President’s

Message:

A Year

without

Equal

PETER V. JACKSON
I believe that I can say without question that this was a
year without equal in my life. What was to be a happy
experience with the pleasure of seeing many of my most
dreamed of projects become reality, came crashing down in
April with the untimely passing of Francis Colbert, our first
and a most successful full-time executive secretary. Francis
and I had a special relationship, which I will hold dear for the
remainder of my life. What that relationship was is hard to
explain. Perhaps it was the fact that we were both dreamers
and gamblers, for we had planned of many things, of cabbages
and kings, with shining eyes and excited words. I suppose if all
the ideas we considered had come true the United Nations
building would be small compared to facilities we would have
needed for our headquarters. Perhaps I am telling tales out of
school, but if we as a society are to fulfill the role expected
and available to us, we must think big; and with people as large
as Francis, these projects are possible and well within reach.

With these two situations in mind, I felt certain that our
best approach toward the fastest recovery and keeping our
momentum was personal involvement and not turning over our
troubles. to someone else for solution. That is the reasoning
behind the use of an Executive Committee rather than a
temporary executive secretary.
Thanks to Many
It’s rather ridiculous to try to thank the members of the
Executive Committee and staff for all the hard work and
personal sacrifice that was given, but rather keep foremost in
your minds that the continued smooth-running of the Society
and the many goals and accomplishments
that have been
achieved this year can be directly related to their efforts. I for
one can only say a simple, heart-felt thank-you to people who
knew their job and did it well for all our benefit.

Decisions in the Crisis

Accomplishments

Quite often a crisis brings out the best in people, and ours
was no exception. When word came to me that Francis was no
longer with us, I found our staff and Board already in action.
A conference call had been arranged in order that I could get
the good judgment of the members of our Board. This action
alone indicated to me that our people in the headquarters in
Denver had been well-trained
and disciplined-instead
of
frantic calls and expensive trips, the wise judgment to use
modern communications
had our Board in action in less than
24 hours with basic decisions made and plans laid.
I must take the responsibility
for the actions taken
following our misfortune, be they right or wrong. I am proud
that our Board had the faith in me to allow my proposals to be
tried. It was my personal conclusion that two things were
evident. First it would be wrong to appoint a temporary
executive secretary while a permanent replacement was found;
for in my judgment anything temporary has a tendency to
continue and we could easily go for a long period of time
putting off decisions with built-in excuses and generally going
into a state of doldrum, while the major actions of the Society
stood waiting. Second, the staff and Board wanted to be a part
of the action. No one wondered what to do. They quickly
volunteered to do extra duty to keep the activities of the
Society moving as usual. In plain words, everyone was willing
to sacrifice.
Address given at the 28th Annual Meeting of the Society
Management
in Mexico City, Mexico, in February,
1975.
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I was taught at a very young age to never brag, but let’s just
take a modest look at last year with all its handicaps and sad
moments. Perhaps we can look with well-deserved pride at a
point or two.
Membership
First, with memberships under the able leadership of Nick
Cozakos, our numbers have exceeded 5,400 members. The
momentum
of the drive for membership has continued to
increase the percentage of new members in recent years, the
greatest being 1974. I personally predict that this will
continue, and I hope for even greater highs in the very near
future.
Governors Conference
A new world opened up for us this year. For the first time
Range Management was a major topic at a Governors
Conference on Agriculture held in Salt Lake City, Utah. The
high interest and large participation by the conferees resulted
in decisions whereby Range Development Committees and
action groups are being formulated all over the western United
States; and almost invariably the SRM or members of the
Society have shown leadership in these events. From what I
have been able to surmise, we have only scratched the surface
in this area and great things will be coming in short order.
Please, if you have the opportunity to become a part of this
movement, by all means do so, not only for the sake of the
Society but for the betterment of the resource.
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Red Meat Symposium
Results of an unprecedented scope have come from the Red
Meat Symposium
generated
by Past President
Martin
Gonzalez. During the past year a landmark document has been
developed by the United States Department of Agriculture on
the Red Meat Production from the Western rangelands. Truly,
the Society can be proud of this accomplishment,
and future
ones of an even greater nature should result from this
conference
and the return participation
of the foremost
agricultural leaders of Canada, Mexico, and the United States.
Frankly, I envy the future officers of our organization, for
exciting and fruitful results are sure to happen if only we do
our part and cope with the challenges given us by these great
and powerful men. They are deeply serious, and we must rise
to their desires.
Rancher Participation
Being a rancher by profession, I am extremely proud of the
advancements this year of our rancher membership and their
increased participation.
Not to my surprise I have discovered
that they are the largest single segment of our Society and are
becoming increasingly active. An example was the Ranchers
Liaison Committee Meeting held in Alberta, Canada, last July.
A large crowd of ranchers gathered to identify areas of
concern and high priority in the activities of the organization.
I sincerely hope that this interest continues to grow, not just
for an independent group but in all facets of the Society and
at all levels.
New Journal
Perhaps one of the major projects

of this year’s program,

Rangeman’s Journal, will guarantee rancher involvement even
more. Rangemun’s Journal was a great step forward, especially
for this year with its period of transition.
But with the
pressure of the Advisory Council at our backs and the intense
involvement of the Board, we felt the time was now. All this
coupled with the genius of Jeff Powell, our publications
chairman, brought the first issue off the press in mid-fall. I for
one was gratified with the results, and my feelings are not
alone. I have heard more favorable comment on this endeavor
than on any other we have ever attempted.
This publication will require work by everyone. We need
practical articles and lots of them. So please, get them written
and in. A success with this journal will bring in needed
membership in larger numbers than any other effort that I can
imagine.
There is a direct relationship
between the Rangeman’s
Journal and the dues increase. A publication of this caliber is
more expensive than the former Rangeman’s News, but it is
well worth it. I am proud to announce that in spite of the
increased cost of membership and the recession and inflation
being felt by everyone, the dues for 1975 are coming in in
excellent shape, which again bears evidence to me that an
active program and the new Journal has our Society in a very
healthy condition.
New Executive Secretary
After an exhaustive search, a new executive secretary was
engaged and took office on October 1. I was amazed at the
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qualifications
that were necessary to fill this position. But
when you give the situation due consideration,
it certainly
shouldn’t have been any surprise. Really, how often does a
person walk down the streets looking for a new career with the
qualifications we require-being
bilingual, an expert writer, an
office manager, a public relations expert, a politician, a
financial genius, and an expert in foreign affairs. These are
only a sample of what is required. Frankly, it takes a real man
to qualify-and
we searched far and wide. But like the acre of
diamonds, he was literally under my own feet. When all the
smoke had cleared, Mr. David Smith still stood there and had
met the qualifications.
I would like to say a word or two about Dave, for I have
known him for several years. He is a humble man, a devoted
Christian family man, and yet he sees deeply into problems we
face and is very willing to go after the impossible. Things will
not be dull or status quo with Dave at the helm-action
is his
middle name.
Increased Attention

on Rangelands

I feel that this year, rangelands have come into their true
importance. Perhaps the world is yet to become aware of this.
But with the energy and food crisis, which has been so
graphically emphasized this year by the World Food Congress
in Rome, the important responsibility
of the rangelands to
produce net energy protein as grass fat meat cannot be under
estimated. I feel that we have a solemn responsibility to see
that these lands produce their maximum of goods and services,
while making doubly sure they are not desecrated in the
process. To me it is frightening to see groups of people dealing
in food products, making obligations on resources, and really
not knowing the consequences that may be coming. We are
duty bound as an int.ernational organization to make sure that
decision makers are armed with the facts. To deal in food
involves tremendous strength, but the results can easily be
disastrous.
Exciting Future
Therefore, I recommend
that the highest priorities be
placed on the food situation and our maximum involvement
given, for no longer can any one organization or nation stand
alone doling out or withholding her products at the whim of
the people in power at the moment. Again I say that total
involvement, whatever the price, is our only course.
In conclusion, I am proud of the activities of the Society
during my tenure as president. Our membership has made a
healthy growth, our committees have been very active with
excellent progress, and financially we are sound. Our scope has
widened into new areas both at the international and national
level. The meetings reflect this growing scope with the
participation of national and world leaders.
It appears to me that it is strictly up to us where we go
from here, and I predict it will be to greater things. Again I say
that I look with envy at the upcoming officers-what
an
exciting future they have in front of them. Gentlemen, at all
costs look well to the future; its size is up to you.
Now let me close by saying “thank you” to everyone who
did so much. It was an honor and a privilege to have been your
president.
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A Rangeman’s
World

Food

Critique

of the

Conference

GERALD W. THOMAS
Highlight: The World Food Conference held in Rome, Italy, November 5 to 16,
1974 was considered an important first step to confront the most important issue
facing mankind-world
hunger. The principal focus on the need for increased
production at any cost to meet the needs of present populations, and about 76
million additional people each year, will result in an all-out effort to expand the
cultivated area and maximize’ production from areas already under cultivation.
Emphasis was mainly on grain production with little positive attention given to the
possibilities of animal production and the great potential role of rangelands in
meeting world food requirements. In spite of these deficiencies, positive steps
included I) setting up a World Food Council; 2) agreeing to establish a grain
reserve; 3) approving the establishment of an international fund for agricultural
development;
4) instituting a world-wide system of food information;
5)
developing a systematic approach
to world-wide fertilizer production and
distribution; and 6) intensifying agricultural and weather research.

While much
of the publicity
resulting
from
the World
Food
Conference
has been
somewhat
negative, it is my feeling that, on the
positive side, an important ‘first step”
was taken in Rome
most
important

to confront

the

issue
facing
This
man kind-world
hunger.
challenge-perhaps
new to an apathetic
majority of the world’s people-is not a
new issue for biological scientists, who
for years have been warning of the
impending food disaster associated with
unlimited population growth. What is
of
the
major
new,
and
one
accomplishments
of the World Food
Conference,
is an
“increased
world-wide
awareness”-a
necessary
first step to the solution. Perhaps
peoples and governments
will now
follow up with the necessary action
programs.
The United
Nations
Food and
Organization
(FAO)
Agriculture
prepared some excellent background
materials for the 130 nation delegation
to the Conference and proposed an
Gerald W. Thomas is president of New
Mexico State University,
Las Cruces.
He
served as press representative
of the Journal

of Range Management

and several
scientific
publications
at the World
Conference
in Rome, Italy, November
1974.
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approach to the problem within two
time frames:
(1) Serious attention must be given
to the
immediate
food crisis.
Conservative
estimates indicate that
460 million people are now suffering
from hunger and severe malnutrition.
(2) Over the long term, the
challenge is to increase food production
for
a rap idly expanding world
population. An annual gain of 70 to 80
million people poses the continuing
threat of global famine far in excess of
that previously
experienced
in the
history of mankind.
The Immediate

Food Crisis

The present food crisis is more
serious and widespread than the world
has experienced since the forties. In
1972, grain stocks declined sharply and
adverse weather affected production in
several
parts
of
the
world
simultaneously-USSR,
China, India,
Australia,
S ahelian
Africa,
and
southeast Asia. Although the 1973
harvests were reasonably good, they
were insufficient to meet trade and aid
requirements,
and 1974 has failed to
bring about the needed replenishment
of stocks. At the same time, fish yields
have
fallen
in
several
ocean
areas-probably
because
of
JOURNAL

over-exploitation.
Recently, two other problems have
complicated the situation-the
energy
crisis and inflation-causing
shortages
of fertilizers and petrochemicals
and
increasing the cost of food production.
The immediate need is for 8 to 10
million tons of grain for developing
Unless
production
is
countries.
increased
dramatically,
the United
Nations
estimates
that the annual
deficit could reach 85 to 100 millions
tons of grain by 1985. Other food
needs for balanced human nutrition,
particularly
proteins, will also be in
short supply.
The only solution to the immediate
hunger problem is increased food aid.
Who will provide this food aid and how
it will be provided was the subject of
much debate. Those countries where
people
are
presently
starving
(particularly
the African Sahel and
Bangladesh) do not have the purchasing
power to obtain the food. Before the
conclusion
of
the
conference,
commitments
for additional food aid
were made by several countries,
including Canada, Sweden, Australia,
and the United States. The member
countries of the European Economic
Community
(EEC) will probably not
increase immediate food aid, but will
add funds to compensate for inflation.
Perhaps altogether, both the direct
donations and all forms of indirect help,
may reach one-third of the estimated
goal of 10 million metric tons of grain
this year.
Food and International

Politics

Secretary of State Kissinger, in an
eloquent address to the plenary session,
challenged the country delegates to
“confront the problem and not each
other.” Secretary Kissinger was firm in
his position that the responsibility for
financing food imports to the hungry
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Unless production is increased dramatically, the United Nations estimates
that the annual deficit could reach 85 to 100 millions tons of grain by
1985. Other food needs for balanced human nutrition, particularly
proteins, will also be in short supply.

areas cannot rest solely with the food
exporters
alone. The new oil-rich
countries of the world must bear part of
the
burden
by
assisting
with
investments and contributions,
as well
as by keeping the cost of energy within
reasonable
limits. He stated: “The
continuing massive transfer of wealth
and the resulting impetus of world-wide
inflation have shattered the ability of
the developing countries to purchase
food, fertilizer, and other goods.”
The concern
over energy
and
inflationary
costs was expressed by
many delegates. However, Algerian
President Boumedienne
charged that
the food problem resulted from “a
policy of domination”
of developed
nations-along
with “world inflation,
maintained
by
caused
and
industrialized
countries”
rather than
the price of oil. Iran placed “much
blame on the West” because of its
“past food policy” which “created the
present food shortage.” The Cuban
representative stated that the world had
a “satisfactory”
and well-balanced
agriculture “prior to the advent of
colonialism and imperialism and that
the US and not the new oil-rich
countries
caused
the
present
inflationary
spiral.” Algeria proposed
that the “concept of production for
market purposes” must be replaced
with “production
for humanitarian
purposes.” The Minister of Agriculture
for Libya labelled as “absolutely false
allegations” any suggestions that oil was
responsible for causing the food crisis.
“The excessively luxurious life led by
the USA and its allies,” he said, “aswell
as its deliberation to raise the prices of
agricultural production inputs such as
machinery,
fertilizers
and chemical
pesticides-all
these combined
have
contributed
to the shortage
of
foodstuffs
now
suffered
by the
countries of Asia and Africa.”
The Chinese spokesman stated that
China was “ready to join in common
efforts
to solve the world food
problem,”
which was “due to the
developed
countries
which practice
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plunder,
control,
and
ruthless
enslavement .” He urged the developing
nations not to be misled by statements
from the West “which place the blame
prices,
oil,
or
climate,
on
and said that “the
overpopulation”
emphasis on population
control was
being spread for ulterior motives.”
“China developed” he stated, “because
we severed ties with the imperialist
countries,”
rural
and “established
peoples in communes.”
Many other countries supported the
Chinese
and Russian concepts
of
revolution
and economic reform to
insure adequate food supplies. Mexico’s
President
Echeverria,
facing a very
sympathetic
audience,
proposed
a
“World Food and Agricultural Research
Bank” and a “World Food Plan for
Development .” He declared : “The
present chaotic condition of markets,
prices, and raw materials has been
brought
about
by
the
great
industrialized
nations.”
Dr. Philip
Potter, General Secretary of the World
Council of Churches, stated: “. . . it is
being said that what is needed is
population control, and this will enable
development
aid and the transfer of
grain to the needy to be more effective.
But experience has shown that it is
precisely socio-economic development
which reduces income inequality, and
this is a precondition for a decrease in
the
rate
of population
growth.
Moreover, such evidence as we have
indicates
that
where
there is a
determined
effort
to promote
participatory
self-reliance
and an
economic policy aimed at social justice,
as in China, the most populous nation,
the problems
of hunger
can be
satisfactorily
tackled.”
Dr. Lester
Brown tried to set the record straight by
citing that China had also been receiving
substantial food imports and the claim
of self-sufficiency was not valid.
The “population”
problem was not
confronted directly by most delegates.
F. T. Sai, representing the International
Planned
Parenthood
Federation,
reaffirmed
the belief that “family
March

1975

planning is a human right” and “in
economies,
marginal
today’s
satisfactory
feeding of the people
cannot be assured if fertility regulation
programmes do not go hand-in-hand
for nutritional
with
programmes
improvement .” Pope Paul VI invited
the participants
in the World Food
Conference to the Vatican where he
emphasized that, “the threat of hunger
and the burden of malnutrition are not
an inevitable destiny.” He reaffirmed
the stand of the Catholic Church on
birth control, stating: “In times gone
by, nations used to make war to seize
their neighbors’ riches. But, is it not a
new form of warfare to impose a
restrictive
demographic
control
on
nations to insure they will not claim
Russian
delegate
indicated
little
concern for population
control by
stating that the world could easily
support 40-50 billion people. This high
estimate was shocking to most of us
who have been worrying about 5-6
billion.
The preceding statements are cited
only as examples of the interplay
among nations and special interest
groups. It was the actions of the US
delegation, however, that attracted the
most attention (and criticism), not only
from country delegates, but from the
large group
of Non-governmental
Organizations
(NGO’s)
given
credentials
to
the
Conference.
Secretary of Agriculture Earl Butz kept
reminding
the
delegates
that
governments, bureaucracies, and even
food conferences, do not produce food,
“only farmers produce food, and they
must have the incentive to produce.”
He cited with pride America’s history of
sending food to poorer lands. The US
has contributed 46% of all the foodaid
given to developing countries since
1962. Butz emphasized that the top
priority for the conference must be to
“stimulate additional production in the
developing countries.”
This approach by Secretary Butz was
not satisfactory
for many conferees
concerned with the immediate hunger
problem. Due to this pressure and
concern,
part
of the American
Congressional
delegation,
including
Senators Hubert Humphrey,
George
McGovern, and Richard Clark, insisted
that the White House be contacted to
obtain an immediate commitment
to
increase US food aid from 1 million to 2
million tons of grain this year. Dick
Gregory flew into Rome to start a fast
87

The heavy reliance of modern agriculture on petroleum products
(depletable resources) was acknowledged, but no one talked about the
possibility that fossil fuel will, someday, become exhausted. The time
frame here was much too short-sighted, in my opinion, being aimed
primarily at the next two decades. What happens beyond the year 2000
was only dimly visualized. Perhaps, the specter of hungry people today
obscured the vision for the long-term future.

(joined by Rene Dumont,
French
environmentalist)
to
stimulate
additional interest in doubling US food
aid, and the NGO’s passed a resolution
to support the drive. President Ford
turned down the request and Anne
Armstrong, one of the ranking members
of the US delegation, reported the
reasons: “The American housewife is
having a tough enough time meeting her
own budget,” and increased emergency
food aid would add to the already
inflated prices at home. Mrs. Armstrong
cited the financial
problems
now
confronting farmers and ranchers in the
US. Most delegates had little sympathy
for, or understanding
of, the US
position. (It should be noted that the
US has budgeted $675 million this year
for nutritional programs and technical
assistance,
and
Secretary
Butz
committed an additional $50 million to
food aid through Public Law 480 sales.)
The Long-Term Challenge to Increase
Food Supplies
The major thrust of the conference
was toward the medium-term objective
to increase food production
and to
establish a world-wide system of food
security.
Discussions
and action
proposals for these topics were not as
heavily involved in politics.
The principal focus on the need for
“increased production at any cost” in
both the developed and developing
nations raises some questions. How can
we meet the needs of about 76 million
additional people each year without
some sacrifice to the resource base?
India alone will require an additional
2.5 million metric tons of grain each
year to cope with their expanding
population.
And Bangladesh, as one
reporter stated recently, is “. . . sliding
irretrievably
toward mass starvation
and social breakdown.”
Bangladesh,
equal in size to the State of Wisconsin,
now has 75 million people, compared
with the 4.4 million in Wisconsin, and
the population
of Bangladesh will
88

double
in 23 years! Under these
population
pressures little attention
will likely be given to resource
conservation. It appears that an all-out
effort will be made to expand the
number of cultivated
acres and to
maximize the production on those areas
now under the plow. This poses the
threat of over-expansion into marginal
lands and increased pressure on range
areas.
While a few delegates and observers
raised questions about environmental
deterioration,
most
people
in
attendance had little understanding of
natural ecosystems or the impact of
more intensive agricultural technology
or environmental
stability. The heavy
reliance
of modern
agriculture
on
petroleum
products
(depletable
resources) was acknowledged, but no
one talked about the possibility that
fossil fuel will, someday,
become
exhausted. The time frame here was
much too short-sighted, in my opinion,
being aimed primarily at the next two
decades. What happens beyond the year
2000
was only dimly visualized.
Perhaps, the specter of hungry people
today obscured
the vision for the
long-term future.
Animal
agriculture
came under
constant attack from some participants
with the simplistic assumption that all
animals were produced at a cost of 4 to
10 pounds of grain that could go
directly into human food channels.
Certainly, much grain can go directly
into human consumption. However, the
important contribution of the ruminant
animal as a converter of roughage, the

importance
of
range
livestock
production, the role of animals in the
utilization
of low-quality grains and
grains bred specifically as “feed grains”
and not “food grains” was neglected.
The American
livestock
producers
present at the conference were very
about
this
concerned
“misunderstanding.”
Also, several
reporters noted that, while delegates on
the floor were condemning livestock
production
and the excessive eating
habits of affluent societies, most of
these same persons consistently ordered
beef steak or lamb for dinner in the
evening.
Some background material on the
role of rangelands
in world food
production and in balanced agricultural
ecosystems
was submitted
to the
conference planners but was not used in
the final documents by FAO. Failure to
recognize these values of uncultivated
lands is not a new phenomenon
for
members of the Society for Range
Management. Even in the US, we have
difficulty
obtaining
recognition
or
adequate
support for much-needed
research on range vegetation and range
livestock production. And, while world
grain supplies is always cited as the most
important single indicator of the world
food situation, this statistic cannot be
properly evaluated without looking at
other
food
sources for balanced
nutrition.
In spite of these deficiences in the
data base and in spite of the variability
in backgrounds,
ideologies,
and
political interests of delegates, some
positive and encouraging actions were
taken:
(1) A World Food Council is to be
established under the United Nations to
coordinate the global war on hunger.
The new group will be based in Rome,
sharing facilities with FAO. It will
include various committees on food aid,
food security, fertilizer, and research
and technical assistance for agriculture.
(2) Major
grain producers
and
governmental representatives agreed to

Even in the US, we have difficulty obtaining recognition or adequate
support for much-needed research on range vegetation and range livestock
production. And, while world grain supplies is always cited as the most
important single indicator of the world food situation, this statistic cannot
be properly evaluated without looking at other food sources for balanced
nutrition.
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establish agrain resente. It remains to be
seen whether this will be handled on an
individual
country basis or by the
United Nations. The individual country
by most
approach
was favored
delegates. American farm interests at
the Food Conference were insistent
that such a reserve be established in a
way that will not compete with the
seasonal
markets
for farmers and
livestock producers. The target for this
reserve will be 10 million tons of grain
to be used for emergency food aid only.
(3) The Conference approved the
establishment of an international fund
for agricultural development to help
developing
countries
move toward
se 1f-sufficiency.
The
new oil-rich
countries will help support this fund.
(4) A world-wide system of food
informu ‘ion-an early warning system
to avoid food disasters-will be
instituted. At every turn, delegates were
faced with inadequate information on
which to make decisions It was minted

out repeatedly
that no world-wide
information system can work without
free and open cooperation from Russia
and China.
(5 ) A systematic approach to
world-wide fertilizer production and
distribution
will be developed
Observers cited the fact that the Arab
countries are flaming more natural gas
than is now required annually
for
nitrogen production.
(6) Agricultural
and weather
research will be intensified. The present
international
centers, such as the rice
institute
in the Philippines and the
cereal center in Mexico City, will be
strengthened, and all countries will be
encouraged to add support to their
agricultural research efforts. (Note: At
the recent annual meeting of the State
Universities and Land-Grant Colleges, a
strong
resolution
was
passed
emphasizing the important role the
Land-Grant
Colleges and State
TJnivprGtipy

mn

nnd

rnljrt

tiwlrno

in

fighting
world hunger. Scientific
manpower
in these US universities
represent the world’s largest single
source of expertise in agriculture and
related fields.)
Many follow-up activities will take
place as a result of the World Food
Conference to keep the eyes of the
world focused on the hunger problem.
Perhaps increased awareness will force
the affluent societies to re-examine
their living habits and their wasteful use
of
resources.
Perhaps
increased
awareness will alert leaders of all
nations to the dangers of unlimited
population growth. Perhaps increased
awareness
will lead to a better
understanding of our planet earth, the
role of mankind, and the limitations of
our environment. I truly believe that an
important
“first step” was taken in
Rome to confront the most important
issue now facing the world society-the
ominous threat of hunger.

