolution
in firefighting
methods.
Properly used, they can
be valuable tools in the constant fight against loss
of natural resources by fire.
Since the introduction
of the ammonium-base
retardants,
a few isolated cases of damage to crops
and animals have been reported.
Some of these
cases have been injury or physical damage to crops
ready for market.
For example,
one air tanker
jettisoned
a load of retardant over a pear orchard
in northern California.
The retardant caused skin
blemish on the ripening
fruit, resulting
in a degrade of the crop. s A similar incident
occurred
when a load was jettisoned
over an apple orchard
in Washington.
None of these incidents resulted
in any permanent damage to the trees. In fact, they
probably had an over-all fertilizing
effect on the
orchards, although the growers involved suffered a
one-time crop loss in the area covered by the drop
pattern.
There have also been several reports of
fish killed when retardants
were dropped directly
into streams.
In one case, the fire retardant
increased the salt content of the water for several
hundred
feet downstream,
killing
a number
of
trout.4 However, this condition
was only temporary, and the stream soon returned to normal conl Received
February
23, 1968;
accepted
for publication
January
22, 1970.
2 Author stationed
at Riverside,
California.
3 Correspondence
on file, State Forester’s
Office, California
Division
of Forestry,
Sacramento,
California,
AugustOctober,
1964.
4Correspondence
on file, State Forester’s
Office, Sacramento,
California,
July-September,
1966.

dition as the salt concentration
was diluted down
to a tolerable level. In a potentially
more serious
case, ammonium
sulphate
salt was washed into
a pasture. Shortly thereafter,
several animals died
with symptoms of nitrate toxicity.G
This paper reviews the possible toxic effect of
ammonium phosphate and sulphate fire retardants
to domestic animals and wildlife.
It describes the
chemical
change
of ammonium
phosphate
and
sulphate into nitrate and the probability
of this
occurring
under natural conditions.
And it discusses the probability
of animals getting nitrate
and nitrate poisoning from other sources.
Nitrate Poisoning

Most fertilizers
and fire retardants
are ammonium-based. The ammonium salts must be changed
to nitrates in the soil, absorbed by plants, and eaten
by animals
before nitrate
poisoning
can occur.
And at each stage of this three-step process-from
soil to plant to animal-the
excess accumulation
of nitrates can be halted.
Nitrification

Nitrification,
the first stage, is the oxidation of
ammonium salts to nitrate.
Nitrification
is almost
entirely a bacterial activity and only takes place in
soil. It is a two-step process, accomplished
by two
separate micro-organisms:
Nitrosomonas
oxidizes
ammonia to nitrite, NH3 + N02-; and Nitrobacter
oxidizes
the nitrite
to nitrate,
N 02- += N OS(Thimann,
1963).
Both nitrate
(NOs-) and ammonia (NH,) are relatively nontoxic to animals and
humans.
Both Nitrosomonas
and Nitrobacter
are strictly
aerobic-they
function only in a well-aerated
environment (Fry, 1955). The amount of nitrate produced from the ammonium-based
fertilizers
depends on the amount of oxygen present in the soil.
Amer and Bartholomew
(195 1) treated soil samples with ammonium
sulphate and exposed them
to air streams of varying oxygen content.
After 21
days, the level of nitrate was highest in the highest
concentration
of oxygen tested (20y0).
At low
oxygen levels there was very little nitrate.
As the
oxygen level approached zero, the nitrate level was
zero, indicating
reduction
or denitrification
of
nitrate originally
present in this soil.
Denitrification
by micro-organisms
is especially
common when soil remains saturated with standing
water for any considerable period of time. Thimann
(1963) reported that in waterlogged soils, such as
flooded rice fields, nitrate often disappears completely and ammonia may accumulate.
When the
soil dries out again, and aerobic conditions prevail,
nitrate may reappear.
5Letter
vember
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NITRATE
Once the ammonium-based
fertilizers have been
changed to nitrates in the soil, they can be absorbed
by plants. But plants vary widely from one species
to another in their uptake and use of nitrogen.
In
general, plants may absorb nitrogen either as nitrate or as ammonium
salts. They use ammonium
best at a neutral,
or alkaline
soil reaction
and
nitrates in an acid medium (McKee, 1962).
Nitrate absorption
by plants depends not only
on the amount of nitrate in the soil, but also depends upon the kinds and amounts of other ions
present (Crawford
and Kennedy,
1960; McKee,
1962). A high concentration
of phosphate in the
soil impedes the absorption
of nitrate.
There
is
also an indication
that high chloride content may
depress the uptake of nitrates by certain plants.
Potassium,
manganese,
and sulphur
deficiencies
lead to nitrate accumulation
(McKee,
1962).
Light intensity and temperatures
affect the nitrate content of plants. In New Zealand, Bathurst
and Mitchell
(1958) f ound nitrate content highest
with low light and high temperatures
and lowest
with high light intensity
and low temperatures.
Crawford and Kennedy (1960) also found nitrates
increasing
in low levels of light.
McKee (1962)
believed
that nitrate use was affected by photosynthesis by the plants, since nitrate accumulates
in plants held in the dark.
Drought occurring late in the growth cycle also
leads to nitrate
accumulation
(Crawford
and
Kennedy,
1960; Whitehead
and Moxon,
1952).
Plant treatment by 2,4-D, or related compounds,
may cause problems with nitrate.
The 2,4-D produces two results:
(1) an upset in the plant’s nitrogen metabolism
may cause an increase in the nitrate level of the plants, and, (2) the treatment
increases the palatability
of weeds high in nitrates
that would not ordinarily
be eaten by animals
(Kinqsbury,
1964; Whitehead
and Moxon, 1952).
Tile growth stages of plants influence
nitrate
content-nitrates
are generally
highest in immaNitrate
concentration
decreases
as
ture plants.
plants mature (Crawford and Kennedy, 1960; Kennedy, 1958). Nitrate accumulations
are normally
found in the vegetative
parts of the plant.
The
nitrate levels of stems are normally
highest and
next in leaves, whereas grain or seeds have a fairly
low nitrate content.
Some plant species are more likely to cause nitrate poisoning than others.
Oats seem to be one
of the worst offenders-so
much so that nitrate
poisoning is referred to as “oat-hay poisoning”
in
many parts of the country (Kennedy,
1958; Kingsbury, 1964; Whitehead
and Moxon,
1952).
In
studies in New York, Kennedy (1958) found that
perennials
accumulated
less nitrate-nitrogen
than
annual
grasses.
Most workers have found that
.,
weeds are the species most commonly
associated
with high nitrate levels, though many crop plants
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have also been involved.
Kingsbury (1964) lists 47
different species of weeds and 21 crop plants that
have been responsible for nitrate poisoning or have
shown high nitrate levels. Workers in California
(Tucker
et al., 196 1) have compiled a list of 64
species of plants responsible
for nitrate poisoning
or showing high nitrate levels. Crop plants include
oat hay, corn, alfalfa, beets and Sudan grass.
Kingsbury
(1964) reported
that most workers
agree that nitrate levels above 1.5% of the plant
weight may prove lethal.
Lewis (1951) found nitrate levels rangin
from 3.2 to 7.2% in oat hay
that had caused poisoning.
Whitehead and Moxon
(1952) report nitrate levels as high as 5.80/, in oat
hay, 3.la/o in wheat hay, but only 0.7% in native
grasses. Eight species of weeds had nitrate levels
of 4.2 to 7.7%,, with an average of 6.0%).
Nitrates

in Animals

Most animals, including humans, can get nitrate
poisoning.
Animals
that chew their cud (ruminants) are especially susceptible
because they harbor micro-organisms
in their rumen (Tucker et al.,
1961; Whitehead
and Moxon, 1952).
Nitrate
poisoning
is actually poisoning
by nitrite. When forage-* has a normai nitrate .iontent,
nitrate is reduced to ammonia in two steps (Fig. 1):
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first, it is reduced to nitrite in the rumen of the
animal; second, the nitrite is further reduced to
ammonia,
which is then absorbed
and used to
synthesize amino acids and proteins that the animal
needs (Lewis, 1951; McDonald,
1948; Pfander et al.,
1957). There is no danger of nitrate poisoning as
long as this two-step process occurs rapidly and
completely.
But what happens
when the forage contains
excess nitrate?
The conversion
of nitrate to ammonia slows down, and the intermediate
compound (nitrite)
accumulates
in the bloodstream.
There,
the nitrite causes a change in the hemoglobin.
Normally,
ferrous hemoglobin
carries the
oxygen in the blood. Nitrite oxidizes ferrous hemoglobin
to ferric
hemoglobin
which
is termed
methemoglobin.
Because methemoglobin
cannot
transport oxygen, the actual cause of death in nitrate poisoning is usually asphyxiation
(anoxia).
Lewis (1951) found that 1 gram of potassium
nitrate per kilogram of body weight of sheep was
a lethal dose. In studies on sheep weighing
60
kilograms,
he found 12 grams of sodium nitrate
introduced into the rumen gave a rise in ammonia
content.
But he detected
no methemoglobin
in
the blood. As dosage was increased from 12 to 22
grams, the amount
of methemoglobin
gradually
increased.
At 25 grams of sodium nitrate
there
was a sharp increase.
Workers in Missouri (Pfander et al., 1957) followed the same procedures
as Lewis and found
that adding glucose helped speed up the reduction
of nitrite to ammonia at low levels but became ineffective at higher concentrations
of nitrate.
They
went further and administered
potassium nitrate
and potassium nitrite intravenously.
They found
that sheep could tolerate more than 10 times as
much intravenous
nitrate as nitrite.
Nitrites often accumulate
in moist hay. Several
investigators,
including
Crawford
and Kennedy
(1960), Kingsbury
(1964) and Garner (196 l), caution about feeding it to livestock.
Nitrates in oat
hay are converted into nitrites shortly after the hay
is moistened by rain, snow or frost. Animals have
been observed to graze a mowed forage without
harm; but after the forage became wet, the same
animals on the same forage became extremely
ill
or died. After long periods of exposure (up to 10
days), the nitrite disappears,
presumably
by conversion to ammonia
(Garner,
196 1).
One simple means of preventing nitrate poisoning is to postpone
the harvesting
or grazing of
plants treated
with high amounts
of nitrogen
fertilizer during, or right after, climatic conditions
that lead to nitrate poisoning.
Feeding
a high energy supplement,
such as
glucose or molasses with feed containing
moderate
amounts of nitrate can also prevent or reduce the
danger of poisoning.
Another
simple prevention

is to mix the high nitrate feed with safe feed or
forage to dilute
the harmful
concentration
of
nitrate
(Kingsbury,
1964; Tucker
et al., 1961;
Whitehead
and Moxon,
1952).
And antibiotics
may furnish
partial protection
by reducing
the
number of bacteria which convert nitrates to nitrite in the rumen (Emerick and Embry, 1961).
Composition

of Fire Retardants

The two most widely used fire retardants-PhosChek and FireTrol-are
both ammonium-based
compounds. 6 Both have thickening
agents to improve air drop characteristics
and adherence
to
fuels. Both also have corrosion inhibitors
to protect mixing and storage equipment
and aircraft
structures.
The composition
of each compound is
as follows:
Fire TroP
Ammonium
Attapulgite

sulfate
clay

fire retardant
thickening
agent

Sodium dichromate
Ferric oxide

corrosion

inhibitor

coloring

agent

PhosChekR8
Diammonium
phate

phos-

fire retardant

Sodium carboxymethylcellulose
“Dowicide
A”R9 (Sodium orthophenyl
phenate)
Sodium fluorosilicate
10
10
10

Ferric

oxide

thickening

agent

bactericide

corrosion

inhibitor

corrosion
corrosion

inhibitor
inhibitor

flow conditioning
agent
coloring

agent

Attapulgite
clay, the thickening
agent used in
FireTrol,
is a hydrated
magnesium
silicate.
It
has a relatively
low ion-exchange
capacity and
slurrys made from it show little variation in viscosity and gel strength with large variations in salt
content.
These same properties lead to wide use as
drilling mud in the petroleum industry.
The low
toxicity of attapulgite
clay has led to wide pharmaceutical
use for intestinal,
absorbent
preparations (Grim, 1962).
Sodium
carboxymethylcellulose
(CMC)-the
thickening
agent used in PhosChek-is
a soluble,
“Trade
names and commercial
products
or enterprises
are
mentioned
solely for necessary information.
No endorsement by the U.S. Department
of Agriculture
is implied.
7 Registered
trademark
of Arizona
Agrochemical
Corp.
*Registered
trademark
of Monsanto
Co.
sRegistered
trademark
of Dow Chemical
Co.
lOIngredients
not revealed by Monsanto
Co. as they are not
vet covered bv natents.
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relatively stable derivative of wood cellulose (Fettes,
1964).
It is subject
to decomposition
by many
microbes,
including
possibly harmful species. To
prevent microbial
degradation
of the CMC, with
a resultant loss in viscosity, the manufacturer
adds
a bactericide,
sodium orthophenyl
phenate.
Sodium dichromate,
an oxidizing
agent, does
not oxidize ammonium
sulfate to nitrate.
The dissociation
of ions in the retardant
solution
may
lead to the formation
of a slight amount of ammonium dichromate,
which is a relatively
stable
compound.
In fact, the commercial
preparation
of ammonium
dichromate
is made by mixing sodium dichromate
and ammonium
sulfate in solution.
All of the corrosion
inhibitors
are used in retardants in such small quantities
that they are
harmless, although
they may be considered
toxic
in larger amounts.
Toxicity
is a relative matter
and depends upon the quantity of material.
As an
example, sodium fluorosilicate
is commonly
used
for fluoridation
in toothpastes and drinking water.
St. Louis, Missouri,
inYounger
Laboratories,
vestigated
the formulations
of PhosChek.
Even
though all the ingredients of that retardant are not
revealed, we have information
from this report on
The compound
was fed to
tests of oral toxicity.
rats by stomach tube in increasing
doses. “The
highest dose of 25,100
milligrams
per kilogram
was found to be non-lethal
by oral ingestion
in
male and female rats. No larger dose was given in
order to avoid seriously overloading the stomach.“ll
Conclusions
There does not appear to be any toxicity problem with fire retardants.
We cannot say positively
that ammonium
phosphate or sulphate cannot kill
livestock, any more than we could say that they
could not be killed by an excessive amount of the
best hay available,
or that they could not drown
in their drinking water.
But from this literature
review, it appears the
danger of nitrate poisoning from fire retardants is
very remote.
Certainly
it is much less than that
from a range or pasture
fertilization
program.
Most range and pasture fertilizing
projects cover
rather large areas at rates of 200 to 800 pounds
at rates of
per acre. The drops of fire retardants
1,000 to 1,200 pounds per acre normally cover a
rather narrow strip, and the total area covered by
drops in any given locality would be rather small.
llcertificate
oratories,

of analysis, December
6, 1965. Younger
123 Cliff Road, St. Louis, Missouri.
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Ammonium-based
fire retardants and fertilizers
cannot cause trouble until they are cycled through
the soil and into plants. Plants rarely accumulate
nitrates except under conditions of low light intensity and high temperatures,
or when drought occurs
late in the growth cycle. Even when these special
climatic
conditions
occur,
trouble
can still be
avoided by deferring
grazing for three or four
weeks so that plants can convert the extra nitrates
into normal, harmless protein.
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Barrier

on a grazing animal
is not limited to shrubs and
domestic livestock.
Daubenmire
(1968) showed in
a photograph
(p. 59) that grazing jackrabbits
had
destroyed al 1 phlox growing between clumps of
The only surviving plants
bluebunch
wheatgrass.
were in the protection
of clumps of wheatgrass.
Corns and Schraa (1965) observed that silverberry interfered with utilization of forage by cattle.
In an experiment
that excluded
grazing,
they
found no significant increase in herbage yield when
silverberry was killed with herbicides.
In contrast,
obtained
increased
forage yield
McIver
(1963)
aspen poplar
and snowberry
when silverberry,
(Sy,mphoricaqf?os sp.) were controlled.
Since the
yield data were lumped, however, no conclusions
can be made about the separate effect of each
species on forage yield.
This paper pursues further some of the observations of Corns and Schraa (1965).
The objective
was to investigate the effect of silverberry on forage
production
and utilization
by grazing cattle.

Effect of the Shrub

Elaeagnus commutata on Grazing
Cattle and Forage Production
Central
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Plant
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Highlight
Excellent
condition
range
occurred
under
silverberry
shrubs while fair to good condition range occurred between
shrubs. The herbaceous
layer dominants,
rough fescue and
western porcupine
grass, produced
nearly twice as much
under shrubs.
Forb increasers
had a lower frequency
and
produced
less herbage
under
shrubs.
Silverberry
is an
increaser
but the barrier
effect it has on grazing
cattle
permitted
a small patch of grassland directly beneath each
shrub to return to near-climax
condition.

Study

Silverberry
(Elaeagnus commutata2) is an important shrub in the central Alberta parkland.
Many
stems are interconnected
to form a clone.
The
roots of the shrub bear nodules which are capable
of fixing nitrogen
(Moore,
1964). Studies of the
fescue grasslands in Alberta (Moss and Campbell,
1947) and Saskatchewan
(Coupland and Brayshaw,
1953) revealed that the shrub occurred
only occasionally about 20 years ago. Silverberry
is now
widely distributed
in these grasslands.
The cause
of increased shrub cover has not been investigated.
It is probably related to overgrazing and cycles of
high annual precipitation.
Shrubs and trees often reduce the potential yield
of understory forage species (Blaisdell,
1949; Ivan,
1960; Johnston
and Smoliak,
1968; Little,
1961;
Robertson,
1947; Scott, 1967; and Thomas et al.,
1968). The detrimental
effects of woody plants on
economically
important
herbaceous
species are
widely known but the beneficial
effects of a few
shrubs on palatable
forage species is often overlooked. In a crested wheatgrass stand having both
rubber rabbitbrush
and big sagebrush, Frischknecht
(1963) found that when grazed, more forage was
produced directly under rubber rabbitbrush
than
in adjacent openings.
Big sagebrush, in contrast,
lowered forage yields. The barrier effect of a plant
1 Received
June 6, 1969; accepted for publication
August 9,
1969.
Parts of the paper were presented
at the Annual
Convention,
American
Society of Range Management
February 11-13,
1969 under the title “Beneficial
Effects
of
Silverberry
(Elaerrgnus commutata)
on range condition
in
central
Alberta.”
Appreciation
is extended
to Dr. W. G.
Corns, Dr. R. T. Berg and Mr. J. A. Campbell
for critical
review of the manuscript.
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Area

and

Methods

The study was conducted
on the University
of Alberta
Ranch,
95 miles southeast
of Edmonton,
Alberta.
The
major
types of vegetation
are the fescue grasslands
and
The
fescue
aspen
poplar
(Populus
tremuloides)
groves.
grasslands
occurred
on uplands
underlain
by soils of the
Dark

Brown

or

Thin-black

soil

zones

while

groves usually occupied
depressions
having
the Black or Dark Grey Wooded soil zones.

the

deeper

aspen
soils

of

by 12
In the study area, the shrub layer was dominated
to 17 year old stands of silverberry.
The shrub had about
40% canopy cover and 1000 stems per acre (Fig. 1). The
herbaceous
layer was dominated
by rough
fescue.
The
orthic chernozem
soils have developed
on glacial outwash
material.
Soils were very stony loams. The average annual
precipitation
was 15 inches with 10 inches occurring
in the
growing
1967).
The
from

season

(Can.

Dept.

Transport.

study area was used as a calving
about

April

1 to June

15 each

Meteorol.

Div.,

range.

Grazing

1966,
was

year.

Five 10 by 20 ft cattle exclosures
were randomly
and erected
in the spring of 1967 prior to grass

located
growth.

Line transects 3 by 16 ft were randomly
located within the
exclosures;
the transects extended
an equal distance outside.
Ten shrubs within the transects,
5 inside and 5 outside the
exclosure,
were randomly
selected for sampling.
A 10 inch
diameter circular plot was located directly under the shrub.
Another

plot

of the same size was randomly

located

in an

adjacent
opening between shrubs.
Twenty-five
paired plots
were sampled
for herbage
yield inside the exclosure
and
another
25 outside.
Eight
pairs were lost in transport
resulting
in the comparisons
being made on 17 pairs. The
17 pairs of 10 inch plots inside the exclosures
permitted
an estimate of herbage production
under shrubs and between them. The difference
in yield inside versus outside
the exclosures
permitted
an estimate
of utilization.
Once
the cattle
were removed
in mid-June,
all herbage
was
clipped,
bagged and frozen.
At a later date, dead herbage
was separated
into dead grass and dead forbs;
the green
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Table

2.

openings

Production
between
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(lb/acre)

under

shrubs

versus

in

shrubs.

Under
shrubs

Between
shrubs

and
confidence
in tervall

2276
1107
1169

1184
875
314

1092 2 657
232 * 222
855 -F 328

860
246
1020
149

458
416

402 + 119
-170 & 155
765 r+ 293
90
NS2

760

356

Herbage
All herbage
Green herbage
Dead herbage
Grass and Forbs
Green grass
Green forbs
Dead grass
Dead forbs

255
59

Species
herbage

was hand-sorted

to species, oven dried and weighed.

Rough
fescue and western porcupine
grass were lumped
together
because their vegetative
parts were indistinguishable after freezing.
Western
porcupine
grass constituted
from 5-250?, of the combined weight.

Results and Discussion

The openings between shrubs had a richer flora
than under shrubs (Table
1). Many of the forb
increasers or invaders had a considerably
higher
frequency
between shrubs and four species with
frequency
values ranging
from g-27%
only occurred between
the shrubs.
These
observations
agree with Moss and Campbell
(1947) who noted
that under pristine conditions,
rough fescue grew
almost to the exclusion of other higher plants but
under
grazing
or mowing,
secondary
grasses,
sedges and forbs increased in importance.
Production
figures in Table 2 substantiate
the
There
was significantly
more
frequency
data.
herbage under shrubs than between them. Of the
1092 lb/acre more under shrubs, only one-fifth,
232 lb/acre, was green growth; the rest was dead
Table 1. Frequency
(%
of selected species.

of 34 observations)

Species
Golden aster (Chrysopsis villosa)
Prickly rose (Rosa acicularis)
Pussy-toes (Antennuria
sp.)
Milk vetch (Astrugalus striatus)
Western willow aster (Aster hesperius)
Mouse-ear chickweed (Cerustium
arvense)
Wild strawberry (Fruguriu virginiana)
Dandelion (Turuxucurn
officinule)
Prairie sage (Artemisiu Zudoviciunu)
Blunt sedge (Curex obtusutu)
Rough fescue (Festucu scubrellu)
and Western porcupine
grass
(Stipu spurtea var. curtiseta)

(Festucu
Rough
fescue
scubrellu)
and Western
porcupine
(Stipa spurtea
var. curtiseta)
Three-flowered
avens
(Geum triflorum)
Bearded wheatgrass (Agropyron
subsecundum)
Bluebell
(Cumpunulu
rotundifoliu)
Dandelion
(Turuxucum
officinule)
Wild strawberry
(Fruguriu virginiana)
Yarrow (AchiZZeu millef olium)
Blunt sedge (Curex obtusu tu>
Northern bedstraw (Gulium
boreale)
Prairie sage (Artemisiu
Zudoviciunu)

404 2

127

71

8

63

NS

73

52

21

NS

12

NS

19
24

97

-

73”

NS

9

43

-

34

NS

22

55

-

33

NS

24

49

-

25

NS

40

56

-16

55

69

-

NS
14

NS

1 at 95% level, except for green forbs which is at 90% level of
significance.
2 NS = no significant difference.
3 negative sign (-) indicates species with greater production between shrubs.

of occurrence

Under
shrubs

Between
shrubs
9
9
12
27

18
15
32
59
85
94

29
38
47
85
94
100

100

100

herbage.
Green grass, most of which was rough
fescue and western porcupine grass, continued
to
be double under shrubs what it was between shrubs
(860 vs. 458 lb/acre).
There
were fewer green
forbs under shrubs (246 vs. 416 lb/acre).
There
was four times as much dead grass under than
between shrubs.
Cattle grazed less intensively
upon the green
herbage under shrubs than on that between shrubs
(34 vs. 46%) (Table
3, Fig. 2) but actual weight
grazed was about equal (379 vs. 399 lb/acre).
The
amount of dead material eaten was very different
under shrubs versus between them (311 vs. 89 lb/
acre) but the percentage
used was the same. On
the average, more forage was eaten under the
shrubs (699 vs. 488 lb/ acre) but more intensive
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Table 3. Weight (lb/acre) of forage eaten and level of
use (%) sustained under shrubs verms in opening between shrubs.
Amount

Under

grazed
Between

sbruhs

‘- Permtage
Under
shrubs

USC

Between

shn,hs

Herbage
All herbage
Green hcrbagc
Dead herbage
Grass

and

690
379
311

48R
399
x9

30
34
27

41
46
28

310
69
377

176
223
107

34
28
37

42
54
38

301
18

170
7
5
17
12
46
37
16
32
14

forbs

Green grass
Green forbs
Dead grass
Species
Rough fescue
em porcupine
Bluebell

and Wee
grass

Three-flowered
Prairie
sage

avers

Bearded
Northern
Y‘lI-KITV

wheatgrass
bedstraw

Wild strawberry
Dandelion
Blunt
sedge

-

7”
17
19
8’
1

-

2
17
30

40
94
98
31
25
- 20’
-5
22
71
-125

48
97
66
25
23
82
71
37
33
29

use was sustained
in openings
between
shrubs (41
vs. 30%). Similarly, greater use occurred on green
grass between
the shrubs (42 vs. 34%) but the
amount eaten was less than under the shrubs (176
vs. 310 lb/acre).
More green forbs were eaten between the shrubs (223 vs. 69 lb/acre) and the percentage use was higher (54 vs. 28%).
Northern
bedstraw,
yarrow,
wild strawberry,
blunt sedge, and dandelion
produced more under
shrubs in :qrared areas than in ungrazed areas.
These specm were apparently
able to <grow more
rapidly after grazing than the dominate grasses. In
the exclosures,
the ungrazed grass probably
prevented comparable growth. More intensive grazing
has probably occurred
for years between shrubs.
It has reduced grass yield and allowed all five
species mentioned
above to increase (Table 2).
The breeding herd of cattle requires a relatively
constant
amount of forage each spring but the
forage supply varies from year to year. The intensity of forage use is inversely
related to forage
supply. In 1967, percentage use of green herbage
was 34% under shrubs and 46% between shrubs
(Table 3). These differences
were not large and
did not seem to account for the major differences
in species
composition
and production
under
shrubs versus between them. The small differences
in percentage
use in 1967 were probably due to

high forage production, a result of heavy precipitation in August,
1966 and the spring of 1967.
Greater
differences
in the percentage
of forage
used under shrubs versus between
them could
probably be expected in average or dry years.
Amounts of herbage remaining
at the end of
two grazing seasons (carry over) are compared in
Table 4 to evaluate the effect of precipitation
and
associated factors on yield. Herbage left after the
1966 grazing season was estimated from the weathered material
harvested in ungrazed plots.
1966
had below normal precipitation
(1.5 inches) while
1967 had above normal precipitation
(4 inches) in
May and June (Can. Dept. Transport,
Meteorol.
Div. 1966, 1967).
In 1967, there was a 25% increase in animal unit months of grazing. All categories had greater amounts
left after the 1967
grazing season. There was 36% more forage under
shrubs and 124% more between shrubs.
Most of
the increase can be attributed
to the greater yield
of forbs. Weathering
during the winter of 1966-67
would reduce the weight of grass and forbs left
Table 4. Comparison of herbage (Ib/acrel) left after 1967
grazing ~easm with that left after 1966 grazing season.
Weight

Pelcent change

Under Between
shrubs shrubs

“ndcr Between
shrubs shrubs

Herbage

left~lRG7

1590

702

Herbage

left--19G6

1169

314

1190

439

Grass left-1

967

Grass

left-1966

1020

255

Forbs

left-1967

400

263

Forbs

left-1966

149

59

36

124

17

72

168

346

1 all weight differences under shrubs YerS”S bctwren shrubs xc
significant at the 95% level with one exception, forbs left+1966.
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after the 1966 grazing season and harvested
in
June, 1967. The 17% difference in weight of grass
under shrubs (1020 lb/ acre for 1966 vs. 1190 lb/
acre for 1967) probably closely reflects weathering
loss. Although
both grasses and forbs increased
with increased
precipitation,
the forbs had the
The variation in forage yield in
greater response.
response
to precipitation
and associated
factors
was greater on the poorer condition range between
shrubs than on the excellent condition range under
shrubs.
It has been demonstrated
that fewer forbs occurred under the shrubs and many other forbs had
a lower frequency and yield (Table 1 and 2). Rough
fescue and western porcupine
grass yielded twice
as much under the shrubs and their leaves were
twice as long. These grass species were the dominants of the herbaceous
layer and produced 6070% of the total annual yield. Grassland patches
under the shrubs appeared to be equivalent
to the
relict rough fescue grasslands studied by Moss and
Campbell
(1947).
The differences
in species composition and dominance
under shrubs versus between them are probably caused by a difference in
grazing intensity.
The mechanical
barrier effect
of the shrub is considered
the major factor influencing
grazing intensity.
The nitrogen-fixing
property of silverberry
does not seem to be an influencing
factor since Frischknecht
(1963) found
that rubber rabbitbrush,
a shrub that does not fix
nitrogen,
had a similar effect on cattle grazing
crested wheatgrass.
Moss and Campbell (1947) indicated that silverberry rapidly expanded on overgrazed range in the
parkland region by means of long rhizomes. Therefore, silverberry is considered an increaser. It seems
unusual that one of the effects of this increaser is
to help restore a part of the range to near-climax
condition.
The only part of the range in excellent
condition
was that directly beneath the shrubs.
The patches of excellent condition range under
shrubs made up about 10% of the area. The remainder
was in fair to good range condition.
Actual influence of the shrubs on herbaceous vegetation was probably more widespread, since in this
area rough fescue is rhizomatous.
Grass plants protected by the shrubs probably extended into openings between shrubs. Plants growing partly under
a shrub and partly in the open were probably more
vigorous than those plants not so protected.

