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nation, waited far too long to wake
up to the consequences on the environment of an exploding population coupled with rapid technological development.
We needed
the environmental teachins and the
concern on and off campus in pollution. As a matter of fact, many
members of the Society for Range
Management were trying to alert us
to these same problems many years
ago.
And, while a new technique for
garbage disposal is important, those
of us who work with, and study, the
interactions
between man, other
animals, plants, and the environment, must realize that there is a
larger and more significant picturea broader concept of ecology-which
involves
energy
and nutrient
cycling in the ecosystem, vegetation
change through time (succession
and regression patterns), land use
and land requirements
for food
and fiber production, water and
the hydrologic cycle, and air and
the C02/02 ratio.
Consequently, the first challenge
to you and me, as ecologists by
training and practice, is to make
ourselves heard, and to move out in
an offensive posture rather than to
wait for a court hearing or a public
confrontation
which invariably
places us on the defensive.
The second majo’r challenge to
members of this Society is to lend
expertise to other professions and
to other problems of society such
as urban environmental
analysis
and planning, analysis of cultivated
land ecosystems, recreation
and
land-use planning for cities and
communities, and international development.
Range men have more knowledge and ability than most profes1 Keynote address presented to the 24th
sions to help with environmental
Annual Meeting of the Society for
problems.
They can bring a difRange Management, Reno, Nevada,
ferent perspective to the sceneFebruary 16, 1971.

Range managers, as a professional group, are not assuming an
active leadership role in the modern political, social and economic
scene. On the one hand, we are
relegating our responsibilities
for
food and fiber production to political expediency. On the other hand,
we, who have lived and worked with
land, vegetation,
and water resources and their interactions with
all forms of animal life (which is,
after all, the field of ecology), have
not assumed a leadership role in
the new developments and interest,
in the environment and pollution
control.
Range men have not been as
outspoken-or
emotional-as
the
ultraprotectionist
types, or the
health fadists, or even the man on
the street. We have allowed the
term “ecology” to be misinterpreted
and misrepresented to mean only a
very restricted view of a small part
of the environmental
complex.
When the headlines read “New
Solution to the Ecology Problem,”
we find the details of the story to
refer only to a new technique to
collect garbage, or to grind up glass
or cans.
Or, even more seriously, when we
make the headlines as range managers, or foresters, or ranchers, we
are caught in a defensive, rather
than an offensive position. We are
the culprits who use pesticides, who
provide access roads to remote areas,
who allow the hunter to kill or
livestock to graze. We are often
classed as the “Polluters” and not
the “Protectors” of range and forest
lands.
Please don’t misunderstand
me
on this point. I’m convinced that
we need some pressure from the extremists. The United States, as a
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that of “management” orientation.
The Federal Government and many
states are organizing environmental
“Pro tec“protection”
agencies.
tion” could mean “hands-off,” to
“shield” or to “let nature take its
course.” I much prefer the terms
environmental
“improvement”
or
“management.”
Nearly everything
that man does-nearly all of man’s
activities-either
directly
or indirectly, has some undesirable effects on the environment.
Therefore an environmental “protection”
organization could be staffed with
oriented
people,
“protectionist”
and could lead to curtailment of
many of man’s activities, including
industrial development, food and
fiber production,
recreation
and
tourism development, and municipal expansion.
On the other hand, environmental
“improvement”
and/or
“management” implies research, edunderstanding,
analysis,
ucation,
“Improvement”
and planning.
could lead to correction of the existing problems of environmental
deterioration as well as “planned”
growth and development with man
as the focal point. And, since we
can’t pass a retroactive birth control law, we have no choice but to
be concerned about man’s needs for
consumer goods and well-being.
Ecological
understanding
and
management orientation are essential. For many centuries man has
the environbeen “influencing”
ment in which he lives and works.
Part of his efforts have been toward
“intentional”
management to improve crop and livestock production, to create better homes and
more consumer goods, to make humid areas more arid, and to make
arid regions productive and livable
by irrigation and temperature control. By modifying his environment, man has added millions of
acres to the production potential
and created desirable living situations in hazardous climates for both
rural and metropolitan living. In
areas where the environment has
been difficult to modify, he has
adapted to the environment him-
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self and modified the biological
organisms using the area. He has
developed drought-resistance plants,
bred up animals to withstand climatic extremes, and learned to cooperate with the climate. These all
add up to man’s credit-based upon
goals established early in our history.
While man has thus been busy
modifying the environment to serve
his special needs, he has, for the
most part, unintentionally,
created
problems of pollution and contamination. He has had too little concern and too little understanding
of the quality of the “total environmen t.” We now have the tools
and techniques to make a better
analysis of the environment-to
pinpoint problem areas and problem
activities.
We can now re-orient
our development goals with a view
toward environmental
enhancement. At the present time, however, we are being influenced by
emotionalism,
protectionism,
and
I am not implying
over-reaction.
that we do not have problems, because we do-and
some are very
serious. But, our problems must
be analyzed in the context of broad
ecological principles.
If we, as range men, are to lend
our expertise to the many environmental issues, we are going to have
to convince a large sector of our
society that we have this knowledge and ability. Many members
of scientific and professional organizations, as well as most of the general public, have a poor concept of
and an even poorer
“Rangeland”
definition of “Range Managers” or
“Range Scientists.”
I was pleased to receive a copy
of Francis Colbert’s response to the
Bureau of Labor Statistics draft of
material for the new “Occupational
Outlook Handbook.” Francis called
attention to a statement made in
the manuscript as follows:
“The scientific and technical duties
once performed by range managers increasingly will be performed by natural
scientists.”

Our able secretary’s response was:
“In regard to this, it is logical to ask

what in heaven’s name is a range manager if he is not a natural scientist?”

Unfortunately, such misunderstandings are common.
The third challenge to members
of the Range Society is one of selfanalysis and research.
Since the
theme for this conference is “Rangeland Environments and Man” I am
assuming that we are concerned
about the future as well as the problems of today. Therefore we need
to ask ourselves some very difficult
questions-looking
toward the year
2000 and beyond.
With the world’s po,pulation expected to exceed 6 billion people
by the turn of the century, what
kinds of pressures will be placed
on the Range Resource? I’m convinced that we have not had sufficient knowledge until recently to,
even ask the right questions. The
IBP grassland, desert and forest
biome studies-probably
the most
significant ecological research now
underway-will
help provide the
tools to reformulate our questions
and hopefully look for the big answers.
Based upon some new ecological
concepts, we must examine the individual consumer in olur society in
relation to the basic resources required to sustain this individual. In
other words, we need to ask, and to
answer, the following question:

1) How

much land is required to
sustain an individual-regardless
of whether he lives in the city or
in the country? What are our
basic requirements for cultivated
cropland and for range?

2) How

much water is required for
food production and for man’s
other needs?
3) How much energy is required and
from what source?
much air is required
person and what quality?

4) How

Per

5) How

much elbow room, or open
space, is needed to maintain our
health and mental attitudes?

6) What
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are the requirements
of
each individual for depletable resources and what are the interactions
between
these “nonrenewable” and our important
“renewable” resources?

7) What

kind of vegetation pattern
is best for livestock productivity,
water yield, recreation and aesthetic values and/or oxygen production?

Time will not permit an adequate examination
of these questions, but my preliminary analysis
indicates that they have serious
implications
for our Range Resources. My studies of the “Ecology
of Food Production” clearly indicate that we cannot sustain and
probably should not promote, on
a world-wide basis, the U. S. approach to mechanized agriculture
on cultivated lands. I say this because, in studying cultivated land
ecosystems in the United States, it
appears that we are “spending” in
the neighborhood of 10,000 calories
of fossil fuel per person per day to
produce 3,000 calories of food energy from the sun-this energy captured in crop production through
the process of photosynthesis. The
average U. S. citizen today is using
over 2 1,000 calories of outside energy per day for all purposes-and
yet our food needs are only about
3,000 calories. Obviously this drain
on depletable resources-and
the
accompanying problems of pollution-cannot
be continued.
Since
1900 we have replaced 22 million
work horses and mules on U. S.
farms with 5 million tractors and
many other forms of mechanized
power. In doing so, we have released 72 million acres of land that
would have been required to feed
these animals, for direct food production for humans. But, in so doing, we have significantly changed
the energy cycling patterns with
serious implications to the environment.
It is significant to note that the
fossil fuel input for livestock production on range lands or for food
production through wildlife, is very
small compared with cultivated
lands. I hope that the IBP Biome
studies will soon be expanded to
cultivated lands and that the concepts of energy input from fossil
fuels can be incorporated in the
analysis. I hope, also, that we will
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look more closely at the question of
where man should bleed the energy
cycle for most efficient
food production
with a minimum
of disturbance
to natural ecosystems.
I am equally
concerned
about
man and his water resource requirements.
As our level of living increases so does our demand
for
water.
For example,
one study
showed that the residents of Beverly Hills, California
used 313 gallons of water per person per day
while residents
of Compton,
with
less than half the average per capita
income used only 89 gallons per
day. The average citizen in the U.
S. now requires about 180 gallons
per person per day for home use.
Our total withdrawals
amount
to
approximately
360 billion
gallons
of water per day for various purAlthough
agriculture
uses
poses.
41 percent of the total, industry and
municipalities
are placing increasing pressure on this resource.
According
to the U. S. Water
Resources Council,
before
the year
2020 industrial,
municipal,
do’mestic, and power requirements
for
fresh water in this country are expected to reach over 1,000 billioln
gallons
per day-three
times the
total withdrawn
for all purposes
today.
This means that the agricultural sector will have to develop
new arguments
to justify
continued use. Pressure will continue for
more “water harvesting”
and other
techniques
to increase run-off without adequate data of the effects on
total ecosystems.
Many attempts have been made
to calculate
minimum
water requirements
for our major
needs.
To grow a pound of wheat in the
field
will require
about
1,500
pounds of water. If we follow this
wheat on through the milling processes, with average losses, and to the
completed bread, we find that over
one ton of water is used to produce

THOMAS
one pound of bread.
To produce
one pound of rice may require as
much as 2 toIns of water.
As we introduce
animal protein
or o)ther essentials for balanced diet,
the water
requirements
are increased
correspondingly.
For example,
on some brush
infested
rangelands
in the Southwest,
over
100 tons of water are involved in
the process of producing
1 pound
of beef-measured
at the supermarket level. In terms of water “expenditures”
for beef production,
it
appears that efficiency
can be increased at least 10 times by producing animal feeds on irrigated lands
and confining
the animals to a drylot during the production
period.
But, keep in mind that much of the
water falling on range lands is dissipated by undesirable
weeds and
brush or evaporates
from the unprotected
soil surface.
Also, most
of the water necessary to the process
of photosynthesis
in productive
crops is transpired
through
the
plant and returned
to the atmosphere.
It is significant to note that water
used for crop and livestock production in both cultivated
and uncultivated land ecosystems can only
be recycled in the long run as it
passes through the complicated
hydrologic cycle. On the other hand,
most of the water used by industry
and municipalities
can be recycled
and cleared of pollution
on a short
term basis with only an economic
and techno’logical input.
It seems obvious that before the
year 2000 the range resofurce must
be examined
more
carefully
in
terms of the total environment
as
we seek to supply man’s needs.
Most range ecologists believe that
it will be possible to double our
livestock productivity on these areas
with
proper
management.
And
while we are working on this o#bjective we are also very well aware

that these lands have value to the
individual
and to society for more
than one purpose.
Though
the
primary income may be from livestock and forest
products,
these
lands are also important
from the
standpoint
of wildlife,
recreation
and water yield. And, we must now
add another
dimension
to our
“mu1 tiple-use”
approach
to uncultivated
lands-that
is, we must
now consider carefully their value
to environmental
enhancementparticularly
air and water quality,
energy and nutrient cycling.
In summary, I have tried to present three challenges to members of
the Society as we discuss rangeland
environments
and man. The first
is that the range profession
has a
long and distinguished
history dealing with ecological
problems-but,
we have not made ourselves heard
in other than a defensive posture.
Secondly, we have the expertise
and the responsibility
to work with
other professions
and to help with
a vast array of environmental
problems of concern to society-to
present our concepts
of ecosystem
management-to
help base decisions
on the larger picture rather than
on bits and pieces of information.
Thirdly,
and probably
of most
importance-we
must look internally.
Have we been asking ourselves the right questions as we face
the very real probability
of providing consumer goods and a desirable
living environment
for an expected
6.2 billion people by the year ZOOO?
This last challenge should influence
today’s
decisions
relating
to research, education,
and action programs.
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Highlight
Approximately
one-third
of New Zealand is in improved
pasture and addiseeded
tional areas are being developed
each year. These are high producing,
mainly to turf forming grasses and legumes, fertilized periodically
by air, and
intensively managed for wool, lamb, mutton, and beef production.
Range lands
occur chiefly in the colder South Island, generally at elevations above 3000 feet.
although
some lamb, mutton
and beef are
Wool production
is paramount,
produced.
As a result mainly of heavy rabbit infestation
and burning to provide fresh forage in past years, these ranges were seriously deteriorated
followed
Rabbits have been controlled,
burning largely
by excessive runoff and erosion.
eliminated,
and better range and livestock management
is being applied.

The establishment
and management of improved pastures in New
Zealand has reached a high art or
The
improvement
and
science.
management
of range lands is in a
much less advanced
stage. There
are, however,
examples
of well
planned
range
operations
which
have brought
about recovery from
past deterioration
and profitable
sustained ecoaomic use for livestock
production,
together with desirable
watershed
management.
New Zealand is a nation consisting of two large and many small
islands in the Southern Hemisphere,
extending from near the 34th to the
47th parallels south. That is comparable in the western United States
from Los Angeles, California
to the
Columbia
River in eastern Washington.
With average annual rainfall in the North Island ranging
from 20 to 100 inches, rather well
distributed
throughout
the year,
and a temperate climate, the North
Island
is generally
favorable
for
improved pasture development,
except limited rugged mountain areas.
The South Island is colder, and its
climate is influenced
greatly by the
high mountain
chain
(Southern
Alps)
which
extends
the entire
length of the island near its west
coast. While rainfall
is high west
l Formerly Chief, Division of Range
Research, Forest Service, U. S. Department of Agriculture, and Chief, Forest
Conservation Section, Food and Agriculture Organization, United Nations,
Rome, Italy.

of the mountains,
the slopes there
are too steep for pasture development. Average annual rainfall east
of the mountains ranges from about
12 to 15 inches in high central
plains to about 25 to 40 inches further east, with somewhat
higher
amounts in the mountains.
Plains,
valleys, and hills below 3000 feet in
elevation, with rainfall of 18 inches
or more, in the South Island are
generally suitable for improved pasture development.
The rest that is
grazable is largely range land.
Out of a total area of approximately 66 million
acres, about 44
million are occupied as “farms” or
“runs”
(ranches),
of which 7 million acres are used in arable farming, horticulture
and other farming
purposes.
(Du Four et al., 1967).
lmproved pastures have been developed on approximately
21 million
acres are
acres. About 22 million
native or naturalized
pasture, native or planted
forest, or scrub,
much of which is grazed. About 4
million acres of the farm area are
primarily dairy farms. Some 33 million acres are reported
to carry
about 60 million sheep, while beef
cattle are also grazed to some degree
on these lands.
Relatively
large
areas of scrub, native forest and depleted native pastures are being developed as improved
pasture each
year.
Farming has evolved chiefly as an
export industry with low prices for
dairy products, especially, but also
relatively low prices for wool, lamb,
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mutton, and beef. This has necessitated low farm labor costs, and in
the case of sheep and beef cattle
production,
relatively large properties and large sheep numbers
per
owner operator.
The native pasture, or range, conditions are different
from most of
the range area of the world. The
island climate, young geology and
soils, and lack of grazing animals
before white settlement,
give a different basis for growth and use of
palatable native vegetation
than is
generally the case in other countries.
With
white settlement
not only
were domesticated
animals
introduced, but also? deer, rabbits,
and
other wild animals were imported.
Without natural enemies and a lack
of regular adequate harvesting, this
population,
especially deer and rabbits, increased tremendously.
The
result was excessive overgrazing and
destruction
of the palatable vegetation accompanied
by loss of much
topsoil.
With
naturally
unstable
soils on steep slopes, clearing and
burning of forest and tussock grass
growth
from
such
slopes,
increased runoff and terrific erosion
both of slopes and stream channels
occurred.
In some areas there was
failure for economic livestock proThe
Government
production.
vided for the establishment
of Rabbit Boards;
financed
by rates
(a
special
type
of
taxes)
assessed
against land areas affected, and a
campaign
of rabbit control or extermination
was instituted that has
finally reduced the rabbit population to a reasonable number.
Deer
and other
wild animal
control,
largely conducted by the Forest Service in forested mountain
areas, is
also effective.
Most of the tall tussock grasses
and other coarse vegetation
on remaining
range lands are of low
palatability
for domestic livestock.
(The Tussock Grassland Research
Committee,
1954). The forage value
of such lands depends primarily on
the inter-tussock herbaceous vegetation.
Sometimes
it is almost nil.
In other cases the inter-tussock
vegetation
is scabweed,
which does
protect what is left of the soil, but
has little,
if any, grazing value.
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Some areas, however, recovered and
support a dense inter-tussock
c”ver
of palatable
“i- reasonably
palatable native and naturalized
introduced grasses and other herbs. Much
“I the tllssock area, however, is of
an intermediate
condition.
Most of the farms and nuns arc
what might be termed o’f single family economic sire, sufficient
to give
a reasonable
income.
This fits in
with long established ~;“vernmental
policy.
The Land Settlement
Promotion Act controls ag,gxgation
of
land by individuals
and in general
keeps farms to a “living area” sire.
However,
if land is owned by a
company oi 10 or more members it
is exempt from the Act. In s”me of
the larger “runs,” especially in the
South Island where there is chance
for considerable
further
development
of improved
pastures,
the
value of farms may increase greatly
through
expenditure
of otherwise
taxable funds for that purpose.
Sheep are not herded,
even in
rugged mountains.
They are grazed
in paddocks
(pastures)
and are
moved from pasture t” pasture or
mustered for shearing or sale by the
use of well trained dogs and the
whistle, or call, of the owner. Shearing is handled by migrant crews.
Improved

Pastures

Improved
pasture
development
and management
throughout
New
Zealand is very good, being almost
entirely a combination
of turf forming introduced
grasses and clovers
with suitable
fertilixr
treatment
both for establishment
and maintenance,
and grating
procedures
well adapted to each major situntion. Research relating t” the problem has been outstanding,
covering
both fundamental
and practical aspects, both by the Department
of
Scientific
and Industrial
Research
x~l
by Agriculture.
(Cockayne,
195G; Corkill,
1966; Cullen,
19G6;
Levy, 195G; O’Connor,
1966; Suckling,
1966).
Progressive
farmers
follow the research closely and apply procedures unusually promptly.
Suitable
grasses and clovers, especially varieties derived from perennial

ryegrass,

orchard

grass, and

white clover, adaptable to the many
climatic, soil, and topographic
conditions,
have
been
developed
through introduction,
selection, and
breedmg.
Where
cultivation
is
practicable,
economic
procedures
have been evolved for soil preparation, seeding XKI fertilizing.
In hill
country,
fire is ordinarily
utilized
to *em”ve the unwanted native vegelation
and airplane
seeding and
fertilization
are applied.
Superphosphate
is required
almost
throughout,
but the amount needed
varies greatly.
Nitrogen
may be
;~pplicd initially.
Sulpbur is needed
in many areas, sometimes 20 to 30
pounds per acre per annum.
Lime
is needed on s”me soils, sometimes
t” offset aluminum
toxicity.
Various minor elements, such as molybdenum, magnesium,
cobalt, copper,
and selenium, are also required in
various parts of the pasture area.
Once
paswres
are established,
management
is important.
In general, grazing needs to be rather
“mob~stocking,”
intermitheavy,
tent, and with suitable rest periods
(Fig. 1). This requires a rotational
system of grazing
of reasonable
sized pastures so that the forage can
be utilized in a few days, or weeks
at rn”&, and then allowed t” pro-

duce a new crop. This type of grwing results in a cycling of nitrogen
for high production-up
to 14,000
pounds of dry matter per acre. The
use of the graring animal in proper
utilization
of the forage and even
unwanted vegetation
plays a great
part in elficient
maintenance
of
high productivity
in the pastures.
After weaning al lambs, they are
ordinarily given the chance t” have
abundant
forage on fresh pasture.
The dry ewes may be utilized to
tidy up pastures through closer utililation, and cattle are graxd along
with sheep to utilize s”me of the
coarser vegetation that would otherwise compete with effective.growth
or the forage most needed In wool
and lamb production.
Periodically,
pastures need renovating and the necessary procedures
are well developed.
In the hill
country
of the North
Island this
usually includes rather close grazing for a short period, called “bare,”
but a good sod remains.
Then the
pasture is topdressed
by airplane
with suitable
fertilizer
and sometimes DDT, after which it is rested
from grazing for at least a month.
Clover is sometimes reseeded along
with the fertilizer.
Such renovation
or topdressing
is required
about
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every three years.
In some areas
annual topdressing
is required.
In the South Island, especially,
provision for winter and spring is
extremely
important.
The warmlaced slopes are accordingly
given
an itutumn
rest so that suitable
growth is available
for the winter
and spring periods. The dark~faced
slopes and higher
elevations
are
utilixd
primarily in summer.
Alfalfa
is grown on many flats
and low ridges, eslxcially
in the
Soutll Island, but also in the North,
for hay, silage and lor grazing.
In
grazing it, a rotation
system is esxntial.
In the semi-arid
Central
Ot:!go, alfalfa is grown without irrigauon on suitable soils and topography with only 12 inches average
rainfall.
Under such conditions
it
is not as thick a stand as on most
cultivated lands with rainfall of 20
inches or more, but it makes one or
more crops of hay and can be grazed
after cutting, in autumn and early
winter.
In most parts of the South Island,
sup~lementarv
feed in the Sorm of
ha;‘and/or
turnips is usual. This
period extends from three to five
months of winter.
Sometimes
oats
are also grown for autumn
and
winter grazing.
The New Zealand Romney is the
most widely used sheep on farms.
It is based primarily on the English
Romney
with some English
Leitester and Lincoln blood, and once
established as a breed in years past,
carried forward as such. It is well
pastures
adapted to the improwd
widely available.
In many flocks
especially on level and rolling pastures, part of the ewes are bred to
Southdown
rams to’ produce
fat
lambs for sale. In some, Border
L&ester
rams are utilized to dcvelop crossbred ewes which are reported to have greater fertility and
also produce good lambs. The Corriedale,
another
important
New
Zealand breed, is prominent
on the
Canterbury
Plains
of the South
Island.
The Perendale
is still another, developed from a cross of the
New Zealand Romney
with Cheviot. It is said to be a better mother
and also well adapted
to grazing
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hill farms and gives a greater lamb
uop.
Polled Angus and Herefords
are
the two principal beef breeds.
On
some farms Frieaian steers are being
fattened on pasture, and in others
Friesian bulls are being used with
Angus and Hereford
cows, and on
still others Friesian cows are being
bred to Angus and Hereford
bulls
for beef production.
“High

Country”

Grazing

The term “High Country” relates
to those runs in the South Island
which have a considerable
part of
their holdings located at elevations
above 3000 feet. These include some
Slats, considerable
hills and mountains which may run up to 5000 or
6000 feet in elevation.
They cover
a considerable
area, primarily range
lands, and produce a great deal of
fine wool, some lambs, mutton and
beef.
Most of the country
above
3000 feet is grarcd by sheep, mainly
Merinos,
which do well in that
cooler climate (Fig. 2). Steep slopes
in the mountains
are commonly
graxd

by Merino

weathers

for wool

production
alone. Much of the hill
and flat country below 3000 feet in
elevation
with annual
rainfall
of
18

inches

or

more,

is gradually
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being converted
to improved
pasture or for winter feed crops which
supplement
the range lands and
assure better sustained year round
nutrition of animals.
In the past when there were considerable
numbers
of rabbits
and
burning was a common practice in
an effort to keep the range open
Sor grazing and provide young green
forage, the vegetation
was thinned
drastically, and much of the topsoil
was washed away through erosion.
Large areas were reduced to’scree or
gravel, and the remaining
vegetation was insufficient
to prevent con(The
siderable soil and rock creep.
Tussock
Grassland
Research
Committee,
1954). Riney and Dunbar
(195G) described criteria for determing status and trend
of High
Country
grazing lands and minimum requirements
for conserverion, which imply the maintenance
of a soil-vegetation
balance and the
prevention
of increase in depletio,n
of existing soil and vegetation. Now
that rabbits are controlled,
the vegetation is making a slow recovery,
unless there are more domestic animals on the range than the palatable vegetation
can support
efficiently.
One of the greatest
needs for
efficient grazing of range lands at
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Progress on these has demonstrated
that economic livestock production
can go hand in hand on such areas
with soil conservation.
This involved goal land and stock management, including
judicious stocking,
fencing
for graring
control,
top
dressing and oversowing
with suitable seed mixtures
on lower elevation areas where that proves effective, and improvement
in both the
livestock and the property.
Land

elevations above 3,000 feet and semiarid range
below
that elevation
which has an average annual rainfall of only 12 to 16 inches, is to determine suitable degrees of grazing
and proper seasonal use, as well as
other
features
of management
which will aid recovery of vegetation and rebuild soil under grazing
use by sheep or cattle or both. Such
management
is apt to be very different from that applicable
to the
improved pastures in New Zealand.
On such range lands there are severa1 instances
where lower stock
numbers
have produced
an equal
amount
or in some cases a higher
amount of wool than from the original larger flock numbers.
Watershed
Management
Soil Conservation

and

The serious erosion situations on
pasture and range lands and their
adverse effect on stream flow and
channels
appear to be well recognired, at least by the New Zealand
government.
The soil conservation
work of the Catchment
Boards indicates that it has real potential
for
reducing
erosion and at the same
time facilitating
increased
income
from many areas treated.
In general, when
a farmer
or rancher
agrees to the development
of a plan

for his farm or run, soil conservators
formulate a plan which they believe
will reduce, or even overcome the
erosion which is occurring.
This is
worked out jointly with him. Such
plans now provide for removal of
grazing from steep mountain
areas
classified as Class VIII and those in
Class VII which are eroding badly
(Fig. 3). These plans normally provide some subsidy for carrying out
necessary
features
of the plan.
About 1000 conservation
farm plans
are operating.
All farms and runs of course, do
not require
such plans.
However,
there are many
local land slips
which do not vegetate quickly, and
other critically erodable soils which
do need
prompt
and
effective
action to check the erosion. On such
areas necessary treatments
are vital.
There are also limited erosive situations on farms, many of which can
be corrected by tree planting
and
other minor
erosion
control
procedures.
Soil conservators
can give
advice in connection
with such situations without the necessity of formulating
plans for the entire farm
operation.
The Lands and Survey Department has three “Blocks”
in the
South Island with steep slopes to
6,000 feet where erosion was severe.

Development

The Department
of Lands and
Survey is taking large areas of low
value land and making
them far
more productive
through
land development
operations.
Much
of
this area at one time was considered
wasteland
incapable
of effective
utilization.
Development
of properties has made possible settlement
of many family-size
farms which
could not otherwise have been possible.
At the present
time there are
about 1,8GO,OOOacres of Crown or
Maori land under development
or
turned
over for farming
by other
departments.
When an area is taken
over for development,
all features
necessary to eventually
sell familysired units fully developed with improved pasture-where
that is possible-livestock,
fence, water, a nice
home, shearing sheds or dairy facilities, yards or corrals, roads and
truck tracks, air strip and fertilizer
bin, and other necessary items, are
thoroughly
planned.
The cat of
development
comes from Land Development
loans which pay interest,
and from livestock production
while
the area is being fully developed
for sale.
In 1968 report
of the
Rotorua
District
it states
that
Lands’ holdings through New Zealand were carrying some 1,560,OOO
sheep and 218,000 cattle.
In that
district alone over the last 20 years
977 settlers have been sold farms
totaling 235,689 acres. At the present time more than 1,600 family
units
are under
development
in
New Zealand.
Most of the actual
development
work is done by contract under
the guidance
of the
manager
of a development
block.
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a” accumulated
profit of more than
$500,000.
It does not pay income
taxes but all profit
goes to the
Government.
Approximately
2,300
cattle were sold in 1969 for about
$200,000.
The striking features are
the moderate or conservative
graling being practised on flats and on
seeded and unseeded slopes, and the
healing of erosion.
Seasonal use is
also applied to different
parts so
that weaned calves and fattening
steers, as well as co’ws, have abundant forage throughout
the year.
This is a” unusually
tine demonstration 01 good range management.
Literature

Each year throughout
the country
settlements
are being made available for purchase.
All applicants
must have certain
qualifications
which are passed upon by a committee.
Then
the successful
purchasers are drawn by lot.
Most
developed
farms with their livestock, at the present
time about
1,400 ewes, cost approximately
$50,000
to $60,000.
The
buyers
must put up 15 percent
of this
amount.
Long term loans are provided for the balance, usually with
initial
payments
for reduction
of
the total coming after about 5 years.
The Marginal Lands Board can also
facilitate such operations
by loans.
It is expected that these units will
not only furnish a satisfactory family income but will pay out in the
time provided
in the loan provisions. Good farmers can do better.
Molesworth,
a 458,000.acre
unit,
is made up of what was four mountain runs in the north of the South
Island. Summers are dry and warm.
Winters are cold with snow eve” at
low levels. Rainfall
varies from 27
inches in the east to 60 inches in
the west, and comes mainly in early
spring and late autumn.
Temperatures vary from zero to SO degrees.
The Government
had to take these
over because, with overgrazing
by

rabbits,
private
owners were not
able to operate them economically.
The Department
of Lands and Survey took over in 1938. For several
years killing of rabbits proceeded,
to overcome their overgrazing.
In
1940, 723 cattle were put on the
range, and killing of rabbits, deer,
goats, and pigs continued.
At that
time most of the slopes were practically bare scree. The number of
cattle grazing increased gradually.
In 1953 seeding of slopes by airplane began.
Usually strips on tht
lower part of slopes were seeded
first with orchard grass and red and
white clover.
As these took hold,
higher
strips
have been
seeded
Elevations vary from 2,000 to 6,000
feet. There
are extensive
flats at
about 3,200 feet.
These
have revegetated naturally.
At the present
time Molesworth
is carrying 9,000
cattle (Fig. 4). It is really remarkable to see the stand of orchard
grass and clovers on the poor slope
“soils” and to note the spread of
them and native and naturalized
forage species on unseeded
range
areas. Erosion gullies which were
frequent on slopes and in drainages
are practically controlled, especially
on shaded slopes.
The operation
ran at a loss in most years, sometimes small, until 1952, but now has
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Supplementing Pine-Wiregrass Range
with
Improved Pasture in South Georgia1
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Highlight
Native forage on pine-wiregrass ranges is low in quality and poor in palatability most of the year. Management techniques to overcome these problems
and to utilize this resource are needed. Acceptable beef production can be
achieved with proper combination of burned-unburned range during spring and
summer when accompanied by adequate feed during fall and winter. Combining
use of improved pasture at the rate of 0.6 acre per cow with native range during
the spring-summer grazing period or during only the summer boosts calf weights
and maintains cow weights from year to year over weights of cattle grazing
range-only during spring and summk.
La Suplementacion
en Pastizales
de Bosques de Pino en el Estado de
Georgia, E.U.A.
Resumen2
El forraje que proporcionan 10s pas&ales nativos en bosques de pino es
bajo de calidad y palatabilidad durante
la mayor parte de1 afio. La producci6n
de bovino de came es aceptable con
una combinacibn de pastas quemados
y sin quemar durante la primavera y el
verano si 10s animales son suplementados durante el otofio y el invierno.
Sin embargo, si se pastorea pastizal nativo y 0.6 acres por vaca diario dallisgrass (Paspalum
dilatatum)
y zacate
Bahia (P. notatum) durante la dpoca de
pastoreo de primavera, verano o un
verano solamente, si aumenta el peso
de las vacas y el de 10s becerros al
destete.
Several million acres of pine forest in south Georgia produce forage
useful to beef cattle even though
the area is generally
well sto,cked
with timber.
Cattle
have grazed
these forests since colonial
days,
l Cooperative investigations conducted
by the University of Georgia College
of Agriculture
Experiment
Station,
Coastal Plain Experiment Station, and
the Forest Service, U. S. Department
of Agriculture. Coastal Plain Experiment Station Journal Series Paper
No. 554. Received September
14,
1970; accepted for publication December 7, 1970.
2 Por Dr. Donald L. Huss, Organization
de las Naciones Unidas para la Agricultura y la Alimentacion
(FAO),
Dep. de Zootecnia, ITESM,
Monterrey, N.L., Wlexico.

but low quality of forage has contributed to limited beef production.
Minerals,
protein,
and other nutrients are deficient
much of the
year (Biswell et al., 1943; Halls et
al., 1957; Hale et al., 1962). Native
cattle of mixed breeding
that formerly subsisted year-round
on this
kind of range were small, produced
low calf crops with light weaning
weights,
and suffered
high death
losses (Farley
and Greene,
192 1;
Biswell et al., 1942; Shepherd
et
al., 1953).
A series of range grazing studies
has shown how to increase productivity of beef herds while utilizing
this natural
forage.
Recognizing
the dormant
winter season as the
most critical
period,
the earliest
studies tested supplemental
protein
at this season in addition to varied
stocking
rates and burning
treatments at other seasons
(Shepherd
et al., 1953). These practices failed
to increase calving percentage,
and
indicated need for a higher level of
yearlong
nutrition.
Accordingly,
supplementation
of range folrage
with cottonseed meal and with limited improved pasture in spring and
summer was tested along with fall
and winter feeding of supplemental
cottonseed
meal
(Southwell
and
Halls, 1955).
Beef production
increased, and improved pasture was
found to be more econolmical than
protein
concentrates
for supplementing native forage in summer.
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Practices representing
several levels
of summer
nutrition
were then
tested in combination
with two
levels of supplementation
in fall
and winter, the latter on hayfield
aftermath and coastal bermudagrass
hay with no reliance
on winter
(Southwell
and
Hughes,
range
1965). Most of the spring-summer
g-razing practices
produced
high
calving percentages and satisfactory
weaning weights when ample hay
was fed in fall and winter. Overall,
these past results suggested that supplementation
of native range in
spring and summer paid off in increased beef production,
but that
forage quality in winter was too low
for practical use at that season. Supplementing
range with improved
pasture during spring and summer,
grazing hayfields
and field gleanings in the fall, and feeding quality
hay in winter evolved as a practical
scheme for yearlong
maintenance
of a breeding herd.
Because native forage on burned
range is fairly nutritious
during
the spring but is inadequate
during
investigated
the
summer,
we
summer-only
supplementation
of
range with improved
pasture and
compared
it to supplementation
during
both spring and summer
(season-long) and to no supplementation (range-only).
Methods
The study was conducted on native forest range at the Alapaha Experimental
Range, Berrien County,
Georgia, which is in the northern
portion of the pine-wiregrass
grazing type (Fig. 1). Variable
stands
of slash pine (Pinus
elliottii
Engelm.) and longleaf pine (P. @ustris Mill.) form a moderate
canopy
Swampy sites, comon uplands.
prising about 30 percent of the area,
support dense stands of trees and
shrubs and produce little herbage.
Cattle stocking
was based on the
acreage of upland per range unit,
ignoring
swamps.
The
principal
native forage plants are pineland
threeawn
(Aristida stricta Michx.),
Curtiss dropseed
(Sporobolus
curtissii (Vasey) Small ex Scribn.), blues tern grasses
(Andropogon
sp.),

SUPPLEMENTING

panicum
grasses
(Panicurn
sp.),
(Ctenium
aromatitoothachegrass
cum
(Walt.)
Wood),
and carpetgrass
(Axono+s
alfinis
Chase).
Predominant
shrubs are gallberry
(Zler glabra (L.) A. Gray) and sawpalmetto
(Serenoa re@zs
(Bartr.)
Small).
Supplemental
improved pastures
were mixtures
of da&grass
(Pasp&m
dilatatum
Poir.), Pensacola
bahiagrass
(P. notntum
Flugge),
and carpetgrass.
These pastures annually received 400 lb. /acre of O&1212 fertilizer in the spring and split
applications
of 100 lb. N/acre, onehalf in the spring and one-half in
the summer.
Mature cows, raised on the Alapaha range, were divided into three
comparable
herds with respect to
:,!ge, previous
treatment,
sex, and
we of calf. Each herd was assigned
to one of three range units and to
one al three treatments
involving
access to improved pasture supplemental to native range or no auppIemental
pasture
(Table
1). For

PINE-WIREGRASS

Initially
all cows were nursing
calves sired by Angus bulls;
the
second and third calf crops were
sired by Charolais
bulls.
Calves
were born during January toMarch,
went on range April 1, and were
weaned at the close of the rangegrazing season on September
15.
After calves were weaned, all cows
were maintained
as a single herd
on coastal bermudagrass
hayfields
until late December and were then
fed coastal bermudagrass
hay, freechoice, through March.
A mineral
mixture
was provided
year-round.
COWS and calves were weighed
every 28 days during
the grazing
period,
and weight
changes
provided the best measure of treatment
effects.
Analysis of variance,
considering years as replications,
was
used to aid interpretation.
Results
discussed were statistically
significant at the 5y0 level.
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Two-fifths of each range unit was
burned
annually
in the winter.
Herbage yield and utilization
were
determined
every
year
by
the
stationary-cage
method
described
by Grelen (1967). A cluster of four
quadrats for each 8 acres of burned
range
was randomly
located
on
fresh
burns.
one
quadrat
per
cluster was protected
Crorn grazing
throughout
the growing season by
a cage; the other three were open to
grazing. In September
all quadrats
were clipped
1 inch above
the
ground
and samples
were over,dried at 70 C for 4X hours.
Cattle
diet and grazing
habits
were determined
in 1965 and 19GG
by closely observing
gentle cattle
from sunrise to sunset 2 days per
month to record and collect samples
of the kind, portion,
and relative
amounts
of plants
eaten
(Halls,
1954). Proximate
chemical analyses
were performed
on these samples.
Observers also recorded the time a
herd spent grazing,
resting,
and
traveling.
Results

and Discussion

Cattle Response
Lactating
cows consistently
lost
weight while grazing native range
alone (Fig. 2). Cows in the rangeonly treatment
lost about 100 lb.
during the April-June
period and
continued
to lose slightly through
the remainder
of the range~graring
period.
They were able to regain
most of this loss during the fall and
winter mnintenance
period on field
aftermath
and hay, but they suftered a net loss of about 34 lb. annually.
While grazing only native
range during the spring, cows in
the summer-only
supplementation
treatment also lost weight in a manner similar to the range-only
treat-

Table 1. Assignment of native range and supplemental
(acres per cow) during the range grazing period.

imlwoved pasture

the 3 years of study, a 12.cow herd
was assigned to the summer-only
treatment, a herd of 14 was assigned
to

season-long

supplementation,

and a 13~~0~ herd was assigned
range~only grazing.

to

NO”C

0.6

8

n.fi
None

0.6
NOI,?

8
x

12
12
12
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FIG 2. Average weight changes of cows with and without
pasture (0.6 acre/cow) season-long or summer-only.

ment. These herds apparently had
insufficient forage available during
the spring period.
The amount of burned native
range or combination
of burned
and unburned range required to
support a lactating cow adequately
has received considerable attention
in past research. The first study
(Shepherd et al., 1953) indicated
that stocking should be based primarily on burned range and that
at least 6 acres per co~w was required. Later, 7 acres of burned
range were found to be inadequate,
and the amount was increased to
10 acres (Southwell
and Halls,
1955). In a comprehensive study
of grazing
capacity,
maximum
weight gains were obtained from
the equivalent of 9 acres of burned
open range per 500~lb. steer for a
IO-month season (Halls et al., 1956).
They concluded that mature cows
would require 15 acres for the period mid-March to mid-January and
that this acreage should be increased about l%% for each 1%
of tree and shrub cover. Subsequently,
Southwell
and Hughes
(1965)
reported
good weaning

I
+100

I

WEIGHT

supplemental

improved

weights when cows were provided 9
acres of burned range in the spring
and 26 acres during the summer.
In our study, supplying 8 burned
and 12 unburned acres for a 6month season fell short of the optimum, since the degree of forage

utilization on burns tended to exceed levels recommended by Halls
et al. (1956). Increasing the burned
area to at least 10 acres per cow may
have been preferable when supplemental pasture was not availableeither in spring or season-long.
Supplemental improved pasture,
either season-long or summer-only,
permitted the cows to gain weight
during the range grazing period
and to maintain their weight from
year to year (Fig. 2). With summeronly supplementation, weight losses
in spring were fully regained during
the summer grazing season. Both
supplemen ted herds lost weight
during the fall-winter period about
equal to gains made during the
range grazing period and, thereby,
generally maintained their weight
from year to year.
Use of improved pasture to supplement native range at various ratios of pasture to combinations of
burned and unburned range were
tested by Southwell
and Halls
(1955) and Southwell and Hughes
(1965). Figuring that 0.6 acre of
improved pasture would supply
from % to % the required forage
per cow, Southwell and Hughes
(1967) added this amount of pasture season-long to 10 burned and
10 unburned acres of native range.
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FIG. 3. Average gains of calves by grazing seasons and total weaning weights at 7.75
months with and without supplemental improved pasture.
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Table 2. Activities of cattle (hours per day) with and without access to improved pasture (0.6 acre/cow) season-long or in summer-only.1
Grazing
Treatment
Season-long

Summer-only

Range-only

lklonth

Range”

Pasture

Swamp
border

and cattle practices gave satisfactory
calving percentages
and weaned
weights when winter feeding was
adequate.”

Swamp

Resting

Travel

Cattle Activities

Cattle spent about 60y0 of their
grazing time on the limited improved pasture when it was available, but this did not appreciably
influence total time spent in grazing (Table 2). There was no apparent seasonal trends in time
spent grazing range or pasture. Almost all range grazing was on
burns, with little use of unburned
range, swamp, or swamp border.
These observations agree with those
reported by Southwell and Hughes
(1967).
Cattle on range only grazed and
rested about the same amount of
time as those on both range and
pasture, but the latter spent a little
extra time traveling from pasture
to burned range. Thus, providing
supplemental pasture had little influence on cattle activities other
than reducing grazing time on
range.

April

2.7

5.0

.l

.I

4.8

.4

June

3.8

;4

.5

.4

1.9

.2

Sept.

2.9

.4

.l

3.3

.4

April

7.8

-3

.4

.2

4.4

.l

June

9.0

-

.4

.2

3.6

.l

Sept.

2.7

5.1

.5

.I

3.6

.2

April

7.2

-4

.3

.l

5.2

.l

June

9.6

-

.4

.l

2.9

.2

Sept.