Cattle

Diets

Botanical
R. E. ROSIERE,

on Semidesert

Composition

R. F. BECK, AND J. D. WALLACE

Highlight: Botanical composition of cattle diets on semidesert rangeland was
studied by microhistological techniques. Cattle consumed 56% of all species
available. Dietary portions of grasses, forbs, shrubs, and unidentifiable plants
averaged 45, 32, 19, and 6%, respectively. Composition of diets changed with
seasons. Grass contents of diets were highest in summer and lowest in spring.
Mesa dropseed
was the most common species in diets. Perennial grasses
represented dependable sources of forage, but never comprised more than 50%
of the steers’ diets in any season, and should not be used as the sole criterion for
estimating forage production or determining stocking rates. Shrub portions were
highest in spring when soaptree yucca was grazed almost exclusively. Forb
fractions of diets varied little among seasons but were highest in winter. Forbs
and shrubs comprised over one-half of the diets in certain seasons and should be
grazed in these seasons if full benefit is to be derived from them. Preference
ranking of forage plants evaluated selectivity and palatability but preference
trends were inconsistent and most affected by species availability.

This report is Journal Article 517
the Agricultural
Experiment
Station,
Mexico State University.
Manuscript received May 31, 1974.
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Semidesert grassland occupies 36
million ha in the Southwest (Campbell
and Craft, 1939) with most ranges
being grazed by livestock. These ranges
are usually
grazed yearlong,
but
Valentine (1967) proposed a seasonal
suitability grazing system to restore
deteriorated
pastures.
Cattle diets
March
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from this system are compared to
those under continuous grazing.
Effective
range
management
depends upon identification
of plants
which are palatable and nutritious to
livestock.
Most plants
on desert
grassland contribute
more to cattle
diets than is usually believed (Galt et
al., 1969). The investigation reported
here was initiated to examine species
composition of cattle diets further and
to compare forage under continuous vs
seasonal suitability systems.
Experimental
Study

pastures

Procedure
were

on the

New

Mexico State University Ranch, 38 km
north of Las Cruces, where the climate
is arid and the frost-free
period
averages 200 days. Average annual
precipitation for a 57-year period was
23 cm, 51% of which fell during the
major growing season in July, August,
and September
(Table 1). Rainfall
from July through September was 32%
89

above average in 1972 but 45% below
average in 1973.
Data were collected
from one
continuously
grazed pasture (No. 15
which contained
1348 ha) and three
pastures within a seasonal suitability
system (Nos. 3N, 3S, and 3W, which
contained
45 1, 526, and 668 ha,
respectively).
Vegetation
was
semidesert
grassland
varying
from
homogenous
stands of black grama
(see Table 2 for scientific names) to
sand
dune
areas dominated
by
mesquite. Botanical compositions
of
pastures (Table 2) were derived while
measuring plant density in circular
plots of variable size (Rosiere, 1973).
Herbage available (kg/ha) on each
pasture
duirng
each season
was
calculated by multiplying the average
weight of a species times the density
of that species in a hectare. Density
estimates for pastures by seasons were
obtained from 100 randomly located
plots.
Forage samples were collected from
four esophageal fistulated
Hereford
steers during 1O-day periods in August
and October of 1972 and in January,
May, and July-August of 1973. Steers
grazed study pastures for 2 to 3 weeks
prior to sampling periods, except in
October, 1972. Pastures were sampled
once a day at sunrise after steers had
been penned overnight. The year-long
use pasture
and one pasture in the
seasonal
suitability
system
were
sampled on alternate days each 1O-day
period. Steers were driven to different
plant communities (i.e., black grama dropseed
grassland,
mesquite
sand
dunes, annual grass-forb sites, etc.)
within
each
pasture
and
then
Table 1. Average long term monthly
cipitation
and monthly precipitation
1972 and 1973 on study pastures.

prefor

Precipitation (cm)
College Ranch2
Jornada Exp. Range
Months long term average’ 1972
1973
January
February
March
April
May
June
July
August
September
October
November
December
Average

1.4
1.1
0.7
0.6
0.7
1.4
4.1
4.3
3.7
2.3
0.9
1.4

0.6
0.0
0.0
0.0
1.7
4.1
4.3
9.5
2.4
5.6
0.0
3.8

1.8
3.8
0.7
0.0
4.1
1.2
3.6
3.4
0.2
0.0
0.0
0.2

22.6

32.0

19.0

1Average since 1915 at US Weather Reporting Station on Jornada Experimental Range,
15 km NE of study pastures (US Corn merce Dep., 1972).
2Data are average of 7 rain gauges on or
near study pastures.
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permitted
to
graze
at will until
approximately
1 kg of plant material
was obtained.
Collected forage was
dried at 55” C for 24 hr in a forced-air
oven and then ground through a 1 mm
screen in a Wiley mill.
Species composition of cattle diets
was determined
by a microscopic
technique modified from Sparks and
Malechek
(1968).
Microscope
reference
species
slides of plant
growing in study pastures and slides of
fistulae-collected forage were prepared
by
covering
ground
herbaceous
material with synthetic resin mounting
media and cover slips. Plant particles
in slides from diet samples were
identified by comparing with species
reference slides. Identification
was by
histological characteristics as reported
by Free et al. (197 1).
Statistical evaluation was by split
plot analysis of variance with Tukey’s
procedure
used to test differences
among means (Steel and Torrie, 1960).
Preference
“ranks”
developed from
preference
indicies (Van Dyne and
Heady, 1965) were used to evaluate
species preference by cattle.

Results and Discussion
Of the 52 plant species found on
the year-long pasture and the 50
species on the seasonal suitability
pastures, 28 species were identified in
the diets, plus a small number of
unidentified
species. Twenty species
were found to comprise 84%-95% of
the steers’ diets in all seasons (Table
3). Some species which were observed
being grazed were not found in slides
of forage. Some plant particles could
not be identified due to absence of
unique histological features and were
often a process of elimination.
Proportions
of grasses, forbs, and
shrubs in diets changed among seasons
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(Table 4). Significant
changes were
also found in the forage available in
standing crop among seasons (Table
3). Similar trends were observed on
pinyon-juniper
grassland (Thetford et
al., 1971) and shortgrass plains (Beck,
1969). Grass content did not differ
significantly in the two summer diets
or between fall and summer diets.
Shrub content was highest in spring
when large quantities
of soaptree
yucca were consumed.
Inconsistent
seasonal variability
existed in forb
portions of diets.
Preference ranks (Table 3) helped
explain differences in selectivity. A
rank of “c” (P.I. = 0.7 - 1.3) indicated
that the percentage of a species in the
diets was the same as in available
herbage
(i.e.,
no
selectivity).
Preference higher or lower than “c”
demonstrated
selection for or against
species, respectively. Preference alone
did
not
always
account
for
proportions of species in diets, because
availability
was also a major factor
influencing dietary composition.
Preference
trends
were usually
inconsistent.
For a given species,
preference
ranks
might
differ
considerably between pastures within
season, but in another season ranks for
that species might be similar. This,
indicated
that
availability
also,
Studies
have
affected
preference.
shown that preference
changed as
grazing intensity increased. Leigh and
MuIham (1966) found that 56% of
sheep diets were comprised
of a
species that formed
only 1% of
herbage but that portions in diets
decreased as availability
decreased.
Thus, high preferences
lasted only
short periods. In this study similar
results were noted when the amount
RANGE
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Table 2. Plant composition ($6) and total herbage production (kg/ha) on year long (15) and seasonal suitability (3N, 3S, 3W) pastures.
Summer
Snecies and measurement
Production
Composition

(kg/ha)

1972

Fall 1972

Winter

1973

Spring

1973

Summer

1973

15

3N

15

3w

15

3w

15

3N

15

3s

1015

1627

1322

2062

1347

1638

1320

1591

1669

2143

T’
6
9
28
6
3

1
13
12
40
1
4

16
8
41
4
5

2
-

3
-

8
46
1
4

1
7
9
24
5
3

6
55
T
2

1
8
4
2
2
1

2
6
8
T
2
1

T
9
19
1
1
2

T
5
18
2
1
1

52

71

74

61

49

66

18

19

32

27

-

T
T
1
-

T
T
1
-

2
-

10
1
17
13
T
5
T
-

4
14
28
9
T
9
-

2
T
21
8
T
6
T
-

T
5
41
4
T
3
T
-

-

1
T
4
10
T
T
T
T
-

T
10

1
2

1
8

2
6

1
T
-

T
T
-

1
T
T
1
1
-

T
3
T
1
T
T
3
1
7
61

71

(%)

Grasses
Annual gramas (Bouteloua
spp.)
Black grama (Bouteloua eriopoda)
Mesa dropseed (Sporobolus flexuosus)
Sixweeks threeawn (Aristida adscensionis)
Threeawns (Aristida spp.)
Others’
Total grasses
Forbs
Annual snakeweed (Gutierreza sphaerocephala)
Bladderpod
(Lesquerella fendleri)
Broom snakeweed (Gutierreza sarothrae)
Deers tongue (Ckyptantha crassisepala)
Desert holly (Perez& wrightii)
Faint crown (Aphanostephus ramosissimus)
Goosefoot
(Chenopodium spp.)
(Sisymbrium linearifolium)
Hedgemustard
Hymenopappus
(Hymenopappus robustus)
Leatherweed
croton (0oton corymbulosus)

3
-

-

3
5
-

5
T
-

T
1
T
-

5

1

2

4

1

1

Orange eriogonum
(Eriogonum abertianum)
Pepperweed
(Lepidium Iasiocarpum)
Purslane (Portulaca spp.)
Russian thistle (Salsola kali)
Tansymustard
(Descurainti pinnata)
Trailing-four
o’clock (Allionti incarnata)
Wislizenus spectaclepod
(Dithyrea wislizenii)
Wooly paperflower
(Psilostrophe tagetinae)
0 thers’

29
-

2
-

7
-

13
-

T
1
-

T
5
-

6
-

4
-

4
-

5
T
-

7
T

9
1
-

3
T
2
2

3
1
T
4
-

1

8

3

5

3

4

1
9
T
1
T
T
2
1
1

Total forbs

48

29

24

29

39

28

71

71

-

-

5
5

4
7
1

-

z
-

2
4

8
3
-

2
5
3

1
1
-

-

-

10

12

6

11

10

2

Shrubs
Mesquite (Prosopis juliflora)
Soaptree yucca (Yucca ekta)
Torrey ephedra (Ephedra torreyana)
Total shrubs

T
2
2
-

’ T = 0.4% or less.
2 “Others” includes those plant species which either comprised

of flower stalks of soaptree yucca in
the
steers’
diets
changed
from
approximately
70% of spring diets
while comprising
less than 4% of
available herbage to less than 10% of
summer
diets
when
availability
dropped to less than 2%.
The high preference
for certain
species
greatly
exceeded
those
reported for any species growing on
shortgrass pastures (Beck, 1969) and
sandhill ranges (Scales, 1972). Wallace
et al. (1972) noted that on certain
sandhill ranges, herbage quantity was
sufficient to allow cattle to select their
total diets from any one of several
species. Similar
conditions
seldom
exist on depleted semidesert ranges
having mixed plant communities and
this might account for high preference
values of certain desert plants. Van
Dyne and Heady (1965) concluded
that less abundant species usually were
either highly selected or rejected,
while abundant
ones furnished the
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1
T
-

less than 2% of the available herbage or were unimportant

bulk of diets and appeared to be
neither preferred nor avoided.
Observations
that
cattle
graze
primarily grass (Cook et al., 1967)
were substantiated
during
certain
seasons. Cattle preferences for grasses,
however,
were
often
low and
quantities of grass consumed depended
upon season and on palatability
of
forbs and shrubs. Grass contents of
diets varied from as high as 78% in
summer to as low as 14% in spring.
Herbel and Nelson (1966) reported
similar trends.
Mesa dropseed
was the most
important forage plant, and comprised
larger, more consistent
portions of
diets than any other species. There
were not significant season or pasture
differences in dietary proportions
of
dropseed. Cattle grazed less selectively
on dead and live dropseed herbage
than on any other grass.
Palatability of black grama did not
appear as great as reported by early
March

1975

1
T
T
-

1
T
2
1
1
6

in the steers’ diets.

workers (Campbell and Crafts, 1939).
Preference for black grama was about
average when compared to preferences
for other species. Lowest preference
occurred
in spring while highest
preference occurred in winter. Watkins
(1955)
noted that winter growth
activity
of black grama increased
palatability.
This observation
was
confirmed by highest preference for
black grama in the year-long use
pasture during winter. Black grama
was scarce in pasture 3W, so winter
preference could not be evaluated in
the seasonal suitability system. Strong
preference was also shown for black
grama in pasture 3s during summer
1973 when quantities of green forage
were limited
by drought.
Similar
findings were reported for cattle diets
on semidesert ranges in Arizona (Galt
et al., 1969).
Highest
grass preferences
were
obtained
for perennial
three-awns.
Preferences
for these grasses were
91

Table 3. Botanical composition (%) and preference rank’ of plant species in steer diets on year long (15) and seasonal suitability (3N, 3S,
3W) pastures
Summer

1972

Fall 1972

15

3N

15

3w

15

Black grama
Mesa dropseed
Sixweeks threeawn
Threeawns
0 thers2

6c
33a
17d
6c
-

16c
29a
3Oc
3a
-

2oc
1Oc
19d
2d
-

27a
28d
5a
-

Total grasses

62 c

78 c

51~

6Oc

2a
-

-

-

ia
-

Ib
-

3d
9a
4a
-

Species
Grasses

Forbs

-

Summer

15

3N

15

lib
16b
7d
2d
-

lib
15d
la
-

5c
9b
-

4c
12b
ld
-

12c
26b
2b
3a
1

8b
27b
Id
4a
1

36 c

27 d

14c

17c

44 c

41 b

SC
la
-

5c
-

6d
-

14a
lc
-

13a
lb
-

2a
-

14a
22a
6c
-

2a
le
le
-

197 3
3s

6a
-

ia
lc
-

lc
-

-2c
-

5b
-

3a
5c
-

31a
-

16a
-

-

-

-

la

lob
-

3a
Id
-

ia
3d
5b
-

?a
2d
Tc3
-

2a
-

-

4b
-

lc
1

5b
9a
9

8a
5

10e

12e

40c

32d

6

3

1

1

12a
lla
5a
-

29d

15d

40b

27 c

53b

61a

-

-

-

-

-

-

-

-

la
8b

2d
2b

4c

72a
-

67a
-

Id
8a
-

10a
lla
-

la

la

(%)

Mesquite
Soaptree yucca
Torrey ephedra

Unidentified

(%)

rank and meanings

la

2c
2a

3a

la

4b

9c

4d

4d

72a

67a

9c

21a

7

7

7

6

8

8

5

5

6

8

3a

Total shrubs

are derived

from the following

Preference Index
Preference Rank
2.1 or greater
1.4 - 2.0
:
0.7 - 1.3
0.3-0.6
:
0.2 or less
e
2 “Others” include plant species which never comprised
3T = 0.04% or less.-

highest
in summer
1973 when
preferences for mesa dropseed were
lowest.
Annual
grasses, primarily
sixweeks
threeawn,
contributed
substantially to cattle diets especially
in late summer and fall after perennial
grasses had matured
and before
decomposition
of smaller
plants
became pronounced.
Forb content in diets varied from
61% in winter to 10% in spring and
averaged nearly 3 1% for all seasons.
However, most species of forbs were
only eaten at certain seasons. Russian
thistle was the most dominant forb in
diets, particularly
in fall when it
composed
31% of diets
under
year-long use conditions. Though not
always
identified
histologically,
Russian thistle was observed being
grazed in every pasture and at every
Leatherweed
trot on and
season.
Wislizenus spectaclepod
consistently
made up small portions
of diets.
92
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3w

(%)

Total forbs

’ Preference

Spring

(%)

Bladderpod
Deers tongue
Desert holly
Goosefoot
Hedgemustard
Hymenopappus
Leatherweed
croton
Pepperweed
Purslane
Russian thistle
Tansymustard
Wislizenus spectaclepod
Wooly paperflower
Others2

Shrubs

Winter 197 3

preference

indices:

Meaning
definite preference
some preference
same in diet as available
some avoidance
avoidance.
more than 4% of the diets for any pasture

or lo-day

period

in the study.

heifer was attributed to it.
The most dramatic
example of
selective grazing was soaptree yucca
utilization.
Steers became adept at
locating
and cropping
developing
flower stalks. They spent most of their
grazing time searching for yucca plants
and would often run to them from

Tansymustard
and a hedgemustard
during.
were
unusually
abundant
winter and were the most preferred
species during that season. Cattle on
other parts of the ranch were observed
these
forbs
persistently.
grazing
Several cows developed symptoms of
tansymustard toxicity, and death of a

Table 4. Seasonal proportions ($6) of grasses, forb, and shrubs in standing crop and steer
diets.

Year and
season

Standing
crop

’

Shrub

Forb

Grass
Steer
diets’

Standing
crop ’

Steer
diets’

Standing
crop’

Unident.
Steer
diets’

Steer
diets’

1972
Summer
Fall

61a
68a

70a
55a

39ab
27c

21b
33ab

T*
6a

2b
6b

7
6

1973
Winter
Spring
Summer

58a
18b
30ab

32b
15b
42ab

33bc
71a
66ab

57a
llb
36a

9a
11a
5a

4b
69a
15b

8
5
7

Average

47

43

47

32

6

19

6

’Means in the same column with different

superscripts

are significantly

different

(p < .05).

*T = 0.5% or less.
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distances of 10 to 15 m. Other cattle
exhibited
similar
in the pastures
behavior
and rancher
observations
support these findings.
Mesquite
was utilized
only
in
1973
when
numerous
summer
seedpods were produced.
Seedpods
constituted
most of the consumed
material, but small quantities of leaves
were also eaten. Higher consumption
and preference for mesquite in pasture
3s were attributed
to availability of
seedpods. Cows had grazed pasture 3s
only 2 weeks prior to the collection
period and this may have been the
reason for more beans being available.
Conclusions
1) Perennial
grasses,
while
representing
dependable
sources of
forage, never comprised more than
50% of the steer diets in any season
and should not be used as the sole
for
estimating
forage
criterion
production or quality.
2) Shrubs and ephemeral grasses
and forbs comprised over one-half of
the steers’ diets in certain seasons, and
must be utilized when available if any
benefit is to be derived from them.
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3) Cattle grazing desert grassland
utilize a wide variety of plants when
availab le.
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Esophageal fistulated
semidesert grassland.

steers fitted with forage collection

bags grazing mixed

Cattle
Diets on Semidesert
Nutritive
Content

R. E. ROSIERE,

J. D. WALLACE,

AND

Grassland:

R. F. BECK

A study of chemical composition and organic
matter
digestibility
of cattle diets was conducted
on
semidesert grassland in southern New Mexico during different
seasons. Forage quality was highest in the spring. Fall diets
were lower in digestibility, contained less crude protein and
the least estimated digestible energy. Level of protein in fall
diets was greater than requirements for dry co& but was iess
than recommended levels for lactating cows or growing calves.
A stepwise regression equation showed that protein accounted
for more variation in in vitro digestibility than did other
components.
Highlight:

Experimental

Procedure

Four esophageal
fistwlated
Hereford
steers were used to
sample diets from a southern
New Mexico semidesert
range.
Diets were sampled
during lo-day periods at five different
seasons. Steers grazed study pastures
14 to 21 days prior to
collection
periods for all but October collections.
During each
period
forage was collected
from a continuously
grazed
Table 1. Average chemical composition,
in vitro organic
gestl%ility, and estimated digestible energy in cattle diets.’

economy
of this region, but cattlemen
are finding it
increasingly difficult to obtain a profit from range operations.
Ranchers can remain in business only by increasing production
and efficiency. Beef production can be increased by nutritive
evaluation of cattle diets but such information is limited. This
investigation was conducted to study the nutritive value of
diets selected by cattle on semidesert rangeland.
Authors are graduate research assistant, range nutritionist, and range
ecologist,
respectively,
Department
of Animal, Range and Wildlife
Sciences, New Mexico State University, Las Cruces.
This report is Journal Article 5 19 from the Agricultural
Experiment
Station, New Mexico State University.
Manuscript received May 31, 1974.
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di-

Year and season
1972

More than a million
cattle graze semidesert
grassland
throughout
the Southwest. Ranch enterprises are vital to the

matter

Item

Summer

1973

FaII

Winter

Spring

Summer

86.8a

80.5b

86.0ab

87.6a

13.0a
53.8’
13.ga

13.7a
46.8’
7.gc

1 1.5a
52.4bC
10.5h

1.8b

2.4”

Organic matter
80.8b2

(OM) (%)

Composition of
OM:-

Protein (%)

12.7a

7.3b

Fiber (%)
Lignin (%)

52.913
12.0ab

63.3a
12.5ab

2.2a

1.4c

In vitro OM
digestibility (%)
Estimated digestible energy3
(McaIk)

1.8b

’ Each value represents the mean of all steers over both grazing systems.
2Means on the same line with different superscripts are significantly
different (P < .05).
‘Predicted according to Rittenhouse et al. (197 1).
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Table 2. Average seasonal composition (%) of grasses, forbs, and shrubs
in steer diets on semidesert ranges. 1

Table 3. Composition of available herbage and cattle diets during
spring and summer of 1973.

Year and season
1972
Forage

class

Grasses

Forbs
Shrubs
Unidentified

Summer
70
21
2
7

Season
1973

Fall
55
33
6
6

Winter
32
57
4
7

Spring;
15
11
69
5

Summer
42
36
15
7

1 Values represent averages over both grazing systems.

pasture and from one of three pastures within a seasonal
suitability grazing system. The two pastures were sampled on
alternate days and forage collections were made once daily at
daybreak after steers had been penned overnight. Steers were
hazed to preselected areas and allowed to graze freely until
about 1 kg of grazed forage was acquired. Collected forage was
spread evenly over plastic trays and dried for 24 hours at 55’C
in a forced-air oven. After drying it was ground through a
l-mm screen in a Wiley mill.
Dry matter, ash, and Kjeldahl nitrogen were determined
according to Ass. Offic. Agr. Chem. (1965) procedures. Fiber
and lignin were analyzed by acid detergent techniques (Van
Soest, 1963) while organic matter digestibility was estimated
by the method of Tilley ‘and Terry (1963). Digestible energy
values were predicted from organic matter digestibility using a
regression equation developed by Rittenhouse et al. (1971).
Details of experimental pastures and climate were reported by
Rosiere (1973) and Rosiere et al. (1975). Statistical methods
used were those described by Steel and Torrie (1960).
Results and Discussion
There were seasonal differences (P < 0.01) in nutrient
components and in vitro organic matter digestibility (Table 1).
Grazing systems had no significant effect on these factors nor
were there significant differences among diets of individual
steers (Rosiere, 1973), thus, data presented in Table 1 are
averages of all steers and both grazing systems. Digestibility of
summer diets was lower in 1973 than in 1972 even though
there were differences only in forb portions of these diets
(Table 2).
Fall diets were lower in protein and organic matter
digestibility than were those during other seasons (Table 1).
Nutrient content of fall herbage was not evaluated, but it was
noted that there was less green plant material at this season
than during any other. Lowest protein level coupled with
lowest digestibility indicated that fall was the most critical
nutritive
period
and that
the most
benefit
from
supplementation
would have been expected during this period.
It was impossible to determine accurately whether protein
in fall diets was adequate to meet cattle requirements because
forage intake
was unknown.
Review
of beef cattle
requirements
(National Res. Count., 1970) showed that the
crude protein level in fall diets (7.3%) exceeds the 5.9%
recommended for dry, pregnant cows but it is lower than the
9.2% and 11 .l% suggested for lactating cows and 200-kg
heifers gaining
0.5 kg per day, respectively.
Protein
supplementation
might have been beneficial for lactating cows
and young, growing cattle but not for dry cows. Dry cows
grazing the study pastures were unsupplemented
and produced
an 88% calf crop in spring of 1973. During fall seasons, most
cattle herds on semidesert ranges contain a mixture of
lactating and dry cows as well as replacement heifers. In some
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Summer

Spring
Item

Herbage

Organic matter
86.4
@Ml (%I
Composition of OM:
9.5
Protein (%)
48.2
Fiber (%)
9.7
Lignin (%)
In vitro OM
49.3
digestibility (%)
Estimated digestible
1.8
energy’ (Meal/kg)
’Predicted according to Rittenhouse

Diet

Herbage

Diet

86.0

89.2

87.6

13.7
46.8
7.9

10.0
46.8
10.0

11.5
52.4
10.5

63.7

44.6

48.9

2.4

1.6

1.8

et al. (197 1).

cases, weaned calves are wintered on these same pastures.
Consequently,
supplementation
programs would vary with
individual ranches.
There were no significant differences in protein levels of
diets among seasons other than fall (Table 1). Increase in
protein content from fall to winter was due to growth of
highly palatable forbs. Herbel and Nelson (1966) found that
cattle grazed various forbs and shrubs during winter and felt
that this maintained adequate protein and carotene in diets.
Winter protein supplementation
of dry, pregnant cows is
probably unnecessary
on ranges where forbs are plentiful.
Winter forb growth is dependent upon adequate precipitation
and, consequently,
does not always occur. Under such
conditions winter and spring may be more critical than fall.
Frequent
drought
may make supplementation
or even
“dry-lotting”
necessary in summer. Cattle diets on desert
grassland are dynamic and no fixed seasonal trend can be
established to fit all years.
Moir (1961) reported a high correlation (i = 0.98) between
digestible energy and dry matter digestibility of numerous
roughages fed to ruminants.
Rittenhouse
et al. (1971)
developed a regression equation to predict digestible energy
(DE) from organic matter (OM) digestibility of forage grazed
by cattle on Great Plains grasslands:
DE, Meal/kg OM = 0.039 (%OM digestibility)

- 0.10.