SpeciaIists

in Qualify
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Silverberry
at 1000 stems/acre had a beneficial
effect on forage production
under spring grazing
in the rough fescue grassland studied. The results
probably apply as well to extensive
areas of the
thin-black soils in central Alberta.
It is not known,
however, how dense the silverberry must be before
the shrub creates a distribution
problem for grazing
cattle.
Grazing is probably
effectively
prevented
in very dense stands of silverberry
that occur on
fertile soils of the black soil zone.
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Highlight
Net radiation
(R,)
and evapotranspiration
(ET)
were
poorly correlated
during both a “wet” and a “dry” period
on native range near Sidney, Montana
within each of five
levels of vegetational
cover.
The ratio ET:R,
fluctuated
greatly in all cases and was generally
higher during the
period of higher rainfall.
During dry periods, substantial
amounts
of energy were dissipated
as heat flux to the
atmosphere.
Maximum
evaporation
and/or
transpiration
from 0%, 25%, 50%, 75%, and 100% cover occurred
for
12 days after rainfall
and was, respectively,
0.7, 0.8, 1.1,
0.3, and 1.9 times the evaporation
from a Class A evaporation pan. Total evapotranspiration
for the season was 21%
lower and dry matter production
was 14% higher with 50%
cover than with complete cover. Water use from 75% and
25% cover was similar to that from 50% cover, but forage
yields were 5% and 14% less, respectively,
than from complete cover.

Understanding
environment-vegetation
relationships is necessary for development
of sound range
Little quantitative
informanagement
practices.
mation is available relative to the relationship
between native range grasses and environment-especially microenvironment.
The partitioning
of
thermal
energy received
by native plant communities
has received little attention.
Inadequate
soil water limits production on western rangeland and great benefits can be realized
from conservation
practices that maximize wateruse efficiency of range plants. In the past, research
has been directed
towards increasing
available
water for plant use through such practices as range
pitting, contour furrowing,
and water spreading.
Little attention has been given to what effect these
practices have on partitioning
the heat load and on
water-use efficiency of plants. A better understanding of soil, plant, and meteorological
factors that
influence
water use by plants is basic to development of methods for improving water-use efficiency
(Staple, 1964).
Evapotranspiration
from any crop under dry-

land or irrigated conditions
the following equation

can be estimated

ET=R,-S-A

from

PI

where ET is evapotranspiration,
R, is net radiation, S is sensible heat flux to the soil, and A is
sensible heat flux to the atmosphere.
In humid
regions or over well-watered surfaces, S and A are
generally small and ET is closely related to R,.
Under more arid climatic and dryland conditions,
S and A become larger, and the close relationship
of ET to R,, no longer exists. Under extremely dry
conditions,
as in desert areas, almost all net radiation R, will appear as sensible heat flux A at some
later time. The integrated value of S (at least over
24-hour periods) is generally zero; i.e., what enters
the soil by day, generally leaves by night (Penman
et al., 1967). However, at Akron, Colorado, Hanks
et al. (1968) found that S, averaged over lo-day
periods during the 1966 and 1967 growing seasons,
contributed
an equivalent of 0.1 to 1.2 mm ET per
day from native grass and up to 1.4 mm ET per day
from oats and winter wheat.
The objectives
of this study were to determine
the energy balance of a native plant community
and the relationship
of plant cover to the microclimate in the semiarid northern Great Plains.
Procedure
The
native

research
rangeland

tana, is described
in a 25- to 36-cm

area, located on approximately
12 ha of
about 3.2 km northwest
of Sidney, Monas a sandy
precipitation

glaciated
plains range site
zone. Annual
precipitation

averages 33 cm with about 80% received during the growing
season (April through September).
The range was in good
to fair condition
according
to the Soil Conservation
Service
Vegetation
is a blue gramarange
classification
system.
(Bouteloua-Carex-Stipa)
threadleaf
sedge-needleandthread
faciation
of the mixed prairie association
(Weaver
and Albertson,
1956).
Basal
cover,
method,
was 13.1% and foliar
hits) was about 23%.

determined
by
density (counting

the
all

point
foliar

Five plots, each 6 by 15 m, were located on fairly level
Each plot was sectioned
into
land (less than 1% slope).
l-m-wide
strips running
the length
of the plot.
Part of
each l-m strip was tilled in September
1966 with a rotary
tiller to create five crop levels:
0% (bare fallow), 250/o, 500/o,
The fallow strips were maintained
75%, and 100% cover.
weed

free.

Evapotranspiration
in each plot was evaluated
by daily
readings
from hydraulic
lysimeters
(similar
to those described by Hanks and Shawcroft,
1965). Daily evaporation
was measured from a U.S. Weather
Bureau Class A evaporation pan. Net radiometers
of the type described by Fritschen
(1965) were placed about 120 cm above the crop. Four heat
flow discs (HF-1,
manufactured
by National
Instruments
Laboratories,
Inc.a), connected
in series, were placed about

1Contribution

from the Northern
Plains Branch,
Soil and
Water
Conservation
Research
Division,
Agricultural
Research Service, USDA,
in cooperation
with the Montana
Agricultural
Experiment
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BALANCE
Table 1. Dry matter
ture fallow plots.
9 August 1968.

/

production
and water use on miniaValues are based on harvest
date,

/

26

Cover

24

Dry matter
(g/m’>

Water use
(cm)

Water-use
efficiency
@P/cm’)

22

0%

cover

-

14.2

-

20

25%

cover

62.9

19.0

3.31

18

50%

cover

84.1

21.2

3.97

5
. 16
I-

75%

cover

70.1

19.9

3.52

100%

cover

73.6

26.9

2.73

w

14
12
10
8
6
4
2

h
10

20
MAY

31

10 20
JUNE

30 10

20

31

10 20

JULY

31

AUG

1968

evapotranspiration
during the 1968 growing season.

FK.

1. Cumulative

(ET)

and individual

rains

1 cm below the soil surface of each plot. The outputs from
both the net radiometers
and heat flow discs were recorded
on an automatic
data logging system throughout
May and
June.
Sensible
heat flux to the air was calculated
from
equation
[ 11. Total
solar radiation
was measured
by a
solarimeter
and integrated
over daily
Kipp
and Zonens
periods with an electronic
integrator
described
by Hanks
and Gardner
(1968).
All energy
terms are expressed
as
equivalent
centimeters
of water per day, assuming
that 1
cm of water is equivalent
to 590 cal/cma.
Soil water was
determined
to a depth of 120 cm with a neutron probe.
Total
dry matter
yield for the growing
season was estimated by clipping
vegetation
at ground
level in two 0.5by 2.0-m sampling
quadrats
in each treatment.
Water-use
efficiency
calculations
were based on yields for entire plot
areas.

Results

and Discussion

Figure 1 shows cumulative
water loss from three
of the five treatments studied and the amounts of
rain received at different times during the growing
season. Water loss from the other two treatments,
25% and 75q& cover, was similar to water loss from
50% cover. Evaporative
loss of both precipitation
and soil water was greater with full plant cover
than with partial or no plant cover. In all cases,
rate of water loss was greatest during and following periods of rainfall.
Precipitation
exceeded evaporation
from the allfallow plot by 5.6 cm from May 11 to August 31,
with evaporation
being most rapid after a rain.
3 I bid.

Total
precipitation
for the period was 24.2 cm.
Assuming no runoff, fallow storage efficiency (5.6/
Evapotranspiration
was
24.2 X 100) was 23.1%.
highest from complete cover, with 3 1.1 cm of water
lost. This quantity
exceeded rainfall
by 6.9 cm
during the period. ET from 25%, SO%, and 75%
cover was 0.5 and 0.8 cm higher, and 0.2 cm lower,
respectively, than the rainfall received. No attempt
was made to separate effects of individual
species
on measured parameters.
Total
forage production
from the plots and
water loss from lysimeters
are summarized
in
Table 1 for the preharvest period. The 50x-cover
treatment produced the most vegetation and used
water most efficiently.
Complete cover was second
highest in yield but lowest in water-use efficiency.
The data suggest that partial manipulation
of plant
cover may result in higher production
and more
efficient
water use on rangeland
than does full
cover.
Pan evaporation
is an integrator
of all climatic
factors affecting evapotranspiration.
The ratios of
evapotranspiration
to evaporation
for a U.S.
Weather
Bureau Class A evaporation
pan, determined for all treatments,
are plotted in Figure 2.
During the frequent and relatively heavy rains the
first half of June-when
soil water content
was
highest-complete
cover used nearly twice as much
water as 50% cover, which in turn used more water
than 25% cover. Fallow lost slightly less water than
257X, cover. The reason for the anomalous behavior
of the plot with 75% cover is unknown.
The only
time any of the treatments
exceeded an ET:E,,,
ratio of one was during the rainy, vigorous plantgrowth period in June.
Nearly 6 cm of rain the
third week of August was reflected
by increased
Transpiration
increased
as
a result of
ET,&,,.
initiation
and growth of new tillers. Pan evaporation appears to be a poor estimator of ET from
rangeland
in this climatic region.
Radiation
measurements
were taken during a
comparatively
dry period in May, and, for contrast, immediately
after heavy rainfall
in June.
Table 2 shows daily averages for the periods in-
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FIG. 2. Ratio of evapotranspiration
ET to evaporation
ages for the period 15 May to 30 August 1968.

from Class A Weather

dicated.
The ratios of net radiation
R, to total
solar radiation Rt (R,/R,)
were higher during the
“wet” period than during the “dry” period. This
ratio depends on characteristics
of crop and soil
surfaces.
The ratios ranged from 0.5 during the
“dry” period to 0.7 during the “wet” period, sugTable
2.
Total
rainfall
(Pt), total radiation
(R,),
net
radiation
(R,), sensible heat flux to the soil (S), evapotranspiration
(ET), and sensible heat flux to the air (A)
for two periods in 1968 for five levels of plant cover on
native range near Sidney, Montana.
Values are given
as equivalent
centimeters
of water
per day and are
averaged
over the two periods, respectively.
Plant Cover

Pt

Rt
24 May-l

0%

R,

RnIRt
June

S

ET

ET/R,

A

(dry)

cover

.Oll

1.03

.54

.54

.04

.I5

.28

.35

25%

cover

.Oll

1.03

.54

.54

.04

.16

.30

.34

50%

cover

.Oll

1.03

.51

.50

.04

.19

.37

.28

75%

cover

.Oll

1.03

.55

.53

.03

.16

.29

.36

100%

cover

.Oll

1.03

.57

.55

.05

.18

.32

.34

0%

cover

.314*

.69

.42

.61

.02

.18

.43

.22

25%

cover

.314*

.69

.45

.65

.02

.28

.62

.15

50%

cover

.314*

.69

.45

.65

.02

.39

.87

.04

75%

cover

.314*

.69

.48

.70

.02

.25

.52

.21

.39

.81

.07

13 June-24

100%

cover

.314*

.69

June

.48

.70

(wet)

.02

* A total of 3.94 cm of rain fell during the three days prior to 13
June.

Bureau evaporation

pan Enan, based

on 5&y

aver-

gesting that the crop absorbed a greater proportion
of the solar radiation during times of low insolation. Tanner and Lemon (1962) cited R,:Rt ratios
of about 0.5 at three locations in the Midwest and
of 0.65 to 0.70 in Hawaii, and Grable et al. (1966)
found ratios of 0.6 to 0.9 for wet mountain meadows in Colorado.
The 50% cover seemed to absorb
solar radiation
more efficiently
than fallow and
25% cover during the “wet” period.
On all treatments,
net radiation
consistently
exceeded
evapotranspiration.
From June
13 to
June 24, ET on 50% and 100% cover approached
R,, with ET/R,
being 0.87 and 0.81, respectively.
In all cases, even though both Rt and R, were
lower, ET was higher in June than in May. This
was a reflection
of the higher rainfall
in Junemore water was available
for transpiration
and
evaporation.
Inadequate
soil water limited plant
growth in May. The rains in June sharply increased growth rates.
Daily ET:R,
ratios are plotted in Figure
3.
There was a marked increase in daily ET/R,
during the rainier period, with all treatments
except
fallow exceeding
or equaling unity at least once.
A large part of the net radiation
received is
dissipated as sensible heat to the air during dry
periods (Table 2). During wet periods, most of the
net radiation is dissipated as evaporation.
During
the periods of measurement,
sensible heat flux to
the atmosphere A was positive, indicating that the
air above the plots was being heated. Sensible heat
exchange with the air was less during the rainier
period, as expected.
The data in Table 2 show that 50% cover had the

ENERGY
-

-

25%

COVER

75%

COVER

highest evaporation
rate of any treatment in the
measured dry and wet periods; however, this was
true only for these periods. For the entire season,
complete cover used the most water (Fig. 1). The
data in Figure 1 show that percentage cover does
have a real effect on water use.
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vived best.
All treatments
were rated failure
after four
prior to treatment,
beyears. Downy brome, an understory
came the major invader.
It became most prevalent
on treatments which’disturbed
soil the least, such as shredding,
and
less prevalent
on plowing
and root-planning.
Halogeton
and Russian
thistle responded
conversely.
These species increased for two years following
treatments,
then declined
sharply.

ALBERTSON.
nature

1956.

and use.

Grasslands

Johnsen

Pub.

395 p.

OF NEVADA

and Trends

Revegetation
of shadscale with perennial
grasses in an 8
inch annual
precipitation
zone was attempted
for 3 years.
Seedbed preparation
included
plowing,
plowing plus nitroshredding
(brush
beating),
shredding
plus
gen fertilizer,
mulch, root-planning,
pitting,
and spraying.
Species seeded
were pubescent,
beardless,
and standard
crested wheatgrass
and Russian
wildrye.
Grass establishment
was very light.
Russian
wildrye sur-
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Hydrologic and Biotic Effects of
Grazing vs. Non-grazing Near
Grand Junction, Colorado 1
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Highlight
The effect of g-razing on the hydrology of salt-desert type
rangeland
has been studied near Grand Junction,
Colorado
for the past 14 years. Measurements
of precipitation,
runoff, erosion, and vegetation
have been made in four pairs
of watersheds.
One of each pair has been grazed by cattle
and sheep as is normal
in the region, and the other has
not been used since the beginning
of the study. Measurements made 10 years apart show that all four grazed watersheds have had a slight increase
in the amount
of bare
soil and rock and a decrease
in ground
cover; cover on
ungrazed
watersheds
has remained
essentially
unchanged.
Runoff
in the ungrazed
watersheds
has been about
30
percent
less than in the grazed watersheds
and sediment
yield has been about 45 percent less. The greatest change
in each of the relationships
occurred
about 3 years after
livestock were excluded from one watershed of each of the
pairs.
Preliminary
studies indicate
that within areas of
similar
physiography,
runoff
is directly
related
to the
percentage
of bare soil present on a watershed.

The statement that a deterioration
of rangeland
and an increase in erosion and sediment yield took
place in the western United States at about the
time of settlement by white man has been made by
numerous writers. This change has been attributed,
in many instances,
to the effect of <grazing by
domestic animals and has been fairly well documented.
It would seem logical that if grazing was
the cause of deterioration
of rangeland, the elimination of grazing would cause an improvement.
Thousands
of acres of land in the Colorado
Plateaus Physiographic
Province are contributing
large quantities
of sediment
and relatively
little
water to downstream reaches of the Colorado River
and its tributaries.
This sediment yield and flashy
type runoff not only perpetuate
the nonproductivity of the rangeland,
but damage farmlands,
irrigation
works, and flood-control
projects downstream. The terrain in most of the area is rugged
and highly dissected, making any kind of mechanical treatment
very difficult
and expensive.
The
control
of livestock
grazing is one of the most
obvious treatments
to be applied.
The purpose
of this study is, therefore,
to determine
the effect
of the elimination
of grazing on runoff, sediment
yield, and vegetation on salt-desert type rangeland.
l Publication
Survey.
January

authorized
Received
July
27, 1970.

by the Director,
8, 1969; accepted

U.S. Geological
for publication

Description

of Area

The study area is located in the Badger Wash basin in
western Colorado
a few miles east of the Utah-Colorado
boundary,
about 25 miles west of Grand Junction,
Colorado,
and is tributary
to the Colorado
River (Fig. 1). The part
of the basin being studied is at an elevation
of about 5,000
feet and drains the hilly land between
the Book Cliffs and
the flat, irrigated
section of the Grand Valley.
Although
the entire Badger Wash basin is underlain
the Mancos
Shale of late
differs somewhat
in various

by

Cretaceous
age, the lithology
parts of the basin.
The shale

in the western
and upper
parts of the basin contains
a
number of thin sandstone
beds less than 1 foot thick.
Because of their greater
resistance
to erosion,
these layers
cause an alternation
of steep and gentle slopes. The gently
sloping areas are on top of sandstone
beds. Channels
are
similarly
affected;
they are moderately
incised on the relatively steep slopes
low cross sections

underlain
by shale
on the sandstone.

and have wide,
On the eastern

of the basin,
the sandstone
beds are absent,
topography
is more uniform,
with very steep
merging with gentle colluvial slopes at their bases.
are everywhere
incised into the shale.

shalside

and the
hillslopes
Channels

Soil in the area is poorly developed
and generally
consists of a shallow, weathered
mantle overlying
the Mancos
Shale. The most extensive
soil type in the area is a residual
mixture
of weathered
shale and sandstone
chips.
The climate at Badger Wash is arid to semiarid.
Average
annual precipitation
based on 38 years of record at Fruita,
Colorado,
about 16 miles southeast
of the study area, is 8.7
inches. Precipitation
from April to October occurs generally
from convective
type storms.
range from about 55 to 98 F.
Vegetation
at Badger
Wash

Temperatures
is of

the

during
salt-desert

type, but several subtypes may be distinguished
type. These subtypes reflect local differences

July
shrub

within this
in soil char-

acteristics
and available
soil moisture.
On the lower part
of the main drainage, black greasewood (Sarcobatus vermicuPure stands of mat saltbush
(Atriplex
latus) is dominant.
occur on alkaline
flats in the upper reaches of
corrugata)
the main-valley
alluvium.
Big sagebrush
(Artemisia
tridentata)
and rubber
rabbitbrush (Chrysothamnus
nauseosus) grow along the tributaries,
mainljl on alluvial soils. On the uplands, sandy soils support
shadscale
(A triplex
confertifolia)
and
understory
of galleta
(Hilaria jamesii).
plant on clay soils is Nuttall
saltbush

a relatively
dense
The predominant
(Atriplex
nuttallii).

On mixed soils, the vegetation
is made up of species found
on both clay and sandy soils (Lusby
and others,
1963).
In 1953, representatives
of the U.S. Geological
Survey,
U.S. Forest
Service,
Bureau
of Land
Management,
and
Bureau
of Reclamation,
under the auspices of the Pacific
Southwest
watersheds

Inter-Agency
Committee,
selected
four pairs of
on public lands within the Badger Wash drainage
These
watersheds
range in size,
basin for intensive
study.
from 12 to 105 acres. Each pair was selected to be as nearly
similar as possible with respect to size, soil, aspect, geology,
One of each pair of watersheds
topography,
and vegetation.

was chosen at
The other was
the winter and
in which runoff
structed
at the
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random
to be fenced to exclude
livestock.
to be grazed by both cattle and sheep during
spring, as is normal for the area. A reservoir
and sediment
could be measured was conlower end of each watershed.
Precipitation
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FIG. 1. Index map of Colorado

showing location

of Badger Wash.
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recorders
were established
measure area1 distribution

in each pair of watersheds
to
of rainfall.
Precipitation
amounts
the
Thiessen
Polygon
method

were
computed
using
(Thiessen,
1911). Gully cross sections and sidehill
transects
were established
which could be surveyed to determine
the
of channel
and
hillslope
erosion.
relative
magnitude
Twenty-four
vegetation
transects
were established
in each
watershed
for use in determining
cover, trends,
and use.
Records of cover were obtained
along the transects
using a
loop method
similar
to that described
by Parker
(1951).
Each transect
also served as the side of a Z-foot wide belt
transect
on which forage utilization
estimates
were made.
During the early years of the study, a trend toward more
sediment
yield and runoff
from grazed areas than in unThe change was attributed
in a
grazed areas was noted.
previous
report
(Lusby,
1965) to the trampling
effect of
livestock
on soil that was loosened
by frost heave.
This
report more completely
defines the changes in runoff and
sediment

yield.

Results

The evaluation
of the effects of grazing on the
hydrology of the study watersheds is dependent on
trend comparisons
of paired watersheds,
because
there was no calibration
period at the beginning
of the study. The characteristics
that determine
runoff and erosion, including
size, slope, aspect,
vegetation,
and soils, are similar for paired waterThe trends in four pairs of watersheds
sheds.
should be indicative
of the actual events taking
place.
Precipitation

Rainfall
during the study period 1956-66
was
Average
generally
below the long term average.
annual nrecinita tion at Fruita was 8.24 inches during the berio’d, which compares with the long term
average of 8.75 inches.
Of primary
importance
in this study is the
equality of precipitation
over each pair of waterConsiderable
variation
of precipitation
sheds.
among the pairs of watersheds has been observed,

o / 1956
2’

3
Precipitotlon

I
4

I
5
on

ungrored

FIG. 2. Comparison of seasonal rainfall
basins at Badger Wash.

I
6

I
7

basins,

in inches

I
a

on grazed and ungrazed

but differences
between watersheds of each pair
have been rather slight. The yearly difference
in
summer
rainfall
between
grazed and ungrazed
watersheds averaged 3 percent, but the total summer rainfall for 13 years on each pair of watersheds
did not differ by more than 1.8 percent.
No
definite pattern of rainfall was observed over the
basins.
Figure 2 shows the average seasonal precipitation
for grazed versus ungrazed watersheds and indicates
that precipitation
amounts have been quite similar
for paired watersheds.
Runoff

Runoff at Badger Wash occurs almost wholly in
response to summer rains. Very infrequently,
rainstorms may occur during the winter that produce
some runoff.
Snow generally does not accumulate
enough to cause runoff in the spring.
For the purpose of this paper, the comparison of
average runoff from the four grazed basins with
that from the four ungrazed basins is used to define
the effect of basin use. Figure 3 (upper) shows a mass
diagram, by years, of such a comparison.
No runoff occurred in 1956, 1958, and 1966. The average
slope of the line after 1956 is about 1.3, indicating
that the grazed watershed was producing 30% more
runoff than the ung-razed watershed.
This change
apparently
started almost immediately
after livestock were excluded in the winter of 1953, but the
greatest difference
did not occur until about 3
years later. The individual pairs of watersheds all
show the same pattern as the average except for
one pair that is complicated
by the presence of an
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upstream reservoir sediment deposit. The slope of
the mass line for three pairs of watersheds ranges
from 1.40 to 1.45 during the latter part of the
study period.
A plot of runoff in a grazed basin versus that in
an ungrazed basin, by storms, indicates a different
relation
before and after the break in the mass
plot indicated in Fig. 3 (upper).
During 1954-55
the points are characterized
by the regression equation Y = 0.0059 + 1.09X, with a correlation
coefficient of 0.99.
During
1956-66,
the points are
characterized
by a regression
equation
of Y =
0.0386 + 1.13X, with a correlation
coefficient
of
0.98.
Sediment
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Sediment yield was measured by surveying the
catchment reservoirs at the end of 10 periods during the study. The results of these measurements,
along with runoff for the same periods, are shown
graphically in Fig. 3 (lower). After the first period,
April 1954 to July 1955, the mass curve departed
from the line of equality and assumed a slope of
about 1.8 to 1. At the same time the runoff line
assumed a slope of about 1.4 to 1. The measurements of sediment
do not assume so smooth a
curve as that for runoff because of the compaction
of sediment during dry periods.
During periods
of large runoff and sediment yield, the reservoirs
usually contain water at survey time and measurements are of sediment
that is not compacted.
During dry periods, the reservoirs are usually dry
most of the time, allowing the sediment to shrink
and become compacted.
The trend of the sediment
yield lines is indicative
of compacted
sediment.
Volume
weight of deposited
sediment
has been
measured at from 80 to 100 lb/ft3 or about 2,000
tons/acre-foot.
Watershed

Acre-feet

per

square

mile,

ungrozed

FIG. 3. Mass diagrams. Upper, runoff in grazed and ungrazed
basins at Badger Wash, by years; Lower, sediment yield and
runoff at Badger Wash, by periods.