7.9

-

.5

.4

3.5

.O

1 Cattle activities were measured from sunrise to sunset on two successive days near the
middle of the month.
2 Includes both burned and unburned range.
3 Improved pasture made available on July 1.
4 No improved pasture during the spring-summer grazing period.

They obtained excellent cow response and calves that weaned at
470 lb. Also, they found that supplementing 15 to 20 acres of unburned range with 0.6 acre of pasture gave excellent cow response
and calf weaning weights of more
than 420 lb. These results, along
with those in our study, indicate
that 0.6 acre/cow of improved pasture is about the right amount to
supplement this kind of range.
Percentage calf crop could not be
determined precisely with the small
number of cows involved, and differences were not statistically significant. Calf crops averaged 90%
in the season-long, 92yo in the
summer-only,
and 82%
in the
range-only treatments.
These percentages are based on actual calving
in 1966 and 1967 and on palpation
in the fall of 1967. Death losses
were relatively
low-one
calf in
each herd during the 3 years.
Seasonal
gains and weaning
weights of calves reflected the beneficial effects of supplemental
improved pasture (Fig. 3). Weaning
weights of calves in the supplemental treatments were about 100
lb. greater than calves on rangeonly treatments.
These increased
gains probably resulted from increased milk production
by the
cows, particularly in the spring, as
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well as from better forage for the
calves in summer when a large part
of their diet came from grazing.
Similar trends were reported by
Southwell and Halls
(1955) for
slightly
different
management
schemes.
It should be emphasized that
these results were obtained with a
relatively high level of winter feeding. Several methods and levels of
supplementing native range during
spring and summer failed to give
satisfactory calf crops’ with limited
levels of winter feeding in early
studies.
Southwell
and Hughes
(1965) concluded that “ample feed
during the fall and winter is essential for a good range cattle reproduction program.
Most of the
spring-summer
range
treatments

Cattle Diet

Supplementing native range with
improved pasture had little effect
on the relative use of the various native species (Table 3). Pineland
threeawn and Curtiss dropseed contributed heavily to the diet in early
spring when they were the primary
species available. Curtiss dropseed
appeared to maintain palatability
longer than pineland threeawn because its use declined more slowly.

Table 3. Species composition (%) of the diet of cattle grazing native range
with access to a limited amount of supplemental improved pasture.
Season-long
Species
Pineland
Curt&
Bluestem
Other

threeawn
dropseed
grasses

grasses

Grasslike

species

April

Summer-only1

June

Sept.

April

31

3

0

32

39

16

0

39

I1

28

61

11

12

34

27

10

June

Range-only

Sept.

April

June

Sept.

7

1

31

5

17

2

38

9

2

35

40

11

38

37

23

46

12

38

46
3

2

1

2

2

2

3

3

2

1

Forbs

2

6

4

2

6

4

2

4

6

Browse

4

11

6

4

9

4

4

6

4

1 Given access to improved pasture on July 1.
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Table 4.
Protein,
calcium,
and phosphorus
diet of cattle grazing native range.

AND

content

MCCORMICK

(%9 dry

weight)

April

9.9

0.13

0.13

June

7.8

0.15

0.11

Sept.

7.1

0.22

0.10

of

1 Diet samples were collected for two consecutive days about the middle of the month
while estimating species composition of the diet shown in Table 2.

After these species became unpalatable in late spring, bluestems
and other grasses were the major
source of native feed. Grasslike species, forbs, and browse apparently
contributed
very little to cattle
diets. The moist abundant shrub,
gallberry, is unpalatable
and was
taken only occasionally and in small
amounts.
The nutrient content of the diet
obtained from range was similar for
all treatments, but varied with season (Table 4). As is common in
wiregrass forage, crude protein and
phosphorus decreased in cattle diets
by early summer following winter
burning, but calcium levels rose
through the grazing season. The
cattle’s diet of native forage never
met the minimum standards for
calcium
(0.240/,) or phosphorus
(0.18%)
(NAS-NRC,
1963).
It
would appear to have met the recommended level of crude protein
(7 to 8%) for beef cows nursing
calves. However, limited digestibility no doubt kept the range diet
from being fully adequate, as reflected by lower weight gains of
cows and calves on range only
(Figs. 2 and 3). Past studies of this
kind of wiregrass forage found digestion coefficients for crude protein between 24 and 40%, and total
digestible nutrients of 43 to 48%,
during the period April through
September (Halls ee al., 1957; Hale
et al., 1962).
Forage

Yield

and

Use

Herbage yields, though sampled
with limited precision, indicated
that lack of forage was not the cause
for the poor response of cattle grazing range-only since productivity
was highest
in this treatment

Summary

the

(Table 5). This can be attributed
to an open stand of young pines
with limited crown cover; the other
range units supported heavier canopies of more mature timber, and
herbage yields were lower. Yields of
individual species or groups of species reflected a preponderance of
pineland threeawn, Curtiss dropseed, and bluestem grasses.
Utilization
percentages of individual species and of total herbage
apparently were influenced both by
range productivity and by pasture
supplementation,
but the relationships were not precise at the level
of sampling
employed.
Supplemental improved pasture was fully
utilized when available and tended
to decrease the intensity of use of
native range. This was most apparent for pineland threeawn and
Curtiss dropseed, the main sources
of early spring forage on range.
Utilization of these was heavy where
supplement was withheld until summer and yield was 101~. Utilization
was relatively light with season-long
supplementation, and intermediate
without supplementation but with
high yield (Table 5).

and

Conclusions

Forage from native pine-wiregrass
ranges in south Georgia is nutritionally marginal much of the year;
in winter, forage quality is too low
for practical utilization.
Breeding
herds can maintain themselves on
native forage for up to 6 months
during the spring and summer if
adequate feed is supplied the remainder of the year. Supplementing range with quality feed or forage will increase calf gains and beef
production while utilizing the native forage resource. About 0.6 acre
per cow of well-maintained pasture
both
effectively
supplements
burned and unburned range.
In our study the use of summeronly supplemental pasture was compared to season-long supplementation.
Both increased calf gains
about 100 lb. over those from nonsupplemented range, but calf gains
in spring tended to favor seasonlong supplementation.
Cows with
access to improved pasture maintained their weights from year to
year; tho#se grazing only native
range lost weight over the 3-year
period of study.
Eight acres of burned range per
cow was adequate while being supplemented with 0.6 acre of pasture,
but this allowance was minimal
under a moderate stand of timber.
About 10 burned acres per cow, if
unsupplemented
in spring, seems
preferable to insure adequate forage by keeping utilization of native
herbage below SOY& Utilization of
unburned range was negligible.

Table 5. Average annual yields (lb./acre,
oven dry) of herbage and utilization
(%) of burned range grazed April through September in conjuction
with supplemental pasture.
Season-long
Species
Pineland

threeawn

Curtiss dropseed
Bluestem

grasses

Yield

Summer-only

Use

Yield

Range-only

Use

Yield

Use

370

(101)l

25

420

(116)

75

670

(151)

45

550

(123)

25

280

( 75)

60

850

(160)

35

( 48)

190

( 56)

45

200

35

180

( 38)

25

Other

grasses

180

( 68)

35

170(48)

30

200

( 70)

25

Other

herbage

350

( 82)

35

330

( 61)

50

420

( 70)

50

1640

(205)

30

1400

(192)

55

2320

(228)

40

Total

1 Standard error of the mean is shown in parentheses.

VIGOR
Cattle spent about 60% of their
grazing time on the supplemental
pasture. Availability of pasture did
not affect the diet obtained from
range in regard to species or to
chemical composition.
There is no apparent advantage
in withholding supplemental pasture until late season when native
forage is least nutritious.
Consequently,
the supplemental
improved pasture could be distributed
through the forest range to serve
also as firebreaks.
Evidently about 20 acres of pinewiregrass forest range per cow, approximately % elf it burned, sustains breeding herds from April to
mid-September when the level of
maintenance at other times is equivalent to a full feed of high-quality
grass hay, thereby producing over
80% calf crops weighing 350-400
lb. at weaning. Cow weights are
better maintained and calf weights
are increased 100 lb. by supplementing
the native range with
about 0.6 acre per cow of improved
pasture. Although these results apply to south Georgia, comparable
responses could reasonably be expected elswhere from pine-wiregrass

RECOVERY

digestibility of wiregrass forage. Ga.
Agr. Exp. Sta. Tech. Bull. N.S. 11.
28 p.
Literature
Cited
HALLS, L. K., 0. M. HALE, ANDB. L.
BISWELL, H. H., W. 0. SHEPHERD,B. L.
SOUTHWELL. 1956. Grazing capacity
SOUTHWELL,AND T. S. BOGGESS,JR.
of wiregrasspine ranges of Georgia.
1943. Native forage plants of cutGa. Agr. Exp. Sta. Tech. Bull. N.S. 2.
over forest lands in the Coastal Plain
38 p.
NATIONAL ACADEMY OF SCIENCESof Georgia. Ga. Coastal Plain Exp.
Sta. Bull. 37. 43 p.
NATIONALRESEARCHCOUNCIL. 1963.
BISWELL, H. H., B. L. SOUTHWELL,J.
Nutrient requirements of domestic
W. STEVENSON,ANDW. 0. SHEPHERD.
animals. No. 4. Nutrient require1942. Forest grazing and beef cattle
ments of beef cattle.
(Revised).
production in the Coastal Plain of
NAS/NRC Pub. 1137, Washington,
Georgia. Ga. Coastal Plain Exp. Sta.
D.C. 30 p.
Circ. 8. 25 p.
SHEPHERD, W. O., B. L. SOUTHWELL,
FARLEY, F. W., AND S. W. GREENE.
ANDJ. W. STEVENSON. 1953. Graz192 1. The cut-over pine lands of
ing longleaf-slash pine forest. U. S.
the South for beef-cattle production.
Dep. Agr. Circ. 928. 31 p.
U. S. Dep. Agr. Bull. 827. 51 p.
SOUTHWELL,B. L., AND L. K. HALLS.
GRELEN, H. E. 1967. Comparison of
1955. Supplemental feeding of range
cattle in longleaf-slash pine forests
cage methods for determining utilizaof Georgia. J. Range Manage. 8:25tion of pine-bluestem
range. J.
Range Manage. 20:94-96.
30.
HALE, 0. M., R. H. HUGHES,ANDF. E.
SOUTHWELL,B. L., ANDR. H. HUGHES.
1965. Beef cattle management pracKNOX. 1962. Forage intake by cattices for wiregrass-pine ranges of
tle grazing wiregrass range. J. Range
Georgia. Ga. Agr. Exp. Sta. Bull.
Manage. 15:6-g.
HALLS, L. K. 1954. The approximaN.S. 129. 26 p.
tion of cattle diet through herbage
SOUTHWELL,B. L., ANDR. H. HUGHES.
1967. Beef cattle management pracsampling.
J. Range Manage.
7:
tices for burned and unburned pine269-270.
wiregrass ranges of Georgia. Univ.
HALLS, L. K., 0. M. HALE, ANDF. E.
Ga. Coll. Agr. Exp. Sta. Res. Rep.
KNOX. 1957. Seasonal variation in
14. 19 p.
grazing use, nutritive content, and

range dominated by forage species
of limited quality.

Recovery of Desert Plants in
Varioks States of Vigor1
C. WAYNE
Research
Utah

COOK

AND R. DENNIS

Professor
and Research
State University,
Logan,

339

CHILD

Assistant2
Utah.

Highlight
Desert plants, when defoliated to the extent that vigor
is even moderately reduced, require rather long periods of
nonuse for complete restoration. Defoliation in the winter
and again in the spring at only moderate intensities was
considered deleterious to plant welfare. Late spring harvesting was significantly more harmful to plants than early
spring harvesting.

In the Intermountain
area, livestock graze on
desert ranges mainly during the winter, but in
some instances
cattle graze on these arid lands
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yearlong.
Desert ranges in the basins of the Intermountain
area are in a delicate
balance and if
incorrectly
used deteriorate
rapidly.
Changes in plant vigor generally precede changes
in the botanical composition
and range deterioration. Relative
plant vigor may also indicate the
degree of range recovery from a lowered state of
range condition.
In general, vigor denotes health
and vitality of the plant. For these reasons a study
was conducted from 1959 to 1968 in desert ranges
of western Utah to determine the recovery of desert
range plants that were harvested during the first
three years of the study at three different intensities
during four different seasons. Plant vigor measurements were taken after seven years of rest to determine recovery from previous treatments.
Literature
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Objective measures of vigor used by Cook et al. (1958)
were number and leafiness of seed culms and basal area.
Nelson (1930) used total length of each new twig, number
of new buds produced after clipping, air-dry weight of
leaves, and air-dry weight of twigs. Lyon (1968) found no
single objective measure to evaluate vigor. He felt that
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yearlong.
Desert ranges in the basins of the Intermountain
area are in a delicate
balance and if
incorrectly
used deteriorate
rapidly.
Changes in plant vigor generally precede changes
in the botanical composition
and range deterioration. Relative
plant vigor may also indicate the
degree of range recovery from a lowered state of
range condition.
In general, vigor denotes health
and vitality of the plant. For these reasons a study
was conducted from 1959 to 1968 in desert ranges
of western Utah to determine the recovery of desert
range plants that were harvested during the first
three years of the study at three different intensities
during four different seasons. Plant vigor measurements were taken after seven years of rest to determine recovery from previous treatments.
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Objective measures of vigor used by Cook et al. (1958)
were number and leafiness of seed culms and basal area.
Nelson (1930) used total length of each new twig, number
of new buds produced after clipping, air-dry weight of
leaves, and air-dry weight of twigs. Lyon (1968) found no
single objective measure to evaluate vigor. He felt that
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perhaps subjective plant meamres needed to be used more
in evaluating
ecological changes.
Mueggler (1967) in Montana, used herbage production,
flower stalk numbers
and
heights as measures of plant vigor. Vogel and Van Dyne
(19F6) used herbage yield, leaf and seedstalk heights, and
basal area as measures of vigor.
Cook and Goebel (1962) investigated
the association
of
plant vigor with physical stature of desert plants. Averages
for all species showed that paired plants in high vigor, when
compared
to the paired plants in low vigor, covered about
three times more surface area of ground, had leaves, secdheads, and current year growth almost twice as long, and
possessed more than six times thr herbage yield.
The rate of recovery of range plants depends largely on
site and degree of lowered vigor. Relatively
few studies
have been reported in the literature
concerning
recovery of
range plants from a lowered state of vigor. Laycock (1967)
reported
that desert ranges in poor condition
grazed only
in tbc fall and those protected
from grains
improved
in
vigor and species composition,
while those in good condition
and grazed in the spring deteriorated.
Lang et al. (1956) and Rauzi and Lang (1967) working
on short grass range found that after ten years of heavy
grazing followed by ten years of light use, the major change
was plant composition.
The more desirable forage species
increased
while the undesirable
forage species decreased
during the period of light use.

Methods

and Procedures

The dominant
forage species used in the study included
three browse species: black sagebrush (Artemisia nova), bix
(Artemiria
tridentntn),
and shadescale
(Atriplex
sagebrush
confertifolia);
two suffrutescent
species: winterfat (Ijurotin
Innnln), and Nuttall saltbosh (Atriplex
nuttnllii):
and two
grass specks:
Indian ricegrass (Olyzopsis hymenoidlr,t), and
squirreltail
grass (Sitanion hyslrix). Exclosures were built to
protect the study plots from livestock and rabbit use.
During the period from 1959 to 1961, these plants were
clipped at three intensities
during four periods.
The three
clipping
intensities
were SO, 60, and 90 percent
of the
available
herbage and the four periods were winter only,
about January
1: winter and again in late spring, about
Tanuary 1 and May 1; early spring only, about April 1; and
late spring only, about May 1.
In the browse and grass species, individual
plants wcrc
treated as one sampling unit (Fig. 1). For the suffrutescent
species the plants within a 9.6 square foot circular frame
were used as a sampling unit.
Ten units of each species were clipped at each intensity
during each period and at each of three locations.
There
were also ten control units at each location.
During the
summers of 1962 and 1968 vigor measmements
on each
sampling unit were made.
Results
In order to determine
the recovery during the
seven-year rest period it was necessary to separate
changes caused by previous treatments from changes
caused by weather and other environmental
effects
displayed by control plants. Assuming that climate
affected both the controls and treated plants alike,
the difference shown in the controls can be used to
adjust the treated plants (Mueggler,
1967).

As might be expected the amount of live crown
cover was closely correlated with herbage yield for
all seven species studied.
Many investigators
have
suggested that either or both would be excellent
indexes to vigor (Cook and Goebel,
1962; Cook
et al., 1958; Hickey,
1961; Hyder et al., 1966;
Mueggler,
1967; Voegel and Van Dyne, 1966).
Effect of Previous Seasonal Clippings
Crown cover alive from clipped plants compared
with controls was the major criterion for measuring
recovery from 1962 to 1968 (Table
1). Percent
dead crown cover for the suffrutescent
species in
1968 may have been somewhat
underestimated
because plants killed by previous treatments could
not always be found in 1968 since the woody base
occasionally disintegrated and disappeared from the
plots (Table 2).
Plants judged to be in lowest vigor in 1962 were
those harvested in the winter and again in late
spring from 1959 to 1961. These plants had only
about 42x, as much live crown cover as the controls in 1962. The three browse species that were
harvested twice a year produced only about 18%
as much crown cover as controls in 1962 (Table 1).
The two suffrutescent
species and Indian ricegrass
that were previously clipped twice a year had about
twothirds
as much crown cover as the controls in
1962.
Squirreltail
grass had only about 45% as

VIGOR

Table 1. Live crown cover expressed as a percentage
of the control
and in 1968 which was seven years following treatment.l

Season

Intensity
of
harvesting2
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in 1962 one year after

Black
sagebrush

Big
sagebrush

Shadscale

1962 1968

1962 1968

1962 1968 1962 1968

Winterfat

harvesting

treatments

ceased

Nuttall
saltbush

Indian
ricegrass

Squirreltail

Average

1962 1968

1962 1968

1962 1968

1962 1968

Light
Moderate
Heavy
Average

78
54
19
50

94
60
30
62

80
46
06
44

102
84
22
69

99
68
20
62

104
89
30
74

99
96
77
91

93
96
92
94

76
70
70
72

91
94
101
95

82
87
58
76

105
114
94
104

60
65
56
60

106
84
69
86

82
69
44
65

99
89
63
84

Winter & spring
(Jan. 19 & May 1)

Light
Moderate
Heavy
Average

34
07
04
15

45
26
02
24

36
10
00
16

57
14
00
24

56
18
00
24

70
38
00
36

90
73
29
64

100
99
98
99

76
66
51
64

96
96
101
98

68
71
38
59

78
83
67
76

46
48
41
45

56
69
39
55

58
42
23
41

72
61
44
59

Early spring
(April 1)

Light
Moderate
Heavy
Average

96
71
12
60

80
71
22
57

79
44
08
44

113
77
11
67

82
73
18
58

96
82
45
74

102 101
86
94
75 102
88
99

83
75
68
75

101
104
98
101

85
79
72
79

103
80
85
90

57
48
44
50

78
63
56
66

83
68
42
64

96
82
60
79

Late spring

Light

Moderate
Heavy
Average

70
41
01
38

66
70
05
48

70
61
02
44

104
86
05
65

48
32
05
28

99
50
10
53

86
70
46
67

98
105
96
100

81
67
64
71

96
100
102
99

94
55
44
64

117
90
54
88

52
41
44
46

56
31
19
35

72
52
29
51

91
76
42
70

Light
Moderate
Heavy
Average

70
44
09
40

71
57
15
48

66
40
04
37

94
65
09
56

71
48
10
43

92
65
21
60

94
81
57
77

98
98
97
98

79
69
63
70

96
98
100
98

82
73
53
69

101
92
75
90

54
50
46
50

74
62
46
61

74
58
35
56

89
77
52
73

85

79

78

73

75

71

86

94

75

92

83

80

70

78

70

81

Winter

(Jan. 1)

(May 1)

Average

Least sig. s3

1 Completely dead plants in 1962 were still calculated as 100% dead in 1968 unless they were replaced by a new plant of the same species.
2 On plants harvested at light, moderate and heavy intensity, 30%, 60%, and 90% of available herbage was removed, respectively.
‘Figures are significantly different from the controls at the .05 level of probability if they are below this least significant percentage

value.

much crown cover as the control after being harvested twice a year for three years. In 1968 the
browse species from these same treatments
were
producing about 28% as much crown cover as the
controls, the suffrutescent
species had completely
recovered and grasses had from 55 to 76% recovery
for squirreltail
grass and Indian ricegrass, respectively (Table
1).
Clipping
only in late spring about May 1 was
the second most severe treatment
from the standpoint of reduction in vigor of desert forage plants.
The average of the seven species showed that plants
previously harvested during late spring had only
51% as much crown cover as the controls in 1962.
Plants, after seven years rest from late spring clipping produced only about 60% as much forage as
the controls.
Past harvesting
treatments
during
the winter
only and during early spring only were less detrimental to the welfare of desert forage species than
harvesting only in late spring or harvesting during
the winter and again in the late spring.
There
were no significant
differences
(P < .05) in vigor
measurements
during 1968 between harvesting in
the winter only compared to harvesting only in the
early spring. The crown cover in 1968, after seven
years of rest from previous clippings during the

winter season and the early spring season, was
approximately
81% of the control plants. Herbage
yield in 1968, after seven years of rest for the plants
previously clipped only in winter and only in early
spring, was about 73% as much as control plants
(Table 2).
Effect

of Intensity

of Clippings

The overall effect of past treatment
at various
intensities
showed that normal plant cover, even
after seven years rest, was less for each increased
increment
of harvesting
(Table
1). The crown
cover for previously clipped plants was 89, 77, and
52% of the controls in 1968 for light, moderate and
heavy clipping intensity, respectively.
The yield in
1968 from the previously clipped plants at 30, 60,
and 90% was 8 1, 6 1, and 40% as much as controls,
respectively.
The most severe treatment was harvesting during
the winter and again in the late spring at 90%
intensity.
In 1968 after seven years rest, these
plants were producing
only about 23% as much
forage as the controls and their crown cover was
only about 44% of the controls.
Previous harvests
at 90% during late spring were the second most
severe treatment
for all species. These plants in

342

COOK

AND

CHILD

Table 2. Average vigor measurements for three forage classes that had been harvested at three intensities during four
seasons for a three year period (1959-61). Data were taken seven years after treatments ceased (1968).

Forage class

Current
growth
(cm)

Browse
Suffrutescent
Grasses
Average

1.7
6.0
10.8
6.1

10.10

60.1
2.6
52.0
38.2

Winter & spring
(Jan. 1 & May 1)

Browse
Suffrutescent
Grasses
Average

1.9
5.7
9.0
5.5

2.8
10.3
9.5
7.5

17.3
5.3
15.8
12.8

0.95
24.50
0.50
8.60

79.3
2.1
68.0
49.8

16.5
57.4
15.3
29.7

5.4
4.5
15.6
8.5

Early spring
(April 1)

Browse
Suffrutescent
Grasses
Average

1.8

6.2
10.3
6.1

5.4
11.2
11.4
9.3

40.7
7.8
15.5
21.3

2.39
23.10
0.60
8.70

59.9
2.9
59.0
40.3

44.0
81.9
16.8
47.6

5.8
2.7
18.5
9.0

Late spring

Browse
Suffrutescent
Grasses
Average

1.5
5.9
8.6
5.3

5.0
10.6
9.6
8.4

39.4
6.2
13.3
19.6

2.04
23.40
0.51
8.65

68.6
2.5
68.0
46.4

37.8
64.4
14.7
39.0

6.4
3.8
14.2
8.1

Browse
Suffrutescent
Grasses
Average

2.4
6.6
11.4
6.8

7.1
12.1
14.1

62.9
9.1
22.5
31.5

3.79
23.00
0.86
9.22

36.7
3.2
42.0
27.3

77.1
90.6
25.8
64.5

10.9
3.0
22.7
12.2

Season

Winter

(Jan. 1)

(May 1)

Controls

Length
seedstalk
(cm)

Live crown
cover
(% fP)

Dead
crown
(%)

2.49
27.00
0.68

45.9

13.0
9.7

43.1
6.7
17.1
22.3

76.6
19.5
47.3

5.5
3.4
21.2
10.0

5.2
10.8

11.1

1968 were producing only 32% as much forage as
the controls and they had only about 42% as much
crown as the controls.
In 1968 there were no significant
differences
(P < .05) in vigor between the controls and those
previously harvested at 30% during any season except those harvested twice a year during the winter
and again in late spring. For all practical purposes
and for sustained optimum yield the plants harvested at 60% or less during winter and early spring
were not harmed (Cook, 1971).
He pointed out
that harvesting any plant at 90% during any season
and at 60% twice a year (winter and spring) and
during late spring was detrimental
to sustained
yield.
Thus any past treatment that lowers vigor, even
moderately,
has a rather lasting effect upon vigor
of desert plants.
Recovery of Individual

Species

Shadscale appeared to make better recovery during the seven years rest following defoliation
than
did black sagebrush or big sagebrush (Table
1).
Black sagebrush made somewhat less recovery compared to the controls than big sagebrush but this
was not consistent among treatments.
For the most part the two suffrutescent
species
(winterfat and Nuttall saltbush) made recovery of
crown cover comparable
to the controls
for all
treatments
(Table
1) but yields, in some cases,
were still significantly
lower than the controls
(Table
2). The
differences
between
extent
of

Seetlstalks/
plant

Yield
(9)

See&talks/
live area

recovery for winterfat and Nuttall saltbush over the
seven years of rest were not substantially
different.
For some vigor measurements
Nuttall saltbush appeared to have made better recovery but for others
winterfat recovery was somewhat better.
The two grass species, like the three browse
species, appeared to have suffered some long lasting
damage from defoliation
treatments over the three
year period from 1959 to 196 1. Squirreltail
grass
had significantly
lower percent crown cover and
herbage yield (P < .05) than Indian ricegrass when
compared to the controls in 1968. Both grass species harvested at 90% were significantly
lower in
crown cover and yield (P < .05) than the controls
during all seasons.
Indian ricegrass appeared to
tolerate 30% use during all seasons and 60% use
during winter and possibly during early spring.
Indian ricegrass plants made vigor recovery comparable to the controls when previously harvested
at 60% at all seasons. Squirreltail
grass vigor in
1968 was comparable
to the controls only for 30%
use during the winter or during early spring.
Black sagebrush,
big sagebrush,
and shadscale
had the lowest recovery in vigor after seven years
rest compared
to the controls;
whereas, Nuttall
saltbush, winterfat,
and Indian ricegrass had the
highest.
The slow rate of vigor recovery of black
sagebrush might have been the result of the rather
low level of vigor following
defoliation
in 1962
and the rather harsh sites supporting
this species
compared to other species. In 1962, one year after
cessation of clippin, m treatments,
black sagebrush

VIGOR

RECOVERY

and big sagebrush had the lowest vigor measurements of all species and shadscale and squirreltail
grass were only slightly better in this respect. Nuttall saltbush, winterfat,
and Indian ricegrass were
less affected by defoliation
treatments
from 1959
to 1961 than the other species as shown by vigor
measurements
in 1962 (Table 1). Indian ricegrass
was somewhat less resistant to treatments
than the
two suffrutescent
species, however.
By 1965 Nuttall saltbush, winterfat, and Indian
ricegrass had made full recovery from all treatments except when clipped at 90% in late spring
and when clipped heavily in winter and again in
late spring (Fears, 1966). The most rapid recovery
therefore was made by these three species but they
also had a higher state of vigor when clipping was
discontinued
in 1962. Nuttall saltbush made the
most extensive recovery since it had 98% of normal
crown cover in 1968. Big sagebrush and shadscale
recovered from 37 and 43% of normal crown cover
respectively
in 1962 to 56 and 60% normal crown
cover in 1968 (Table 1).
The data within a species suggest that the lower
the vigor the longer the recovery period. It takes
progressively
longer for increased
vigor through
increased crown cover to occur when plants are in
extremely low vigor compared to recovery of plants
that have had their crown cover only slightly reduced. This is not necessarily true among species
however,
since big sagebrush
had only 37% of
normal crown cover in 1962 and gained at the rate
of 2.7%/year during the seven years of rest. Black
sagebrush had 40% of normal crown cover in 1962
but gained only 1.1%/y ear in crown cover over the
7-year period of protection.
These were made at
a rather constant rate over the 7-year rest period.
Indian ricegrass gained crown cover at the rate of
3.1 y0/year but most of this recovery was made from
1962 to 1965. Squirreltail
grass gained at the rate
of only l.G%/year during seven years of rest.
Summary
From 1962 to 1968 a study was conducted on the
desert ranges of western Utah to determine
the
recovery of desert range plants that had previously
been subjected to three years of harvesting at three
different intensities
during four different seasons.
The three clipping intensities
used were 30, 60,
and 90%. The four periods were: (1) winter only,
about January
1; (2) winter and again in late
spring, about January 1 and May 1; (3) early spring
only, about April 1; and (4) late spring only, about
May 1. Vigor was measured during the summers
of 1962 and 1968.
Rate of recovery within a species was proportional to the state of vigor, the lower the vigor the
less rapid the recovery. Plants that were in lowered
vigor had a smaller area of live crown cover, shorter
and fewer seedstalks, less current year’s growth, a
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larger percentage
of dead crown cover and produced less herbage than did plants in higher vigor.
It was found that desert plants clipped heavily
during any season or harvested even moderately
during late spring or twice a year, in winter and
again in late spring, still differed significantly
in
vigor measurements
from untreated
plants even
after seven years of protection.
Shadscale made faster and more complete
recovery than either of the other two browse species,
black sagebrush and big sagebrush.
Winterfat
and
Nuttall saltbush made complete crown cover restoration for all clipped plants during a seven year
rest period.
Indian ricegrass had restored crown
cover comparable
to controls for all previous defoliation
treatments
except when clipped at 90%
during late spring and twice a year during winter
and again in late spring.
Squirreltail
grass made
only slight recovery and this was made at a very
slow rate.
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Highlight
A stocking table developed
on an experimental
range
area in the Rio Puerto drainage
can be used to determine
stocking rates in animal units per sect,ion. Estimates
are
based on perennial
grass forage production
and utilization
percentages
and are applicable
to a large portion of semidesert ranges in central New Mexico.

Stocking
levels,
utilization
percentages,
and
perennial
grass forage production
were recorded
from 1958 through 1969 on the San Luis Experimental Watersheds
in the Rio Puerto
Basin, 58
miles northwest
of Albuquerque,
New Mexico.
Over two-thirds of the 3,900,OOO acres of the Rio
Puerto is composed of rangelands similar to those
in the experimental
watersheds.
From 12 years
of data on part of the watershed, we have developed
tables to use as guidelines
for stocking semidesert
ranges in central
New Mexico,
where summer
These are applicable
on
deferment
is practiced.
semidesert ranges found on most of the Rio Puerto
drainage.
The portion of the watershed used for this study
is a 525-acre experimental
range unit, pasture II,
in the transition zone between woodland and semidesert grassland (Aldon, 1964). Cattle grazed the
area each year from November
1 through April 30.
Principal
forage species, in descending
order of
cattle preference
(Aldon and Garcia,
1967), are
alkali sacaton (Sporobollcs airoides (Torr.) Torr.),
galleta (Hilaria jamesii (Torr.)
Benth.), and blue
grama (Bouteloua graciks (H.B.K.), Lag. ex Steud.).
Developing

was determined
by multiplying
the utilization
figure of each species, as measured after the growing
season, by a constant value representing
the contribution of that species to the grass production of
that season. The constant value is determined from
the weight of the total grass production.
This value
was 0.33 for alkali sacaton, 0.53 for galleta, and 0.14
for blue <grama (Aldon and Garcia, 1967). Thus
galleta yields over half of the total grass yield (by
weight) and alkali sacaton one-third.
An example
of how the weighted
utilization
(U,) was computed for the 1968-69 season follows:

0.33

x

54.0

=

17.8

Galleta

0.53

x

21.3

=

11.3

Blue grama

0.14

x

10.9

=

1.5

1)

=

30.6

Alkali

l Study conducted
in cooperation
with Bureau
of Land
Management,
U. S. Department
of the Interior,
Albuquerque, New Mexico. Manuscript
received September
24, 1970;
accepted for publication
December
7, 1970.
2 Forest Service, U. S. Department
of Agriculture,
with central headquarters
maintained
at Fort Collins in cooperation
with Colorado State University;
research reported
here was
conducted
at Albuquerque,
New Mexico,
in cooperation
with the University
of New Mexico.

sacaton

Weighted

utilization

(U, in Table

Utilization
on the San Luis area depends on
many interrelated
factors-class
of livestock, topography, fencing,
and water location
(Hickey and
Garcia,
1964).
Also, species preference
plays an
important
part in utilization
of available
forage.
In the Rio Puerto basin, a weighted utilization of
2 1 to 3 1 yO,plus summer deferment, helped improve
the range resource (Aldon and Garcia, 1967). Data
on utilization
values for galleta that may be expected at different
levels of utilization
of alkali
sacaton (Table 2) were developed by relating galleta utilization
with alkali sacaton utilization,
by
regression analyses. The regression was significant
(at 1% level) for the 12 years of data used. Utilization values for blue grama (Table 2) are estimates
based on experience.
Table
1. Utilization
(%) and grass production
air dry) for alkali sacaton and a combination
sacaton, galleta, and blue grama, with stocking
section on pasture II, San Luis experimental
November
1 through April 30, 1958-69.

the Tables

Tables were developed by computing
multiple
regressions
(Reid et al., 1963), based on various
combinations
of utilization,
production,
and stocking level (Table 1). Utilization
percentages for the
combined species (U, in Table 1) were determined
by adding weighted utilization
figures for each of
the three individual
species. The weighted value

Utilization
for that year

Constant
value

Grazing
period
(Nov.April)
1958-59
1959-60
1960-6 1
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69

Utilization

Production

Alkali Three
saca ton grasses
(W
(W

Alkali Three
saca ton grasses
(P2)
(PI)

48.2
70.0
44.6
34.2
46.8
49.5
39.3
52.3
52.6
47.6
54.0

31.9
35.6
21.6
14.4
22.8
23.4
21.3
24.4
22.5
26.8
30.6

87.7
55.3
51.7
72.0
88.0
123.2
289.3
255.3
295.1
276.4
292.6

(lb./acre,
of alkali
levels per
watershed,

Stocking level
Number
Animal
of
animals units
(Sz)
6%)

231.2

15

187.6
150.7
229.0
304.0
264.8
475.8
395.7
495.9
481.8
524.4

12
9
12
10
7
9
12
19
20
45

1 Weighted utilization percentages based on production
sacaton, galleta, and blue grama.
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15
12
9
12
10
7
9
16
12
20
27
of alkali

for alkali sacaton,
Table 2. Weighted utilization percentage
galleta,
and blue grama,
developed
by relating
galleta
with alkali sacaton utilization by regression analysis,l and
and by estimating
blue grama.
Alkali sacaton
(uA)

Galleta (U,)

Three grasses
(U2)

Blue grama (U,)

35
40
45
50

16
18
19
21

3
5
5
10

20
23
26
29

55
60
65
70

22
23
25
26

10
12
12
14

31
34
36
39

Table
3. Stocking
levels (animal
units per section)
for
November-April
grazing period, computed
from herbage
production
(lb./acre,
air-dry),
and weighted
utilization
(%).
Weighted
utilization
NJ*>

200

250

300

350

400

450

500

20
23
26

1
7
13

2
8
14

3
9
15

4
10
16

5
11
17

6
12
18

7
13
19

29
31
34
36
39

19
23
28
32
38

20
24
29
33
39

21
25
30
34
40

22
26
31
35
41

23
27
32
36
42

24
28
33
37
43

25
29
34
38
44

l Value for galleta determined from regression UG = 7.02 + 0.271
UA (significant at 1% level).
”Value estimated: regression not significant.

Utilization
and production
data were used to
compute the stocking levels (Sa), shown in Table 3.
Pastures adjacent to the experimental
watershed
were used to check the validity of the computations:
Pasture
Pasture

Production
Stocking

I

No.
size (sq. miles)
for year of test (lb./acre,
per section

(animal

air dry)

units)

17

Measured utilization
Alkali sacaton
Galleta
Blue grama

(%)

Weighted

utilization

of all species (%)

Stocking

from formula

(animal

380

units)

57.0
15.1
2.4

59.4
16.9
.I

27.1

28.7

16

20

Thus formulas provided stocking levels very close
to those actually used for the desired utilization.
Using

the

4.

Tables

1.

Choose two or three representative
sections of
land in an allotment.
These tables are for semidesert ranges composed
principally
of alkali
sacaton, galleta, and blue grama in central New
Mexico.
2. Measure production of the three key species on
these sections.
percentage
(U,) that
.8. Decide on the utilization
you will accept; consult Table 2 for assistance
in selecting
U2: After you have selected an
acceptable
level of alkali sacaton utilization,

(PJ

From Table 3, determine
the stocking level in
animal units per section.
Adjust animal unit numbers to fit the class of
livestock to be grazed.
Compute animal numbers for the allotment.

.53
272
19

Production

and know the galleta and blue grama utilization
to be expected at this level, read from Table 2
the weighted utilization figure (U,) that should
be used in Table 3. (Values in Table 3 are on a
per-section basis, and are conservative.)

5.

III
.87
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STOCKING

6.

A computer program prepared in basic language
for making these computations
is available
from
the authors. The program provides stocking levels
in animals per square mile corrected for class of
livestock and months grazed at a cost of about
$1 /allotment.
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Highlight
The plant communities
of the ponderosa
pine zone in
southern British Columbia
offer best returns from grazing
by domestic and wild ungulates.
The communities
of the
douglasfir
zone should usually be considered
integrated-use
areas, having significant values for both grazing and timber
production.
The subalpine fir zone has its main value for
timber production
although
grazing values usually persist
for many years in the lower part of the zone after logging or
burning.
However,
the upper part of the above zone is
suited mainly for grazing.
Although
the alpine tundra has
very limited forage production
it sometimes provides summer range for bighorn sheep. Since the climate is usually
favorable
below 3000 feet elevation,
arable
agriculture
should be considered where soils are not restrictive.

An ecological
study was made of the Similkameen River drainage in order to provide basic information for use in land management.
The area
lies in southern British Columbia west of the Okanagan Valley and adjacent
to the United
States
border.
Information
gathered
attempted
to reflect the
biotic capabilities
of the environment
so that the
results could be used for as many productive uses as
possible. Evaluation of the habitat types for recreation and wildlife was beyond the scope of the present study, however, except in a general way.
The approach of the investigation was to describe
the habitat types based on vegetation,
relate them
as much as possible to environmental
factors especially soils, and estimate their value for grazing
and forestry.
Some significant
relationships
between soils, vegetation,
and physiographic
units
as revealed through aerial photo patterns have already been reported
(Lord and McLean,
1969).
The term “habitat type” is used to include sites
that have the potentiality
of supporting
a single
type of climax association
but are not necessarily
in climax condition
at the present time (Daubenmire, 1968).
The plant community
classification
used is that
of McLean
(1969).
Plant nomenclature
follows
Hitchcock
et al. (1955, 1959, 196 1, 1964) for dicotyledons and Davis (1955) for all other plants.
Soils nomenclature
follows the Canadian
System
(Soil Survey Committee
of Canada, 1968).
The ponderosa pine and douglasfir zones, inter1 Received

August

24, 1970.

spersed with open grasslands, occupy the lower elevations in the Similkameen
Valley while the subalpine fir zone, now mostly covered by stands of
(Pinus
contorta)
occupies
the
lodgepole
pine
higher elevations to upper treeline.
Isolated areas
of alpine tundra are found on some mountain tops
(Fig. 1).
Fire and logging in the forests and livestock
grazing and pocket gopher activity on the grasslands have been the most common factors disturbing the vegetation in the study region, often causing abrupt changes in the pattern.
Ponderosa

Pine Habitat

Types

The ponderosa
pine zone occupies
the lower
slopes and outwash terraces in the valley, generally
from about 2000 to 2700 feet elevation.
It is relatively dry and ponderosa pine (Pinus ponderosa)
forms open stands when mature.
Only one major
habitat type occupies this zone (McLean,
1969).
Ponderosa

Pine-Idaho

fescue

In a climax or near-climax
state ponderosa pine
is the sole dominant tree while the <ground cover is
dominated
by bluebunch
wheatgrass (Agropyron
spicatum) and Idaho fescue (Festuca idahoensis)
(Fig. 2). A wide variety of herbs normally occurs as
well. The absence of shrubs in this community
is
notable.
Soils associated with this habitat type are mostly
well drained, moderately
coarse textured
Orthic
Dark Grays developed on glaciofluvial
deposits.
Differences
in vegetation
resulting from different grazing management
on opposite sides of a
fenceline
indicate that bluebunch
wheatgrass and
Idaho fescue are less abundant
on grazed areas.
Silky lupine (Lupinus sericeus) appears to decrease
with spring or early summer grazing.
The outstanding perennial species that increase with heavy
grazing are Sandberg’s
bluegrass
(Poa secunda),
low pussytoes
(Atennariu dimorpha), and shaggy
fleabane
(Erigeron pumilus). The most characteristic annual
species that invade are cheatgrass
(Bromus tectorum), sixweeks fescue (Festuca octofloru), and stickseed (Laf$&a redowskii).
Stands in excellent
range condition
have a medium herbage yield (Table
1) where trees do not
depress herbaceous
growth.
Most ranges are at
present producing
much less than maximum
because of past heavy cgrazing and damage by pocket
gophers. Because of the relatively dry climate and
variations
in soil moisture holding capacity, considerable variation is found from site to site.
Stands of this community
are classed as lowmedium
for the production
of ponderosa
pine
(Table 2). One stand which was stocked at the rate
of 388 trees (dominant height 65 feet, age 70 years)
per acre produced 82ojb of the herbage yield of an
adjacent cleared area. At the above stocking rate
346

the presence of trees did not seriously reduce the
forage production.
The ponderosa pine-fescue
community
is well
suited for spring and fall grazin,g which is in critical
supply in the region.
Irrigatmn
is necessary for
crop production.

After deforestation,
a grassy undergowth persists
for a long time since reestablishment
of the forest
is usually very slow. Deforestation
has usually been
the result of a combination
of logging and fire or
clearing for cultivation
so that tree destruction was
complete and seed trees are rare. Small trees wet-e
often cut for fence posts or destroyed during cultivation.
Heavy
grazing
has retarded
tree TCestablishment
since reproduction
is readily grazed
when grasses are dormant and of low quality.
Gophers often become a serious problem in this
habitat type, frequently destroying the greater part
of the perennial
herbaceous
vegetation
thus encouraging
the growth of annuals and hindering
efforts in range rehabilitation.
Seeding to crested
wheatpass
(A~,ro&won desertmum)
may be considered for range improvement
where soil and topography permit.
yield (lb./acre
oven dry, five-year
Table 1. Herbage
age) from plots clipped on selected climax
plant
munities in the Similkameen
Valley.