This equation is similar to that derived by Moir (1961) and its
application to desert grassland diets should indicate seasonal
trends in DE. Estimated DE values were highest in the spring
and lowest in the fall (Table 1). These values may be compared
to the requirements
(National
Res. Count.,
1970) by
converting metabolizable energy (ME) values to DE using the
Table 4. Numbers of steers required for sampling nutritive components
and in vitro organic matter digestrbility within 10%of the mean with
95% confidence during each collection period.’
Year

and season

1972

Item

Summer

1973

FaII

Winter

Spring

Summer

In vitro OM
2
7
8
26
digestibility
2
3
5
8
84
5
Protein
1
10
7
3
3
Fiber
12
24
28
25
Lignin
24
‘Each value retxesents an average of the number of steers required
under both grazing systems.
95

NRC conversion:
DE in Meal/kg

= ME in Meal/kg

X 1.22

This gives a DE level for lactating cows of 2.5 Meal/kg and
that for dry, pregnant cows of 2.2 Meal/kg. Estimated DE level

in the 1972 summer diet (2.2 Meal/kg) was adequate for dry
cows but not for those lactating, while spring, 1973, diets (2.4
Meal/kg) approached adequacy for lactating cows. Winter and
summer diets for 1973 had estimated DE values (1.8 Meal/kg
for both) which were below recommended levels for dry cows.
These data point out that DE levels of cattle diets on
semidesert ranges may often be marginal or below required
levels for desired production.
Nutrient content of available herbage during spring and
summer of 1973 was compared to diets during these seasons
(Table 3). Herbage samples had the same species composition
as range standing crop (Rosiere et al., 1975). Steers selected
forage that was 14.4% and 4.3% more digestible than spring
and summer herbage, respectively. Compared to available
herbage, spring diets contained 4.2% more protein, 1.4% less
fiber and 1.8% less lignin. Summer diets contained 1.5% more
protein but 5.6% more fiber and 0.5% more lignin than
available herbage. Steers were not able to select as nutritious a
diet in relation to herbage in summer as in spring. This was
reduced vegetational
variety, and
attributed
to drought,
advanced maturity.
A regression equation
(r2 = 0.86) was developed for
predicting in vitro organic matter digestibility from various
chemical constituents:
Y = 52.30 t 2.15 x1 - 1.16 x2 t 1.00 x3 - 0.52 x4
where x1 = protein, xi = lignin, x3 = ash and x4 = fiber.
Protein was more closely correlated in vitro digestibility (Y=
0.75) than were other components.
Brown et al. (1968)
reported a correlation
of r = 0.92 between protein and
digestible dry matter in grass hays. Consumption
of large
quantities
of browse and weathered
grass was possibly
responsible
for our weaker association
between
protein
content and organic matter digestibility compared to that
obtained by Brown et al. (1968). Rao et al. (1973) studied
cattle diets on tallgrass prairie and developed similar regression
equations for predicting in vitro digestibility. They found that
digestibility was most closely correlated to crude protein and
fiber. The correlation between lignin content and digestibility
of steer diets in the present study was Y = -0.59. Lignin
determinations
were considerably
more
tedious
and
time-consuming
than nitrogen
analyses, thus as a single
indicator
for nutritive
value of steer diets, protein was
preferred over lignin.
The number
of steers required to estimate
nutrient
composition
and digestibility of forage within 10% of the
mean with 95% confidence varied from one to 84 (Table 4). A
maximum of 10 steers would have been sufficient to sample
organic matter digestibility, protein, and fiber if the fall season
was disregarded. Greatest steer requirements were in the fall,
when an individual steer selected a diet considerably higher in
protein than those selected by other steers (Rosiere, 1973).
Requirements for sampling fall diets might have been less if a
longer grazing period had preceded fall collections. Larger
numbers of steers were required to estimate lignin than other
components. Wallace et al. (1972) found that lignin content of
forage
was
not
significantly
affected
by salivary
contamination.
Thus, it seemed likely that variation in lignin
occurred naturally within forage or resulted from laboratory

techniques. Obioha et al. (1970) found that more animals
and/or sampling days were required to measure forage lignin
content with the same degree of precision as nitrogen. Wallace
and Van Dyne (1970) reported that more cattle were required
to adequately sample fecal lignin than fecal nitrogen. From
results shown in Table 4, it was concluded that six to eight
steers should be used when sampling nutritive value of cattle
diets on semidesert rangeland. Similar numbers of cattle were
necessary to sample diets on tallgrass and midgrass pastures
(Obioha et al., 1970) and sandhill range (Wallace and Van
Dyne, 1970).
Conclusions
Nutrient content of forage selected by cattle from desert
grassland varies widely among different seasons and probably
among the same season in different years. As such, definite
supplementation
schedules would be difficult to establish and
The value of generalized
restricted
in application.
recommendations
for supplemental
feeding on semidesert
rangeland is also limited by variation in kinds and classes of
cattle forming individual herds. Protein content of fall and
winter diets may be inadequate for maintenance of lactating
cows grazing depleted pastures with limited growth of forbs.
There are indications that energy concentrations
of diets may
be more critical than protein, especially during winter or
summer drought. Protein is superior to lignin as an indicator of
nutritive value when evaluating forage from this type of
rangeland.
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Seasonal

Weight

on Semidesert
DONALD

Changes

of Cattle

Grass-Shrub

Ranges

E. WARD

Average cow weights, on semidesert grass-shrub ranges of the Santa
Highlight:
Rita Experimental Range in southern Arizona, increased slightly following spring
greenup, but major weight gains began with summer forage and continued in to
November. Major weight losses were at calving time in December and January.

Cattle on semidesert
range gain
weight most rapidly when forage is
green and actively growing, and gain
less rapidly or may even lose weight as
forage matures and dries. One reason
for this pattern is that green forage is
always higher in protein than is mature
or dry forage. For example, Cable and
Shumway
(1966)
found that the
protein content of green plant parts on
the Santa Rita Experimental
Range
was as much as 1.82 times that of
whole plants. Rumen samples were
also found to be higher in crude
protein
than
were whole
plant
samples.
Rumen protein levels determined
by Cable and Shumway (1966) would
meet current minimum requirements
(Nat. Acad.
Sci., 1970) for dry
pregnant cows yearlong, but would be
deficient for wet cows in December
and January and in May and June.
Protein
levels for bulls would be
adequate during periods of active plant
growth (Table 1). A comparison of
protein
levels between
rumen and
forage samples indicates that cattle
meet their protein requirements
over
most of the year by selectively grazing
the most
nutritious
plant
parts,
individual plants, or species. Cattle
were therefore
weighed throughout
Ward is a range scientist with the Rocky
Mountain
Forest and Range Experiment
Station, Forest Service, U.S. Department of
Agriculture,
Tucson,
Arizona.
S’a;tiry
maintains
central
headquarters
at
Collins, in cooperation with Colorado State
University.
Manuscript received July 19, 1974.
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typical of the desert grass-shrub type
in southern
Arizona.
Topography
slopes slightly to the west and is cut
by several shallow dry washes. The
elevation ranges between 3000 and
4000 feet. Average annual rainfall is
12.8 inches, with 60% falling in
summer
and
30 to 40% from
December through April.
The study involved two herds of
breeding cows on three pastures. One
herd of 45 cows grazed yearlong on
the same pasture. The second herd of
75-80
cows
spent
the winter
(November-April)
in one pasture and
summer (May-October)
in another.
Bulls were run with both herds
approximately March to October.
The 4450-acre, yearlong pasture lies
at a slightly higher elevation and
receives slightly more precipitation
than the seasonally grazed pastures.
The 4044-acre, winter pasture has only
one
permanent
water
and one
temperary water, with distances from
water ranging to 3 miles. The summer
pasture (4891 acres) supports a dense
invasion stand of velvet mesquite and
is the least productive.
It has two

the
year
to determine
whether
nutritional
adequacy was reflected in
seasonal changes in animal weights.

The Study
The objectives of the study were
to: (1) determine
seasonal weight
changes
in breeding
cows on a
mesquite-infested
range in southern
Arizona, (2) relate seasonal changes in
cow weights to seasonal changes in
vegetation,
calving, or other events,
and (3) determine
whether
cow
weights were higher for cattle that
remained on the same pasture yearlong
or for cows that spent the summer in
one pasture and the winter in another.
The study was conducted
during
1970 and 1971 on the Santa Rita
Experimental Range 35 miles south of
Tucson, Arizona. The vegetation
is

Table 1. Periods of adequate (+) and deficient
forage samples taken from rumens of fistulated

Month
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

Crude protein
in rumen samples’

Periods

6.80
10.10
16.06
11.80
7.94
7.78
10.90
21.60
13.24
8.76
-

+
+
+
+
+
+
+
+
+
+
+
+

levels ($6) based on analysis

of adequate

Dry pregnant

1Rumen samples by Cable & Shumway (1966).
‘Protein requirements are: Dry pregnant cow
Nat. Acad. Sci., 1970).
1975

(-) protein
steers

cow

and deficient

of

protein’

Wet cow

Bull

+
+
+

+
-

+
+
+

+
+
-

-

5.90%; Wet cow 9.20%; Bull 12.20%

(from
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permanent
and two temporary
waters,
with maximum distances to permanent
water
of only
1% miles.
Travel
between
water and forage apparently
posed no hardship on livestock in any
of the pastures.
Vegetation
measurements
included
phenological
observations,
and
estimates
of herbage production
and
utilization.
Plant
phenology
was
observed
monthly
on
selected
perennial
grasses, annual grasses and
forbs, and shrubs. Herbage yields of
annual
and perennial
grasses
were
measured
in
the
fall
by
a
double-sampling
method
similar
to
that described
by Wilm et al. (1944).
Utilization
was estimated
in June by
the ungrazed
plant
count
method
(Roach, 1950).
Animals
in the two herds were
weighed
at monthly
intervals
from
January
1970
through
December
197 1. Bull weights were available only
during the breeding season from March
through October.
Cattle were weighed
with an automatic
weighing
system
with platforms
placed so animals had
to cross them to get to water (Martin
et al., 1967).
Table 2. Herbage production of annual and
perennial grasses (lb/acre).
Grass group
and season
of grazing

1957-66

Perennial grasses
Y earlong
Winter
Summer
Annual grasses
Yearlong
Winter
Summer

1969

1970

86
58
16

54
49
36

146
112
48

72
87
108

90
103
66

136
48
53

Results
Forage Production

and Utilization

Forage production varied annually
in
response
to summer
rainfall.
Perennial grass production was below
the 1957-66 average in 1969-70 and
above average in 1970-71 in the
yearlong and winter-grazed
pastures,
but was greater than the 1957-66
in
both
years
in the
average
summer-grazed
pasture
(Table
2).
Eight species accounted for almost all
perennial
grass forage (Table
3).
Arizona cottontop, the greatest forage
producer in all three pastures, was
most abundant in the winter pasture.
Utilization
in the study
pastures
ranged
from
32 to 48%, but
differences
between
pastures
and
between years were not significant.
Apparent
differences
in utilization
98
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Fig. 1. Growth stages of grasses and shrubs from January 1970 to December

-

-

-

19 71 in the

study pastures.

between
pastures
and years
are
attributed
to relative differences in
forage abundance and season of use.

and plains bristlegrass, for example)
begin growth if moisture is available
and provide green feed in early spring.

Seasonal Growth

Seasonal Changes in Animal Weights

Shrubs such as velvet mesquite and
catclaw acacia leaf out in April or
May, even in drought years (Fig. 1).
False mesquite, however, will not leaf
out in the spring if winter-spring
moisture is markedly deficient. During
mild winters leaves may be retained
until spring, but cold winters may
result both in total early defoliation
and late spring budding.
Summer
rainfall produces a second cycle of
vegetative growth as well as flowering
and fruiting.
The major productive period for
most native perennial grasses is during
the summer
rainy season. A few
semidesert grasses (Lehmann lovegrass

Animal weight changes were related
to several factors. However, relative
seasonal weight changes were similar
for the two herds and for both years.
Average cow weights increased slightly
following spring greenup, but major
weight gains began with summer
forage and continued into November.
Major weight losses were at calving
time,
December- January.
Cows
generally
regained
their pre-calving
weight from one calving to the next.
Average cow weights indicate that
the major portion
of calving had
occurred by January, with average cow
weights at 849 lb (Fig. 2). Seasonal
spring greenup in late February and
March resulted in cow weight increases
to 874 lb. These spring gains were lost
as green forage became increasingly
scarce in April, May, and June.
Summer forage growth and advanced
pregnancy increased cow weight from
July to November when cow weights
were highest. The December drop in
cow weights indicates that calving had
started.
Cow weights at all seasons were
somewhat higher in the herd that
grazed yearlong in the same pasture

Table 3. Species
composition
(%) of
perennial grass forage on the study pastures (average for 1969 and 1970).
Season grazed
Species

Yearlong

Arizona cottontop
Black grama
Rothrock grama
Bush muhly
Plains bristlegrass
Tanglehead
Santa Rita threeawn
Tall threeawns

29
13
9
13
6
5
16
9

Winter Summer
47
0
T
25
2
0
11
15

32
0
3
21
11
0
8
25
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Plant growth stages
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Fig. 3. Seasonal weight changes in breeding
cows grazed yearlong in the same pasture
and cows that grazed one pasture in
winter and another in summer.

JFMAMJJASOND
Fig. 2.

Average monthly weights of cows in relation to forage growth and calving cycles.

(Fig. 3). However, it would be risky to
attribute cow weight differences to the
grazing treatment, because part or all
of the difference may be due to the
fact that the yearlong pasture is more
than
either
of the
productive
seasonally grazed units.
Bull weights varied only slightly
through
the
breeding
season
(March-October);
they ranged from
1311 lb in March to 1387 lb in July,
and declined to 1333 lb in October
(Fig. 4). Bull weights from April to
May seem to indicate that forage
nutrient levels for maintenance
were
met and the excess resulted in weight
gains. The slight losses in June
probably indicate a deficiency in the
July weight gains
nutrient
intake.
above
reflect
nutrient
levels
maintenance requirements followed by
a deficiency thereafter until October.
These data suggest that forage quality
is highest in July and declines as
herbage begins to mature in Aguust.
Summary
1. Major changes in cow weights were
associated with (1) the calving cycle,
and (2) seasonal changes in quantity
and quality of forage. In general, cow
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weights were maintained
calving to the next.

from

one

2. Cow weights
were greatest
in
November and December just prior to
calving and lowest in January and
February immediately after calving.
3. Spring forage greenup produced
slight cow weight gains, but these gains
were usually lost in May and June.
4. Rapid weight gains began in July
with the onset of summer forage
growth and continued into November.
This weight gain is associated with
response to forage growth, weaning of
1, and
calves around
November
advancing pregnancy. Average weight
gain from July through November was
164 lb in the yearlong pasture and 144
lb in the seasonally grazed pastures.
5. Sudden winter weight losses were
due to the combined effect of calving
and low forage quality. Average weight
loss was 119 lb in the yearlong pasture
and 131 lb in the seasonally grazed
pastures.
6. Bull weights during the breeding
season ranged from a low of 1311 lb in
March to a high of 1387 lb in July,
then dropped to 1333 lb in October.

1975

Fig.
4.
Changes
in
bull
weights
(March-October)
in relation to forage
growth; average for all pastures.
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Sheep
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Legumes,

Dryland

Grain

of Israel

H.

Highlight: During a period of 10 years in an area in which
rainfall ranged between 170 and 413 mm, grain yields ranged
between
0.8 and 3.6 tons per hectare.
When grazing was
combined
with cropping,
between
20 and 200 kg Qf lamb
liveweight
were produced
per hectare at different
stocking
rates and in different years. Grazing the grain fields had left
enough grain to be harvested only under stocking rates lower
than 0.4 hectare per ewe in most years, and under stocking
rates lighter than 0.2 ha/ewe only in a year in which ungrazed
fields produced
3.5 t ons of grain per hectare.
Of several
legume species tried in the same area, Medicago polymorpha
and M. tribuloides (= M. truncatula) survived to form dense
swards of 3-6 t/ha dry matter yields. After 5 years, legumes
were largely replaced
by ruderal annuals. This grass sward
forms a highly palatable pasture with yields equaling those of
the legumes, probably due to the high nitrogen build-up in the
soil. A t stocking
rates of 0.4-O. 6 hafewe,
sheep could be
maintained
on this pasture without supplements
the whole
year round. Annual lamb yields ranged from 15 to 40 kg/ewe
and ,from 40 to 80 kg/ha. Fertility disorders, apparently due to
estrogenic activity in the medics, were recorded in one of the
high legume vears. Native saltbush (Atriplex halimus) was
plan ted at a rate of’ 1600 shrubs/ha as a range improvement
technique.
Shrub development
was excellent
and the shrubs
soon formed a dense, impenetrable
stand, crowding out most
of the annual
herbaceous
grass and vegetation.
Sheep
performance
on this vegetation was poor in comparison
with
unimproved native pasture.

The 200- to 400-mm rainfall belt in southern Israel-as in
other regions bordering the desert-is a marginal cropping area.
The farmer, primitive or modernized,
tries to push grain
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farming as deep as possible into the arid zone (Nuttonson,
1955, 1957, 1961). This may be accomplished by integrating
grain cropping with animal production (Oram, 1956; Rossiter,
1966).
The background
and rationale
for undertaking
an
investigation into such an operation in the northern (semiarid)
Negev of Israel were described previously (Tadmor et al.,
1974). That paper included a detailed description of the Migda
experimental
site, its climate, soil, and native vegetation.
Results were given of the plant and sheep production on the
native unimproved annual grassland. The present paper will
give results of plant and sheep production
from pastures
improved with legumes and saltbush shrubs and from cereals in
the same area.
Barley is the most common cereal crop in areas of less than
300 mm of rain (Nuttonson, 1955, 1957, 1961, 1962; Olson,
1958; Oram, 1956) and until recently, barley prevailed also in
the northern Negev of Israel. Therefore, this was the cereal
which was sown in the first 3 years of the present experiment.
Due to national economic considerations, farmers in the area
changed over to wheat, and this was done also in the
experimental plots. The currently used commercial variety of
wheat was the one always seeded.
One of the difficulties in cereal-sheep management in an
area with frequent droughts arises from the fact that it is
difficult to guess during the growing season how successful the
grain crop will be. If the year is going to end up as a “good
year,” there should be enough growth on the pasture fields to
support the sheep. Furthermore, it should seem wise to avoid
any grazing on the grain field during the green season in order
to exploit the full potential for grain production. If the year
turns out to be “bad,” the grain yield may be tbo small to
justify the expenses of harvesting. Using the grain fields as
green fodder in this case may be of great help, mainly for
pregnant and lambing ewes. The optimal utilization of the
grain fields will vary with the year (amount and distribution of
rain) and with the stocking rate. The present experiment was
therefore planned to include a series of stocking rates on cereal
fields ranging from very intensive grazing where the crop in all
years would be lamb alone, through intermediate
to light
intensities, where the weight of the crop would shift towards
mixed lamb plus grain and to pure grain production.
The heavy fertilizing of the soil and seeding to legumes is
not a common practice in an area of 250 mm rainfall or less.
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However, the long cultivation history of the northern Negev
Desert, with occasional records of high yields of grain, have
encouraged
the undertaking
of this pasture improvement
effort.
The idea of seeding legumes was founded in the belief that
improvement
of native pasture was necessary for pasture
management in this area. Annual, self-seeding legumes were
chosen, following Australian
experience
in higher rainfall
areas. An annual plant was sought in order to avoid a plant’s
going through the summer drought period.
Saltbush species (Atriplex spp.) have been regarded as
important pasture plants in 250- to 400-mm rainfall areas, at
least as early as the middle of the 19th Century (Williams,
1960). Dixon (1880) suggested that in a climate subject to
periods of continued drought, plants which have withstood the
influences of hard grazing for ages past would be more reliable
than others developed under different conditions. The possible
role of saltbush
in assuring a “more
stable summer
production”
and thus reducing the fluctuations in the sheep
populations were also discussed by Williams (1960).
Upon the establishment of the Migda experimental grazing
site (Tadmor et al., 1974), it was decided to include in it
special plots of Atriplex halirnus, a plant native to the region
and one which seemed to possess all the necessary attributes:
evergreen, high nutrient
value (Eyal and Benjamin, 1958;
Tadmor and Lachover, 1967), extreme drought resistance,
high productive potential, and sufficiently low palatability so
as not to be grazed out easily.
Large areas of this shrub had already been planted in the
Negev desert by the Soil Conservation Department. However,
information
on the forage value of these plants to animal
production
was not available, and it was considered most
important to acquire the missing knowledge before the planted
areas were further expanded.
It was not intended that any of these three pasture types
should be grazed alone in practice; but in order to obtain data
on seasonal primary production, and the possible contribution
of each type to secondary production,
each type had to be
separated at this stage. Combined grain, legume, and shrub
grazing were to be manipulated at a later stage.

Materials and Methods
Experimental

Layout

A detailed description of the experiment and its phases was
given by Tadmor et al. (1974). Two plots of 4.8 ha each and
two plots of 9.6 ha were allocated to each of the three
vegetation types. The cultivation methods and stocking rates
applied were as follows:

Legume Pasture
Legumes were seeded in November-December
1963 after
careful seedbed preparation.
The seedbed was first deeply
rooted, then disced even, disced again after the first rain to
eradicate weeds, heavily fertilized with 240 kg/ha P,O,, and
then drilled and rolled to produce an even seedbed. Several
mixtures of different
quantitative
makeup were used; all
included
Vicia dasycarpa (polypod
vetch, lana vetch),
Medicago polymorpha (burr clover), Medicago truncatula (=
M. tribuloides, = barrel medic, both native and Australian),
Trifolium purpureum (red clover), and Lolium rigidum (annual
Wimmera ryegrass). Seed was drilled in to a depth of 2-5 cm at
a rate of 20-30 kg/ha. These rates are much higher than those
cited by Australian
investigators (Andrew, 1962; Donald,
195 1). The careful seedbed preparation and dense seeding
proved itself. A full germination
and vigorous growth
followed. In the spring of 1964, Vicia dasycarpa dominated
the sward, and gave very high yields. This ungrazed sward (no
sheep in 1963/64) was harvested for seed in April 1964. In
order to ensure reseeding of the lana vetch, this harvesting was
carried out with wide open combine vents, which resulted in
120-200 kg/ha of vetch seed being spilled back on the area in
addition to a seed crop of 600 kg/ha. Discing in of the dry
sward in the summer of 1963 resulted in an excellent almost
pure legume sward in the next season, 1964/65. While Vicia
again completely dominated the swards, other species were
present. Grazing began in the spring of 1965, and while some
Vicia flowers were consumed, probably 70 to 80% were left
intact because of the wealth of plant bio-mass. In addition to
grazing, about 45 tons/ha of hay were baled that year.
Discing was discontinued in 196.5 to allow sheep to graze
the Vicia and other legume stubble. The next season, 1965/66,
Vicia no longer dominated
the sward and subsequently
disappeared, while Medicago polymorpha and M. truncatula
became dominant for 4 years until the spring of 1969 (Fig. 1,
middle).
In Phase I (preliminary) flocks of eight ewes each were kept
for 3 years at two stocking rates (0.6 and 1.2 ha/ewe) in two
Table 1. Rainfall
legumes.

The plots were maintained
on a worked fallow-grain
rotation throughout the whole period. Each plot was divided
into two equal subplots and only half the area was sown. Grain
and fallow were rotated annually. Phosphate and nitrogen
fertilization
were given at rates which supplied 40 kg P20 s
and 40 kg pure N/ha at sowing time and an additional 20 kg N
as top dressing.
Eight Mutton Merino sheep were kept in each plot during
phase I of the experiment for two stocking rate replicates of
0.3 ha/ewe and 0.6 ha/ewe. In phase II the plots were
subdivided for six stocking rates (without replicate) of 0.05,
0.1, 0.15, 0.2, 0.3, and 0.4 ha/ewe. The experimental flocks
during this phase were composed of 12 ewes-six Mutton
Merino and six Awassi (fat-tailed) each. It should be noted
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(mm) and dry yields (t/ha)

of ungrazed

Cereal yield
Year

Grain

JOURNAL

that the stocking rates were calculated for the sown area only.
For economic evaluation of the results the fallow part of each
plot must also be taken into consideration.
A 100 m2 area was exclosed in each plot to evaluate the
yield of grain and straw without grazing. For about 3-4
months (November-February)
of each year the sheep had to be
withdrawn from the plots to enable cultivation and growth
after germination. During this period sheep were yarded and
fed straw and concentrates at levels adjusted to maintain body
condition at the time of withdrawal.