Yield

Cover

Measurements
of watershed cover made by U.S.
Forest Service personnel
indicate that at the beginning
of the study no significant
difference
existed between plant cover on watershed pairs,
although
the ungrazed watersheds
contained
an
average of 5% more bare soil than those that are
grazed (Lusby and others, 1963). Periodic measurements of watershed
cover indicate
no large or
sudden changes, but measurements
made in the
fall of 1953 and the fall of 1963 show some definite
changes for the entire period. These changes are
shown in Fig. 4.
Although some of the changes shown are not of
large magnitude,
they appear to be important
as
far as percentage
is concerned.
From the bar
graphs shown, it appears that the ungrazed watersheds remained in about the same condition as at
the start of the study and most changes took place
in the grazed basins. The marked increase in bare
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FIG. 4. Changes in watershed cover from fall 1953 to fall 1963.
Change is expressed in percent of value measured in 1953.

soil a.nd rock on all grazed watersheds, accompanied
by a decrease in shrub overstory, litter and moss,
and ground cover index, indicate that the grazed
watersheds were in worse condition
hydrologically
at the end of the study period than at the beginning.
This may have been caused by several dry years
or increased grazing pressure because of the availability of water in the area or by both.
Source

of Sediment

At the beginning
of the study, permanent
cross
sections were established
on gullies in the paired
watersheds and transects were established
on the
hillsides to determine the source of sediment being
produced.
The average change in elevation of the
ground surface on cross sections and transects is
used to determine
these relations.
Sections in all
watersheds show erosion in the gullies.
The gullies in grazed watersheds
have about
twice as much erosion as those in ungrazed watersheds. The greatest amount of gully erosion apparently took place in one of the grazed, more sandy
areas in which the channels
are established
in
alluvium.
The most erosion on hillside transects
took place in one of the grazed, mixed soil type
watersheds that contains
the steepest topography
in the Badger Wash area.
Although
no definite
statement
can be made
concerning
the actual volume of material removed
by each type of erosion, the relative extent of each
type may be obtained by comparing measurements
of gully erosion and hillside erosion. Sheet erosion
appears to be more dominant in three watersheds
that contain the steepest topography.
In two of the
ungrazed watersheds, the ground surface was actually higher in 1966 than in 1954, probably because
of expansion of the soil from frost heave.
Runoff

fin Relation

to Watershed

Characteristics

Recent investigations
by F. A. Branson and J. R.
Owen of the U.S. Geological
Survey indicate that
a useful correlation
may exist between the percent

FIG. 5. Percentage of soil which is bare versus average runoff for
14 years in basins at Badger Wash (Loop method, 1967-68).

of bare soil and runoff.
Figure 5 shows this relation for 17 watersheds on which measurements
are
available at Badger Wash. The points have a significant correlation
coefficient
of 0.81 about the
computed regression line. Although the fit about
the regression line is not extremelyclose,
the trend
is indicative
of a relation between bare soil and
average annual
runoff.
Investigations
in other
areas indicate that the same sort of relation may
exist, but at a different level. What may actually
exist is a series of curves dependent on the particular physiographic
and climatologic
characteristics
of the region.
If these curves can be defined by
future work, they may be useful in predicting runoff from ungaged areas.
Summary
After the initial 2 years of study, ungrazed watersheds at Badger Wash have averaged 30% less runoff than grazed watersheds, during periods of similar rainfall.
At the same time, ungrazed watersheds
have averaged 45% less sediment than grazed watersheds.
The difference in runoff and sediment yield took
place soon after livestock were excluded and was
not accompanied
by a corresponding
difference
in
watershed cover, although at the end of 11 years,
significant
differences
were noted in bare soil and
rock, litter and moss, shrub overstory, and ground
cover index. The reason for the hydrologic changes
has been described in a previous report as being
caused by the trampling effect of livestock on soil
that was loosened by frost heave (Lusby, 1965).
A definite relation between bare soil and runoff
at Badger Wash was established.
Investigations
in
other areas show that a series of curves for different
regions may exist. If further investigation
is able
to define these curves more fully, the relation
might be a worthwhile
predictive
tool.
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Prairie Potholes in North
CHARLES
Hydrologist,
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Highlight
Prairie potholes or sloughs are depressions of glacial origin that occur
north of the Missouri River in the
prairie region of the United States
and Canada. Potholes provide valuable
wetland habitat for migratory waterfowl and are widely used for stockwater supplies. Differences in climate,
geology, topography, ground-water hy
drology, and land use create wide
variations in pothole hydrology. Plants
in and adjacent to potholes are useful
indicators of water permanence, depth,
and salinity-variables
that are important in wetland management.
Prairie potholes or sloughs (Fig.
1) are water-holding
depressions of
glacial
origin
that occur in the
prairies of the north-central
United
States and south-central
Canada.
Prairie
potholes
occur in greatest
number and variety in hummocky
knob-and-kettle
topography
(stagnation moraine)
created
by glacial
stagnation.
Potholes comprise one
of the best wetland
habitats
for
waterfowl
breeding
on the continent, and also provide forage and
water
supply
for
livestock
use.
Drainage
of potholes
for agricultural purposes has destroyed many
valuable
wetlands
throughout
the
region and threatens
a large share
of the remainder.
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Hydrology
The U.S. Geological
Survey initiated a study of prairie-pothole
hydrology
in 1959 by using the
mass-transfer
method
to evaluate
evapotranspiration
(Shjeflo,
1968).
The initial study was followed by a
study of ground-water
flow systems
and their effects on pothole
hy1967 ; Eisenlohr
drology
(Sloan,
and Sloan,
1968).
It was apparent throughout
the prairie-pothole
studies that wetland
plants were
adjusted to a hydrologic
regimen,
but until the general hydrology of
the potholes
was understood
the
value of pothole vegetation
as hydrologic
indicators
could not be
fully appreciated.
Water supply to prairie potholes
results from precipitation
directly
on the pothole,
surface flow from
the pothole watershed, and seepage
inflow of ground water. Snowmelt
runoff in the spring and precipitation on the pothole
surface
are
the largest sources of water. Mean
annual precipitation
in the vicinity
of the potholes
that were studied
ranges
from
15 to
19 inches,
whereas average evapotranspiration
ranges from 32 to 34 inches. Thus,
there is a strong tendency for potholes to go dry unless water loss
is compensated
by surface and seepage inflow.
Although
seepage inflow to most potholes
is small, it
has a marked
effect
on water
quality.
All inflow processes carry

9
dissolved
solids into the pothole
but
in differing
concentrations.
Concentration
of dissolved
solids
is extremely
10,~ in precipitation
(less than 5 mg/liter),
moderately
low in surface flow (less than 50
mg/liter),
and relatively
high in
seepage inflow (more than 500 mg/
liter).
Water losses from potholes with
emergent
vegetation
result
from
evapotranspiration,
overflow
and
seepage outflow.
Dissolved
solids
in the pothole
water can be removed by overflow or seepage outflow, but evapotranspiration
removes water only as vapor and concentrates the dissolved solids. In the
absence of overflow, outflow seepage is the only effective mechanism
for removing the solids dissolved in
the water. Thus, the relative salinity of water in potholes
without
overflow is a measure of net seepage, or the inflow-outflow
balance.
To a lesser extent, seepage influences permanence
of water in a
pothole by hastening
or retarding
the rate of water loss, depending
upon the dominance
of outflow or
inflow seepage respectively.
The
seepage balance in the pothole
is
controlled primarily by the position
of the adjacent water table rather
than by the permeability
of the
bottom sediments.
If the adjacent
water table is higher than the pothole, there is seepage inflow and
the water in the pothole is relatively
permanent
and salinity is generally
greater than 15,000 mg/liter of dissolved solids. If the adjacent water
table is lower than the pothole,
there is seepage outflow
and the
water is relatively
temporary
and
dissolved solids are generally
less
than 500 mg/liter.
In most pot-
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Prairie potholes or sloughs are depressions of glacial origin that occur
north of the Missouri River in the
prairie region of the United States
and Canada. Potholes provide valuable
wetland habitat for migratory waterfowl and are widely used for stockwater supplies. Differences in climate,
geology, topography, ground-water hy
drology, and land use create wide
variations in pothole hydrology. Plants
in and adjacent to potholes are useful
indicators of water permanence, depth,
and salinity-variables
that are important in wetland management.
Prairie potholes or sloughs (Fig.
1) are water-holding
depressions of
glacial
origin
that occur in the
prairies of the north-central
United
States and south-central
Canada.
Prairie
potholes
occur in greatest
number and variety in hummocky
knob-and-kettle
topography
(stagnation moraine)
created
by glacial
stagnation.
Potholes comprise one
of the best wetland
habitats
for
waterfowl
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on the continent, and also provide forage and
water
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throughout
the
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create wide differences
in the hydrologic regimen of potholes.
Permanence
of water in the potholes
ranges from only a few days after
spring snowmelt
to more or less
permanent
ponds. Salinity of water
in potholes ranges from very fresh
to brines
that are several times
more concentrated
than sea water.
Pothole
sic ranges from a small
fraction of an acre to several square
miles although potholes larger than
about 40 acres are usually called
lakes.
Most prairie
potholes
are
shallow, seldom exceeding
4 or 5
feet in depth and usually are less
than 2 or 3 Ceet deep. Salinity and
depth of water can fluctuate rapidly
within an individual
pothole both
seasonally and annually in response
LO inflow and outflow.

holes the adjacent
water table is
higher than the water surface in
the pothole on one side and lower
on the other creating simultaneous
seepage inflow and outflow called
throughflow.
These
potholes
are
intermediate
in permanence
and
salinity.
Table
1 summarizes
the more
common constituents
that are dissolved in prairie
pothole
waters.
The predominant
salt in fresh potholes is calcium
bicarbonate
(Ca
(HCO,),).
Magnesium
sulfate (Mg
SO,) predominates
in brackish potholes, whereas sodium sulfate (Na,
SO,) is the primary constituent
in
saline potholes.
Differences
in climate,
geology,
ground-water
conditions,
topography, land use, and other factors
Table

1. Chemical analysis 01 (1) fresh, (2) brackish, and (3) saline pothole
waters showing the main cations, anions, and dissolved solids. (Concentrations
of dissolved constituents and dissolved solids given in mg/liter.)

Pothole

water

MagCalcium

nesium

Fresh
Brad&h

34
250

12
534

Saline

729

2,700

sodium

2.8
470
4,540

mtassium

nicarbonatc

24
85

144
473

510

355

Sulphate

31
3,ZFfl
17,910

Chloride

6.9
71
2,590

Calculated
dissolved

sulids

254
5,450
29,200

Relationships

The kinds and amounts of plants
in and adjacent
to potholes
are
useful indicators
of water permanence, depth, and salinity-variables
that are influenced
by the nature
of the ground-water
flow system at
the pothole.
Vegetation
responds
rather slowly to fluctuations
in hydrologic variables
so that it tends
to integrate
the short term hydrologic changes and adjust to a seasonal or long term water balance.
According
to Stewart and Kantrud (1969), ronation
of emergent
vegetation
is a useful
index
of
water permanence
in a pothole.
Permanence
as used here refers to
relative
duration
of inundation.
Emergent plants in potholes can be
grouped into three distinctive zones
which are called wet meadow, shallow marsh, and deep marsh.
Wet-meadow
xmes,
defined
by
relatively short fine~stemmed grasses
or grass-like plants, occur in shallow
potholes
or around
the edges of
deep potholes where the plants are
inundated
for only brief periods
after spring snowmelt
or immediately following
heavy rainstorms.
The
wet-meadow
/one includes
species such a fowl bluegrass (Pm
pulustris), northern
reedgrass (Calamagrostis
inex@~sa),
wild barley
(Hordeurn jubatum),
saltgrass (Distichlis
stricta),
and baltic
rush
(Juncus balticus).
Shallow-marsh
hones, delined by
medium-stemmed
grasses and grasslike plants that are intermediate
in
height compared
to plants of the
wet-meadow and deep-marsh zones,
occur where water is maintained
through spring and early summer.
Emergent
plants
of the shallowmarsh zone include such species as
tall mannagrass
(Glyceria grandis),
giant burred
(S~arganium
eurycnr+m),
slough sedge (Curex atherodes),
whitetop
(Scolochloa
feslucacea),
sloughgrass
(Beckmannia
syrigachne),
common spikerush (Eleocharis
+dustris),
and common
three-square
(Scir$ws americanus).
Deep-marsh
zones
defined
by
plants that are coarser and taller
than characteristic
plants of other
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zones, occur where water is maintained throughout
summer and frequently into fall and winter. Emergent plants in the deep-marsh zone
commonly
include cattails (Typha
sp.),
hardstem
bulrush
(Scirfius
acutus), river bulrush (Scirpus fluviatalk), and alkali bulrush (Scir$us
$aludosus).
In
potholes
having
more than one zone, the central
deeper part usually constitutes one
zone while the other zones form
concentric peripheral bands around
it (Fizz. 2).
khe” distribution
of emergent
plant cover is related to the depth
of water.
Continuous
or closed
stands of emergent plants occur in
comparatively
shallow water.
Peripheral
stands
surrounding
an
open
expanse
of water
indicate
conditions.
deep-water
Isolated
stands of emergent
plants
interspersed with open water are characteristic
of intermediate
depth.
The species composition
of wetland vegetation
is closely related
to relative
salinity.
A few plant
species,
including
giant
burred,
(Al&m
broadleaf
water-plantain
triuiale), slender bulrush
(Scirpus
heterochactus),
and variable
leaf
pondweed
(Potamogeton
gram-

ineus),
cannot
tolerate
brackish
or saline conditions
and are restricted
to the fresher
potholes.
Many species are found in brackish
potholes, and a few, such as hardstem bulrush,
and saga pondweed
(Potamogeton
pectinatus)
reach
their best development
under these

intermediate
conditions.
A limited
number of salt tolerant
plants including
alkali
grass (Puccinellia
nuttnlliann),
samphire
(Salicornia
rubra), alkali bulrush, and widgeon
grass
(Ruppia
maritimn),
occur
commonly in saline potholes.
The
predominance
of certain
emergent species in the deepmarsh
zone is related to relative salinity,
as indicated
in Table
2.
Some difference
in species composition of the dominant
emergent
plants is due to the effect of land
use (Fig.
3).
In slightly
brackish potholes
where shallow-marsh
plants occupy the central
deeper
part, slough sedge and whitetop are
codominant
under non-use conditions;
whitetop
is dominant
in
mowed potholes,
slough
sedge is
dominant
in lightly
grazed potholes; common spikerush is dominant in heavily grazed potholes;
and sloughgrass is dominant in potholes that are in an early successional stage from prior cultivation.
Conclusions
Prairie
potholes
occupy
a dynamic hydrologic environment
characterized by wide spatial and temporal
variations.
Much
of the
hydrologic variability
is influenced
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Table
2. Relationship
of relative
salinity (mg dissolved solids/liter)
dominance
of emergent
species in the deep-marsh
zone.

Relative salinity
Fresh
Slightly

brackish

Moderately
Brackish

brackish

Saline

500
200-

to pre-

750- 6,000
1,ooo-15,000
3,000-35,000+

potholes

a longer term integrated
balance for the potholes.
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Highlight
Climate is only one of several forces that promote rangelands
but it is often
predominant.
Climatic
factors
that favor the development
of grass include
the occurrence
of extremes,
recurring
drought,
prolonged
periods of heat and
cold, high winds, and perhumid
conditions.
Most of the grasslands
of Canada
fall within Kiippen’s climatic type “middle latitude dry” and summer drought
plays a major role in their existence.
There are other grasslands which evolve
under quite different climatic regimes.
These are much less extensive and with
some climate is not the dominant
cause.
With one grassland
form, however,
climate does play a more direct role and the factors involved are almost the
antithesis
of those which have produced
the vast rangelands
of the semiarid
Canadian
west.

Climate is only one of a number
of factors promoting natural grasslands, but it is the predominant
one.
Bioclimatologists
have repeatedly pointed this out. Borchert
(1950) in his excellent description
of the climate of the North American grassland states “The vegetation gradients appear to coincide
with
the
climatic
gradients.
If
the pattern of climatic gradients
changes, the vegetation pattern may
be expected to tend to shift also,
as it tended to do in [the drought
lcontribution
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years of] the 1930’s.” Thornthwaite
(1952) was convinced that there was
a definite grassland climate and
other investigators of climate-vegetation relationships are of the same
opinion (Alderfer, 1959; Carpenter,
1940).
To point precisely to just what
climatic factors promote and favor
grassland ranges is difficult.
The
following appear to be important:
1. Continentality-Away
from the
influence
of the
moderating
oceans, climates can assume extreme variability, especially in
the higher latitudes where great
changes in temperature as well
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by the characteristics of the groundwater flow system at the pothole.
Wetland plants are useful indicators of pothole hydrology because
they tend to smooth out. short term
hydrologic variations and represent
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Such
precipitation
occur.
climates are characterized
by
erratic precipitation
amounts,
both within the year and from
year to year (Borchert,
1950).
Temperature
changes can be
savage and unpredictable.
As
pointed out. by Barnes (1959),
grass can, on the whole, withstand these erratic
extremes
better than forest.
as

2. Drought-Recurrent

drought favors the formation
of coolseason grasses over trees. This
fact is shown by Borchert (1950)
in his treatise on the central
North American
plain.
The
moisture requirement
of these
grasses is only critical in spring
and early summer. Late summer droughts in particular are
easily withstood since grasses can
aestivate
during
aridity and
heat (Carpenter, 1940; Oosting,
1948).

3. Extended

periods

of

cold-

As manifested by the alpine
meadow above the tree-line and
the tundra north of the taiga,
grasses are better able to survive
long, intensely cold winters than
trees (Barnes, 1959). Biel (1959)
gives an interesting account of
a limestone sinkhole, 450 feet
Alps.
deep, in the Austrian
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drought favors the formation
of coolseason grasses over trees. This
fact is shown by Borchert (1950)
in his treatise on the central
North American
plain.
The
moisture requirement
of these
grasses is only critical in spring
and early summer. Late summer droughts in particular are
easily withstood since grasses can
aestivate
during
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3. Extended
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As manifested by the alpine
meadow above the tree-line and
the tundra north of the taiga,
grasses are better able to survive
long, intensely cold winters than
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gives an interesting account of
a limestone sinkhole, 450 feet
Alps.
deep, in the Austrian
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Temperatures
50 F lower at the
bottom
than at the rim have
occurred.
In the winter, temperatures
of less than -50 F
(the lowest in central Europe)
have been
recorded
and the
frost-free season is exceptionally
short. Only hardy grasses cover
the bottom,
but up the slope
first stunted trees appear, then
forest.
This
is a classical example of vertical plant stratification
in reverse
based
on
altitude
because of a reversed
temperature
gradient.
4.

Wind--Grasses
are well adapted
to withstand all manner of wind.
Drying winds, both the cold of
winter and the hot of summer,
are less damaging to grasses than
to trees (Klages, 1942). The same
relationship
prevails
in those
areas subject to the chinookthe warm wind of winter. Here
trees can be winterkilled
by desiccation when soil water is made
unavailable
to them by frost
(Carder,
1961;
Klages,
1942).
Storm winds off the ocean also
can be detrimental
to trees.
These winds can gain their effect by salt-spray (Tansley, 1949),
but they can have an influence
over sizeable areas quite distant
from the sea as evinced by the
grasslands of Kodiak Island off
southwest Alaska and of certain
parts
of Newfoundland
and
England
(Harvey
and LegerGordon,
1953).
With
wind,
grasses have a further advantage
over trees for the tissues of
grasses being near the ground
escape some of the force of the
wind, besides
being more resilient (Biel, 1959).

5. Perhumid

conditions-Grasses

seem better able to stand wetter
conditions
than most trees as
evidenced in marsh lands, swales,
and
coulees
(Barnes,
1959;
Coupland,
1950). This relationship
prevails
under
extreme
oceanity, particularly
if the perhumid conditions
are associated
with
storm
winds
(Tansley,
1949).

The importance
of climate in its
effect on vegetation
can be seen
by comparing
maps depicting
climate with those depicting types of
vegetation.
The close similarity between the climatic and vegetational
boundaries
is usually quite apparent (Harlan,
1959; Wilsie,
1962)
(Figs. 1 and 2). This similarity remains even when the climatic map
was developed without reference to
vegetational
zones as was done in
the later Thornthwaite
classifications of climate (Carter and Mather,
1966;
Thornthwaite
and
Hare,
1955).
Other

2. Distzlrbance-This

may be of
short duration or continued
almost indefinitely.
Fire, whether
natural or man-made,
is a primary factor. Insects and disease
predations
and the influence of
rodents and browsing
animals
can also bring about substantial
de<grees of disturbance.

3.

Euolutionary
flexibility--It
is
generally
conceded
that those
species whose germ-plasm
is responsive
to change are better
equipped
to survive and multiply than plants less genetically
adaptable
(Rowe, 1965; Wilsie,
1962).

4.

Geology-This
has
historical
overtones
and its influence
is
exerted through soil parent materials as well as physiography.
The
term “geology”
includes
besides the earth’s composition
and structure,
the form of its

Factors Promoting
Grassland

There are forces other than climate that determine
the zonation
of plants and these may assume on
occasion a dominant role. To summarize:
1.

relate
to nature
abhoring
a
vacuum and the ability of the
plant species present to fill in
after
the forces
creating
the
vacuum have dissipated.

Opportunity
and competitionThese factors are so closely related
that they can be knit
as one. Whenever
opportunity
arises in the plant world there
is competition.
The two factors
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southward shift of this forest-prairie
boundary since the beginning of the
century when agricultural
development reduced the incidence of fires.
Tansley
(1949) strikingly
describes
how the activities of man, his sheep
and, later, rabbits have maintained
grasslands
on the south down of
England
for thousands
of years
where the climate has for this full
period
favored
the formation
of
forests.
Climatic
Classification
and
Vegetational
Zones

FIG. 2.

Vegetational Regions of Canada.

surface layer or landscape. From
the plant aspect, therefore, geology determines
such important
features as drainage,
elevation,
and exposure of location.
Edaphic
factors-The
chemical
composition,
physical characteristics, and biotic properties
of
the soil frequently
have a dominant influence
on plant cover.
Geography
and history-Geography determines place in space;
history place in time.
Geography is location:
latitude, longitude, and distance and direction
from the oceans. History is the
past influencing
the present.
Prior climates, events and conditions can have lasting effects
(Frenzel,
1968; Ritchie,
1965).
Interesting
references
have been
made to the factors listed above.
One pertaining
to “opportunity”
is
given by Moore (1964) who points
out the importance
of the species
available
for colonization.
He relates that in Australia
there are
woodlands
whereas
the same environment
in North
America
is

occupied by grass. This is because
on the northern
continent
there
are no woody species such as the
eucalypts available that are adaptable to the “grassland
climates”
there.
Mosquin
(1965)
questions
the advantage
under all environments of a plant having “evolutionary flexibility.”
He points to many
sound reasons for believing
that
those plants best adaptive
to the
special environments
of the boreal
and tundra regions of Canada have
reproductive
specializations
that
promote gene tic uniformity.
Climate and all the above factors
may operate together,
but usually
only one or two become dominant.
The influence
of climate may well
be overridden.
This is particularly
true
along
climatic
boundaries
where often exist zones of biotic
tension.
Here, disturbance
can become dominant in determining
the
type of flora present.
For instance,
Rowe (1965) relates that in west
central Canada the position of the
southern
tree line of the boreal
forest has been largely determined
by fire, and Bird (196 1) describes a

The ideal climatic classification
for Canada has not been devised.
The difficulty of constructing
such
a system is increased
by the fact
that the area contains
very steep
gradients
in the moisture
scale,
east to west, and in the temperature
scale, north to south. Sophisticated
and declared rational systems such
as those advanced by Thornthwaite
in 1948 and 1955 fail to give proper
emphasis to the drastic temperature
gradient,
at least when only the
primary or so-called moisture index
of these classifications
is used (Carter and Mather,
1966; Sanderson,
1948).
Moreover,
the boundaries
of such classifications
are hard to
comprehend
for they do not employ
straightforward,
easily understandable climatic terms. On the other
hand, Kiippen’s
classification,
despite limitations,
does use simple temperature
and precipitation
values (Trewartha,
1954). Borchert
(1950) in his thorough investigation
of the climate of the central North
American
grasslands
attempted
to
position this particular climate into
the climatic
regions
of eastern
America and found that his zones
agreed very closely with those of
Kiippen.
This
prompted
him to
observe that “this coincidence
appears to support the idea that, in
general, the Kiippen categories
of
climate are founded upon climatic
regions which have a genetic basis
and which have internal similarity
in terms of their precipitation
and
related elements.”
There
are according to the Kiippen system, as
modified slightly by Trewartha
in
1954, nine climatic types in Canada
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Table

1.

Climatic

types in Canada

Symbol

according

to the KGppen-Trewartha

Climatic description

classif ication.