Plant communily

l__.-*_mr..“_z.r...__
FLC. 2.

Pondrrosa

condition
dominated

pi”e~Idaho

. . .._ _ . . . . . . . . . > .: .__

fexue rommuniry

in

the Similkamern Yalley.
The
ground
cover
by Idaho Iescuc and bluebunch
wheatgrass.

in

.%.

near-climax

is

Panderosa pine-Idaho
fescue
Douglasiir~bluebunch
wheatgrass
Douglasfir-Idaho
fescue
Douglasfir-pinegrass
Idaho fescue-crioganum

Yield
700
400
800
600
1,600

Yield class’

avercorn-

No. of
sites

medium
10W
medium
low-medium

12
5
$J
8

high

2

‘Below 500 lb./acre, low; 500 to 75% low-medium; 750 to 1,000,
medium: 1,000 to 1,500, medium-high; above 1,500, high.

348

MCLEAN,

Table 2.
Valley.

Average

site indexes

(100

years)

and

LORD,

site classes

Ponderosa pine

AND

for trees in selected

Douglasfir

Plant communities

Index

Class

Index

Douglasfir-bluebunch
wheatgrass
Ponderosa pine-Idaho fescue
Douglasfir-Idaho
fescue
Douglasfir-pinegrass
Subalpine fir-blueberry,
pinegrass

50
65
75
80
-

poor
medium
medium
medium
-

55
65
75
75
65

poor

Subalpine
Subalpine

-

-

80
--

medium

fir-red alpine blueberry
fir-blueberry,
false-heather

Recovery of the range from overgrazing in this
community
is slow. For example,
on one stony,
Orthic Dark Gray soil a fenced area has been under
complete protection from grazing by domestic animals since 1937. In that time although the cover
of bluebunch
wheatgrass has increased from 1 to
20yo the stand is in only fair range condition.
Clipping over four years indicates that the herbage
yield inside the fence is about 30% greater than
that of the grazed area outside.
Douglasfir

Habitat

Types

The
douglasfir
zone lies between
the open
Savannah-like forest of the ponderosa pine zone and
the dense forest of the subalpine
fir zone. It is
principal
forest-grazing
type in British Columbia
(Tisdale and McLean,
1947). Most of the habitat
types within the zone produce a moderately dense
forest and yield a significant
volume of forage.
Douglasfir-bluebunch

wheatgrass

The douglasfir-wheatgrass
community occurs locally, largely in the eastern part of the area as a
topoedaphic climax, mostly on steep southeast and
The
characteristic
tree is
west facing
slopes.
douglasfir
(Pseudo tsuga menxiesii).
Ponderosa
pine may or may not be present. Bluebunch
wheatgrass dominates
the ground cover and pinegrass
(Calamagrostis
rubescens)
and Idaho fescue are
generally absent.
The soils are Orthic Regosols and Orthic Dark
Grays which are rubbly, eroded, and contain a high
percentage
of coarse material.
Where
downhill
underground
water movement is a factor the soils
may be calcareous to the surface.
Grazing is often light because of surface, angular
rocks which cause unstable footing for the cattle.
Because of the degree of slope, exposure, and nature of the soil, herbage production on this habitat
type is low (Table 1).
The habitat type is generally poor for growth of
douglasfir
except
where sub-soil moisture
is a
factor.
One plot with 324 trees (dominant
height 50
feet, age 100 years) per acre produced an herbage
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Class

poor
medium
medium
poor

plant

Lodgepole pine

communities

in the Similkameen

Engelmann
spruce

Index

Class

Index

65
70

medium
medium

----

85
65

good
medium

100
55

Class

Index

-

------

good
poor

75
50

yield over five years that was 55%
similar adjacent cleared area.
Douglasjir-Idaho

Subalpine fir
Class

medium
poor

of that on a

fescue

This habitat type is found in the lower part of
the douglasfir zone. It closely resembles the ponderosa pine-Idaho
fescue community
although
it
contains fewer characteristic
species.
Most stands
are at present dominated by ponderosa pine. Characteristic ground-cover
species are mostly those of
the grasslands
except
that pinegrass
is present
The
proportion
of
above 2000 feet elevation.
shrubs is very low.
The soils are well drained and moderately coarse
textured Orthic Dark Grays and Orthic Degraded
Eutric Brunisols developed on coarse textured glaciofluvial denosits and moderatelv coarse textured
till.
Pinegrass usually decreases in abundance
after
logging, while grassland species such as Junegrass
(Koeleria cristata) and timber milkvetch
(AstragaZus miser) increase. With heavy grazing, bluebunch
wheatgrass and Idaho fescue decrease in favor of
the needlegrasses,
pussytoes, dandelion
(Taraxacum officinale),
and annuals such as cheatgrass
and stickseed.
This plant community produces a medium yield
(Table
1) of high quality herbage when in exMost of the ranges are in
cellent range condition.
less than good condition
moderately
dense tree
stands so that the present carrying capacity is considerably less. One site which was stocked at the
rate of 260 trees (dominant height 70 feet, age 90
years) per acre produced only 45% of the total herbage yield as compared with an adjacent, apparently
similar, cleared area.
This habitat type was medium for the production of both douglasfir and ponderosa pine (Table
2) with an average sit index of 75 for both species.
Regeneration
is usually
slow because
of soil
drought.
Many areas are suitable
for Christmas
tree production.
This community
is suited to integrated use; the
trees being managed for ponderosa pine or douglasfir and grazing being moderate early-summer
use.
1
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the trees had been logged produced
37% more
herbage as compared with an adjacent plot which
contamed
130 trees
(dominant
height
86 feet,
age 140 years) per acre.
When
this community
occurs on south-facing
slopes, the winter snow-pack is less than 30 inches,
and the shrub component
is significant
so that it
often becomes prime deer winter-range.
Site indexes show a low-medium
growth potential for douglasfir
(70), medium
for ponderosa
pine (80) but poor for lodgepole pine (60).
This type is suited to summer grazing for cattle
and to the harvest of douglasfir and ponderosa pine.
It is well adapted to integrated use. After fires or
logging, forage production
may be improved relatively mexpensively
by seeding to timothy (Phleum
@&xsis),
orchard
grass (Dactylis
glomerata),
smooth bromegnss,
and white clover (Trifolium
Ye@%).
Idaho

The type is found at sufficiently low elevations that
arable agriculture and irrigation may sometimes be
considered.
Range rehabilitation
by rest-rotation
grazing or seeding to crested wheatgrass and smooth
bromegrass
(Rromus inermis) is usually successful.
Douglasfir-+qms
The most widespread
habitat type within the
douglasfir zone, and the climatic climax between
3000 and 4500 feet elevation,
is dominated
by
douglasfir
with an understory
predominately
of
pinegrass (Fig. 3). At present, however, lodgepole
pine dominates mu& of this community
as a result of fires and logging. There is an increase in
shrub cover as compared with the drier types,
The soils are well drained and moderately coarse
textured
Orthic
Gray
Luvisols
(Orthic
Gray
Wooded) and Degraded Eutric Brunisols on moderately coarse textured glacial till.
At lower elevations there is an increase in bluebunch wheatgrass and Junegrass following logging.
Kentucky bluegrass (Pea @tensis)
increases on the
deeper soils, especially around abandoned
homesteads where grazing is usually heavy. Higher in
the zone there is an increase in pinegrass, timber
milk-vetch,
and forest lupine
(Lufinus
arcticus)
with disturbance.
There may also be an increase
in dandelion,
pussytoes, and heart-leafed
arnica
(Amica w&f&).
The habitat type produces only a lorv-medium
volume of herbage even when the tree influence
has been removed (Table 1). One site from which

fescue-eriogonum

This community
occurs as a parkland between
the ponderosa pine and douglasfir zones and on a
few dry, south-facing
slopes at high elevation
(up
to 6,000 feet). Herbaceous
grassland species dominate the cover except where clumps of aspen
(Populus tremuloides)
in depressions interrupt the
habitat type. Shrubs are not conspicuous.
Soils belonging
to the Orthic Black subgroup
occur under grass vegetation,
with Orthic Dark
Brown soils on the drier positions.
Orthic Dark
Gray soils occur under aspen. The soils are mostly
well drained, moderately
coarse textured and developed on till and colluvium.
Although
Idaho fescue and bluebunch
wheatgrass dominate
stands in near-climax
condition,
Kentucky bluegrass has often replaced these species
on the deeper soils. Columbia
needlegrass
(Stipa
columbiana)
and needleandthread
(Sti@
comata)
have taken over on the drier sites as a result of
grazing pressure.
Under severe disturbance
cheatgrass is a vigorous invader along with many other
XlIlU&.
These
grasslands
are the most productive
of
native herbage in the region (Table
1) but vary
<greatly depending on depth and moisture-holding
capacity of the soil.
This type makes excellent spring and fall range.
The current productivity
of most of it is much less
than maximum
because of heavy grazing in the
past and widespread
damage caused by pocket
gophers which have increased with the removal of
coyotes. Grazing into early summer or season long
is particularly
damaging to the preferred species.
This community
usually recovers fairly quickly
from disturbance
by resting from grazing, or practising deferred rotation.
In reseeding,
a number
of species may be used, such as crested wheatgrass,
intermediate
wheatgrass (Agrofiyron intermedium),
smooth bromegrass, and alfalfa (Medicago satiua).
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alpine fir, and douglasfir and medium for spruce
and lodgepole pine (Table 2). The importance
of
slope position can be illustrated
by one site with
three slope positions.
Lodgepole
pine on the site
at the top of the slope had an index of 65, in the
middle position an index of 70 and in the toe
position an index of 90. Because of a relatively
short cutting cycle the type is probably best suited
to lodgepole
pine management.
Clear cutting,
burning, and seeding to grass should be considered
to provide additional grazing for a period of years
before the tree reproduction
closes in.
.Subnlpine

Subalpine

Fir Habitat

Types

The subalpine fir zone lies between the douglasfir and the alpine zones. Although
subalpine
fir
(A&es lasiocar@z)
is the climax
tree nearly all
stands are dominated
by engelmann
spruce (Ficeu
engelmanni)
or lodgepole pine (McLean,
1969).
Subal@e

fir-red

blueberry,

pinegrass

alpine
phase

This habitat type is widespread on relatively dry
sites especially in the lower part of the zone. Nearly
all stands are currently
dominated
by lodgepole
pine (Fig. 4). The ground cover is dominated
by
red alpine blueberry
(Vnccinium
sco~~arium)
and
pinegrass.
The community
is found on well drained, moderatelv coarse textured /,
~laciofluvial
deposits and
on shallow till over bedrock.
It also occurs in
transitional
areas between
Orthic
Dystric
and
Orthic Eutric Brunisols which have developed on
till and colluvium.
This community
has only a “fair” rating for
forage productivity
since most sites are free of trees
for only about ten years after fires or logging and
movement of cattle is impeded.
Grazing values can
be enhanced
after logging by seeding to grass.
Seeding, however, should be done as soon as possible after logging or burning.
Open stands of
lodgepole pine, however, produce a moderate volnme of medium quality forage, mostly pinegrass.
The habitat type is poor for the growth of sub-

fir-red

alpine

blueberry

Although
this habitat
type forms the climatic
climax within the zone it is not so well represented
in the study area as in adjacent
Washington.
Rather, the two phases mentioned
herein occupy
most of the zone. Subalpine
fir is the climax tree
but most stands at present are dominated by engelmann spruce, douglasfir,
or lodgepole pine, with
an understory
of subalpine
fir. Shrubs, the most
common
of which is red alpine blueberry,
are
abundant in the cground cover.
The soils associated
with this community
are
usually well drained, moderately
coarse textured
Mini Humo Ferric Podzols and Degraded Dystric
nrunisols
developed on coarse textured colluvial
and till deposits:
Because of the usuallv dense stands of trees. l&t
<>
is suKciently
restricted so as to keep forage prodnction to a minimum
except for a few years after
logging when the values are high. Shrubs are an
important component of cleared areas but are more
imoortant
as feed for moose and deer than for
cattle.
The type normally produces a dense forest and
has good value for timber, especially the production of spruce and lodgepole pine (Table 2).
Subalfine

fiwed

blueberry,

false-heather

u111inc
f1ha.x

This phase of the subalpine fir-red alpine blueberry habitat type occurs as the climatic climax in
the upper part of the subalpine
fir zone. Engelmann spruce and subalpine
fir are the dominant
trees although
many stands are at present dominated by loc$epole
pine.
False-heathers
(Z’hylare norlodoce empetrzformis and P. glanduliflora)
mally present in the ground cover. There are many
grassy openings in this type in whose formation
fire seems to have played an important
role and
in which re-invasion of trees is very slow.
The community
is found on well drained, moderately
coarse textured
Orthic
Alpine
Dystrir
Brunisols developed on materials that include till,
colluvium,
and aeolian
deposits.
In association
with these soils are Orthic Hnmo Ferric Podzols
under forest cover on nortll-facing
slopes.
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elude volcanic
ash, colluvium,
and till deposits
which are shallow over bedrock.
Coarse textured
Orthic and Cumulic Regosols occur at the base of
snow banks and in areas disturbed by solifluction.
summary

This community has value for mid-summer -razing by domestic and wild ungulates but is &en
unproductive
except in draws and protected locations where extra moisture from snow drifts accumulates. Herbage yield varies greatly but a reasonable average would be about 300 lb. of total forage
per acre.
The
forest is unproductive.
Most trees are
sharply tapered and the site indexes for spruce
and subalpine fir are low (Table 2).
Because of the usually attractive physiogonomy,
this habitat type often has potential for recreation.
Alpine

From a land use standpoint the following habitat
types are suitable
primarily
for grazing:
Idaho
fescue-en~gonum
on Black, Dark Gray and Dark
Brown soils; ponderosa pine-bluebunch
wheatgrass
on Dark Gray soils; douglasfir-bluebunch
wheatgrass on Dark Gray and Regosolic soils: and subalpine fir-red alpine blueberry, false-heather
phase
on Alpine Dystric Brunisols.
The douglasfir-Idaho
fescue and douglasfir-pinegrass communities
should be considered integrateduse areas, except under exceptional
circumstances,
yielding about 800 and 600 lb./acre of forage respectively
and having an average site index for
ponderosa pine and douglasfir of 75 for timber.
On inteprated-use
areas, biomass
production
to
from any sm@e use is generally not sufficient
justify intenswe
management,
such as tree tbinning, to improve timber production
and temporarily increase forage yields for domestic and wild
urrgolates.
If, however, such costs could be shared
by a number of land users and result in a greater
biomass production,
more intensive
management
would be justified in many cases.
The subalpine fir-red alpine blueberry-pinegrass
habitat
type usually has considerable
value for
grazing Loorat least 15 years after logging and fires.
The subalpine
fir-red alpine blueberry
is suited
primarily for the production
of spruce, lodgepolc
pi;:, and douglasfir.
mce the chmate 1s usually favorable below 3,000
Feet elevation, arable agriculture,
including
irrigation, should be considered where slope, and stoniness are not restrictive
factors.

Zone

This zone lies above timberline
(Fig. 5). The
climate is cold and the growing season is short.
Most ol the slopes are dry and windswept, supporting a mixture
of lowgrowing
(often less than 6
inches) alpine grasses, dryland sedges, and forbs.
On disturbed sites dryas (Dryas octo@tnZa), dwarf
lupine (Lupinus
Zepidus var. lobbii),
and snow
willows (Mix nivalis, S. cascadensis) invade quickly.
Because of the cold climate and short <growing
season, the vegetation is unproductive
and provides
only limited Sgrazing for cattle.
It is well suited
as summer range for bighorn sheep where these
animals occur. On upland sites total annual herbage production seldom exceeds 200 lb./acre, much
of which is unavailable
except under very close
cropping.
The soils are well drained and moderately coarse
textured Lithic Alpine Dystric Brunisols developed
on coarse textured
undivided
materials
that in-

Literature

Cited

I~AUBENMIRE,
R.

1968.
Plant communities.
Harper 8~
Row, New York. 300 p.
DAVIS, R. .J. 1955. Flora of Idaho. W. C. Brown, Dubu-

que, Iowa. 828 p.

HIT~CHCOUK,
C. L., A~TRUK CRONQUIST,
MARION
OWNSU,
AND
J. W. Trroxwso~.
1955, 1959, 1961, 1964. Vascular
plants of the Pacific Northwest. Univ. of Washington
Press, Seattle. 4 vol.
LORD, T. M., A&DALASTAIRMCLEAN. 1969. Aerial photo
interpretation on Rritisb Columbia rangelands. .J. Range
Manage. 22:3-9.
MCLEAN, ALASTAIR. 1969. Plant communities of the Similkameen Valley, British Columbia and their relationships to soils. Ph.D. Thesis. Washington State Unix
133 p.
SOIL SURVEYCOXI~~IEE OF CAN~A. 1968. Proc. Seventh
Nat. Meeting. Can. Dep. Agr. Ottawa. 215 p,
TISDALE, E. W., AND A. MCLEAN. 1957. The douglas-fir
zone of southern interior British Columbia. Ecul. Monogr.
27:247-m.

Seedling Survival on Erosion Control
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Science

Highlight
Counts of seeded crested wheatgrass
(Agropyron
cristatum) and volunteer
species were made on gully plugs and contour furrows in the spring to determine
emergence and in the summer to determine
survival rates. Soil surface moisture
was measured
2 and 7 days following
summer rain storms.
Many seedlings
emerged in the spring in response to winter and early spring precipitation.
This
The retention
of moisture from summer storms
moisture was quickly depleted.
determined
the seedling survival pattern around the structures.
Drowning
was
while slopes of the structures
retained
little
apparent
in gully plug bottoms,
of irregular
rainfalls, high evaporawater during the storms. The combination
tion rates, and poor soil infiltration
rates reduced the effectiveness
of summer
rains. Only at the high water line of the gully plug retention
dam and at the
bottom of the furrows was there enough soil moisture to benefit seedlings.

moisture storage has been measured
by Dickenson et al. (1940), Hancock (1968), and Winkwo’rth (1963)
but the shallow moisture storage
essential to seedling establishment
has been examined only slightly.
Winkworth
(1963) found that the
top inch of soil dried very quickly
after the rain ceased at a sandy soil
site in Australia.
The purpose of this study was
to, examine seedling emergence and
soil moisture
following
summer
rains to:
(1) determine the contribution of these rains to the survival of seedlings established in the
spring, and (2) to predict on what
part of the erosion-control
structures plants would persist.
Study

Various mechanical
land treatments in arid regions have proven
effective to reduce runoff and to decrease sediment and water movement from treated sites. These
treatments increase moisture storage
in the soil for plant establishment
and use. The few experiments
which have been done on the value
of rangeland gully plugs or gully
checks made with earthfill dams,
have focused on water and sediment
retention, rather than on seedling
establishment
and forage production. It has been found, however,
that vegetation is essential to stabilize the structure, especially the
spillway (Peterson and Branson,
1962). In contrast to the few studies
on gully plugs, there is much more
information
about furrows. The
success of furrowed treatments, measured in water held or forage produced, appears to depend on the
spacing and construction
of furrows, as well as the soil type of the
area.
l Journal
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Deof

For either of these erosion control structures the establishment of
plants on the structures is essential
not only for stabilizing the soil but
also for increasing the primary productivity of the area. Native species
may invade successfully in some
plant communities
but reseeding
may be needed at harsh sites.
Reseeding of the salt desert shrub
ranges of the western United States
has not been very successful, even
though there was often good seedling emergence and early establishment (Bleak et al., 1965; Hull, 1963;
Plummer et al., 1955; Valentine,
Cook, and S&dart,
1963). Bleak
et al., (1965) believed that, in general, these failures were primarily
caused by periodically prolonged or
severe dro#ughts. High salinity levels
of the subsoil in these salt desert
shrub areas accentuate the effects
of low rainfall (Hull, 1962).
Some reseedings
with desert
wheatgrass (Agropyron desertorum)
and crested wheatgrass (Agropyron
cristatum) on furrowed nuttall saltbush areas have given good yields of
the seeded species but the native
species have not always showed increases (Branson et al., 1962; Nichols, 1964).
Most, if not all, of the researchers that measured plant establishment and plant yields on treated
areas believed that any increase in
yield resulted froim increased water
retention
and infiltration.
Deep

Areas

and

Procedure

The two study areas are located
in the Grand River Valley of southeastern Utah near the village of
Cisco. Washes drain the study areas
toward the Colorado River, which
is approximately
15 km (9 miles)
to the southeast.
The areas are
much dissected by arroyos and the
vegetal cover is approximately 2 to
4 percent.
Soil-vegetation relationships have
been reported by West and Ibrahim
(1968). Two of the habitat types
described by these workers were included in the present study: Nuttall
saltbush-galleta
grass (Atriplex
nuttallii var. nuttallii-Hilaria
jamesii) and mat saltbush (A triplex
corruga ta).3

The soil profile of the Nuttall
saltbush habitat type is loamy, nonalkaline throughout, but saline below 38 cm (15 inches). The profile
of the mat saltbush habitat type is
heavy textured and saline-alkaline
throughout.
The climate in southeastern Utah
is arid. U. S. Weather Bureau records show 16.23 cm (6.39 inches)
precipitation
at
average annual
Cisco, Utah for the period 19531966. Peak precipitation is received
in October, with secondary peaks
Summer
in January
and April.
rainfall is low and results from a
few high intensity localized thuns Taxonomic
Harrington

nomenclature
(1964).

follows

SEEDLING
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flow
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64
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Ftirrow

Cross section of erosion control structures indicating position designations and
corresponding slopes on the gully plug (l-3, contour furrow (6-S) and untreated
microtopography of the control (5).

FIG. 1.

derstorms.
From weather data recorded
by instruments
within
1
kilometer
of the study areas, it
was found that rain fell on 19, 16,
and 18 days from mid-April to midOctober of 1966, 1967, and 1968, respectively.
Five of these days each
year received one-half centimeter or
more rain.
Soil erosion
control
treatments
consisting
of gully plugs and contour furrows were installed on the
mat saltbush
area in 1962, while
the other area was treated 2 years
later. The gully plugs in the Nuttall
saltbush area averaged 9.1 m (30 ft)
in diameter and 0.9 m (3 ft) deep.
The gully plug density was 42/hectare (1.7/acre). On the mat saltbush
area, the gully plugs averaged 6.4 m
(21 ft) in diameter by 4.6 m (15 ft)
wide. The density was 89/hectare
(3.6/acre).
Furrows were 30 cm (12
inches) deep and 46 cm (18 inches)
wide when constructed, but now are
approximately
15 cm (6 inches)
deep. Twelve to sixteen percent of
the area was disturbed.
In the early spring of 1967 a study
was set up to determine
seedling
emergence, growth and survival responses to the microlclimate
of the
erosion
control
structures
in the
Nuttall and mat saltbush areas. It
was hoped that seedlings could be
established
in plastic lined metal
cans, and then the cans could be
placed in differing
microreliefs
of
the structures.
It was found, however, that evaporation
was too great
to obtain
satisfactory
seedling
growth.
At this point it was decided to
seed crested
wheatgrass,
Fairway
strain, directly
on the structures.
Treatments
consisted of 5 replications of east, south, and west aspects
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SURVIVAL

Each
aspect
within
each
area.
within a replication
consisted of a
gully plug and an adjacent furrow.
Position designatioas
are shown in
cross-sectional
Figure 1. Seed with
82 percent viability was sown at the
rate of 8.1 kg/hectare
(8 lb./acre)
in a band one meter wide through
the gully plug, starting at the water
retention area (position 1) and continuing over the throw (position 4).
A two meter length of the adjacent
furrow also was sown. This seeding
was carried out before the rains in
the spring of 1967, and then again
in October of 1967. The seed was
raked into the soil with a garden
rake to improve
chances
of germination.
Seeded grass and volunteer
seedlings were counted
under a subsampling
frame
50 by 100 cm,
equipped with cross strings to facilTwo subplots were
itate counting.
taken at each of the eight positions.
In positions
1 to 5, the subplots
were taken side by side, forming a
whole plot 1 by 1 m. In positions
6 to 8, the subplots were taken end
to end, forming
a whole plot 0.5
by 2.0 m.
Since there were no early spring
rains in 1967, counts were taken to
determine
the survival rate during
the fourth week of July after the
summer rains, and again during the
fourth week of September.
In 1968,
during
the
readings
were taken
second week of April,
and then
again during the first week of July,
when the seedlings appeared to be
dying.
Spring counts were taken
when the grass seedlings were 1 to
6 cm tall. Count data were transformed by the square root transformation
before
analyzing
them
statistically.

To study the rate at which water
is depleted from the microsites
in
the gully plugs and furrows, soil
moisture samples were gathered 2
and 7 days after rains in the two
Data were taken
habitat
types.
after 1.9 cm and 3.2 cm rains in
the Nuttall saltbush area, and after
0.8 cm and 2.5 cm rains in the mat
saltbush area during August of 1967
and 1968.
Four replications
of three aspects
of the eight positions
shown in
Figure 1 were chosen in each area.
At these eight positions, a composite sample of three subsamples was
dug with a soil auger at O-5, 5-10,
and lo-15 cm depths. The composite sample was placed in a metal
soil can and dried at 105 C for 24
hours to determine
percent moisture on a dry weight basis. Bulk
density samples were obtained with
a 100 cm3 soil core sampler, which
was tapped into the soil with a
mallet.
The bulk density was used
to convert the percent moisture by
weight to percent moisture by volume.
An analysis of variance was done
for each area separately because of
differing
amounts of rainfall.
All
seedling establishment
and soil surface moisture
results given below
are statistically
significant.
Results
Seedling
counts
presented
in
Table
1 show that grass seedings
were not evenly distributed
over
erosion
control
structures
for all
seasons. The highest concentration
of grass seedlings was found at the
gully plug high water line (position
2) and contour furrow bottom (position 6) for all periods
observed.
Position
1 had lower values than
grasses
position
2. Introduced
would most likely establish in positions 2 and 6 in a wet year but no
establishment
could be expected at
the top of gully plug throw.
The
habitat
type means interand
time.
acted
with
position
These

data

indicated

similar

low

values for the spring and summer
of 1967 and for the summer of 1968.
In

the

spring

only at positions

of

1968,

however,

3 and 4 were the
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Table 1. Grass seedling (G) and volunteer seedling (V) counts per square meter
for spring and summers of 1967 and 1968 at eight positions on the structures.
See Figure 1 for key to positions on the erosion control structures.

1967
Spring
Summer
1968
Spring
Summer

G1
V2

0
6

2
20

0
28

0
2

0
10

0
24

0
24

0
18

G
V

0
4

8
8

0
4

0
0

2
12

8
6

2
4

0
4

G
V

58
74

76
374

6
70

0
10

44
130

126
104

38
92

24
100

G
V

10
32

22
158

0
48

0
22

8
136

36
82

12
98

10
114

l95% confidence limits for grass seedling means are X-C
2 95% confidence limits for volunteer seedling means are

counts similar
in the two habitat
types. At the other positions, more
seedlings were present in the Nuttall saltbush
area.
The maximum
difference
occurred
at position
6
where the counts were 160 and 92
per rn2 for the Nuttall
and mat
saltbush habitat types, respectively.
In addition
to the information
given in Table 1 the season x aspect
x habitat type interaction
showed
that
almost
no grass seedlings
emerged in the spring of 1967, but
more emerged before the summer
count.
This lack of grass seedling
emergence
resulted
from the absence of snow after December
1966
and lack of rain in the spring of
1967. In the spring of 1968, counts
reached 54 seedlings per m2 in the
Nuttall saltbush area and 38 seedlings per m2 in the mat saltbush
area. The differences
between aspects may have resulted from several factors, including differences in
salinity
levels of the soil and/or
differences in moisture distribution
caused by wind patterns
during
rainstorms.
The aspect x position
interaction resulted mainly from differing
seedling counts at positions 2 and 6.
Position
2 had higher values for
the east aspect. At position 6 the
south aspect has the highest counts,
while the west aspect had the lowest. These results may be directly
related to the drainage basin characteristics.

T-c 1.

Volunteer
seedlings did not include the same species in both areas.
In the Nuttall
saltbush
area, the
volunteers
were Halogeton
(Halogeton glomeratus),
Russianthistle
(Salsola kali), Eriogonum
inflatum,
and E. salsuginosum, in descending
order of density.
In the mat saltbush
area the volunteers
were
Malcomia
africana, Russianthistle,
rabbitbrush
(Chrysothamnus
viscidiflorus), Eriogonum
inflatum, E.
salsuginosum, and a very few cheat
grass (Bromus tectorum), in descending order of density.
The season x position
interaction data showed a greater stand of
volunteer seedlings in 1968 than in
1967, and the spring values were
generally higher than the summer
values (Table 1). Greatest survival
in the summer of 1967 occurred at
positions 2 and 5, and in 1968 at
positions 2, 5, 6, 7, and 8.
interacted
with
Habitat
type
position and season. In 1967 mean
counts for both habitat types were
similarly low (below 40 per m2) for
both spring and summer.
In 1968
there were usually more volunteer
forbs in the mat saltbush habitat
type, especially at positions 1, 2, 7,
and 8. Almost all seedlings drowned
at position 1 of the Nuttall saltbush
habitat type. At position 2, counts
in the mat saltbush
habitat
type
were about
50 seedlings
higher,
while at position 7 and 8 they were
about 25 seedlings per m2 higher.

It was no’ted in the summer of
1968 that seeds from indigenous
species had established on the structures. The number of Nuttall saltbush seedlings
per square
meter
averaged over replications
and aspects was 0.0, 1.6, 0.1, 0.0, 3.6, 0.8,
0.5, and 1.1 at positions 1 through
8, respectively.
In the mat saltbush
habitat type, the seedling counts of
this species were 3.1, 2.0, 1.8, 1.9,
6.7, 1.2, 1.8, and 1.7 for positions 1
through 8, respectively.
In this habitat type, nonuniform
dispersal of
seeds may have accounted
for the
high numbers at position 5 and the
lower numbers at positions 2, 3, 4,
6, 7, and 8. Positions 3 and 4 had
high values considering
the harsh
environment
of these establishment
sites. Position 1 in the Nuttall saltbush habitat type was apparently a
much harsher site for seedling establishment
than in the other area,
although this position should have
had large numbers of seeds carried
by runoff water.
Soil surface moisture
retention
data for the position x season interaction is shown in Table 2. In the
Nuttall
saltbush habitat
type, the
highest values were found in the
gully plug bo’ttoms with moderate
amounts
at the gully plug water
line and contour
furrow bottom.
The moisture percentages obtained
2 days after the rainstorms
were
usually higher than 5 days later,
but the differences were often small.
At position
1, however, the moisture value taken 7 days after the
heavy rainfall
was higher.
This
resulted, first because this position
was flooded when both sets of samples were taken making sampling
difficult.
Secondly,
as the depth
means at position
1 show, water
moved into the soil and raised the
moisture
content of the 5-10 and
10-l 5 cm samples by the second
sampling period. The depth means
were very similar for positions 3, 4,
5, 7, and 8 at all times.
In the mat saltbush habitat type
the results were very similar
to
those in the Nuttall saltbush area.
In addition,
the season x aspect
interaction
indicated
that the soil
around the structures with a western aspect held more moisture than

.
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Table 2.
Soil moisture
(% by volume)
two and seven days after rains.
The
values for the eight positions are given for the two habitat types separately.
See Figure 1 for the key to positions on the erosion control structures.

Amount of
precip. (cm)

Days after
storm

Positions on structures
1

2

3

4

5

6

7

8

1.9

47.0
19.4

25.2
11.8

9.8
7.5

7.6
5.2

12.3
7.9

22.4
10.5

13.4
7.4

9.7
6.4

3.2

57.5
64.9

29.5
20.5

6.7
5.2

6.5
5.6

6.4
6.8

21.6
14.5

11.4
7.5

8.2
6.4

0.3

20.9
10.9

15.4
6.9

12.9
6.3

12.2
5.6

13.8
6.8

18.5
10.0

13.2
6.0

12.6
5.8

2.5

60.5
19.4

29.4
16.6

9.4
5.8

7.6
4.8

7.8
5.8

31.3
14.7

12.9
6.4

9.0
5.2

Nuttall saltbush
habitat type1

Mat saltbush
habitat type2

1 95% confidence limits for moisture means are X + 2.2.
2 95% confidence limits for moisture means are x -C 1.2.

other exposures
2 days after the
rain but less 7 days after the rain.
This could have been caused by
slightly
larger
watersheds
and a
slightly greater infiltration
capacity
around
the erosion
control
structures.
Other interactions
showed that
the surface soil at position
1 had
the highest water content.
The surface soil at all other positions had
lower values and therefore
was a
less favorable environment
for seedling establishment.
The 5-10 cm
level was wettest at all positions
because water that penetrated
to
this depth remained
longer.
The
lo-15
cm depth usually received
less moisture
following
rainstorms
than the 5-10 cm depth because of
the low permeability
of the soil.
This was especially true at positions
3, 4, 5, 7, and 8.
Aspect interacted
with the position x depth interaction.
At positions 3,4, 5, 7, and 8 the west aspect
had higher values for all depths,
possibly as a result of a better structured or coarser textured soil. The
east aspect usually had lower values.
In contrast, at positions 2 and 6, the
east aspect tended to have more
moisture,
while at position
1 the
east and south aspects both had
higher moisture levels than the west
aspect.
This
indicated
that
the
structures
on the east and south

aspects had less infiltration
and
more runoff than the structures on
the west aspect.
Discussion

The
seedling
trials show that
these salt desert areas have a harsh
environment
that prevents the survival of many plant seedlings.
The
gully and furrows, however, have
modified the microenvironment
to
the extent that some microsites are
favorable
for establishment.
It remains to be seen how well these
established
plants will survive periodically
prolonged
or severe
droughts such as discussed by Bleak
et al. (1965).
The emergence of a few saltbush
seedlings
in the spring
of 1968
showed that there were viable seeds
of indigenous species in the soil and
that these species could invade the
erosion control structures
in time.
Although seed from perennial indigenous species was probably moved
into the gully plugs and furrows by
runoff
water, there was no large
count of seedlings
in these positions.
This
could have resulted
from inhibitory
substances
in the
bracts as described
by Vest and
Cottam
(1953), the lack of viable
seeds, or the drowning
of young
seedlings.
Seedlings
that
emerge
in the
spring rely on the soil moisture

stored during late fall rains or early
spring snowmelt
water that infiltrates into the soil. Precipitation
received from early November
to
the end of March in 1967 was about
4 cm but in 1968 it was about 9 cm.
This latter level of precipitation
was sufficient
for the germination
of many seeds.
Volunteer
seedlings emerged in
greater numbers and provided competition
for the introduced
grass.
Spring seedling counts of grass in
1968, were sufficient
for a good
stand at any aspect or position with
the possible exception
of the outside of the gully plug throw. This
agrees with the findings
of Bleak
et al. (1965) and others that good
seedling stands are not unusual in
salt desert areas.
There was a difference
in seedling emergence
and survival
between habitat types. Grass seedlings
were in higher numbers in the Nuttall saltbush habitat type, where as
in the mat saltbush area the volunteer seedlings
had an advantage.
This difference could have been the
result of the difference
in salinity
between the two areas (West and
Ibrahim,
1968; R. W. Wein, unpublished data).
On top of this edaphic
factor,
that limited
plant
development,
there was also a hostile microclimatic environment.
Small amounts
of moisture were quickly lost in this
arid environment.
Soil water held
between % and 15 atmospheres tension was lost from miniature
lysimeters at rates of 4.4, 4.5, 6.7, 4.8 mm
per day for the periods of April
30-May 4, May 14-21, June 19-23,
and July 19-23, respectively (R. W.
Wein,
unpublished
data).
This
would indicate
that even winter
moisture
storage was quickly
depleted early in the gro,wing season.
Summer moisture was depleted in
a shorter time.
These high evaporation rates also
help explain
the reason for the
failure of seedling survival in the
containers
used for the pilot study
initiated in the spring of 1967. The
soil in the containers
was exposed
to the very dry winds which dried
the upper part of the soil where the
seedlings were growing.
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The seedling survival values were
very closely connected with the soil
moisture
values found after summer rains.
In the bottom of the gully plugs,
there were similar numbers of grass
and volunteer
seedlings but total
numbers were lower than at other
positions.
The
seedlings
in the
gully plug bottom
emerged
only
from cracks in the clay, where the
environment
was apparently
not as
harsh.
Seedlings
in this position
were often covered or coated with
clay following
water evaporation
As water evaporated
after rains.
from position
1, the transpo’rted
material from the last storm dried,
breaking
horizontally
along
the
level of the coarser material
that
settled out first, and then breaking
vertically into crudely shaped polygons. This caused seedlings to become uprooted or, more commonly,
broken off. Transported
sediment
to this position has been 5.71 and
1.31 cm per year in the Nuttall and
mat saltbush areas, respectively
(D.
B. Thomas, unpublished
data).
The other obvious facto’r in limiting seedling establishment
in the
gully plugs catchment
basin was
that of drowning.
This was especially true in the Nuttall saltbush
area where the drainage basins were
much larger.
If the soil had been
of coarser texture, infiltration
and
storage would have been greater
but the fine material transpo’rted to
this position tended to reduce infiltration.
Infiltration
rates of 0.3
mm/hour
were measured
in the
Nuttall saltbush area in the gully
plug catchment basin. Evaporation
from this position
appears to be
comparable
to the pan evaporation
rates measured by the U.S. Weather
Bureau at Green River, Utah.
An
average evaporation rate of 7.5 mm/
day was measured for June 1968.
The gully plug catchment
basin
contrasts with the very dry sites of
the control and the gully plug and
furrow throw positions.
Just 2 days
following
the rainstorm
the soil
moisture was at or below the permanent
wilting
percentage.
This
showed that the slopes of the erosion control
struct&es
tended to
prevent
infiltration,
even though
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the shale material
brought
to the
surface was highly structured.
Small
rills that indicated
o,verland flow
were found on solme of these slopes.
The most successful establishment
of seedlings was at the high water
line of the gully plugs and in the
contour furrow bottom.
Water did
not stay on the surface for more
than 2 days so there was little
At this time the
drowning
effect.
soil was at approximately
field
capacity.
By the seventh day following a storm, the soil moisture
level was approaching
the 15 atmosphere percentage.
Recording
rain gauge data indicated up to three rainstorms
per
month during the summer.
If runoff occurred in most storms, seedlings could receive somewhat more
regular moisture in positions 2 and
6 than at other positions.
Long
term
precipitation
records
show
that 6.97 cm of the total average
annual 16.23 cm falls from April to
September,
with two-thirds of the
former received during April, May,
and September
in approximately
equal amounts.
These counts of establishing
seedlings bore out the visual observations of crested wheatgrass survival
since control treatments
were constructed
and then seeded.
These
plants were generally found at positions 2 and 6 in the Nuttall saltbush
habitat type. There were almost no
mature crested wheatgrass plants in
the mat saltbush habitat
type because of the edaphic characteristics.
Perennial vegetation such as crested
wheatgrass, even if it required much
more soil moisture than the indigenous shrubs, could grow well in
position 2. So,me roots would penetrate into the soil below the gully
plug catchment
basin to use the
moisture, yet not suffer from drowning effects.
Since microsites
now range in
harshness
from those favorable
to
plant growth to very harsh sites on
the throws of the structures where
only short lived annuals may grow,
invasion of this salt desert area by
other species is inevitable.
There
is evidence
that water
tables do exist in some of the older
gully plug treatments around Cisco.

Two plants that are thriving and
which usually indicate ground water
penstorage are tamarix (Tamarix
tan&a) and greasewood (Sarcobatus
vermicula
tus). Rabbi tbrush and
reed (Phragmites
communis)
have
also been
observed
growing
in
older gully plugs.
In view of this summer soil surface moisture
data, it is doubtful
if the gully plugs will contribute
greatly to increasing forage or cover.
The
narrow
band
of perennial
plants that can be suported near
the high water line of the gully
plug is not sufficient
to prevent
erosion if rainfall runoff is greater
than the capacity of the structure.
The autholrs concur with Branson, et al. (1962 and 1966) and
Nichols (1964), that furrows will be
of greater value in increasing forage
since the water does not stand in
the furrows long enough to drown
the plants.
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A study was made of the vegetative
expansion,
floral development,
and responses
to mowing
of switchgrass
and
Vegetative
expansion
in switchgrass
was
sideoats grama.
primarily
by rhizomes, proaxis buds, and continuation
of
arrested
growth,
in that order.
Vegetative
expansion
in
sideoats grama was mainly by proaxis buds and the continuation of arrested growth, in that order. Mowing at about 3
cm aboveground
decreased herbage production,
stopped reproductive shoots after inflorescence
elevation, and initiated
tillering
from rhizomes and proaxes
of both species, and
decreased the length of the third and fourth internodes
of
sideoats grama.