63164
64165
65166
66167
67168
68169
69170
70/71
71/72
72173

Rainfall’

377(g)
413(g)
218(b)
282(g)
308(b)
224(b)
170(b)
238(b)
350(g)
258(b)

Grain’

Straw3

2.2
3.6
0.9
3.3
1.5
1.8
0.8
2.0
3.5
2.6

2.3
2.9
2.1
1.1
4.9
0.5
3.6
4.5
4.5

cereals and

Legume
yield
6.8
4.0
2.1
6.2
4.1
1.3
1.9

7.2
-

’(g) for good intraseasonal
distribution,
(b) for bad.
21n the first 3 years the grain crop was barley; in the following years
it was wheat.
31ncludes baled straw only. Stubble left in the field was estimated in
some years only and amounted to a quantity similar to that of the
baled straw.

legume years (Fig. 1, middle). In drought years the actual
yields will be small. Seed production,
however, may be
expected to be sufficient to ensure the sustenance of the
legume pasture, together with hard seed stored from previous
years. Yields in relation to rainfall are given in Table 1. High
yields equal or surpass the results obtained in Australia under
higher rainfall
conditions
(Andrew,
1962; Andrew and
Hudson, 1954; Rossiter, 1966; Rossiter and Ozanne, 1970).
The reason may be the good soil conditions at the Migda site.
The disappearance
of Vicia from the mixture
may be
explained by the fact that when discing was discontinued, the
large Vicia seeds did not penetrate the ground, but lay on top
and were eaten (and digested) by sheep, mice, and ants.
By the end of three legume years, in 1966, a very high soil
fertility had accumulated;
550 ppm of nitrogen (NO,) was
found by the phenol-disulfonic-acid
method in the upper 0- to
30-cm layer of the soil in one of the legume plots. In 1968, the
NO, content in the upper 30 cm in four plots ranged between
140 and 460 ppm. This amounts to 120 to 400 kg N/ha, not
counting the deeper layers, or other nitrogen sources. For
discussions of soil nitrogen accumulation
by legumes, see
Purchase et al. (1949) and Rossiter and Ozanne (1970).
The high build-up of nitrogen caused the legumes first to
decrease in 1967/68, and then to disappear almost completely
in 1968/69. In their stead, a dense grass sward developed
dominated
by the ruderal Hordeum murinum with some
Brachypodium pinnatum and remnants of the legumes. This
sward had been dominant since 1969. Although these swards
are now wholly grass, they are still referred to as “legume
pasture” in this paper. Because of the high fertilizer residue,
their primary production is almost double that of the native
nonlegume pastures. For a discussion of legume replacement
by grasses, see Rossiter and Ozanne (1970) and Stern and
Donald (1962). The latter authors suggest that, among other
factors, the shading of legumes by taller grasses might be a
main factor in the legume-grass succession.
Shrub Development
Weed eradication during the year of establishment, together
with the two high rainfall years of 1963/64 and 1964/65, were
responsible for the high rate of establishment of saltbush and
for its fast growth. The shrubs grew fast, to 2 X 2 m, in effect
forming a closed shrub canopy (Fig. 2). A standing crop of 3
t/ha dry matter of leaves and soft twigs (as browsed by sheep)
was attained in the third year and has maintained static ever
since. Shrub development was measured until 1966/67. The
excellent
shrub
development
made
the area almost
impenetrable to sheep; thus in effect taking the saltbush out of
grazing
altogether.
In addition,
the dense
saltbush
development
reduced all ground vegetation. At the planting
density we practiced, there was little to be grazed on the plot
except to browse saltbush.
Shrub chemical composition and nutrient value in different
Table 2. Chemical
halimus leaves.
Date of
sampling
June 1956
September
1956a
September
1956b*
February
195 7
*Dry

composition

(% dry

matter) of fresh Atriplex

Protein

Fiber

Fat

Ether
extract

Ash

Carotene
uglg

17.0
13.2
6.8
15.5

10.3
13.5
12.8
-

2.5
1.6
1.8
-

36.9
32.9
44.5
-

33.3
29.8
26.9
-

35
10
8
24

leaves.

JOURNAL

OF

RANGE

MANAGEMENT

28(2),

Marizh

1975

Fig. 2.

Sheep browsing on a dense saltbush stand.

seasons are shown in Table 2, taken from Eyal and Benjamin
(1958). This table indicates the high nutrient value of saltbush
on the one hand, and the high ash content on the other. The
salt content
of the leaves undergoes annual rhythmical
fluctuations, as shown by Lachover and Tadmor (1965). These
authors have shown also that Atriplex halimus leaves contain
some 10-l 1% oxalates in their dry matter, of which about 22%
is soluble. These high salt and oxalate concentrations
are
probably a major cause of the low saltbush intake by sheep,
which does not exceed 30-500 g/day in summer (Benjamin et
al., 1959) when some dry grass stubble and free water were
available around the shrubs.
The chemical composition patterns of Atriplex halimus are
similar to those reported for other Atriplex species (Dixon,
1880; Beadle et al., 1957; Chatterton et al., 1971; Sharma et
al., 1972). The overall mineral content of Atriplex halimus
seems to be within the upper part of the range of reported
concentrations.
Secondary Production
Lamb Production from Grain Plots
During Phase I of the experiment, lambing rates (lambs
born per ewe in the flock) were 1.06 and 0.75 on the 0.3 and
0.6 ha/ewe stocking rates, respectively. Growth rates of lambs
during the green season varied-between 300 and 350 g per day,
yielding a production of 30 kg lamb live weight per ewe and
100 kg/ha under the higher stocking rate, and 20 kg and 33 kg,
respectively, under the lower rate. Grazing under the lower
stocking rate was hardly noticeable in the fields (Fig. 3) and
the sheep became very fat, which may have accounted for the
relatively low fertility on these plots.
The parallel production
of lamb and grain in three
successive years of Phase II is shown in Table 3.
The highest sustained stocking rate on wheat (i.e., 8-9
months of grazing each year) was 5 ewes/ha (0.2 ha/ewe) Fig.
4). On the heaviest stocking rate (0.05 ha/ewe) the vegetation
was grazed out in less than 4 months, and this treatment was
discontinued.
Average yearly production
on the medium
stocking rates was about 70 to 80 kg/ha lamb live weight,
which equals the best results of the legume pastures. The very
high yields (138-197 kg/ha) on the 0.1 ha/ewe stocking rate
show that if other pastures are available and wheat is used just
103

Fig. 3. Part of a barley field in phase I of the experiment left over for
grazing during summer after grazing at a low stocking rate (0.6
halove) during winter and spring.

Fig.

during the lamb growing season, very high yields may indeed
be reached. The drop off at the lowest sticking raie was a
result of declined sheep fertility due to overfattening as well as
to fewer sheep per area.
However, it should be noted that only in the good season of
1971/72, when ungrazed plots yielded 3.5 tons of grain per
hectare, was there enough grain left to warrant harvesting the
grazed plots, provided that the stocking rate was not higher
than 0.2 ha/ewe. The combined value of lamb and grain did
not exceed that of grain alone in any year.
The results seem to indicate that when grain is sown on
fallow, even in a 250-mm rainfall area, grazing it before the
harvest is not worthwhile unless the fertility of the sheep is
better than that exhibited in the present work. This may be
different in worse drought years, at very low stocking rates or
if grazing is restricted to a short period during the early stages
of the plant growth.

born in only two out of four plots. The suggested reason for
this lack of fertility is discussed below.
A comparison of the results with those given by Tadmor et
al. (1974) f or unimproved
native pastures indicates the
increased primary productive capacity of improved pastures.
At the 0.6 ha/ewe stocking rate the production per ewe and
per unit area was 1.75 times that of the native pasture. The
higher stocking rate resulted in a fourfold production per unit
area over the light stocking rate. This large difference was,
however, partly due to the reproductive failure on the 1.2
ha/ewe plot.
Of the four legume plots in 1967, reproduction was normal
only in one. This plot differed from the others in botanical
Whereas all plots were dominated by barrel
composition.
medic, this plot contained
a considerable
percentage of
ryegrass in the relevant 2 years (1966/67). Various authors
have shown that barrel medic under certain conditions may
contain an oestrogenic factor (coumestrol) which may cause
reproductive disorders (Adler and Trainin, 1960; Loper and
Hanson, 1964; Weitzkin et al., 1968).
The lowered fertility was a product of 1966 breeding
season, which was a drought year. In 1967, which was a good
rainfall year, the plants were tested and oestrogenic activity
was found. The same sheep showed normal fertility in 1967.
The problem could not be followed up, as in subsequent years
the number of legumes gradually diminished. For a review of
this subject, see Moule et al. (1963).

Lamb Production *from Legume Fields
As explained in an earlier report (Tadmor et al., 1974), the
aim of the first experimental
phase was to arrive at an
approximation
of the carrying capacity of the area. The first
two seasons were regarded as an adjustment period, starting
with hoggets (yearlings). In the third year (1967) lambs were
Table 3. Lamb live weight (kg) and grain
from plots grazed at different
stocking
secutive years.
1969/70

Stocking
rate

Lamb

Grain

0.05
0.1
0.15
0.2
0.3
0.4

61
26
18
3
54
22

0
0
0
0
240
3

No grazing

-

810

104

1970/71
Lamb
138
71
90
77
34
-

Grain

(kg) harvested per hectare,
rates (ha/sheep)
in 3 con-

1971/72
Lamb

Grain

grazing discontinued
0
197
0
85
6
79
62
62
107
33

360
700
1350
2530
2150

1950

-

3500

4.
Sheep grazing a wheat stubble (at a stocking rate of 0.2
ha/ewe) late in summer, shortly before turning the field up into a
fallow.

The sheep which were brought in for experimental phase II
were of mixed origin and previous history. Therefore, the first
year (1968/69) must be regarded as a preparatory year. True
treatment effects became apparent from the second year on.
The vegetation on the 0.1 ha/ewe plots was grazed out both
in 1969 and 1970 in about 6 months; consequently, this plot
from the overgrazing (Fig. 1,
showed poor rejuvenation
bottom). Therefore, grazing was discontinued. Figure 5 shows
average relationships between stocking rate and several lamb
production parameters.
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LEGUME

the legume pastures should have been high. Lamb production
on the higher stocking rates reached 60 to 100 kg/ha in certain
seasons. These high yields were obtained in the years when
“legume
pastures”
were
no
longer
legumes
but
The results obtained
indicate the high
grasses-“weeds.”
potential productivity of the legume pastures, due to the high
soil fertility even in an arid environment.

PASTURE, AVERAGE PRODUCTION

1.4
I.2

DURlNG

GREEN SEASON

Sheep Performance on Saltbush Shrubs
The few experiments
reported
on sheep grazing (or
otherwise consuming) Atriplex all used either wethers or dry
sheep. In the present experiment, breeding ewes were used for
lamb production
and this must be borne in mind when
evaluating the results.

LAMB LIVE WEIGHT YIELD
PER HECTARE OF LAND

k”

80

$60
40
20
PER EWE IN THE FUXK
1

0.@2

I

1

0.3

04

1

1

06

CM&.2

03

04

0.6

STOCKING RATE ho/we

Fig.

Five-year average relationships between stocking rate and
5.
different parameters describing lamb production on legume plots.

Overall fertility was slightly lower than on the native
pastures (Tadmor et al., 1974). This is partly due to the fact
that the Awassi ewes included in the present work are less
fertile than Mutton Merinos. It could also be a result of the
unselected character of the sheep populations
which were
bought from various sources. There seemed to be a gradual rise
of fertility
with declining
stocking rates. However, the
regression of fertility on stocking rate was not statistically
significant (P> 0.10). Body weights of ewes were higher on
the lower stocking rates and the regression of fertility on body
weight was highly significant. It may be assumed that the
relationship found between stocking rate and fertility (Fig. 5)
is a true one.
Daily weight gains during the green season were very high
and similar to those described on natural pastures. It is
interesting to note that the daily weight gains on legume
pasture were not above weight gains on the native pasture. In
both cases, during the growing season, there was good,
palatable, nutritious feed in great surplus in all years.
The question of evaluating yield per ewe against yield per
unit area was discussed in the previous report (Tadmor et al.,
1974). The lamb weight yields per ewe were slightly higher on
the legume plots in comparison with similar stocking rates on
native pastures. There were, however, no differences in yield
per hectare, due to the slightly lower ewe fertility in the
legume plots. Another reason for relatively low average figures
on the legume plots is the bias given by the low 1970 figures
(one out of 3 years) as compared with the native pastures, in
which that drought year was one out of 4 or 5 years
compared.
It should be noted that ewes had to be withdrawn during
autumn and early winter from legume plots which were
stocked at rates of 0.3 ha/ewe and higher. A stocking rate of
0.6 ha/ewe, which barely supported year-round grazing on the
native pasture, was undergrazed on the improved legume
pasture or its subsequent
vegetation.
Because of the high
primary production of the legumes and the resultant higher
sustained stocking rates, potential secondary production from
JOURNAL
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As can be seen from Table 4 and Figure 6, the performance
of sheep kept on Atriplex plots was inferior to that of sheep
kept on unimproved native pastures. Differences between the
two pasture types were formed mainly under the higher
that the annual vegetation was
stocking rat es’, indicating
insufficient to support the sheep (Table 4). The saltbush itself,
which was only lightly grazed even under the heavier stocking
rate, seems to have played at most a minor role in providing
forage for the sheep.
Table 4. Average total weight gains (kg) per ewe and per hectare at
two different stocking rates (ha/ewe) during the first 6 months after
introduction of sheep into the experimental saltbush plots.
Stocking

rate
Saltbush

Native pasture
Measurement

0.4

0.8

0.4

0.8

Per ha
Per ewe

20
8.0

12
9.3

6
2.5

11
8.1

Effects of seasonal differences in feed availability on critical
stages in the life of the sheep is shown in Figure 6. The surplus
residues of dry matter at the end of 1965 insured rising
liveweights
of pregnant
ewes. The following
drought
conditions and late development of green ground vegetation
early in 1966 caused a lack of milk and mismothering, and
hence high lamb mortality (Table 5). Declining body weights
during the breeding season in the drought year resulted in very
low lambing rates by ewes in 1967. In that year, green pasture
started early, and hence pregnancy toxaenia (which would be
expected to occur in the face of declining ewe body weight)
was prevented. There followed a tremendous body weight rise
in ewes which continued well into the breeding season.
Reproductive
performance was poor (Table 5). Lambing
rate was lower, lamb mortality higher, and lamb growth rate
lower than those of sheep on unimproved
native pasture
(Tadmor et al., 1974). This is a clear result of the depression
of the annual vegetation between the dense saltbush shrubs
Table 5. Lambing
seasons.

data of sheep grazing Atriplex

Year
Number of ewes
Lambs born per ewe in flock
Lambs born per lambing
Lamb mortality
(%)
Lamb birth weights (kg)
Lamb daily weight gain (g) in green season

in two consecutive

1965166

1966167

40
0.53
1.06
41

24
0.48
1.25
10
4?
.._
275

4.n
.._

200

105

Table 6. Wool production (kg) of sheep (mixed Merino and Corriedale
kept at two stocking rates (ha/ewe) on saltbush as compared with
unimproved native pasture.

have shown that sheep which are fed on saltbush alone
consume daily about 560 g dry matter of leaves of different
species showing very similar chemical composition (17-20%
crude protein, 10% fiber and 30-33% ash). These amounts
Stocking rate
were sufficient for 40- to 45kg sheep to maintain their weight
1966
1967
Kind of
or even show some gain, However, it is doubtful whether this
pasture
0.4-0.8
0.8-1.6
0.4-0.8
0.8-1.6
gain is indicative of the energy balance of the sheep, as sheep
eating saltbush increase their water intake considerably
Native
3.0
4.2
4.4
3.6
(Wilson, 1966b) and the actual weight may be merely a
Saltbush
2.1
2.4
2.3
3.6
product of changes in body water content.
Why the sheep in our experiments did not consume as
and of the fact that the sheep did not compensate for this
Atriplex as would be expected from the metabolism
much
deficiency by increasing saltbush intake sufficiently.
cage experiment (Eyal and Benjamin, 1958), is hard to tell. It
Wool yields were much lower in sheep kept on the saltbush
seems that the salt or oxalate contents per se are not the whole
as compared
with those on native pastures (Table 6),
answer,
as other saltbush species with similar contents of these
indicating a true nutritive deficiency in the saltbush plots.
chemicals
were readily eaten by sheep (Wilson 1966a; Wilson
Under the saltbush there was also a clear stocking rate effect.
Wilson et al. (1969) have reported that an Atriplex vesicaria et al., 1969). Seasonal changes in the preference for saltbush
by
sheep
were
found
by Forti
(personal
community
completely
supported
Merino wethers at a plants
communications)
in
a
3-year
experiment
at
Migda.
It
may be
stocking rate of 1.6 ha/sheep. The intake of saltbush leaves
concluded
that
for
an
evaluation
of
the
fodder
value
of
was increased by the wethers frotil less than 10% of the diet
Atriplex halimus, and other saltbush species, experiments have
during the spring pasture growing season to about 80% in early
winter when the annual vegetation had been grazed down. No to be carried out applying different stocking rates with a range
of saltbush plant densities much lower than the one used in
data on density of A. vesicaria were given by these authors.
A situation which seems to resemble our results was the present experiment.
In conclusion, it seems that the high nutrient content of
reported by Leigh et al. (1968) with a Kochia comtiunity.
saltbush
leaves might make saltbush a valuable addition to the
Here the Kochia contributed only 2 and 7% of the autumn
grazing
of
any annual pasture, provided saltbush does not
intake of wethers under stocking rates of 1.06 and 0.53
constitute
more
than a small--yet to be defined-portion
of
ha/head, respectively. The addition of Kochia to the pasture
potential
use of the high-yielding
the pasture. Another
had no effect on wool production.
saltbush could be as drought reserve. Saltbush paddocks allow
It is interesting to note that body weights were slightly
the accumulation
of about 3 ton/ha standing edible dry
higher with the Kochia supplement under the light stocking
matter,
which
is
stable
over the seasons. Although of low
rate and lower with the Kochia supplement under the heavier
palatability and not suitable as a sole feed, this is more per
stocking rate, in comparison with unsupplemented
grasses.
standing hay or the
This may suggest that the supplement, though small, may be unit area than the fast-disintegrating
herbaceous
annuals.
This
aspect
merits
further
investigation.
valuable as a protein supplement and perhaps also for vitamins
and other minor factors when energy supply is sufficient. The
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Impact

of Cattle

Perennial

Grasses

Grazing

on Three

in South-Central

Washington
W. H. RICKARD, D. W. URESK, and J. F. CLINE
Highlight: Grazing by yearling steers -in a sagebrush-bluebunch
wheatgrass
community resulted in a reduction of growth and reproductive performance of
the most important forage grass. Cusick’s bluegrass was sparsely represented, but
it was the most palatable and nutritious grass. It also showed the large reductions
in growth of leaves and reproductive performance. Bluebunch wheatgrass and
Thurber’s needlegrass were not as adversely affected by grazing as Cusick’s
bluegrass.
Quantitative
information
concerning the effects of grazing by
cattle on important range forage plants
is needed for successful long-term use
of western rangelands. For a given
species of plant, controlled
grazing
may actually improve the quantity and
nutritional quality of available forage;
however, undesirable effects, such as
reduction of growth and reproductive
vigor, may occur. If palatable forage
plants are weakened
by excessive
grazing, they are likely to be replaced
by aggressive, less palatable species.
The influences
of grazing
on
aboveground herbage have often been
simulated by hand-clipping
and the
results
extrapolated
to usage by
grazing
animals.
Recent
literature
reviews
co n cerning
grazing
and
clipping impacts
are presented
by
Ellison (1960) and Jameson (1963).
Bluebunch
wheatgrass
(Agropyron
spicatum),
an important
forage on
western
has
been
rangelands,
investigated
by several workers:
Stoddart
(1946),
Blaisdell
and
Pechanec
(1949),
Heady
(1950),
Branson (1956), Wilson et al. (1966),
and Mueggler (1972). Little data are
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Department,
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available for the most abundant forage
grasses growing in association with
bluebunch wheatgrass.
This paper presents the results of a
3-year investigation
concerning
the
gross effects
of moderate
spring
grazing
by
steers
in
a
sagebrush-bluebunch
wheatgrass
community
in the semiarid steppe
region of south-central Washington.
The Study Area
The study site is the Arid Lands
Ecology Reserve located on the United
States Atomic Energy Commission’s
Hanford Reservation. This is one of
several widely scattered study areas in
the steppe regions of the United States
which have been incorporated into the
international
Biological
Program
Grassland
Biome
studies.
Topographically, the site is located on
gentle,
east-facing
slopes
of the
Rattlesnake
Hills at an elevation of
about 1300 ft above mean sea level.
The vegetation is representative of the

Artemisia
spica turn

triden

ta ta/Agropyron

association
(Daubenmire,
1970). Texturally,
the soil is a silt
loam with very few stones in the upper
meter of the soil profile. October to
May precipitation averaged 23 cm over
the past 3 years. Prior to the initiation
of the studies reported here, there had
been little or no cattle grazing since
1943.
Four adjoining
pastures, each 9
hectares in area, were established
within
a homogenous
plant
community with a long history of no
grazing (Fig. 1). The pastures were
similar in slope, exposure, elevation,
soil type, and chemical properties, and
were exposed to the same weather
conditions (Rickard et al., 1972). An
JOURNAL
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old, unused dirt road and several
water-washed gullies up to a meter in
depth and several meters wide are
present but occupy only a small part
of the area.
Two pastures were enclosed with a
four-strand barbed wire fence with a
watering
tank
placed
common
between
them; the two adjoining
pastures were not fenced, although
steel fence posts were installed at the
same S-meter spacing to facilitate
locating
sampling
plots
within
pastures. In April, 1971, 15 yearling
steers were used as a grazing stress
within
the fenced
pastures.
The
grazing season lasted for 58 days,
alternating between pastures at weekly
intervals. In 1972 the same stocking
rate and alternate
weekly use of
pastures was maintained for 41 days.
In 1973 grazing was excluded from
one fenced pasture which hereafter is
referred
to as the grazing-release
pasture. Steers were removed when it
was visually estimated that about half
of the new growth of bluebunch
wheatgrass had been removed.
Sampling Design
Pre-treatment
harvests were made
on all four pastures in the early spring
of 1971 for species composition and
plant
biomass.
Sampling
was
distributed
over 9 hectares in each
pasture-using
6 replicated areas each
15 X 30 meters, randomly selected
within each pasture (Rickard et al.,
1972). Harvest plots, 0.5 m2, were
also selected at random from within
each replicate. In 1973 one previously
grazed pasture was not grazed and the
0 f vegetation
was
performance
compared to its adjacent ungrazed
control area.
In 1973 eight replicated areas were
random
in
the
located
at
grazing-release
pasture
and the
adjacent
ungrazed
control
pasture.
Replicates that fell across dirt roads or
the deeper gullies were rejected.
Thereafter, all biomass sampling was
the
replicates.
confined
to
biomass
harvests
Aboveground
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Fig, 1. Comparison of the grazed pasture (left) prior to being released from grazing and the ungrazed control pasture [right) on the ALE
site.

consisted of hand clipping 32 circular
plots at 3-week intervals throughout
the spring growing season in control
and grazing-release pastures. As the
growing season progressed, it was
apparent that measurements other
than live biomass would be needed to
adequately describe the impact of past
grazing. Individual grass clumps were
selected by species and measured for
length of leaves and flowering culms,
length of the flowering spike, the
number of flowering culms, and clump
area (length X width). Two randomly
chosen points were made in each
replicate, and a 2 m2 circular hoop
was laid down tangent to a point. A
maximum of six clumps of bluebunch
wheatgrass in each circIe was chosen
for measurements. If more than six
clumps wore encircled, clumps were
selected at random.
Cusick's bluegrass (Poa cusickii)
a n d T hurber's needlegrass (Stipa
thurberiana) were sparsely scattered
over the pastures. The first six clumps
encountered within each replicate and
the immediate area were chosen for
measurements. A single clump of each
of the three species from each
replicate was clipped at ground level
for chemical analysis.
It was not practical in terms of time
and effort t o measure the myriad of
leaves in each clump; therefore, leaf
length measurements were made at
systematic intervals around the margin
of each crown and in the crown
interior until twelve leaves were
measured.
Live biomass was hand separated

a two-way analysis of variance. The
pastures showed some differences on
the first harvest (a ~ 0 . 0 5 )during the
early stages of growth for Sandberg
bluegrass (Poa secunda) and total
biomass of all herbaceous species.
Bluebunch wheatgrass and Sandberg
bluegrass comprised 57% of the total
biomass. Replicates within pastures
were similar (a = 0.05) indicating a
r e l a t i v e l y homogenous plant
community.
T h r e e p e r e n n i a l bunchgrasses
provided essentially all of the
herbaceous forage for cattle. These
were Cusick's bluegrass, Thurber's
needlegrass, and bluebunch wheatgrass
Results
(Table 2). Although ubiquitously
Pre-grazing biomass harvested on d i s t r i b u t e d , S a n d b e r g bluegrass
two dates in 1971 indicates that the provided little forage for cattle. The
four pastures were much alike (Table standing dead herbage associated with
1). Bluebunch wheatgrass, the major these three perennial grasses was
cattle forage species, was similar in reduced by approximately 50% in the
biomass (a = 0.05) for all pastures on grazing-release pasture (Table 2).
two early harvest dates when tested by
Biomass yields for bluebunch

from dead material for each species
and weighed separately from the
crown tissues. All material was
oven-dried, weighed, and processed
according to the procedures of the
A.O.A.C. (1 965). Plant samples for the
live category were combined by
clumps over two replicates within
pastures, reducing the sample size to
four for chemical analyses. The dead
category was combined by clumps for
each species over four replicates,
reducing the sample size to two.
Analyses include: crude protein, crude
fat, crude fiber, nitrogen free extract
( N F E ) , total digestible nutrients
(TDN), and ash.