Percent
of Canada

Symbology

3

Far north and mountain glaciers

ET = temperature of warmest
month below 50 F, but
above 32 F

24

Northern territories
and high mountains

D

= temperature
of coldest
month below 32 F; warmest month over 50 F
month
below
= warmest
72 F; less than four
months above 50 F
= no dry season; driest
month of summer over
1.2 inches

50

Canada wide

= warmest month
below
72 F
= no dry season; driest
month of summer over
1.2 inches

18

East to mid-west and
central interior
of
British Columbia

EF

Ice cap. Polar winds summer and winter.
Meager precipitation throughout year.

EF = all months below 32 F

ET

Tundra.
Polar winds summer and winter.
Meager precipitation throughout year.

Dcf

Subarctic,

humid
microthermal.
Westerlies
in summer, anticyclone and polar winds in
winter. Rain-snow climate with cold winters,
meager precipitation throughout year.

C

f

Dbf

Dbs

continental-cool
summer.
(Microthermal) Westerlies in summer, winter anticyclone. Rain in all seasons, accent on summer; long winter snow cover.

Humid

con tinen tal-cool,

Humid

dry

summer.

(Humid microthermal) Westerlies in summer,
westerlies and winter anticyclone in winter.
Daf

BSk

Humid
continental-warm
summer.
(Humid
microthermal) Westerlies in summer, westerlies and winter anticyclone in winter. Rain in
all seasons, accent on summer; winter snow
cover.
Middle

latitude

antiqclone.
summer.

Cbf

Middle

dry.

Meager

Continental
winter
precipitation, most in

b
f

b
S

a
f

B
S
k

latitude

marine-cool

summer.

(Humid mesothermal) Westerlies summer and
winter. Rain in all seasons, accent on winter.

C
b
f

Cbs

latitude marine-dry
summer. (Humid
mesothermal) Westerlies summer and winter.
Mediterranean-type climate.

Middle

of which only five prevail
substantial
amount
of
(Table

1 and Fig.

Climate

over any
territory

1).

and the Canadian
Grasslands

Where do the rangelands
this climatic
classification?

fit into
First.

Location

b
s

= warmest
month
below
72 F
= summer dry; driest month
less than 1.2 inches

<1

Certain
intermountain valleys in southern British Columbia

= warmest month
above
72 F
= no dry season; driest
month of summer over
1.2 inches

<1

Southern Ontario

= evaporation exceeds precipitation
= steppe type climate
= coldest month 32 F or
lower

3

Most
Alberta
west
some
British

= coldest month between
64 F and 32 F
= warmest month
below
72 F
= no dry season; driest
month of summer over
1.2 inches

1

Littoral
of
Columbia

= warmest month
below
72 F
= summer dry; driest month
month less than 1.2 inches

there are the short-grass,
mixed<grass, and tall-grass prairies.
These
make up the vast majority
of the
ranges of Canada and fall almost
entirely into Kiippen’s “middle latitude dry” climatic
type (Figs. 1
and 2). These grasslands are a response to summer drought.
Bor-

<1

in

southeast
and southSaskatchewan,
southern
in
Columbia

Southeast
Vancouver

British

section
Island

of

dering them to the northeast, north,
and northwest
and far out from
them in this last direction
are the
aspen parkland
grasslands.
These

exist in a prairie-forest ecotone and,
therefore, it is not surprising to
find that they spread over into
three climatic regions, the middle

CLIMATE
latitude
dry type
already
mentioned, and the “humid continentalcool summer”
and the “subarctic,
humid microthermal”
zones. These
grasslands
are a response
in part
to summer
drought,
but disturbance by fire and browsing
over
many hundreds
of years is probably a more important
cause for
their presence (Rowe, 1965).
West of the Rocky Mountains are
the intermountain
grasslands
of
south and central British Columbia.
The northern portion of these falls
into Koppen’s
humid continentalcool summer climatic type, but the
southern
section
comes under
a
somewhat
different
regime,
a climate having
very dry summers,
termed in the Kijppen
scheme as
“humid continental-cool
dry summer.”
These
southern
grasslands
are largely
a response
to winter
moisture
combined
with summer
drought (Woolfolk
et al., 1948).
There remain three further rangeland types none of which is extensive. The first, boreal forest grasslands, which fall into the subarctic,
humid microthermal
climatic type
are a result of either disturbance
(Moss, 1952); history,
i.e., a relic
of a former climatic regime (Webb
et al., 1967); geological,
such as
poor drainage; or an edaphic cause
(Moss, 1952).
The tundra ranges
which are found in the northern
portion
of the subarctic,
humid
microthermal
and
“tundra”
climates are extensive but at present
little
used commercially.
These
mixed grass-sedge-forb-lichen
ranges
are largely a response to cold. The
presence
of the maritime
or seaboard ranges is more difficult
to
explain.
Here, the part played by
climate
is mostly
indirect.
Such
ranges are largely a response
to
edaphic
factors,
with disturbance
and geology also playing important
roles. Climate is probably
directly
involved
in providing
perhumid
conditions
and in certain instances
a high degree of oceanity including
storm
winds.
Such
ranges
fall

within
humid
types.
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Koppen’s
subarctic
and
continental-cool
summer

1952.
Grassland
of the
Moss, E. H.
Peace River region, Western Canada.
Can. J. Bot. 30:98-124.
MOSQUIN, T.
cialization
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Highlight
Grazing systems for the Northern
Great Plains based on the exclusive use of
natural
grassland
are no better than continuous
grazing.
Since the quality of
the majority
of the ecosystems within the region makes seeded grass pastures
feasible, seeded pastures
containing
highly adapted
cultivars
such as crested
wheatgrass,
Russian wildrye and alfalfa can be used in various grazing systems
to balance
and extend the grazing season.
The growth habits and nutrient
characteristics
of the herbage of the native grasses are of maximum
value for
a relatively short period during the year. Grazing systems detailed include one
in which the requirement
per animal unit is reduced from 24.8 to 11.4 acres.

The Northern Great Plains cover
an area of approximately
400,000
square
miles.
The
vegetation
is
dominated
by mixtures
of cool
season and warm season species
principally
needleandthread
(Stipu
comata),
blue grama
(Bouteloua
grab&),
and wheatgrasses
(Agropyron spp). The southern
boundary is variously set at the WyomingColorado
border
or the southern
boundary of South Dakota.
To the
east and north it is bounded
by
zones of transition
in terms of climate, soil and vegetation.
These
zones run northward
at approximately the ninety-eighth
meridian
to the forty-ninth
parallel,
thence
northwest past Edmonton,
Alberta
to the one hundred and eighteenth
meridian at fifty-five degrees north.
The foothills of the Rocky Mountains are the natural western barrier of the region.
Approximately
125,000 square miles of the total
area of the northern
Great Plains
are cultivated,
and there are some
12 million
animal
units of beef
cattle and sheep in the area.
The grazing season varies greatly
within the region. At the northern
extremity
it may be as short as 5
months.
In the area surrounding
the junction
of the SaskatchewanAlberta border with that of Montana it may be 12 months.
Here
the winter grazing season is gov-

l Received

August 20, 1969; accepted
for publication December 29, 1969.

erned by the periodic removal of
the snow cover by strong warm
westerly winds (chinooks).
To the
east and south the grazing season
varies from 7 to 12 months. Twelve
months grazing may occur as often
as every 6 to 8 years. Only rarely
is it less than 8 months.
This variation in grazing season influences
the types of grazing systems. Traditional
systems usually
include
a
more or less permanently
designated
pasture in which grazing is deferred
until late autumn.
This
‘winter
field’ is used from late autumn
until early spring (April).
Its herbage will be supplemented
by the
provision of hay, grain or protein
concentrate.
Supplementation
may
be on a rational basis, or it may be
dictated by the presence or absence
of a snow or ice covering on the
pasture.
This covering may be of
as little
as one
short
duration,
month or it may be intermittent
for up to six months.
Rotations
utilizing two or more pastures for
the spring-summer
grazing period
are not unusual; yearlong resting of
a pasture is.
Outside
the chinook
belt the
traditional
grazing system has been
one of continuous
use of one pasture from
early
spring
to late
autumn.
Certain
fields are sometimes reserved for spring or fall use,
but this is usually dictated by availSegregation
of
ability
of water.
classes of animals
into different
fields
and
terminology
such as
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breeding
pasture,
bull field and
yearling
heifer range, stem from
livestock management
rather than
range management.
Formal studies of range grazing
systems appear to have begun after
1900. Sarvis (1923) examined
deferred rotation
grazing after 1916
and reported
that increased
steer
gains could be expected. Black et al.
(1937), working at Ardmore South
Dakota, reported on a midseasonal
alternational
system in which the
pasture was divided into two sections, animals changed at midseason (early August)
and the grazing periods alternated
every two
years. Weight gain advantages were
attributed
to this system
when
compared
to continuous
grazing.
Thompson
(1938) in a report from
Manyberries,
Alberta
found
no
weight
gain differential
between
animals
grazed under continuous
and a three pasture deferred rotation. There was no differential
effects on the vegetation after 9 years,
and after 12 years (Hargrave
1947).
Investigations
from the 1930s to
the 1950s concentrated
on the effects on the range vegetation
and
on cattle weight gains of systems
in which
two or more pastures
were deferred
in the spring
in
rotation, with or without a summer
or autumn
rest
period.
Sarvis
(1941)
stated that the beneficial
effects of one such system were
more evident in the restoration
of
overgrazed ranges than in increasing
productivity
of ranges in highly
productive
condition.
Black and
Clark (1942) used a 28-day-on and
a 28day-off
rotation
and found
that it did not affect the weight
gains
of cattle
differently
than
continuously
grazed pastures. Other
workers (Clark et al., 1943, Whitman et al., 1943, Hubbard,
1951,
and Rogler, 195 1) examined various
deferred
rotation
systems and in
general found them to be of little
or no advantage to the vegetation.
All reports
agree that moderate
continuous
grazing is conducive to
maximum
gains per head. Certain
of these workers, e.g., Rogler (195 1)
and Hubbard (1951) were reporting
on the long-term results of systems
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Table 1. Possible rotations of crested wheatgrass and mixed grass prairie based
on clipped plot yields 1948 to 1951 inclusive.1
Summer yield (lb/acre)

Possible rotations (Grazing dates)
No.

Crested wheatgrass

Mixed grass prairie

Forage

Crude protein

l WINNIPEG

1

2

3

Apr.

Apr.

Apr.

15-May

15-June

15-June

16

4

Apr.

15-July

which were the subject
of earlier
short-term
reports.
While research was going forward
on the best systems for the use of
native
range,
other
events
were
shaping
the direction
of grazing
research. During the late 1920s and
early 1930s drought and unsuitable
management
of the grain lands of
the Northern
Great Plains set the
stage for the agricultural
problems
of the 1930s.
Severe soil erosion
and drifting
coupled with the effects of the world-wide
economic
depression
resulted in much farm
abandonment.
Government
relief
and rehabilitation
programs
were
initiated.
These included the seeding of thousands of acres to introduced grasses.
These
acres were
native
grasslands
on which
the
vegetation
had been killed or seriously depleted
by drought
and
overgrazing,
or
cultivated
land
which had been abandoned
and
had reverted to annual or perennial
forbs.
Heinrichs
and Bolton (1954) reported that the most successful of
these seedings utilized the crested
wheatgrass
species Agropyron
cristatum and Agropyron
desertorum.
A large portion of this land passed
from private use or ownership into
public land banks, land utilization
projects and conservation
schemes.
One l&300-acre
grazing reserve established in 1938 as a conservation
unit, consisted
of 8,540 acres of
native sod in poor to fair condition,
7,290 acres of abandoned
farmland

5

Apr.

1 Campbell

15-July

1

June

5-Sept.

1

June

ZO-Sept.

1

July

5-Sept.

1

July

ZO-Sept.

1

44
240

395

20

64
64
69
410

455

20

58

385
430

5

DENVER

Frc. 1. Northern Great Plains.

16-Sept.

5

OMAHA
0
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May

73
71

440
460

55
70

360

36

(1952)

and 3,640 acres of native sod in
very poor condition.
The last two
items, a total of 10,930 acres, were
seeded to crested wheatgrass. Rangelands
controlled
by
individual
ranchers
remained
largely in native grass.
Vrooman
(1946) gave
the average size of ranch in southern Alberta
and Saskatchewan
as
being 18,900 acres of which only
330 acres were in cropland, 68 acres
in dry hayland,
and 76 acres on
irrigated
hayland.
The remainder
was all in native grass.
The above-mentioned
grazing reserve and many similar areas have
been used since the early 1940s for
grazing.
Early observations
of the
grazing patterns on them indicated
a natural
rotation
involving
the
use of crested wheatgrass from date
of turn-in in April or early May
until mid- or late June, and thereafter use of native
grass.
Sarvis
and
Williams
and
Post
(1941)
(1945) were among the first to point
out the value of crested wheatgrass
for early spring pasture.
Campbell
(1952) presented possible rotations
based on the use of crested wheatgrass spring pasture and deferred
native range (Table
1).
These
workers
recognized
that
crested
wheatgrass
began
growth
earlier in the year and suggested
that deferral of the use of native
grass allowed
greater
utilization.
Sarvis (1941)
stated
[such defermen t] “-allowed
maximum
utiliza-

tion of the vegetation [native range]
without serious injury to it, such
as accompanied
overgrazing.”
Hubbard
(1951)
reporting
on work
from Alberta,
and Rogler
(1951)
on work from North Dakota, both
pointed out that the real value of
rotation studies results from deferment. Clark et al., (1943) working
at Manyberries,
Alberta
showed
that a system of deferred rotation
clipping increased production
and
was better suited to the seasonal development
and life cycle of the
principal forage species. As a result
of these findings
a grazing trial
was started at Manyberries,
Alberta
in 1949 to compare two-field spring
deferment
plus rest rotations
with
continuous
grazing.
This
work
went on for 9 years.
In his report
on the findings,
Smoliak (1960) suggested that the
increase in grass cover density and
productivity
was attributable
to
favorable
climatic conditions.
He
pointed out that the forage production on the rotation
(that is deferred every other year) pasture was
greater
than
on the continuous
pasture but the difference
was not
significant.
However,
his
data
showed that in the first five years
of the trial the rotation
pastures
produced
slightly less forage than
those under continuous
in-season
use (Table
2). In the last four
years they yielded 10% more herbage. Lodge (1963) reported on the
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Table
2.
Precipitation
utilization
(S/o) during

Year

(inches),
herbage
yield
grazing experiment.1

Precipitation
April
to July,
inclusive
Annual

(lb

D.M./acre)

and

ing systems which used cultivated
grasses in both the spring and
autumn grazing periods. Smoliak
(1968)
showed that a rotation
(crested wheatgrass-spring,
native
-summer,
Russian
wildrye-autumn) and a free-choice system that
utilized crested wheatgrass, native
grass and Russian wildrye resulted
in animal weight gains per acre
2.0 and 2.2 times greater than those
on native range.
Smoliak recommends
that the
rancher provide 1.8 acres of crested
wheatgrass per animal unit for 8
weeks of spring use, 6.6 acres of
native range per animal unit for 8
weeks of summer use, and 3.0 acres
of Russian wildrye per animal unit
for 14 weeks of fall use. This will
provide for a grazing period of 7.5
months and requires 11.4 acres of
land per animal unit as compared
to a 25.8 acres requirement of native range grazed continuously.
In
Smoliak’s free-choice system 20, 50
and 30 percent of the area are in
crested wheatgrass, native grass, and
Russian wildrye, respectively.
In summary, this paper suggests
that various systems such as those
recommended by Lodge (1963) of
Swift Current, Saskatchewan, Smoliak (1968) of Manyberries, Alberta,
and a very similar one outlined
by Rogler (1962) of Mandan, North
Dakota are valid. These are not
deferred-rotation grazing according
to the definition of Heady (1969).

herbage

Rotational

grazing

Yield

Utilization

Yield

Utilization

Continuous grazing

1949
1950

4.45
5.83

11.19
11.14

133
200

39
42

130
196

45
48

1951
1952
1953
1954
1955
1956
1957

6.10
5.21
8.40
7.94
13.28
8.19
4.30

18.06
11.05
12.02
16.87
16.06
14.38
13.67

338
519
572
648
731
621
638

53
51
45
47
45
51
42

377
513
587
603
620
576
587

53
37
48
47
45
38
34

7.08

13.83

489

46

465

44

6.28

12.04

Avg 9 years
(1949-57)
Avg

29 years

(1928-57)
1 Smoliak (1960)

results of a comparison
of continuous (season long) grazing with
three other systems all of which included some degree of delayed
annual spring use. This trial ran
from 1955 to 1961 and as it progressed the growth conditions became more unfavorable.
Annual
precipitation was below average in
all years except 1955, and in 1961
it was only 60 percent of normal.
Data collected in 1962 showed that
the basal area of the vegetation of
all native grass pastures declined
to approximately
half. However,
the percentage of the total basal
area made up of principal grass
species (needleandthread and wheatgrasses) increased under one of the
systems. This rotation free-choice
system, delayed use of the native
grass pastures until mid-June by
the provision of crested wheatgrass
pasture for spring use, and allowed
joint use of crested wheatgrass and
native grass pastures from mid-June
until early October.
The
total
herbage production was reduced by
drought as expected, but the comparative herbage production of the
native grass pasture under the rotation free-choice system (Table 3)
remained equivalent to that of the
continuously grazed field, despite
the fact that the system supported
32% more animal unit months of

grazing and produced 70% more
pounds of beef per acre (34.9 lb vs
20.1 lb). This test validates the
clipping trials of Campbell (1952)
and of McWilliams and Van Cleave
(1960), and of Rogler et al. (1962).
Various systems which defer the
use of native range and make use of
cultivated grass in the spring have
real merit in the Northern Great
Plains. The cultivated grass need
not be crested wheatgrass. There
is increasing evidence that it may be
Russian wildrye (Elymus junceus).
Campbell (1963) reported that additional benefits accrued from graz-

Table 3.
Productivity
(D.M. lb per acre) of the native
after application
of grazing systems 1955-61.1

vegetation

prior

to and

Systems
Season of use
and measurement year

Spring (mid-May
mid- June)

to

Continuous

Native

Rotation

Free-choice

Vegetation

combinations

Crested
wheatgrass

Crested
wheatgrass

Rotation
Free-choice
used
Crested
wheatgrass

Native
Summer

(mid-June

to

Native

Native

October)

Crested
wheatgrass
Native

Crested
wheatgrass
Native

Yields
1955

487

486

472

438

1961

226

140

140

212

l Lodge (19651

COMPLEMENTARY
They are delayed spring use grazing systems.
They delay the date
of first
use of native
grass vegetation

by

making

grass

pastures

in

use

of

cultivated

the

spring.
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The Role of Wet Meadows as Wildlife Habitat
in the Southwest1
DAVID
Wildlife

Biologist,
Professor

R. PATTON2

Rocky Mountain
of Agronomy,

AND B. IRA JUDD3

Forest
Arizona

Highlight
There
are
approximately
43,700
acres of wet meadows
on National
Forests in the Southwest.
Three
sites
(meadow,
transition,
and dry forest)
herbage
production
and
influence
plant composition.
Average
per acre
production
for a 3-year period
was
2,690 lb, 1,330 lb, and 170 lb in the
meadow,
transition
and surrounding
for two
dry forest sites, respectively,
areas
studied.
Deer
and elk spent
more time in the adjacent
forest edge
than in the meadow,
but time spent
in the meadow may be more important
for quantity
and quality of forage.

Wet meadows or “cienegas” are
relatively flat areas or potholes near
the heads or along the courses of
mountain streams (Fig. 1). Their
drainage is generally slow, and the
soil remains wet most of the year
because of a high water table. These
meadows are found in Arizona and
New Mexico in coniferous forests
at elevations of 5,500 to 11,000 ft.
Elk, deer, turkey and other wildlife species are often seen in and
around cienegas at various seasons,
but the importance of wet meadows
to wildlife has not been studied
intensively.
By primary plant succession, wet
meadows in the Southwest
are
are slowly changing to drier sites.
Dry conditions are more favorable
for trees, and the meadows are
gradually shifting to a forest type.
Gully erosion often accelerates succession by lowering the water table,
l Received April 17, 1969; accepted for

publication June 11, 1969.
2Located at Tempe in cooperation
with Arizona State University; central
headquarters are maintained at Fort
Collins in cooperation with Colorado
State University.
z Work conducted under Engineering
Research Center Grant 330-100 in
1966 and Arizona State University
Faculty Grant in 1967.

and Range Experiment
Station,
State
University,
Tempe.

and

thereby enabling trees to become
established faster.
Some knowledge is available on
the herbage production of mountain meadows as compared to pinebunchgrass openings and timber
ranges. Arnold (1954) indicates a
l-acre meadow can produce the
same amount of herbage as a 4acre pine-bunchgrass opening or a
lightly stocked, 12-acre pine stand.
Meadows in the Sierra Nevada
mountains in California
produce
from 835 to 1,435 lb of herbage per
acre, with sedges contributing more
than grasses (Sanderson, 1967).
No information is available on
plant composition in southwestern
wet meadows except for a plant
list of collections made in the Mt.
Baldy Primitive Area, Apache National Forest, Arizona (Buckner,
1967).
Methods
Two meadow study areas on the
Apache National Forest were selected to evaluate herbage production, plant composition, and protein content of forage plants. Four
meadow locations were used to determine wildlife use. Herbage was
estimated by clipping four 9.6-ft2
plots inside an enclosure that was
replicated three times in three different sites (meadow, transition,
and dry forest).
Pace transects with I-ft%ircular
plots were used to record plant
species and number. Three transects of approximately
100 plots
each were located randomly in the
wet, moist, and dry sites. Plants
were collected for protein analysis
in June,
August, and October.
Pellet counts were made on four
random transects (145 x 12 ft, .04
acre) in each meadow, transition,
and adjacent forest area.
Wet meadow acreage on National
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Forest land in Arizona and New
Mexico was determined from estimates provided by district rangers.
The estimates were made from
topographic maps and aerial photographs.
Results

From aerial photographs
and
field examinations,
three sites of
herbage production and plant composition were identified (Fig. 2).
These sites, which appear to be related to soil type and depth of
water table, represent primary successional stages in meadow development.
Herbage Production
Average herbage production for a
3-year period was 2,690 lb/acre in
the meadows, 1,330 lb/acre in the
moist transition, and 170 lb/acre in
the dry forest (Table 1).
Production varied between years
and on all areas. The only consistent pattern was between sites;
the wet meadow produced more
herbage than the moist transition,
and the moist site produced more
herbage than the dry forest.
Variation in wet meadows over a
3-year period was 2,000 lb (1,820 to
In the moist transition,
3,840).
variation was almost 800 lb (980
to 1,760). Variation
in the dry
forest was approximately
200 lb
(100 to 290).
In total, there are approximately
43,700 acres (0.2%) of wet meadows
and transition on National Forest
land in the Southwest (Arizona
14,900 acres; New Mexico 28,800
acres). The herbage produced by
this low acreage is a significant
contribution to the National Forest
carrying capacity for wildlife and
livestock.
Although herbage quantity by
itself is a part of carrying capacity,
it does not account for the total
contribution of meadows to wildlife
habitat.
Animals apparently seek
out plants or parts of plants as food
which may not be part of the major
forage-producing species. In such
instances, plant composition and
nutrition are important to the animal.

MEADOWS

WIL,DLIFF,

FIG. 1. Wet meadow on the Apache National
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ferent sites was variable.
Eleven
plants used by livestock and wildlife
in and around the meadows were
analyzed.
Dandelions
were highest
in protein, averaging 14.2% for the
three
different
collection
dates
(Table
3). Dandelion,
rush, and
sedge had their highest frequency
and density in the moist and wet
sites. Of the eleven plants analyzed
from the three different sites, three
(dandelion,
rush, and sedge) had
protein
content
consistently
over
the 7% needed for body maintenance for deer.
Rumen
samples
from
the White
Mountains
in
Arizona show that rush, sedge, and
dandelion
are present, from trace
amounts to average volumes of over
IO%, in the rumen content of deer
and elk (Wallmo
and McCulloch,
1962).
Two
of the four plants
analyzed from the dry site had protein content at the 7% level.

Forest, Arizona.

Wildlife

Plant Composition
Vegetation in mountain meadows
is complex.
Twenty-eight
genera of
grasses and forbs were identifiecl
in the dry, 43 in the moist, and 20
in the wet sites. Density and frequency
were computed
by sites
(Table
2). Density refers to number of plants per plot, and frequency is the number of times the
plant occurs in 100 plots.
Herbage production
in wet meadows was almost entirely from one
genus--Carex.
Production
in the
moist site, however, was distributed
among five or six genera.
Plant
density was greater
in the moist
FOREST t----

CONIFERS

TRANSITION

I
1

GRASSES
8
FORBS

-

MEADOW

:
:
’

SEDGES

site than in the wet (Table 2) because the wet meadows have a small
number of large plants, while the
moist transition has a large number
of small plants.
Protein

Protein represents the amino acid
complex
essential
for life and is
considered
the most important
nutrient component
of plants (Dietz,
1964).
Minimum
protein requirements
for body maintenance
in
deer have been tentatively
established at 7%. Thirteen
percent is
considered
optimum
for growth
and reproduction
(French
et al.
1956).
Plant protein content in the difTable 1.
Apache

Herbage
National

Area

ILIeadow

sites associated

with a

Three-year

production
Forest.

(lb/acre)

Year

Meadow No. 1

FIG. 2. Vegetation
wet meadow.

Analysis

No.

2

average

Use

Combined results from four study
areas show deer days use (based on
pellet counts)
in the forest was
higher than in the meadow and
transition for all three years (Table
4). Elk days use followed the same
trend but the difference was not as
great. As expected,
cattle use was
higher in the meadow.
Pellet transects in the forest were
located
approximately
50 yards
from the edge of the moist transiIndications
are that high
tion.
pellet counts at that distance could
result from an edge effect. Studies
in ponderosa
pine show deer and
elk pellet groups start to decline
about 200 ft from the forest border
(Reynolds,
estimates

1966).
for

Wet
(meadow)

two study

Moist
(transition)

areas

on the

Dry
(forest)

1966

1820

1760

200

1967
1968

2210
3840

1080
1010

100
100

1966
1967
1968

3380
2310
2600

1680
1490
980

210
290
130

2690

1330

170

PATTON
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Table 2.
Square-foot
over 4 percent.

density

and

percent

frequency

AND JUDD

of grasses

and forbs

by site.

only plants

with

frequency

Meadow
Den.
Freq.

Transition
Den.
Freq.

Forest
Den.
Freq.