Two important
characteristics
of a grass plant
are growth-rhythm
and response to utilization.
The
rhythm of growth begins with the emergence
of
aerial shoots in early spring. During the growing
season physiological
processes in some shoots inltiate the development
of reproductive
parts. Both
l Cooperative investigations of the Crops Research Division,
Agricultural Research Service, U. S. Department of Agriculture, and the Colorado Agricultural Experiment Station, Fort Collins, Colorado. Published with the approval
of the Director of the Colorado State University Experiment Station as Scientific Series Paper No. 1549. The study
is part of Colorado’s contribution to Great Plains Project
9, Growth and Development of Selected Range Grasses as
Related to Grazing on the Great Plains. Received September 3, 1970; accepted for publication December 1, 1970.
2 Present address is Range Management Division, Ministry
of Agriculture, Box 30028, Nairobi, Kenya (Africa).
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vegetative and reproductive
shoots mature toward
the end of the growth season and either die or go
dormant to start growth the following year. The
rhythm of growth is characterized
by a sequential
development
of leaves during the vegetative phase,
and later by maturation
of reproductive
organs.
Response
to utilization
is a behavioral
characteristic of a grass that is important
in grazing
management.
Grass leaves removed
by grazing
animals are replaced by new leaves from the growing points, or from tillers when the growing points
are removed.
The purpose of this investigation
was to study
the developmental
morphology of switchgrass (Panicum virgatum (L.) var. Caddo) and sideoats grama
(Bouteloua
curtipendula
(Michx.)
Torr.
var. El
Reno).
Knowledge
of the development
from the
start of growth to floral differentiation,
and from
floral differentiation
to dormancy of these grasses,
is basic to the understanding
of their g-rowthrhythm and response to utilization.
Methods

and

Procedures

The study area was at the Eastern Colorado Range Station
near Akron, Colorado. The average annual precipitation
is 38 centimeters (15 inches). About 75 percent falls as rain
during the period from April 1 to August 31. The average
frost free period is about 140 days (from mid-May to early
October). The soil on the study site is a Blakeland loamy
sand and has a dark surface of more than 6 inches. This
soil often grades int6 a noncalcareous sand with no restrictive layers within 150 cm of the surface.
Plant material was collected from Z-year old, pure, seeded
stands of the two improved grass varieties. Four randomly
selected clumps of each species were collected on April 11,
May 1, and then weekly until August 25, 1967. The soil
was excavated from around the clumps, and the sod was
carefully lifted out of the ground so as not to destroy the
proaxis portion of the shoots. After removal of the soil from
the plant material, each clump was placed in a plastic bag
and frozen for observation at a later time.
The phytomer is the unit of growth derived from a single
leaf primordium and includes the blade, sheath, internode,
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vegetative and reproductive
shoots mature toward
the end of the growth season and either die or go
dormant to start growth the following year. The
rhythm of growth is characterized
by a sequential
development
of leaves during the vegetative phase,
and later by maturation
of reproductive
organs.
Response
to utilization
is a behavioral
characteristic of a grass that is important
in grazing
management.
Grass leaves removed
by grazing
animals are replaced by new leaves from the growing points, or from tillers when the growing points
are removed.
The purpose of this investigation
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morphology of switchgrass (Panicum virgatum (L.) var. Caddo) and sideoats grama
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Knowledge
of the development
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start of growth to floral differentiation,
and from
floral differentiation
to dormancy of these grasses,
is basic to the understanding
of their g-rowthrhythm and response to utilization.
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The study area was at the Eastern Colorado Range Station
near Akron, Colorado. The average annual precipitation
is 38 centimeters (15 inches). About 75 percent falls as rain
during the period from April 1 to August 31. The average
frost free period is about 140 days (from mid-May to early
October). The soil on the study site is a Blakeland loamy
sand and has a dark surface of more than 6 inches. This
soil often grades int6 a noncalcareous sand with no restrictive layers within 150 cm of the surface.
Plant material was collected from Z-year old, pure, seeded
stands of the two improved grass varieties. Four randomly
selected clumps of each species were collected on April 11,
May 1, and then weekly until August 25, 1967. The soil
was excavated from around the clumps, and the sod was
carefully lifted out of the ground so as not to destroy the
proaxis portion of the shoots. After removal of the soil from
the plant material, each clump was placed in a plastic bag
and frozen for observation at a later time.
The phytomer is the unit of growth derived from a single
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FIG. 1. Lengths per shoot of blades, sheaths, and internodes of
Caddo switchgrass on various sampling dates. The exserted
parts were not measured separately.

axillary bud or meristamatic potential, and node (Evans and
Grover, 1940; Gray, 1879; Weather-wax, 1923). Beginning
with the first (lower most) phytomer, each blade, sheath,
and internode was measured separately. After a blade,
sheath, and internode had been measured and the length
recorded, the blade and sheath were carefully removed by
using a teaser needle to expose the next phytomer according
to the procedure of Sharman (1947). This operation was
continued until the smaller and more delicate blades and
sheaths were measured. The exserted portions of leaves
were not measured separately. Rather, the total length of
blades and sheaths, whether exserted or enclosed in older
sheaths, were recorded.
The internodes were measured
individually when they were over 1 millimeter long or
collectively when they were less than a millimeter long.
The average lengths of these phytomer parts were used to
construct growth curves for each phytomer.
The locations of the aerial shoots were noted to determine
if the phytomers originated from axillary buds of the proaxis, the stem, rhizome, or from terminal rhizomes. In midOctober, when the heads of reproductive shoots had exserted, several clones were selected at random, excavated,
and broken apart to permit a count of the number of
reproductive and vegetative shoots.
To study the effects of mowing switchgrass and sideoats
grama at different growth stages, 11 plots, .76 M by 5.5 M,
were staked out across a strip of each species. Beginning
May 29, a new plot was mown, at a height of 3 cm, each
week with a rotary mower for 11 consecutive cutting times.
On August 16 and October 14 two to three clones were
collected from each plot, and the general pattern of the
development of axillary buds of the crown and the rhizomes
was observed. Comparative observations were made of
mown and unmown plants. Stems were examined for any
sign of increased axillary bud activity, changes in internode
elongation, and increase or decreases in tillering as a result
of mowing. Another observation determined the time at
which the inflorescences were removed by mowing.
Results
Growth Curves

The growth curves of Caddo switchgrass shoots
are shown in Figure 1. Blade elongation
was con-
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FIG. 2. Average lengths of individual phytomer parts of Caddo
switchgrass. The exserted parts were not measured separately.

sistent throughout
the season and the most rapid
growth occurred just before and upon floral differentiation.
Sheath elongation followed the same
general pattern as blade elongation
but was less
marked, especially
during the early part of the
season.
Extensive internode elongation commenced after
spikelet-bud
differentiation,
and the rudimentary
inflorescences
of switchgrass
were not elevated
above the ground surface until mid-June.
In contrast, Branson (1953) found that the growing points
of switchgrass
were elevated
above the ground
earlier in the season. Two weeks after floral differentiation,
the culms of vegetative shoots began
to elongate, and they attained an average maximum
length of 18 cm by August 18.
Figure 2 presents the growth curves of the average lengths of the parts of individual
phytomers
of Caddo switchgrass.
The total number of’ leaves
on reproductive
shoots ranged from six to nine,
mostly six. The blades evinced a slow-rapid-slow
growth pattern but the sheaths were gradual in
growth.
The average lengths of successive internodes increased from the first to the fifth, then
the lengths decreased from the fifth to the seventh.
Blade elongation of El Reno sideoats grama was
comparatively
slow at the beginning
of the season
(Fig. 3). Rapid blade elongation
occurred
from
May 15 until after head exsertion.
Sheath elongation was gradual in sideoats grama. Rapid internode elongation of reproductive
shoots of El Reno
sideoats grama occurred between mid-July and the
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FIG. 3. Lengths per shoot of blades, sheaths, and internodes, of
El Reno sideoats grama on various sampling dates. The cxserted parts were not measured separately.

latter part of August.
The growing points of the
vegetative
shoots of sideoats grama remained
at
about 3 cm above the ground after being slightly
elevated shortly after floral differentiation.
The growth curves of the individual
phytomers
of sideoats grama are shown in Figure 4. The total
number
of leaves on reproductive
shoots varied
from six to seven, mostly six. Blades of the second,
third, and fourth phytomers exhibited
the typical
No individual
sigmoid
curve growth
pattern.
sheath showed any definite
rapid growth at any
time during the season. Internode
elongation
was
progressive from the first to the top.
Vegetative

Expansion

and

Floral

Development

The main pattern of vegetative
expansion
by
Caddo switchgrass was by rhizomes, axillary buds
of the proaxis, and continuation
of arrested vegetative growth, in that order. El Reno sideoats grama
expanded
from axillary buds of the proaxis and
the shoot apices of arrested vegetative
shoots, in
that order. The rhizomes of sideoats grama, which
were not as numerous or as long as in switchgrass,
did not contribute
significantly
to the production
of new shoots. In both species reproductive
shoots
produced
most of the rhizomes,
and vegetative
shoots produced most of the tillers.
Floral differentiation
of both switchgrass
and
sideoats grama took place in late June.
Head exsertion occurred
in the second week of July for
sideoats grama and in the third week of July for
switchgrass.
Anthesis was in the fourth week of
July for sideoats grama and in the first week of
August for switchgrass.
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FIG. 4. Average lengths of individual phytomer parts of El
Reno sideoats grama. The cxserted parts were not measured
separately.

one vegetative reported by Branson (1953).
The
switchgrass plants examined
in this study had a
high proportion of small tillers which lowered the
percentage of reproductive
shoots. Sideoats grama
had approximately
one reproductive
to 2.2 vegetative shoots. This compared favorably with Branson’s ( 1953) ratio of 0.48 reproductive
to one
vegetative shoot.
Effects

of Mowing

Mowing switchgrass and sideoats grama in early
spring did not seem to affect seedhead production,
but mowing
toward the end of spring season
progressively
reduced
the number
of seedheads.
Switchgrass plants in mown plots produced seedheads up to June 19 mowing, then progressively
fewer reproductive
shoots were produced on successively later mowing dates.
No mown plants
produced seedheads after June 26. By mid-June
the inflorescences
were just elevating aboveground,
but by June 26 they were about 4 cm aboveground
(Fig. 1). Mowing on June 26 removed these inflorescences and stopped shoot growth. This stoppage of reproductive
shoots stimulated
the growth
of new tillers from axillary buds.
Some sideoats grama plants produced seedheads
after the June 26 mowing because some inflorescences were still below cutting height.
By July 3,
the reproductive
shoots had inflorescences
aboveground. All of these inflorescences
were removed
by mowing resulting
in no seedhead production
after this date. Laude (1957) found that the removal of the entire inflorescence
of soft chess
(Brom,us mollis L.) resulted in the growth cessation
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of that shoot, but if a portion of the inflorescence
was retained the shoot continued
to grow.
The rhizomes of mown plants of sideoats grama
and switchgrass, instead of remaining underground
to start new growth the following season, immediately turned upward and produced aerial shoots.
These shoots grew and produced seedheads, if the
plants were mown before June 26 (switchgrass)
and July 3 (sideoats grama).
The rhizomes
of
switchg-rass plants mown after June 26, and sideoats
grama plants mown after July 3, turned upward
and produced small leaves and then went dormant.
Mowing after these critical dates did not seem to
activate rhizome growth. When a plant was mown,
not only the rhizomes produced aerial shoots, but
the proaxis buds of both sideoats grama and switchgrass also produced
shoots.
Mowing resulted in
more tillers from the rhizomes and proaxes of
sideoats grama than of switchgrass.
All of the sideoats grama plants mown between
June 19 and July 3 exhibited a much-reduced
elongation of the third and fourth internodes.
The
average length of the second, third, fourth, and

fifth internodes of unmown plants was 1.2, 32, 40,
and 19 mm, respectively. The second, third, fourth,
and fifth internodes of mown sideoats grama plants
were 14, 4, 5, and 18 mm respectively.
This relationship held true for all collection dates that were
examined, June 19, July 3, and August 4.
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Nebraska line and 100 miles east of
the Black Hills.
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ranges
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18
inches in the SE corner to 16 inches
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(Hodges,
1960). Average July and
January temperatures
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F and 21 F, respectively.
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derived from Cretaceous-Age
Pierre
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shales, siltand from
stones, and sandstone,
Quaternary-Age
alluvial
and eolian sediments.
The area has had
several erosion cycles which have
removed
some of the older soils
from the landscape.
Soils derived
from each parent material
range
from weakly developed to well developed and the vegetation growing
on them forms a successional
sequence.
Most of Mellette County lies in
the broad Wheatgrass-Needlegrass
(Agropyron-Stipa)
vegetation
type
of Kiichler (1964) except for small
areas
of the Wheatgrass-GramaBuffalograss (Agropyron-BoutelouaBuddoe)
and Northern
Floodplain
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All of the sideoats grama plants mown between
June 19 and July 3 exhibited a much-reduced
elongation of the third and fourth internodes.
The
average length of the second, third, fourth, and

fifth internodes of unmown plants was 1.2, 32, 40,
and 19 mm, respectively. The second, third, fourth,
and fifth internodes of mown sideoats grama plants
were 14, 4, 5, and 18 mm respectively.
This relationship held true for all collection dates that were
examined, June 19, July 3, and August 4.
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the soil initially becomes finer textured and later clay and silt are
weathered or transported
from the
A horizon and added to the B horizon. Thus the A horizon may be
coarse textured initially,
then fine
textured when the rock fragments
are weathered, and coarser textured
again as clay moves from A into the
The
development
of
B horizon.
soil structure
(White,
1967) has
been discussed as a factor causing
Dense Clay and Clayey Range soils
(White and Lewis, 1969).
Observations

and Discussion

to Soil
Grass Species in Relationship
Development and Texture

FIG. 1.

Generalized soil-vegetation map of Mellette County:
(A) (Stippled pattern)
Loamy or sandy soils derived from eolian and stream terrace deposits with the needleandthread-blue grama-western wheatgrass or the bluestem sp.-sideoats grama vegetation types: (B) silty soils derived from Tertiary siltstone with needleandthreadwheatgrass vegetation type; (C) Badlands with barren areas
blue grama-western
interspersed with areas of vegetation similar to B, D, and F; (C) and (D). Complex
of many small areas of C and D; (D) Silty clay loam and clay soils from Tertiary
shales with western wheatgrass-green needlegrass (or needleandthread on silty clay
loams)-blue grama vegetation types: (E) Clay soils derived from Cretaceous Pierre
shale with western wheatgrass-green
needlegrass-blue grama vegetation types; (F)
Thin clay Eoils derived from Cretaceous Pierre shale with little bluestem-big bluestemsideoats grama vegetation types.

Forest (Po@lus-Salix-Ulmus)
vegesoiltation types. The generalized
vegetation map of Mellette County
(Fig. 1) is more detailed than Kiichler’s map. In addition,
ponderosa
pine (Pinus ponderosa)
occurs in
some Badlands and burr oak (@erCZGSmacrocarpa)
grolws in some upland drainageways
and low stream
terraces or floodplains.
Materials

and

Methods

Vegetation,
by species (Fernald,
1950; Hitchcock
and Chase, 1950;
Kelsey and Dayton,
1942), is reported on a relative weight basis
by visual estimation.
These
composition
estimates
are similar
to
those reported by Lewis et al. (1963,
Appendix
Table
3) that are used
for range management.
In the process of soil mapping, each soil profile
was related to the plant composition at that location.
Thus, thousands of individual
observations
made over the IO-year period have
been summarized graphically in this
paper.

Tentative
soil series for the diagrams in Figure 2 are from left to
right with increasing
soil development:
(1) for
sands-Valentine,
Dunday,
Mander,
Anselmo,
and
Tuthill;
(2) for siltstone-Epping,
Keota, and Huggins;
(3) for silty
clay loam shale-Imlay
and Norrest;
(4) for Pierre
shale-Samsil,
Laand
Opal;
(5) for finekoma,
textured shale-unnamed
series and
Larvie.
Parent materials with only
1 or 2 series have other soils, which
will be named in the future.
Changes in soil profiles with increasing age in southwestern
South
Dakota are similar to1 those commonly recognized
in more humid
of
areas. However, the weathering
the parent material is slower so the
soil morphological
properties
are
slightly different
and will be described briefly. Very young soils in
Mellette County inherit properties
from the parent material which may
be fractured
hard rock, soft rock,
or sediment deposited by wind or
water. As rock fragments
weather

Changes
in plant
composition
associated with increasing
soil age
and development
(Fig. 2) are quite
similar irrespective of parent material. Warm-season tall bunch-grasses
probably
are dominant
on very
weakly developed soils because insufficient
nitrogen
and phosporus
is available so the cool-season grasses
can grow and use plant-available
water
before
the warm-season
bunchgrasses
initiate rapid growth
(White,
1961).
Weakly
developed
soils on steep slopes with much
water runoff and on low terraces
with little water runoff have tall
warm-season grasses ( if not overgrazed) so water runoff does not
seem to be a factor. In more humid
regions
these warm-season
grasses
probably
grow on well-developed
soils because precipitation
is sufficient to replenish soil moisture after
the cool-season
grasses have maA few moderately
moist
tured.
areas in Mellette
County,
either
subirrigated
or with considerable
run-in water, have the tall warmseason grasses if the dark-colored
soil

is moderately

textured.

fine

to

If the moist-area

coarse
soil is

fine textured,
western wheatgrass
usually (Agropyron
smithii) is dominant

although

green

needlegrass

(Stipu viridula), big bluestem, sideoats grama
(Bouteloua
curtipenand

dula),

switchgrass

(Panicum

virgatum)
may be abundant.
The
relationship
of grass species to soils
will

be

discussed

in

the

general
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FIG. 2. Relationship of the abundance of common mixed prairie grasses to the development of soils derived from different parent
materials on well-drained slopes that do not collect run-in water. AGSM, Agropyron smithii; ANGE, Andropogon gerardi; ANHA,
Andropogon
hallii; ANSC, Andropogon
scoparius; BOCU, Bouteloua
curtipendula;
BOGR, Bouteloua gracilis; BUDA, Buchloe
dactyloides; CALO, Calamovilfa longifolia; SPCR, Sporobolus cryptandrus; STUCO, ,Stipa comata; and STVI, Stipa viridula.

order form weakly developed to
more strongly developed soils.
Prairie
sandreed
(Calamouilfa
Zongifolia) is most abundant on the
weakly developed soils, particularly
those with lolose sandy and silty profiles in Mellette County (Fig. Z-A
and B, Fig. 3). Other weakly developed soils with considerable prairie sandreed have coarse-textured
profiles
formed
from sand- or
pebble-size fragments of the bedrock. A rhizomatous plant such as
prairie sandreed or sand bluestem
(Andropogon
hallii),
may be
adapted to weakly developed sandy
soils mainly because one seedling
can spread over an area where seedlings of other species cannot grow.
The relationship of sand bluestem
to big bluestem supports this hypothesis.
Sand bluestem and big bluestem
usually grows on weakly develo’ped
soils with respectively, sandy and
clayey textures.
The two species
interbreed because plants of intermediate phenotype occur at the
border of weakly developed sandy
and clayey soils. However, in very

small sandy areas, this interbreeding is either (1) very limited so
sand bluestem can be preserved
as a distinct species, or (2) a single
sand bluestem plant spreads and
maintains itself for a very long time
by producing new plants vegetatively from long rhizomes. Sand
bluestem must be more adapted to
weakly developed sandy soils than
big bluestem because of the long
rhizomes or some related root characteristics.
On gravelly soils, big
bluestem seems to be adapted although the gravel deposits are thin
in Mellette County so, the finer
underlying material may be the
controlling factor.
Little bluestem (Andropogon
scoparius) cg;rows with big bluestem or
sand bluestem on weakly developed
soils. Little and big bluestems will
grow on very fine textured soils if
they contain shale fragments but
not if the shale fragments are not
present (Fig. 2, D in comparison to
E). Little bluestem may grow on
well-developed
soils which have
been disturbed by burrowing animals or by man. Competition from

other species has been eliminated
in these disturbed soils so they are
similar to the weakly developed
soils where competition is reduced
because of the low fertility. Little
bluestem grows on soils that are
derived from calcareous and noncalcareous siltstone so carbonate
content is not a factor. Wilding
(1960) discussed the different soils
where little bluestem was abundant, including some which were
not well drained.
Sideoats grama grows with the
bluestem species and with prairie
sandreed on weakly developed soils.
It also is abundant
where the
weakly developed soil has a few
inches of dark-colored granular surface soil and blue grama (Bouteloua
gracilis), buffalograss (Buchloe dacand western wheatgrass
tyloides),
are important (Fig. 2). Thus, sideoats grama occurs on soils with intermediate characteristics and can
compete in pastures with more grass
species than most native grasses
(Archer and Bunch, 1953, p. 223).
The root system which is intermediate in character to those of the
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FIG. 3. Relationship
of common mixed
prairie species to soil texture.
The
shaded area of the standard soil texture triangle (apex = 100% clay, lower
left = 100% sand, lower right = 100%
silt) shows the range of soil textures that
were found where the species commonly
grows when the soil is (Column D. =
Development)
weak (WK) and moderate or well (M) developed. The linear array of texture, clay through gravel,
shows by the height of the shading the
relative abundance of a species on soils
with the different dominant kinds of
soil particles. It cannot be used to compare the abundance of different species
on a certain texture.

warm- season tall bunch-grasses and
western wheatgrass, has shallow rhizomes with nodal roots that spread
down and through the soil.
Needleandthread
(Sti@z comata)
grows on coarse-textured soils and
not on fine-textured soils. In contrast, green needlegrass grows on
fine-textured
soils and not on
coarse-textured
soils. Both grow
on medium and moderately fine
textured soils but as the clay content increases, green needlegrass increases relatively
to needleandthread. The relationship of these
species to texture has been discussed
by Archer and Bunch (1953). However, Hoover et al. (1948, p. 698)
reported green needlegrass grew
best on the sandier soils and Weaver
and Albertson (1956, p. 29) con-
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curred if water is sufficient. Needleandthread does not grow on clay
soils in South Dakota, irrespective
of moisture regimes, although green
needlegrass grows profusely on the
more moist clay soils. Needleandthread has a fine root system
(Weaver and Albertson, 1956) that
may be damaged more by the desiccation shrinking and cracking in
clay soils than the coarse, tough,
wiry roots of green needlegrass. In
soil derived fro’m moderately fine
textured parent materials, horizon
textures determine which species is
most important
(Fig. Z-C). If the
A horizon is a silt loam and the B
horizon is a clay, needleandthread
may grow provided the B horizon
contains many moderately hard siltstone or shale fragments. Needleandthread grows with green needlegrass on soils that have fragmentfree clay B horizons if the A horizon is a silt loam or loam and at
least 6 or 8 inches thick. On weakly
developed soils, green needlegrass
is the sole Stipa sp. if the clay content is more than 40 or 50 percent
regardless of the shale fragment
content.
Buffalograss grows in association
with green needleg-rass on many
soils. Like green needlegrass, it does
not grow well on sandy soils
(Weaver and Albertson, 1956; Archer and Bunch, 1953). In Mellette
County, buffalolgrass is found occasionally on soils with sandy surfaces
that are underlain by clay but not
where the entire profile is sandy.
It grows on silty soils where green
needlegrass is replaced by needleandthread but not on very weakly
developed fine-textured
clay soils
where green needlegrass grows but
needleandthread
doles not. Holwever, buffalograss will grow on these
fine-textured
clay sodls, derived
from very weakly bedded, poorly
consolidated
shales or from clay
alluvium, when they develop a
granular surface layer and a weak
prismatic B horizon. Apparently,
buffalograss cannot grow unless the
surface and sub-surface layers of a
fine-textured
clay soil has fairly
stable prismatic and blocky structure. The plant will not grow if
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parallelepipeds
are present in the
surface or within the subsoil to a
depth of 10 or 15 inches. Presumably the fine roots of buffalograss
are damaged either by constriction
or by stretching as the soil dries,
shrinks, and cracks (White and
Lewis, 1969).
Blue grama, like buffalograss,
will not grow on very fine textured
soils until the structure becomes
fairly stable in the upper part of the
soil. However, blue grama does
grow on all other soils in Mellette
County
including
the coarsetextured ones where buffalograss
does not occur. The sandy soil
charcateristics
that limit the one
species and not the other are not
known. Presumably, the unstable
surface-layer structure in very sandy
soils may be detrimental to buffalograss.
Western wheatgrass abundance,
relative to other species, increases
directly with clay content on welldrained soils which lack shale fragments. Weakly developed clay soils
with shale fragments have more
warm-season tall-grasses than western wheatgrass (Fig. Z-D and E,
Pierre-shale-derived soils compared
to Tertiary-shale-derived
soils).
Western wheatgrass is most abundant on soils with B-horizon parallelepiped structure and least important where the B-horizon prisms
contain no definite blocky structure. The kind of structure formed
is related to the clay content and
the shrink-swell capacity of the soil
with changes in the moisture content . Apparently, western wheatgrass roots can withstand
soilvolume changes better than the
roots of species which grow on
coarse-textured
soils.
Western
wheatgrass roots grow from rhizome
nodes 2 to 4 inches below the surface so the overlying soil structure
is not important. In addition, the
rhizome-s tored carbohydrates maintain the dormant plant during
droughts and initiate new growth
when the soil is moistened.
If a
rhizome breaks or is constricted by
soil-volume changes, a new plant
can arise from nodes to maintain
the species.
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Grasses

Sand dropseed (Sporobolus cryptandrus) was common on sandy or
silty soils and less common on finetextured soils. In contrast, tall
dropseed (Sporobolus
asper) was
observed mainly
on moderately
fine and fine-textured soils with at
least weak development.
Prairie
junegrass (Koeleria cristuta) and red
threeawn (Aristida Zongiseta) were
observed most frequently on silty,
loamy, or fine sandy soils with A
and B horizons. Stonyhills muhly
(Muhlenbergia
cuspidata) grew on
weakly developed soils formed from
any bedrock parent material where
erosion was rapid. It usually is associated with little bluestem. Indian
ricegrass (Oryxopsis hymenoides) occurred on very weakly developed
soils on cliffs in the Badlands where
vegetation was sparse. Hairy grama
(Bouteloua
hirsuta) was found in a
very few areas on weakly developed
silty or sandy soils. Blowoutgrass
(Redfieldiu flexuosa) and sand lovegrass (Eragrostis
trichodes)
were
found only in a few sandy formerly
cultivated areas where they could
have been introduced in domestic
seed. These two are common SandHills species where dunes are wind
eroded. Their absence in Mellette
County may suggest wind blowout
activity is recent on formerly stabilized dunes where these species
could not grow. Canada wildrye
(Elymus canadensis)
and Virginia
were obwildrye (E. virginicus)
served rarely on well-drained sloping silty or sandy soils. Switchgrass
grew infrequently on well-drained
weakly developed
soils, possibly
where snow accumulated to increase
the plant-available
soil water. It
was common on moist soils.
Forb

Species
Texture

in Relationship
to
and Development

Soil

Some forbs grow only on welldrained soils with a certain range of
textures and are listed in Figure 3
with the genera1 texture range of the
soils where they occur frequently.
Obviously, most species do grow
occasionally in atypical soils where
other species are better adapted.
Several species seem to’be restricted

in Mellette County to very weakly
developed sandy soils. These are
bush morningglory (Ipomoea Zeptophylla), silky prairieclover (Petalosternum villosum),
lemon scurfpea
(Psoralea
Zanceolata),
sand sagebrush
(Artemisia
filifolia),
and
annual eriogonum (Eriogonum annum). Leadplant amorpha (Amorpha canescens)
occurs on weakly
developed sandy or silty soils. However, the sand may consist of flakes
of fissile shale which are exposed by
Dwarfindigo
amorpha
erosion.
(Amorpha
nana) also occurs most
frequently
on weakly developed
soils but they are derived from
weathered clay-rich shale or siltstone. Silktop dalea (Dalea aurea)
and plume dalea (Dalea enneandru)
are both found on weakly developed
soils. Silktop dalea grows on ridges
and slopes that have a gravelly subsoil. The gravel may be water deposited or consist of shale or siltstone fragments. Plume dalea grows
on finer material where erosion is
rapid. White prairieclover (Petalosternum candidium) occurs on very
weakly developed soils derived from
silty alluvium or partially weathered siltstone or shale. Purple prai(Petalostemum
@.qburieclover
reum) grows on more strongly developed soils than white prairieclover. These soils usually have at
least a weak B horizon and a darkcolored A horizon. Tall bread scurfpea (Psoralea cuspidata) grows only
on weakly to strongly developed
soils which are clays or have clay
layers in the profile or substratum.
It is as diagnostic of clay as lemon
scurfpea is of a weakly developed
sandy soil. Silverleaf scurfpea (P.
urgophylla) grows readily on most
soils except possibly on those which
are very gravelly or have a very high
Common breadroot
clay content.
scurfpea (P. esculenta) seems to be
most prevalent on silty or loamy
soils. Slimflower scurfpea (P. tenuiflora) grows on nearly any welldrained soil which has a friable subsoil at a depth of 3 or 4 feet.
Most forbs growing on weakly developed soils are legumes that may
have root nodules with symbiotic
organisms that fix nitrogen in soils
with a low nitrogen content. As soil

organic matter accumulates, other
forbs and grasses get sufficient nitrogen to compete for the area.
Reasons for the non-leguminous
forbs growing on soils with a
certain texture are not known. Possibly the root systems of some species are damaged in clay soils while
others cannot grow through sandy
materials for some unexplained reason.
Selective Effect of Soil Texture and
Development on Plant Species
The selective effect texture has
for certain species is evident (Figs.
2 and 3 ). Texture is a factor in air
and water movement in the soil, in
the amount of water a well-drained
soil can retain that is available to
plants,
in structure
formation
(White, 1967), and, in some cases,
soil fertility, so its effect on plants
is difficult to evaluate. A species
may grow on a soil because it can
utilize some nonsoil resource more
efficiently than other species. However, this species may grow equally
well or better on some other soil
where some other species is more
efficient.
However, a comparison
of the successional sequences formed
with increasing soil development on
different kinds of parent material
will eliminate some species from
those affected by texture.
Little bluestem, sideoats grama,
and western wheatgrass grow on
soils of any texture except pure
gravel if soil development is correct
for the species. Other species grow
only on soils of certain textural
groups. Some of these species are
big bluestem, sand bluestem, needleandthread, green needlegrass, buffalograss, tallbread scurfpea, lemon
scurfpea, and silky prairieclover.
The logical place to find differences between these species would
be in the roots but no consistent
difference is apparent. The effect
of soil development on certain species supports this idea.
Buffalograss and blue grama will
not grow on a very fine-textured
soil until the parallelepipeds
in
the surface layer and subsoil have
changed with increasing soil development, respectively, to ,granules or
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blocks and prisms. These same species do occur on very weakly developed silty soils which have little
structure development
of any kind.
Therefore,
stable structure
in fine
clay soils seems to compensate
for
the texture as was discussed previously. In other cases, structure development
in a soil of a certain
textural
group does not seem to
affect the distribution
of the species. Presumably
morphoNlogical or
physiological
differences
in
the
roots must permit one species to
grow where others cannot.
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application
of nitrogen
to annual range in California is an economically
favorable practice.
Phosphorus deficiency on annual range in California is much less widespread than nitrogen deficiency.
No response
to phosphate
fertilizers
at
inherent levels of available nitrogen were reported
by Hoglund et al. (1952) and Jones (1963). Where
nitrogen fertilizers were also applied forage yield
increases from relatively high phosphorus applications were reported by McKell et al. (1959) and
Jones and Evans (1960).
Additional
information
on annual range response to phosphorus fertilizer
was one of the objectives of this study.
Approximately
1.5 million acres of annual range
are in the lower rainfall area of southern California. The coefficient of variation of annual rainfall
is much higher in this area (Hershfield,
1962).
Coefficients
from 40 to 45% in southern California
compare with 20 to 35% in other annual range
areas. There was a need for determining
range site
effects on the response to fertilizer and the residual
effect of applied fertilizer under these lower and
less predictable
water availability
conditions.

Effect of Site Class and Rainfall
on Annual Range Response to
Nitrogen and Phosphorus
R.

E. LUEBS,

A. E. LAAG, AND M. J. BROWN2

Research
Soil Scientist, Agricultural
Research
Service, U. S.
Department
of Agriculture;
Principal
Laboratory
Technician, University
of California;
and Soil Scientist,
Agricultural
Reseaich
Se&ice,
Riverside,
California.
Highlight
Maximum
forage
yield increases
from application
of
fertilizer to annual range in southern
California
were in
the following
order according
to site class: swale > gentle
slope > open slope. The increase in forage yield per pound
of applied nitrogen was greatest for low rates of nitrogen
at the slope sites and for a much higher rate at the swale
site. Residual effect of fertilizer on forage yield, measured
the second and third year after application,
partially
compensated for a first-year lack of response at lower producing
sites or during low rainfall years. Yield increase the second
year after application
of 60 lb. of nitrogen
and 26 lb. of
phosphorus per acre was 50% of the increase from the same
application
that year.
Range
site class and fertilizer
residual effects are significant
factors in fertilizer application
programs on annual range in lower rainfall areas with high
annual
rainfall
variability.
Annual
range soils that are
deficient
in available
phosphorus
by soil test require that
the more limiting nitrogen deficiency be corrected before a
forage yield response to phosphorus
will be obtained.

Study Area and Procedures

Open annual range in California
totals approximately
10 million
acres (Talbot
and Sampson,
1948).
Seeds germinate
with the beginning
of
winter rainfall
and vegetation
matures near the
close of the rainfall season in the spring. Although
annual rainfall distribution
largely determines the
type of grassland, annual amount is the principal
factor determining
dry matter production.
California
mineral
soils are inherently
low in
nitrogen.
Forage yield response to nitrogen
fertilizer application
on range soils has been reported
by many investigators
(Hoglund et al., 1952; McKell et al., 1959; Jones, 1960; Jones and Evans,
1960; Woolfolk et al., 1962; Jones, 1963; and Conrad et al., 1966).
Most of this research has been
conducted
in the coastal mountain
areas of the
central and northern
parts of the state and in the
foothills
on the west side of the Sierra Nevada
Mountains.
Nitrogen
application
increases forage
yield of annual range with winter rainfall in Australia (Rossiter,
1966) and Israel (Yitzchak
and
Seligman, 1969). According to Martin et al. (1958)
1 Contribution from the Soil and Water Conservation Research Division, ARS, USDA, and the California Agricultural Experiment Station. Received August 17, 1970; accepted for publication November 6, 1970.
2 Present address is Soil Scientist, Snake River Conservation
Research Center, Kimberly, Idaho.

Experimental sites were established in an area typical of
annual range in the Santa Ana Mountains of the Coast
Range. They were located on the Santa Rosa Ranch near
Murrieta, California at an elevation of 2,000 feet. Sites were
selected for the site class study according to the criteria of
Bentley and Talbot (1951). This study was conducted at
Sites No. 1, 2, and 3 (Table 1) in 1960. Residual fertilizer
effects were studied at Sites No. 1 and 4 in 1962, and nitrogen and phosphorus effects were determined at all sites.
Sites No. 1, 2, 3, and 4 were located within a radius of 1,000
feet while Site No. 5 was one-half mile from the others.
Principal plant species at Sites No. 1, 2, 3, and 4 were wild
oats (Avena fatua) and filaree (Erodium
botrys).
Other
species were soft chess (Bromus mollis) and ripgut brome
(Bromus
rigidus).
At Site No. 5 wild oats and filaree
(Erodium
moschatum)
were dominant with lesser populations of bicolor lupine (Lupinus bicolor), bur clover (Medicage hispada), wild barley (Hordeum
leporinum),
and soft
chess also present.
Experimental sites were fenced to exclude cattle. Fertilizer treatments were applied according to a randomized
block design. Three or four replications were used depending on the area of uniform slope and soil. Plots were 30
or 2.5 ft x 10 ft, with the longer dimension oriented parallel
to the slope direction. Fertilizers were applied between
December 15 and January 7. Ammonium nitrate, treble
superphosphate and gypsum were broadcast using a spreader
with a positive feed mechanism. Urea and a resin-coated
urea were also applied in a comparison of nitrogen fertilizers.
Dates of forage sampling ranged from March 31 to April
25 when vegetative growth was virtually complete. Forage
in a central area 1.5 x 15 feet was clipped at a 2-inch
height in each plot. Samples were dried to a constant
weight at 65 C before weighing. Nitrogen content of the
soil and the forage was determined by the micro-Kjeldahl
method. Sodium bicarbonate extractable phosphorus (Olsen
et al., 1954) was used as an estimate of available soil phos-
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site characteristics.
Soil

Site class

Site No.
1

Open,

2

Gentle

3

Swale

4

Open,

5

Swale

rolling

Slope
(%)

Exposure

16

slope

slope

9
3

rolling

slope

15
<2

Depth

Total N1 Available P1
(lb./acre)
(%)

Type

(ft)

Southern

Perris v.f. sandy loam

3-4

0.11

8

Western

Same as Site No. 1

>5

0.12

9

Same as Site No. 1

>5

0.14

11

Same as Site No. 1

3-5

0.12

9

Twin

>6

0.17

14

Western
-

Oaks clay loam

l O-6 inch soil depth.
phorus.
Duncan’s multiple range test was used to evaluate
the significance
of treatment
effects.
Site Class

Effects

Forage yields were highest at the swale site and
least at the open slope site (Table 2). Rainfall for
the 1959-60 season was 16.5 inches, below the long
time average of 20.0 inches. Forage production at
the swale site was twice that at the open slope site
both without fertilizer and at the highest yield level
with fertilizer.
Forage increases from a high yield60 lb. of nitrogen
and 26 lb. of
ing treatment,
phosphorus, were 1,140, 1,740, and 1,580 lb. /acre
for the open slope, gentle slope, and swale sites,
respectively.
Where nitrogen alone was applied, the increase
in yield per pound of nitrogen applied was greatest
from the 30-lb. rate at the open slope and the
gentle slope and from the 120-lb. rate at the swale.
Phosphorus
alone had no effect on yield at any
site. However, combined with a nitrogen application there was a marked response to phosphorus
especially at the gentle slope and swale sites. Sulfur
applications,
either alone or with nitrogen or nitrogen plus phosphorus had no effect on yield with
Table 2.
Forage yield (lb./ acre) responses to applications
(lb./acre)
of nitrogen,
phosphorus,
and sulfur at 3 sites,
1960.

Fertilizer
applied
N-P-S

Site class
Open slope
site No. 1

Gentle slope
site No. 2

Swale site
No. 3

o-o-o

1,140 a1

1,540 a

2,320 a

30-O-O
60-0-O
120-O-O

1,660 ab
1,920 ab
1,940 ab

2,360 bc
2,340 bc
2,640 cd

2,480 a
2,580 a
3,440 bc

0-26-O
60-26-o

1,280 a
2,280 b

1,520 a
3,280 d

2,560 a
3,900 cd

O-0-60
60-O-60
60-26-60

1,180 a
2,220 b
2,180 b

1,820 ab
2,280 abc
3,340 d

2,320 a
2,880 ab
4,480 d

1 Within a column, means followed by the same letter
differ significantly at the 5% level.

do not

the possible exception
of the latter combination
at the swale site.
Greater water deficiency
at the open slope site
is suggested as the major cause for the lower forage
yield. Higher evapotranspiration
on south facing
slopes, greater potential
for a runoff, and a shallower soil all support this explanation.
More favorable water availability
and somewhat greater inherent soil fertility
probably
were conducive
to
higher production at the swale site. These results
indicate that relatively
low rates of nitrogen application
are more efficiently
used on slope sites
than high rates. In addition to requiring nitrogen
applications,
the most efficient
response to phosphorus apparently will be obtained at range sites
where other factors affecting yield potentral such
as water, are more favorable.
Residual

Effect

of Fertilizer

Since responses
to fertilizer
apparently
were
limited by water deficiency at the open slope site
in 1960, observations for residual effects were made
during the following two seasons. Rainfall for the
1960-61 season was 8.2 inches or less than half the
long time average.
Although
vegetation
on previously fertilized plots was darker green in color,
dry matter production
was negligible
and yield
Table 3. Forage yield (lb./ acre) for the third year and the
three-year
period after fertilizer application
(lb./acre).l

Fertilizer
application
N-P

Forage yield
1962

Total
1960 & 1962

o-o

1,280 ab2

2,420 a

30-O
60-O
120-O

1,860 bc
2,560 d
2,240 cd

3,520 b
4,480 c
4,180 bc

O-26
60-26

1,080 a
1,720 bc

2,360 a
4,000 bc

1 Open slope site, No. 1. Fertilizer

applied prior to 1960 season.
Little growth and no sampling the second year, 1961.
2 Within a column, means followed by the same letter do not differ significantly at the 5% level.
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Table 4. Forage yield (lb./acre)
response to fertilizer (lb./
acre), applied
in December
1960, under highly variable
annual rainfal1.l

Fertilizer
application
N-P

o-o
30-O
60-O
120-O

Forage yield
1st year
1961

2nd year
1962

320
320
360
320

960
1,460
1,980
2,400

a”
a
a
a

a
ab
bc
c

Total
1,280
1,780
2,340
2,720

a
ab
bc
c

700 c

1,340 ab
2,180 c
3,460 d

1,820 ab
2,660 c
4,160 d

60-26
120-26
120-52

560 bc
680 c
680 c

2,540 c
4,240 de
3,820 d

3,100 c
4,920 ef
4,500 de

60-26
60-263
30-13, plus 30-13”

560 bc
320 a
480 ab

2,540 c
4,140 de
3,640 d

3,100 c
4,460 de
4,120 d

120-26
60-26, plus 60-O3
60-13, plus 60-133

680 c
560 c
480 ab

4,240 de
5,360 f
4,800 ef

4,920 ef
5,920 g
5,280 fg

30-13
60-13
120-13

480 ab
480 ab

1 Site No. 4, rainfall 1960-61, 8.2 inches; 1961-62, 23.2 inches.
2 Within a column, means followed by the same letter do not differ significantly at the 5% level.
3 One initial and 3 additional applications were made in December 19G1, prior to second year.

samples were not taken. Rainfall
in 1961-62,
the
second season after fertilizer
application,
totalled
23.2 inches and forage production
was relatively
high (Table 3). Where 60 and 120 lb. of nitrogen
had been applied two years earlier, greater yield
increase was obtained than during the year of application (Table 2). Whereas 30 lb. was the most
efficient
rate of nitrogen
during the season of
application,
residual effects increased the efficiency
with the 60-lb. rate to a comparable
level.
Residual
effects were also great when rainfall
was less than half the longtime
average the year
of fertilizer
application
and above average the
second year (Table 4). Largest residual effects were
measured for 60 and 120-lb. rates of nitrogen and
for phosphorus
in combination
with 120 lb. of
nitrogen.
The two-year total increase in forage
yield from one fertilizer
application
ranged from
500 lb./acre for 30 lb. of nitrogen to 3,640 lb./acre
for 120 lb. of nitrogen and 26 lb. of phosphorus.
One hundred percent of the former and 90% of
the latter yield increase was a residual effect. Jones
(1963) has reported a residual effect of nitrogen,
but only at the 160-lb./acre
rate.
These results
indicate’ that the residual effect of relatively
low
rates of fertilizer on production during the second
and third year after application
is an important
consideration
in planning
a fertility
program on
annual range, especially in southern California.
Splitting a total of 60 lb. of nitrogen and 26 lb.
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of phosphorus equally between successive dry and
wet years increased the yield a thousand pounds
more than when the total amount was applied for
the dry year and was nearly as effective as applying
the total amount for the wet year (Table 4). Splitting the application
of 120 lb. of nitrogen and 26
lb. of phosphorus equally between successive dry
and wet years was not markedly better than applying the total amount for the dry year. However, applying all of th e phosphorus for the dry year and
splitting the nitrogen application
was more effective than applying all of the fertilizer for the dry
year. Greater yields but less efficient use of nitrogen was obtained
with 120 lb. than with 60 lb.
These results suggest that regular annual applications of between 30 and 60 lb. of nitrogen
plus
approximately
15 lb. of phosphorus may be optimum for forage production
on open slope sites
under the low and more variable rainfall of southern California.
The need for annual applications
of nitrogen is probably greater than the need for
annual applications
of phosphorus.
Phosphorus

Effect

According
to Olsen et al. (1954) yield response
to phosphorus would be expected at the low levels
of available phosphorus in these soils. The application of phosphorus fertilizer alone to range with
no leguminous species did not affect yield. Forage
yield responses
to phosphorus
fertilizer
applied
with nitrogen was obtained over a three-year period
at four sites (Tables 2 and 4). Increasing the nitrogen rate to 120 lb./acre markedly
increased the
response to phosphorus
(Table 4). These results
contrast with those obtained
by Hoglund
et al.
(1952), and Jones (1960 and 1963) which showed
the nitrogen-phosphorus
interaction
on annual
range to be generally insignificant.
With an application of 150 lb. nitrogen and 87 lb. phosphorus
per acre McKell et al. (1959) showed a large nitrogen-phosphorus
interaction
in forage yield.
With low seasonal water availability during 196 1,
phosphorus applied with nitrogen produced a statistically significant
yield increase
while nitrogen
alone did not (Table 4). At the highest level of
nitrogen,
120 lb./ acre, these increases were over
lOO%, however, increases in dry matter averaged
only 370 lb. The measurement
of very small yield
differences
from the application
of nitrogen alone
was probably limited by the experimental
procedure and site variability.
Fertilizer

Effect on Species Contribution
to Forage Yield

In a study of species contribution
to forage yield
the marked response of wild oats to increasing
amounts of nitrogen was the most significant factor
contributing
to increases in total dry matter from
fertilizer (Table 5). The dry matter yield of wild

EFFECT
Table
5. Forage
yield
applications
(lb./acre)

(lb./acre)
response
of species
of nitrogen
and pbospborus.l

OF
to

Forage yield
Fertilizer
applied
N-P

Filaree

Wild
oats

Bicolor
lupine

Bur
clover

Other
grasses
& forbs Total

O-O

2,440

540

420

240

740

4,380 a2

O-26

2,280

960

1,080

200

320

4,840 a

60-26

2,560

2,320

320

40

380

5,620 b

120-26

2,000

3,420

100

20

480

6,040 b

l Swale Site No. 5, 1962.
2 Within this column, means followed by the same letter do not
differ significantly at the 5%level.

oats was increased 1,360 and 2,460 pounds per acre
by applications
of 60 and 120 lb. of nitrogen, respectively.
Increased grass yields as well as a relatively greater contribution
of grasses to total forage
yield had been reported by Jones (1963), Rossiter
(1966), and Yitzchak and Seligman (1969).
Dry matter production
of leguminous
species,
present at Site No. 5, was reduced by the nitrogen
applications.
Where phosphorus alone was applied,
bicolor lupine comprised 22% of the total forage
yield. The additional
application
of 60 and 120
lb. of nitrogen reduced the lupine component
of
the total forage to 6 and 2%, respectively.
Inasmuch as bicolor lupine is of low palatability
to
animals, its reduction by nitrogen application
was
considered desirable.
Bur clover, which comprised
only a small portion of the total dry matter, was
also markedly
reduced
by nitrogen
application.
Jones (1963) and Yitzchak
and Seligman
(1969)
reported reductions in the leguminous
component
of annual range vegetation by nitrogen application.
In this study filaree yield was not affected by fertilizer application and its contribution
to total yield
became relatively less as yields increased.
In a comparison of ammonium
nitrate, urea and
resin-coated
urea for forage yield at Site No. 5 in
1962, no differences
among fertilizers
were recorded at 30-lb. and 60-lb. rates of nitrogen.
At
the 120-lb. rate resin-coated
urea was superior to
Table
6. Nitrogen
content
(%) of forage with
application
(lb./acre)
on three sites, 1960.