Table 1. Average herbaceous plant biomass @/mZ
to the introduction of cattle, spring 197 1.

Date and species
March 22
Agropyron spimtum
Poa secunda
All vegetation
April 8
Agropyron spimtum
&a secunda
All vegetation
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k

standard error) on four pastures prior

Pasture 1
control

Pasture 2
to be grazed

Pasture 3
control

Pasture 4
to be grazed

1.9 i 0.5
2.5 i: 0.3
5.7 f 0.9

1.6 +- 0.4
3.2 0.3
6.8i: 0.7

*

3.2 i 0.9
4.2 I 0.5
11.7 f 1.7

2.6 i: 0.7
2.9 f 0.3
8.0k 1.4

6.0 f 1.5
3.6 i: 0.5
11.2 i: 2.4

3.8 f 0.5
3.3 i: 0.4
8.4 rt 1.1

4.5 f 1.1
4.1 0.5
13.6 f 1.8

5 . 7 * 1.1
3.2 f 0.6
14.5 f 2.1

*
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Table 2. Comparison of average biomass expressed as g/m’ ?r standard error for perennial grasses in an ungrazed control pasture and a
grazing release pasture sampled periodically throughout the growing season of 1973.
Harvest
Item
Unglazed control pasture
Live
Agropyron spicatum
Poa cusickii
Poa secunda
Siipa thurberiana
Total

Grazing

Mar. 19

7.1 rt
0.1 +

1.3
0.1

3.6 f

0.3

0.1 *
11

0.1

Standing dead
Agropyron spicatum
Poa cusickii
Poa secunda
Stipa thurberiana
Total

87.0
0.1
6.0
0.1
93

+
+
+
f

17.0
0.1
0.6
0.1

release pasture
Live
Agropyron spicatum
Poa cusickii
Poa secunda
Stipa thurberiana
Total

4.7
0.6
3.7
0.2
9

+
+
+
+

Standing dead
Agropyron spicatum
Poa cusickii
Poa secunda
St@ thurberiana
Total

33.0
0.4
3.4
0.4
37

wheatgrass
were compared
to the
control and release pastures by harvest
and
dates using t-tests (Snedecor
Cochran,
1967).
The two-tailed
probability values obtained from the
t-tests
were
subjected
to
a
combination
of t-tests (Winer, 1962)
to obtain
a single statistic.
The
probability
values were treated as a
Chi-square
distribution.
Throughout
the growing season, biomass on the
control pasture was higher ((u <_ 0.05)
than on the release pasture.
Leaf length measurements showed
that bluebunch
wheatgrass, Cusick’s
bluegrass, and Thurber’s needlegrass
produced
shorter
leaves and/or
flowering culms on the release pasture
(Table 3). C usick’s bluegrass showed
the most pronounced
response to
grazing with an average reduction of
39% for leaf length and 20% for the
length of flowering culms. Grazing
stress reduced average leaf length 21%
in Thurber’s needlegrass, while the
length of flowering culms decreased by
8%. Average leaf lengths of bluebunch
wheatgrass were reduced 18% by past
grazing stress, and the length of
flowering
culms reduced
15%. All
differences were significant at the (Y=
0.01 level. Spike length of bluebunch
wheatgrass and Thurber’s needlegrass
was not affected by past grazing
stresses. Measurements were not made
110

Apr. 9

22.0
1.0
4.0
0.1
27

+
+
i
f

dates

3.0
0.7
0.4
0.1

35.0
0.4
0.4
0.3

June 11

May 21

Apr. 30

z!C 4.5
+ 0.4
f 0.1
+ 0.3

26.0
2.0
0.2
0.3
28

+
+
f.
+-

36

40.0 + 6.0
0.5kO.3
0.2 + 0.1
0.5 * 0.4
41

5.0
1.8
0.1
0.3

74.0 f
0.9 +
4.7 +
0
79

9.0
0.6
0.7

88.0
0.3
7.4
0.4
96

f 17.0
f 0.3
f 1.3
f 0.4

65.0
3.5
6.8
2.0
77

+ 16.0
+ 3.3
f 0.9
f 2.0

0.9
0.3
0.5
0.2

16.0
1.1
4.1
1.0
22

+
f
+
+

4.3
0.5
0.3
0.6

34.0
1.6
0.4
0.1
36

+
+
+?;

5.0
0.8
0.1
0.1

23.0
1.1
0.4
0.6
25

f
+
+
+

4.3
0.6
0.06
0.5

23.0
0.5
0.1
0.7
24

f
*
*
+

2.0
0.2
0.1
0.4

+ 9.0
f 0.3
+ 0.4
+ 0.3

37.0
0.5
2.3
1.0
41

+ 11.0
f 0.5
* 0.4
+ 0.6

48.0 +
0.4 +
4.7 +
0
53

8.0
0.3
0.7

28.0
0.6
4.7
0.3
34

+
f
+_
*

5.0
0.4
0.3
0.2

39.0
1.0
3.7
1.0
45

f
+
f
+

4.0
0.5
0.7
0.6

for Cusick’s bluegrass.
Grazing reduced the number of
flowering
culms
produced
by
individual clumps of Cusick’s bluegrass
dramatically,
i.e., 23 flowering culms
as compared to only three on the
grazing-release pasture (Table 4). The
number of flowering culms per clump
on the grazing-release pasture would
probably have been fewer if some
clumps had not been provided a
measure of protection from grazing by
the stiff branches of sagebrush. Some
clumps of Cusick’s bluegrass in the
ungrazed
pasture did not produce
flowering
culms; nevertheless,
the
number
of clumps
that did not
produce flowering culms was lower in

105.0
2.6
4.4
1.7
113

.

+ 17.0
+ 1.5
+ 0.7
f 1.6

the pasture with the grazing history (ar
= 0.01). The percentage of bluebunch
wheatgrass and Thurber’s needlegrass
bearing flowering culms was about the
same in control and grazing-release
pastures. A reduction
of flowering
culms per clump occurred for these
two species of plants but was less
pronounced
than
with
Cusick’s
bluegrass.
Among the three species of grasses,
only bluebunch wheatgrass showed a
significant impact due to grazing on
basal area. A reduction of 26% in basal
area occurred,
with no significant
decreases occurring for the other two
species of plants (Table 3).
Chemical feed analyses showed that

Table 3. Avera e lengths * standard error (cm) of leaves, flowering culms, spikes and basal
area (cm2) o fg crowns of perennial grasses from control and grazing release pastures in
1973.
Species
Agropyron spicatum
Release
Control
Poa cusickii
Release
Control
Stipa thurberiana
Release
Control

Average leaf
length

Average culm
length

Average spike
length

Average basal
area

*“24.8 -I 0.2
30.3 f 0.3

**32.5 or 0.5
38.2 i7 0.7

6.6 f 0.1
6.2 f 0.1

*428 1: 55
582 f. 73

**13.6 + 0.3
22.4 + 0.3

**31.1 + 1.1
39.0 + 1.1

NM
NM

285 + 21
295 t- 25

“*22.6 f 0.4
28.6 f. 0.4

**34.9 + 0.5
38.1 + 0.4

* Significantly
different from control
** Significantly
different from control
NM=No measurement
made.
JOURNAL
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Table 4. Comparison of the number of grass clumps with at least one flowering culm on
control and release from grazing pastures and the average number of flowering culms per
clump.
Proportion
clumps
flowering
Species

(%) of
with
culms

Number

of flowering
per clump

culms

Number

Mean

Number

Mean + SE’

85
76

73
72

62
55

18.6 * 2.7
24.8 f 3.8

48
48

*“23
85

11
41

**3.3 f 0.8
22.9 zk 3.3

48
48

90
96

43
46

*13.9 k 1.7
19.4 + 1.9

Agropyron spicatum
Release
Control
Poa cusickii
Release
Control
Stipa thurberiana
Release
Control
* Significantly
different from control
**Significantly
different from control
1 Mean f standard error of the mean.

at (Y < 0.05.
at (Y d 0.01.

Table 5.

Feed analysis ($6) of three perennial grasses on control and release from grazing
pastures on the Arid Lands Ecology Reserve.
Ash

Protein

Fat

Fiber

NFE

TDN

6.7
5.8

3.2
3.4

34
35

53
54

49
50

9
9

10.6
11.6

5.7
5.7

30
31

51
50

50
50

13
15

6.8
6.1

3.0
2.8

38
40

51
49

49
48

10
12

Dead tissues
Agropyron spicntum
Release
Control

3.9
3.9

1.9
1.7

39
40

53
53

49
49

16
14

Poa cusickii
Release
Control

6.9
7.5

2.1
1.7

33
33

53
55

48
49

18
23

Stipa thurberiana
Release
Control

4.3
4.3

1.7
1.6

36
39

54
51

49
48

20
21

Species
Live tissues
Agropyron spicatum
Release
Control
Poa cusickii
Release
Control
Stipa thurberiana
Release
Control

live Cusick’s bluegrass
tissue had
higher contents of protein and fat and
a lower
fiber content
than did
equivalent
tissues
of bluebunch
wheatgrass and Thurber’s needlegrass
(Table 5). There were no measurable
differences in terms of feed analyses
between
grazing-release
and control
areas. Contents of crude protein and
fat were approximately
50% lower in
dead tissues, while fiber, NFE, ash,
and TDN remained approximately
the
same as in live tissues.
Discussion

Cattle
grazing
is the most
widespread biological stress imposed
upon grassland ecosystems in western
North
America.
As compared
to
grasslands
east
of the Rocky
JOURNAL

OF

RANGE

MANAGEMENT

28(2),

Mountains, the shrub-steppe regions of
the Pacific Northwest have not had a
long history
of livestock
grazing
(Galbraith and Anderson, 197 1). Some
effects of long-term grazing by cattle
upon plant communities in the steppe
regions of southeastern
Washington
have been described by Daubenmire
(1970), where invasion by cheatgrass
(Bromus tectorum) results from over
grazing. The study site described in
this investigation is unusual in that it
has not been grazed by livestock for
30 years and cheatgrass is sparsely
represented. The grazing history prior
to 1943 is not documented,
but it is
known that cattle and sheep were both
grazing within the general area. The
long distance from drinking water, 6
miles to the Yakima River, probably
March
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helped contribute to light grazing.
measurements
of leaf
Simple
heights and counting the number of
flowering culms are the most efficient
ways to describe the effects of past
grazing
stress on forage grasses.
measurements
are time
Biomass
consuming
to make but provide
meaningful information on amount of
forage produced per unit area over
time. Unless large numbers of samples
are taken, their utility is lessened by
large variances associated with average
harvest values even in small pastures
with
relatively
homogeneous
vegetation. Although a limited number
for
of
samples
w e re analyzed
proximate feed analyses, these were
not useful in indicating past grazing
stress.
Studies
of grazing
effects
on
rangeland plants have been of two
general kinds: (1) field observations
recording
changes in plant species
composition
and relative abundance
by comparing pastures with known
grazing
histories
with
nearby
or
adjacent
areas (exclosures)
without
grazing, and (2) inferences derived
from hand-clipping of plants at various
heights aboveground and at different
times of the year. Hand-clipping
simulates herbage removal by grazing
animals and examples of these studies
are by Stoddart (1946), Blaisdell and
Pechanec (1949) Wilson et al. (1966),
and
Mueggler
(1972).
Dramatic
responses
to clipping
have been
reported. Wilson et al. (1966) reported
a 70% decrease in herbage production
of bluebunch
wheatgrass following
three consecutive years of ground-level
clipping.
Clipping studies do not necessarily
simulate the ways in which grazing
animals treat the plants they eat,
especially if the animals have a chance
to select many species and plant parts
over a large grazing area. Although
conducted over a short period of time,
the studies presented here represent
stresses imposed
by grazing cattle
under realistic grazing conditions and
moderate
It also
stocking
rates.
appears that many years of moderate
grazing
will
be needed
before
pronounced
shifts
in
species
composition and abundance would be
noticed.
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Initial

of Bitterbrush

Response

Disturbance

by Logging

in a Lodgepole
PAUL J. EDGERTON,
G. SMITH

and Slash Disposal

Forest

Pine

BURT R. MCCONNELL,

AND JUSTIN

Highlight:
The impact of logging and slash disposal on the
bitter-brush understory in a lodgepole pine forest on easily
disturbed pumice soils in central Oregon was evaluated. Soils
were moderately to heavily disturbed on 75% of the area, and
bitterbrush crown cover was reduced by 71%. Most of the
damage resulted from slash disposal. Despite extensive damage,
shrubs
quickly
responded
to more favorable
growing
conditions
in the postlogging environment.
Current twig
growth
doubled,
and large numbers
of seedlings were
established on disturbed soils.

The lodgepole pine (Pinus contorta)’ /bitterbrush (Purshiu
on the pumice
plateau
of
tata)_ communities
south-central
Oregon are important
summer range for mule
deer (Odocoileus hemionus hemionus) and livestock. Increased
harvests of lodgepole pine are planned, and managers are
concerned
about
maintaining
a bitterbrush
understory
sufficient
for forage needs. Soil, site, and vegetation
have been
described
(e.g., Dyrness
and
relationships
Youngberg, 1966; Youngberg and Dahms, 1970; Franklin and
Dyrness, 1973) but there is little information on the impact of
logging on understory vegetation.
We studied bitterbrush reduction due to logging disturbance
and the initial response of surviving shrubs to the postlogging
The results contributed
to development
of
environment.
triden

guidelines
habitat.

for coordinated

(1955),
112

nomenclature
and Ingles (1965).

are Little (1953),

Hitchcock

et al.

management

of timber and wildlife

Study Area
on the Pringle Falls
The study
area was located
Experimental
Forest, 40 miles southwest of Bend, Ore.
averages 20
Elevation is 4,300 ft and annual precipitation
inches, mostly as winter snowfall. The growing season is short
and frosts are common during the summer.
Soils and vegetation are characteristic of much of the level
to gently rolling plateau. Soils are poorly developed and
belong to the widely occurring Lapine series formed on
pumice deposits. They are primarily composed of easily
disturbed sand and pumice gravels, variable in depth and
underlain by buried soil (Cochran et al., 1967). Lodgepole
pine occurs in extensive, nearly pure stands on flats and in
shallow depressions
and is the climax species due to
topographic conditions preventing establishment of ponderosa
pine (Pinus ponderosa) (Berntsen, 1967). Several communities
dominated by lodgepole pine have been identified (Youngberg
and Dahms, 1970), with the lodgepole pine/bitterbrush
the
most
widespread.
Characteristic
species in the sparse
understory
include western needlegrass (Stipa occidentalis),
bottlebrush
squirreltail (Sitanion hystrix), and Ross sedge
(Carex rossii).
Table 1.

Percent of line intercept by ground disturbance

classes.

Ground

Percent of

disturbance

area in this
condition

class
The authors are wildlife biologist,
plant ecologist,
and former
project leader (retired), respectively,
U.S. Department of Agriculture,
Forest Service,
Pacific Northwest
Forest and Range Experiment
Station, La Grande, Oregon.
Manuscript received June 6, 1974.

’Sources for scientific

to

None
Light

Moderate
Heavy
Slash

Definition
No disturbance

8

Litter displacement only
Soil disturbed <3 inches
Soil disturbed >3 inches
Debris >3 inches diameter

12
32
46
2
100

All classes
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Table 3. Bitterbrush

shrubs per acxe by age classes in logged and
unlogged lodgepole pine stands.
Age classes

Logged

Unlogged

Seedlings
1 to 3 years old
3 years and older

645
5,598
2,284

516
829
8,268

All shrubs

8,527

9,613

old may have been due to either seedling mortality or a lack of
seed production.
Bitterbrush densities in both logged and unlogged areas
exceeded
8,500 plants per acre (Table 3). In similar
communities
near La Pine, Ore., Stanton (1959) reported
densities of bitterbrush older than 2 years ranging from 8,450
to 19,210 plants/acre. On most deer winter ranges, 500 to
2,000 plants/acre are considered adequate stocking (Hubbard,
1962). But shrubs in these lodgepole communities are small in
stature, and many appear suppressed and low in vigor.
Better growing conditions ig the logged stands were also
reflected in noticeable increases in grasses and forbs which
occurred infrequently in unlogged stands. We considered their
addition to the forage base beneficial, because there is a need
for greater forage diversity on these ranges.
Deer tracks and fecal pellets were found throughout all
areas during the study. Evidence of occasional elk (Cervus
canadensis roosevelti*) use was also noted. To determine the
influence of logging on patterns of deer and elk use, fecal
on 27 loo-ft*
circular plots SYSgroups were counted
tematically
located
in each area.
Logging
did not
significantly influence use (occupancy) by deer alone (P= .21)
or deer and elk combined (P = .lS). Fecal groups accumulated
in logged and unlogged areas averaged 242 and 328 for deer,
and 11 and lo/acre for elk, respectively.
Reforestation
should also be considered in evaluation of
logging impacts on these communities.
Foresters want to
establish a new lodgepole stand as quickly as possible. Wildlife
biologists are also concerned with reforestation because lack of
resting or escape cover in logged stands may limit their value as
deer habitat. So we surveyed lodgepole pine regeneration on
27 l/loo-acre
circular plots systematically
located in the
logged areas. Although seedling density varied between plots,
it averaged 526 trees/acre, indicating reforestation was well
underway.- Seedlings established since logging were nearly
twice as numerous as mature trees in unlogged stands (Fig. 1).
However, their survival is not assured, as populations
of
northern pocket gophers (Thomomys talpoicks) often increase
rapidly in such areas, causing reforestation problems. Other
factors that may hinder the successful regeneration
of
lodgepole pine following logging include inadequate dispersal
of seed and seedling mortality due to heat injury, drought,
frost heaving, and especially low temperature injury (Cochran,
1969).

2Personal communication
Forest,

114

197

3.

with Milton Griffith,

Deschutes

National

Conclusions

Despite
extensive
soil disturbance
and damage to
bitterbrush, the long-term effects of logging and slash disposal
are probably not as drastic as they seem. With management to
stocking
of lodgepole
pine,
forage
control
excessive
production should show substantial recovery in 5 years and an
increase in 12 to 15 years. The latter will occur through (1)
increased growth rate of surviving plants and (2) increased
establishment
and growth of new plants. Both may be
influenced by increased deer and elk use. Bitterbrush should
be more attractive and nutritious on logged areas, and there
should also be a needed increase in the variety of forage
species.
Recently a new method of handling logging slash has been
developed and recommended
for optional use on western
1973). It uses a rubber-tired,
National Forests (Tornbom,
front-end loader with a hydraulic grapple. This equipment is
more efficient, causes less disturbance to soil and understory
vegetation,
but is not yet widely used. Our results on
bitterbrush response to more extensive disturbance will serve
as a base line for evaluating this and other methods that may
be developed.
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Deer,
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on the

GENE

W. DARR

Control,

Texas

AND

DONALD

and

Rolling

Livestock

Plains

A. KLEBENOW

Highlight:
White-tailed deer (Odocoileus
virginianus)
were observed by
spotlight in the Rolling Plains of Texas to determine deer use of habitats and
how deer were influenced by brush control practices and grazing by livestock.
Deer densities were greatest in the bottomland habitat. The sand shinnery oak
habitat, the mesquite-juniper redland habitat, and the sandyland ecotone habitat
supported moderate densities of deer. Influence of deer use from brush control
practices varied in each habitat. Chaining bottomland habitat was detrimental to
deer: the larger the area chained, the lower density of deer it contained.
Herbicides had little detrimental effect and in some situations may have been
beneficial. Grazing by sheep was negatively related to deer densities except in
the bottomland habitat. In mesquite-juniper redlands and mimosa-erioneuron
uplands, replacing sheep with cattle should increase deer populations.

Many woody plants of low value
for cattle production
have increased
on an estimated
82% of Texas
grasslands
(Smith
and Rechenthin,
Consequently,
numerous
1964).
techniques to reduce brush have been
developed (Carter, 1958).
While some research (Box, 1964;
Davis and Winkler, 1968; Goodrum
and Reid, 1956; Reynolds,
1964)
suggests that management for livestock
forage that includes brush control may
conflict with deer production,
other
workers
(Blakey,
1947; Box and
Powell, 1965; Bramble and Byrnes,
1967; Krefting and Hansen, 1969)
report instances where brush control
practices have been beneficial to deer.
In the Rolling Plains of Texas,
ranch managers recognize the need to
The authors were research assistant and
assistant
professor
in the Department
of
Range
and Wildlife
Management,
Texas
Tech University, Lubbock. Present addresses
are: 200 Rebecca,
No. 55, Bryan, Texas,
Center,
Resources
and
Renewable
University of Nevada, Reno.
Manuscript received June 10, 1974.
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ranges
for
livestock
improve
production.
They realize white-tailed
deer are also an important
range
product.
Little is known of deer
habitat preference and the influence
from
brush
control
and grazing
practices in this area, therefore, our
research objectives were: (1) to obtain
quantitative
data on habitat use by
white-tailed deer during all seasons, (2)
to determine
how existing brush
control practices influence deer use of
habitats,
and (3) to evaluate the
impact of class of livestock on habitat
use by deer.
Methods
The ranch chosen for a study area
was approximately
200 square miles in
size, located
in the Texas Rolling
Plains as described by Thomas (1969).
Habitat use by white-tailed
deer was
determined
by
making
spotlight
counts
on transects
that were each
20 miles in length.
approximately
Three transects,
or 60 miles of line,

were run during each sampling period
March
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the first year and another transect was
added
during
the
second
year,
increasing
the total length of sample
lines to 80 miles. Each transect was
sampled twice each season for 2 years.
The
seasons
of
the
year
were
considered
to be three-month
periods
with
June,
July,
and August
the
summer season, September,
October,
and November as fall, and so forth.
Spotlight
observations
were
standardized
according
to
recommendations
suggested
by
Progulske
and Duerre
(1964),
i.e.,
spotlighting
was restricted
to a 4-hour
period, beginning
1 hour after sunset,
and nights with precipitation
or bright
moonlight
were
avoided.
The
spotlights
were 13-volt small aircraft
landing lights operated
with a 12-volt
truck
battery.
Vehicle
speed
was
maintained
at approximately
lo- 12
mph. Counts were made on both sides
of the transect
from the bed of a
pick-up truck. When a deer was seen, a
record
was made
of the transect
location (to the nearest 0.1 mile) and
the habitat
in which it occurred.
A
detailed
evaluation
of the
census
method
was included
in Darr’s thesis
(1971).
Transect
widths
were determined
by measuring
the distance
from the
vehicle to the point where the lower
half of a person walking at right angles
to the transect
could no longer be
seen.
In this
area
the
deer
are
approximately
of waist height. Hahn
reported
using
a similar
( 1949)
method
for determining
widths
of
transects,
but he included a white flag
placed in the hip pocket of the person
walking from the line. Ten samples of
115

transect width were taken in each of
the seven habitat types. Stratifying
the
transects
into
habitat
types
and
determining
visibility
in each type
should meet the criteria for this type
of strip
census
(Robinette
et al.,
1974).
Additional
information
on summer
use of habitat
was
provided
by
1.5-hour observations
made at sunrise
or sunset
at various
times
each
summer. Observations
were made from
locations
allowing
a view of large
areas.
The vegetation
was described
by
selecting two sites for analysis in each
habitat
type.
Brush
composition,
canopy cover, and heights by species
were determined
by measurement
of
brush
canopy
along five randomly
located line transects,
each 50 ft long.
Ocular estimates
of the canopy cover
of grasses and forbs, bare ground and
litter,
and the understory
species
frequency
were recorded
from
10
randomly
located
16-inch
square
quadrats.
At each site, samples were
replicated
four times. Taxa occurring
at a sample site but not occurring in a
quadrat or intercepted
by a transect
were listed.
Scientific
and common
plant
names
are from Correll and
Johnston (1970) and Gould (1969).
Few areas on the ranch had not
been
treated
to
reduce
woody
vegetation.
Previous
brush
control
treatments
were recorded
wherever
they occurred so that their effect upon
deer density
could
be determined.
Areas sprayed in 1966 or earlier were
assumed
to have recovered
brush
density to the point where treatments
effects
could not be neasured
and
these
were combined
and used as
controls.
Livestock
grazing practices
were also recorded.
Statistical
analyses (P = 0.05) were
made using paired comparisons
with t
test and one-way analysis of variance
with Duncan’s new multiple range test
(Steel and Torrie, 1960).