Common name

Species

Includes

Lathyrus arizonicus Britt.
Aristida fendleriana
Steud.
Muhlenbergia
montana (Nutt.) Hit&c.
Vicia americana
Muhl.
Cirsium undulatum
(Nutt.) Spring

Arizona peavine
Fendler
three-awn
Mountain
muhly
American
vetch
Wavyleaf
thistle

4.2
4.0
0.6
0.3

22
19
19
18
11

-

-

-

Deschampsia
caespitosa (L.) Beauv.
Erigeron
spp.
Festuca arizonica Vasey
Trifolium
spp.

Tufted hairgrass
Fleabane
Arizona fescue
Clover

2.1
3.4
6.7
1.8

22
31
36
11

4.3
1.3
0.9
0.4

34
30
10
6

-

Scirpus microcarpus
Presl.
Tridens pilosus (Buckl.) Hit&c.
Muhlenbergia
wrightii Vasey
Rumex
hymenosepalus
Torr.
Agrostis scabra Wild.
Iris missouriensis
Nutt.
Hypericum
formosum
H.B.K.
Umbellifera
spp.
Blepharoneuron
tricholepis
(Torr.)
Bromus anomalus Rupr.
Evolvulus sericeus Swartz
Men tha spp.
Juncus spp.
Poa fendleriana
(Steud.) Vasey
Poa ampla Merr.

Panicled bulrush
Hairy tridens
Spike muhly
Canaigre
Winter bent
Rocky Mt. iris
St. Johnswort
Carrot
Pine dropseed
Nodding brome
Evolvulus
Mint
Rush
Mutton
bluegrass
Big bluegrass

-

8.9
2.2
1.3
0.5

26
21
18
16
16
13
13
12
8
8
7
5

-

42
9
11

1.6
0.4
0.1

15
21
13
43

7.9

68

2.5
5.4
6.6

29
42
60

23.1
0.6
0.1
0.2

Nash.

-

Sedge
Western yarrow
Horse cinquefoil
Dandelion

Carex spp.
Achilles lanulosa Nutt.
Poten tilla hippiana Lehm.
Taraxacum
officinale
Weber
No. genera with frequency
Plant density/fG

0.9

1.3
1.3
0.4
3.2

over 4%

Use of the meadows and
sites by other wildlife
was noted during the study
Turkey sign was abundant
tion

2.2
0.6
0.4
0.3
0.4
0.3
0.2
0.3
6.4
0.6
0.4

13
31

transispecies
period.
in the

spring and early summer (June and
July).
Adults and poults apparently use meadows
as “bugging”
areas, since insects are plentiful in

22
54

Table

4.

elk, and

Use
cattle

29

(days/acre)

by

in wet meadow

deer,
and

transition, and adjacent forest from
June to October, Apache National
Forest, Arizona.

Table

3.

Protein

(o/o) in plants

by site.

Three-year

Use1

averages.
Species

Protein**
June

Species
Dandelion
Rush
Sedge
Mutton
bluegrass
Spike muhly
Tufted
hairgrass

Pine dropseed
Arizona fescue
Junegrass
Mt. muhly
Bottlebrush squirreltail
* No data.
* * Composite

13.8
12.0
13.2
8.8
4.5
*

2.0
8.6
*
3.5
*

samp le: includes

Aug.

Oct.

16.2
12.0
10.0
5.0
8.5

13.4
13.6
9.1
3.5
5.5

7.3
7.0
7.5
6.5
7.0
4.0

4.7
5.3
5.4
5.0
4.0
6.0

Avg. protein

leaves stems & flowers.

14.2
12.5
9.6

7.0
6.5
5.9
4.3
6.9
5.0
4.9
5.0

Site of
highest freq.
Moist transition
Moist transition
Wet meadow
Moist transition
Moist transition
Moist transition
Moist transition
Dry forest
Dry forest
Dry forest
Dry forest

Deer
Elk
Cattle

For. Edge Meadow & Trans.
1966
1.9
2.4
6.0
1967
1.0

Deer
Elk
Cattle

0.5
1.3

Deer
Elk
Cattle

1968
1.9
1.0
3.4

1.0

0.5
25.0
0.0
0.4
8.2
0.4
0.8
31.0

IBased on defecation rate of 13 for deer
and elk, 12 for cattle (U.S. Forest Service,
1963).

MEADOWS

the moist and wet sites. In years
of good rainfall, ducks use meadows
as resting and in some cases as
nesting sites.
Discussion

Vegetation in the wet meadowforest mosaic is complex.
Moist
transition sites have 43 plant genera
compared to 20 genera in the dry
forest and 28 in the wet meadow
sites. The combined wet and moist
sites offer abundant
forage produced by a variety of plants unmatched by the adjacent dry forest.
Protein content of plants in the
moist and wet sites is high. Three
species-sedge,
rush, and dandelion
-furnish
protein in the amount
needed by deer for growth and reproduction.
Deer and elk days use was higher
in the forest edge but the time
spent in the wet meadow and transition may be more important because of the quantity and quality
of forage available. Use of meadows
by deer and elk is difficult
to
evaluate because suitable techniques
to determine the time element are
lacking. It seems reasonable to assume that deer and elk feed in the
meadow and transition for short
periods, then move back into the
forest edge for cover. A deer or elk
would have to spend more hours
searching for and consuming
a
day’s ration of forage in the forest
(170 lb/acre) than in the moist
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transition site (1,330 lb/acre) or wet
meadow (2,690 lb/acre).
Wet meadows and moist transitions must be considered for their
total contribution to wildlife habitat, not just individual attributes
of herbage production, plant composition, or protein content. Habitat diversity is important to wildlife and the fact a meadow exists
in a natural state in a monotonous
forest is reason enough to afford it
protection and maintenance.
The following guidelines are suggested for the protection, maintenance, or restoration of wet meadows.
1. All roads and trails should be
kept out of the moist and wet sites.
Preferably they should be located
back into the adjacent, dry forest.
2. Succession
should be controlled by removing trees that invade the moist and wet sites.
3. Keep livestock and game numbers at a level that will improve
or maintain desirable plant composition and not induce erosion
from trampling.
4. Wet meadows that have been
reduced to dry sites by gully erosion
can be restored by remedial measures to raise the water table.
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Report

Responses to Chopping and Rock
Phosphate on South Florida Ranges1
CLIFFORD

phosphorus, kind and amount of herbaceous vegetation, and palatability
and chemical composition
of the herbage.
Methods

E. LEWIS

The study was conducted
Range
in Charlotte
County,
of the cutover pine flatwoods

Associate Range
Scientist, Southeastern
Forest Experiment
Station, Forest Seruice,
IJ.S.Ll.A.,
Tifton,
Georgia.2

tion had been burned about every 2 years and intensively
The
Leon
and Adamsville
fine
grazed for many years.

Highlight

sand soils are nearly level, moderately
in the surface horizon.
Treatments

Native plants growing
on phosphorus-deficient
soils in
south Florida
responded
favorably
to cross-chopping
and
fertilizing with ground rock phosphate.
Availability
of soil
phosphate
remained
high throughout
the g-year study.
Chopping
effectively
controlled
saw palmetto
and reduced
the density of pineland threeawn, while increasing herbage
yields, availability,
and utilization.
Rock
phosphate
increased herbage yields, raised nutrient levels, and improved
palatability
of most native plants.
These practices
offer
practical
opportunities
for improving
Florida
rangelands.

third receiving
2 tons per acre.
applied in a randomized,
complete
The
second

at Fort

Myers,

cross-chopping
chop, which

These
treatments
block design.

was a twice-over
was at right angles

were

treatment.
The
to the first, was

performed
with a roller-chopper
(described
and illustrated
by Yarlett,
1965) that cuts and partially
uproots the decumbent stems of saw palmetto.
The rock phosphate
was applied to the soil surface after
the chopping.
This was a finely ground,
Florida,
pebble
phosphate
rock containing
31%
calcium
oxide
(CaO),
and small
magnesium,
sulphur,
iron, copper,
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wet and acid (pH 5.7)
were applied
in the

early summer of 1959 on sites burned the previous November.
Four 3-acre plots were laid out, and one-half of each plot
Each split plot was then divided into
was cross-chopped.
three +$-acre subplots,
one receiving
no fertilization,
another receiving
1 ton of rock phosphate
per acre, and the

Brush and low-quality
forage are problems
in
managing
pine-wiregrass
ranges of Florida
and
southeast
Georgia
for grazing and timber.
Saw
palmetto
(Serenoa
repens
(Bartr.)
Small), which
heavily infests these flatwoods,
is the dominant
shrub on some 25 million acres of grazing land in
Florida
(Yarlett,
1965).
It suppresses yield and
availability
of better forage plants, interferes with
tree planting,
and contributes
to fire hazards in
timber stands.
Limited
forage quality
of the native grasses
occurs because the fine sand soils are commonly
deficient in major plant nutrients, including phosphorus and calcium (Gammon
et al., 1953).
Although
nutrient
content
varies seasonally
and
among species, native forage seldom fully meets
cattle needs for phosphorus,
calcium, and protein
(Davis and Kirk, 1952; Halls et al., 1957; Hilmon
and Lewis, 1962). Without supplements,
cattle on
wiregrass” range often develop symptoms of phosphorus deficiency
(Becker et al., 1933).
In an effort to resolve these problems, two practices having possible application
in both range and
timber management
were evaluated
during a 5year study in south Florida:
(1) roller chopping
to control saw palmetto,
and (2) applying
rock
phosphate to enhance plant growth and improve
forage quality.
This paper reports on the range
aspects, presenting
effects of treatments
on soil

“Formerly

on the Caloosa Experimental
Florida,
a site representative
of south Florida.
The vegeta-

Florida.

3The
term “wiregrass”
generally
refers to Aristida
stricta
but frequently
includes Muhlenbergia
capillaris, Paspalum
monostachyum,
Rhynchospora
spp., and similar
species
with involute
leaves.

boron.
Available

soil phosphorus

phosphate
(P,O,),
48%
amounts
of potassium,
zinc, molybdenum,
and

was determined

by using Bray’s

strong (0.03~ NH,F
in 0.1~ HCI) extraction
solution
(Bray
& Kurtz, 1945) modified
to remove interference
by fluoride
ions (Kurtz,
1942).
Soil samples
were taken from the Oto 4-inch level annually
in June through
1964.
Herbage
production
and utilization
were determined
by
clipping
a series of caged and uncaged circular
areas, each
comprising
9.6 fta, on each subplot
during
March,
June,
September.
and December
of each year.
Samples
of the
clipped
material
major nutrients

were ovendried
at 70 F and analyzed
by standard
proximate
analysis.
The

for
fol-

lowing
five species
or groups
of species
were sampled:
pineland
threeawn
(Aristida
stricta
Michx.),
goobergrass
(Amphicarpum
muhlenbergianum
(Schult.)
Hitchc.),
bluestems (Andropogon
spp.), panicum
grasses (Panicum
spp.),
and all other herbage.
Shrubs were not included in herbage
samples.
Yields were summarized
for pineland
threeawn
utilization
was computed
on total
and all other herbage;
herbage.
The
number
of shoots
per acre and percent
crown
coverage
of saw palmetto
were determined
before
treatment, 2 months after treatment,
and annually in December
of 1960 through
1964.
by lOO-foot
transects

Plants were counted
in two 6-foot
per treatment
subplot.
Coverage

(crown intercept)
was measured
the center of each transect.

to the nearest

0.1 foot along

Results
Soil Phosphorus

The effects of adding rock phosphate to an acid
flatwoods soil were both immediate
and lasting
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(Fig. 1). Differences
between the l- and Z-ton rates
were highly significant
until June 1964, when the
differences
disappeared.
However, at the end of 5
years available phosphate was still 4 times higher
than on untreated soils. Longevity of availability
of phosphate remains to be determined.
Hodges
et al. (1967) reported highly beneficial
effects 12
years after the last apphcation
of rock phosphate
on pastures of pangolasgrass (Digitaria
decumbens
Stent.) in Florida.
Lang (1953) reported a response
to residual rock phosphate by forage crops in Illinois after 25 years of regular cropping
without
additional
phosphate fertilization.
Herbage

threeawn became increasingly unpalatable
and was
utilized very little.
This pattern was reflected on
untreated
plots, where
pineland
threeawn
remained dominant.
After the first year, the only
detected use of these plots occurred during years
of low forage yields, 1962 and 1964.
Chopping
increased
utilization
in two ways:
(1) by killing
smne pineland
threeawn
plants,
which were generally replaced by more palatable
species, and (2) by removing clumps of palmetto
and thus making the forage more available to cattle.
These influences
were reflected
in the choppedonly treatment
(Fig. 3). Here, utilization
of total

loo-“\

Utilization

About 20 cattle on the surrounding
300.acre
range unit sought out and closely grazed the 12.
acre study area (Fig. Z), even though portions of
the surrounding
range were burned yearly in November and January.
Separate
grazing management of the study area was not feasible.
Beginning
the second year, cattle were rotated to another
range during June, ,July, October and November,
but overuse of the study area continued,
especially
on phosphated
plots.
Over the 5 years, utilization
of total herbage
was about twice as heavy on chopped plots as on
unchopped
plots, and about twice as heavy on
phosphated plots as on unphosphated
plots (Fig. 3).
The pattern of overall use was strongly influenced
by pineland threeawn, the dominant
grass before
treatment,
which becomes
unpalatable
with advancing maturity.
Accordingly,
use on all treated
plots was highest in 1960; thereafter,
pineland
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herbage during the last 3 years was only moderate
because of the remaining
threeawn plants, which
were unutilized
and were recovering
from the
initial treatment
effects.
Phosphate markedly increased palatability
of all
herbage except pineland threeawn.
On phosphated
but unchopped
plots, initial
heavy utilization
dropped abruptly after the first year as pineland
threeawn became unpalatable.
However, all other
plants continued
to be grazed heavily except those
growing in dense clumps of palmetto.
On plots
that were both chopped and phosphated, all herbage was fully utilized the first year, and use remained intensive throughout
the study.
Grazing
undoubtedly
influenced
species composition, herbage yields, and forage nutrient levels
in this study.
Although
the precise influences
could not be fully evaluated,
they will be considered as these aspects are discussed.
Species

Composition

Saw palmetto and pineland threeawn were the
predominant
plants on the study site. Other commonly occurring species were goobergrass, broomvirginicus L.) arrowsedge bluestem (Andropogon
feather
threeawn
(Aristida
purpurascens
Poir),
panicum grasses, razorsedges (Scleria spp.), common
yelloweyedgrass
(Xyris elliottii Chapm.), and numerous incidental forbs (Table 1). These plants are
typical of pine-palmetto
flatwoods in south Florida.
Chopping effectively reduced the amount of saw
palmetto, as will be discussed later. It also somewhat reduced the amount of pineland
threeawn,
although this plant was still common on chopped
plots. Disturbance
of the soil by chopping commonly increased panicum grasses and various forbs.
Adding rock phosphate without chopping
had
minor effect on species occurrence.
The common
forage plants generally
persisted
on these unchopped plots, particularly
when protected
from
heavy grazing by clumps of pineland threeawn or
saw palmetto.
Increases
in common
carpetgrass
(Axonopus
affinis Chase), bluestems,
lovegrasses
(Eragrostis spp.), barestem
paspalum
(Paspalum
Zongipedunculatum
LeConte),
flatsedge (Cyperus
polystachyos
Rottb.
var. texensis (Torr.)
Fern.),
and miscellaneous
forbs occurred
in spots where
grazing and trampling
were particularly
heavy.
The most drastic changes in species composition
occurred on plots that were both chopped and phosphated.
These
plots received
extremely
heavy
grazing, which evidently caused much of the species
changes.
Pineland
threeawn,
goobergrass,
and
bluestems
were greatly reduced during the first
These
plants
year.
were largely
replaced
by
common
carpetgrass,
big carpetgrass
(Axonopus
furcatus
(Flugge)
Hitchc.),
knotroot
bristlegrass
(Seteria geniculata (Lam.) Beauv.), lovegrasses, gap
ing panicum (Paniwm hians Ell.), barestem paspa-

Table
1.
chopped
1964.2

Occurrence
(percentl)
of important
and unchopped
areas in September

species on
1959 and

1964

1959

Species
Grasses

(33)3

Amphicarpum

muhlenbergianum

56

42

83

67

Andropogon

capillipes

2

2

10

2

II

stolonifer

8

4

19

4

virginicus

29

19

48

44

II
Aristida

purpurascens

21

0

6

2

II

spiciformis

12

17

0

4

II

stricta

88

40

94

79

affinis

0

0

10

27

furcatus

0

0

0

19

spp.

4

12

42

44

2

12

2

2

chamaelonche

12

8

0

8

II

hians

14

19

19

31

II

pinetorum

10

0

19

0

II

polycaulon

58

35

12

0

II

tenerum

17

4

0

0

2

6

38

52

0

0

12

12

0

0

10

0

Axonopus
II
Eragrostis

Muhlenbergia
Panicum

Paspalum
Setaria

capillaris

longepedunculatum

geniculata

Sporobolus

junceus

Grasslikes

(15)3
0

0

35

69

10

14

0

0

10

2

0

0

If georgiana

23

31

2

0

,,

23

10

12

0

19

17

27

21

Cyperus

polystachyos

Fuirena

scirpoidea

Scleria

var.

cilia ta
hirtella

11 muhlenbergii
Forbs

texensis

(39)s

Bigelovia

nudata

10

2

0

0

Chaptalia

tomentosa

10

8

8

8

Chrysopsis

nervosa

12

Cynoctonum
Pluchea

sessilifolium

foetida

Pterocaulon
Sabatia

undulatum

brevifolia

Utricularia

cornuta

Xyris elliottii
II

SPP-

0

0

21

23

8

0

0

0

0

23

35

6

6

19

10

14

2

2

6

10

2

0

0

2.5

14

4

4

8

21

2

2

IPercentage occurrence on 48 sample quadrats.
21ncludes only species that (a) contributed to herbage yields, and
(b) occurred on at least 10% of the subplots in one category
in 1 year.
3Total number of species observed in this category.
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FIG. 4. Average yield of pineland threeawn (shaded area) and
other herbage (unshaded area) in 1960 and 1961-64 after
chopping, fertilizing with rock phosphate, and heavy grazing
by cattle. Differences between the yields at the two phosphate
rates were statistically
significant only during the first year.
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Herbage

Yield

Average herbage yields for the first year and for
the second through fifth years are shown in Fig. 4.
Yields the first year are considered most representative of those to be expected from chopping
and
applying rock phosphate to native ranges in south
Florida under appropriate management.
A general
decline in yields in subsequent years is believed to
be primarily attributable
to excessive grazing pressure. Weather
might have been a contributing
factor because April-May
rainfall
was unusually
low in 1962 and 1964.
Chopping generally increased herbage yields except during the first year, when yields reflected the
initial reduction
in pineland threeawn,
a bunchgrass which is very slow in revegetating.
As other
species replaced pineland
threeawn and saw palmetto and fully occupied the sites, herbage yields
were higher on chopped plots. The competition
from pineland threeawn, along with selective grazing, apparently
suppressed other herbage on untreated plots.
Adding rock phosphate
to native range more
than doubled herbage yields the first year by increasing growth of palatable
species other than

I

I

.60
r
.50
OTHER

PANICUM

HERBAGE

GRASSES

.40
--

lum, flatsedge,
and several forbs.
Much of the
ground was covered by carpetgrasses
and decumbent, mat-forming
forbs such as coastal waterhyssop
(Bacopa monnieri
(L.) Pennel) and figwort (Hemianthus
glomeratus
(Chapm.)
Pennel).
Many
weedy invaders,
such as dogfennel
(Eupatorium
sp.), were utilized heavily on the fertilized
plots;
some notable exceptions
were flatsedge, goldaster
(Chrysopsis neruosa (Willd.)
Fern.), and stinking
fleabane (Pluchea foetida (L.) D. C.).

.---

GOOBERGRASS

--__

I
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MARCH

-.----

I
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MONTH

FIG. 5. Average phosphorus content of important
plants after fertilization with rock phosphate.

SEPT.

native

I

DEC.

forage

pineland threeawn. The combination
of phosphate
and chopping
produced
highest yields in subsequent years.
Herbage

Nutrient

Content

The chemical
composition
of forage was investigated for separate species groups rather than
for total herbage.
The phosphate treatment
significantly
influenced
chemical
composition,
and
species response differed widely, but the chopping
treatment
had little effect.
Chopping,
however,
did influence quality of total herbage by changing
the species makeup.
It should also be noted that
the forage analyzed was primarily
regrowth
on
grazed vegetation protected by cages for a 3-month
period.
The grazing probably increased nutrient
levels somewhat for all species groups except pineland threeawn, which was not grazed appreciably
after the first year.
Phosphate
application
increased
forage phosphorus, calcium, and protein, as illustrated in Figs.
5, 6, and 7. These present average values for the 5
years and both rates of phosphate application,
because differences
between
years and rates were
seldom significant
or consistent.
For other chemical components,
no important effects of treatment
were detected:
ash percentage
tended to increase
and ether extract tended to decrease with phos-
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phate treatment,
but lignin, cellulose,
and other
carbohydrates
showed little change.
The response of forage to phosphate application
varied widely among species, phosphorus content
being about 4 times greater for goobergrass
than
for pineland threeawn (Fig. 5). For other species
groups, responses
were intermediate.
On phosphated plots, levels of phosphorus
in each forage
species except pineland threeawn exceeded at all
seasons the minimum
levels (0.18%,) required
by
beef cows with nursing calves (NAS-NRC,
1963).
Without phosphate application,
none of the forage
Similar responses were remet this requirement.
ported by Killinger (1948) who, sampling 7 months
after treatment,
found phosphorus in both burned
and unburned wiregrass vegetation to be increased
by application
of ground rock phosphate.
The application
of rock phosphate, which contained 48% CaO, generally increased the calcium
levels in all plant groups (Fig. 6). Again, pineland
threeawn showed least response.
On phospbated
plots, it was the only species that failed to meet
minimum
calcium requirements
(0.24%) for beef
cows with youns calves (NAS-NRC,
1963).
The application
of rock phosphate, even though
it contains no nitrogen,
increased forage protem
(Fig. 7). However,
increases in protein
content
varied greatly by plant species. In decreasing order
of protein, the species groups ranked as follows:
goobergrass, panicum grasses, miscellaneous species,
bluestems, and pineland threeawn.
Minimum recommended levels of crude protein are 7 to 8% (dry
weight) for mature cows with nursing calves and G
to 7% for other mature cattle (NAS-NRC,
1963).
These levels were attained only by the better forage
classes, and only in spring and summer.

Before treatment,
crown cover of saw palmetto
averaged 10% and plant numbers averaged 11,000
per acre. This amount is typical of cutover flatwoods range in south Florida,
where palmetto
coverage of 5% or less is considered sparse and 20%
or more is considered dense.
Cross-chopping
gave very satisfactory control in
this study (Fig. 8). Crown cover, which averaged
10% before treatment in June, was reduced to 0.5”,
in August of the same year and remained at neg-
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9. Crown

fertilizing

cover of saw palmetto
with rock phosphate.

after

chopping

and

ligibly low levels (Fig. 9). In contrast, the initial
crown cover doubled during the 5 years on untreated plots and quadrupled
where phosphate was
applied without chopping.
Numbers of palmetto
plants per acre changed little on subplots without
treatment
but increased
about one-fourth
with
phosphate
treatment.
On chopped
plots, about
one-fourth
of the initial
number
persisted-approximately
3,000 per acre.
The outstanding
growth response of unchopped
fertilization
resulted
in
palmetto
to phosphate
clumped masses of fronds and barbed petioles that
were virtually impenetrable.
Reduction of herbage
yields under these dense clumps appeared
substantial but was not measured.
Discussion

Both choppin g and rock phosphate application
offer real promise for improving grazing values on
cutover flatwoods ranges in south Florida.
Their
higher-level
and longer-lasting
benefits
offer attractive alternatives
to the limited and short-term
effects of frequent
burning,
which is commonly
employed for this purpose.
Reducing
the dominance
of pineland threeawn
seems necessary for effective improvement
of flatwoods ranges. This species is only palatable and
useful for about 3 months, and only when burned
(Hilmon and Hughes, 1965); yet it makes up more
than three-fourths
of the range herbage (Hilmon
and Lewis, 1962). Since it is not readily replaced
by its herbaceous
associates even when burned or
grazed, other means of encouraging
the more palatable and nutritious
native species are called for.
Both chopping,
or similar mechanical
treatment,
and phosphate fertilization
have this effect. The
better species evidently
recover
from chopping

PHOSPHATE

281

disturbance more quickly than does pineland threeawn, which reproduces
slowly.
Also, pineland
threeawn is less responsive
to improved
fertility
than are associated better species. Such differences
between species in response to phosphate levels are
not uncommon (Bradshaw et al., 1960). Unhappily,
saw palmetto responded also.
The continuing
increase of palmetto cover, both
without treatment
and with phosphate, illustrates
the necessity for controlling
this species. Burning
every 2 or 3 years reduces the size of saw palmetto
plants and keeps crown cover fairly constant, but
it does not kill the plants (Hilmon
and Hughes,
1965). Chemical
control is possible (Burton
and
Hughes, 1961; McCaleb et al., 1961; Altobellis and
Hough, 1968) but not widely practiced because of
expense and varied success. Mechanical
methods,
such as disking, root plowing (webbing), and rollerchopping are used most. The latter method controlled palmetto satisfactorily
in this study.
The foregoing considerations
suggest that application of either treatment
alone could be worthwhile in particular circumstances.
Rock phosphate
alone could be very effective when pineland threeawn and palmetto are not too dense.
Singly, it
should be the most valuable treatment
because of
its favorable
influence
on chemical
composition
and palatability as well as on botanical composition
and total yield. Whenever
palmetto is a problem,
however, chopping or comparable mechanical treatment is indicated.
Generally,
the combination
of
both treatments would likely give best results.
Control of grazing to avoid continued
overuse
of desirable species will be necessary if full benefits
are to be obtained.
Intensive overuse of the more
palatable and nutritious
species undoubtedly
curtailed yields in this study, particularly
after the
first year. The magnitude of this grazing effect is,
However, no other reasons
of course, conjectural.
are apparent for the failure to maintain the productive advantage of the phosphate treatments at levels
approximating
those of the first year.
On less
severely grazed plots that were chopped but not
phosphated, yields increased beyond the first year.
A similar continuing response would logically have
been expected on the phosphated plots if they had
not been abusively grazed.
The need for feeding phosphorus and calcium
supplements
to cattle could evidently
be largely
eliminated
by application
of rock phosphate.
The
group of cattle with access to the study area was
observed to consume less mineral supplement
than
other groups even though the phosphated
area
provided a relatively small portion of the total diet.
Phosphate fertilization
has also been found to be
an effective substitute for feeding phosphorus supplement on south Texas range (Reynolds
et al.,
1953).
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Although
not yet demonstrated,
potentials
for
increased livestock production
should be at least
proportional
to the increase in herbage yield, because forage quality also improved.
Appropriate
grazing management
for obtaining maximum benefit from chopping
and phosphating
has not yet
been defined.
Presumably,
it might incorporate
(1) relatively
heavy grazing to utilize mediocre
species and (2) rest periods adjusted to benefit the
most desirable
species.
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Highlight
Seeds of crested wheatgrass (Agropyron desertorum [Fisch. ex Link] Schult.),
planted at a depth of 1 inch, germinated well because of relatively constant
These seeds rapidly synthesized hexose
and favorable moisture conditions.
adenine dinucleotide,
phosphate, uridine diphosphate hexose, nicotinamide
adenosine diphosphate, adenosine triphosphate, and other phosphate esters.
Synthesis began 2 to 4 weeks before germination was observed. In contrast,
seeds on the soil surface failed to germinate because of generally unfavorable
and rapidly fluctuating moisture conditions. Adenosine triphosphate, the principal phosphate ester formed in these seeds during brief periods of precipitation,
was broken down during periods of drought. Although these measurements
include only a few of the biochemical reactions that occur in seeds, they
contribute to an understanding of the environmental conditions that promote or
retard germination processes and help explain the reasons for success or failure
of seedjngs on semiarid rangelands.-