Fertilizer
applied
N-P

fertilizer

Nitrogen content
Open slope
site No. 1

Gentle slope
site No. 2

Swale site
No. 3

o-o

1.78

2.22

2.01

30-O
60-O
120-O
60-26

2.33
2.98
3.31
3.14

2.04
2.37
2.49
2.20

1.91
2.25
2.58
2.01
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Table 7. Nitrogen content (%) of specie forage
gen and phosphorus
application
(lb./acre).l

Fertilizer
applied
N-P

with nitro-

Nitrogen content
Other
species

Total
forage

Wild
oats

Legume
species”

Filaree

o-o

1.51

3.47

1.58

1.72

1.82

O-26

1.28

3.17

1.92

1.58

2.01
1.51
1.45

60-26

1.18

3.05

1.68

1.41

120-26

1.16

2.67

1.90

1.48

l Swale Site No. 5, 1962.
2 Bicolor lupine and bur clover.

the other nitrogen
carriers, suggesting that slow
release forms of nitrogen may increase efficiency
of nitrogen use with high application rates at swale
sites.
Nitrogen

Content of Forage

The effect of nitrogen fertilizer application
on
nitrogen content of forage differed with site class
(Table 6). All rates of nitrogen increased nitrogen
content at the open slope site. At the gentle slope
and swale sites the 30-lb. rate did not increase
nitrogen content and increases at higher rates of
nitrogen application
were smaller than at the open
slope site. The total uptake of nitrogen (product
of percent content in Table 6 and yield in Table 2),
was similar for a given nitrogen rate at all sites.
Apparently,
where growing conditions
were more
favorable, greater increases in growth from nitrogen
application
diluted the nitrogen content of forage
to lower values than were obtained
at the open
slope site.
A reduction
in nitrogen content of forage with
the application
of fertilizer
was measured
at a
swale site in 1962 (Table 7). Increases in wild oats
production
from the combined
applications
of
nitrogen
and phosphorus
(Table
5), largely accounted for the decreased nitrogen content of the
total forage. The increase in wild oats growth not
only decreased the nitrogen content of wild oats
forage but also markedly increased the wild oats
contribution
to total dry matter both of which
tended to reduce nitrogen
content
of the total
forage.
Phosphorus
application
alone increased
nitrogen content of forage by stimulating
growth
of bicolor lupine (Table
5), with its inherently
higher nitrogen content.
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Highlight
Common
broomweed
(Gutierrezia
dracunculoides (DC.)
Blake) were effectively
controlled
with 24-D at 0.125, 0.25
or 0.5 lb./acre
applied during stem elongation
around May
15. The same rates of 24-D were less effective when applied
in early April prior to complete emergence
of the common
broomweed
seedlings
or in mid- June
after initiation
of
floral branches.
Picloram
combined
with 24-D at 0.063,
controlled
94 to
0.125 or 0.25 lb./ acre of each herbicide
100% of the common broomweed
population
regardless of
application
date.
Dicamba
was more effective
when applied in early spring than were equal rates of 2,4-D. Control of common broomweed
from applications
of picloram
or dicamba in early April was attributed
to residual herbicide activity on seedlings germinated
subsequent
to treatment.
However,
no treatment
prevented
germination
and
establishment
of common broomweed
in the fall following
application
of herbicides in the spring.

Common
broomweed
(Gutierrezia
dracuncuZoides (DC.) Blake), an annual composite,
occurs
in grasslands from northern
Kansas to the Gulf
Coast and from western New Mexico to central
l Published with approval of the Director, Texas Agricultural Experiment Station as TA-8803. Received October
24, 1970; accepted for publication January 26, 1971.
2 The authors appreciate the cooperation of Mr. J. B. Dunn,
Robertson County, Texas, in making areas available on
his ranch for a portion of this research.

Iowa (Anonymous,
1970).
Common
broomweed
reproduces
from pubescent achenes, 1 to 1.5 mm
long and 0.25 to 0.5 mm at their widest point. The
upper half of the single-stemmed
plant is muchbranched and produces 5 to 10 small, yellow ray
Depending on site conditions
flowers per branch.
common broomweed
may grow from 5 to 10 dm
tall. It is not toxic to livestock and is grazed by
sheep and goats. However, cattle apparently do not
utilize it to a great extent.
Common broomweed can become a serious problem where overgrazing
or drought
reduces the
grass cover on ranges. It invades most Texas rangelands with no observable preferences as to soil type.
Efforts to control common broomweed
with herbicides on semiarid
rangelands
have met with
varying degrees of success. Since data on common
broomweed have not been available, most control
methods have evolved from ranchers’ experience.
Research on other herbaceous
broadleaved
weeds
in grasslands such as musk thistle (Carduus nutans
L.) (Feldman et al., 1968) and scotch thistle (Onopordum acanthium L.) (Young and Evans, 1969)
has shown that the stage of plant development
influences susceptibility
to herbicides.
Little data
are available on phenology of common broomweed
and the interrelation
of growth stage with its susceptibility
to herbicides.
The objective
of this
study was to investigate the possible interaction
of
phenological
development
with susceptibility
of
common broomweed to several herbicides.
Materials

and Methods

Experiments were established in 1969 on a tobosagrass

(Hilaria mutica (Buckl.) Benth.)-buffalograss
(Buchloe
dactyloides (Nutt.) Engelm.) range near Spur, Texas to evaluate

several herbicides and herbicide combinations for the control
of common broomweed. An upland site was selected near
College Station for similar studies in 1970. The range was
occupied by scattered little bluestem (Andropogon
scoparius
Michx.) plants, but most of the cover was composed of an-
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Common
broomweed
(Gutierrezia
dracunculoides (DC.)
Blake) were effectively
controlled
with 24-D at 0.125, 0.25
or 0.5 lb./acre
applied during stem elongation
around May
15. The same rates of 24-D were less effective when applied
in early April prior to complete emergence
of the common
broomweed
seedlings
or in mid- June
after initiation
of
floral branches.
Picloram
combined
with 24-D at 0.063,
controlled
94 to
0.125 or 0.25 lb./ acre of each herbicide
100% of the common broomweed
population
regardless of
application
date.
Dicamba
was more effective
when applied in early spring than were equal rates of 2,4-D. Control of common broomweed
from applications
of picloram
or dicamba in early April was attributed
to residual herbicide activity on seedlings germinated
subsequent
to treatment.
However,
no treatment
prevented
germination
and
establishment
of common broomweed
in the fall following
application
of herbicides in the spring.

Common
broomweed
(Gutierrezia
dracuncuZoides (DC.) Blake), an annual composite,
occurs
in grasslands from northern
Kansas to the Gulf
Coast and from western New Mexico to central
l Published with approval of the Director, Texas Agricultural Experiment Station as TA-8803. Received October
24, 1970; accepted for publication January 26, 1971.
2 The authors appreciate the cooperation of Mr. J. B. Dunn,
Robertson County, Texas, in making areas available on
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Iowa (Anonymous,
1970).
Common
broomweed
reproduces
from pubescent achenes, 1 to 1.5 mm
long and 0.25 to 0.5 mm at their widest point. The
upper half of the single-stemmed
plant is muchbranched and produces 5 to 10 small, yellow ray
Depending on site conditions
flowers per branch.
common broomweed
may grow from 5 to 10 dm
tall. It is not toxic to livestock and is grazed by
sheep and goats. However, cattle apparently do not
utilize it to a great extent.
Common broomweed can become a serious problem where overgrazing
or drought
reduces the
grass cover on ranges. It invades most Texas rangelands with no observable preferences as to soil type.
Efforts to control common broomweed
with herbicides on semiarid
rangelands
have met with
varying degrees of success. Since data on common
broomweed have not been available, most control
methods have evolved from ranchers’ experience.
Research on other herbaceous
broadleaved
weeds
in grasslands such as musk thistle (Carduus nutans
L.) (Feldman et al., 1968) and scotch thistle (Onopordum acanthium L.) (Young and Evans, 1969)
has shown that the stage of plant development
influences susceptibility
to herbicides.
Little data
are available on phenology of common broomweed
and the interrelation
of growth stage with its susceptibility
to herbicides.
The objective
of this
study was to investigate the possible interaction
of
phenological
development
with susceptibility
of
common broomweed to several herbicides.
Materials

and Methods

Experiments were established in 1969 on a tobosagrass

(Hilaria mutica (Buckl.) Benth.)-buffalograss
(Buchloe
dactyloides (Nutt.) Engelm.) range near Spur, Texas to evaluate

several herbicides and herbicide combinations for the control
of common broomweed. An upland site was selected near
College Station for similar studies in 1970. The range was
occupied by scattered little bluestem (Andropogon
scoparius
Michx.) plants, but most of the cover was composed of an-
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nual grasses such as annual dropseed (Sporobolus neglectus
Nash) and little barley (Hordeum pusillum Nutt.). A dense,
uniform stand of common broomweed existed at both
locations.
Herbicides were applied to overwintered seedlings during
stem elongation or after the common broomweed initiated
formation of floral branches. The herbicides were applied
to 7 by 25-ft plots with hand sprayers at Spur and each
treatment was replicated 4 times. The treatments were applied in triplicate to 17 by 75-ft plots with a truck sprayer
near College Station.
The studies were designed as randomized complete blocks
arranged in split plots. Dates of treatment, corresponding
to the various phenological stages of common broomweed,
served as main plots and herbicide treatment as subplots.
Herbicides and rates applied in 10 gpa water at both locations were (2,4-dichlorophenoxy)acetic
acid (2,4-D) at 0.125,
0.25 and 0.5 lb./acre, 4-amino-3,5,6-trichloropicolinic
acid
(picloram) combined with 2,4-D at 0.125 and 0.25 lb./acre
of each herbicide and 3,6-dichloro-o-anisic acid (dicamba) at
0.125, 0.25 and 0.5 lb./acre. Additional treatments at Spur
included (2,4,5-trichlorophenoxy)acetic
acid (2,4,5-T) at 0.125,
0.25 and 0.5 lb./acre, 2,4,5-T combined with picloram at
0.125, 0.25 and 0.5 lb./acre of each herbicide and 2,4,5-T
combined with dicamba at 0.25 lb./acre of each herbicide.
Additional treatments at College Station included 2,4-D at
1 lb./acre, picloram at 0.125, 0.25 and 0.5 lb./acre, picloram
combined with 2,4-D at 0.063 lb./acre of each herbicide and
dicamba combined with 2,4-D at 0.063, 0.125 and 0.25 lb./
acre of each herbicide.
The experiments were evaluated on July 1, 1969 and on
August 28, 1970 at Spur and on August 24, 1970 at College
Station by recording the number of live common broomweed plants in two, 2 by 4-ft sampling areas per plot. The
plots at both locations were observed in late September or
early October for emergence of common broomweed seedlings following fall rains.
Analyses of variance were conducted after adding 1 to
the density in each sample and converting each sum to its
logarithm. This transformation is suggested by Steel and
Torrie (1960) for analysis of positive integers which cover
a wide numerical range. The data are presented as percent
reduction in number of live plants in the treated plots as
compared to the appropriate untreated plots.
Common broomweed in untreated plots and outside the
experimental area were used for phenological measurements.
At approximately two week intervals, phenological stage,
height and number of leaves were recorded for common
broomweed in these areas. Similar observations were recorded periodically across Texas from Spur to College
Station from 1968 to 1970 to substantiate data from the
experimental areas.

Results and Discussion
Average dates for sequential
phenological
stages
were surprisingly
similar
between
the research
in
locations
during
the study period.
Differences
growth rate or phenological
development
of common broomweed
were not noted in the subhumid
area as compared
to the semiarid
site near Spur.
By mid-March,
common
broomweed
seedlings
had
emerged
at both
study locations
(Fig.
1). Most
seedlings
were found in protected
areas such as at
the base of established
grass plants.
Rate of seed-
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FIG. 1. Ceneralized height growth curve and phenological activities for common broomweed from March to October during
1968 to 1970 from College Station to Spur, Texas.

ling emergence
began to decline by mid-May at
both locations.
Also present in early March were
overwintered
plants, about .1 dm in height, with
2 to 3 true leaves. These plants occurred as the
result of fall germination.
Since a rosette is defined
as a “basal cluster of leaves produced on a very short
stem” (Porter,
1959), the overwintering
stage of
common
broomweed
is often referred
to as the
rosette.
However, since a central stem with discernible internodes was readily apparent, common
broomweed germinated in the fall will be referred
to as “overwintered
seedlings” in this paper. By
April 1, the stems of some plants were rapidly
elongating but most were still in the seedling stage.
The few plants with stem growth were .15 to .3 dm
tall and had 4 to 6 well expanded leaves. Stem
elongation
was initiated
in the entire population
by May 1, and growth was rapid to the last week
in May. On May 15, the common
broomweed
were 1 to 1.5 dm tall and were readily visible in
the associated
vegetation.
Floral branches
were
evident near the stem terminal
by June 1. The
plants ranged from 3 to 5 dm tall. On most plants,
all floral branches were formed by June 15. Floral
buds were fully formed by the first week in July.
Some flowering occurred from July 15 to September 1, but peak flower production
occurred
in
September
and October.
There was not a significant
difference
between
study locations or years in the reaction of common
broomweed
to herbicides in this study. Common
broomweed
were most susceptible
to herbicides
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Table
1. Average
reduction
(%) in number of live common broomweed
plants after treatment
at various stages
of growth with several herbicides and herbicide combinations near Spur and College Station, Texas in 1969 and
1970, respective1y.l

ET

AL.

Table 3. Average reduction
(%) in number of live common broomweed
plants after treatment
at various stages
with three rates (lb./acre)
of dicamba near Spur, Texas
in 1969 and near College Station in 197O.l
Time of treatment

Time of treatment

Study location”

Phenological
stage

April

Stem elongation
Floral

Spur

Date

Seedling

1

May 15

branching

June

College
Station

15

80 ab

83 a

92 a

90 a

72 b

50 b

1 Plots were evaluated in late August at both locations.
2 Means within a location followed by the same letter are not
significantly different at the 5% level.

during stem elongation at both locations (Table 1).
The average reduction in number of live plants by
herbicides was less after the onset of floral branching. In most cases, spraying older plants caused
typical reactions to herbicides such as epinasty but
did not prevent achene production.
No reduction
in common broomweed
stand in
late summer and fall resulted from spraying with
0.125 lb./acre of 2,4-D on April 1 (Table 2). This
was due to germination
subsequent
to 2,4-D application.
Increasing
the 2,4-D rate from 0.125 to
0.25 or 0.5 lb./ acre increased
the percentage
of
common broomweed seedlings controlled.
Regardless of 2,4-D rate, there was a trend towards increasing the control of common broomweed at initiation
and elongation of the central stem. However, there
was a reduction
in percentage of common broomweed killed at all rates of 2,4-D if treatment
was
delayed until formation of floral branches.
Control
levels of common broomweed from applications
of
2,4,5-T near Spur were similar to those obtained
with equal rates of 2,4-D at the same dates.
Applications
of dicamba at 0.125, 0.25 or 0.5 lb./
acre on April 1 resulted in reductions of 99 to 100%
in the number of live common broomweed (Table
3). As compared
to the results from early 2,4-D
Table 2. Average reduction
(%) in number
of live common broomweed
plants after treatment
at various growth
stages with three rates (lb./acre)
of 24-D near Spur, Texas
in 1969 and near College Station in 197O.l

Seedling
Stem elongation
Floral

branching

Seedling
Stem elongation
Floral

branching

Dicamba rate’

Date
April

1

0.125

0.25

0.5

100e

99 e

100 e

May 15
June

15

84 d

94 de

98 e

33 b

49 c

95 e

1 Plots were evaluated in late August at both locations.
* Means followed by the same letter are not significantly different
at the 5% level. Means for control plots are “0 a.”

applications,
residual dicamba evidently attributed
to increased effectiveness
by controlling
seedlings
germinated after treatment.
However, there was a
trend for reduced control with plant age using
dicamba except where 0.5 lb./acre was applied. A
combination
of dicamba at 0.25 lb./acre with 0.25
lb./acre of 2,4,5-T or with 0.25 lb./acre of 2,4-D
did not significantly
increase common broomweed
control regardless of stage of growth as compared
to 0.5 lb./acre of dicamba applied alone. A combination of 0.063 lb./ acre of dicamba with 0.063 lb. /
acre of 2,4-D was not significantly
different from
0.125 lb./acre of 2,4-D applied alone to common
broomweed
in the various growth stages.
Combinations
of picloram with 2,4-D controlled
94 to 100% of the common broomweed regardless
of herbicide
rate or stage of plant growth when
treated (Table 4). At Spur, 0.125 lb./acre of 2,4-D
J+S
0.125 lb./ acre of picloram
applied April 1
reduced the number of live plants 88% by the time
of evaluation
in late summer as compared to untreated plots. However, complete control was obtained with a mixture
of 0.25 lb./acre of each
herbicide
at all stages of common
broomweed
growth near Spur. The same rates of 2,4-D and
picloram
in combination
gave 100% common
Table 4. Average reduction
(%) in number of live common broomweed
plants after treatment
with 2,4-D plus
picloram at 0.125 or 0.25 lb./acre
of each herbicide after
application
to various growth stages near Spur, Texas in
1969 and near College Station in 1970.
Phenological stage when sprayed*

Time of treatment
Phenological
stage

Phenological
stage

2,4-D rate’
Date

0.5

0.125

0.25

1

Oa

51 c

84 de

May 15

77 d

90 ef

98 f

37 b

53 c

50 c

April

June

15

l Plots were evaluated in late August at both locations.
2 Means followed by the same letter are not significantly different
at the 5% level. Means for control plots are “0 a.”

Herbicide
rate’

Seedling
(April 1)

Stem
elongation
(May 15)

Floral
branching
(June 15)

0.25

94 b

1ooc

1ooc

0.5

100 c

1OOc

1ooc

1 Represents a 1: 1 mixture of 2,4-D plus picloram. Plots were
evaluated in late August at both locations.
* Means followed by the same letter are not significantly different
at the 5% level. Means for control plots are “0 a.”
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broomweed control at College Station except where
sprays were applied to plants during initiation
of
floral branching.
The control from early application of picloram,
as with dicamba,
was possibly
the result of root uptake as well as foliar absorption.
Picloram
applied alone at 0.125, 0.25 and 0.5
lb./acre was no more effective than equal rates of
picloram combined with 2,4-D or 2,4,5-T at a 1: 1
ratio. Picloram applied alone gave complete common broomweed
control except in plots treated
April 1 where 0.125 lb./ acre reduced the population to 75% of untreated
plots.
Much of the spraying for brush control on rangelands is accomplished
from May 15 to June
15.
When herbicides
such as 2,4-D and 2,4,5-T
are
utilized at the earlier date, these data indicate that
control of common broomweed could be expected
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as concomitant
benefit.
Herbicides
with residual
activity may be used effectively
if the common
broomweed population is not completely emerged.
Literature
ANONYMOUS.

1970.

U. S. Dep.
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FELDMAN, ‘I.,
Ecological
16: l-3.

M.

H. Freeman

Plant

Ecologist,

Rocky

Highlight
Yields of understory
vegetation
increased
from 223 lb./acre,
including
50 lb. of perennial
grasses, to 981 lb.,
including
193 lb. of perennial
grasses,
after juniper overstory was removed in
northern
Arizona.
Successional
trends
did not follow
a smooth
sequence;
many areas remained
in an annual
forb-half-shrub
stage for several years.

established
Thickening
of
pinyon-juniper
stands, and invasions of new stands into former
grasslands,
have
reduced
the
amount of available forage in central and northern Arizona.
The
average yields of herbage vary from
620 lb./acre with no pinyon-juniper
to about 40 lb./acre with an 80%
canopy intercept (Arnold, Jameson,
and Reid, 1964). This reduction
l Received

September

16, 1970.

2 Forest Service, U. S. Department
of
Agriculture,
with central headquarters
maintained
at Fort
Collins
in cooperation with Colorado State University; author is located at Flagstaff in
cooperation
with Northern
Arizona
University.
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of herbage yield due to overstory is
more pronounced on heavy clay
soils such as the Springerville series
(Jameson and Dodd, 1969). Dense
stands of Utah juniper,3 the most
common juniper in Arizona woodlands, can so dominate a site that
the soil surface is nearly barren of
understory grasses and forbs.
Interest has been widespread in
removing pinyon-juniper
overstory
to improve the range forage supply
and increase overland water yields.
The advisability of juniper conversion on Springerville soils has been
questioned, however, because of the
difficulty in subsequently establishing forage grasses.
In this study we examined (1) the
relationships of herbage production
on Springerville soils to Utah juniper overstory, and (2) the response
of understory plant yields to the
cabling of Utah juniper and the
seeding of forage species.
Arnold et al. (1964) reported
that mechanical
juniper
control
3 Common
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abruptly released suppressed halfshrubs, mainly broom snakeweed.
Mid-grasses increased slowly after
juniper
control, short-grasses increased at least up through the fifth
year, and perennial forbs showed
no marked response. Annuals increased during the first two growing seasons after juniper removal,
and declined after the fifth season
as they were displaced by perennials.
Total herbage production
reached a peak approximately
10
years after juniper control.
In an Arizona study on limestone
grass yields on
soils, perennial
droughty sites had not increased
4 to 5 years after removal of
pinyon-juniper.
On sites with
higher rainfall,
perennial grasses
had increased two to four times
(O’Rourke and Ogden, 1969).
Study Area and Methods
The study was made in the Utah
juniper
subtype of the pinyonjuniper woodland at an elevational
range of 5,200 to 5,800 ft, on the
Beaver
Creek Pilot Watershed
(Worley, 1965), approximately
40
miles south of Flagstaff.
Precipitation falls in two distinct
periods-as
rain in July and August, and as snow or rain from December to March.
Mean annual
precipitation for the period of the
study (1959 to 1969) was 18 inches.
The principal soil type is Springerville very stony clay. Basalt stones
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broomweed control at College Station except where
sprays were applied to plants during initiation
of
floral branching.
The control from early application of picloram,
as with dicamba,
was possibly
the result of root uptake as well as foliar absorption.
Picloram
applied alone at 0.125, 0.25 and 0.5
lb./acre was no more effective than equal rates of
picloram combined with 2,4-D or 2,4,5-T at a 1: 1
ratio. Picloram applied alone gave complete common broomweed
control except in plots treated
April 1 where 0.125 lb./ acre reduced the population to 75% of untreated
plots.
Much of the spraying for brush control on rangelands is accomplished
from May 15 to June
15.
When herbicides
such as 2,4-D and 2,4,5-T
are
utilized at the earlier date, these data indicate that
control of common broomweed could be expected
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as concomitant
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of herbage yield due to overstory is
more pronounced on heavy clay
soils such as the Springerville series
(Jameson and Dodd, 1969). Dense
stands of Utah juniper,3 the most
common juniper in Arizona woodlands, can so dominate a site that
the soil surface is nearly barren of
understory grasses and forbs.
Interest has been widespread in
removing pinyon-juniper
overstory
to improve the range forage supply
and increase overland water yields.
The advisability of juniper conversion on Springerville soils has been
questioned, however, because of the
difficulty in subsequently establishing forage grasses.
In this study we examined (1) the
relationships of herbage production
on Springerville soils to Utah juniper overstory, and (2) the response
of understory plant yields to the
cabling of Utah juniper and the
seeding of forage species.
Arnold et al. (1964) reported
that mechanical
juniper
control
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abruptly released suppressed halfshrubs, mainly broom snakeweed.
Mid-grasses increased slowly after
juniper
control, short-grasses increased at least up through the fifth
year, and perennial forbs showed
no marked response. Annuals increased during the first two growing seasons after juniper removal,
and declined after the fifth season
as they were displaced by perennials.
Total herbage production
reached a peak approximately
10
years after juniper control.
In an Arizona study on limestone
grass yields on
soils, perennial
droughty sites had not increased
4 to 5 years after removal of
pinyon-juniper.
On sites with
higher rainfall,
perennial grasses
had increased two to four times
(O’Rourke and Ogden, 1969).
Study Area and Methods
The study was made in the Utah
juniper
subtype of the pinyonjuniper woodland at an elevational
range of 5,200 to 5,800 ft, on the
Beaver
Creek Pilot Watershed
(Worley, 1965), approximately
40
miles south of Flagstaff.
Precipitation falls in two distinct
periods-as
rain in July and August, and as snow or rain from December to March.
Mean annual
precipitation for the period of the
study (1959 to 1969) was 18 inches.
The principal soil type is Springerville very stony clay. Basalt stones
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Table

1.

Commorl

Perennial

Common and botanical

names

names

of plants

mentioned

Botanical

in text and tables.

names

Grasses

Dropseed, sand
Grama, blue
Grama, hairy
Grama, side-was
Lovegrass, Lehmann
Lovegrass, weeping
Sacaton, alkali
Wheatgrass
Wheatgrass, western
Annual Grasses
Brome, red
Sprangle1op, red
Farbs and Half-Shrubs
Biscuitroot
Rladderpad
Deervetch
Globcmallow
Goldeneye, annual
G00sefLXX
Grassnuts, purple head
Groundcherry
Lettuce, prickly
Menodura, rough
Pensteman, toadHax
Pigweed
P”lXla”e
Snakeweed, broom
Spurge
Sunflower, common
Sweetclover
Sweetclover, yellow
Wildbuckwheat
Shrubs
Mananita,
pointlcal
Mount&mahogany,
true
Oak, shrub live
Saltbush, fourwing
Trees
Juniper,
Pinyon

Utah

and c0lMeat0t1ea

cover

30 LO 50%

of the surface.
A representative
profile has a clay texture throughout and a 44.inch depth to bedrock
(basalt
or cinders).
The
surface
layer (O-3 inches) has a granular or
play
structure;
the lower layers
have a massive structure
and are
extremely hard when dry.

The horizons are difficult to distinguish because these soils have a
strong tendency to shrink and swell,
with much resultant
heaving and
internal movement.
Dry soils have
cracks 0.5 to 2 inches wide and 15
to 20 inches deep. The cracks disappear when the soils are wet (Williams and Anderson.

1967).

The overstory (Fig. 1) consisted
of 120 Utah juniper
trees per acre
averaging
7.4 inches d.b.h.
(0-E
inches),
and 16 pinyon
trees per
acre averaging 3.9 inches d.b.h. (O17 inches).4
A large juniper
conversion
area
of over 4,000 acres, and a group of
three small experimental
areas ot
120 to 360 acres, were utilized in
this investigation.
Differences
in
treatment schedules provided additional
comparisons
of treatment
effectiveness
in improving
herbage
yields. Trees on the large area were
removed over a 3.year period 195759, and the area was seeded from
4 Ffolliott, Peter F. An overstory inventory of the lower pinyon-juniper
woodland watersheds on the Beaver
evaluation
project.
Creek watershed
IJnpuhlished
report
on file at the
Rocky Mountain
Forest and Range
Exp. Sm., Flagstaff, Aril. 11 p, 1965.
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the air in 1961 with a mixture
of
grasses and sweetclover.
Trees on
one of the small areas were removed
in 1963, and the area was seeded the
same year from
the ground
by
means of cyclone hand seeders. On
both areas, large trees were uprooted by a heavy cable pulled by
two crawler-tractors.
Remaining
small trees were hand chopped, and
slash was burned.
Two of the small
experimental
areas were maintained
as controls.
The seed mixture applied on the
large area, in total amounts of 1 to
6 lb./acre, included sweetclover and
five grasses:
side-oats grama, blue
grama,
weeping
lovegrass,
sand
dropseed, and wheatgrass. The seed
mixture,
in lb./acre, on the small
area included
the following forage
plants:
weeping
lovegrass,
3.0;
side-oats grama, 1.8; western wheatgrass, 0.7; Lehmann
lovegrass, 0.6;
and yellow sweetclover,
0.6; alkali
sacaton, 0.2; fourwing saltbush, 0.1;
and true mountainmahogany,
0.1
(Brown, 1965).
Herbage was sampled on a total
of 52 clusters of five systematically
distributed
9.6-ft2 plots-12
clusters
on the large area and 40 oln the
small areas. Pretreatment
and posttreatment measurements
were made
on the small areas, but only posttreatment measurements
were made
on the large area. An average of
31 clusters
were measured
each
year, except for 1967 when no measurements
were made.
Herbage
production
by species was determined during September
of each
year by the weight estimate method
(Pechanec and Pickford,
1937).
Thirty-five
clusters, five on the
large area and 30 on the small
areas, contained two 3-step transects
(Parker, 1954) for ground cover and
plant
frequency
measurements.
These were read at the time of installation in 1959 to 1960 and again

Yields of understory
vegetation
(grasses,
forbs,
half-shrubs,
and
shrubs) decreased as the overstory
of Utah juniper increased.
The relationships were significant, but not
strong (Fig. 2). The few areas with
a strong perennial
grass cover occurred on the upper, rockier portions of the slopes where the trees
were smaller and more scattered.
The
most productive
species
under an intact overstory were sideoats grama, broom snakeweed, and
shrub live oak (Table
2). Yields
of understory
vegetation
averaged
223 lb./acre
annually.
The
coefficient of variation among clusters
was 71yo and among years was 207,.
Annual grass yields were found to
be significantly
related
to JuneAugust
precipitation,
perennial
grass yields to January-August
precipitation,
and
shrub
yields
to
January-May
precipitation
(Fig. 3).
Plants with deeper roots and earlier
growth
utilized
winter
moisture,
while shallow-rooted
late growers
utilized principally
summer moisture. Forbs and half-shrubs showed
little response to changes in precipi-

in 1965 on the large area, and in
1964 and 1968 on the small areas.

tation.
Transect

Precipitation

was measured

by a

standard rain gage located in the
approximate
center
of the study

Table 2. Average yields (lb./acre)
of
understory
vegetation
on Springerville soils, based on data collected in
1963, 1964, 1965, and 1969.
Yields

P
s
5

5
._
t
f

200

Perennial
0
Ovrrstory

(percent

crown

cover)

FIG. 2. Relationships
of perennial
grass
and total understory yields to percent
crown cover of the intact overstory.

grasses

Lovegrasses
Side-oats grama
Blue and hairy
gramas
Others
Total

Production of Understory
Vegetation
Overstory

Annual

Intact

measurements

on

the

and litter

15,840-scale

rennial

covered

19%.

were recorded

the Parker

Perennial

with

1 y0 of

loops and combined

plants with 12y0.

pe-

30

80
74

18
2

26
13

50

193

11
1
1

14
6
6

13

26

64
2

212
212
46
22
22
15
15
10
9
8
7
7
5
4
45

grasses

Red sprangle top
Red brome
Others

small undisturbed
areas indicated
that 35% of the area was bare soil
grasses

photographs.

OverOverstory
story
intact removed

Taxal

100

0.

area. Percent
crown cover of the
overstory was determined
from 1:
aerial
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Total
Forbs and half-shrubs
Broom snakeweed
Annual goldeneye
Common sunflower
Goosefoot
Yellow sweetclover
Rough
menodora
Globemallow
Spurge
Pigweed
Toadflax
penstemon
Groundcherry
Purslane
Prickly lettuce
Wildbuckwheat
0 thers
Total

18
1
1
18

16
13
133

639

25
2

87
34
2

27

123

223

981

Shrubs
Shrub live oak
Pointleaf
manzanita
Others
Total
Total

understory

1 Individual species that contributed 5 lb. /
acre or more in either category are listed.
Other species such as purple head grassnuts, biscuitroot,
bladderpod, and deervetch are often apparent in spring, but
disappear before fall measurements.

Overstory

Removed

Yields of perennial
grasses after
release were not highly predictable.
Where seeeding was not successful
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cabled area, and litter covered 22%.
Perennial
grasses were recorded
with 3% of the Parker loops, and
combined
perennial
plants with
8%. These readings were little different from the areas where the
juniper overstory was intact.

80
n’s = 7 or 8
r’s 10.82

Successional

3

5

7

9

II

Precipitation
FIG. 3. Relationships of annual grass, perennial
disturbed experimental area to precipitation.

and native perennial
grass remnants were present, yields of perennial grasses were related to time
after release and to precipitation.
If seeded grasses were successfully
established, the yields of perennial
grasses increased rapidly the first
several years and then fluctuated.
Generally, seeding was unsuccessful
on the large juniper
conversion
area and moderately successful on
the small experimental area.
Side-oats
grama,
lovegrasses,
broom snakeweed, common sunflower, annual goldeneye, and shrub
live oak were the most productive
species on the cabled areas. Annual
yields of understory vegetation averaged 981 lb./ acre (Table Z), 758
lb./acre greater than on the intact
areas. Roughly one-fifth of this difference in understory yields was in
perennial grasses. The coefficient
of variation
among clusters was
610;1, and among years was 41%.
Annual grass and shrub yields
did not correlate with differences
in precipitation
as they did on
areas with an intact overstory. Annual goldeneye, an undesirable species which was present in little
more than trace amounts under
heavy juniper
stands, responded
strongly to the amount of summer
moisture after release (Fig. 4) and
became dominant in wet summers.
Annual goldeneye has been reported to cause livestock losses
when grazed during blooming (Sommerville, 1968).

13

15

I7

I9

(inches)
grass, and shrub yields on an un-

After 2 years of heavy precipitation (1964 and 1965), the yields of
all cabled areas increased relative
to undisturbed conditions (Fig. 5).
The following year the precipitation was low and the yield of the
intact area fell. The yields of the
cabled areas with some seeding success were maintained for an additional year, but declined strongly
by 1968.
This
continuation
of
higher yields into the first dry year
is probably a reflection of the upward trend of size and density of
new forage plants. In 1969, yields
of the native grasses increased, replacing the yields elf the exo,tic lovegrasses which remained low.
Bare soil occupied 36% of the

5

6
Summer

FIG. 4.
tion.

Relationship

of annual

Trends

Yields of native perennial grasses,
most forbs, half-shrubs, and shrubs
on the cabled areas tended to increase through time. Yields of the
exotic lovegrasses peaked after 4 to
6 years, however, and then declined.
Pond (1968) reported a similar pattern. The proportion of lovegrass
to total perennial grass decreased
from 36y0 to 18% during 1965 to
1969 as native species replaced exotics.
The understory yields did not
closely follow the pattern or timetable suggested by Arnold et al.
(1964).
Ten years after cabling,
many clusters were still in the
broom snakeweed (a half-shrub)
and annual goldeneye (an annual)
stage where they began (Table 3).
The clusters which initially had
little seeded or native perennial
grass were still producing no more
perennial grass than the average
untreated cluster (Table 2). Obviously, the smooth hypothesized successional sequence often does not
occur, and many areas will remain
in a pioneerlike stage for years after

7
precipitation

8

9

IO

II

(inches)

goldeneye yields after

cabling

to summer

precipita-
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Cabled
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a tree overstory showed little response to differences in precipitation.
Conversely,
where the
overstory had been removed, a
forb-annual
goldeneye-was
the
only plant responding significantly
to differences in precipitation.
Its
yields were highly correlated with
summer precipitation.
4. Successional trends did not
follow the typical pattern suggested
by Arnold et al. (1964). Many areas
remained dominated by an annual
forb-half-shrub
stage for a number
of years after tree removal.
5. Amounts of bare soil were
similar between cabled and undisturbed areas.

ore0

oreo

experimental

area

#i

/
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Relationship of perennial grass yields to cabling and January-August
(Data from clusters with longest period of record.)

tree removal unless considerable
native perennial grass remnants are
present, or reseeding attempts are
successful.
Summary

and

Conclusions

The effect of overstory removal
on production of understory vegetation was studied in the Utah juniper subtype of the pinyon-juniper
woodland, on Springerville
very
stony clay soils in north-central
Arizona.
1. The yields of understory vegetation with an intact juniper overstory averaged 223 lb./acre, including 50 lb. of perennial grasses. The
yields were negatively correlated
with the amount of tree crown
Table 3.
amount

Average
of initial

Yields
Initial native grass
and first-year seeded
grass < 10 lb./acre

Years
since
treatment

69

precipita-

cover, but only moderately so. The
yields of understory vegetation on
areas where the overstory had been
removed averaged 981 lb./acre, including 193 lb. of perennial grass.
2. Where there are few native
grass remnants, only very slow improvement in grass yields can be expected on Springerville soils unless
the area is reseeded relatively heavily while the soil is still disturbed
from the cabling treatment.
3. Under an intact tree overstory,
annual grass yields were best related
to June-August
precipitation,
perennial grass yields to JanuaryAugust precipitation,
and shrub
yields to January-May
precipitation. Forbs and half-shrubs under

1969 yields (lb./acre)
for groups of
native grass yields and seeding success.
Perennial
grasses

clusters

Annual Forbs and
grasses half-shrubs

classified

Shrubs

Total

10

49

11

1,118

213

1,391

7

197

12

773

324

1,306

7

331

2

731

253

1,317

Initial native grass
> 10 lb./acre
and
first-year seeded
grass < 10 lb./acre
First-year

seeded

grass > 10 lb./acre
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Highlight
Various
chemical,
mechanical,
and burning
procedures
were evaluated
for control of eastern red cedar (Juniperus
virgin&-ma L.). Injection
treatments
of picloram
caused 70
to 100% desiccation
and plant kill at several dates of application but 2,4,5-T did not. High rates of granular
picloram
applied in either August or March caused greater desiccation than did lower rates.
Picloram
alone or in combination with 2,4,5-T or 2,4-D as wetting foliar-stem
treatments
caused good kill, as did high rates of other herbicides.
Low
volume
foliar treatments
of picloram
plus 2,4,5-T
killed
much but not all top growth.
Sprouts occurred
on 22%
of the mowed small (0.5 to 1.25 inch basal diameter)
trees.
Trees less than 3 feet tall were more easily killed by burning
than larger trees. Wheat (Triticum aestivum L.) and little
bluestem
(Andropogon
scoparius Michx.)
seed germination was not affected by water-extracts
of eastern red cedar,
(Panicum virgatum L.) germination
was.
but switchgrass
The reverse was true of coleoptile growth.

Eastern red cedar (Juniper-us virginiana L.), a
tree species native to Oklahoma,
is found in every
state east of the 100th meridian.
The wide distribution of this species indicates its ability to grow
under varying climatic
conditions.
Eastern
red
cedar is a slow growing evergreen
and is not an
aggressive competitor with hardwoods on sites having deep soils. However, it grows on shallow soil
sites where hardwood growth is sparse.
According to a survey made in 1968 eastern red
cedar has invaded about 350,000 acres of Oklahoma
prairie
rangeland.
Fire has been studied as a
method for controlling
this species.
Martin and
Crosby (1955) and Dalrymple
(1969) reported that
as tree size increased injury from fire decreased.
l Journal
article
no. 2014 of the Agricultural
Experiment
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Oklahoma
State University,
Stillwater.
Research
conducted
by Department
of Agronomy
in cooperation
with the Crops Research
Division,
Agricultural
Research
Service,
United
States Department
of Agriculture.
This
research part of an M.S. thesis submitted
by senior author
to Oklahoma
State University.
Received
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9, 1970;
accepted
for publication
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multiple
use effects
of
treatments.
U. S. Forest
Pap. RM-13,
12 p. Rocky
Forest
and Range
Exp.
Collins,

watershed
Serv. Res.
Mountain
Sta., Fort

Colo.