Study Area
The study
area was within
the
Renderbrook-Spade
Ranch, located 20
miles
south
of Colorado
City in
west-central
Texas. The topography
was nearly level to undulating,
but
with steep slopes in areas of short,
rough breaks along the Colorado River
and the tributaries
that dissected
the
area.
The
semiarid
climate
was
characterized
by low rainfall
t’hat
occurred
as sporadic
and intense
thundershowers,
high evaporation,
and
in temperature.
Average
extremes
annual precipitation
has been 19.79
116
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&%I UPLAND SAVANNA

Fig. 1. Distribution
plains of Texas.

of habitats on the Renderbrook-Spade

inches with an average daily maximum
temperature
in summer
of 97’F
(Stoner et al., 1969).
The soils in the area ranged from
silty clay loam on the uplands
to
heavy clays in the bottomlands.
Eolian
sands had been deposited near and east
of the Colorado
River. Diversity
in
soils has led to a diverse vegetation.
Herbicide sprays were first used on
the ranch
in 1940 to reduce
the
density of brush. Since then, chaining
and cabling were used in addition
to
herbicides.
The principal
herbicide
on
the
ranch
was
2,4,5-T
used
(2,4,5-trichlorophenoxyacetic
acid).
Major habitats included bottomland
mesquite-juniper
redlands
(13%),
(42%),
sand
shinnery
oak
(4%),
sandyland
ecotone
(4%),
mimosa-erioneuron
upland (18%), and
savanna
upland
(19%)
(Fig.
1).
Chained areas in the bottomland
were
treated
as a separate
habitat
for
vegetative
analysis and all habitats are
described in Table 1.

Results and Discussion
Habitat Use
The unchained bottomland
contained the highest density

habitat
of deer
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Ranch, located in the Rolling

on the ranch (Table 2). Density here
was four or fives times greater than in
the
poorest
habitats-the
mimosa-erioneuron
upland and the
upland savanna. In the bottomland
habitat the shrub canopy cover was
quite diverse (Table 1) and this may
have been attractive to the deer. Also,
this habitat was widely distributed in a
dendritic
pattern
that interspersed
with many other habitats (Fig. 1). It
was available for use by most deer on
the ranch.
Deer densities ranked second in the
sand shinnery oak habitat despite low
that
provided
little
vegetation
concealment for deer. Use is possibly
related to the importance
of oak
browse and acorns for food items.
(Hahn,
1945 ;
Many
authors
1962; Segelquist
and
Duvendeck,
Green, 1968; Segelquist et al., 1969;
Short et al., 1969) reported their
significance. On this same ranch in
24
rumen
samples were
1968,
collected
during
November
and
December
and sand shinnery
oak
ranked third in the diet, providing 11%
of the total volume of food items
(Klebenow, 1969).
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Table 1. Descriptions of the major habitats on the RenderbrookSpade Ranch, Texas.

Habitat

Vegetative

Bottomland
Unchained

Canopy cover shrubs 20%, grasses 31%,
forbs 17%. Contained tree species
such as little walnut (Jugkzns micromrpa) and netleaf hackberry
(Celtis
reticulata).

Flat river and stream terraces
and alluvial fans, sometimes
hummocky
with frequent
gullies and sinkholes.
Water
table high, occasionally
forming pools in dry stream
beds

Chained

characteristics

Dominant

brush species

Desert sumac (Rhus
microphylla)
Agarito (Berberis trifokta)
Netleaf hackberry
One-seeded juniper
(Juniperus monosperma)
Lotebush (Ziziphus ebtusfoltz

One-seeded juniper
Honey mesquite

9
6

Sand shinnery
oak

Soil deep Tivoli fine sand.
Topography
undulating
to
gently sloping. Occasional
dunes.

Canopy cover shrubs 8%, grasses 18%,
forbs 14%. Sand shinnery oak (Quercus
havardii) less than 18 inches height
broken by occasional motts of shin oak.

Sand shinnery

Sandyland
ecotone

Soil Brownfield fine sand
usually about 26 inches deep
over a subsoil of red to
yellow-red clay loam.
Borders the sand shinnery
oak habitat.

Canopy cover shrubs 8%, grasses 13%,
forbs 13%. Contained a gradient of
species between the sand shinnery oak
habitat and the mesquite-juniper
redland habitat.

Honey mesquite
One-seeded juniper
Catclaw (Am&z greggii)

Mimosaerioneuron
upland

Steep to gently sloping breaks.
Adjacent to and lower in
elevation to the upland
savanna. The slopes contain
rounded fragments and concretions of caliche abundant
on the surface. Water erosion
is a hazard as vegetation is
sparse.

Canopy cover shrubs 4%, grasses 25%,
forbs lo:%. Most shrubs (50%) less
than 3 ft height.

Catlaw mimosa
biuncifera)
Agarito

Upland

Smooth, nearly level upland
plains, approximately
200 ft
above the Colorado River
bottomland.

Canopy cover shrubs 3%, grasses 35%,
forbs 10%. Contained dense growth
of tobosa grass (Hilarli2 mutim) and
low growing honey mesquite (3-6 ft).

Honey
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forbs 9%.
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Honey mesquite (Prosopis
gland&w)
var. glandulosa

Soils clayer in texture and
reddish in color. Located
above the alluvial bottom
lands. Slope varies greatly
usually gentle near bottomlands, becoming steeper in
upland areas. Sometimes
steeper than 50 degrees.
Some sites eroded, denuded
of vegetation and topsoil,
exposing layers of shale and
interbedded
clay.

Daytime observations in the sand
shinnery oak habitat indicated few
deer were present. Occasionally they
could be flushed from dense oak motts
and the presence of abundant
deer
fecal matter and bedding sites in motts
indicated
motts were important
for
cover. Visual observations at sunrise
found the deer moving into the oak
motts or the more dense brushy areas
in adjacent habitats. The presence of
oak motts
and the proximity
of
adjacent habitats with adequate cover
were probably
major factors that
favored deer use of the sand shinnery

6

Canopy cover shrubs 4%, grasses 30%,
forbs 16%. All regrowth less than 3 ft
height.

Mesquite-juniper
redland

savanna

Canopy
cover
(%)

19%, grasses 17%,

oak habitat type.
The
mesquite-juniper
redland
habitat only supported about half as
many deer per 100 acres as the
bottomland
and sand shinnery oak
types. Although total brush canopy
cover was similar to the bottomland
habitat, there was less diversity in
shrubby vegetation and forb cover was
less dense. We assume these habitat
features partially explain the lower
number of deer found in this habitat.
The sandyland ecotone habitat also
contained a moderate density of deer.
However, this habitat may be more
March 1975

mesquite

oak

(Mimosa

6

2
1

3

important
than was indicated
by
spotlight
sampling.
The sandyland
ecotone bordered the sand shinnery
oak habitat and provided important
daytime cover for deer. Deer were
observed to move from the sand
shinnery oak type into this habitat at
dawn. The number of deer flushed
while working in this habitat type
during daylight hours suggested our
spotlight samples contained
a bias.
Work in other habitat types did not
lead to a similar suspicion.
The
low
numbers
of
deer
consistently
observed
in
the
117

Table2. Density of white-tailed deer in
the major habitats on the RenderbrookSpade Ranch, June 1969-June 197 1.
Deer/l 00 acres
of habitat

Habitat’
Upland savanna
Mimosa-erioneuron
upland
Sandyland ecotone
Mesquite-juniper
redland
Sand shinnery oak
Unchained bottomland

3x
4x
6y
7y
14
17

had a marked influence on the deer.
Large chained bottoms approximately
2 miles wide had 3 deer/100 acres
while those 1 mile wide had 11
deer/ 100 acres. Davis and Winkler
(1968) found few deer crossing the
middle of rootplowed areas.
The effects of brush control with
herbicides upon deer densities were
obscure. When sprayed areas were
compared to a control grazed with the
same
class of livestock
in the
bottomlands,
there
were lower
densities on the sprayed but not all
differences were significant (Table 3).
Results
in
the
mesquite-juniper
redland were variable with both the
highest and lowest densities occurring
the habitats that had been sprayed. In
the sandyland ecotone the deer were
nearly four times more abundant on
the sprayed area than on the control.
In the mimosa-erioneuron
upland and
upland
savanna
no
significant
differences
occurred
in sprayed
habitats versus the controls when class
of stock was considered.

deer were observed on these open
areas during
daylight
hours.
We
suspect white-tailed deer were utilizing
the mesquite-juniper
redland
areas
during the day for the cover it
provided but frequented
the more
preferred feeding areas at night.
Livestock vs Deer Density

Conflicting
results were obtained
when deer densities in bottomlands
were sprayed in 1966 or earlier and grazed
grazed by sheep versus those grazed by
by cattle. The sand shinnery oak habitat
cattle
were
was sprayed in 1969.
compared
to the
XyValues with similar letters are not signifimesquite-juniper
redland
and
cantly different (P< 0.05).
mimosa-erioneuron
habitats. The deer
numbers were greater on sheep-grazed
mimosa-erioneuron
and
upland
bottomlands. With one exception, deer
savanna habitat types are attributed to
densities were lower on sheep-grazed
lack of cover and food. Deer use of
mesquite-juniper
redlands
and
both these habitats appeared to be
upland
habitats
mimosa-erioneuron
greater where they were interspersed
than when these habitats were grazed
with other habitats.
by cattle. The exception was the area
in the mesquite-juniper
redland that
Brush Control vs Deer Density
we discussed above and believe was
nearly vacated by deer at night when
Brush control by chaining affected
the deer moved to adjacent feeding
the number of deer an area contained
areas.
(Table 3). In the bottomlands
the
The
mesquite-juniper
redland,
lowest densities of deer were in the
Inspection
of brush in aerially
mimosa-erioneuron
upland,
and
sprayed
habitats
indicated
that
chained areas. These areas lacked cover
bottomland
habitat
grazed
by
sheep
and deer were observed moving to and
herbicides reduced canopy cover only
were all located in the same pastures.
from the chained areas in the evening
by top-killing honey mesquite. The
from
and early mornings. They retreated to
root systems generally remained alive We suspect that competition
sheep
in
the
mesquite-juniper
redland
non-chained adjacent habitats for the
and
resprouting
occurred.
The
mimosa-erioneuron
and
upland
day just as they did in the study
resprouted mesquite, plus many dead
habitats forced deer into the most
reported by Davis and Winkler (1968).
stems
and branches,
and other
favorable deer habitat in the pastures,
When moving to and from or within
vegetative growth appeared to provide
the bottomland
habitat. The cause
chained
areas, deer utilized
any
satisfactory
cover for white-tailed
appeared
to
be
forage
depletion in the
concealment available, mainly clumps
deer.
poorer redland and upland areas while
of woody vegetation or drainageways
In the mesquite-juniper redland, the
the bottomlands
were still producing
in the area. These travel lanes were
stand sprayed in 1969 and grazed by
adequate forage for deer and sheep.
used by deer although several hundred
cattle had a very low deer density.
Competition
for forage between deer
yards of travel could have been
This
stand
was a narrow
strip
and
livestock becomes much more
eliminated by a more direct route.
approximately 80 yards wide between
intense during drouths (Merrill, 1957)
Few deer ventured far into chained
cultivated land and the sand shinnery
and precipitation
in 1970 (12.5
areas where little or no cover existed
oak
habitat.
Spotlight
sampling
inches) was well below the annual
and most deer tended to remain near
indicated that deer frequented these
average of 19.79 inches. McMahan
the edge. The width of a chained area
adjoining sites at night, although few
(1964) reported that white-tailed deer
Table 3. Density (number/100 acres) of white-tailed deer in the major habitats on the feeding habits closely resembled those
RenderbrookSpade Ranch as affected by brush control and livestock grazing, June 1969- of sheep and that they compete for
June 1971.
forage. He noted that white-tailed deer
tended to abandon pastures stocked
the
While
with
sheep.
Renderbrook-Spade
deer did not
abandon the pastures, they appeared
Control’ /Cattle
17XY
7
6
4x
3x
Control’ /Sheep
23
4
1y
2x
to retreat to the more productive
1967 Chain/Cattle
82
bottomland habitat even though sheep
1970 Chain/Cattle
10Z
also utilized those areas.
1968 Spray/Cattle
14y
13
4x
’ All habitats except the sand shinnery oak

1968 Spray/Sheep
1969 Spray/Cattle
1970 Spray/Sheep

3x
4x

19x

0.3x
2x

22

Conclusions

1X

1y

1

Treatments designated as controls were sprayed in 19 66 or earlier.
XyZValues with similar letters within each column are not significantly
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different

(P<

0.05).
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basis. The bottomlands
and sand
shinnery oak habitats had the highest
densities of deer on the ranch and any
brush control program in these areas
should
be
carefully
considered.
White-tailed
deer densities
in the
mesquite-juniper
redland habitat were
moderate, but considerations for deer
are important
especially since the
mesquite-juniper
redland habitat was
the predominate
habitat.on the ranch
and thus contained
a considerable
number of deer. Brush management in
the mimosa-erioneuron
upland and
upland savanna habitats would not be
of great significance to deer since these
habitats received minor white-tailed
deer use.
Chaining
removed
canopy
vegetation
that provided cover for
white-tailed
deer, and deer densities
were less on chained bottomlands.
Deer used chained
areas but the
densities declined with distance from
adequate cover. Chaining would be
most compatible if smaller areas were
treated
and strips and clumps of
woody vegetation were left to provide
travel lanes and escape cover for deer.
Aerial spraying of herbicides should
be coordinated with white-tailed deer
habitat
improvement
in
the
mesquite-juniper
redlands, the sandy
ecotone,
and
the
bottomlands.
Herbicides presently being used gave
effective kills only on top growth of
honey mesquite. The dead tops and
regrowth from the roots still provided
cover for the deer. This effect could
change, however, if development and
use of more effective herbicides or
persistent use of present herbicides
should eventually remove the brush.
The results could be the same as
chaining.
Oak motts in the sand shinnery oak
habitat should not be removed because
they are critical for deer use of this
habitat.
Brushy
areas in habitats
adjacent to the sand shinnery oak
habitat
should also be left for cover.
The kind of livestock can have a
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marked effect on deer use of a habitat.
Since grazing by sheep appeared to be
detrimental to deer, the relative values
of one resource versus the other
should be considered. Pastures grazed
by sheep in the mesquite-juniper
redlands
and
mimosa-erioneuron
uplands had lower deer densities than
those grazed by cattle. Since these
habitats occupy approximately 65% of
the ranch, sheep numbers should be
manipulated
according to the desired
population level of deer.
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Highlight: The Bridge Creek Wildlife Management Area
located in northeastern Oregon and owned by the Oregon
Wildlife Commission,
is a prime winter range for Rocky
Mountain elk. On the average, about 120 head of elk were
counted annually on the area during the winters of 1948
through 1960. When the Wildlife Area was established in 1961,
cattle grazing was excluded. Elk numbers increased to about
320 head, but forage became increasingly rank and of low
quality. A resource management plan was put into effect in
1964,
which involved various range improvements
and a
cattle-grazing system designed to increase forage quality for
wintering elk. In 19 74, elk count increased to about 1,190.
Concurrently during these years, the ecological condition of
the range improved noticeably and animal unit months of
cattle grazing were increased by 2.6 times. Success of the
project is primarily attributable to improved quality of winter
forage. The rationale used in designing the grazing system to
achieve winter-forage quality is explained. Although emphasis
is placed on using livestock grazing to improve the quality of
winter forage for elk, it should be noted that the same
technique
also produces high-quality autumn and winter
forage for cattle.
Competitiveness
and compatibility
between livestock and
wildlife on range and forest lands have been vigorously
debated, argued with emotional conviction, and written about
in many articles designed to influence
public opinion.
Obligatory resource management decisions have been and are
being made on both public and private lands as a result.
The many examples of obvious conflict between livestock
and wildlife that have occurred over the years provide some
proponents with their primary evidence for reasoning that the
mere presence of one is detrimental to the other. A rational
approach, on the other hand, includes recognition of the
obvious
number
of examples
where
overwhelming
compatibility
exists, along with an ecologically
healthy
The authors are state range specialist, Soil Conservation Service,
U.S. Department of Agriculture, Portland, Oregon, and regional habitat
biologist, Oregon Wildlife commission, LaGrande.
Special acknowledgement
is given Delbert V. Cleary, regional
habitat biologist,
Oregon Wildlife
Commission,
Corvallis, for his
significant
role in the success of the Bridge Creek grazing and
development
program during 1963-7 1 when he was manager of the
area.
Manuscript received August 26, 1974.

resource, under significant numbers of both livestock and
wildlife. With the rational approach, the evidence is clear that
intolerable competition or incompatibility
connotes a degree
of mismanagement of the livestock, the wildlife, or both.
It is the purpose of this paper to emphasize that livestock
and wildlife can be compatible on the same range, provided
that management of each is coordinated with the objectives of
the area and the ecology and physiology of the resources.
Furthermore,
there are instances where the judicious use of
livestock grazing is essential for maintaining good wildlife
habitat. This paper reports the case history of an example
where this was done and explains the rationale and experience
used in designing the resource management system. In this
rationale, certain plant physiological functions are related to
system design solely by conjecture.
This had to be done
because
textbooks
and laboratory
research reports on
physiology do not point out the practical use of information
they contain. Additional research is needed to clarify certain
suppositions made in this paper.
Description

of Area

The Bridge Creek Wildlife Management Area, located in
northeastern
Oregon, is owned by the Oregon Wildlife
Commission and operated primarily as a winter range for
Rocky Mountain
elk (Cervis canadensis) and mule deer
(Odocoileus hemionus). It is about 8,000 acres in size, lies at
45 degrees north latitude, at an elevation between 2,800 and
4,000 ft, and receives an average annual precipitation
of 18
inches, 6 of which is received during the growing season of
April through July. Most of the area consists of undulating
plateaus and broad ridgetops at 4,000 ft elevation on which
two range sites predominate (Fig. 1). The Rolling Hills site
occupies about 60% of the area. Its climax plant community is
a natural grassland strongly dominated
by Idaho fescue
(Festuca idahoensis). The soil, Waha silt loam, is moderately
deep loess over basalt bedrock. The Scabland site occupies
about 20% of the area, primarily on ridgetops. Its climax plant
community
is a shrub-grassland
in which stiff sagebrush
(Artemisia rigida) usually dominates the aspect and Sandberg
bluegrass (Poa sandbergi) and onespike oatgrass (Danthonia
unispicata) dominate the foliage cover. The soil, Rockly very
stony loam, is about 10 inches deep to basalt bedrock.
The remaining 20% of the area consists of steep canyons
and drainages about equally divided between two sites. The
Steep South site is a natural grassland in which bluebunch
wheatgrass (Agropyron spicatum) and Sandberg bluegrass
dominate
the foliage cover. Rose (Rosa spp.), common
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In 1964, cattle grazing was resumed under the planned
system that incorporated range readiness, safe degree of use,
and several other principles explained in this paper. During the
three years 1964-66 the average annual count of wintering elk
increased to about 500 head.
In 1967, snowmobilers
discovered these wintering elk
herds. For three winters their enthusiastic
pursuit of this
exciting sight in a wintery
outdoor setting increasingly
harassed the elk. Benefits derived from the planned grazing
system and range improvement were nullified. The value of the
area as an elk sanctuary was affected seriously. Census counts
dropped sharply to about 325 head in the winter of 1969-70.
In 1970, the area was closed by administrative order to all
vehicles, including those of the Wildlife Commission, from
December 1 to May 1 of each year, which allowed the planned
grazing system and range improvements to again become fully
effective.
During the next 3 years (1971-73), the average elk count
increased markedly and reached 1,191 head in 1974. The
estimated number of elk-days on the area increased from
15,980 in 1963 to 168,957 in 1974, which, in addition to
increased numbers of elk, reflects a 78% increase in the length
of time elk use Bridge Creek during the winter.
A comparison of the trend in elk numbers from 1960 to
1974 on the Bridge Creek area with trends in four nearby big
game management
units distinctly shows the influence of
planned resource management on the number of elk using
Bridge Creek (Table 1).
Deer did not respond as did elk. Deer in this area primarily
use steep canyon sites inaccessible to vehicles and virtually
ungrazed by cattle under the planned system. In contrast to
elk, deer counts during the 27-year period coincided with
regional trends in which population lows follow prolonged
severe winters and numbers of deer build up during interim
years. It is important to note that in other situations where
livestock grazing adversely affects the volume, kind, or quality
of forage for deer on a prime winter range, a grazing system
can be designed to alleviate this competition and improve the
deer forage situation.
Concurrently
with the upward trend in elk use, cattle
grazing has increased and ecological condition of the area has
improved. In 1965, cattle grazing amounted to 340 animal
unit months (AUM’s), which was close to the estimated initial

stocking rate. In 1967, cattle grazing was increased to 700
AUM’s because of the rapid response of forage species to the
management program. In 1969, grazing was againincreased to
900 AUM’s, where it has remained.
In 5 years, forage
production improved enough to allow an increase of 2.6 times
more cattle grazing.
Changes in ecological condition were not quantified by plot
records. However, ocular estimates documented
in 1964 as
compared with those made in 1973 on the same locations
substantiate
the vegetational improvement.
Four major sites
illustrate
these changes. In 1973, the Rolling Hills and
sites were rated as excellent
ecological
Pine-Bunchgrass
condition, whereas in 1964 they had rated as fair. Scabland,
which rated excellent in 1964, remained in that class, though
the cover and vigor of onespike oatgrass, a key indicator
species, had increased noticeably
by 1973. The South
Exposure site improved only froni fair to good, which was
probably due to its droughty microenvironment,
including the
shallow, rocky soil. All sites still need improvement in stand
density, particularly
in the understory.
To be classed as
condition,
as used here, the
“excellent”
ecological
composition
of the plant community
is 75% or more of
potential for the site; “good” is 50 to 74%; “fair”. 25 to 49%;
and “poor” is less than 25% of potential.
A variety of other benefits have been derived from the
coordinated resource program. For example:
1) Populations of mountain bluebird (Sialia eurrucoides) have
been increased from “seldom” observed to “common”; and
western bluebirds (S. mexicana) from “never” to “occasional.”
This was aided by the installation of 122 cavity-type nesting
boxes, of which 83% were being used regularly within 3 years.
2) Blue grouse (Dendragapus obscurus) were rarely seen in the
grasslands before the program started yet this is their natural
nesting habitat. Now they are a common sight.
3) The area is open to the public in vehicles for recreation,
except for the closed winter season.
including
hunting,
Average annual hunting harvest is about 25 buck deer, 100
blue grouse, and from 1 to 20 bull elk, depending upon early
storms in higher country. Data on the estimated number of
hunters and kill of bull elk during the regular elk season in
nearby big-game management units show no correlation with
the winter census counts on Bridge Creek.

Table 1. Number of wintering elk per mile of census route on Bridge
Creek Wildlife Management Area 1960-74 compared with four nearby
big game management units in eastern Oregon.