Severe environments
often determine the success or failure of range
seedings.
Unfortunately,
there is
often little information
available
to determine
why certain seedings
result in failures.
A seeding operation that is successful one year may
not be successful
the next even
though
conditions
appear
to be
similar.
Thus,
there
is a need
to understand
more precisely
the
conditions that are essential for success. Information
is needed to determine (1) how intensively
to prepare a seedbed, (2) what sites to
seed, (3) what time of year to seed,
and (4) what method
to use in
seeding.
Furthermore,
an understanding of critical environmental
variables
is needed so that plant
breeders can select for physiological
and morphological
adaptations
that
l Cooperative investigations of Crops
Research Division, Agricultural Research Service, U.S. Department of
Agriculture and College of Agriculture, Washington
State University.
Scientific paper number 3297, College
of Agriculture, Washington State University. The technical assistance of
Patrick Cates is gratefully acknowledged. Received August 23, 1969; accepted for publication December 1,
1969.

will better enable seeds and seedlings to germinate
and emerge under marginal
conditions.
Measurements
of both environment and seed responses to environment are needed.
In the past, effects of environment
have been
evaluated in terms of the number
of seedlings that emerge. But when
many different
environments
have
occurred
during
the
weeks
or
months
that elapse from time of
planting to emergence,
it has been
difficult to determine how or when
environment
promoted or retarded
the germination
of seeds.
Since the germination
of seeds is
a complex process, one is faced with
the problem
of determining
what
measurements
will meaningfully
reflect the effects of environment
on
seeds. One of the important
processes that occurs in early stages of
germination
is the synthesis
of
phosphate
esters,
such as phosphorylated
sugars and nucleotides
(Cherry and Hageman,
1961; West,
1962; Wilson
and Harris,
1966).
These
phosphate
esters are intermediates in the synthesis of respiratory substrates
and of many new
cell materials
required
for germination and seedling growth. Aden-
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and
certain
osine
triphosphate
other
phosphate
esters
conserve
energy made available
during respiration
and use this energy in
biosynthetic
reactions
(Krebs and
Kornberg,
1957).
In this study,
and
measurements
of
synthesis
breakdown of phosphate esters were
made to evaluate the effects of environment
on seeds and to help
explain
success or failure
of experimentally
drilled and broadcast
seedings (Nelson et al., 1970).
Materials

and Methods

The experimental
site, on the
Snake River breaks in southeastern
Washington,
is representative
of
large areas in western United States
that are too steep or rocky to seed
by plowing and drilling.
The soil
is a shallow silt-loam
over fragmented basalt. Average annual precipitation
is 13 inches.
Eight grams dry weight of Nordan crested wheatgrass seeds were
treated
with 100 pcuries of 32Plabeled
Na2HP04
to distinguish
newly synthesized compounds
from
those already
present
in mature
seeds. Seed samples were treated
with 40 mg of thiram (Tetramethylthiuram
disulfide)
to
inhibit
microbiological
growth,
and were
enclosed
in flat
12- by 18inch
nylon screen bags.
The soil was rototilled
prior to
planting in late October, 1967, and
early
March,
1968.
One set of
samples was placed at a depth of 1
inch to simulate drilling of seeds,
and another
set of samples
was
placed on the soil surface to simulate broadcasting
of seeds. Additional seed samples were moistened;
killed by autoclaving;
treated with
s2P and thiram; and placed at the
l-inch depth in late October
and
early
March
to determine
how
much s2P microorganisms
associated
with seeds might
incorporate
in
phosphate
esters. The experiment
was replicated
twice.
After 2, 8, 16, and 32 days, seeds
were taken
from
the soil and
quickly frozen in dry ice to stop
metabolic
processes.
Enzymes were
denatured
by homogenizing
seeds
in 10% w/v trichloroacetic
acid in
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Table
1. Loss (5%) of 32P from
as a result of precipitati0n.l
Sampling
day

NELSON,

AND
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seeds
(6 inches

o----o

Atr

-

So11 (I-

above

Inch depth

ground

1

o----o

Air

(6 inches

Spring
above

ground)

1

29
,t’:

l-inch depth

Soil surface

Fall seeding:
8 days
16 days
32 days
Spring

4.5
47
72

92
95
95

64
72
-

75
88
92

seeding:

8 days
16 days
32 days

Mtnimum

1 Estimated by radioassay
thophosphate fractions.

of 32P in or-

die thy1 ether, with the homogenizer
assembly held in a dry ice-acetone
bath (Wilson
and Harris,
1966).
Phosphate
esters
were extracted
from the residue by homogenizing
three times in 50 ml of 0.6N aqueous
trichloroacetic
acid at 0 to 4 C.
Trichloroacetic
acid was removed
by washing the supernatant
solution five times with two volumes of
diethyl ether in a separatory funnel.
The
aqueous
extract,
containing
phosphate esters, was loaded on the
ion exchange column (Dowex-1 x 8,
140 to 325 wet mesh, 1.1 by 50 cm
resin bed), and phosphate
esters
were eluted from the column with
a gradually
increasing
concentration of formic acid and ammonium
forma te (Peterson and Sober, 1959;
Wilson
and Harris,
1966).
Net
synthesis of phosphate
esters was
detected by measuring
total phosphate in fractions
of the effluent
from
the ion exchange
column
(Bartlett,
1959).
Portions
of the
effluent
were dried
in stainless
steel planchets,
and 32P incorporation in phosphate
esters was detected by radioassay
in an automatic beta counter.
relative humidity,
Precipitation,
air temperature
6 inches above the
ground, and soil temperature
at a
depth
of 1 inch were recorded.
Soil water potentials were measured
in the laboratory
with a thermocouple psychrometer
(Camp bell et
al., 1966). In the case of very dry
soil samples, the thermocouple
was
positioned
over a -10 atmosphere
KC1 solution,
cooled
with a 7.5
milliampere
current for 30 minutes,

IO

I

-s---30

0

Days

FIG. 1. Daily maximum and minimum temperatures, during
beginning in late October, 1967, and early March, 1968.

and then rotated to the soil sample
to record the voltage output.
Samples for measuring
water potential
were taken from within the %-inch
of soil immediately
below the seed
samples.
Results
Loss

of YzP from

Seeds

A radioassay
was made of orthophosphate
fractions
from the ion
exchange
column
to estimate
the
amount of 32P washed from seeds
by rain.
Rain washed as much as
95% of the :s%P from seeds on the
soil surface and as much as 72%
from seeds at a depth of 1 inch
(Table
1). Therefore,
no attempt
was made to compare 82P incorporation in seeds planted on the soil
Qualitative
comparisons
surface.
were made of 32P incorporation
in
seeds at a depth of 1 inch. Loss of
32P from seeds did not interfere
with measurements
of net synthesis
of phosphate esters.

experimental

periods

Environment

Throughout
the 32-day periods
in the fall and spring, daily maximum temperatures
(Fig. 1) were
within the range in which crested
whea tgrass seeds germinate
(Ellern
and Tadmor,
1967). However, daily
minimum temperatures
fell to 32 F,
or lower, during 9 days in the fall
and 7 days in the spring. Temperatures were lower and less favorable
for germination
in the fall than in
the spring.
Surface moisture conditions were
often
favorable
for germination
when the relative
humidity
was
100% (Fig. 2). Relative
humidity
increased to 100% on 16 occasions
in the fall and 13 in the spring.
Even the longest period
of continuous 100% relative humidity (56
hours) was too short for seeds to
germinate
at the prevailing
temperatures.
The
average duration
of the 100% humidity
periods was
11 hours in the fall and 5 hours in
Sartna

w
.-5
0
u
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40
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I

20

V’
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I

IO

20

,

30

Days

FIG.2. Daily maximum and minimum relative humidities, during experimental
beginning

in late October,

1967, and early March,

1968.

periods

ENVIRONMENT
the spring.
The
daily minimum
humidities
indicate
that seeds on
the soil surface were often exposed
to severe drying conditions.
Precipitation
and soil water potential
are reported
in detail in
connection
with seed metabolism
and germination.
Steep water potential gradients frequently
existed
in the surface soil. In one instance
the gradient was -500 atmospheres
per inch.
In the absence of precipitation
and during
periods
of
low humidity,
surface
soil dried
rapidly. For example, water potential of surface soil decreased from
-4 atmospheres to -300 atmospheres
in one Z-day period.
Fall Planting

on the Soil Surface

In the absence of precipitation
during the first 2 days, the water
potential
of surface soil decreased
from -60 atmospheres
at planting
time to -300
atmospheres.
The
concentrations
of phosphate
esters
in seeds on the soil surface were
the same as in seeds before they
were planted,
indicating
that no
net
synthesis
had
taken
place
(Fig 3).
Kainfall
of 0.17 inch during the
3- to &day period provided moisture for seed metabolism.
An increase in concentration
of UDPhexose” and adenosine triphosphate
was detected
on the eighth
day
even though the water potential of
surface soil had decreased to -200
atmospheres.
In the absence of precipitation
during the 9- to 16-day period, the
water potential
of surface soil decreased to -400 atmospheres.
UDPhexose and adenosine triphosphate
were largely broken down. The increase in adenosine monophosphate
probably
resulted
from
dephosphoryla tion of adenosine
triphosphate.
ZThe following

abbreviations
are used:
NAD,
nicotinamide
adenine
dinucleotide;
AMP, adenosine monophosphate; ADP, adenosine
diphosphate;
ATP,
adenosine
triphosphate;
UDPhexose, uridine
diphosphate
hexose;
Pi, orthophosphate.
Other phosphate
esters are depicted as the parent compound
with
-P representing
phosphate.
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FIG. 3. Phosphate esters from crested wheatgrass seeds (4 g dry weight) planted in
the fall on the soil surface. Soil water potentials in atmospheres are given for
each sampling date. Phosphate esters were eluted from the ion exchange column
with a gradient of formic acid and ammonium formate. The abscissa represents
number of successive lo-ml fractions collected from the ion exchange column. The
ordinate represents total phosphate (millimicromoles/ml)
in each of the fractions.
The concentration of a phosphate ester in seeds is proportional to the area under
the peak for that phosphate ester. Orthophosphate,
inositol penta-P, and inositol
hexa-P are not fully plotted on the figures.

The 17- to 3%day period included
0.48 inch
of precipitation.
Although a relative humidity of 100%
prevailed 45% of the time, its duration without interruption
was short
compared with the time needed for
seeds to germinate.
During
this
period, seeds synthesized hexose-P,
UDP-hexose,
adenosine
triphosphate,
and traces of other phosphate esters. None of the seeds on
the soil surface had germinated
at
32 days, but approximately
1% had
germinated by the following March.
Laboratory
germination
tests indicated that approximately
10% of
the seeds lost germinability
during
overwintering
on the soil surface.
Seeds left on the soil surface from
October
to March produced
seed-

lings that appeared
as large and
vigorous as those from seeds stored
in the laboratory
for the same
period. This indicated that failure
of seeds to germinate
in the field
was due to adverse environments
and not to loss of germinability.
Fall Planting at l-Inch Depth

The water potential of soil at the
l-inch depth was -60 atmospheres
at the time of planting
and decreased to -70 atmospheres
during
the first 2 days. In these dry conditions,
seeds incorporated
traces
of 32P in hexose-P
(Fig. 4). The
radioactivity
in fractions
220 to
240 represents
an impurity
in the
32P with which
seeds had been
treated. Net synthesis of phosphate
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may have been synthesized during
favorable
moisture
were broken
down as the surface soil dried to a
water potential of -500 atmospheres.
Precipitation
of 0.23 inch, preceding the sampling of seeds at 16
days, moistened
the surface soil to
a water potential of -1 atmosphere.
Seeds synthesized adenosine triphosphate.
Precipitation
of 0.28 inch fell
during the 17- to 24-day period, but
none fell in the 25- to 32-day period.
This resulted in drying of surface
soil to -800 atmospheres. Adenosine
triphosphate
was largely
broken
down during the dry period.
As
in the fall experiment,
the increase
in adenosine
monophosphate
suggested that adenosine triphosphate
had been dephosphorylated.
None
of the seeds on the soil surface
germinated.
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FIG. 4. Phosphate esters from crested wheatgrass seeds (4 g dry weight) planted in
the fall at a depth of 1 inch. The solid line represents total phosphate in each
fraction. The broken line represents radioactive phosphate (counts/minute/ml)
that
was absorbed by seeds and utilized for synthesizing phosphate esters. The numbers
above hexose-P and inositol hexa-P indicate the maximum counts/minute/ml
in
fractions containing these phosphate esters.

esters, as indicated
by total phosphate measurements,
was not detected during the first 2 days.
As a result of precipitation
during the 3- to S-day period, soil water
potential
at the l-inch depth increased to -12 atmospheres.
Seeds
incorporated
32P in nicotinamide
adenine
dinucleotide,
hexose-P,
UDP-hexose,
adenosine
triphosphate, inositol hexaphosphate,
and
other phosphate esters. Total phosphate
measurements
indicated
a
marked increase in the concentrations of hexose-P, UDP-hexose,
and
adenosine triphosphate.
In the absence of precipitation
during

the

9-

to

16-day

period,

water potential
of soil at a depth
of 1 inch decreased to -21 atmospheres.
tions

Little

change

of phosphate

in concentra-

esters

during this period.
Precipitation
during
32-day

period

increased

occurred

the

17- to

soil water

potential
to -1 atmosphere.
Seeds
incorporated
additional s2P in phosphate
esters and synthesized
increased amounts of hexose-P, UDPhexose, and adenosine triphosphate.
At 24 clays none of the seeds had
germinated.
At 32 days, 40% of
the seeds had germinated
but had
not emerged.
Moisture
conditions
at the l-inch depth remained favorable during the winter months, but
low temperatures
delayed
emergence of seedlings until February.
Spring

Planting

on

Soil

Surface

In the absence of precipitation
during the first 2 days, water potential of surface soil decreased from
4 atmospheres
at time of planting
to -300 atmospheres.
No synthesis
of phosphate
esters was detected
(Fig. 5). Precipitation
of 0.31 inch moistened the soil surface during
the
first part of the 3- to S-day period.
However, any phosphate esters that

Planting

at

l-Inch

Depth

Soil water potential
was 4
atmospheres at time of planting and
decreased to -5 atmospheres
in 2
days.
Seeds synthesized
hexose-P,
UDP-hexose,
and adenosine
triphosphate
(Fig. 6).
On the eighth day, soil water
potential
at the l-inch depth was
-4 atmospheres.
Seeds incorporated
32P in many phosphate esters. The
concentrations
of hexose-P,
UDPhexose, and adenosine triphosphate
markedly
increased.
None of the
seeds had germinated
at 8 days.
Precipitation
during the 9- to 16day period
increased
the water
potential
of soil at a depth of 1
inch
to -2
atmospheres.
Seeds
synthesized high concentrations
of
hexose-P, UDP-hexose,
and adenosine triphosphate.
At 16 days, 50%
of the seeds had germinated.
Seedlings had emerged at 32 days.
Orthophosphate
and
Hexaphosphate

Inositol

Orthophosphate
and inositol hexaphosphate
(not fully plotted
in
figures
3 to 6) were present
in
seeds in concentrations
of 10 and
80 ,!,moles phosphate
per gram dry
weight, respectively,
and did not
measurably
change during the 3%
day experimental
periods.
Hy-

ENVIRONMENT

Spring

Planting
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tected in the experiment
seeds.

on Soil Surface

with dead

Discussion
Measurements
of both environment and seed responses to environment
are needed
to understand
more precisely the conditions
that
are essential for successful seeding
of semiarid rangelands.
This study
has dealt with the question:
what
seed measurements
will meaningfully reflect the effects of environment?
The measurements
should
be (1) representative
of the metabolic activity of seeds, (2) indicative of the readiness
of seeds to
germinate,
and
(3) sensitive
to
changes in the environment.
Measurement of the synthesis and breakdown of adenosine
triphosphate
appears to fit these criteria.
Synthesis of adenosine triphosphate
is
a key process; few of the biosynthetic processes that lead to germination can proceed without it. The
gradual increase in adenosine
triphosphate
in seeds in favorable
moisture
suggests
that
it might
serve as an indicator
of readiness
of seeds to germinate. The synthesis
of adenosine triphosphate
was sensitive to extreme
changes
in environmen t. It was the first phosphate
ester
formed
after
brief
periods of precipitation,
and was
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FIG. 5. Phosphate esters from crested wheatgrass seeds (4 g dry weight)
in the spring on the soil surface. Details are given in title to figure 3.

drolysis of inositol
hexaphosphate
provides orthophosphate
for early
seedling growth.
In a laboratory
test at 73 F, inositol hexaphosphate
was almost completely broken down
during 12 days of seedling growth.

32P, but not in amounts
great
enough to interfere with the interpretation of data obtained with living seeds. No net synthesis of phosphate esters, as indicated
by total
phosphate
measurements,
was de-

Metabolism of 32P by Microorganisms
Soil microorganisms
seeds and metabolize

seriousness

of microbial

500

50

can infect
the 32P with

which seeds are treated.
The presence of 32P-labeled phosphate esters
from microorganisms
can thus produce experimental
artifacts
that
would interfere
with the measurement of 32P-labeled phosphate esters
from seeds (Wilson, in press). Dead
seeds were planted to evaluate the

planted
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In the fall, microorganisms
did not incorporate
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radioactivity
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except

in fractions
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120 to 130 (Fig.
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present
able
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organisms

that was

in the commercially
In

the

spring,

incorporated

availmicro-

traces

of

0
0

300

200

100

Fraction

400

Number

FIG. 6. Phosphate esters from crested wheatgrass seeds (4 g dry weight) planted in the
spring at a depth of 1 inch. Details are given in titles to figures 3 and 4.
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man big blue grass (Pea am~ln)
have been observed during winter
months, when the soil surface was
moist for long periods and when
temperatures
were sometimes favorable.
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FIG. 7. Phosphate esters from dead crested wheatgrass seeds (4 g dry weight) planted
at a depth of 1 inch in the fall and spring. The radioactivity peaks indicate traces
of *P incorporation
in phosphate esters by microorganisms associated with seeds.
Orthophosphate
(P,) is the form of radioactive phosphate with which seeds were
initially treated.

temperatures
were within the range
required for germination
of crested
wheatgrass seeds (Ellern and Tadmor, 1967).
Our laboratory
tests
indicated
that crested wheatgrass
seeds can germinate
at a constant
temperature
of 34 F.
Generally
unfavorable
and rapidly fluctuating
soil moisture
was
probably the most important
factor
in preventing
the germination
of
broadcast seeds. The synthesis and
breakdown
of adenosine
triphosphate
suggest
that
intermittent
storms and dry periods resulted in
frequent
starting and stopping of
germination
processes.
Results of this study suggest that
broadcast
crested wheatgrass
seeds
will not germinate
under the environmental
conditions
that prevailed during the spring and fall
experiments
reported here. In additional studies on this site (Nelson
et al., 1970), fair germination
of
broadcast
wheatgrasses
and excellent germination
of broadcast Sher-

almost
completely
broken
down
during periods of severe drought.
The synthesis and breakdown
of
adenosine
triphosphate
was not
especially
sensitive
to moderate
drought.
This was illustrated
by
the lack of change in concentration
of adenosine
triphosphate
as the
soil at a depth of 1 inch dried from
-12 to -21 atmospheres
in the fall.
This
result was not unexpected,
because
crested
wheatgrass
seeds
can synthesize
adenosine
triphosphate at water potentials
as low as
-130 atmospheres (Wilson, in press).
This also explains
why adenosine
triphosphate
synthesized
during a
brief storm in the fall could still
be detected on the eighth day, even
though the surface soil had dried to
-200 atmospheres.
Although
low temperature
delayed the germination
of drilled
seeds in favorable moisture, it probably was not the limiting factor in
preventing
the
germination
of
broadcast seeds. During most clays,
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Highlight
A system of seedbed preparation
by
moldboard
plowing and packing small
ridges appears
to fulfill two requirements for successful
seeding-control
wind erosion and eliminate competing
vegetation.
The percentage
by weight
of soil aggregates
larger
than 0.833
mm increases greatly with an increase
in the moisture
content of soil at the
time of packing.
A sandy loam soil
should
contain
9 to 12%
moisture
when packed to obtain a surface condition greatly resistant to wind erosion.

Soil erosion
by wind has prevented the development
of reliable
methods of seeding grasses on abandoned croplands
in the shortgrass
plains of Colorado.
Previous work
has shown that a successful method
must control wind erosion and comvegetation
while
seeded
peting
grasses are becoming
established.
Unfortunately,
direct seeding,
interseeding, seeding in narrow strips
after a year of mechanical
fallow,
and seeding after chemical
fallow
have not completely
fulfilled these
two requirements
(Bement,
et al.,
1965; Hyder and Everson,
1968;
Everson,
et al.,
1969).
Competing vegetation
is eliminated
most
thoroughly
by moldboard
plowing,
which cannot
be practiced
unless
wind erosion
can be controlled.
Previous
work also suggests that
seedbed preparation
and planting
should be completed
as quickly as
possible
after soil moisture
and
temperature
have become favorable
lThis
paper is the result of cooperative research
by the Crops Research
Division,
Agricultural
Research
Service, U.S. Department
of Agriculture,
and the Colorado
Agricultural
ExApproved
for pubperiment
Station.
lication
by the Director,
Colorado
Agricultural
Experiment
Station,
as
Scientific
Series Paper No. 1456. Refor
ceived August
6, 1969; accepted
publication
October
20, 1969.
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ridges were oriented
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for seed germination
and seedling
emergence.
These
considerations
have led
to a new approach
that includes
moldboard
plowing for control of
competing
vegetation.
The
procedure requires
plowing,
packing,
and seeding when soil conditions
are favorable.
Attention
has been
directed to the packing operation,
because
temporary
soil stability
against wind must be created immediately
after plowing
(Marlatt
and Hyder, 1968). For this purpose,
we have developed
a roller
for
seedbed modification
(Hyder
and
Bement,
1969).
Wind-tunnel
and
field studies show the value of a
ridged surface for protection against
wind (Marlatt
and Hyder,
1970).
Most recently, field work has been
directed to the measurement
of soil
physical conditions
that are important to the control of wind erosion
and to seed-soil and plant-soil relations.
This paper summarizes results on
soil aggregate
size, bulk density,
field capacity, drying rate, temperature, and movement from ridges to
furrows.

Methods
Four plots, each measuring
100
on a
by 100 feet, were located
McGrew sandy loam that was last
plowed for crop production
about
1929. This soil has a particle-size
distribution
of about
80% sand,
10% silt, and 10% clay in the surface
8 inches.
Consequently,
the soil is
loose and erodible
after plowing.
Its erodibility
is witnessed
by a
large accumulation
of windblown
soil at the south border of the field.
The plots were plowed to a depth
of about 10 inches with a moldboard plow on July 17, 1967, and
packed with the roller on July 18
(Fig. 1). On the separate plots, the
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inches

to directions

E-W,

of

and SE-NW.

was near field capactime

as a result

amounting

in the previous

to

of
3.6

2 weeks.

Small
areas about
20 feet in
diameter within plots were wetted
by sprinkling,
covered with plastic
for 24 hours to permit
the measurement of soil bulk density and
field capacity, then uncovered and
sampled daily to determine
drying
Soil cores were taken to a
rates.
depth of 3 inches in the ridges and
to a depth of 15 inches in the
furrows.
Two
drying
sequences
were sampled in this manner, and
a third sequence
omitted
the 24
hours with plastic cover.
Similar
wetted areas on adjacent unplowed
soil were sampled
for soil bulk
density and field capacity.
Moisture-tension
relations for unplowed
soil were obtained
in a previous
study (Everson, et al., 1969).
To provide for the measurement
of soil movement
from ridges to
furrows,
one-half
inch hardwood
dowels 12 inches long were established in the furrows as elevational
references.
Five sets of 4 dowels
each were established
in each plot.
All dowels were set with an exposed height of 4.0 inches. Thereafter, dowel heights determined the
amount
of furrow
fill; and the
heights of ridges between
dowels
determined
the amount
of ridge
cut. Measurements
were taken on
July 18, 1967, September
13, 1967,
and April 8, 1968, to encompass
a complete winter season. A previous study evaluated soil movement
during
a spring
season (Marlatt
and Hyder,
1970).
An area was plowed while the
soil was moist (9% moisture
content), sprinkled to wet, and packed
at different
times during natural
drying
in July
1969.
When
all
packed soils were very dry, samples
of the surface inch of soil were cut
away and screened through
a 20mesh (0.833 mm) screen to determine the proportions
of non-erodible particles
as required
by the
universal
equation
for measuring
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FIG. 1.

and

Field

Capacity

The bulk density of the surface
3 inches of soil after plowing and

packing

was 1.25 g-m/cm3 in

content,
which
amounted
inch in 15 inches of soil.

the

ridges and 1.45 gm/cm3 in the furrows (Table
1). Bulk densities by
3-inch segments to a depth of 15
inches
in the furrows
were not
significantly
different
from those
Table

I.

standard

Soil bulk density
deviation

(gm/cms)

and field

(%)

of McGrew

sandy

loam-mean

Soil depth

None

Random

Bulk density, wet

of

15 determinations

and

o-3

3-6

6-9

(inches)
9-12

12-15

Sum

1.43 t .Ol
11.3 -c .5
.48

1.52 f .Ol
10.9 z!E .3
.50

1.59 +_ .Ol
10.8 + .4
.51

1.58 2 .Ol
10.6 _+ .4
.50

1.57 +_ .02
10.4 t .5
.49

2.5

(inches)

1.45 ? .02
13.3 -1- .3
.58”*

1.52 t .03
13.4 5 .3
.61””

1.58 t .Ol
12.7 2 .2
.60””

1.61 5 .02
11.7 + .4
.57

1.63 2 .02
10.5 t .5
.51

2.9

Bulk density, wet
Field capacity
Water content
(inches)

1.25 -I- .04
9.6 2 .4
.36””

Field capacity
Water
content

(inches)

Bulk density, wet
Field capacity
Water

Ridge

capacitya

of the mean.