Kirch and Esposito (1967), in control studies with
herbicides,
reported that 2,4-D + 2,4,5-T
plus picloram applied at 4.0 + 4.0 + 0.75 pounds acid
equivalent
per acre (lb./acre) killed 80% of this
species. They found that 2,4-D + 2,4,5-T plus dicamba was ineffective.
For common and chemical
names of herbicides discussed and used, see Table
1. Eastern red cedar was found by Kirch, Waldrum,
and Brown in 1960 not to be effected by 2,4-D +
2,4,5-T
applied at 3 + 3 lb./acre.
Watson and
Wiltse (1964) found that picloram at one pound
active ingredient
per 100 gallons (aihg) of water
applied as wetting spray killed all plants.
Dalrymple (1969) reported
that picloram,
dicamba,
paraquat,
picloram
+ paraquat,
and ammonium
sulfamate in foliar sprays caused at least 90% defoliation of eastern red cedar 3 months after treatment.
Shipmann
(1963) reported
that red cedar
was susceptible
to granular
soil applications
of
fenuron at 1 teaspoon/inch
of stem diameter.
Effective control
of cedars (Juniperus
spp.) with
granular soil applied picloram was also reported
by Wiltse (1964) and Schwartzbeck
(1965).
This study was conducted to evaluate the effects
of chemical, mechanical,
and burning procedures
for control of eastern red cedar. Studies were also
conducted
on the effect of water-extracts
of red
cedar seed and foliage on germination
and coleoptile growth of grasses.
Study Area and Methods
The study area in central Oklahoma
consisted of a mixture of tree species with eastern red cedar being dominant.
Other species present were post oak (Quercus stellata Wang.)
and blackjack
oak (Quercus marilandica
Muenchh.).
Experiments
were conducted
utilizing
various herbicide
application
techniques
as well as mechanical
and burning
procedures.
The following
is a list of the various experiments conducted
and their dates of application.
I.

Field
A.

Experiments
Herbicide
1.
2.
3.
4.

B.

Other
1.

application

methods

evaluated

Injection
treatments
made on December
20, 1967,
March 25, 1968 or August 8, 1968.
Granular
herbicides
were applied on March 25 or
August 28, 1968.
Foliar-stem
sprays were applied
to small (3-4 ft)
or large (7-8 ft) trees on June 7 to 10, 1968.
Low volume
(10 gpa) foliar
applications
were
made on June
15, 1968.
control

methods

Mowing of various
rotary mower.

evaluated
tree sizes with a chain

saw or
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Kirch and Esposito (1967), in control studies with
herbicides,
reported that 2,4-D + 2,4,5-T
plus picloram applied at 4.0 + 4.0 + 0.75 pounds acid
equivalent
per acre (lb./acre) killed 80% of this
species. They found that 2,4-D + 2,4,5-T plus dicamba was ineffective.
For common and chemical
names of herbicides discussed and used, see Table
1. Eastern red cedar was found by Kirch, Waldrum,
and Brown in 1960 not to be effected by 2,4-D +
2,4,5-T
applied at 3 + 3 lb./acre.
Watson and
Wiltse (1964) found that picloram at one pound
active ingredient
per 100 gallons (aihg) of water
applied as wetting spray killed all plants.
Dalrymple (1969) reported
that picloram,
dicamba,
paraquat,
picloram
+ paraquat,
and ammonium
sulfamate in foliar sprays caused at least 90% defoliation of eastern red cedar 3 months after treatment.
Shipmann
(1963) reported
that red cedar
was susceptible
to granular
soil applications
of
fenuron at 1 teaspoon/inch
of stem diameter.
Effective control
of cedars (Juniperus
spp.) with
granular soil applied picloram was also reported
by Wiltse (1964) and Schwartzbeck
(1965).
This study was conducted to evaluate the effects
of chemical, mechanical,
and burning procedures
for control of eastern red cedar. Studies were also
conducted
on the effect of water-extracts
of red
cedar seed and foliage on germination
and coleoptile growth of grasses.
Study Area and Methods
The study area in central Oklahoma
consisted of a mixture of tree species with eastern red cedar being dominant.
Other species present were post oak (Quercus stellata Wang.)
and blackjack
oak (Quercus marilandica
Muenchh.).
Experiments
were conducted
utilizing
various herbicide
application
techniques
as well as mechanical
and burning
procedures.
The following
is a list of the various experiments conducted
and their dates of application.
I.

Field
A.

Experiments
Herbicide
1.
2.
3.
4.

B.

Other
1.

application

methods

evaluated

Injection
treatments
made on December
20, 1967,
March 25, 1968 or August 8, 1968.
Granular
herbicides
were applied on March 25 or
August 28, 1968.
Foliar-stem
sprays were applied
to small (3-4 ft)
or large (7-8 ft) trees on June 7 to 10, 1968.
Low volume
(10 gpa) foliar
applications
were
made on June
15, 1968.
control

methods

Mowing of various
rotary mower.

evaluated
tree sizes with a chain

saw or

EASTERN
Table 1. Chemical
and common
discussed in this paper.
Common name

4-amino-3,5,6-trichloropicolinic
acid
enoxy) acetic acid
(2,4-dichloroph
(2,4,5-trichlorophenoxy)
acetic acid
1,l dimethyl-3-phenylurea
(2,3,6-trichlorophenyl)
acetic acid
3,6-dichloro-o-anisic
acid
1, I’-dimethyl-4,4’-bipyridinium
ion
7-oxabicyclo
[2.2. I] heptane-2,3dicarboxylic
acid
3- (p-chlorophenyl)-1,
1-dimethylurea
mono (trichloroacetate)
3-amino-s-triazole
Ammonium
thiocyanate
2-(2,4-dichlorophenoxy)
propionic
acid

TCA

Amitrole
NH,SCN
Dichloroprop

2.

II.

of the herbicides

Chemical name

Picloram
2,4-D
2,4,5-T
Fenuron
Fenac
Dicamba
Parayuat
Endothal
Monuron

names

RED CEDAR

Broadcast
burning
of areas with trees of various
sizes on March 28 and April 17, 1968 at 2 different locations.

Laboratory

experiments:

The

influence

tracts of cedar seed and foliage
coleoptile
growth of grasses.
In the herbicide
application
was applied to ten replications

on

of

approximately
2 inches above the soil line.
The desired
amount
of chemical
was then inserted
into each incision
with an automatic
syringe.
Propylene
glycol butyl ether esters of 2,4-D and 2,4,5-T;
the triethyl
amine salt of 2,4-D and 2,4,5-T;
and the potassium salt of picloram
were applied
either diluted
or undiluted
as indicated
in Table
2. The
amine
salts were
diluted with water and the ester was diluted with diesel oil,
at a ratio of either 1 to 9 [0.4 lb active ingredient
(ai)] or
1 to 4 (0.8 lb ai/gal carrier) of herbicide
to carrier.
Granular
herbicide
applications
were made as teaspoons
(tsp) of commercially
formulated
granular
herbicide
per
inch DBH.
The granules were placed on the soil by hand
within a 12 inch radius around the tree trunk.
Foliar-stem
applications
were made with an adjustable
hand gun nozzle
attached to a tractor-mounted
piston sprayer.
Each tree was
wetted to the point of run-off with the spray solution.
Water
was used as a carrier.
Low volume foliar applications
were
made with a portable
sprayer pressurized
at 40 psi. Each
tree was enclosed
in a polyethylene
covered metal frame
4 x 4 x 8 ft, and then the spray solution was applied over
ml of spray solution
were
the top of each tree. Fourteen
applied per 4 x 4 ft soil area, which was equivalent
to 10

water-ex-

germination

and

experiments
each treatment
with one tree per replication.

Applications
were made to trees 4-6 inch diameter at breast
height (DBH).
L ow volume foliar applications
were made
to trees 4-6 ft tall. Various formulations
of 2,4-D, 2,4,5-T,
or picloram
were applied
as injection
treatments.
One
incision

per

injector

at a 45 degree

Table 2.
diluted

inch

DBH

Percentage
herbicides.l

Herbicide2
2,4,5-T ester
2,4,5-T ester
2,4,5-T ester
2,4,5-T ester
2,4,5-T amine
2,4,5-T amine
2,4,5-T amine
2,4-D ester
2,4-D ester
2,4-D ester
2,4-D ester
2,4-D amine
2,4-D amine
2,4-D amine
Picloram K-salt
Picloram K-salt
Picloram K-salt
Control

was made
angle

with

around

desiccation

a water

filled

tree

the base of each

tree,

and kill of eastern

Dilution”
(lb. ai/gal)
4.0
4.0
0.4
0.8
4.0
4.0
0.8
4.0
4.0
0.4
0.8
4.0
4.0
0.8
2.0
2.0
2.0
-

Rate
(ml/inch
DBH)
1
3
1
1
1
3
1
1
3
1
1
1
3
1
0.5
1
3
-
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CONTROL

red cedar

gpa*
Other

control

methods

evaluated

were mowing

and burn-

ing. In the mowing the trees were cut off 6 inches above the
Fifty trees ranging
from 0.5 to 1.25 inches in
soil line.
diameter were cut-off with a tractor-mounted
rotary-mower.
Twenty

trees each of 3 sizes (0.25

to 0.75,

0.75

to 1.5, 1.5 to

3.0 inch basal diameter)
were cut off with a chain saw.
Sixteen
months
after cutting
all stumps with new growth
were

counted

and

are

expressed

(Table

5) as percent

of

stumps with regrowth.
Broadcast
burn experiments
approximately
and contained

were conducted
on two sites
Each site was 0.5 acres in size
4 miles apart.
trees in three height size categories:
less than

14, 18, and 21 months

14 months after
August treatment
Desic.

Kill

0 b1
Ob
Ob
Ob
12b
15b
Ob
Ob
9b
0 b
Ob
0 b
27 b
Ob
92 a
100 a
100a
Ob

0
0
0
0
0
0
0
0
0
0
0
0
0
0
50
100
100
0

after

injection

18 months after
March treatment
Desic.
Oe
Oe
Oe
Oe
59 bc
65 bc
4e
2e
35 d
Oe
Oe
le
50 cd
Oe
73 b
98 a
100a
Oe

l Numbers followed by the same letter in a column are not significantly different at the 5% level.
2 The 2 and 4 lb ai/gallon were applied undiluted as commercial formulations.

Kill
0
0
0
0
0
0
0
0
0
0
0
0
0
0
10
80
100
0

with undiluted

and

21 months after
December treatment
Desic.
Oe
Oe
Oe
Oe

Kill

20 d
le
2e
3e
2e
2e
24 d

0
0
0
0
0
0
0
0
0
0
0
0

66 c
le
68 c
90 b
100 a
Oe

0
0
30
50
100
0

2e
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1.5 ft (small), 1.5 to 3.0 ft (medium),
3-6 ft tall (large).
One
plot was burned on March 28, 1968 when most vegetation
was dormant
and the other was burned on April 17, 1968
shortly after vegetation
had broken winter dormancy.
The dominant
grass species on the March and April burn
oligantha
Michx.)
and little
sites were three awn (Aristida
bluestem
(Andropogon
scoparius Michx.),
respectively.
Foliage (weed and grass) samples were obtained
from both sites
just before burning
and oven dried 24 hours to determine
dry foliage yield as an indication
of the amount of available
fuel to carry the fire.
All field experiments
were usually evaluated
on a visual
rating scale of O-10 (0 = no dessication,
ranging up to 10 =
complete
desiccation)
at various
intervals
after treatment.
The average ratings were converted
to percent
desiccation
by multiplication
by a factor of 10 and are expressed as such
in the tables.
The number of trees which showed complete
desiccation
were counted and this was expressed as a percent
kill.
A laboratory
experiment
was conducted
to determine
the
effect of water-extracts
of seed, dried green foliage or partially decomposed
foliage of castan
red C&W on germination and ,growth of wheat (Triticum
aestivum L.), switchgrass
(Panicurn
virgutum
L.), and little bluestem
(Andropogon
scopurius
Michx.).
Green foliage and seeds were collected
from cedar
trees and partially
decomposed
foliage
was
collected
from the ground
beneath
the trees.
The green
foliage was allowed to air dry 5 days. Fifty grams of foliage
or seeds were soaked in 500 ml distilled water 48 hours. The
water extracts
were removed
by filtering
through
cheesecloth.
The pH of the water extracts
was measured
with
a pH meter 1‘n order to determine
if a difference
in pH
existed among the various extracts.
Twenty
ml of the water-extract
were placed in each germination
box, which contained
a layer of absorbent
material
box was considered
and 25 grass seeds. Each germination
a replication
with 4 replications
per treatment.
Distilled
water was used as a control
treatment.
The germination
boxes were placed in a germinator
maintained
at 75-85 F
with a 12 hour daylight
period.
Percent
germination
and
coleoptile
lengths of various grass species were determined
5 days after being placed in the germinator.

Results and Discussion
Undiluted
amines of 2,4-D or 2,4,5-T
injected
in March and undiluted
2,4-D amine injected in
December caused the most effective desiccation for
the phenoxy herbicide treatments (Table 2). HOWever, neither killed any trees. Diluted treatments
of esters and amines of 2,4,5-T or 2,4-D caused only
a slight browning of the needles or no desiccation.
Injected
picloram killed the trees at all dates and
However the low rate caused
rates of application.
greater desiccation when applied in August. Some
of this difference could be attributed
to variations
in the rating interval after treatment.
The higher
rates of picloram caused more than 90% desiccation
with all dates of application.
The high rates of fenac, fenuron, and picloram
(10%) were the most effective granular soil treatments on both dates of application
(Table 3). The
3 and 6 tsp rates of picloram caused greater than
70% plant kill regardless of date. The high rates

ET

AL.

Table
3. Percentage
desiccation
and kill of eastern red
cedar 13 and 17 months after soil application
of granular
herbicides.l

Herbicides

Rates
(tsp/ inch
DBH)2

13 months after
August treatment

17 months after
March treatment

Desic.

Kill

Desic.

Kill

Picloram (2%)”
Picloram (2%)
Picloram (2%)
Picloram (10%)
Picloram (10%)
Picloram (10%)
Dicamba (10%)
Dicamba (10%)
Dicamba (10%)
Fenuron (25%)
Fenuron (25%)
Fenuron
(25%)
Fenac (10%)
Fenac (10%)
Fenac (10%)
Monuron TCA

1
3
6
1
3
6
1
3
6
1
2
3
3
6
9

1 fl
lode
40 cde
75 abc
95 a
7.5 abc
If
4f
40 cde
35 cde
45 bcde
60 abed
30def
65 abed
75 abc

0
10
0
40
90
70
0
0
20
10
20
40
10
20
50

Og
20efg
30ef
75 abc
95 a
90 ab
10fg
Og
7fg
27 efg
25 efg
81 ab
30 ef
63 bed
85 ab

0
10
10
60
70
80
0
0
0
0
0
60
0
40
80

(11%)
Monuron

3

50 bcde

10

50 cd

30

TCA

(11%)
Monuron

6

50 bcde

10

40 de

20

TCA
9
-

45 bcde
Of

20
0

45 de

20
0

(11%)
Control

Og

l Numbers in one column followed by the same letter are not significantly different at the 5% level.
2 tsp = teaspoon.
8 Figures in parentheses are the % ai in the commercial formulation used.

of fenuron and fenac caused greater plant kill with
the March treatment.
Picloram (2%), dicamba, and
monuron-TCA
all caused less than 50% desiccation
with both dates of application.
Small and large trees responded similarly to herbicides used in wetting sprays (Table 4). Picloram,
alone or in combination
with 2,4-D or 2,4,5-T
killed all plants, as did paraquat and ammonium
sulfamate.
However, these treatments had a sterilizing effect on the soil beneath the trees. Fifteen
months after treatment no grass or other vegetation
was found growing beneath
or adjacent
to the
trees. Treatments
of 2,4-D, 2,4,5-T,
or amitrole
plus NH4SCN caused some desiccation but did not
in combination
kill any trees. However, 2,4,5-T
with low rates of paraquat killed most plants. High
rates of 2,4,-D + dichlorprop
and dicamba were
also effective.
Low volume foliage sprays of paraquat and picloram + 2,4,5-T killed the tops of most treated
plants (Table 5). Picloram + 2,4,5-T was the most
phytotoxic
treatment.
Increasing
effectiveness
resulted from increasing
rates.
The
trees which
were not completely
desiccated
15 months after
treatment
were regrowing
from the apex of the
branches.
None of the treatments
had an adverse
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Table 4.
Percentage
desiccation
and kill of different sizes
of eastern red cedar trees 15 months after a drenching
foliar-stem
herbicide
app1ication.l

Herbicide2
2,4,5-T
2,4,5-T
2,4,5-T + NH,SCN
2,4,5-T + paraquat
2,4,5-T + paraquat
2,4,5-T + paraquat
paraquat + Surf.
Paraquat + Surf.
Dicamba
Dicamba
Dicamba
Dicamba + 2,4,5-T
Dicamba + 2,4,5-T
2,4-D
2,4-D
2,4-D + dichloroprop
2,4-D + dichloroprop
2,4-D + dichloroprop
Amitrole + NH,SCN
Ammonium
sulfamate
Ammonium
sulfamate
Picloram
Picloram
Picloram + 2,4-D
Picloram + 2,4-D
Picloram + 2,4,5-T
Picloram + 2,4,5-T
Control

Rate
(aihg)3
4
6
3.0 + 0.75
2.0 + 0.5
4.0 + 0.25
4.0 + 0.5
1.0 + 0.5%
4.0 + 0.5%
1.5
3.0
6.0
1.5 + 2.0
2.0 + 4.0
4.0
6.0
2.0 + 2.0
4.0 + 4.0
8.0 + 8.0
3.0 + 3.0
50.0
75.0
0.75
1.5
1.0 + 2.0
3.0 + 6.0
2.0+2.0
4.0 + 4.0
-

Desiccation

CONTROL

Table
5.
Percentage
desiccation
and kill of eastern
cedar 2 and 15 months after low volume (10 gpa)
bicide app1ication.l

Kill

Small

Large Small Large

27 e
54d
25 e
99a
99 a
100a
100 a
100 a
78 b
100 a
100 a
69 bc
98 a
30 e
70 b
56 cd
93a
95 a
29 e
100a
100a
100a
100 a
100a
100 a
100a
100a
Of

19de
0
29d
0
15e
0
90
98 a
90
100a
100
100
100 a
100
40
98a
100
100 a
100
58 c
30
90 ab
80
20 de
0
49 c
0
10
80b
80
99 a
80
24 de
0
100
100a
100
100
100 a
100
100
100 a
100
100
100a
100
Of
0

0
0
0
80
100
100
80
100
20
60
0
0
50
90
0
100
-100
100
100
0

l Numbers in a column followed by the same letter are not significantly different at the 5% level.
” NH,SCN is ammonium thiocyanate. Surf. is alkyl phenoxy polyoxy ethylene surfactant used as a wetting agent at 0.5% by volume.
3 Rate is expressed as pounds of aihg of carrier.

effect on the grass in the treated zone. Although
paraquat desiccated the grass at the time of treatment there was no visible injury fifteen months
after treatment.
Eastern red cedar is considered a non-root sprouting species. However, regrowth occurred on some
of the stumps of small trees which had been mowed
6 inches above the soil line (Table 6). Regrowth
occurred on 20% of stumps of trees with a basal
diameter 0.25 to 0.75 inches. Twenty-two
percent
of trees (0.5 to 1.25 inch basal diameter)
mowed
with a tractor-mounted
rotary-mower sprouted from
the stumps.
Most of these sprouts occurred
on
stumps which were less than one inch in basal
diameter.
The regrowth is attributed
to the sixinch mowing height which did not cut below the
bud zone of the small trees. No regrowth occurred
from trees larger than 0.75 inch basal diameter
which were cut off with a chain saw.
Forage yield samples collected
before burning
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Amitrole
Amitrole
Ammonium
NH,SCN
NH,SCN
2,4,5-T +
2,4,5-T +
2,4,5-T +
2,4,5-T +
2,4,5-T +
Endothal
Endothal
2,4,5-T +
2,4,5-T +
Paraquat
Paraquat
Control

Desiccation

Rate
(lb./acre)

Herbicide

sulfamate

NH,SCN
NH,SCN
picloram
picloram
picloram

dicamba
dicamba

0.75
1.5
6.0
0.75
1.5
2.0 +
2.0 +
2.0 +
2.0 +
2.0 +
2.5
5.0
2.0 +
4.0 +
0.75
1.5

red
her-

0.75
1.5
0.5
1.0
2.0

1.5
2.0

2 mo.

15 mon.

Kill

If
Of
14de
Of
Of
3ef
2ef
67b
74 b
82 a
17cd
28 c
17cd
22 cd
74 b
64 b
Of

og
2g
13fg
og
2g
Og
Og
39d
64 c
91 a
15efg
15efg
21ef
28 de
69 bc
79 ab
og

0
0
0
0
0
0
0
10
30
70
0
0
0
0
30
40
0

l Numbers in a column followed by the same letter are not significantly different at the 5% level.

showed relatively
minor differences
in available
fuel between the burning sites. Dry forage yield
from the March 28 and April 17 burning sites were
Smaller trees
2,000 and 2,800 lb./ acre, respectively.
at both sites were more readily killed by fire than
the larger trees (Fig. 1). Trees less than 3 feet high
were equally effected by burning on the two dates
but larger trees were more adversely affected by
burning
in April.
The difference
in desiccation
was attributed
to more grass being beneath
the
trees in the April burning site than in the March
burning
site. These results agree with those of
Dalrymple
(1969) and Martin and Crosby (1955)
who found that the effect of fire on cedar kill
decreased with increasing tree height.
The effect of the water-extracts
on seed germination and seedling coleoptile growth varied with the
individual species (Table 7). Wheat and little bluestem germination
were not significantly
affected.
Increased germination
of switchgrass resulted from
water-extracts
of fresh seed and partially decomTable 6.
growth

Percentage
16 months

Method of cutting
Tractor
rotary
Chain saw
Chain saw
Chain saw

mower

of eastern red cedar
after cutting.
Basal diameter
(inches)
0.5
0.25
0.75
1.5

to
to
to
to

1.25
0.75
1.5
3.0

stumps

with re-

Percent of stumps
with regrowth
22
20
0
0

l Fifty trees in groups of 10 were cut off with a tractor
mower and 20 trees each with a chain saw.

rotary
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Table 7. Influence
of water-extracts
from seed and foliage
of eastern red cedar on germination
(%) and coleoptile
growth (inches) of 3 grasses.

MEDlUM

Treatment
extracts

TREES

z

?I 7o- ‘.
0

.
-------

‘1. \

50
t
IV

0

--

BURNING

TREATMENT

( 3128168)

-

BURNING

TREATMENT(

4117168)

2

4

6
MONTHS

8
AFTER

1
IO

12

14

Wheatgrass

Little bluestem

Switchgrass

Germ. Coleop.

Germ. Coleop.

Germ. Coleop.

Distilled
water

85 a1

1.30 a

75 a

0.29 a

59 b

0.32 a

Seed

75 a

0.41 c

58 b

0.25 ab

81 a

0.21 a

Decomposed
foliage

78a

1.36a

61 ab 0.23 ab

80 a

0.29 a

Dried

79 a

0.59 a

62 ab 0.19b

61 b

0.25a

foliage

l Numbers followed by the same letter
significantly different at the 5% level.

in each column

are not

16

BURNING

1. Effect of date of burning and tree size on the desiccation
of three different sizes of eastern red cedars.

FIG.

posed foliage.
Water extracts of seed and dried
green foliage decreased coleoptile growth of wheat.
Growth of the little bluestem coleoptile
was significantly inhibited only by water extracts of dried
green foliage.
Switchgrass
coleoptile
growth was
not affected.
The pH of the water-extracts
of fresh seed, dried
green foliage, and partially
decomposed
foliage
were 4.1,4.3, 5.3, respectively.
In these experiments
picloram was found to be
the most effective herbicide used in wetting sprays,
low volume sprays, as granules applied to the soil
or in injector
treatments
for eastern red cedar
control. Since picloram has a persistent soil residue
it would probably be safest if used as injector treatments.
In order to use cutting
as an effective
method of control for eastern red cedar the trees
must be cut at about the soil surface to prevent
regrowth
from remaining
stumps.
When fire is
used for eastern red cedar control grazing would
need to be restricted to permit sufficient grass and

ELECTION
Ballots
for the election
of a president
elect and two
directors of SRM will be mailed to all members on or about
October
1. The candidates
are:
Martin
H. Gonzalez and
Gerald W. Tomanek
(for president
elect), and Vinson
L.
Duvall,
John
H. Ehrenreich,
F. Robert
Gartner,
and
Donald
L. Huss
(for
the
directorships).
Biographical
sketches of and brief statements
by the candidates
appeared
in the August issue of Rangeman’s
News.
A good index of the viability
of any organization
is the

weed cover (1,500 to 2,000 lb./acre) to grow to
carry a fire. Then only trees under 3 feet in height
may be scorched by fire sufficiently
to be killed.
Literature Cited
DALRYMPLE, R. L.
1969.
Cedar control in southern
Oklahoma.
S. Weed Conf. 22:272-273.
MARTIN, S. C., AND J. S. CROSBY.
1955.
Burning on a glade
range in Missouri.
U. S. Forest Serv. Central
Sta. Forest
Exp. Sta. Tech. paper 147:13.
1960.
KIRCH, J. H., J. E. WALDRUM, AND H. F. BROWN.
The invert emulsion-a
promising
tool for right-of-way
management.
Proc. N.E. Weed Conf. 11:413-418.
KIRCH, J. H., AND JAMES E. ESPOSITO.
1967.
A study of
additives
to the aqueous phase of aerially applied
invert
emulsions.
Proc. S. Weed Conf. 20:251-255.
SCHWARTZBECK, R. A. 1965. 4-amino-3,5,6-trichloropicolinic
acid pellets for brush control in the Northeastern
United
States.
Proc. N.E. Weed Conf. 19:185-192.
1963.
Pelleted silvicides-their
use in conSHIPMAN, R. D.
trolling unwanted
hardwoods in South Carolina.
Forestry
Res. Series No. 11, Dep. Forest.
S. C., Agr. Exp. Sta.,
Clemson,
S. C.
1964.
Tordon
for
WATSON, A. J., AND R/I. G. WILTSE.
brush
control
on utility
rights-of-way
in the Eastern
United
States.
Down to Earth
19(l): 11-14.
1964.
Tordon
herbicide
as a soil sterWILTSE, MARK G.
ilant for brush control.
Down to Earth 19(4):3-6.

OF OFFICERS
degree of participation
by the membership
in the organization’s affairs.
Yet, historically,
the return
of mail ballots
by the members
of any professional
society is usually less
than SO%! SRM
is your Society and you should express
your preferences
in selecting its leadership-voting
requires
the expenditure
of only very little time and a postage stamp.
To be counted, ballots must be returned
to the Executive
Secretary’s
1971.

office

postmarked

no later

than

November

30,

Grass Seedling Emergence and
Survival after Treatment
with Fungicides
A. C. HULL,

JR.

AND

K. W.

KREITLOWZ

Range Scientist, Plant Science Research Division,
Agricultural
Research
Service, U. S. Department
of
Agriculture,
Logan, Utah; and Agricultural
Administrator,
Plant Science Research Division, Agricultural Research
Service,
U. S. Department
of Agriculture,
Beltsville,
Maryland.
Highlight
Thiram,
Captan and Semesan were used to treat seeds of
intermediate
wheatgrass,
tall oatgrass and smooth brome,
seeded in spring and fall for 5 years, and to treat seeds of
crested and intermediate
wheatgrasses seeded for 3 years at a
second location.
The same fungicides
were used to treat
grass seeds at 3 rates in two studies in the greenhouse.
Kind
or rate of fungicide
treatment
did not significantly
influence seedling emergence
in the greenhouse.
Averaging
the
two field areas, Thiram
treatments
gave significant
increases over the check of 14% in emergence
and 20y0 in
survival.
Captan
treatments
gave significant
increases of
12% in emergence
and survival.
Semesan increases were
not significantly
better than the check.

Description

of

Experimental

Sites

The first experimental
site is in Franklin
Basin in southeastern Idaho.
It is located in a weedy area approximately
1,000 acres in size within the spruce-fir
type. The elevation
of this area is 8,400 ft. with an annual precipitation
of 47
inches.
Snow usually covers the area from early November
to early June.
The dominant
vegetation
is tarweed (Madia
glomerata
Hook.)
(Fig. 1). The soil is clay loam, low in
organic matter and plant nutrients
with a pH from 5.6 to
5.8. The soil compacts
and hardens soon after snow melt.
This not only reduces but slows seedling emergence,
giving
seeds and seedlings
a longer
period
of exposure
to soil
pathogens.
Examination
of dead and dying grass seedlings
on this area in 1960 and 1961 suggested that soil pathogens
were contributing
to the death of grass seedlings.
However,
no pathological
investigations
were conducted
with affected
seeds or seedlings.
The
second experimental
area is located
near Logan,
Utah. This is a formerly dryland cultivated
bench area now
supporting
a thick stand of annual
weeds with scattered
(Medicago
sativa L.). At settlement,
the
plants of alfalfa
original
vegetation
was undoubtedly
sagebrush
and bunchgrasses.
The area is at 4,800 ft. elevation
with an annual
The soil is a deep, productive
precipitation
of 17 inches.
Timpanogas
silt loam with scattered small rocks through the
top 4 feet.
Procedures
Grasses treated with fungicides
were:
crested wheatgrass
(Agropyron
desertorum
(Fisch.) Schult.), intermediate
wheatgrass (A. intermedium
(Host) Beauv.), tall oatgrass (Arrhenatherum elatius (L.) Presl), and smooth brome (Bromus inerIntermediate
wheatgrass,
tall oatgrass,
and
mis Leyss.).
smooth brome were sown at Franklin
Basin and crested and
intermediate
wheatgrasses
at Logan.

On the basis of greenhouse and freezing chamber
tests in California,
Laude (1956) concluded that soil
pathogens reduced the emergence of six perennial
grasses, especially during prolonged cold weather.
Ehrenreich
(1958) applied Arasan, Orthocide
75,
and Dithane Z-78 in the greenhouse and in the field
to seed of 6 species used for range seeding in Colorado. All treated seed produced more established
seedlings than untreated
controls.
Kreitlow
and
Bleak (1962) found that a soil-borne fungus (Pndosporiella verticillata) reduced grass seedling emergence and vigor over much of the western United
States. Infection
and damage were most severe at
lower elevations on sagebrush sites. No infection
was observed in aspen-fir sites.
On mountainous
rangelands
in southeastern
Idaho there is low emergence
and high mortality
of smooth
brome
and intermediate
wheatgrass
seedlings (Hull, 1966). This study was initiated to
determine if seed treatment with fungicides would
improve grass seedlings emergence and survival on
these rangelands.

Seeds of each species were treated just prior to seeding
with each of 3 fungicides:
Thiram
(Arasan)-Tetramethylthiuram disulfide;
Captan-(Orthocide
75) N-trichloromethylthio-4-cyclohexene-1,2-dicarboximide
75%; and Semesan-Hydroxymercurichlorophenol
30% (Mercury
equivalent
19q/o).3
The fungicides
were applied separately
to the seed for each
plot. Each species had control plots where no fungicide was
applied
to the seed.
Fungicides
and seeds were shaken
together
in a bottle and the excess fungicide
was removed
by rolling
the treated
seed down an inclined
fine mesh
The ounces of each fungicide
that would adhere
screen.
to 100 lb. seed of each

species

was calculated

from

4 repli-

cates of 200 grams of seed of each species:
Species

l Cooperative
investigations
of Plant Science Research
Division, Agricultural
Research
Service,
U. S. Department
of
Agriculture;
Forest Service,
U. S. Department
of Agriculture; Utah Department
of Fish and Game; and Utah Agricultural Experiment
Station. Utah Agricultural
Experiment
Station Journal
Paper 906. Received
October
5, 1970.
2 The authors thank those who assisted with the field phases
of the study, and those who made helpful comments on the
manuscript.
We are particularly
grateful
to Arvel T. Bitters, who did much of the field work, and to E. James
Koch, who made the statistical
analyses.

Thiram

Captan

Semesan

Smooth

brome

10.8

10.8

10.7

Crested

wheatgrass

11.1

10.7

10.2

Intermediate

wheatgrass

10.3

10.4

9.9

Tall

(dehulled)

9.4

8.3

9.6

oatgrass

Seedbeds
were prepared
by plowing
and harrowing.
A
hand cone seeder drilled seeds to an approximate
depth of
.75 inch at the average rate of 25 viable
seeds per foot.
Each plot was a row 10 feet long and 1 foot apart.
There
were 4 replications
of each treatment.
Seeding rates were
3 Mention
of a manufactured
product
does not imply endorsement
by the U. S. Department
of Agriculture
over
other companies
or products not mentioned.
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Table 1. Number of seedIings/ft.2 emerging and seedlings/ft.? surviving the second year at Franklin Basin
and Logan. Species, seasons and years averaged.

were sown 0.5 inch deep in single rows in 5 replicated
blocks.
Seedling emergence
was recorded daily ior 13 days and then
every 3 to 5 day& until emergence
stopped.
Significance
of
field and grcenhousc
results at the 5% level was determined
by Duncan’s
(1955) multiple
range test.

Results

6 lb./acre for crested whratgrass:
11 for intermediate
grass; 7 for tall oatgrass; and 8 for smooth brome.

wheat-

At Franklin Basin, seedings were made each spring and
fall from the fall of ,961 through the spring of 1966, except
for the fall of 1962. At Logan, aping and fall aeedirrgs were
made from the spring of 1964 through the spring of 1966.
Spring seedings were made as soon as possible after spring
snow melt and fall seedings about 1 month prior to permanent winter snow. At Franklin llaain this was usually
early June and late September. Logan scrdings were made
mid April and late October.
We counted seedlings ab emergence was near ~omplele
but before mortality commenced. This was usually 4 weeks
after the first emergence. We alao counted plants in early
spring and late fall the lint growing season, and in late
Iall tile second growing season.
We also tested different rates al the same 3 iungicides
applied to steeds in two greenhouse
studies. In the first study
all fungicides
were applied at 4, 12, and 20 0~./100 lb. seed
on each of 3 species;
crested whea~qaas.
tall oatgrass and
smooth brome.
In the second studg, Intermediate
wheatgrass
was added to make 4 graasea and rates of fungicides
were
reduced with Capfan at 4, 8, and 16 0~./100 lb. seed and

Thiram and Semeaan at 3, 6, and 12 o~mces. Se& were
moistened enough for the desired amounts of fungicide
to
ZKlhere.

A soil similar LO Franklin Basin aoil was used for the first
study and soil from Franklin Basin for tbc second. Soil was
placed in grwnhouae flats and treated and untreated seeds

and ISscussion

Damage from soil-borne pathogens is influenced
by prevalence and destructiveness
of the pathogen,
and by susceptibility
and vigor of the host. Both
pathogen and host are affected by soil characteristics, temperature
and moisture.
Thus, substantial
variation in injury from soil-borne pathogens can
occur seasonally.
This in turn influences the effectiveness of fungicides to control disease on treated
seeds. At Franklin
Basin, for example,
the soil
compacts rapidly after snow melt. This slows seedling emergence
which in turn encourages
the
development
of pathogens.
Statistical analyses of results of field tests showed
considerable
variation
among and between
locations, years, seasons, species and fungicides.
Variations can be expected because uncontrolled
variables such as frost heaving, compact soils, drought,
heat, cold, and insects may influence
results.
To
get the average response of fungicides, all variables
were pooled in analyses (Table
1). At Franklin
Basin, both mean seedling emergence and number
of surviving plants of Thmon
and Captan treated
seeds were significantly
greater than for the control.
At Logan, the seeds from all three fungicide treatments produced significantly
grater
numbers of
seedlings than did the untreated
controls.
However, only Thiram treated seeds had a significantly
greater number of surviving plants than the control.
Averaging
both areas, Thiram
seed treatment
significantly
increased mean seedling emergence by
20% and survival by 14% over the control.
Captan
treatment
significantly
increased
emergence
and
survival by 12%. Semesan treatment
showed but
slight improvement
over the control.
IJnder greenhouse conditions all species from all
treatments commenced to emerge 6 days after planting in study 1 and 5 days in study 2. Seedlings

SEED

SIZE

AND

stopped emerging 26 days after seeding in study 1
and 27 days in study 2. There was no significant
difference
in rate of emergence
or in final emergence of seeds treated with any fungicide or rate
of fungicide when compared to the control.
In the
greenhouse,
seeds germinate and seedlings emerge
without many of the stresses normally encountered
in the field. In these tests, growing seeds in field
soil, possibly low in pathogen potential, along with
greenhouse growing conditions favorable for rapid
seedling emergence, may have obscured the modest
benefit from seed treatment observed in the field.
Conclusions
Based on conditions of this study, fungicidal seed
treatment did not improve seedlings emergence in
In the field, however, fungicides
the greenhouse.
increased emergence and survival. Averaging both
areas, Thiram seed treatment significantly increased
emergence and survival as compared to the control.
Captan increases were smaller but still significant.

Semesan gave little response.
Treating
fungicides
is relatively
inexpensive.
therefore,
be worthwhile
to treat grass
recommended
fungicides,
particularly
where difficulty
in establishing
grass
has been encountered.
Literature
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Highlight
The time rate of appearance
of trifoliolate leaves of subterranean
clover
(Trifolium
subterraneum cv Bacchus
Marsh) was studied over a wide range
of seed weight (4 to 13 mg per seed).
Seedling development
of all seed sizes
at 25 C could be expressed as a regression equation
Y = -1.96
- 0.34 X,
where Y = stage of plant development
and X = number of days from germination.

The positive association of seed
size (weight) with early growth of
subterranean clover (Trifolium subterraneum L.) as spaced plants or
under minimal competitive stress
in swards, has been well established.
Black (1956) reported that, for the
l Received October 12, 1970; accepted

for publication March 6, 1971.
2 Present address: Lecturer in Grassland, Faculty of Agriculture, Legon,
Ghana.
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cultivar Bacchus Marsh, dry weight
up to the eighth trifoliate leaf stage
was related to initial cotyledonary
area, which, in turn, was determined
by seed weight. Using the same cultivar, Black (1957) further
showed
that, at a sward density of 25 plants

per link2 (0.4 plant/inchg), effects
of seed weight persisted until swards
had a leaf area index (LAI) of
about 4. For seeds of intermediate
size (6.4 mg), this LA1 was reached
about 90 days after sowing.
The time interval required until
disappearance of effects of seed size
is related to initial plant densities.
Black (1958) grew plants of the
cultivar Bacchus Marsh from seeds
of two sizes, 10.0 and 4.0 mg, as
pure stands and as equal proportions of the two sizes. At a density
of 150 plants per link2, (2.4/inch2),
growth differences related to seed
size had disappeared by the first

harvest (40 days from sowing), at
which time the LA1 was about 3.
In the mono specific swards of
mixed seed sizes, plant mortality
was confined to small-seeded plants,
a phenomenon atttributed by Black
(1958) to shading by the associated
large-seeded plants.
On a sward
basis, no differences in dry matter
production per unit area were associated with seed size beyond the 1st
harvest. Lawson and Rossiter (1958)
sowed seeds of two sizes (10 and 4
mg) of Dwalganup and Mt. Barker
cultivars of subterranean clover at
equal weights of viable seeds per
unit area. The resulting plant densities were about 21 to 54 plants per
link2 at the low seeding rate and
about 50 to 119 plants per link2 at
the high seeding rate. They concluded that seed size has no effect
on the growth rate of a sward after
the second harvest (69 days after
sowing), even though effects of
seed size are present at the first harvest (21 days). They also concluded
that size of seed has no effect on the
growth rate of a sward, provided
that sowing rate (defined as total
weight of seeds per unit area) is
held constant.
From these and other studies, it
has been proposed that productivity
of mono specific swards of small-
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stopped emerging 26 days after seeding in study 1
and 27 days in study 2. There was no significant
difference
in rate of emergence
or in final emergence of seeds treated with any fungicide or rate
of fungicide when compared to the control.
In the
greenhouse,
seeds germinate and seedlings emerge
without many of the stresses normally encountered
in the field. In these tests, growing seeds in field
soil, possibly low in pathogen potential, along with
greenhouse growing conditions favorable for rapid
seedling emergence, may have obscured the modest
benefit from seed treatment observed in the field.
Conclusions
Based on conditions of this study, fungicidal seed
treatment did not improve seedlings emergence in
In the field, however, fungicides
the greenhouse.
increased emergence and survival. Averaging both
areas, Thiram seed treatment significantly increased
emergence and survival as compared to the control.
Captan increases were smaller but still significant.

Semesan gave little response.
Treating
fungicides
is relatively
inexpensive.
therefore,
be worthwhile
to treat grass
recommended
fungicides,
particularly
where difficulty
in establishing
grass
has been encountered.
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Highlight
The time rate of appearance
of trifoliolate leaves of subterranean
clover
(Trifolium
subterraneum cv Bacchus
Marsh) was studied over a wide range
of seed weight (4 to 13 mg per seed).
Seedling development
of all seed sizes
at 25 C could be expressed as a regression equation
Y = -1.96
- 0.34 X,
where Y = stage of plant development
and X = number of days from germination.