Designing the Resource Management System

Year
1960
1961

Nearby big game management units
Ukiah’
Starkey
Desolation Heppner
6.0
1.2
7.7
4.8
5.2
1.7
10.3
3.4

Bridge Creek Area established-livestock
grazing ceased
1962
6.4
3.4
12.0
10.4
1963
3.9
1.6
11.0
6.2
1964
6.6
1.0
11.7
13.2
Special livestock grazing began on Bridge Creek
1965
6.8
1.9
11.1
28.3
1966
5.9
1.6
11.9
10.4
1967
4.4
4.3
9.9
20.8
Snowmobile harassment began on Bridge Creek
1968
4.7
5.3
8.9
2z
1969
5.1
8.0
8.3
1970
4.8
6.9
10.0
2111
Bridge Creek closed to all vehicles during winter
1971
5.7
6.7
14.9
22.9
1972
4.1
12.6
12.0
34.4
1973
6.9
6.8
22.5
28.8
1974
5.0
8.4
19.9
44.2

’Ukiah management
Area.
122

unit

includes

Bridge

Creek

Wildlife

Bridge
Creek
7.4
13.0
20.2
9.7
20.8
24.3
21.6
35.6
24.9
18.9
17.2
42.4
41.7
61.7
62.7
Management

For ecological

condition

and volume production

Several features of plant physiology and morphology are
more or less taken into account in the design of most modern
grazing systems. It has become popular to emphasize that the
health of the “grass” should be given as much consideration as
the health of the grazing animal (Anderson,
1952). In
statements of this kind, reference usually is made to the need
for allowing plants to reproduce and to store food; these are
often the only plant functions taken into account. When
designing grazing systems, these functions are fulfilled by
providing for seasonal periods of grazing, deferment, and rest.
Other functions that should also be considered include the
need for maintaining green foliage to manufacture plant food,
the location and kinds of growth buds, root-growth stoppage
when foliage is clipped, and freezing of exposed growing
tissues. These functions are fulfilled primarily through the
degree of utilization allowed seasonally and the amount of
residue left on the plant and surrounding ground. All of these
features are important from the standpoint of improving or
maintaining
the ecological condition
of the site and the
volume of forage production (Anderson, 1969).
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For quality of winter forage
The importance of forage quality and its manipulation
on
rangelands has been reported by many authors. Summary
reports by Duvall (1970) and Hanson and Smith (1970) point
out that measures taken to achieve forage quality include
fertilization; prescribed burning, seeding, and planting; control
of tree overstory; chemical curing of forage; manipulation
of
attractants and repellants; mechanical treatment of brush; use
of herbicides; and pruning and cutting of trees. The use of
livestock grazing as a tool for manipulating forage quality for
wildlife is not discussed in these reports.
The most commonly
recognized
objective
for using
livestock to improve quality of forage for wildlife is the
prevention
of the formation
of “wolf plants”
or the
accumulation
of excessive amounts
of leached residues.
Wildlife then have ready access to succulent forage when it is
available.
Livestock grazing can also be used to manipulate
the
physiology of forage plants to improve the nutritive value at
maturity. This provides wildlife a supply of mature forage that
is nutritionally
above normal at a time when succulent forage
is not available. Developing the rationale for improving forage
quality by manipulating
the physiology
of forage plants
through livestock grazing began by recalling and analyzing
many personal observations in which certain areas of forage
obviously were preferred by grazing animals as evidenced by
the degree of utilization. The following have been observed:
1) In dry-land wheat stubble used for wintering livestock,
shallow-soil areas are grazed closely, whereas stubble on
deep-soil areas will be virtually untouched in the same field.
2) Sudden hot weather or a hot wind “burns” heading
wheat and the kernals are “pinched” or shrivelled; growth is
suddenly terminated. As with stubble on shallow-soil areas,
“burnt” areas are grazed closely.
3) Harsh-environment
range sites are often grazed more
closely than better sites in the same pasture.
4) Wild and domestic grazing animals prefer regrowth
forage; grazed areas and individual plants are regrazed
repeatedly during the grazing season and regrowth forage is
distinctly preferred when all available forage is mature.
5) A droughty spring season reduces volume of forage, yet
livestock commonly show better physical condition than
during wet spring seasons when forage volume is unusually
high.
The question
is, “Why do grazing animals
prefer
shallow-soil,
burnt,
poor-site,
drought-affected,
and
mature-regrowth forage?”
Cook (1972) offers one explanation by pointing out that
grasses, forbs, and shrubs are more leafy on poor than on
favorable sites. He attributes the increased palatability to the
presence of more leafy material than stems; that differences in
stem-to-leaf ratios account for chemical differences because
leaves are higher in certain nutritional
items than are stems.
This is only a partial explanation, however.
Smith (1966) reports metabolic changes which occur within
a plant when heat is increased to include a decrease in free
water content of tissues and an increase in bound water and
water-holding
colloids,
an increase in sugar content,
a
conversion
of starch to sugars, and a slowing down of
metabolic activity.

drought-hardy than older tissues. Water may move from older
to younger tissues when wilting occurs, thus permitting
younger tissues to continue to grow longer. Lamb also reports
that wilting is accompanied by a reduction in starch and an
increase in total sugars. He says that this relationship is not
surprising, because restricting moisture (wilting) may reduce
growth
markedly
without
having any great affect on
photosynthesis.
With wheat, there is an increase in sugars with
no increase in other carbohydrates
or, at least the sugar
increase predominates.
Lamb also states that when plants
attain drought hardiness through a reduced water supply, they
also attain frost hardiness.
Salisbury and Ross (1969, p. 174) comment that any
treatment inhibiting cell metabolism stops the movement of
assimilates through the cells and that this translocation
is
slowed, or stopped, by heat or drought. They also point out
(p. 693-694) that rapid warming and desiccation of a plant
results in a coagulation of protein and an increased viscosity of
protoplasm, often to the point where it becomes brittle, which
also influences the slow-down of translocation.
The following suppositions are based on the above ideas.
1) Termination
of growth at an immature stage through
heat or drought stops or greatly reduces translocation,
thereby fixing the nutritional quality of green foliage in the
mature forage.
2) Termination of growth due to heat or drought increases
the palatability of foliage through the conversion of starch
to sugars, provided they are sweet sugars.
3) Young-tissue regrowth following grazing may grow a bit
longer into the hot dry season, thereby increasing the
volume of nutritious forage.
4) Autumn production
of green forage, when it occurs,
may be more reliable and longer lasting on plants that
acquired
drought
hardiness-therefore,
frost
hardiness-through
a reduced water supply while in an
immature stage of growth.
Personal observations and documented results obtained at
Bridge Creek substantiate that something on the order of the
above suppositions must sureiy occur physiologically within
the plants to cause animals to display such distinct preference
for mature regrowth.
The Bridge Creek system
Designing livestock grazing as a tool for improving the
quality of winter forage on Bridge Creek began with an
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3. Generalized seasonal relationships between herbage growth of
an ungrazed forage grass, plant food storage, percent nutrient
content, and nutritional value of herbage.

Fig.

In studies of wheat, Lamb (1967) found that
individual
plant,
younger
tissues
are generally
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analysis of the seasonal requirements
of the wildlife: Where
will wildlife normally graze and what will they eat during
different seasons and weather conditions while they are on the
area. This was supplemented
with a similar analysis of
livestock habits SO as to reveal potential conflicts. Then, in
consideration
for the health of the forage resource and in
order to apply the rationale for manipulating forage quality,
generalized seasonal growth curves of major forage species on
important range sites were drawn and used for judging when to
move livestock on or off an area to achieve desired results.
The Bridge Creek system incorporates several principles:
1) In the spring, forage species are allowed to recover from
elk grazing and develop to a stage of range readiness before
being
grazed
by cattle.
This avoids
continuous
wildlife-livestock grazing pressure.
2) In late spring or early summer, cattle are moved to a
fresh pasture soon enough to allow regrowth on key grasses
to reach the early seedstalk stage by the end of the growing
season. The high nutritional value of immature green foliage
at this stage is thereby fixed in the mature foliage by heat
and drought, which terminates
physiological
processes,
including translocation. Forage given this treatment is high
quality winter elk feed.
3) Particular attention is given to carrying out livestock
grazing
during
the boot-to-seed
stage of forage
bunchgrasses. This is the most critical period in the growth
cycle of bunchgrass in terms of the effect that clipping
foliage has on the health of the plant (Pearson, 1964;
Mueggler, 1967). If grazing is not carried out just right
during this period, there will be little or no regrowth forage.
For this reason, the livestock operator must understand the
objectives and principles involved and strive to achieve
them by his livestock
management.
Otherwise
the
effectiveness of the program will be reduced.
4) Two herds of cattle are grazed simultaneously on Bridge
Creek. This is a practical convenience because the steers and
heifers are grazed in separate herds. However, this is done
mainly to top-off and allow regrowth in as many pastures as
possible during the growing season, so as to produce a large
area of nutritious forage for elk to feed on during winter.
5) The rate of cattle stocking is heavy enough to
effectively top-off the grazed pastures, yet light enough to
leave an adequate volume of elk forage on all pastures at
the end of the cattle-grazing season.
6) The physiology
of forage plants is manipulated
by
controlling
the season, length of time, and intensity of
grazing in each pasture grazed during the growing season.
Figure 3 illustrates the generalized seasonal relationships
between the growth curve of an ungrazed forage grass and
storage of plant food (Anderson, 1952, 1967) percent of
nutrients in the herbage, and the nutritional value of the
herbage, which is the product of herbage volume and
percent nutrients.
Manipulating
the nutritional-value
curve using livestock
grazing as a tool is illustrated in Figure 4. Theoretically, the
growth and related curves are deliberately
interrupted
by
livestock grazing. Plant physiological functions are thereby
postponed or reduced for a sufficient period of time so that,
after livestock are removed, the leafy, nutritious regrowth is
“burned”
by the advent of hot weather and lack of soil
moisture
while it is still in an immature
stage. A
higher-than-normal
level of nutrients is thereby fixed in the
mature regrowth as indicated by the nutritional curve.
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Fig. 4. Hypothetical effect of using livestock grazing to interrupt and
postpone
plant physiological functions
so as to improve the
nutritional value of mature reg-rowth forage.

It is important to note that grazing in this manner also
postpones the process of plant food storage to the point where
storage is greatly reduced. If this were repeated on an area
several years in succession, it would result in reduced health of
the resource. Therefore, this treatment
should be rotated
among several pastures so it is applied to a particular area only
once every two or more years.
Leaching of nutrients and the physical loss of matured
regrowth probably
takes place the same as it does with
matured ungrazed herbage. Based on the distinct preference
wildlife and domestic animals have demonstrated
for such
regrowth in autumn and winter, it appears that whatever
leaching takes place does not change the preferred category of
regrowth
forage. This might be because
regrowth
is
nutritionally better at the time leaching starts.
Discussion
Success of the Bridge Creek project cannot be attributed
solely to the system of seasonally moving cattle from pasture
to pasture nor to complete closure of the area to vehicles
during winter . Other contributing
components
of the
coordinated resource program include :
1) Safe degree of use by cattle so as to provide an adequate
volume of forage left for elk.
2) Development and better distribution of water-21 new
ponds and 1 spring-which
unquestionably
was the key to
success of the grazing system.
3) Properly located fences, which required removal of
about 25 miles of fence to obliterate the old homestead
patchwork and the construction
of 14 miles of laydown
and 9 miles of permanent fence to create five properly
designed pastures.
4) About 120 acres of old farmland plowed and seeded to
adapted grasses and forbs.
5) Salt for cattle placed away from water to help obtain a
uniform pattern of utilization and thereby improve the
forage quality for elk over most of the area.
6) Wildlife sanctuary
created
by setting
aside one
important
canyon as a pasture for wildlife only and
permanently closing about 10 miles of regular roads and all
old logging roads and skidtrails on the area.
On the other hand, the grazing system designed for Bridge
Creek, i.e., the seasonal sequence of moving the cattle,
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deliberately incorporates several principles that improve forage
quality for winter elk grazing. Success of the project,
therefore, is primarily attributable
to this improved forage
quality which enticed elk to Bridge Creek from other natural
winter ranges, some of which are private land. Sanctuary exists
on these other ranges as it does on Bridge Creek; it is likely
that the same quality of forage does not.

the formation of undesirable rank residues remains to be seen.
With respect to increasing elk numbers, it should be noted
that an elk winter range might become overstocked with elk in
relation to the forage supply. In this case, no amount of
adjustment in cattle grazing alone is likely to provide the feed
supply required by the elk. Control of elk numbers might be
required. Wildlife, like livestock, have maximum population
potentials.

If wintering elk numbers continue to increase, adjustments
in cattle grazing eventually may be needed in order to have an
adequate volume of high quality forage for elk. Reducing
livestock numbers might seem to be the obvious solution, but
it is not. Bridge Creek’s records conclusively
show the
necessity for having judicious cattle grazing as a component of
a successful elk winter range. With no cattle grazing, all forage
is reserved for elk; however, elk numbers then decline because
forage quality is low.
The solution probably lies somewhere between the present
program and the ultimate. On Bridge Creek, the ultimate
might be to double the number of cattle-grazed pastures to
eight and increase cattle numbers to the point where six of the
pastures can be properly
topped off each year before
mid-growing season. Two pastures would be rested each
year-no
cattle grazing-and
this rest rotated so that each
pasture would be rested once every 4 years. No cattle grazing
would occur after mid-growing
season; six out of eight
pastures would produce nutritional regrowth for elk; and two
pastures would produce a full forage crop each year.
Whether or not grazing during the early portion of the
growing season for three consecutive years out of four would
be detrimental to the health of the vegetation is debatable. It
seems reasonable that this would work successfully because
nearly all the area is in excellent ecological condition to start
with. Whether or not this kind of cattle grazing would prevent
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Reproductive
of Redberry
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Highlight: A relatively high moisture level (0 to 4 atm) and
a relatively low temperature (18OC) were found to be most
favorable for germination
of redberry juniper (Juniperus
pinch&i) seeds. Shallow planting depths (0 to 2 cm) favored
seedling emergence.
Seed germination
was not affected
appreciably by passage through animals. Cutting of seedling
tops above the axils of the cotyledons allowed 58% survival,
while cutting l- to 12-year-old plants at ground line, which
tissue, produced
99%
removed
the meristematic
stem
mortality. Moderate and heavy blue grama (Bouteloua gracilis)
competition severely limited redberry juniper seedling growth
compared to no competition. It severely reduced shoot length,
root length, number of shoot and root branches, and plant dry
weight. These results indicated that the maintenance of a good
grass cover coupled with a top removal agent such as fire or
cutting at ground level will prevent encroachment of redberry
juniper, a resprouting species, on grassland.

Redberry
juniper
(Juniperus
pinchoti),
an evergreen
conifer, occurs primarily in western Texas, Oklahoma, New
Mexico, and Arizona. Despite the large areas infested with this
resprouting species, its reproductive characteristics have not
been studied in detail. This study was designed to determine
the optimum
moisture
and temperature
levels for seed
germination,
0 p t imum
planting
depth
for seedling
establishment, influence of passage of seeds through animals
on germination, age of seedling capable of resprouting, and the
effect of grass competition
on seedling establishment
and
development.
Autecological studies have not been conducted on redberry
juniper, but they have been conducted on other species.
Johnsen
(1962) found that one-seed juniper
(Juniperus
monosperma)
germinated
best in continually
moist (35%
moisture) soil and that no germination occurred in alternately
wet and dry soil. He also found that juniper seeds germinated
best between 17°C and 32°C. Germination was significantly
lower at 7°C. The best seed depth for germination
and
emergence was less than 2.5 cm.
Many researchers (Emerson, 1932; Driscoll, 1964; Wight
and Fisser, 1968; and Burkhardt and Tisdale, 1969) concluded
that competition reduced the survival and invasion of juniper
At the time of the research, authors were research assistant and
professors
of range management,
Texas Tech University, Lubbock.
At
present
Michael Smith is research
assistant,
Department
of Range
Science, Utah State University, Logan; Joseph Schuster is professor and
head, Department
of Range Science, Texas A&M University,
College
Station.
The research
is College of Agricultural
Sciences
Contribution
Number T-9-l 35, Texas Tech IJniversity, Lubbock.
Manuscript received March 9, 1974.

seedlings on grasslands. This point was further substantiated
by other researchers (Cottam and Stewart, 1940; and Allred,
1949) who found that the removal of grass competition by
grazing, erosion, or breaking of the sod will accelerate the
invasion of juniper. Nevertheless, Johnsen (1962) and Arnold
et al. (1964) found that in years of above normal moisture,
seedling juniper trees may become established in even the best
stands of grass. Wells (1965) hypothesized that recurrent fires
probably kept young juniper trees out of good stands of grass
and restricted them to scarps with shallow soils.
Methods
A field
investigation
of redberry
juniper
resprouting
characteristics
was conducted
on the Post-Montgomery
Estate
Ranch in Garza County, Texas. All other phases of this study
were conducted
in laboratories
and greenhouses.
The
seeds
used
were
collected
in January,
1971,
approximately
4.8 km southwest
of Post, Texas, in Garza
County.
One collection
included
seeds from scats of small
mammals, probably coyote, fox, or raccoon found throughout
the redberry juniper-infested
area. Another
seed sample was
collected from six mature trees about 2.5 m tall and 3.5 m in
crown diameter.
Seeds were stored in moist sand at 1 ‘C and
used (unscarified)
as needed
during
the following
year
beginning in June, 197 1.
Moisture level and air temperature
effects on germination
of redberry
juniper
seeds were evaluated using solutions
of
distilled water and carbowax 4000 (polethylene
glycol) of 0,
2, 4, 8, and 16 bars osmotic
potential
and constant
air
temperatures
of 10, 18, and 27’C in all possible combinations.
At each moisture
level, 36 seeds were placed in 11 cm petri
dishes and germinated
in controlled
environmental
chambers
maintained
at 10, 18, or 27 ‘C for 60 days. Each petri dish was
considered
a replication.
Petri dishes were arranged
in a
completely
randomized
design with three replications.
Number
of seeds germinating
and overall seedling
elongation
were
recorded
as they occurred
during the course of the 60- and
72-day trials of the experiment.
In addition
to the constant
temperature
data, seeds were germinated
at 0, 2, 4, 8, and 16
bars osmotic potential under alternating
8 hr day (27’c‘) and
16 hr night (1 O’C) temperatures.
Five replications
with 20
seeds per petri dish were used for each osmotic potential.
Optimum
planting
depth was determined
by planting 46
seeds at the soil surface and at 0.5 cm increments
t:) a. depth of
6 cm. Each treatment
was replicated
three times in containers
with 3 liters of soil. The containers
were maintained
under
greenhouse
conditions
with a diurnal temperature
range of 16
to 27’C. The soil was kept continually
moist for 210 days.
Numbers
of seedlings
emerging
were recorded
during the
course of the experiment.
JOURNAL

OF

RANGE

MANAGEMENT

28(2),

March

1975

of seedlings to survive following top removal
source of sprouts were determined by
removing the tops of seedlings 1 mm above the axil of the
cotyledons at 7-day intervals to 56 days under greenhouse
conditions. After 45 ddqTsth,,“71were noted as dead or alive.
To Wahite
the response Of jUVenilf3 redberry junipers t0

Table 2. Survival of redberry juniper seedlings having epicotyl removed
1 to 56 days after emergence and of intact plants.

top removal in the field, plants from current year’s seedlings to
12 years old were cut at ground level (usually below the bud
zone). A minimum of five trees, except for the 9, 10, and 11

Seedlings surviving
Number

The ability

and the morphological

year-old groups (four, four and two trees respectively) were
marked, and the tops were removed in each age group in July.
Plants were evaluated for survival in late September by noting
any evidence of living tissue in the root crown. Bark was
peeled back and visual determinations were made.
Germination
of seeds which had passed through animals
and those which had not been ingested was determined in 13
replications of 50 seeds using distilled water on filter paper in
1 l-cm petri dishes. Number of seeds germinating was recorded
as it occurred during the course of the 70-day trial.
Seedling redberry junipers were grown in three levels of
grass competition
under greenhouse conditions
in wooden
boxes 720 cm2 X 30 cm deep. Blue grama (Bouteloua gracilis)
was seeded and thinned to 0, 16, or 32 plants per box.
Redberry juniper seeds (loo/box) were planted 2 months after
the blue grama seeds had germinated. After redberry seedling
emergence, the containers with 16 blue grama plants were kept
clipped to a 10 cm height to simulate a moderate level of blue
grama biomass. Data recorded at the termination of the study
included
redberry juniper seedling weight, root and top
lengths, and number of branches on roots and tops.
Analysis of variance or Chi-square analyses were used to
test for differences between treatments (Cochran and Cox,
1957: Snedecor and Cochran. 1967).

Results
Moisture

and Discussion

Level and Temperature

Effects

The interaction between moisture level and temperature
effects on germination
of redberry juniper seeds was not
level and temperature
significant.
However,
moisture
independently
affected germination.
Seedling germination
declined steadily as available moisture declined (Table 1).
Temperature
produced greater germination
and seedling
emergence in the mid range of the temperatures tested (P <
0.05). The optimum soil temperature (among those tested) for
germination
and emergence
was 18°C. There was no
at lO”C, and very limited germination
and
emergence
emergence at 27°C. Average emergence was 0.0, 1.2, and 0.2
seedlings per replication at 10, 18, and 27”C, respectively.
Optimum
germination
at 18°C and optimum moisture
levels of 0 to 4 atm suggest that mild, moist climatic
conditions are required for germination of redberry juniper.
Thus, germination would be limited to fall or spring when
moisture conditions would promote seedling growth and favor
establishment.

Table 1. Germination (number) and emergence (number) of redberry
juniper seeds at five levels of osmotic potential.’

Osmotic potential (bars)
Measurement
Seeds germinating

0

2

4

8

16

15a

lla
8a

7 ab
6a

lbc
Oa

Oc
Oa

Seedlings elongating
13 a
‘Values in rows followed by the same letter
different
at the
100 seeds.
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Days after emergence
Measurement
Number of seedlings
Percent

1 7 14 21 28 35 42 49 56 Control
16 38 17 13 17 18 15 18 25
0’
6 25

3

4

7 10

4

4

12

38 66 18 31 41 55 27 22 48

177
80

’220 intact plants used for control.

Optimum Planting Depth
No seedlings emerged from depths greater than 2 cm, but 4,
1, 2, 0, and 1 seedling emerged at 0, S, 1, 1.5, and 2 cm,

respectively. Differences between the 0 to 2 cm depths of
planting were not significant, but emergence at these depths
was significantly greater than at the 2.5 to 6 cm depths (P <
0.05). The shallow depths required for seedling emergence in
this study support the postulated need for extended periods of
high soil moisture levels in the field and could also indicate the
need for a diurnal temperature and light fluctuation, as these
conditions were present in the greenhouse during the study.

Resprouting

after Top Removal

Mortality was 58% among 177 seedlings cut 1 .mm above
the axil of the cotyledon and 20% among intact controls.
Survival was similar regardless of time of cutting up to 56 days
after emergence (Table 2). The resprouting was concentrated
in the axil of the cotyledons. In no case were resprouts found
below the cotyledons. This indicated that redberry junipers
were stem sprouters and not root sprouters and that they
would be killed if all meristematic stem tissues were removed.
The field study involving top removal of seedling and juvenile
junipers was initiated to confirm this possibility. The ability of
naturally occurring seedling and juvenile redberry junipers to
resprout following top removal at ground level was quite
limited. When cutting occurred at ground level, resprouting
occurred only in the 8- and 12-year-old groups (30 and 14%,
respectively) even though 40.6 cm of rain fell on the study
area from July through September, and growing conditions
were near optimum. In some instances the cotyledonary zone
of the 8- and 12-year-old trees was covered by soil.
Top removal at ground level in most cases removed the
zone of resprouting which coincides with the axil of the
cotyledons in very young plants. The zone of resprouting was
obviously in the stem and above the root crown in these age
groups. This stem sprouting characteristic and apparent lack of
root crown sprouting would indicate that redberry juniper is
susceptible to control by any agent such as fire, insects,
chemicals or cutting which kills the stem above the root
crown. The position of the sprouting zone in the early years of
growth, and the absence of sprouts from below this zone,
should leave seedling and juvenile trees susceptible to fire
damage for at least 12 years. This corroborates the postulation
by Ellis and Schuster (1968) that fire was one factor
preventing
this species from encroaching
onto grasslands
before wildfires were brought under control. That resprouting
after top removal in the field occurred only in the older age
groups (8 and 12 year-old) would indicate that fires may need
to occur only at intervals of 8 to 12 years to suppress juniper
establishment in grasslands.
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Table 3. Growth of juniper seedlings when subjected to three degrees
of competition

from blue grama.’
Growth

Degree of
competition

Shoot
length
(cm)

Root
length
(cm)

Heavy (32 plants)
Moderate (16 plants)
None (0 plants)

6.7 a
6.8 a
31.8 b

23.1 a
28.7 a
97.3 b

characteristics
Number
of stem
branches

Number
of root
branches

O.Oa
0.4 a
28.7 b

4.0a
7.4 a
51.3 b

(g/plant)

1 Means in columns followed by the same letter are not significantly
different at the .OS level of probability.
Most boxes contained two to
three juniper plants; none contained more than six juniper plants.