Soil characteristic

packed

0.4

In the first 2 drying sequences
the soil was covered with plastic
for 24 hours after wetting (Fig. 2).

Location
on soil
relief

Furrow

to

Drying Rate

Soil
treatment

Plowed
and

The moisture percentage (13.3%) of
3 inches of soil in the furrows after
24 hours of drainage under plastic
was not significantly
different from
that obtained
for unplowed
soil
at a moisture tension of X0 atmosphere. Consequently,
the moisture
percentages
at tensions of I/O, %,
and 15 atmospheres
are shown in
Figure 2 as approximate
moisture
tension
levels for the soil cores
taken in the furrows. In each drying sequence
the soil dried more
quickly in the ridges than in the
furrows. The average moisture content of the surface 3 inches of soil
in the furrows continued
at a level
that was satisfactory
for seed germination
for about 10 days; however, at a seeding depth of % to 1
inch the moisture supply must have
become critical at an earlier time.
In the second drying sequence
the plastic was removed at 11 AM
on day 1, when the moisture percentages of the surface 3 inches of
soil were 9.6 and 13.3 in the ridges
and furrows,
respectively.
Three
hours later, at 2 PM, the moisture
percentages
were 8.9 and 10.4, respectively.
After we had applied 2 inches
of water on August 21, 1967, the
soil below the furrows was sampled
for water content and drying rates
to a depth of 15 inches.
The soil
contained
3.4 inches of water immediately
after wetting (Table
2).
One day later the soil contained
2.9 inches-a
loss of 0.5 inch of

of unplowed
soil.
However,
the
moisture percentages at field capacity (that is, when covered
with
plastic for 24 hours after wetting)
were about 2% greater (significant
at .Ol) to a depth of 9 inches in the
furrows of packed soil than in unplowed, unpacked
soil. Small differences in the clay content of the
plowed and unplowed areas could
account for the difference
in water

Results
Density

BEMENT

A ridged seedbed prepared by plowing and packing.

wind
erosion
(Agricultural
Re1961).
search
Service,
Soil temperatures
were measured
with a mercury thermometer.
Retords of precipitation
and wind
movement were summarized as erosive forces.

Soil Bulk

AND

content

B Bulk density and moisture content at field capacity were determined
covering the soil with plastic.
** Value is different from that of non-plowed soil at 99% probability.

for Z-inch i.d. soil cores removed 24 hours after wetting

and
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SOIL CONDITIONS

-In

18

9-1
16
Moisture

In
T

furrow

Approximate

ridge

moisture

Field

tension

capacity

levels

1

of

in

furrows
(atmospheres)

content
soil

(Percent)

00
0

2

Days
of

4

6

after
water

8

10

Aug.

7,

h

I

0

n

0

0

4

0

2

4

6

8

10

12

1 inch

Days

1967

of

applying
on

12

after
water

applying
on

2

Aug.

14,

inches
1967

2.
Moisture loss from the surface 3 inches of soil after wetting by sprinkler. The
surface was covered with plastic for 24 hours after sprinkling to allow the attainment
of field capacity, which was 13.3% in the furrows and 9.6% in the ridges.

FIG.

All of this loss appeared
in the surface 6 inches of soil. In
addition,
a small amount
moved
downward
to increase
the water
content at a depth of 12-15 inches.
On subsequent
days the losses from
15 inches of soil continued
at a
diminishing
rate. Since the water
contents at depths of O-3 and 12-15
inches were less than those at intermediate depths, it appears that the
losses were due to water movement
downward as well as upward.
All
water movement
after the second
day presumably was by unsaturated
flow.
Total
water loss from
15

water.

Table

2.

Water

content

(inches)

in

and loss from 15 inches of bare soil
taken in the furrows after applying
2 inches of water by sprinkling
on
August 21, 1967.
Soil
depth
(inches)

Days after wetting
0

1236

.8

.5

3-6

.8

.6

.6

.5

.6

.5

6-9

.7

.7

.6

.5

.5

.5

9-12

.7

.6

.6

.5

.5

.5

12-15

.4

.5

.4

.5

.4

.4

3.4

2.9

2.6

2.4

2.4

2.3

o-3

Sum

Water loss
(cumulative)

.5

inches of soil amounted
an inch in 3 days.

to nearly

Soil Temperature
Minimum
soil temperatures
were
higher and maximum
soil temperatures were lower in the furrows
than in the ridges (Table
3). At
a depth of 1 inch below the surface
the diurnal range on warm, clear
days was 28 F in the furrows and
38 in the ridges.
Soil Movement

from Ridges

to Furrows

The
ridges established
in July
1967 had an average height of 3.1
and the remaining
ridge
inches,
height in April 1968 was 1.2 inches
(Table 4). Ridge cut (the reduction
in ridge elevation) exceeded furrow

fill by about 2 to 1. Total precipitation amounted
to 5.3 inches, but
there were no high-intensity
rains.
In all the work to date there has
been no evidence of soil movement
away from treated plots until the
ridges have been washed down by
high-intensity
precipitation.
The
ridges appear to be unaffected
by
wind, but in a previous study conducted in April, May, June,
and
July, 1967, 12 high-intensity
rains
ieach exceeding 0.5 inch) eliminated
the ridged relief (Marlatt
and Hyder, 1970). Even in that trial, wind
erosion was controlled long enough
to prevent abrasion of grass seedlings by soil particles
and permit
grass establishment.
On the average, we have rain
amounting
to 0.5 inch or more on
6.7 days per year of which the rain
amounts to 1 inch or more on 1.6
days and 2 inches or more on 0.1
day. Wind velocities exceed 5, 10,
15, and 20 mph for 234, 47, 8, and
1 days, respectively.
Size

of

Soil

Aggregates

The fractions
of soil aggregates
larger than 0.833 mm in diameter
in the surface inch of soil were 94,
73, 71, 51, and 41% by dry weight
when packing was completed
with
soil moisture contents of 15.0, 9.6,
9.4, 6.8, and 1.Oa/,,respectively.
The
soil plowed but not packed contained 58% of soil aggregates larger
than 0.833 mm in diameter in the
Thus,
packing
the
surface inch.
McGrew
sandy loam while moist
created a hard, non-erodible
surface, and packing the soil while dry
broke the clods turned up by plow-

Minimum
and maximum
soil temperatures
(OF), at depths
Table 3.
6 inches below ridges and furrows, and air temperatures.

of 1 and

7
.4

.8

.4

.9

.4

1.0

E

.4

1.1

Date
(1967)
July

20

August

25

z

Location
on relief

:g
z

Ridge
Furrow

-

E

.I
z
104
97

-

88
80

50

82

57

90

Ridge

59

97

64

80

Furrow

62

90

68

75

B Air temperatures

were taken in a standard instrument shelter.
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Table

4.

Soil

movement

(inches)

from

ridges

to

AND

furrows,

BEMENT
and

precipitation

(inches).
Date or
period of
observation

Erosive
effect
Ridge

2
Sum
Furrow
fill

1
2
Sum

LAD.
L.S.D.
L.S.D.
L.S.D.

-4”
.8
1.2

1.7
3.5
5.2

.3
.3
.6

.3
.3
.6

.3”
.4
.7

id.
id.
id.

3.0

3.2

3.2

3.1

2.3

2.4

2.5

2.3

2.4

1.4

.g

1.5

.9

1.2

NE-SW

E-W

..‘j
.6
.9”

.4
.8
1.2

.4
.7
1.1

.2
.4
.6”

.2
.7
.9

2.9

SE-NW
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Discussion
Seedbed
preparation
by moldboard plowing and packing of small
ridges appears
to fulfill
two essential requirements
for successful
seeding-control
wind erosion and
eliminate competing vegetation.
In
addition,
the moderating
effect of
the ridged relief on soil temperature and moisture
in the furrows
is equivalent
to that attained
by
furrow
and wheel-track
planting
(McGinnies,
1959; Hyder,
et al.,
1961).
On the other
hand,
the
ridged relief imposes the problem
of soil movement
to the furrows
and the possibility
of burying the
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a surface
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adequately resistant
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seed too deeply.
The packing of
ridges as well as furrows tends to
reduce this problem, but the ridges
are not firm enough to eliminate
the hazard.
Subsequent
modifications in roller design might achieve
an increase in ridge firmness and
durability
without
sacrificing
resistance to wind erosion.
In previous papers on the subject
of packing small ridges to control
wind erosion
(op. cit.) we have
emphasized
the effect of surface
roughness on reducing wind velocity and erosive force at the surface.
However,
the universal
equation
for measuring
wind erosion
(op.
cit.) shows that the degree of roughness alone cannot provide adequate
control.
Our success in stopping
wind erosion temporarily
should be
attributed
largely to the hard surface formed by packing moist soil.
Seeded grasses provide little benefit in controlling
wind erosion in
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TECHNICAL
Ground
Dwelling
Beetles
Burned and Unburned
Vegetation’

NOTES

in

W. H. RICKARD

Highlight
Pitfall trapping of ground dwelling
beetles in burned and ““burned stands
of shrub steppe vegetation showed
that the same four species occurred
in both places. However, more Eleodes
hispilabris and Pelecyphorus densicollis
were caught in the ““burned vegetation.
One of the most obvious disturbances
to shrub steppe vegetation is fire. Big
sagebrush (Arlemisin
lt-identatn)
and
arltelope bitterbrush (Purshin trideninto) are killed by swmner bnming,
and many years are needed for shrubs
to recolonize such areas (Fig. 1). The
abondant understory herbs Sandberg
bluegrass (Pea SPCU~~~)and cheatgrass
brome (Bromus tecforum) are affected
lightly by fire. Sandberg bluegrass
sprouts from perennial crowns. The
seeds of cheatgrass buried in the soil
are not completely destroyed and these
germinate when a”t”mr precipitation
is favorable (Klemmedso” and Smith,
,961).
Little is know” about the impact
of iire on shrub steppe insects. This
note rep*ts
the results of a pitfall
trap survey of ground dwelling heetles
in adjacent stands of burned and u”~
burned shrub steppr vegrtation on the
Atomic Energy Commission’s Hanford
Reservation in Southeastern Washingto” during 1967.

Methods
A wildfire borned over several hundreds of acres of shrub steppe vegeta‘This paper is based on work performed under United States Atolnic
Enerev
Commission
Contract
AT
(45~1).1830.
Received
February
5,
,969; accepted for publicatiorl July
25. 1969.

tiorl durirrg midsummer of 19Gl. ‘The
,nrn
wits restricted by a highway
which served as a fire break. The lard
on either side of the highway is similar
in elevation, aoil, topography, and vege~
ratio”, so that the major difference beg
twrr” the two sides is the fire disturbance (Fig. 1). Grazirlg has not been
permitted 0” either aide of the higlr~
way lor at least 25 years.
‘l‘hrce sLrx,y sites were located along
rhc highway with approximately one
mile distarrce betweerr sites. Each site
consisted of rr” traps, with five traps
located in the burned a”d fine in the
unburned vegetation. The traps were
placed about 100 yards from the highway, in areas removed from the disk
turbances caused by highway tonstructie” and maintenance vehicles. The
traps consisted of cans buried in the
soil to their rims and arranged i” a lirle
s,x,ced about tc” feet apart. The tra,,s
were visited each week fro”1 early
March to late November. All beetles
were remo,w~ and released sc,‘cm, feet

away fro”1 the trap i” which they were
ca,x,“ed.
Results
The results of the trapping are
show” in Table 1 and Figure 2. Four
species of beetles were frequently
hiscaught. Three species, Eleodes
+zbrir,
P&cyfkms
densicollis,
and
F~iiaflu~ murirntur (Tenebrionidae) are
believed to be r”ost,y phytophagous
(Hatch, ,965) while Calo~orrrtr luxnturn
(Carabidae) is predaceous.
A definite acwxral pattern of above
ground activity was observed. Pelrcyphorus
was prcaent only in autur””
(Fig. 2). Eleodes was present throughout the study period, but was most
abundant in May and June. Eusattur
and Calosorno were ,,,ost often caught
in the spring, and they were not
caught at all in late s”mmer and
a”t”m”.
All four species of beetles occurred
in burrred and onburned vegetation.
The trap data indicate that the ab
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Calosoma
Burned

Eusattus

Mar.

Apr.

May

June

Aug.

July

Sept.

Oct.

Nov.

Collection
Dates

FIG. 2. The total weekly catch of ground dwelling beetles in burned and unburned
shrub steppe vegetation-March

through November-1967.

sence of big sagebrush and antelope
bitterbrush did not open up the plant
community
to invasion
by exotic
species of ground dwelling beetles. If
anything, the burning appeared to reand
duce the catch of Pelecyphorus
Eleodes (Table
1). It is concluded
Table 1. The
shrub steppe

total

catch

of ground

that the presence of shrubs is not
necessary for the persistence of populations of ground dwelling beetles,
but there may be some benefits to
populations if shrubs are present.
Pitfall traps do not yield direct information on population densities (i.e.,

dwelling

beetles

in burned

and unburned

vegetation--1967.
Total catch

Taxa

Burned

Unburned

x2 value (based on total*)l

Calosoma

183

181

0.14

Not significant

Eusa ttus

647

697

0.26

Not significant

Eleodes

280

379

14.86

P < 0.01

Pelecyphorus

103

236

52.20

P < 0.01

* At all sites, a test of homogeneity of x2 was not significant;
three burned and three unburned locations were pooled.
1 The chi-sauare values were calculated bv Dr. T. M. Thomas.

thus, the data from the

number/unit area) because trap catches
can be influenced by beetle mobility
as affected by weather as well as by
population density (Southwood, 1966).
However, ground dwelling beetles in
can be
shrub steppe communities
numerous, at least in certain years.
Rickard and Haverfield (1965) made
a gross estimate of 16 beetles per
square meter in sagebrush dominated
vegetation.
The ecological role of phytophagous
beetles is not fully known. Eleodes
hispilabris
has been reported as a
serious pest to dryland wheat, with
larvae and adults contributing
to
damage (Wakeland, 1926). The larvae
live in the soil for 2-3 years, presumably feeding on underground plant
parts at least during the times of the
year when temperature and moisture
regimes are favorable. The life hisand Pelecyphorus
tories of Eusattus
are not known in detail. If larvae
should feed exclusively on actively
growing roots, they could reduce
aboveground plant yields, especially if
larvae are numerous. If phytophagous
beetles are mostly detritus feeders,
then their role in the plant community
could be regarded as beneficial, since
they would accelerate the turnover of
essential mineral nutrients and promote the growth of plants.
The role of ground dwelling beetles
needs further study from the viewpoint of insect ecology and its relationship to range management.
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of

Visual
obstruction
measurements
were used to determine
height
and
density
of vegetation
in a Kansas
grassland.
These
visual
obstruction
measurements
were
compared
with
the weight
of vegetation
collected
from each site. The weight of vegetation collected
was significantly
correlated
with
the visual
obstruction
measurements.

struction
technique
of evaluating
the
height
and density of cover types on
our study area, weights
of ve,getation
clipped
on sample
plots
were compared with visual obstruction
measurements made on each plot. This paper
presents
parisons.

in northeast1965; Robe&

Watt,
1969),
an attempt
was
to correlate
movements
and loca-

tions of prairie
types. In order

chickens
with habitat
to accomplish
this, the

various habitat types on a 2,500-hectare
grassland
study area had to be described.
Species
composition
alone
could not provide all the information
necessary
to evaluate
the habitat
potential
of a grassland
for
prairie
chickens.
vegetation

Emlen (1956) indicated
screening
efficiency

that
and

density
were as important
as species
present
in describing
avian
habitats.
Specifically,
Hamerstrom
et al. (1957)
stated that height and density of grass
were “clearly
more important
to the
prairie
chickens
than species composition.”
Various
optical
means
have
been used to measure
the height and
density
Webb,

of vegetation
1942; Mossman,

(Wight,
1955).

results

1938;
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of

those

com-

Area

raphy of the area consists of a series
of gently sloping,
rounded
hills separated by intermittent
streams.
There
are three
major
range
sites on the
study area:
limestone
breaks, shallow,
and
claypan
(Bidwell,
1960).
Each
range site has its characteristic
soil and
vegetative
composition
(Bidwell,
1960;
Briggs,

1966;
made

the

The study was conducted
on a grassland
area located
approximately
13
kilometers
east-southeast
of Junction
City, Kansas in Geary County.
Topog-

a long-term
study
of
chicken
(Typanuchus

cupido pinnatus)
ecology
ern Kansas (Slade et al.
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However, few studies have correlated
the amount of vegetation
present at a
site with various indices to visual obstruction.
To quantify
the visual ob-

Study

Highlight

As part
of
greater
prairie

NOTES

1968;

Silvy,

Methods

1968).

and

Materials

Thirty
20-meter
line transects
were
established
in a north-south
direction
on areas of homogeneous
vegetation
on
the study area. An effort was made to
distribute
the transect
sites to include
the entire range of vegetation
densities
and heights as well as plant life forms
on

the study area.
The capacity
of the grassland
vegetation to obstruct
vision was measured

in a manner
similar to that described
by Wight
(1938) for forest understory.
Alternating
decimeters
on a round
pole (3 x 150 cm) were painted
light
brown and white.
The mid-point
of
each decimeter
was marked
with
a
narrow black stripe making it possible
for the observer
to distinguish
halfdecimeters
on the pole.
Vegetative
measurements
each
2 meters
along
a

were
steel

made
tape

stretched
from the north to the south
end of each transect.
Beginning
at the
zero-meter
point of each transect,
the
pole was placed vertically
in the vegetation
10 cm west of the tape.
The
pole
was then
observed
from
the
south at mid-day at heights of 1.0, 0.8,
and 0.5 meters at distances of 4, 3, and
2 meters (Fig. 1). A light bamboo stick
marked at 1.0, 0.8, and 0.5 meters was
used to standardize
the observation
heights (Fig. 2). The lowest decimeter
or half-decimeter
mark visible on the

-I

I

FIG. 1. Diagrammatic sketch of apparatus
and technique used in sampling vegetation density.
Readings were taken at
each of three heights at 2, 3, and 4
meters from the pole.
pole was recorded
for each of the
ihree heights and distances,
producing
nine visual obstruction
measurements.
Following
the visual obstruction
measurements,
the vegetation
on a 20 x 50
cm rectangular
plot situated along the
transect
tape directly
in front of the
pole was
decimeters

clipped
td a height
and collected.
The

of 0.5
process
was repeated
every 2 meters along the
20-meter transect.
Thus, 90 visual observation
measurements
and 10 vegetation collections
were obtained
from
each of the 30 transects.
All clipped
vegetation
was immediately
dried for
48 hours
at 60 C and weighed
to
0.1 gm.
Vegetation
obstruction
and weight of
clipped vegetation
data were
on IBM cards and statistical

punched
analyses

done
in a 360/50
IBM
system.
A
multiple
linear regression
analysis was
used to measure
the relationship
between visual obstruction
measurements
and the weight of clipped
vegetation
from each transect.
Comparisons
were
made between the mean of each of the
nine visual obstruction
measurements
for each transect
and the total weight
of clipped
vegetation
from
the ten
20 x 50 cm plots
on that
transect.
Visual
observation
measurements
(independent
variables) were coded in the
order they were collected
in the field,
i.e., variables
1, 2, and 3 are means
of 10 visual obstruction
measurements
taken at 4 meters from heights of 1.0,
0.8, and 0.5 meters, respectively;
variables 4, 5, and 6 are means of visual
obstruction
measurements
taken at 3
meters
from heights
of 1.0,
0.5 meters, respectively;
and

0.8, and
variables
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7, 8 and 9 are means of visual obstruc-

tion measurements taken at 2 meters
from heights of 1.0, 0.8, and 0.5 meters,
respectively. The weight of the clipped
vegetation was the dependent variable
and was coded as 10. Variables 1, 2,
and 3 (all measurements made from 4
meters distant) were averaged and
coded as variable II, the average of
variables 4, 5, and 6 was coded as 12,
and the average of variables 7, 8, and 9
was coded as variable 13.

Results
Examination

and Discussions
of the raw data dis-

closed a striking relationship between
the visual obstruction measurements
and the weight
of vegetation clipped
from each transect. The most obvious
relationship was between the mean of
all the visual obstruction measurements
and the weight of vegetation clipped
from each transect (Fig. 3). A highly
significant (P < 0.01) product m~menf
correlation coefficient (r = 0.9727) was
detected between the pooled means of
each transect and the weight of vegetation collected from that transect. Because the collection of 90 visual obstruction measurements was extremely
time consuming, further analyses were
conducted to determine if significant
correlations could be obtained using
fewer observations.
A simple correlation matrix was constructed to detect correlations among
all the variables (Table 1). Although
the entire matrix is of interest, the focal

NOTES
for the nine variables (Table 2). Thus,
these three variables (1, 7, and 9)
contributed 99.0 percent of the total
Ka value. Variables 1 and 7 contributed 98.6 percent of the total Rs
value while variable 1 by itself had
an R* value of 0.9550 or 98.2 percent
of the total Rz value.
Using all the visual obstruction measurements stratified by distance classes
(variables 11, 12, and IY), the realized
R” value was 0.9438, with 0.9400 (99.6
percent) of that contributed by the
measurements taken from 4 meters
(Variable 11).
Obviously all 90 visual observation
measurements need not be made to
obtain
a reliable measure of the
amount of vegetation along a transect.
The visual obstruction measurement
taken from a distance of 4 meters and
a height of 1 meter provides an extremely reliable measure of the height
and density of the vegetation.
Because the visual obstruction measure is so strongly correlated with the
weight of vegetation clipped from the
area, it is possible to use this visual
index as a measure of total forage
production. Since variable 1 (4 meters
distant, 1 meter high) contributed
0.9550 to the overall Rz of 0.9727, a
simple linear regression of variable 10
(vegetation weight) on variable 1 gave
an estimated regression equation:

points of this study were the correla.
tions of the independent variables (1
lbrough 9 and 11 through 13) with the
dependent variable (IO), weight of
clipped vegetation.
When the first nine independent
variables (1 through 9) were examined
for rbeir atepwise contribution to the
multiple correlation coefficient (R’ =
0.9727), visual obstruction
measurements taken from a height of 1 meter
at a distance of 4 meters plus those
taken from a height of 1.0 and 0.5
meters at a distance of 2 meters cons
tributed 0.9634 to the total Rz value

1”

Variable 10 = -62 + 117.2 (variable 1)
%w. 10 . var. 1 = 27.2
Additional research along these lines
may prove fruitful for range managers

20

MEAN VISUAL OBSTRUCTION

3”

MEASUREMENT

FIG. 3. Relationship
between the meatx of nine visual obstruction
ttlc weight of vegetation clipped from each of 3” transel_ts.

4”

(Decimeters)
mCaS”lementS

and

TECHNICAL
Table
1.
variable

Simple
(10).

correlation

matrix

All correlation

Variables”

1

showing

relationships

coefficients

2

3

are

between

significant

4

5

NOTES
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12 independent

(l-9

and

11-13)

and

1 dependent

(P < 0.01).
6

7

8

9

10

11

12

1

1 .oooo

2

0.9950

1 .oooo

3

0.9788

0.98 17

1 .OOOO

4

0.9950

0.9880

0.9772

1.0000

5

0.9955

0.9921

0.9812

0.9987

1 .OOOO

6

0.9884

0.9889

0.9921

0.9884

0.9915

1.0000

7

0.4979

0.4923

0.5142

0.5218

0.5071

0.4934

1.0000

8

0.5410

0.5380

0.5625

0.5658

0.5529

0.5447

0.9942

1.0000

9

0.6243

0.6228

0.6508

0.6436

0.6322

0.6272

0.9822

0.9890

10

0.9772

0.9771

0.9470

0.9707

0.9725

0.9578

0.5452

0.5823

0.6559

1.0000

11

0.9947

0.9961

0.9938

0.9905

0.9937

0.9953

0.5058

0.5521

0.6384

0.9695

1.0000

12

0.9948

0.9922

0.9873

0.9971

0.9985

0.9969

0.5064

0.5542

0.6347

0.9682

0.9961

1 .OOOO

13

0.5647

0.5615

0.5869

0.5871

0.5743

0.5657

0.9949

0.9978

0.9955

0.6040

0.5761

0.5755

n See text for explanation
Table

2.