The positive association of seed
size (weight) with early growth of
subterranean clover (Trifolium subterraneum L.) as spaced plants or
under minimal competitive stress
in swards, has been well established.
Black (1956) reported that, for the
l Received October 12, 1970; accepted

for publication March 6, 1971.
2 Present address: Lecturer in Grassland, Faculty of Agriculture, Legon,
Ghana.
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cultivar Bacchus Marsh, dry weight
up to the eighth trifoliate leaf stage
was related to initial cotyledonary
area, which, in turn, was determined
by seed weight. Using the same cultivar, Black (1957) further
showed
that, at a sward density of 25 plants

per link2 (0.4 plant/inchg), effects
of seed weight persisted until swards
had a leaf area index (LAI) of
about 4. For seeds of intermediate
size (6.4 mg), this LA1 was reached
about 90 days after sowing.
The time interval required until
disappearance of effects of seed size
is related to initial plant densities.
Black (1958) grew plants of the
cultivar Bacchus Marsh from seeds
of two sizes, 10.0 and 4.0 mg, as
pure stands and as equal proportions of the two sizes. At a density
of 150 plants per link2, (2.4/inch2),
growth differences related to seed
size had disappeared by the first

harvest (40 days from sowing), at
which time the LA1 was about 3.
In the mono specific swards of
mixed seed sizes, plant mortality
was confined to small-seeded plants,
a phenomenon atttributed by Black
(1958) to shading by the associated
large-seeded plants.
On a sward
basis, no differences in dry matter
production per unit area were associated with seed size beyond the 1st
harvest. Lawson and Rossiter (1958)
sowed seeds of two sizes (10 and 4
mg) of Dwalganup and Mt. Barker
cultivars of subterranean clover at
equal weights of viable seeds per
unit area. The resulting plant densities were about 21 to 54 plants per
link2 at the low seeding rate and
about 50 to 119 plants per link2 at
the high seeding rate. They concluded that seed size has no effect
on the growth rate of a sward after
the second harvest (69 days after
sowing), even though effects of
seed size are present at the first harvest (21 days). They also concluded
that size of seed has no effect on the
growth rate of a sward, provided
that sowing rate (defined as total
weight of seeds per unit area) is
held constant.
From these and other studies, it
has been proposed that productivity
of mono specific swards of small-
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FIG. 1. Rate of plant growth, as measured by rate of development of trifoliolate leaves, in relation to seed size.

seeded legumes is at first a function
of seed size, but that it rapidly becomes a function of foliage density
primarily as it influences
the interception of solar radiation
and carbon dioxide uptake.
This paper presents evidence that
one parameter of seedling development, i.e., rate of leaf appearance,
is independent
of seed size. Further, it indicates why this can be
of practical importance
in the establishment and persistence
of subterranean clover as an intro’duced species in annual rangelands.
Methods
Seeds of the cultivar
Bacchus
Marsh of subterranean
clover were
separated into three weight classes:
small (4 to 5 mg/seed), medium (7
to 8 mg), large (12 to 13 mg). Seeds
were planted in 15-cm pots into a
sterilized
synthetic
medium
composed of 5Ooj’, fine sand and 50%
peat moss, together with adequate
levels of all essential
nutrients.
Plants were thinned
at emergence
to one per pot with six replications
per treatment.
The
plants were
grown in a growth chamber
programmed for a 12-hr photoperiod,
a
constant temperature
of 25 C, and
a light intensity
of about 34,000
lux.
Rate of seedling development
was
determined
using a modification
of
Carlson’s (1966) system of 10 morphological
indices
for measuring
the stage of leaf blade development.

Rates of plant development
from
the three seed sizes, as measured by
production of trifoliolate
leaves, are
summarized
in Figure
1. Because
the results were similar with all
seed sizes, the data were combined.
Statistical
parameters
for the three
seed sizes are given in Table
1.
It is likely that an improved regression line could be obtained by conversion to a curvilinear basis. Howthe essential
point
to be
ever,
demonstrated
is the absence of seed
size-growth
rate effects, which the
data
presented
document
adequately.
These results are of interest for
two reasons. First, there is evidence
that individual
plants in a sward
may respond
differently
to interplant
competitive
stress
when
swards consist of mixtures
of species. Williams,
et al., (1968) provided data from experiments
with
mixtures of crimson clover (T. incarnatum
L.)
and
subterranean
clover which indicated a continued
dependence
(through the final harvest at 87 days from seeding) of the
relative weights of shoots on the
relative
seed weights of the two
components
of the mixture.
They
suggested that there may be factors
that act as buffers
against
total
dominance
by the component
with
the most favorable
distribution
of
leaf surface. They further suggested
that this buffering is more likely to
occur in competition
between species than within species. Since natturally
occurring
annual
range
communities
usually consist of mixtures of species, this phenomenon
may be of considerable
importance.
A second point of interest is that
the trifoliolate
leaves produced on
a seedling plant also serve as sites

for axillary production of secondary
growth. Secondary growth typically
becomes evident after 3 to 5 primary trifoliolate
leaves have developed. It originates first in the axil
of the first trifoliolate
leaf, or in
the axil of the unifoliolate
leaf. In
experiments
(unpublished)
with the
Glare cultivar grown at 20 C, we
have observed initiation
of secondary growth ( in the absence of interplant
competition)
at about
the
4th trifoliolate
leaf stage. Thirteen
days later at about the 8th trifoliolate leaf stage, the dry matter production
of
secondary
growth
equalled
that
of the primary
growth.
Although
attenuated
by
interplant
competition
in swards,
this shift from primary to secondary
growth
is likely
of importance
under grazing, since the uppermost
leaves in a subterranean
clover canopy often are also the youngest and
largest (Black, 1958). Under moderate
defoliation
pressure,
these
leaves are likely to be removed,
leaving the axils of older leaves as
sites for continued
production
of
both leaves and runners.
In fact,
even under co’nditions where interplant
competition
would be expected to be most severe (monovariety
community
derived
from
two seed sizes), Black (1958) showed
that a 50% reduction
in leaf area
per plant, of plants grown from
small seeds in competition
with
plants grown from large seeds, was
due almost entirely to a reduction
in mean area per leaf and not to
fewer leaves per plant.
Conclusion
In experiments
concerned
with
growth analysis of swards including
small-seeded annual legumes, additional attention
should be paid to

ROW
aspects of interplant competition in
mixed-species swards, and especially
to the importance
of secondary
growth to competitive ability under
these conditions.
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Highlight
Crested wheatgrass was planted in rows spaced 6, 12, 18, and 24 inches apart.
During 2 years of above-average precipitation, plants in all row spacings produced enough seed to justify harvesting, but during 2 years of average precipitation, only the plants in the l&and 24-inch spacings produced sufficient seed.
In a dry year, plants in none of the spacings produced enough seed to harvest.
When a seeded field is to be used for forage in dry years and seed production
in wet years, an l&inch row spacing is suggested for northern Colorado.

Crested

wheatgrass
(Agropyron
(Fisch. ex Link) Schult.)
is frequently seeded for an earlyseason pasture on semiarid rangelands.
Most range seedings are
planted only for herbage production, but the possibility of harvesting seed from crested wheatgrass
ranges should not be overlooked.
Where a seeding is to be used primarily for seed production, wide
row spacing (36 to 42 inches) is generally suggested (Rogler,
1960).
Cultivation is usually necessary to
keep the area between the rows
clear of weeds and volunteer plants
desertorum
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(Westover et al., 1932). Plants in
wider row spacings pro’duce less
forage than 12 or 18-inch spacings
(McGinnies,
1970). Cook et al.
(1967) compared
“thick”
stands
with “thin” stands and found that
thick stands produced more seedheads per unit area, but that thin
stands produced more spikelets per
seedhead and more seeds per spikelet.
Because the row spacings usually
suggested for forage production are
too narrow for high seed yields and
because the row spacings preferred
for seed production are too wide
for general grazing use, some compromise is needed. The following
study evaluates narrow and intermediate width row spacings for seed
production of crested wheatgrass.
Experimental

Procedure

The study area was located immediately west of Fort Collins, Colorado. The soil is classified as Lari-

and parameters
Sci. 6:293-294.

at ten stages.
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LAWSON, E. H., AND R. C. ROSSITER.
1958. The influence
of seed size
and seeding rate on the growth of
two strains of subterranean
clover
(Trifolium
subterraneum
L.). Aust.
J. Agr. Res. 9:286-298.

mer Loam. It contains numerous
small patches of clay loam and
sandy loam, and is of moderate to
low fertility.
Average annual precipitation at
Fort Collins is 14.7 inches, but
yearly precipitation
is variable in
amount and distribution.
During
the period of this study (1960-1967),
annual precipitation ranged from a
high of 27.9 inches for 1961 down
to 7.4 inches for 1966. Seasonal distribution
is even more variable;
but, on the average, half of the total
annual precipitation comes during
March through June.
The vegetation growing on the
area before it was plowed for this
seeding was dominated by blue
grama (Bouteloua
gracilis (HBK)
Lag. ex Steud.), buffalograss (Buch(Nutt.) Engelm.),
Zoe dactyloides
sleepygrass (Stipa robusta (Vasey)
Scribn.), and western wheatgrass
(Agropyron
smithii Rydb.).
The existing
vegetation
was
plowed under in the fall. The following spring, the ground was
smoothed and packed just before
seeding. Planting dates were March
30, 1960; April 21, 1961; and April
10, 1962. Nordan crested wheatgrass was planted with a cone-type
seeder at a depth of % inch and at
a rate of 30 live seeds per ft of row
in rows spaced 6, 12, 18, and 24
inches apart (equivalent to seeding
rates of 15, 7%, 5, and 3% lb./acre,
respectively). The plots were 25 ft
long, 6 to 8 ft wide, and were adjacent to larger plots that were sampled for herbage yields (McGinnies,
1968, 1970). Three blocks were
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aspects of interplant competition in
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to the importance
of secondary
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seeding was dominated by blue
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Zoe dactyloides
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smithii Rydb.).
The existing
vegetation
was
plowed under in the fall. The following spring, the ground was
smoothed and packed just before
seeding. Planting dates were March
30, 1960; April 21, 1961; and April
10, 1962. Nordan crested wheatgrass was planted with a cone-type
seeder at a depth of % inch and at
a rate of 30 live seeds per ft of row
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1968, 1970). Three blocks were
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planted each year. Excellent stands
were obtained frolm all plantings.
Each year, from 1962 to 1967, a
IO-ft section of row which best represented the treatment in each plot
was selected for harvest. Because
of rabbit damage, no harvest was
made in 1963. In the harvested
section of row, all seedheads were
clipped, placed in a paper bag, and
allowed to dry. The seedheads were
weighed and counted. The seedheads were then threshed and the
weight of the cleaned seed determined. To determine weight per
100 seeds, 400 seeds were counted
out and weighed.
A conventional analysis of variance was made of the data for each
harvest year for each year of planting. Interpretation
of the data was
made on the basis of these analyses.
Results
Both row spacing and precipitation had a prounced effect on seed
yields; and furthermore, there was
a strong interaction
between row
spacing and precipitation.
The
average precipitation
at Fort Collins for the growing period (March
through July) is 9.01 inches. For
the years in which seed was harvested, the precipitation was:
1962
1964
1965
1966
1967

8.11 inches
6.06
”
11.48
”
3.92
II
14.81
”

Almost no seed was produced in the
drouth year of 1966. Seed yields
were as one can expect on this site
at all row spacings in the aboveaverage precipitation years of 1965
and 1967. In 1962 and 1964, years of
average precipitation,
seed yields
from the 24-inch row spacings were
much greater than from the 6-inch
spacing (Table 1).
During dry periods in the growing season, moisture stress (indicated by incipient
wilting
and
darkening of the leaves) was observed in the 6-inch and 12-inch
spacings much before it was seen in
the 1% and 24-inch spacings (McGinnies, 1970). The dry periods
occurred
during
both average-

Table 1. Number of seedheads, weight (g) of seedheads, weight (g) of seeds,
and yield (lb/acre) of clean seed of crested wheatgrass as affected by row
spacing.
Year
Item and row spacing

Clean seed (lb/acre)
6 inches
12
ft
18
‘I
24
I’
Number of seedheads/
ft of row
6 inches
12
18

ff
I’

24

‘I

1962

1964

1965

1966

21
92
161
210

36
87
129
184

198

223
239
266

3
19
31
44

8
24
36
56

7

16
24
24
28

Number of seedheads/fta
6 inches
12
‘I
18
‘I
24
fF

20
22

Weight (g) / 100 seedheads
6 inches
12
IT
18
”
24
‘I

4.5
6.9
10.2
12.0

Weight

19

2.7
3.0
4.4
5.9

1967

Mean

1
2
8
11

280
253
191
234

107
131
146
181

26
47
64
77

2
4
11
16

24
40
42
62

13
27
37
51

52
47
42
38

3
4
8

48
40
28
31

25
27
24
25

1.2
1.4
2.1
2.5

9.0
10.6
10.8
12.7

7

5.3
6.6
7.8
9.3

4.5
5.7
7.1
8.5

(g) / 100 seeds

6 inches
12
1’
18
I’
24
I’

.18

.20
.20
.22

precipitation
years, and the moisture stress was doubtless partly responsible for the lower yields in the
narrower spacings. No periods of
stress were observed during the
“wet” years, 1965 and 1967.
Seedhead weight and number of
seedheads per ft2 were the two most
important components of seed yield.
Seedhead
weight (expressed
as
weight /100 seedheads) and number
of seedheads/ft o,f row increased
with increasing row spacing in all
years. However, the number of
seedheads/fP increased with row
spacing only in years of average or
low rainfall (the differences were
not significant in 1964). In wet
years, there was a consistent tendency for a higher number of seedheads in the narrower row spacings,
but the relationship was statistically
significant in only one-third of the
sets of data.
The low seed yields in the nar-

.09
.lO
.I1
.13

.19
.20
.20
.20

.09
.09
.11
.ll

.23
.24
.24
.25

.16
.17
.17
.18

rower row spacings in average years
result from a combination of fewer
seedheads per ft2 and smaller seedheads. In wet years, the greater
number of seedheads in the narrower row spacings compensated
for the larger seedhead size in the
wider row spacings to such a degree
that none of the differences in seed
yield could be attributed to row
spacing.
The correlation coefficients were
.83 between seedhead weight and
seed yield, and .90 between number
of seedheads per ft2 and seed yield.
The coefficient of correlation between an index (computed by multiplying weight /100 seedheads x
number of seedheads/fP) and seed
yield was .97.
Seed size (weight/ 100 seeds) generally increased slightly with increasing row width. However, the
differences were statistically significant in only half of the sets of data.

ROW

Discussion
This study does not lend itself
to detailed
economic
analysis
of
crested wheatgrass seed production
on rangeland, but some general conclusions can be made.
Mr. L. W.
Engstrom,
Longmont
Seed Company, (personal communication)
estimated that for the period covered
by this study, a field would have to
produce at least 100 lbs. of clean
seed per acre, in order to pay the
cost of harvesting
and to make a
minimum return to the landowner.
Following
this rule-of-thumb,
harvesting of seed would have been
economically
feasible
for all row
spacings
in the years of aboveaverage
precipitation
(1965
and
1967). In average years, only the
1% and 24-inch spacings produced
enough seed to warrant harvesting.
If the field is to be used solely for
seed production,
the 24-inch spacing would be the best choice of
those spacings tested.
However, if
the field is to be seeded for optional
use for pasture or seed production,
the l&inch
spacing
should be a
good choice.
At Fort Collins,
the
l&inch spacing produced good seed
yields in years of average and aboveaverage precipitation,
and, at the
same time, in the dry years, it pro-
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duced slightly more herbage
than
the 24-inch
spacing
(McGinnies,
1970).
One problem of the 24-inch spacing is invasion by perennial
weeds
and volunteer
crested wheatgrass
plants between
the seeded rows.
Some weeds also became established
in the l&inch spaced rows, but the
12- and 6-inch spacings remained
almost clear of weeds.
For optimum
use of crested
wheatgrass
range,
one or more
seeded fields could be held for seed
harvest in average or wet years, but
these would be grazed in dry years.
Under
this management
scheme,
the precipitation
would dictate the
In the dry years, seed
decision.
production
would be inadequate
for profitable harvesting and, at the
same time, there would probably be
a shortage of feed. In wet years, it
might be desirable
to hold back
even more acreage for seed production.
Obviously, an extensive system of
fences would be a necessity for a
combined
forage and seed production system of management.
At the
same time, if a large seeded area is
well-subdivided
with fences,
the
seeding
can be better
managed.
That part of the overall area that
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Shortly after October 1, you will receive your dues
notice for 1972. And, although SRM’s dues are probably lower than those for any other comparable professional society, we are pleased to announce that our
basic dues rate remains unchanged.
Despite continued inflation and rising operating
costs, we can all help keep dues down by (1) on-time
dues payment, and (2) signing up at least one new
member. Dues for the coming year are payable on or
before January 1, 1972; it won’t cost you a single
penny more to pay by then, yet it will be of great
benefit to your Society (and, thus, to you) as every
prompt payment will significantly reduce the amount

TIME

is grazed in a particular
year can
be fully utilized, because the size of
the grazed area can be readily adjusted to the amount of forage produced.
The
remaining
ungrazed
area can then either be harvested
for hay or be held until the seed
matures and harvested for seed.
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of subsequent clerical work. A membership application will be sent to every member along with his
1972 membership card. Putting these applications to
work will help substantially in spreading the costs and
also will permit better service for every member.
As you no doubt noticed in the July issue of the
Journal
of Range
Management,
the number of Individual Sustaining members keeps growing. This is
one very tangible method by which a member may voluntarily assist the Society-and
at a cost that is no
more than the price of a prime rib dinner for one!
Please give it serious consideration when renewing
your membership for 1972.
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Highlight
Evapotranspiration
(ET) calculated
from changes in soil
water content measured
by the neutron
scatter method was
compared
to ET measured
by lysimetry.
During
1968, a
near-average
precipitation
year (33 cm), the neutron method
was effective
for determining
ET over periods of 4 weeks or
longer.
Cumulative
ET curves as determined
by lysimetry
and the neutron
method were in excellent
agreement.
In
1969, a year with high precipitation
in June
and July,
reliability
of the neutron
method was severely limited
by
deep percolation
and possibly
by surface
runoff.
Failure
of the neutron
method to measure accurately
water content
near the soil surface
following
periods
of precipitation
was the major source of error when percolation
and runoff
were not factors.
Sensitivity
of the neutron
method during
a 30.day drying cycle was equal to that of a hydraulic
lysimeter. Upward soil water fluxes were evident and are potential sources of error.

Knowledge of evapotranspiration
(ET) is important in the study of rangeland
hydrology
and
ecology.
Lysimeters,
which measure ET directly,
and indirect
methods such as aerodynamic
and
energy budget, are expensive and not adapted to
routine measurements
of ET. Assuming no upward movement of water into the soil profile, ET
can be calculated from the following relationship:
ET = precipitation
-F change in soil water - runoff
- percolation.
Thus,
accurate
measurements
of
changes in soil water content can provide a reliable
means of determining
ET when precipitation
is
measured and when runoff, deep percolation,
and
upward flux are known or negligible.
The neutron scatter method has been used sucET from lysimeters under
cessfully to determine
irrigation
and subhumid
conditions
(McGuinness
et al., 1961; Bowman and King, 1965; Harrold and
Dreibelbis,
1967; and Van Bavel and Stirk, 1967).
This paper discusses the utility of the neutron
scatter method for ET determinations
on semiarid
rangeland and compares results with those obtained
from small hydraulic lysimeters.
l Contribution
from the Northern
Plains Branch,
Soil and
Water
Conservation
Research
Division,
Agricultural
Research Service, U. S. Department
of Agriculture
in cooperation with the Montana
Agricultural
Experiment
Station,
Journal
Series No. 163. Received
September
8, 1970; accepted for publication
March
15, 1971.

The study area was located near Sidney, Montana,
on a
sandy glaciated plains range site with 1 to 2% slope. Annual
precipitation
averages 33 cm with about 70% received during the growing
season.
Vegetation
is a Bouteloua-Carex[Stipa] (Blue g rama (B. gracilis), threadleaf
sedge (C. fili(S. comata)) faciation
of the mixed
folia), needleandthread
prairie
association
(Weaver
and Albertson,
1956).
Basal
cover by the point method was 13%.
Evapotranspiration
from native range was measured with
six hydraulic
lysimeters similar to those described by Hanks
and Shawcroft
(1965).
The lysimeters
were 1 x 1 m in
surface dimension
and 1.2 m deep with no provision
for
drainage.
One lysimeter
was monitored
daily, except
on
weekends, throughout
the growing season of 1968 and 1969.
Soil water was determined
weekly both in and adjacent
to
this lysimeter.
Soil water of the other five lysimeters
and
adjacent
areas was measured
periodically
throughout
the
1968 growing season.
One access tube was used to measure soil water in each
lysimeter,
and two or three access tubes were used in the
adjacent
rangeland.
Measurements
were made at 15., 45-,
75-, and 90-cm depths in the lysimeters and 15., 45., 75., and
105-cm depths in adjacent
areas.
Distance
between
center
of measurement
and end of probe2 prohibited
readings in
the lysimeters
beyond
about 90 cm. The neutron
source
was 10 mc of Am241-Be.
A separate study was conducted
to evaluate
the neutron
method for determining
ET on a daily basis. During periods
in August and September
1969, daily changes in soil water
content
of a lysimeter
were determined
by lysimetry
and
neutron
techniques
following
an application
of 5.9 cm of
water.
Changes in soil water content were calculated
from
neutron
readings
taken at 7.5-cm intervals
between
the 15and go-cm profile depths.
Total profile water was calculated
by averaging
the soil water fractions
determined
at each
point
of measurement
and multiplying
by 120 cm-the
Changes in water content were also
depth of the lysimeter.
calculated
from readings taken at 15-cm intervals
and 30-c-m
intervals,
and results were compared
with those from the
7.5-cm interval
measurements.
Results

and

Discussion

For 1968, a year with near-average
precipitation,
there was relatively
close agreement
between the
lysimeter
and neutron
methods
of measuring
changes in soil water content inside the lysimeter
and between
soil water inside and outside the
lysimeter.
However, in 1969, a relatively wet year
(approximately
36 cm of precipitation
from April
through mid-August as compared to 27 cm for the
same period in 196S), the discrepancy
between
neutron and lysimeter measurements
and between
soil water inside and outside the lysimeter (Fig. 1)
was greater than in 1968.
Following
heavy precipitation in late June and early July, the neutron
method recorded peak soil water content a week

2 Troxler
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Depth Moisture
Gauge 105A, Troxler
Electronic
Laboratories,
Inc., Raleigh,
N. C. (Company
name is included for the benefit
of the reader and does not imply
any endorsement
or preferential
treatment
by the U. S.
Department
of Agriculture
of the product
listed.)
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FIG. 1. Changes in soil water content inside and adjacent
lysimeter and the precipitation pattern for 1969.

FIG. 2. Evapotranspiration
from a wetted lysimeter and from
adjacent rangeland. (Time 19a occurred 30 minutes following
application of 5.9-cm water. Applied water is plotted as negative ET.)

later than the lysimeter.
Figure 1 also indicates
that the soil water outside the lysimeter was significantly less than inside the lysimeter for a major
portion of the 1969 growing season. The increase
in soil water inside the lysimeter was due to restriction of percolation
and to a gain in soil water over
the winter.
The lysimeter was more effective in
holding snowmelt than adjacent rangeland.
The delayed response of the neutron method to
surface application
of water is further illustrated
in Figure 2. Following an application
of 5.9 cm of
water, the lysimeter
immediately
registered
the
full amount
added; however,
30 minutes
after
application,
the neutron
method measured
only
1.8 cm, and 24 hours after application,
only 4.3 cm.
The neutron method, as used in this experiment,
failed to measure the full amount of water that
was initially
concentrated
in the upper layer of
soil. Maximum
soil water was not indicated
by
the neutron method until 3 days later-about
the
same time maximum depth of percolation occurred.
From the third day on there was excellent
agreement between the lysimeter and neutron method
of measuring changes in soil water content, even on
a daily basis.
Errors in measuring water near the soil surface
are inherent
with the neutron method and have
been discussed by Lawless et al. (1963). Errors also
may arise due to placement
of the neutron probe
in relationship
to a wet layer of soil; i.e., if a wet
layer of soil is located above or below the center
of measurement,
total amount of water measured
will be less than if the center of measurement
is
in the center of the wet layer. Immediately
following precipitation,
soil water is concentrated
in a
wet layer near the surface; and, with the upper
profile measurements
taken at 15-cm below the

surface, water content of this layer is underestimated. After water has had a few days to move
down into the soil profile, the neutron
method
accurately measures the total quantity present.
Supplementation
with other techniques for measuring water in the soil surface would improve the
neutron method.
McGuinness
et al. (1961) used
resistance
blocks to determine
soil water in the
top 18 cm of soil. With proper technique
and
special calibration
curves, the neutron method can
be improved for water measurements
near the soil
surface (Van Ravel and Stirk, 1967; Black and
Mitchell,
1968; and Luebs et al., 1968). I found
that neutron readings taken at 7.5- or 15-cm intervals were more sensitive to small changes in profile
water content than readings taken at 30-cm intervals.
Differences
between soil water content
inside
and outside the lysimeter in 1969 were due primarily to restricted percolation inside the lysimeter.
Water content of the lower half of the lysimeter
remained
above field capacity from the first of
July to the first week in August. Some runoff may
have occurred outside the lysimeter but not enough
to account for the difference in soil water content.
Evapotranspiration
determined
by both lysimetry
and the neutron method in 1969 was higher than
actual ET; restriction
of percolation
resulted in
more water available for ET inside the lysimeter
than adjacent to it. Also, deep percolation
outside
the lysimeter was considered a component
of ET
using the neutron
method.
For years with precipitation patterns similar to 1969, a lysimeter with
provisions for drainage would be needed for accurate
ET measurements.
Measurements
to a
greater depth in the soil profile would help account
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1. Comparison
of seasonal ET values (cm) for ly
simeters as determined
by two methods of measurement
and for rangeland
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to the lysimeters
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FIG. 3.

Evapotranspiration
from a lysimeter and from adjacent
rangeland, 1968 and 1969.

for percolation
and thereby improve accuracy of
the neutron method.
Weekly cumulative
ET curves for the lysimeter
and neutron methods are generally in close agreement (Fig. 3). Cumulative
ET inside and outside
the lysimeter also closely agreed. In 1969, however,
an unknown amount of deep percolation
was measured as part of ET. Data from five other lysimeters
(Table
1) further
demonstrate
reliability
of the
neutron method for 1968. There was no evidence
of percolation
through the profile in 1968.
Evapotranspiration
values calculated
from neutron soil water measurements
for time intervals of
less than 3 to 4 weeks were generally unreliable.
Correlation
coefficients
(r values) comparing
the
two methods and ET inside the lysimeter with ET
from adjacent rangeland are shown in Table 2.
Use of the neutron method for daily ET measurements during selected periods is questionable.
Under favorable
conditions-e.g.,
no runoff,
no
percolation,
or no recent precipitation-the
sen-

sitivity of the neutron method appears to be adequate (Fig. 2). Standard error for the repeatability
of measurement
of total profile (120 cm) water for
the period and profiles in Fig. 2 was about 0.5 mm,
well within the realm of accuracy needed for daily
ET determinations.
However, upward movement
of water into the soil profile limits the neutron
method.
Van Bavel et al. (1968) reported upward
fluxes as high as 4 mm per day under irrigation.
To what extent upward fluxes occur in semiarid
rangeland
is not known.
The plot of ET from
rangeland
adjacent to the lysimeter (Fig. 2) indicates a gain in soil water between August 26 and
September 5 (a period during which only 0.5 mm
of precipitation
occurred).
A similar trend for that
period was noted on nearby rangeland where soil
water was determined
weekly. Soil water between
the 75- to 120-cm depths also increased
slightly
during this period, indicating
upward movement
of water from deeper depths. Evapotranspiration
measured in the lysimeters (Table 1) was, with the
exception
of the 0% cover plot, slightly higher
than the measured ET from adjacent rangeland.
Table 2. Correlation
between ET measured by a lysimeter
and the neutron
method and between a lysimeter
and
adjacent rangeland
as measured over increments
of time.
r values
Time intervals
for which ET
was determined

1969

1968
L vs I’ L vs 0

1 week

.36

2 week

.40

3 week
4 week

.66
.74

.57
.77
.75
.92

Weekly
cumulative

.99

.99

I vs 0

L vs I

L vs 0

I vs 0

.58
.79
.81
.86

.16
.41
.51
.66

.ll

.56

.18
.69
.97

.I4
.86
.59

.99

.99

.99

.99

l L = ET determined by the lysimeter.
I = ET determined by the neutron method inside the lysimeter.
0 = ET determined by the neutron method on rangeland adjacent to the lysimeter.

TECHNICAL
These differences
may be due to small errors of
measurement
on the adjacent rangeland resulting
from upward water fluxes.
Nonweighing
lysimeters similar to the one proposed by Van Bavel and Stirk (1967) would eliminate both the problem of upward water movement
and percolation
through the profile.
In conjunction with the neutron
method,
these lysimeters
would be a useful tool for determining
ET over
short time intervals.
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TECHNICAL
Moistening and Heating
Improve Germination
of
Two Legume Specie9
C. A. SEGELQUIST2
Southern
Forest Experiment
Station,
Forest Service,
U. S. Department
of
Agriculture,
Nacogdoches,
Texas.

Highlight
Germination of Lespedexa cuneata
and Desmodium
pauciflorum
seeds
from eastern Oklahoma was increased
by heating them under moist conditions. Seeds of Desmodium sessilifoZium from the same area germinated
Moistening
well without treatment.
and heating did not increase germination of Lespedeza virginica and L.
capitata; mechanical scarification was
very successful with seeds of these species.
Cushwa et al. (1968) found that
moistening and heating increased germination of Cassia nictitans L. seeds
collected in Florida.
The study del Received October 30, 1970.
2 Stationed at the Wildlife Habitat and
Silviculture Laboratory, which is maintained by the southern Forest Experiment Station in cooperation with
Stephen F. Austin State University.
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NOTES

scribed here was done to determine
whether similar treatment would improve germination
of five common
legumes found in the prairies of eastern
Oklahoma.
The species selected for
testing were: Desmodium
sessilifolium
(Torr.) T. & G., D. pauciflorum
(Nutt.)
DC., Lespedexa virginica (L.) Britt., L.
cuneata
(Dumont) G. Don, and L.
capita ta Michx.

Methods
Seeds were collected from standing
plants near Stillwater, Oklahoma, in
February 1970. They were cleaned and
groups of 60 were assigned to heat
treatment at a temperature of 40, 60,
80, or 100 C for 1, 2, 4, 8, 16, or 32
minutes.
To provide ample moisture, each
group of seeds was placed in a folded
paper towel, which was moistened and
covered with aluminum foil. The package was placed in an oven set at the
prescribed temperature.
A thermometer was inside the packet, and the
timing interval was begun when the
temperature in the center of the packet
reached the specified level. Controls
were also placed in foil packets and
moistened, but they were not heated.
Each treatment was applied to one
group of 60 seeds.
Following
treatment
seeds were

placed in Petri plates on moistened
filter paper blotters and germinated
seeds were counted at intervals of 3, 6,
9, 12, 16, 27, and 33 days.

Results
The rate of seed germination was
not affected by any treatment. Most
seeds that germinated did so from 3 to
6 days after the tests began, and in
all species germination was essentially
complete after 16 days.
Heating L. cuneata seeds to 60, 80,
and 100 C increased germination (Fig.
1). It only took 1 minute at 80 or
100 C to stimulate germination, but required 4 minutes at 60 C to cause an
increase.
No germination
occurred
after 32 minutes at 100 C. Tempera-
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FIG. 1. Response of Lespedera
moistening and heating.
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tures of 60 and 80 C appeared to improve germination of D. j%zucifZorum
seeds (Fig. 2). The 100 C treatments
never improved germination
of this
species, and exposure for 8 or more
minutes was highly detrimental.
Heat treatment did not increase germination of D. sessilifolium seeds, but
exposures

of 80 C for 32 minutes

and

100 C for 8 or more minutes reduced
germination.
Germination
of L. virginicu and L.
capitata seeds was very poor and un-

A Portable Small-Stage
Photoelectric
Planimeter
for
Leaf Area Measurements1
MARTYN
M. CALDWELL
RUSSELL
T. MOORE2
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Associate Professor and Graduate
Research
Assistant, Dept. of Range
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and the Ecology
Center,
Utuh State University, Logan, Utah.

Highlight
A small
and
inexpensive
photoelectric planimeter
is described.
This
planimeter
is particularly
suited for
the precise determination
of leaf area
for many western range species.

The importance of leaf area determinations in the plant sciences has
stimulated the use of a great variety
of techniques for measurement of leaf
area (Marshall, 1968). Light interception techniques have been used most
extensively for fast yet accurate determinations of leaf area. A large number
of such photoelectric planimeters have
been devised (Marshall, 1968).
Most photoelectric planimeters follow the same basic design. Leaves are
held in a horizontal position on a stage
and illuminated from above with a
defuse light source. The amount of
light intercepted by these leaves is
measured by a photoelectric
sensor
located below the stage. The components of such a devise are housed in
a light-proof enclosure.
Since most
planimeters have been designed to acl Journal Paper No. 1084 of the Utah
Agricultural Experiment Station. Received September 18, 1970.
2 The assistance of Mr. Lee Camp in
the construction and testing of the
planimeter is gratefully acknowledged.

NOTES
affected by heat treatment. In separate
tests, 100 seeds of each of these species
were abraded with sandpaper and then
placed in Petri dishes. Following this
treatment, germination of 98% was obtained for L. virginica and 100% for
L. cupitata seeds.
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FIG. 2. Response of Desmodium pauciflorum seeds to moistening and heating.

commodate large leaves, a large evenlyilluminated stage is paramount.
To
achieve this, it has been necessary to
use substantial distances between the
light source, the stage and the sensor
(Donovan et al., 1958); collimating and
condensing lenses (Miller et al., 1956;
Davis et al., 1966); or an optical cone
(Kramer, 1937). These modifications
have resulted in extremely large and
complex planimeters which are often
expensive and limited to laboratory
use. Small portable photoelectric planimeters have been devised, but these
have not been refined to the point
where errors can be reduced to an
acceptable level (Voisey and Kloek,
1964).
Desert range species are particularly
suited for use in a small-stage photoelectric planimeter. A large number of
these small leaves can be conveniently
placed on a rather small stage and most
species have leaves which are completely opaque. We describe here a
small stage, inexpensive, portable and
precise photoelectric planimeter, which
is particularly suited for western range
species.
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J. Range

a bulb, no ventilation is required in
the housing as is usually needed in
most other photoelectric planimeters
(Davis et al., 1966; Kramer, 1937;
Miller et al., 1956). The illumination
sensor used in this particular planimeter is a 4.9 cm (1.9 inches) diam. photovoltaic cell (Model HR-1247, Centralab
Instruments Co., El Monte, California).
The output from this photovoltaic cell
is measured with a microammeter. The
stage is located immediately above the
light sensor and consists of a piece of
normal window glass painted with
black paint except for a 4.9 cm diam.
area immediately above the photocell.
Spread the leaves on this 4.9 cm diam.
stage and cover the leaves with a piece
of frosted glass to hold the leaves flat
and to insure an even illumination
field. If necessary, a series of screen
filters can be placed between the stage
and the lamp to reduce and defuse the
light. This photoelectric
planimeter
can be constructed for less than $100.

Methods and Materials
Construct a small light-tight housing
(30 X 30 X 60 cm) of a suitable material such as 6 mm (% inch) plywood
with a small access door (Fig. 1). Paint
the inside of this housing with a mat
black paint and provide the access door
with a rubber light-tight seal. A small
25 watt a-c bulb provides an excellent
source of illumination if line power is
available. A small 6 or 12 d-c automotive bulb could also be employed
when line current is not available.
Mount this lamp on a small plate and
use a series of bolts with wing nuts or
a similar mounting scheme to adjust
the height of the plate. Because of the
low amount of heat produced by such

FIG. 1. Cut-away diagram of photoelectric
planimeter.
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tures of 60 and 80 C appeared to improve germination of D. j%zucifZorum
seeds (Fig. 2). The 100 C treatments
never improved germination
of this
species, and exposure for 8 or more
minutes was highly detrimental.
Heat treatment did not increase germination of D. sessilifolium seeds, but
exposures

of 80 C for 32 minutes

and

100 C for 8 or more minutes reduced
germination.
Germination
of L. virginicu and L.
capitata seeds was very poor and un-
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is particularly
suited for
the precise determination
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Most photoelectric planimeters follow the same basic design. Leaves are
held in a horizontal position on a stage
and illuminated from above with a
defuse light source. The amount of
light intercepted by these leaves is
measured by a photoelectric
sensor
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a light-proof enclosure.
Since most
planimeters have been designed to acl Journal Paper No. 1084 of the Utah
Agricultural Experiment Station. Received September 18, 1970.
2 The assistance of Mr. Lee Camp in
the construction and testing of the
planimeter is gratefully acknowledged.

NOTES
affected by heat treatment. In separate
tests, 100 seeds of each of these species
were abraded with sandpaper and then
placed in Petri dishes. Following this
treatment, germination of 98% was obtained for L. virginica and 100% for
L. cupitata seeds.

100

h

\\
\~IOO~C
:
:

5
:
k!
0
0

I
I

I

I

:

16
MIN”:ES

0;

Literature

___---;---__
‘-32

EXP&“RE

FIG. 2. Response of Desmodium pauciflorum seeds to moistening and heating.

commodate large leaves, a large evenlyilluminated stage is paramount.
To
achieve this, it has been necessary to
use substantial distances between the
light source, the stage and the sensor
(Donovan et al., 1958); collimating and
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(Kramer, 1937). These modifications
have resulted in extremely large and
complex planimeters which are often
expensive and limited to laboratory
use. Small portable photoelectric planimeters have been devised, but these
have not been refined to the point
where errors can be reduced to an
acceptable level (Voisey and Kloek,
1964).
Desert range species are particularly
suited for use in a small-stage photoelectric planimeter. A large number of
these small leaves can be conveniently
placed on a rather small stage and most
species have leaves which are completely opaque. We describe here a
small stage, inexpensive, portable and
precise photoelectric planimeter, which
is particularly suited for western range
species.
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the inside of this housing with a mat
black paint and provide the access door
with a rubber light-tight seal. A small
25 watt a-c bulb provides an excellent
source of illumination if line power is
available. A small 6 or 12 d-c automotive bulb could also be employed
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a similar mounting scheme to adjust
the height of the plate. Because of the
low amount of heat produced by such
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ment has been used successfully
for leaf
area determination
of forage samples
from fistulated
sheep.
This small-stage planimeter
is ideally
suited for field or laboratory
measurements
of small leaves such as from
desert range plants.
For larger leaves,
especially
those which
are not completely opaque,
a large stage air-flow
planimeter
would
appear
preferable
(Jenkins,
1959; Mayland,
1969).
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FIG. 2. Linear regression of percent full scale microammeter
95% confidence bands are also shown-r2 = .987.

Results

and

Discussion

Since the height
of the light bulb
above the stage is variable,
adjust the
instrument
to indicate
a full scale microammeter
reading when no leaves are
on the stage.
Check this before
and
after each leaf sample is read. This will
compensate
for any changes
in bulb
output
or sensitivity
of the photoelectric sensor caused by changes in temperature.
Place the leaves on the stage
and cover with the frosted glass for a
photocell
reading.
We calibrated
this planimeter
with
small pieces of opaque paper of known
area.
A linear
regression
from these
data possesses
a coefficient
of deterThe regression
mination,
r2, of 0.987.

reading and leaf area. The

equation
and the 95% probability
confidence
bands for this regression
are
plotted in Figure 2. These confidence
bands suggest the limits of error for
prediction
of leaf area based on the
regression
relationship.
The area of a
leaf sample which yields approximately
90% of full scale reading
on the microammeter
can be predicted
within I+
7 mm2 or + 2% with 95% probability.
For small leaves, this represents
a high
degree

of accuracy.

This
portable
planimeter
has been
used extensively
for determination
of
leaf area for a number
of cold desert
range

shrubs

such

plex confertifolia),
rotia Zanata). In
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Seeds of winterfat (Eurotiu lanata)
were planted at four depths in three
soils held at five moisture levels. Emergence was best from the &-inch depth,
and when soil moisture was nearer
field capacity than saturation.

Another reason may have been that the
seeds were covered
too deeply.
Recently it was found that, in wet soil
at least,
establishment
of winterfat
seedlings is best when seeds are planted
on the surface
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Methods
Seeds were planted July 24, 1969, in
small plastic
pots.
Treatments
were
completely
randomized
in a 3 x 4 x 5
Each combination
of
factorial
design.
depth, soil, and moisture
level (Table
1) was replicated
three
times.
Ten
viable seeds were planted
in each pot.
The
seeds,
threshed
by hand
from
fruits
collected
November
1, 1968
near Corona,
New Mexico,
numbered
189,000 per pound.
Seeding depths-which
were precisely
measured-were
l/is, l/s, l/4, and l/a inch.
Five of the moisture
levels in Table
1 (all except wilting) were included
in
the tests.
These
levels were achieved
by adding to a constant weight of ovendried soil the calculated
amount
of
distilled
water.
The
gross weight
of
each pot-soil
plus water for a specific
moisture level-was
marked on the pot.
To insure that moisture levels remained
essentially
as prescribed
throughout
the
experiment,
evaporation
losses
were
minimized
by suspending
a sheet of
plastic 3 inches above the pots. Moisture losses, determined
by daily weighing, were negligible.
Water was added
when the loss exceeded
0.5 gram.
The experiment
was conducted
on
laboratory
benches
at room temperature.
Air and soil temperatures
were
monitored.
Soil
temperatures
were
measured with thermistors
placed at different depths (Swanson,
1967). There
were no significant
differences
in temperatures
among moisture
levels, seeding depths, or soils. Average temperatures during the 2 weeks when seedlings
were emerging
were:

Air
Soil

Range

Mean

68.5 to 83.7
67.6 to 78.0

75.2
72.4

Seedlings,
counted
each day until
emergence
stopped,
August
4, 1969,
were
considered
emerged
when
the
cotyledons
were l/2 inch above the soil
Seedling
emergence
percentsurface.
ages were transformed
to arc sin for
analysis of variance.

Results

and Discussion

The I+&-inch planting
depth was substantially
better than the other depths
(Table
2). Very few seedlings emerged
from % inch (mainly in the clay soil),
and not a single seedling came up from
seeds planted
l/2 inch deep.
Seedling emergence
was significantly
better

in the clay and loamy sand than
In a previous study

in the sandy loam.

NOTES

Table 1. Characteristics
lings in northern
New

of three
Mexico.

soils1 tested

for emergence

seed-

of winterfat

Moisture percentage, by condition
Level of saturation

Soil
identification
and location
Silver

Hill

Texture

pH (saturation paste) Full

36

?4

M

Field
capacity Wilting
(‘/“jbar) (15 bar)

7.6

27.4

22.8

18.3

13.7

6.4

3.6

Sandy loam

7.1

30.6

25.5

20.4

15.3

11.8

5.3

Clay

7.8

46.8

39.0

31.2

23.4

18.9

11.9

Loamy

sand

8 mi. W of
Magdalena

QU
8 mi. W of
Santa Fe
Wingate
18 mi. E of
Gallup

l Moisture-holding characteristics of the soils determined by Ralph E. Campbell,
Scientist, Rocky Mountain Forest and Range Experiment Station, Albuquerque.