Stepwise

means
of each
measurement.

to the

(R2 = 0.9727)
weight
and
visual

Variable1 Contribution

bethe

obstruction

Df2

F
value

1

0.9550

28

593.93

7

0.0046

27

3.05

9

0.0038

26

2.71

2

0.0070

25

5.88

6

0.0014

24

1.17

5

0.0007

22

0.56

4

0.0002

23

0.17

3

0.0001

21

0.07

8

0.0000

20

0.00

1 See text for explanation
of variable
ing.
2 Df = Degrees of freedom.
Table 3. Stepwise
total correlation
tween
means

cod-

contribution
to the
(R2 = 0.9438)
be-

taken

Variable1 Contribution

at each of three

Df2

F
value
438.57

11

0.9400

28

12

0.003 1

27

1.46

13

0.0007

26

0.132

1 See text for explanation of variable
ing.
2 Df = Degrees of freedom.

since

the visual

obstruction

1.0000
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technique

is far less time consuming
compared
with the traditional
methods of determining
areas.
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studies on the greater prai-

measurements

strongly
(P < 0.01)
the
amount
of

correlated
vegetation

present.
A correlation
of 0.9727
was detected
between 90 visual obstruction
measurements
and
the
weight of vegetation
collected
from
each transect.
A visual obstruction
taken from a height

measurement
of 1 meter and

a distance
of 4 meters
constitutes
a reliable
index
(Ra = 0.9550)
to
the amount
of vegetation
on a
specific
site.

cod-

determining
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Highlight
Vigor characteristics of crested wheatgrass subjected to late fall grazing at
three levels of intensity were studied
over an &year period. The indicated
level of utilization for maintenance
of plant vigor under conditions of
this study was about 60 percent.
Successfully established crested wheatgrass (Agropyron
cristatum)
seedings
have become an integral part of many
livestock operations.
They commonly
fill an important
need
for spring
and/or fall pasturage.
Optimum
grazing systems and utilization
levels for
these use periods
have been investi:
gated.
An early study in the Southwest (Reynolds
and Springfield,
1953)
concluded
that utilization
of crested
wheatgrass
should not exceed 45 percent by weight each year for greatest
sustained
returns
in total
herbage.
More recent work by several investigators indicates
that grass production
can be maintained
under
65 to 70
percent
utilization
by cattle during
the spring period
(Springfield,
1963;
Springfield
and Reid,
1967; Frischknecht and Harris, 1968).
The season at which a seeding
is
used may be dictated by the needs of
the operation.
Thus, it may be subjected to grazing at almost any time
during the year-not
necessarily at the
optimum
time for either the health
of the grass stand or the best livestock
gains. Information
on proper levels of
utilization
under less common periods
of use is important
to some users.
Proper use of crested wheatgrass under
late fall grazing by cattle was investigated in this study.
Study

Area

and

Methods

The study was conducted
Sterling Ranch area, Uinta

on the
National

1 Received January
31, 1969; accepted
for publication
December
18, 1969.

NOTES

Forest, Utah, during the 8-year period
1954-1962.
The study area was formerly a cultivated
dry farm acquired
as national
forest land in 1941 and
added
to the Diamond
Fork Cattle
Allotment.
It is located in the lower
part of the Diamond
Fork drainage
at an elevation of about 5,500 feet and
has a mean annual
precipitation
of
17-19 inches. Soils are generally deep
with loam surfaces and clay loam suband derive
soils. They are residual
from mixed sandstone-limestone
parent
materials.
Records
do not describe
the vegetation
existing
on the study
However,
area prior to cultivation.
similar adjacent sites are dominated
by
big sagebrush
(Artemisia
tridentata)
and yellowbrush
(Chrysothamnus
viscidiflorus)
along with scattered clumps
of oakbrush
(Quercus
and
patches
gambelii).

In 1941-43, an area of some 250
acres was seeded to crested wheatgrass
and smooth brome (Bromus
inermis)
and a good stand of both species was
Smooth
brome had disapobtained.
peared
from much of the stand by
the time of this study (Fig. 1).
Three
sites within
the study area
were selected
for study.
The sites,
designated
as 7A, 7B, and 7C, represented widely differing levels of utilization but were comparable
in other
respects.
All three supported
crested
wheatgrass stands of good density.

Historically,
the area had been used
as a spring-fall holding area for cattle,
except that site 7C was fenced into a
During
the years imhorse pasture.
mediately before and during the study,
sites 7A and 7B were heavily, grazed
by cattle in the fall only (October and
early November). Normally, large numbers were grazed for short periods
of time.
Site 7C was lightly grazed
by horses from October
through
December during the study period.
Intensity
of utilization
on crested
wheatgrass
ranged
from SS-90% on
site 7A and 60-70s
on site 7B to 25%
or less on site 7C. Utilization estimates
were determined
using the weightestimate method as modified by Frischknecht and Plummer (1949).
In 1954, the study sites were selected,
permanently
marked,
and data collected for selected vigor characteristics
and ground cover. The same measurements were repeated
in 1962 on the
same sites.
Characteristics
selected and measurement techniques
used were as follows.
1. Mean height of tallest seed stalk
was determined
for each site by measuring to the nearest inch the tallest
seed stalk in each of 30 clumps per
site along a paced transect.
2. Mean dry-weight yield per square
inch basal area was determined
by
clipping and weighing the green herbage from 100 to 800 square inches of

TECHNICAL
Table

Vigor

1.

measurements

for crested

wheatgrass

stands

on three

Dry wt.
(g/sq inch of
basal area)

study sites.

Year

Avg. ht. tallest
seed stalk
(inches)

7A (8%90%)

1954
1962

16.8
15.3

.89
.83

32.24
23.59

7B

1954
1962

20.8
18.3

1.44
1.42

35.36
39.47

1954
1962

13.4
17.2

.61
1.16

3.13
31.14

Site number and
utilization (X)

(60-70%)

7C (15-25s)

basal

area

clumps

from

on

several

each

site.

representative
Green

weight

data were converted
to dry weight by
estimating
percent
dry weight
from
phenology/dry
wt. tables (U.S. Forest
Service,
1964).
3. Number of seed heads per square
foot was determined
by actual count
of twenty .96 square-foot
plots located
along a paced transect
on each site.
The
mean
was calculated
for each
site and
basis.

converted

to

a square

foot

4. Ground cover data were obtained
by the ocular-estimate-by-plot
method
using

lo-20

plots

per

site.

Initial

measurements

dicated
that
and site 7C

in

1954

in-

site 7B had the highest
the lowest vigor of the
Vigor characteristics
such

three sites.
as height
of seed stalks,
number
of
seed heads per unit area, and herbage
yields per unit basal area were consistently higher on site 7B than on the
other
two sites.
Herbage
yields
per
unit basal area were less than half as
great
head

on site 7C as on 7B
production
was scarce.

and seed
Narrative

comments
made by the author at that
time speak of the apparent
stagnation
and loss of vigor of the crested wheatgrass stand on site 7C.
Remeasurement
of vigor characteristics in 1962 revealed
a decline
in
vigor on site 7A and a sharp increase
in vigor on site 7C (Table
1). Site
7B appeared
to still have the best
vigor of the three sites, but site
had deteriorated
until it was now

7A
the

poorest.
Perhaps
the most significant
change
was the vast increase
in seed
head production
on site 7C.
Measurements
taken in 1962 showed
a small
decline
in both
seed stalk
height and herbage
yields on sites 7A
and 7B, while seed stalk height on site
7C increased by about four inches and

that occurred
on site 7C under light
post-growth
use (25%
or less), it is
not clear why this site should
have
been in such a low state of vigor in
1954. In any event, this level of use
appears to be unnecessarily
low. The
authors
observed
in 1962 that indica-

per
unit
basal
area
Number of seed heads

per square foot
percent
on site

declined
by about 30
7A, increased
slightly

on site 7B, and increased
by ten times
on site 7C.
In 1954, ground
cover
conditions
on site 7C were the best of the three
sites-due
to the greater accumulation
of litter (Table
2). During
the 8-year
study period, both basal plant density
and litter cover increased
on all sites
with a corresponding
reduction
in bare
ground.
The
net increase
in litter
on site 7A is surprising
in view of the
high
degree
of plant
utilization
to
which that site was subjected
during
study

period.

Discussion
Study

design

and Conclusions
does

well to quantitative
jective
evaluations

not

lend

itself

analysis but subare possible.
Also,

some other
variables
were not
sured but we do not consider
fatal to a subjective
evaluation.

meathese
For

example,
differences
in precipitation
and growing conditions
during the two
years
of measurement
would
most
likely affect quantitative
changes but
not the interrelationships
involved.
Post-growth
(late fall) utilization
at
the 85-90 percent level seems definitely
to be excessive
for this site when repeated
decline

year after
in vigor

Table

2.

tions
of stand
stagnation
were still
present.
More important,
benefits
to
livestock
through
forage removal have
been minimal.
The most desirable
level for postgrowth
use on these sites falls somewhere between
the two extremes.
Site
7B supports this view since it is intermediate
in utilization
(60-70s)
and
supports
the most vigorous
plants
of
the three sites.
Moreover,
high vigor
has been maintained
under this level
Pounds
of
of use for many years.
forage
greater

cover

(%)

actually
harvested
on this site than

the other
two.
Since
was observed
on site

per acre are
on either of

some soil loss
7B and litter

accumulation
has been slow, it is suggested
that
the
preferred
level
of
utilization
under
post-growth
conditions should be slightly less than that
applied here. Although
repetitive
grazing at the same time each year is not
recommended,
of utilization

the most desirable
level
under conditions
of this

study

be about

would

60 percent.

Literature

Cited

FRISCHKNECHT, NEIL C.,
HARRIS.
and

1968.

systems

in central

of crested

AND

LORIN E.

Grazing

intensities

crested

wheatgrass

on

Utah:

response

of vegeta-

tion and cattle.

U.S. Dep. Agr. Tech.

Bull.

p.

1388.

47

FRISCHKNECHT, NEIL C.,

year. The measured
on site 7A was ac-

Ground

Site number
and utilization
(%)

companied
by the author’s observations
of trampling
damage,
soil loss, soil
compaction,
and other indications
of
site and stand deterioration.
In view of the improvement
in vigor

Seed
heads/fP

herbage
yield
nearly doubled.

the

Results

299

NOTES

PLUMMER.
nique

1949.

for determining

wheatgrass

on

AND

A. PERRY

A simplified

three

tech-

herbage

pro-
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Year

Basal
cover

Litter
cover

Bare
ground

7A (SS-90%)

1954
1962

17
26

25
36

58
38

7B

(SO-70%)

1954
1962

19
32

30
49

51
17

7C

(15-25s)

1954

15

1962

30

40
45
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The dry weight composition
of foodplants was estimated
by a microscope
technique for esophageal
samples from
steers,
fecal
samples
of steers
and
fecal samples from sheep fed on the
esophageal
samples.
Perennial
species
of foodplants
forming
more than 5%
of the diets could be identified
and
quantified by the analysis of 100 microscope fields at 125 power magnification. The diagnostic
features of fragile
forbs were not as prominent
in feces
as they are in non-digested
plants.

Knowing what foodplants
an animal
eats was once a worthwhile
research
objective
but now it is essential
to
also study “when”
and “how much”
of each foodplant
availability
of the

is consumed,
foodplant,
and

the
the

digestibility
of the foodplant.
Progress
in determining
some of these worthwhile objectives
is being made using
high power microscope
and histology
techniques
in the analysis of feces of
herbivores
that masticate
their
foodplants into very fine particles.
Several
papers
have been recently
published
on the potential
for using various techniques for estimating
the botanical
and
dry weight
composition
of herbivore
diets from the microscopic
examination
l Received
August
9, 1969;
accepted
for publication
October 29, 1969.
“Mr. Free is now a Range
Conservationist
with the U.S. Forest
Service,
White River National
Forest, Meeker,
Colorado.
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a herbivore
(Storr 1961, Williams
1969).
Perhaps
with preparation
techniques
similar to those developed
by Williams
(1969) it will be possible
to recognize
epidermal
fragments
from every foodplant
that
has
passed
through
a
herbivore.
There
is little or no digestion of epidermis
that is encased
in
cutin
and the relation
between
observed particles
(surface area and frequency)
and the dry weight
of the
foodplant
can be determined
by feeding a herbivore
a known mixture
of
foodplants
and by making a compari-

Methods
Esophageal
samples
were collected
twice daily for three consecutive
days
from eight steers at the Eastern
Colorado Range Station
in mid-June,
lateJuly,
early-September
and in mid-December,
1967.
Grab-samples
of cattle
feces were taken once daily from each
steer for five consecutive
days in each
study period.
Cattle
feces were not
collected
during
the December
sampling period
because
the steers were
being
fed a supplement
that would
have changed the fecal composition
so
it did not match
the fistula
sample.
Columbia
wethers
were fed part of
the forage collected
from the esophageal-fistulated
steers.
The sheep feces
were then collected
from metabolism
cages
during
standard
digestibility
trials. The esophageal
collections
were

son between the weights of the known
mixture
and
the
measurements
recorded
for the foodplant
fragments

washed in water but the fecal samples
were not washed
before
all samples
were dried in an oven between 60 and

found in the feces.
The
purpose
of this study was to
determine
if the dry weight composition
of foodplants
in the diets
of
herbivores
could
be predicted
from
the analysis
of feces using the tech-

70 c.

nique published
by Sparks and Malechek (19,68). They accurately
estimated
percent
composition
by dry weight
for
hand-compounded
plants
that were likely

mixtures
of
to be found

in the diets of herbivores.
They overcame the problem
of having
a wide
range of different
sizes of particles
by
grinding
the
oven-dried
foodplants
through
a 1 mm screen.
After weighing and mixing the hand-compounded
mixtures,
the samples
were
washed
over a 200 mesh screen to remove the
smallest
particles.
The mixtures
were
sampled
by recording
the frequency
of occurrence
of each foodplant
in 100
microscope
fields under magnification,
converting
frequency
to density,
and
calculating
relative density.
Sparks and
Malechek
(1968) found a 1 : 1 relationship between
relative
density and the
dry weights of foodplants
in the handcompounded
mixtures
(I-2 = 98%).

The
esophageal
samples
and
the
fecal samples were ground in a Wiley
mill through a 0.5 mm screen to reduce
all plant fragments
to a uniform
size.
Daily subsamples
were composited
to
make up the sample used in the microscopic examination.
Material
used for
microscope
slides was washed over a
0.1 mm screen to insure
mixing
and
to remove
the small fragments.
Five
microscope
slides were prepared
for
each sample
according
to procedure
outlined
by Sparks
and
Malechek
(1968).
The slides were oven dried at
60 C for about 72 hours. The material
used for
with only
solutions.

making
slides
was treated
the clearing
and mounting
The three kinds of samples

were then examined
by the microscope
method
(Sparks
and Malechek
1968)
for estimating
percentage
dry weights
of foodplants.
Microscope
reference
slides
were
prepared
from
tissue
of identified
plants and plant parts collected
on the
study area.
Foodplants
in the fecal
samples were identified
by comparing
the epidermal

tissue

with

known

food-
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plants on reference slides. Histological
features such as size and shape of
epidermal trichomes, presence or absence of trichomes, cell shapes, and
crystals included in epidermal cells
provided diagnostic characteristics for
identification of forb species. Species
of grasses were identified by the occurrence and position of such specialized epidermal cells as cork cells, silica
cells, silica-suberose couples, and asperities.
Undulating
cell walls and
size and shape of guard and subsidiary
cells of the stomata were also valuable
diagnostic features. Diagnostic characteristics for epidermal tissue varies
with leaf surface, stem, and reproductive parts.
The dry weight composition of foodplants in each of the three samples
was estimated by observing 20 systematically-located fields on each of the
five slides with a compound binocular
microscope at 125 power magnification.
The presence of each species of plants
in each field was recorded. Average
frequency percentages were computed
for all foodplants
present in the
samples. The relative density, calculated as the number of particles of a
species expressed as a percentage of
the total number of particles of all
species (Curtis and McIntosh 1950) was
determined for each species in the diet.
Relative density was assumed to be
equal to the dry weight composition
of each food item in the diet (Sparks
and Malechek 1968).
The error in predicting relative percentage of dry weight will decrease
as sample numbers and numbers of
microscope fields examined increases.
Sparks and Malechek (1968) used 15
mixtures and examined
100 fields/
mixture to obtain an r-2 value of 98%
when they compared their estimates
with the actual dry weights. We observed that the calculated mean percentages of dry weight for common
food items for 60 and 100 microscope
fields in our samples usually changed
less than five percent.
We assume
that the estimates of dry weight in
this paper are most accurate for the
fistula-collected samples.
Results and Discussion
There were small differences in the
estimated mean percent dry weight of
the species of grasses found in the
esophageal samples from steers, the
fecal samples from steers and the fecal
samples obtained from sheep that had
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Table 1. Mean relative density (%) of items in esophageal samples of steers,
fecal samples of steers and fecal samples from sheep fed on the esophageal
samples.
Mid- June
Species

Late- July

Fil

Fe2 F&j

FP

32

40

24
31
38
33
495

Winter

Early-Sept.

Fe’ Fe::

Fil

Fe2 Fe”

Fi’ Fe3

42
12
15

50
10
10

41
18

28
3

20
4

12
21
1
4

54
14

55
17

Grasses and grasslikes
Bouteloua

gracilis

Calamouilfa
longifolia
Stipa comata
Agropyron
smithii
Andropogon
hallii
Sporobolus
cryptandrus
Carex heliophila

Other grasses
Total

19
15
1.5
3

1
1

19

42
23

1211

14
3
1
2

15
2
3

<1
86

91

4
2

2

96

10
12
2
<1
<1

10
2
2
2

90

89

1
2
1
1
1
<1
<1
<1
<1
<1
<1

1

25
42

11
3
10
2
98

20
2
310
2
<1
96

9
2
2
1
94

97

13
1

1

99

98

Forbs
Tradescantia
occidentalis
Artemisia
ludoviciana
Chenopodium
album
Cirsium undulatum
Sphaeralcea
coccinea
Ambrosia
psilostachya
Lepidium
densif lorum
Kochia scoparia
Ipomoea
leptophylla
Conyza canadensis
Helianthus
petiolaris

Other forbs
Total

2
<I
< 1
1
1
<1
<l

2

1

2

44

14

9

1
1

4

1

1011

<1

1

1
2

331
4

1
1
<1

143

2

4

12

6

3

12

l Fi = fistula sample from steers.
3 Fe = fecal sample (cattle).
3 Fe = fecal sample (sheep).

consumed
the same esophageal-collected samples (Table 1). The similarity of the estimated dry weights of
these grasses in the three samples is
well within the errors that occur in
sampling.
Forbs and annual plants
made up only a small portion of the
samples during all four collections.
The epidermal tissue of forbs was not
as easily found in the cattle and sheep
feces as it was in the fistula samples.
The mean size of epidermal fragments
in the feces was smaller than that of the
ground fistula sample and most fragments in the ground feces of sheep
were smaller sized than those in the
ground feces of cattle. The epidermal
fragments and diagnostic trichomes of
some foodplants were often subdivided
in the feces of sheep to such an extent
that only an extremely careful, wellcould recognize
trained
technician
their presence.
Small, hard lumps of epidermal
tissue were found when making slides
of the sheep feces. These could not be

easily dispersed on the microscope
slide. These lumps are from the outside surface of the sheep pellets where
mucus forms a hard layer with the
outer particles of feces. Ignoring these
lumps or taking them out as we have
done may affect the estimated dry
weight of certain species. If these
particles are made up of the epidermis
of the foodplants which were generally
not found in the samples of feces, it
might be possible to increase the accuracy of estimates if improved mounting and staining techniques are used.
When fresh sheep, deer and antelope
pellets are washed in a dilute lye solution before drying, these hard lumps
are not evident in slides made from
the subsequently ground samples. Storr
(1961) and Williams (1968) have both
used techniques not tried in our research.
The major components in the diets
of herbivores should be identified to
species. Generally this is not difficult.
Small differences in intra-specific vari-

302

TECHNICAL

ation of epidermal
characters
congeneric
species occasionally

between
requires

“lumping”
more than one species in a
diet category.
Identification
will often
depend
upon aboveground
plant biomass records from the pasture or area
where the fecal sample is taken.
For
species of big game that feed one
and excrete in another
place, it
portant
to have
aboveground
biomass records from the places
the animals do their eating.
The identification
of forbs in
feces
forbs

place
is implant
where

on
rangelands
dominated
by
poses
an important
problem.

However,
ie appears
that
perennial
foodplants
forming
more than 5% of
the diet can be identified
and quantified by the analysis of 100 fields of a
microscope
at 125 power
magnification
using
known
techniques
for
analyzing

feces

of herbivores.
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mon range weed in the West.
In the
Arizona
pinyon-juniper
type, for example,
its cover is exceeded
only by
the cover of junipers
(Juniperus
spp.)
and grama
grasses
(Bouteloua
spp.)
(Arnold
et al., 19x61). Broom
snake-

was sampled with 20 randomly
located
50-foot transects except at one location
where
only
10 transects
were used.
These
results
were
reported
earlier

weed is important
in range management because it is abundant,
relatively
unpalatable,
and competitive
with associated
desirable
grasses
(Jameson,
1966).
Snakeweed
can be controlled

(Arnold et al., 1961). During this first
period,
snakeweed
declined
from an
cover in 1940
average of 4.77 percent
to 1.51 percent
cover
in 1953.
On
adjacent
grazed plots the cover at the

by chemicals
(Johnsen,
pears
to be reduced

same dates was 5.14
tively, or a decrease
the original ungrazed

1966) and apby protection

line intercept
method (Canfield,
1941)
in 1940 and again in 1953. Each plot

and 1.72, respecof 68 percent
of
stand and 66 per-

from grazing (Arnold et al., 1961). Observations
also indicate that the species
responds
to changes in climate.
This
report describes some changes in snake-

grazed

weed populations
on protected
study
plots in northern
Arizona
from 1953
to 1966. These results should be useful
in assessing the place of snakeweed
in
ecology
and
range
condition
range

introduction
of improved grazing management
at about the same time that
the plots
were fenced
or they may
have resulted
from drier conditions
in
northern
Arizona in 1953 than in 1940

evaluation.

(Green,
In

Methods

tected

In 1939, 11 exclosures
(about 1 acre
in size) which
contained
snakeweed
were
zona

established
in
pinyon-juniper

on these

plots

the northern
Aritype. Vegetation

was measured

cent of the grazed stand. These similar
reductions
on
both
protected
and

with

the

same

plots

may have

been

caused

by

1959).
1966
plots
way.

the

transects

were

on

remeasured

the
in

prothe

The period
from 1940 to
1953 was considered
to have allowed
recovery
from past grazing
treatment
and changes during the period 1953 to
1966
were
considered
to represent
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mon range weed in the West.
In the
Arizona
pinyon-juniper
type, for example,
its cover is exceeded
only by
the cover of junipers
(Juniperus
spp.)
and grama
grasses
(Bouteloua
spp.)
(Arnold
et al., 19x61). Broom
snake-

was sampled with 20 randomly
located
50-foot transects except at one location
where
only
10 transects
were used.
These
results
were
reported
earlier

weed is important
in range management because it is abundant,
relatively
unpalatable,
and competitive
with associated
desirable
grasses
(Jameson,
1966).
Snakeweed
can be controlled

(Arnold et al., 1961). During this first
period,
snakeweed
declined
from an
cover in 1940
average of 4.77 percent
to 1.51 percent
cover
in 1953.
On
adjacent
grazed plots the cover at the

by chemicals
(Johnsen,
pears
to be reduced

same dates was 5.14
tively, or a decrease
the original ungrazed

1966) and apby protection

line intercept
method (Canfield,
1941)
in 1940 and again in 1953. Each plot

and 1.72, respecof 68 percent
of
stand and 66 per-

from grazing (Arnold et al., 1961). Observations
also indicate that the species
responds
to changes in climate.
This
report describes some changes in snake-

grazed

weed populations
on protected
study
plots in northern
Arizona
from 1953
to 1966. These results should be useful
in assessing the place of snakeweed
in
ecology
and
range
condition
range

introduction
of improved grazing management
at about the same time that
the plots
were fenced
or they may
have resulted
from drier conditions
in
northern
Arizona in 1953 than in 1940

evaluation.

(Green,
In

Methods

tected

In 1939, 11 exclosures
(about 1 acre
in size) which
contained
snakeweed
were
zona

established
in
pinyon-juniper

on these

plots

the northern
Aritype. Vegetation

was measured

cent of the grazed stand. These similar
reductions
on
both
protected
and

with

the

same

plots

may have

been

caused

by

1959).
1966
plots
way.

the

transects

were

on

remeasured

the
in

prothe

The period
from 1940 to
1953 was considered
to have allowed
recovery
from past grazing
treatment
and changes during the period 1953 to
1966
were
considered
to represent

TECHNICAL

changes

which

occurred without graz-

ing effects.
Results
Snakeweed increased (Fig. 1) from
1953 to 1966 on 7 of the 11 plots and
decreased (Fig. 2) on the other 4
(Table 1). Maximum increase was 2.6%
cover and maximum decrease was 2.9%
cover. Three of the 11 plots had
snakeweed cover of over 1% in ,953:
all of these showed decreases in snakeweed cover from 1953 to ,966. The
other 8 plots had anakeweed cover of
1% or leas in 1953; 7 of the 8 showed
increases in snakeweed cover by 1966.
These changes resulted in an inverse
relationship between the amcmnt of
snakeweed present in 1953 and the
change of snakeweed cover between
1953 and 1966.
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Table 1. Cover (%) and changes in
cover of broom snakeweed on 11
plots in the northern Arizona pinyonjuniper type over a 13 year period.

2
3
4
5
6
7
8
9
10
11

.59
1.“”
.18
1.31
.48
8.88
.oo
.36
.3O
3.16

1.95
3.17
2.65
23
1.02
3.02
5.99
.14
.OO
.52
1.26

Mean

1.51

1.81

1

0.38

1.57
2.58
1.66
xl5
- .30
2.54
-2.89
.14
- .36
.22
-1.90
.30

Discussion
and Conclusions
The results indicate that a major
factor in changes of snakeweed is the
decline of older communities and a
buildup of younger communities. The
changes did not appear to be due to
climate; two plots within ‘h mile of
each other showed changes in percent
cover of +0.06 and -0.30, two other
plots about 5 miles apart had changes
of +2.54 and -2.89.
On the average, continued protection from grazing did not result in
changes in snakeweed cover. The average cover change for all 11 plots for
tbr 13 year period was a 0.30% incrmse and this change was not statistically significant (t = 0.41 for paired
plot comparison). The average snakeweed cover on these plots appears to
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years ago with his book The Populution Bomb (see JRM
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a work
that was received with mixed reaction.
There
is no doubt that Dr. Ehrlich
is a man with singular devotion
to the
cause of population
control,
and this
present
book, in which his wife joins
as co-author,
is a book-length
“feature
article”
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It is,
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worldwide crises of overpopulation
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Chapter
1 is a brief, succinct
statement of The Crisis-“Spaceship
Earth
is now filled to capacity or beyond and
is running
out of food.”
In successive
chapters
(dealing with such subjects as
Numbers
of People;
Population
Structure and Projection;
The Limits of the
Earth;
Food
Production;
Ecosystems
in Jeopardy;
Family
Planning
and
Population
Control;
Social,
Political,
and Economic
Change;
etc.) the authors give their logical reasons for supporting
such a premise and point out
the interconnection
between
the crisis
and environmental
deterioration,
hunger, resource depletion,
war, and other
social
ills.
It is important
to note,
however, that this is not a “scare” production
nor was it intended
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In the concluding
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“A Positive
Program”
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form of six recommendations:
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‘virgin
lands’ program,
but unfortunately the virgin
turned out to be a
harlot in disguise.”
Whether
you agree or not with the
“population
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plans existed
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be especially
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arable.”
Although
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