Differences
in emergence
from the
three depths of seeding were not consistent throughout
the range in moisture studied.
Likewise, the relationship
between
depths
of seeding
and soils
was not consistent.
Seeds planted
1%
inch deep produced
as many seedlings
in loamy sand as in clay soil. When
seeds were planted l/ or l/ inch deep,
emergence was best in the clay. Production of seedlings in the sandy loam soil
was proportionately
much poorer from
seeds planted
l/ or l/4 inch than from
those planted l/l6 inch.
The really puzzling question
is: why

more seedlings
became
established
in
the sandy loam than in the other two
soils, but most of those seedlings
resulted from seeds planted
on the surface of wet soil (Springfield,
1970).
Seedling emergence
was inversely related to moisture level. Winterfat
seeds
on blotters
in petri dishes germinated
best when there was little or no moisture stress (Springfield,
1968).
In this
experiment,
however,
emergence
was
better
in moderately
dry than in wet
soil. Averages for all soils and depths
show
emergence
declined
gradually
from % to 2/ saturation,
then dropped
rather
sharply.
Emergence
was least
when soils were 5/s or fully saturated.

Table

2.

Percent

emergence

Soil

was seedling emergence
so poor in wet
soil? Even the seeds planted
only 1%

of winterfat

seedlings from
1evels.l

seeds planted

at three

depths in three soils held at five moisture

Soil
identification
and depth
of seeding
Silver Hill
r/rl~inch
1, inch
l/4 inch

QRA
l/l6 inch
l/ inch
1, inch

Percent emergence, by moisture level
Level of saturation
Full

5/6

76

l/2

Field
capacity

87 a
43 b
7a

73 a
20 a
0

13b
oc

23 b

7c

87 a
67 a

Oa

Oa

3a

80 a
40 b
Oa

23 b

67 a

7c

13bc

3b
0

3b
0

7 ab
0

23 c
17b
Ob

27 c
20 b
Ob

50 b
57 a
10 ab

17a
0

Wingate
r/l6 inch
l/s inch
1/ inch

87 a
60 a
10ab

1 Numbers in the same row, followed by the same letter, are not significantly
at the 5% level of probability.

87 a
57 a
23 a
different

MANAGEMENT
inch
deep
failed
to produce
many
seedlings in saturated
or near-saturated
soil. Poor aeration
is perhaps the most
obvious
explanation,
but
undefined
soil physical
factors
also may be involved.
In a previous experiment,
germinated seeds and fairly well-developed
seedlings were found curled and compressed beneath
a layer of soil at the
same depth the seeds had been planted.
The
seeds had germinated,
but the
young seedlings
did not have enough
thrusting
capacity to push through the
soil. Investigations
have not progressed
to the point where combinations
of soil
and moisture
that most restrict
the
upward growth of winterfat
seedlings
can be specified.
The results do suggest, however,
that clay was less of a
barrier
to an emerging
seedling
than
either the sandy loam or loamy sand.
Only in the clay soil did a reasonable
number
of seedlings
emerge from the
M-inch depth, and only in the clay was
there fair emergence
from seeds planted
I/ inch deep in wet soil. Of course, soil
characteristics
other than texture
may
have affected the results.
Evidence
from
corollary
investigations indicates
that density of the germination
medium,
as well as aeration,
probably
influences
the emergence
of
winterfat
seedlings.
Seeds were planted
10 mm deep in sand, perlite,
and vermiculite
held at M, %, and full satura-

tion.
in the
tent.
dense

NOTES

Practically
no seedlings emerged
sand, regardless of moisture conPercent
emergence
in the less
media was:

Saturation

level

Perlite
50

100

3/1

30

95

Full

10

80

Conclusions
Shallow
planting
of winterfat
seeds
is important,
regardless of soil moisture
content or kind of soil. Fewer seedlings
emerged in wet soil than in moderately
dry soil, even when seeds were planted
shallow.
Soil
texture,
and
possibly
other
soil characteristics,
may affect
Moreover,
emergence.
although
the
explanations
are not clearcut,
there
were indications
that (1) winterfat
is
somewhat
sensitive
to deficient
aeration, and (2) dense soil, especially when
it is wet, impedes emergence
of winterfat seedlings.
Future
investigations
should
be
aimed at increasing
knowledge
about:
1.

the inherent
capacity of the seedling
to break through the soil surface;

2.

the effects of aeration
on germination and seedling development:
and

3.

the

physical

characteristics

Changes on a Sagebrush-Grass Range
in Nevada Ungrazed for 30 Years1
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University
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Natural
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Resources,

Highlight
Thirty
years rest enabled
a 20.acre
tract
of eroded
sagebrush-grass
range in northern
Nevada
to increase its
vegetal cover in all life forms. The cover of perennial
forbs
increased the most, 85%.
Thurber
needlegrass
increased
7
fold. Only annual forbs and locoweed declined.
Bluebunch
wheatgrass
was reestablishing
naturally
in favored
spots.
Newly cleared and seeded range outside the exclosure
produced three times as much grass forage as produced
after
long rest without clearing.

Personnel of the Grazing Service and Forest Service selected a site for range improvement
studies
l Contribution

Vermiculite

%
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from the Agricultural
Experiment
Station,
University
of Nevada, Journal
Series No. 178. This study
was supported
in part by Hatch Project
602.

of

var-

ious soils, wet and dry, in relation
to seedling emergence.
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NOTES
in a big sagebrush-Sandberg
bluegrass (Artemisia
tridentata-Poa
secunda) type in Paradise Valley,
Humboldt
County, Nevada, in 1939. A ZO-acre
tract was fenced on federal land at 4,700 feet elevation below the boundary of the Humboldt National
Forest.
It lies in Section 34, T 42 N,R 39 E near
the Singas Creek Road two miles west of its junction with Highway 8B. The enclosure was assigned
to the Intermountain
Forest and Range Experiment Station as a responsibility
of the Santa Rosa
substation.
Seeding trials in 1940-44 showed the possibility
of establishing desert wheatgrass (Agropyron
desertorwm) and beardless
bluebunch
wheatgrass
(A.
inerme).
These species yielded 133 lb./acre and
625 lb./acre, respectively, in their sixth year. Eleven
others failed to establish and survive, thereby reflecting the harshness of the environment.
Only
one-fourth acre in a corner was disturbed by these
plots.
The woven-wire fence remains sound but was not
designed to exclude rabbits.
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inch
deep
failed
to produce
many
seedlings in saturated
or near-saturated
soil. Poor aeration
is perhaps the most
obvious
explanation,
but
undefined
soil physical
factors
also may be involved.
In a previous experiment,
germinated seeds and fairly well-developed
seedlings were found curled and compressed beneath
a layer of soil at the
same depth the seeds had been planted.
The
seeds had germinated,
but the
young seedlings
did not have enough
thrusting
capacity to push through the
soil. Investigations
have not progressed
to the point where combinations
of soil
and moisture
that most restrict
the
upward growth of winterfat
seedlings
can be specified.
The results do suggest, however,
that clay was less of a
barrier
to an emerging
seedling
than
either the sandy loam or loamy sand.
Only in the clay soil did a reasonable
number
of seedlings
emerge from the
M-inch depth, and only in the clay was
there fair emergence
from seeds planted
I/ inch deep in wet soil. Of course, soil
characteristics
other than texture
may
have affected the results.
Evidence
from
corollary
investigations indicates
that density of the germination
medium,
as well as aeration,
probably
influences
the emergence
of
winterfat
seedlings.
Seeds were planted
10 mm deep in sand, perlite,
and vermiculite
held at M, %, and full satura-

tion.
in the
tent.
dense

NOTES

Practically
no seedlings emerged
sand, regardless of moisture conPercent
emergence
in the less
media was:

Saturation

level

Perlite
50

100

3/1

30

95

Full

10

80

Conclusions
Shallow
planting
of winterfat
seeds
is important,
regardless of soil moisture
content or kind of soil. Fewer seedlings
emerged in wet soil than in moderately
dry soil, even when seeds were planted
shallow.
Soil
texture,
and
possibly
other
soil characteristics,
may affect
Moreover,
emergence.
although
the
explanations
are not clearcut,
there
were indications
that (1) winterfat
is
somewhat
sensitive
to deficient
aeration, and (2) dense soil, especially when
it is wet, impedes emergence
of winterfat seedlings.
Future
investigations
should
be
aimed at increasing
knowledge
about:
1.

the inherent
capacity of the seedling
to break through the soil surface;

2.

the effects of aeration
on germination and seedling development:
and

3.

the

physical

characteristics

Changes on a Sagebrush-Grass Range
in Nevada Ungrazed for 30 Years1
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Highlight
Thirty
years rest enabled
a 20.acre
tract
of eroded
sagebrush-grass
range in northern
Nevada
to increase its
vegetal cover in all life forms. The cover of perennial
forbs
increased the most, 85%.
Thurber
needlegrass
increased
7
fold. Only annual forbs and locoweed declined.
Bluebunch
wheatgrass
was reestablishing
naturally
in favored
spots.
Newly cleared and seeded range outside the exclosure
produced three times as much grass forage as produced
after
long rest without clearing.
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in a big sagebrush-Sandberg
bluegrass (Artemisia
tridentata-Poa
secunda) type in Paradise Valley,
Humboldt
County, Nevada, in 1939. A ZO-acre
tract was fenced on federal land at 4,700 feet elevation below the boundary of the Humboldt National
Forest.
It lies in Section 34, T 42 N,R 39 E near
the Singas Creek Road two miles west of its junction with Highway 8B. The enclosure was assigned
to the Intermountain
Forest and Range Experiment Station as a responsibility
of the Santa Rosa
substation.
Seeding trials in 1940-44 showed the possibility
of establishing desert wheatgrass (Agropyron
desertorwm) and beardless
bluebunch
wheatgrass
(A.
inerme).
These species yielded 133 lb./acre and
625 lb./acre, respectively, in their sixth year. Eleven
others failed to establish and survive, thereby reflecting the harshness of the environment.
Only
one-fourth acre in a corner was disturbed by these
plots.
The woven-wire fence remains sound but was not
designed to exclude rabbits.

MANAGEMENT

398

Lying near Singas Creek, a permanent
stream,
this range has been grazed by cattle, sheep, and
horses since ranching
began in the 1860’s. The
Santa Rosa Mountains,
towering immediately
on
the west, have provided the summer forage, while
the ranches below have grown hay for about three
months of winter feeding.
Consequently,
the foothill and valley ranges have supported the stock for
5-6 months in spring and autumn.
Two local range managers looked at the allotment that. includes this exclosure in 1951 and wrote
of it as follows:
“There are many acres of sick land throughout
the western states-lands
in critical
condition.
The history of use of these ranges is similar to
many other comparable
regions throughout
the
West:
early settlement,
rapid development
of
livestock industry and influx of many nomad
grazing herds.
These nomad herds, lacking a
base of operations
stayed on the ranges as long
as weather permitted.
This use coupled with the
grazing herds of the bona fide rancher and settler,
together with game herds increasing under protection
by law, rapidly damaged or denuded
much of the grasslands area of Paradise Valley.
The Paradise C & H allotment on the forest and
the adjacent
Paradise Unit on the Bureau of
Land Management
lands is one of those areas
which had not responded to ordinary good mana_gement practices.
Flash floods, soil and vegetation losses, decrease in perennial grasses and the
spread of halogeton,
sagebrush and other undesirable plants were still progressing.
The range
trend was still downward.
These lands had been
early denuded of palatable forage over the years
and the grazing capacity was estimated to be 20
acres or more per AUM.
Sagebrush and halogeton had invaded this area in considerable
quantities.” (Cloward and Fulwider,
1955).
An area lower on the slope than the Singas Creek
exclosure
but clothed by similar vegetation
was
classified as loam and placed in the Brown Great
Soil Group.
The hardpan was at 1% to 2 feet.
Rocks were fewer than within the exclosure.
Other
characteristics
at l-3” depth were: as to texturegravel 6%, sand 38.3%, silt 47.2x,
clay 14.5%; as
to reaction-pH
7.2; as to electrical
conductivity
0.46 X 103. Organic matter was 0.96% and total
nitrogen 0.11% in the surface 6 inches (Eckert et
al., 1961). The soil of the exclosures is obviously
well within the chemical and physical parameters
known to be suitable
for halogeton
(Halogeton
glomeratus)
(Robocker,
1958) which was not observed in the Valley in 1939.
Measurements

Made

Forty circular temporary plots were located along
5 transects.
Plot area was 100 sq. ft. They were

NOTES
Table 1. Change between cover (%) estimates at Singas
Creek Exclosure, Paradise Valley, Nevada 1940 and 1970.
Species

1‘MO

1970

Change

Grasses
Crested

wheatgrass

Sandberg

bluegrass

Squirreltail
Thurber
All

needlegrass

perennial

Cheatgrass

grasses

brome

-

0

0.002

0.843

0.903

+

0.194

0.548

+ 182.3

0.050

0.413

+ 726.0

1 .os7

1.866

+

71.7

0.215

0.297

+

38.1

-

75.5

7.7

Forbs
Locoweed

0.155

0.038

Woolly

0.372

0.778

+ 109.1
+ 165.2

phlox

Other

perennial

Other

annual

forbs

0.189

0.507

0.336

0.006

-

Big sagebrush

4.425

7.781

+

75.8

Smooth

0.078

0.128

+

64.1

4.503

7.909

+

75.6

forbs

98.2

Shrubs
horsebrush

All shrubs
Total

vegetal

Height

No. sagebrush/

11.401

+

66.3

25.0”
-

2 1.9”

-

12.4

1.55

1.08

-

30.3

6.857

cover

sagebrush
100 ft2

9.4

Surface
y0 rock

spaced at lOO-ft intervals.
One transect was exactly
on the long axis, the other four paralleled the sides
and ends at a distance of 100 ft.
Cover characteristics
of these plots were recorded
by the writer, usin, c the square-foot density method
of Stewart and Hutchings,
1936. The work was
done on July 20-23, 1940.
Plots were relocated by measurement. from original markers
on the fence and cover was reestimated by the same technician
and method on
July 23-24, 1970.
Range bordering the exclosure had been seeded
to crested wheatgrass in 1968 by the Bureau of
It was nearly mature but as
Land Management.
yet ungrazed.
As a sidelight, a transect of fifteen
9.6 sq. ft. plots was clipped in the crested wheatgrass for comparison with a parallel set within the
exclosure.
Changes

Observed

There had been a general increase of over 60%
Only locoweed (AstragaZus arin vegetal cover.
rectus) and miscellaneous
annual forbs decreased
(Table 1).
Only three perennial grasses were present both
years and they increased in basal cover by 72%.
The annual cheatgrass brome (Bromus tectorum)
increased 38%.
Thurber
needlegrass (Stifxz thurberiana) multi-
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Table 2.
Comparison of production by forags grasses on
protected, brush-grass range and cleared, seeded range in
lb./acre of air dry matter.

Annual grass

2”

68

plied its basal area over seven times during the 30
years while squirreltail
(Sitanion
hystrix) nearly
trebled.
Sandberg
bluegrass made little clrange.
Increase in perennial
forbs as a group was also
spectacular,
85%.
Woolly
phlox (Phlox
hoodii)
more than doubled its ground cover.
The two shrubs increased
in canopy cover in
about the same degree as the perennial
grasses,
76%. At the same time the average height of sagebrush declined three inches.
Several species were present only as traces in the
plots and are omitted from specific comparison
in
Table 1. They are wild onion (AZZium sp.), sego
lily (Calochortus
nuttallii), thistle (Cirsium
sp.),
wild lettuce (Lactuca sp.) and foothill death camas
(Zygadenus @miculatus).
“Other perennial forbs”
in Table
1 also include several natives so scarce
in 1940 that they were not estimated by species.
Though
more abundant
in 1970 they were again
consolidated.
This group includes
false yarrow
(Chuenactis douglasii), tapertip hawksbeard (Crepis
acuminata), fleabane (Erigeron
concinnus),
desert
parsley (Lomatium
sp.), stony-ground
lupine (Lu+ms
saxosus), and aster (Macheranthera
leucanDensity of sagebrush in 1970 was 9.4
themifolia).
plants per 100 sq. ft. Counts were not made in
1940.
Crested wheatgrass in one plot represented
the
volunteers from plots seeded in 1940. Halogeton,
now abundant
in the Valley, appeared in three
plots much suppressed.
Organic litter, including
moss, not estimated in 1940, was estimated as 10.2%
in 1970.
Exposed rock surface was diminished nearly onethird by the increase in organic cover. The exposed
surface soil, inside but not outside of the exclosure,
consisted of a vescicular crust which readily compressed underfoot.
Production
by the new crested wheatgrass was
conspicuously
more than across the fence in the
long-protected
vegetation.
Differences
in dry matter yield as the average of 15 plots are presented
in Table 2. The newly seeded range is producing
over three times as much forage as that protected
for a long period.
The forage is also more accessible.

Discussion

Data obtained by the square-foot density method
are supposedly more consistent when repeated by
the same technician.
However, in this instance,
safeguards are lacking against changes in judgment
that could occur over the 30.year interval.
Care
was used to follow the same technique.
It is probable
that forbs and ephemerals
were
under-estimated
in 1940 and 1970 because of their
advanced phenolo,y.
July of both years was abnormally dry. However,
May-June
precipitation
in 1970 was 4.24” compared with 0.82” in 1940.
Probably
the difference
in vegetal cover was influenced thereby.
Concomitant
increase in cheatgrass brome and
decrease in exposed rocks may have resulted from
much higher spring precipitation
in 1970. Perennial species as well doubtless responded by increasing ccwer during the wet May and June of 1970.
The appearance of vigorous bunches of bearded
bluebunch
wbcatgrass
(Agrof7yron
spicatum)
in
swales in 1970, though not shown in the plot data
of Table 1, is believed to be a significant
indicator
of upward trend (Fig. 1). It suggests also that this
excellent
forage species was originally
prominent
on the site.
The increase in perennial forbs and decrease in
annual forbs may reflect a continuing
process of
secondary succession in which the former balance
among life forms is being restored since cessation
of sheep grazing.
Doubling
in area of the matforming phlox is ecological salve for a sore soil.
Partial disappearance
of rocks indicates a trend
toward better surface protection.
Thurber
needlegrass,
and to a lesser degree,
squirreltail,
behaved as decreasers
by increasing
under protection.
The concept of Sandberg bluegrass as an increaser was not shaken by its behavmur here.
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Height reduction
of 3 inches in sagebrush may
result from demise of taller plants without replacement, or an increase in density with younger age
classes present and suppressed by competition.
The
latter appeared to be the better explanation.
While the plot data indicate that forage cover on
a depleted sagebrush range can be improved
by
long rest, obviously superior results can be obtained
more quickly by the now familiar one-two punch,
brush control and seeding.
For best returns this
should be followed by a well-planned
yet flexible
grazing system.
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VIEWPOINTS
Relevance of the Population
Explosion to Management
of
Sparsely-Populated
Lands

ties, e.g. much of our forest and range
land; 3) productive
communities,
e.g.
agricultural
land
and perhaps
strip
mines:
and 4) urban-industrial
communities.
Odum
suggests
that
our
civilization
here in America,
and in
the world, depends on a certain proportion
of all four
community
types.
Obviously
the categories
are very general and would apply to a large landscape unit,
usually
not just a single
watershed.

The human population
problem has
been the subject
of considerable
investigation.
Apparently
the optimum
carrying capacity for mankind on earth
has been exceeded.
Problems
are occurring
that seem to be the result of
people making too many demands on
the resources
of a finite management
unit--the
earth.
If it were possible
to support
our
present human population
with a satisfactory standard of living, there would
be little need for concern.
But in fact
more
than
1 billion
people
on the
earth are either undernourished
or maln0urished.l
In our own country food is
not yet the major problem,
but open
is dwindling
and
parks
are
space
crowded; noise, pollution,
ugliness, and
general unrest. are on the increase;
and
resources
are becoming
more difficult.
to acquire
without
unfortunate
consequences.
By the year 2000 the U. S.
could have another
lOO,OOO,OOOpeople
if current
trends
continue.2
The
demands of these additional
people would
be magnified
by still greater affluence
and resource
consumption
per capita.
What
and

do these trends

the

world

mean

in our country
to the

manager

Frc. 1. Four basic communities
or environments in the landscape; the arrows
suggest interaction.
Population pressure
will result in the conversion of more of
the landscape to productive and urbanindustrial communities.
Modified after
Odum (1969) .3

of our sparsely populated
lands? This
question
can be considered
by focusing
on the concept of landscape
diversity.

Diversity in the Landscape
Landscape
different
To

evaluate

first

several

2 Colorado
Problems.
growth:
Petroleum
Colorado.

Institution
on Population
1969.
World
population
the explosion
ahead.
555
Club
Building,
Denver,
(Pamphlet)

by

diversity,

classification
(Fig.

systems
1).

communities,
compromise

The

are

pos-

suggested
community

lists are 1) protective

e.g.

areas,

it is

communities;

but I will use a scheme

0dum3

of

in the landscape.

to classify

types that Odum
natural

is the number

landscape

necessary

sible,
1 Ehrlich,
P. R. and A. H. Ehrlich.
1970.
Population,
Resources,
Environment:
Issues in Human
Ecology.
W. H. Freeman
and Co., San Francisco. 383 p.

diversity

communities

wilderness,

parks,

wild

or multiple-use

smaller
rivers;

2)

communi-

3 Odum, Eugene P.
1969.
The
egy of ecosystem
development.
ence
164: 262-270.

stratSCi-

Though
initially
Fig. 1 may appear
very general
and simplistic,
I believe
that it deserves
serious
consideration
and it does suggest some practical
implications
when considered
in the context of the population
problem.
For
example,
as population
pressure
increases in the country
as a whole, we
can expect
that urban-industrial
communities
will increase
in the west, on
the one hand reducing
the amount of
productive
land, but also demanding
To meet this promore production.
duction
demand,
rangeland
will be
used much more intensively,
converted
to agricultural
land with
irrigation,
or consumed
by mining
activities
to
provide mineral resources.
With more
demands
for specific
resources,
compromise multiple-use
communities
such
as rangeland
probably will have a lower
priority and will give way to productive
communities;
and protective
communities will be either reduced in area or
even more crowded to the extent that
they can hardly be classified any longer
as protective.
It seems clear that the
trend with more population
pressure
will be toward
urban-industrial
and
productive
communities,
with a decline
in the compromise
and protective
communities
that are also in demand, but
which probably
will not have priority.
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Height reduction
of 3 inches in sagebrush may
result from demise of taller plants without replacement, or an increase in density with younger age
classes present and suppressed by competition.
The
latter appeared to be the better explanation.
While the plot data indicate that forage cover on
a depleted sagebrush range can be improved
by
long rest, obviously superior results can be obtained
more quickly by the now familiar one-two punch,
brush control and seeding.
For best returns this
should be followed by a well-planned
yet flexible
grazing system.
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to
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for specific
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such
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probably will have a lower
priority and will give way to productive
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trend with more population
pressure
will be toward
urban-industrial
and
productive
communities,
with a decline
in the compromise
and protective
communities
that are also in demand, but
which probably
will not have priority.
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VIEWPOINTS
Obviously large land areas need to
be considered when looking at land
management from this viewpoint. Furthermore, the illogic of resource management on the basis of political boundaries is apparent.
Although a general approach, there are definite practical implications.
For example, consider the following:
1. As population increases, there will
be more demand for the mineral
resources and energy reserves in the
sparsely populated west, with the
destruction of range land and the
subsequent, inevitable reclamation
problems in an arid environment.
2. More rangeland will be irrigated
and cultivated to allow more “efficient” primary production, with
the accompanying costly problems
of getting already scarce water and
then fighting the salinization of not
only the land, but the drainage
water and ground water as well.
Wild rivers will be sacrificed.

.s. Costs of maintenance

will increase
greatly as production is demanded
from land that is marginal for that
kind of production; some land is
best used as range, but population
pressure will force the conversion of
rangeland into cropland, mines, or
suburbia.

4. Forest management
will become
more dependent on the plantation
approach, with fertilization
and
weed control increasing the chances
for eutrophication and less wildlife
diversity.
5. Protective communities and compromise communities will be sacrificed in the name of progress to provide resources. Parks will become
even more crowded than they are
today and hardly will serve their
purpose, becoming more like urban
communities.
6. With greater population pressure,
cost-benefit ratios will be applied
more often but will not consider
beauty, stability, or diversity in the
landscape. Conflicts of interests will
become sharper, and solutions to
land management
problems will
become increasingly less satisfactory.
In general, greater population pressure in the IJnited States will create
more conflicts for the manager in the
sparsely populated west, and more
problems for which the solutions are
not clear or are very expensive. A general decline in our ability to import re-

sources from the rest of the world will
aggravate the problem for the western
land manager. The pressures referred
to are really not something of the
future; they are upon us today and can
only get worse as our demand for open
space and resources continues to increase.
Of course, it may be an erroneous
assumption to maintain that diversity
in the landscape should be maintained,
but many believe that diversity in the
landscape increases the opportunity for
stability and a quality life. The problem is to provide so many people with
the opportunity
to experience and
utilize each type of community. Our
nation has already sacrificed much of
its protective communities in order to
produce more in the name of progress
and development.
NQ.W with greater
population
pressures, and suffering
state and municipal economies, we are
literally forced to produce more, this
time in the name of humanity, regardless of the impact on landscape diversity and the quality of our environment.
The

social problem

The maintenance of a diverse landscape that provides a high quality environment for many people is not so
much a technical problem as a social
one, involving what appears to be
wrong attitudes on the part of the
U. S. public. For example, too many
people in North America are still
operating under the mythical assumption that we have a super-abundance
of resources. We are indeed fortunate
to have a good resource base, but the
resources available to us are limited
and we are making sacrifices to utilize
them. The resources may be there, but
must they all be utilized? If we desire
a high quality life for our people in
this country, can we really afford to
use resources that lead to the destruction of already limited protective communities. If our population continues
to increase, there seems to be no alternative.
Another attitude problem with many
Americans is their notion that the
sparsely populated western lands are
still a frontier waiting for development. The “woodsman mentality” suggested by Kollmorgen* still persists and
we have headlines in the Wall Street
4 Kollmorgen, Walter M. 1969. The
woodsman’s assaults on the domain of
Ann. Assn. Amer.
the cattleman.
Geog. 59: 2 15-239.

“BOOM
IN
that
read,
Journal5
THE
BOONDOCKS,
COAL MEN
RUSH TO BOUNTIFUL
WESTERN
FIELDS . . . .” A mere lack of people
does not indicate no development;
there are no frontiers on the earth
today. Land suitable for production is
already in production with few exceptions.
Other lands in protective
or compromise communities may not
be producing what Wall Street economists think essential for development,
but these lands are adding to the enjoyment of many people and will do
so for many more people in the future
if we can preserve them. Certainly
new industries can be established in
western lands, but if the frontier attitude persists, we will soon appreciate
the value of what has been lost. A
higher tax base may result from short
sighted development, but so do other
costly problems, and diversity in the
Nation’s landscape declines.
If we expect attitudes to change,
then people must understand the problems associated with population demand, and they need to understand the
necessity for population control. The
land manager can facilitate this understanding by talking about the advantages of a stable population as well as
the disadvantages of continued population growth. Family planning is an
absolute necessity for proper land
management,
regardless of where a
family lives, and land managers or
their teachers are not doing their job
unless they advocate no more than
two children per family at every opportunity and explain why.
Often people admit that a population problem exists, but usually the notion is that nothing can be done. The
problem is solvable, but not without
the positive help of land managers.
People become very complacent if
those most directly associated with resource management show little concern. Land managers have made great
strides toward solving technical problems; unfortunately our biggest land
management problem is a social one.
At this stage in the history of our Nation, stewardship of the land should include working toward zero population
growth and maintaining maximum diversity in the landscape.--Dennis
H.
Knight,

University

of Wyoming,

Lara-

mie.
6 Ehrich,

Thomas Lindley. 1970. The
Wall Street Journal. Wednesday, November 1 I, p. 24.

BOOK
The Soil Conservation
Service.
By
Harper Simms. Praeger Publications, New York, N. Y. 238 p.
1970. $8.50.
D. Harper Simms wrote this history
of Soil Conservation
Service (SCS) from
the experience
of years of distinguished
service
as an employee
of SCS and
Director
of its Information
Division in
Washington,
D. C.
At a time when public concern
for
the quality of the environment
is rife,
it is fitting that an objective
apprasial
of a major conservation
agency is available for study. The Soil Conservation
Service came into being when national
feelings were aroused as a result of the
growing threat of soil erosion and the
crisis of the dust bowl days of the
thirties.
Then
the general
public became concerned
because
a large segment
was directly
affected
by dust.
Now, people are concerned
about the
air they breathe,
the water they drink,
the appearance
of the countryside,
and
the increasing
difficulty
of occasionally
“getting
away from it all” for some
form of outdoor
recreation.
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The book is in ten chapters:
“Hugh
Bennett’s
Dream
and How it Grew”
is a concise history of the soil conservation movement,
which began in eighteenth century colonial America.
“Soil
Conservation
in Practice”
deals with
conservation
principles,
concepts, interdisciplinary
approaches,
inventories
and plans.
“Organization
and Administration”
outlines
the structure
and
administrative
functions
of SCS and
their interrelations.
“Soil and Water
Conservation
Districts”
is the story of
the local units through which SCS services and programs
are delivered
to
people.
“Working with other Agencies”
outlines
the day-to-day
working
relations with other agencies,
activities
of
mutual
concern,
and the relations
between SCS and agencies of USDA and
other
departments.
“Conflicts
and
Controversies”
is a candid
review of
the controversies:
federal versus state,
SCS versus TVA, and technical
assistance versus development.
“SCS and
Congress” is a capsule legislative history
of scs.
“SCS and the Public”
tells of
the ways SCS projected
its program
through
information
activities,
field

days and tours, industrial
organizations,
national
organizations,
visual aids, conservation
education,
and public
advisory committees.
“Pros and Cons”
asks some challenging
questions:
How
important
is soil conservation?
Does
soil conservation
pay? Who benefits?
How much
has been
accomplished?
Are the SCS and Conservation
Districts fulfilling
their missions?
“The
Years
Ahead”
considers
current
national problems
and program conflicts
and the soil conservationist
of tomorrow.
Simms’ book is informative
and provocative.
It is more than a history of
SCS.
It is a comprehensive
study of
how a national
crisis was met, of government
in action,
of Federal-statelocal relations,
and of voluntary
action
and

participation

What
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SOILS: Their Nature, Classes, Distribution, Uses and Care. Batten,
J. W., and J. S. Gibson.
University of Alabama Press, University,
Alabama.
296 p. Illus.
1970.
$7 .oo.
Listed in the curricula of many
colleges and universities are survey
courses in the sciences. These courses
are offered in such areas as botany,
geology, climate and weather, and in
conservation.
They are designed to
familiarize students of the social sciences and humanities with the natural
sciences. Survey courses in soils are
absent from such listings. This book
could serve as a text in such a course.
It would
the upper
level.

serve this
high school

purpose
or junior

best at
college

The first one-half
of the book (147
pages) is organized
into six chapters
concerning
such topics as: soil characteristics,
formation,
classification,
distribution,
and the use and care of
soils. The remaining
154 pages serve
as an appendix.

In Chapter
1, the nature
of soil is
discussed.
This involves a discussion of
the materials
which
interact
to produce soil, the physical
and chemical
properties
of soil and a description
of
the horizons
found in a mature
soil
profile.
Chapters
2 and 3 present the factors
of soil formation
and the pedologic
processes
which
result
in zonal and
intrazonal
soils.
The
chemical
and
physical
nature
of these soil forming
processes
is treated
very superficially
and in some cases is simplified
to the
point that errors in interpretation
of
the process could result.
The
chapter
on soil classification
explains
the older system as well as the
new comprehensive
system of classification.
In addition,
it introduces
land
capability
classification
and the use of
soil maps. Although
most illustrations
in the book are well reproduced
and
easy to read, the ones in this chapter
leave much to be desired.
These illustrations are soil maps of the world and
of the United
legend

and

States.
symbols
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In each
used

case the

to identifiy

the soils did not reproduce
well and
the maps are difficult
to read.
Chapters 5 and 6 discuss the distribution, use and care of soils. These chapters are quite adequate
for the stated
purpose of the text.
The large appendix
section is used
in part to present
some basic background material
concerned
with earth
chemistry.
In addition,
163 soil series
representative
of soils of the United
States are described and classified.
Soils
typical of North Carolina are described
in more detail
rate appendix.

and organized

in a sepa-

The book is well designed as an instruction
tool.
A list of words
for
special

study is included

each chapter
tions

at the end of

and a series of study ques-

serve as an outline

for review

of

the chapter.
An

adequate

list of references

glossary

film

and

filmstrips

text

are

listed.-Charles

Jr.,

Colorado

Collins.
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BOOK
The Bureau of Land Management.
By Marion Clawson.
Praeger
Publishers, 111 Fourth Ave., New
York, N. Y. 10003.
1971, 209
pages, $8.50.
The Bureau
of Land Management
(BLM),
with management
responsibility for 450 million acres of public lands,
is the biggest landlord
in the United
States.
Marion
Clawson,
a former director,
does an excellent
job of recapitulating
the history
and development of what is now the BLM and of
discussing
its present
functions
and
programs.
The
BLM
as constituted
today is the result of several stages of
growth
and change.
It appears
that
during
the various
stages
of metamorphosis
the BLM
spent too much
time in the cocoon performing
essential
jobs while hidden
from public
view.
Now that more attention
is being given
to public
lands, ecological
considerations, and environmental
quality,
the
BLM is developing
into a full-fledged
and
mature
public
land
managing
agency.
What
is now the Bureau
of Land
Management
had its beginning
as a
district land sales office in Steubenville,
Ohio, July 2, 1800. The General Land
Office (GLO)
was established
in 1812
to handle all public land matters. Prior
to the creation
of the Department
of
Interior
in 1849, the GLO was located
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in the Treasury
Department
or directly
under the President.
Throughout
the
years, the essential
work of the GLO
was heavily impacted
by politics,
scandal, greed, ignorance,
naivety, and incompetence
with only an occasional
flash of brilliance
or dedication
to
duty. The GLO lost extensive valuable
holdings
when Gifford
Pinchot
convinced President
Theodore
Roosevelt
to transfer
the forest reserves
to the
Department
of Agriculture
in 1905.
The GLO for years was without effective leadership
and management
of the
public
domain
was
virtually
nonexistent.
The Grazing Service was established
in 1934 with passing
of the Taylor
Grazing Act. This established
a vehicle
for classification
and management
of
federal
grazing
lands.
Despite
the
good intentions
of the Taylor Grazing
Act, politics
ruled supreme
and both
the GLO and the Grazing Service were
rendered ineffective.
The
present
BLM
was established
in July
1946 by combining
the GLO
and the Grazing
Service.
For some
years the new agency was dominated
by
men and policies of the mother agencies and progess was slow. Gradually
new, young and competent
men were
brought
into the Bureau and it began
to increase
in stature
and meet the
responsibilities
of mature land management agency.

The major present functions
of the
Bureau
of Land Management
including environmental
management
and
outdoor
recreation,
mining
and mineral leasing,
grazing,
and forestry
are
discussed in detail.
These
discussions
are indicative
of the progress the BLM
has made in the last several years and
how it has successfully
faced the problems of multiple
use management
of
public lands.
It is apparent
that
Dr. Clawson
knows the Bureau
of Land Management.
It is also apparent
that as a
former director
he has a paternalistic
attitude
toward the Bureau.
He tends
to minimize
conflicts
and problems
of
the “modern”
BLM
and emphasizes
progress
and professional
growth.
It
appears obvious that in the mind of the
author
the present
managers
of the
public
domain
are the just and deserving
wearers
of the “white
hats.”
And why not?
At a time when the
tendency
is to tear down and to discredit, to portray the government
as an
ogre bent
on devouring
itself,
it is
refreshing
to see that from at least
one man’s point
of view there is a
federal agency concerned
with environmental
and management
problems
of
the public domain and is now doing its
best, within its realm of authority,
to
do something
about them.-DiZZnrd
H.
G&es, Oregon State University, Corvallis.
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The

Revolution.
McGrawHill, Book Distribution Center,
Hightstown, New Jersey 08520.
366 p., 1970, $10.
By

Environmental
Max

Nicholson.

The author is an international
leader
He
was
in scientific
conservation.
Director-General
of Nature
Conservancy (Great
Britain)
1952-1966.
He
is active in the International
Union
for the Conservation
of Nature
and
Natural
Resources
and was awarded
his first medal in 1963. Currently
he
is involved
in the International
Biological Program.
This
book has a provocative
title.
The meaning
and implications
of the
title suggest that a change in our awareness of the condition
and use of the
natural
environment
is here.
The
general public is becoming
knowledgeable of unfavorable
environmental
conditions
and of their
possible
consequences.
The author is concerned
that
the efforts of the revolutionaries
will
not be in vain as sometimes
happens

in revolutions.
The book then is an
attempt to guide the environmentalists,
the new revolutionaries.
Nicholson
indicates
that the “creative intimacy with the natural environment”
has the potential
for solving
many things
which
are wrong
with
It may also provide a
modern society.
renewal
of religious
faith.
This
is
certainly
good environmentalist
doctrine
and
draws
much
from
the
thinking
of Thoreau
and Muir.
The
desirability
of access to high quality
environment
has always been
recognized

by

a fair

share

of

the

public.

However,
there is some question
the validity
of the assumptions

as to
which

may
The

result from contact
with nature.
author
invokes
some mysticism

that

I
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a

form
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tion

light

how
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treatment
of the problems
conservation
of natural resources.

tion

point

of

The
historical

perspective

of present

distribution

banization,

land use can be useful
criteria
for
meeting the world’s problems.
This is
not to say that we don’t need wilderness lands, or good land use, or pollution
control
and
other
recognized
An understanding
of nature
needs.
and her ways is essential
in applying
and
technology
to
modern
science
proper use of resources.
The
closing
portions
of chapter
one require
some careful
reading
as
Nicholson
has much to say about his
objectives
for the book.
He brings an
understanding
approach
to land use,
and recognizes
that the habitat
is an

and

popula-

tremendous
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thened man’s belief in himself and
consequently gave him some supernatural power over nature. Nicholson
captures all the elements of history
including cultural changes that affected
man’s use of the land.
The various chapter titles indicate
Nicholson’s approach to the subject:

NEW

PUBLICATIONS

A nontechnical manual for persons
interested in the conservation of wildlife and other natural resources has
been prepared at Colorado State University. A MANUAL OF WILDLIFE
CONSERVATION
contains 49 articles
covering a wide range of wildlifeoriented subjects and concludes with
a section on Techniques for Developing an Effective Short Course. It is
the product of six annual Short Courses
in Game and Fish Management supervised by Dwight R. Smith, assistant
professor of wildlife biology at Colorado State University. The manual was
sponsored by The Wildlife
Society
and edited by Richard D. Teague.
The Wildlife Society, Suite S176, 3900
Wisconsin Ave., Northwest, Washington, D. C. 20016. Paperback $5.50.

A quarterly journal
“Journal
of
Environmental
Quality,” devoted to
the protectioa
and improvement of
environmental quality in natural and
agricultural ecosystems has been initiated by the American Society of Agronomy (ASA). The subscription cost to
members of ASA, Crop Science Society
of America, and Soil Science Society of
America is $7 per year, and to nonmembers, $10. Contributions reporting
original research or brief reviews and
analyses dealing with some aspect of
environmental quality in natural and
agricultural ecosystems will be received
from all disciplines for consideration
by A. A. Hanson, Editor, and other
members of the editorial board. Address inquiries and subscriptions to
American Society of Agronomy, 677 S.
Segoe Rd., Madison, Wis. 53711.

Man’s Use of the Earth, The Earth and
its Living Patterns, Seven Circuits
Round the Earth, The Marks of Man,
The Road to Conservation, The British Story, The American Story, and
Toward World Wide Action.
This is not a book on hindsight by
one who sees land resource use in a

preservationistic light. This is a book
to be studied and enjoyed by the land
manager, be he a rancher or a public
land manager. The photographs are
excellent, and the maps and tables are
ihvaluable to the student of land use.Melvin
S. Morris,
University of Montana, Missoula.

persons appear in the publication compiled by the National Wildlife Federation, 1412 16th Street, N.W., Washington, D. C. 20036. Paperback $1.50.

cost was not included

A new, computerized NATIONAL
LIST
OF SCIENTIFIC
PLANT
NAMES has been published by the
Soil Conservation Service, U. S. Department of Agriculture.
Since standardized plant names and symbols are
essential for uniform and systematic
collection, processing, storage, and retrieval of resource information,
the
SCS manual will be valuable to many
people. They have a limited supply
of the NATIONAL
LIST; however,
the computer sheets can be purchased
from Soil Conservation Service, Midwest Regional Technical Service Center, Room 503, 134 South 12th Street,
Lincoln, Nebraska 68508.

on the review

copy.
Many aspects of new and old research technology and philosophy are
reviewed in RANGE AND WILDLIFE
HABITAT
EVALUATION,
Misc.
Pub. 1147, 220 p., U. S. Department of
Agriculture, Forest Service, 1970. The
publication includes papers presented
at a symposium held in Flagstaff and
Tempe, Arizona, in May 1968. Session topics were: Animal production
and forage quality, factors influencing
forage quality, determining forage quality, determining animal consumption,
remote sensing, and range and wildlife
habitat ecology. The great emphasis
on forage quantity and quality is most
timely. For sale by the Superintendent
of Documents, U. S. Government Printing Office. Washington, D. C. 20402.
Paperback $3.

Many people and agencies, including
the Society for Range Management, are
now involved in the establishment of
natural areas. Thus, the proceedings
of a 1970 symposium entitled NATURAL AREAS-NEEDS
AND OPPORTUNITIES
will be welcome to a
large proportion of our membership.
The report includes 14 papers on selecting, managing and using natural
areas. For your copy, write to Continuing Education
Publications,
Waldo
Hall 100, Corvallis, Oregon 97331. The

For an even more comprehensive review of the subject “forage quality,”
get a copy of PROCEEDINGS
OF
THE
NATIONAL
CONFERENCE
ON FORAGE QUALITY
EVALUATION
AND UTILIZATION.
The
symposium was held in Lincoln, Nebraska in September 1969, and the report was published by the Nebraska
Center for Continuing Education, 33rd
and Holdrege Streets, Lincoln, Nebraska 68503. The cost was not included on the review copy.

Longmont Seed Co.

OVERSEAS OPPORTUNITIES

We Buy & Sell Western
8

The
CONSERVATION
DIRECTORY 1971 is the sixteenth edition of
the Nation’s most comprehensive listing of organizations, agencies and officials concerned with natural resource
use and management. Entries for more
than 1 100 organizations
and 6,000
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Legume

CONFRONT
PROBLEMS:

Range Grass

Seeds

US with your RANGE
phone:

LONGMONT,

303

+

COLORADO

776-1320
80501

Volunteer positions in Morocco for men
with degrees in range management (or
closely related field) in livestock and
rangeland improvement program. Ranch
or farm background valuable.
Contact
Personnel
Officer,
International
Voluntary
Services,
Inc.,
1555
Connecticut
Ave.,
NW, Washington,
D.C.
20036.