Germination

of Seeds Ingested

by Animals

’

No significant
differences in germination existed between
redberry juniper
seeds which had passed through small
mammals and those which had not been ingested (P < 0.05).
Germination
was 5% and 5.98%. This suggests that seed
passage through small animals does not scarify the thick seed
coat. Evidently the role of mammals in redberry juniper
reproduction is primarily that of dispersing seed.
Effect of Grass Competition

1
on Seedling

Growth

Redberry juniper seedling growth was severely retarded by
competition
from blue grama compared to no competition
(Table 3). No differences existed in seedling growth between
the two levels of blue grama grass (16 and 32 plants/container)
competition. This lack of difference was attributed primarily
to the extensive
root systems of blue grama in both
treatments, regardless of the number of plants or the IO-cm
clipping treatment.
Intraspecific
competition
was not an
obvious factor affecting juniper growth due to the low density
of juniper plants. Lack of differences between the moderate
and heavy competition
treatments
indicate that moderate
livestock
grazing
probably
would
not
enhance
the
establishment of juniper seedlings.
The most striking evidence of the high vigor of seedlings
with no competition was the proliferation of stem and root
branches (Fig. 1). The branching and height of these seedlings
contrasted sharply with the short stature and almost total
absence of branching on the seedlings grown with heavy and
moderate competition. Shading from the grass, particularly in
the heavy competition
treatment,
probably reduced the
juniper growth.
The small size and low vigor of the seedlings grown with
competition
leaves them susceptible to two natural agents
which could prevent their establishment in grasslands. They
would be susceptible to drouth because of their limited root
systems and to grass fires because of their stature and small
stem size.
These findings plus the indication that extended periods of
favorable moisture conditions are required for germination and
of juniper
indicate
seedling
that juniper
emergence
encroachment is unlikely to occur on well managed grasslands
in semiarid conditions. Range management programs which
maintain a good grass cover should inhibit the spread of
redberry juniper.
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Establishing

Alkali

Sacaton

on Harsh

Sites in the Southwest

EARL F. ALDON
Highlight: Because of critical establishment requirements, seeds of alkali
airoides (Torr.) Torr.) must be planted when both soil
sacaton (Sporobolus
moisture and probability of rain are high. Large seeds should be mulched to
maintain moisture and darkness.
Alkali sacaton (Sporobolus airoides
(Torr.) Torr.) is a valuable plant on
flood plains in the semidesert vegetation type of the Southwest (Aldon
1964). On badly eroded sites, remnant
plants have effectively lowered sediment losses and provided valuable forage when managed properly (Aldon
and Garcia, 1967). Establishing the
plant on bare areas through reseeding
has been difficult. Seeding has been
attempted
countless times by land
managers
with little success. Seed
germination
would be sporadic, and
subsequent
seedling mortality sometimes complete.
Reasons for these
difficulties
became apparent during
intensive investigations with the seeds
and seedlings of this plant. From these
investigations
a series of steps was
prepared outlining the establishment
requirements
for individual
plants
under ideal conditions. The validity of
each step was tested in the field under
difficult conditions.
Germination and Seedling
Requirements
Knipe has established temperature
stress, moisture,
and after-ripening
requirements,
light, and imbibition
effects, and the relationship
of seed
size to germination
(Knipe,
1967;
1968; 1970; 1971a; 1971b). Seedling
survival and growth under temperature
The author is principal hydrologist with
the Rocky
Mountain
Forest and Range
Experiment
Station,
Forest Service, U.S.
Department of Agriculture, assigned to the
unit at Albuquerque,
in cooperation
with
the University
of New Mexico. Station’s
central headquarters
is at Fort Collins, in
cooperation with Colorado State University.
Research reported here was conducted in
cooperation
with
the Bureau of Land
Management,
U. S. Department
of the
Interior.
Manuscript received March 7, 1974.
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and moisture stress and in a soil and
agar medium, and methods of improving seedling survival, has also been
evaluated (Aldon, 1969a; 1969b; 1970).
Alkali sacaton requires almost zero
moisture
tension
to germinate,
although large seeds can withstand
some moisture tension (Knipe, 1969).
Large seeds nearly double their air-dry
weight during the first 4 hours under
saturated conditions;
they germinate
better, faster, and emerge from deeper
depths than small seeds (Knipe, 1970).
Optimum temperature for germination ranges from 27-32°C (Knipe,
1967).
Temperatures
of from
38-107°C for various period! of time
did not affect germination of air-dry
seeds (subsequent
germination
was
above 90%) (Knipe,
1969). Unless
scarified, seeds must after-ripen for
several months
before
appreciable
numbers will germinate.
Exposure to light for a few seconds
delays germination for 24 hours, exposure for 9-13 hours delays germination 28 hours, and continuous exposure reduces germination
of imbibed
seeds by 40% (Knipe, 1971b).
Optimum
growing conditions for
alkali sacaton seedlings are 30°C and
soil moisture at field capacity (Aldon,
1969a). If seedlings receive additional
moisture within 5 or 10 days after
planting,
survival exceeds 90%. If
forced to go longer before another
wetting, seedling survival drops below
76%. After 5 days most seedlings have
emerged from a 6 mm planting depth
and have roots 5 cm long. By 15 days,
roots are about 13 cm long and seedlings have three leaves.
Since soil is seldom saturated at
most field planting sites, tests with
possible substitute conditions (Aldon,
March

1975

1969b; 1970) showed that: (1) seeds
must be planted on moist soil with a
13 mm mulch when temperatures are
around 3O”C, (2) an agar plate helps
reduce moisture
tensions,
and (3)
plants should be watered after 5 days
if no natural precipitation
occurs (at
least 6 mm), In Arizona, germination
has been increased by concentrating
rainfall in shallow pits.’
Based on the above information, we
identified
the succession of events
needed for the establishment of alkali
sacaton plants in the semiarid portions
of New Mexico. It is substantially as
follows: seeds are produced in the late
summer
and fall (October)
from
mature plants. They shatter and fall on
surrounding areas. Winter and spring
temperatures do not adversely affect
the seeds. Below-optimum
temperatures in winter, characteristically
dry
springs,
and after-ripening
requirements
preclude
early germination.
After about 9 months of after-ripening
(July), seeds will germinate easily.
Late-afternoon
summer
convective
thunderstorms
begin in July. Large
storms, 25 mm plus, cause local flooding and resultant sediment movement
in arroyos and into flood plains. Seeds
are moved by these flows, and deposited in saturated sediments. Overnight under dark conditions the seeds
imbibe moisture. The next day, air and
surface soil temperatures reach 32t”C
and the seeds germinate. Once the
thundershower
systems begin in the
Southwest,
probabilities
for weekly
recurrence of storms increase (Gifford
et al., 1967). Thus between 5 and 10
days later, another significant (7 mm
plus) storm should occur, the soil is
resaturated, and the seedlings have a
good chance of survival. Up to 4 cm of
l Personal communication with Robert D.
Slayback, Manager, Plant Materials Center,
Soil Conservation Service, U.S. Department
of Agriculture, Tucson, Arizona.
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Table 1. Experimental design.
Series designation
Treatment
Spot saturated initially
Agar plate
Mulch
Rewater after 5 days (mm)
Seeds in depression

A

B

C

D

x
x
x
50

x
x
x
6

x

x

x
50

x
6

randomly
in a row plot and replicated
five times in each of five blocks on a
spillway site in late July, 1970 (Fig.
1). We waited
until
the
summer
thundershowers
began to wet the site
and could be expected
to continue.
Precipitation
was measured on the site
in a recording
gage. A week prior to
planting,
20 mm from
two storms
provided
the desired wet soil conditions. Individual storms were measured
during the first month after planting,
and total weekly measurements
were
recorded
thereafter.
Soil and air temperatures
were monitored
on the site
with recording thermometers.
A sensor
was placed
2.54 cm below the soil
surface
and covered
with soil. Air
were
measured
in a
temperatures
standard shelter 1.37 m above the soil
surface.
Collars,
5 cm high, were placed
around each planting spot (Fig. 1) and
filled with water at planting
time if
necessary
to be sure the spot was
saturated.
Ten large, l-year-old
alkali
sacaton
seeds were planted
at each
spot. The collars were labeled A, B, C,
D, E, and F to designate
the several
watering
regimes tried with combinations of agar plates and mulch (Table
1). Eighteen
random
&cm-deep
soil
samples were taken at planting time on
the site, weighed, and oven-dried.
Soil
moisture
determinations
and drying
curves were made from these samples
(Aldon, 1972).

Results
On the 3rd day after planting, the
site received a storm of 19 mm and
rewatering was deemed unnecessary.
By the 10th day an additional 49 mm
was measured from two storms. Many
of the agar plates were moved and
covered with sediment. At other spots
the vermiculite was covered with sediment. On the 13th day after planting,
the area received 12 mm of rain.
Soil moisture averaged 14.1% by
weight at planting time, which is 1 atm
tension for this alluvial soil.
Surface soil temperatures between
1000 and 1700 hours averaged 33”C,
and air temperatures during the first 5
days after planting averaged 25°C. The
daytime soil temperatures
were very
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E

F

X
x
6
x

x
6
x

close to optimum for germination.
Seedling emergence was noticed on
the 5th day, but the large storm on the
8th and 9th days after planting caused
sediment deposits of from 6 to 50 mm
on the spots. On the 10th day it
appeared
that few seedlings were
emerging, but many seedlings were
again emerging by the 15th day. This
lo-day delay is attributed to the sediment deposits, and further validates
laboratory
work on seedling emergence from deep sediment (Knipe,
1970).
Since rewatering was not needed,
the treatments differ only in the use of
agar, planting in a depression, and
initial saturation.
Survival was best
where no agar or depression was used
(treatments
C and D, Table 2). The
test was not confirmed for agar, which
we thought would have resulted in
highest survival.

August of the next year, the site
received only 64 mm, a record low for
the winter-spring period in this area.
The added burden of the extended
drought lends support to the validity
of the findings. Survival in treatments
C and D was good (3 plants/spot) after
the first growing season. Under more
normal
precipitation
patterns
we
could expect second-year survival to
be better.
Conclusions
Alkali sacaton is a valuable plant on
flood plains in the semidesert type of
the Southwest. Because it has exacting
establishment
requirements,
however,
the following agronomic steps are necessary for its establishment: (1) plant
when soil moisture is at least 14% or
higher (1 atm tension or less); (2)
plant when probabilities
for weekly
precipitation are greatest and soil temperatures will be near 30°C; (3) use
large seeds at least 1 year old; (4)
saturate the planting site just prior to
planting; (5) cover seeds with about 13
mm of mulch to keep them moist and
dark; and (6) if storms at planting site
do not deposit at least 6 mm of rain
within the first 5 days, rewater to
bring the soil to saturation.
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Table 2.

Stocking’

at the end of the first (1970) and second (1971) growing seasons.

Avg plants/spot

Stocked spots

Percent stocked

Treatment

1970

1970

1970

A
B
C
D
E
F

0.60 bc
-96 b
3.64 a
3.04 a
.08 c
.40 bc

1Any

two means within
at the 0.05 level.
March
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columns

1971

1971

1971

b

7

2

28

8

.16 b
1.32 a

10
19
17

2
11
11

40
76
68

8
44
44

2
4

0
2

8
16

0
8

0.16

a
b
.08 b

1.16
0

not followed

by the same letter are significantly

different
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Effect
Forage

of Picloram
Production

Ya-Ha-Tinda
GEORGE

on Cinquefoil

Ranch,

at the
Alberta

W. SCOTTER

Highlight:
Grass production at the Ya-Ha-Tinda Ranch, Alberta, decreased
during the last two decades and shrubby cinquefoil (Potentilla fruticosa L.) and
forb production increased, probably as a result of overgrazing by elk and horses.
In I9 70, plots on three pastures on the ranch were sprayed with 0.5, 1.0, and
1.5 lb/acre of the herbicide, picloram, to determine its effect on shrubby
cinquefoil, and on forb and grass production. In 19 71, I9 72, and 19 73, the plots
were examined for percent shrub kill, and they were clipped in 19 71 and 19 72
to determine forb and grass production.
Fifty-six‘ to 99% of all shrubby
cinquefoil plants were killed following treatment with different levels of
picloram. Total forb production
on all -three pastures decreased, although
sweet-flowered
androsace
(Androsace
chamaejasme
Host) and old man’s
whiskers (Geum triflorum
Pursh) showed some resistance to the herbicide.
Following the 19 70 spraying with picloram, grass production increased by 53%
in 1971 and 77% in 1972. However, grasses and sedges also increased by 34% in
control plots from 19 71 to 19 72 because of protection from grazing and
favorable precipitation.

cinquefoil
(Potentilla
L.) is spreading
actively
within its natural range in moderately
high elevation meadows and grasslands
of western Alberta and in the Cypress
Hills of southeastern Alberta, although
Forest Service (1937) did not consider
it to be especially
aggressive on
rangelands
in the western
United
States. In most instances spreading
Shrubby

fruticosa

The author is research scientist with the
Canadian
Wildlife
Service,
Environment
Canada, Edmonton,
Alberta, Canada.
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acknowledges
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Development,
Dow Chemical
of Canada
Limited, for supply and application
of the
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the exclosures.
The field and laboratory
assistance of Judy Root and Joe McGillis is
acknowledged,
also. The project was funded
by Parks Canada, Western Region.
Manuscript received April 3, 1974.
- 132

and

appears to be associated with poor
grazing practices.
Shrubby
cinquefoil
is generally
avoided as forage by all domestic and
wild grazing animals in Alberta. In
other areas it is reported to be fair to
fairly
good cattle
forage (Forest
Service, 1937), occasional to good
goat and sheep forage (Forest Service,
1937; Kearney and Peebles, 1951;
Elkington
and
Woodell,
1963),
palatable to deer and elk in Montana
(Forest Service, 1937), and to deer in
Arizona (Kearney and Peebles, 1951).
The normal means of reproduction
in shrubby
cinquefoil
is by seed,
although vegetative reproduction
by
means of prostrate stems which are
able to root adventitiously takes place.
Seed production is generally high, with
about 50 seeds produced per flower
JOURNAL
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and with as many
flowers produced
The main flowering
old growth and in
of the current year.

as a few hundred
on mature shrubs.
occurs in July on
August on growth

Shrubby
cinquefoil
has a wide
range in North. America: from New
England, Labrador and Newfoundland,
southwest
to the mountains
of
California, Colorado, and New Mexico,
and north to the Arctic slopes of
Alaska. The plant has a wide ecological
amplitude in Alberta, ranging from the
Cypress Hills and foothill
prairie
regions in the south, in open meadows
in the Rocky Mountains, to boggy
thickets
in the north,
and from
openings along riverbanks to above the
tree line. In most areas the shrub is
intolerant of shade.
One possible method of controlling
the invasion of grasslands by shrubby
cinquefoil
is through
the use of
herbicides. This study was undertaken
to see if control of shrubby cinquefoil
was possible and to determine the
responses of associated plants to the
application
of herbicide to different
levels. There appear to be no published
data available on the chemical control
of the shrub. Picloram has shown
promise for control of many woody
plants and herbaceous weeds which
infest rangelands (Bovey and Scifres,
197 1).
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Study Area and Methods
The
study
area
was
on
the
Ya-Ha-Tinda
Ranch,
located
in the
Red Deer River valley about 3 miles
east of the eastern boundary
of Banff
National Park. About one-third
of the
14-square-mile
ranch supports
rough
fescue (Festuca
scabrella
Torr.) and
Junegrass (Koeleria crista ta L.) Pers.)
grassland,
described
as a modified
stipetosum
comatae
variant
of the
Festuco-Stipetum

Table 1. Percent of shrubby cinquefoil plants dead in 1971, 1972, and 1973 following
treatment (lb/acre) with picloram in 1970 on the Ya-Ha-Tinda Ranch.
Percent of shrubs dead
Bighorn

Scalp Creek Pasture

Mare’s Pasture

Creek Pasture

Treatment

1971

1972

1973

1971

1972

1973

1971

1972

1973

0.5
1.0
1.5

79.2
83.8
92.3

72.6
77.8
93.8

64.8
79.7
91.6

61.0
83.8
94.6

55.8
85.1
93.0

66.6
75.7
87.0

74.5
90.9
97.7

63.6
91.0
98.9

60.3
88.0
97.1

richardsoni

1969).
The
association
(Looman,
remainder
of the ranch is covered with
trees or shrubs.
Less than 20 inches of precipitation
may fall each year in valleys between
the Continental
Divide and the front
ranges of the Rockies,
and frequent
chinooks
during winter remove most
of the light snowfall. As a result, areas
of prairie exist within the mountains,
and
the
Ya-Ha-Tinda
Ranch
and
Kootenay
Plains further north in the
North Saskatchewan
River valley are
examples of these (Laycock,
1957).
Horses have grazed the Ya-Ha-Tinda

Ranch
for 68 years.
In 1905 the
Brewster Brothers of Banff applied to
the Canadian government
for grazing
rights on 8,000 acres of land, most of
which now comprises the Ya-Ha-Tinda
Ranch
and from
1905 until
19 17
when their lease was terminated,
they
grazed up to 300 head of saddle and
pack horses and some cattle on the
ranch.
From 1917 until the present time,
Parks Canada used the Ya-Ha-Tinda as
a winter grazing area for horses used
by the Warden
Service
during the
summer,
and
to breed
horses
to
maintain
the herd. The number
of

horses has varied from year to year. In
1929, 40 to 60 horses were at the
ranch, and from 1926 to 1932 the
about
65
was
average
number
(Lothian,
1966). By 1960, 180 to 200
horses grazed at Ya-Ha-Tinda
during
the winter and 40 to 50 during the
summer.
Although
elk have been
present on or near the ranch since it
has been used for domestic livestock,
their numbers gradually increased and
by the
winter
of 1956-57
ranch
foreman
F. Dixon
reported
seeing
1,000 head of elk on the ranch at one
time.
Although
changes
in
botanical

Table 2. Forage production (lb/acre, air-dried) on Bighorn Creek Pasture sprayed with picloram (lb/acre).

1971

1972

Species

0

Gzrex sp.
Agropyron spp.
Bromus pumpellianus
Elymus innovatus
Festuca scabrella
Helictotrichon hookeri
Koeleria cristata
Muhlenbergia richardonis
Poa interior
Trisetum spicatum
Unidentified
grasses

54

58

73
3

72
6

60
328

72
383

55
587

78
316

16

468
6
17
28

1

0

0.5

56

42
128

5
50
461
14
11

95

12
22

524

631

28

566*

816**

17

12

9

4

1.0
60
91

1.5
63
143
c

J

663
74
2
6
14

57
741
70
27

724
84
9
26
26

3

8
13
40

932**

1107**

1080**

14

14

8

24

73

66
2
19

14

67
243

7

10

3
116
3
17

91
32

8

2

939
different
different

51

15
15

471

significantly
significantly

70

151

Total herbage
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51
2

plants

Total forbs

0.5

1.5

tr’

Achilles millefolium var. nigrescens
Agoseris glauca
Androsace chamaejasme
Anemone multifida var. hudsoniana
Antennarti parviflora
Artemisia frigida
Aster alpinus
Cerastium arvense
CYuciferae sp.
Erigeron caespitosus
Geum triflorum
Hedysarum alpinum var. americanum
Hieracium sp.
Linum lewisii
Oxytropis campestris var. gracilis and
0. splendens
Potentille nivea and P. pensylvanica
Solidago spathulata
Unidentified
forbs

1 tr = less than

1.0

10

Total grasses and grasslike

* Production
**Production

0.5

from production
from production

31**
597
in unsprayed
in unsprayed

20**
836

9**
533

546
1177

30**
962

38**
1145

1
74**
1154

areas at the 5% level of probability.
areas at the 1% level of probability.

lb/acre.
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resistance
to picloram
and these
species account for most of the forb
production
in the treated plots. In
1971 there was a decrease in the
production
of
sweet-flowered
androsace
in
all treated
plots
compared
with
the
control:
unsprayed, 28 lb/acre; 0.5 lb/acre, 17
lb/acre; 1.O lb/acre, 12 lb/acre; I .5
lb/acre, 9 lb/acre. However in 1972
this species increased in production
compared with the control, especially
in the plot sprayed with 1.5 lb/acre of
picloram:
unsprayed,
4 lb/acre; 0.5
lb/acre, 14 lb/acre; 1 .O lb/acre, 14
lb/acre; 1.5 lb/acre, 73 lb/acre. In both
197 1 and 1972 old man’s whiskers,
the less resistant of the two species,
amounted to less than 25 lb/acre on
plots sprayed with 0.5 and 1.0 lb/acre
of herbicide, compared with 95 lb/acre
and 243 lb/acre in the control plot. It
was completely
eliminated
by the
treatment
with
1.5 lb/acre
of

picloram.
Mare 3 Pasture

Almost all of the forb species on
the Mare’s Pasture were completely
eliminated
after
treatment
with
picloram, the main exception again
being sweet-flowered androsace (Table
3). Between 56 and 70 lb/acre of
sweet-flowered androsace were found
on treated plots, compared with 114
lb/acre on the control plot in 1971
and 99 lb/acre in 1972. Total forb
production decreased from 930 lb/acre
in the control plot in 1971 to 79, 70,
and 71 lb/acre in the treated plots, and
from 592 lb/acre in the control plot in
1972 to 82, 64, and 61 lb/acre in the
treated plots. There was a decrease in
total forb production
in the control
area from 1971 to 1972.
Scalp Creek Pasture
As

on Bighorn

Creek Pasture

and

Mare’s Pasture nearly all of the forb
species on Scalp Creek Pasture were
eliminated
following
completely
treatment
with picloram, the main
exceptions
being
sweet-flowered
androsace, old man’s whiskers, and
saxifrage (Saxifraga sp.) (Table 4).
Total forb production decreased from
548 lb/acre in the control plot in 197 1
to 26, 46, and 18 lb/acre in the treated
plots, and from 179 lb/acre in the
control plot in 1972 to 36,61, and 12
the
treated
plots.
lb/acre
in
Sweet-flowered
androsace was most
abundant in 1971 and 1972 in the plot
sprayed
with
1.0 lb/acre
of the
herbicide (46 and 42 lb/acre compared
with 25 and 23 lb/acre in the control
plot). Old man’s whiskers was only
present in the control plots in 1971
and 1972 (137 lb/acre and 25 lb/acre
respectively) and in the plot sprayed
with 0.5 lb/acre (26 lb/acre and 34
1971
and
1972
lb/acre
in

Table 3. Forage production (lb/acre, air-dried) on the Mare’sPasture sprayed with picloram (lb/acre).
Year and treatments
1971

1972

Species

0

0.5

1.0

1.5

0

0.5

1.0

1.5

Gzrex sp.
Juncus sp.

74
1
7
152
383
1
3
73

82
54
3
211
634

115
17
10
157
547

137

71

103

140

65
10
10
183
1040
11
11
143

25

41

16

68
54
1
242
1058
56
9
65
13
61

92

66
892

58
3
22
165
582
3

1627**

1492**

1704**

69

64

61

Agropyron spp.

Elymus innovatus
Festuca scabrella
Helictotrichon hookeri
Koeleria cristata
Poa interior
Trisetum spicatum
Unidentified grasses
Total grasses and grasslike plants

719

Achilles millefolium var. nigrescens
Agoseris gEauca
Androsace chamaejasme
Anemone multifida var. hudsontina
Antennaria parviflora
Ami& sp.
Artemislh frigida
Aster alpinus
Cerastium arvense
ouciferae sp.
Delphinium brownii
Erigeron caespitosus
Gallium boreale
Geum triflorum

25
19
114
11
2
26
19
34
11

1096*

56
7

70
tr

35
1235**

929
6
8
99
45

63

1
1

19

2
25
24

13
19
116

2
2

Hedysarum alpinum var. americanum
Hieracium sp.
Linum lewisii
Oxytropis campestris var. gracilis and 0. splendens
Potentilla nivea and P. pensylvanica
Thalictrum sp.
Unidentified forbs

378
4
20
31

11
1

Total forbs

930

79**

11
115
23
4
6
143

6

88

1649

Total herbage

965 *

61

51
94
1218
92
11
146

1175

12

19
62
70**
1035

71**
1306

592
1521

tr’
82**
1709

64**
1556

61**
1765

* Production significantly different from production in unsprayed areas at the 5% level of probability.
**Production significantly
different from production
in unsprayed
areas at the 1% level of probability.

’

tr = less than 0.5 lb/acre.
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respectively).
Effect on Grass and Grass-like
Production

Plant

Grass
production
increased
following spraying with picloram on
all three pastures tested.
Bighorn Creek Pasture
The total production of grasses and
sedges on Bighorn Creek Pasture in
1971 increased from 468 lb/acre in the
control area to 566, 816, and 524
lb/acre on plots sprayed with 0.5, 1.0,
and 1.5 lb/acre of picloram. In 1972
production increased from 631 lb/acre
in the control area to 932, 1107, and
1080 lb/acre on plots sprayed with
0.5, 1.0, and 1.5 lb/acre of picloram
(Table 2). G rass and sedge production
on plots sprayed with the herbicide
thus increased above the control by an
average of 36% in 197 1 and 65% in
1972. However, not all increase was
due to the effect of the herbicide since
the spring and early summer of 1972
were wet and production
on the
Table 4.

Forage production

unsprayed
plots increased by 35%
above the 197 1 level. The plots were
also
protected
from
grazing
by
livestock.
The dominant grass, rough fescue,
increased from 1971 to 1972: 328 to
461 lb/acre in the control plot; 383 to
663 lb/acre in the plot sprayed with
0.5 lb/acre of picloram; 587 to 741
lb/acre in the plots sprayed with 1.0
lb/acre; and 316 to 724 lb/acre in the
plot sprayed with 1.5 lb/acre (Table
2).
Wheatgrasses showed a pronounced
foliar injury from the spray soon after
the treatment.
Foliage
showed a
drooping growth habit with twisted
stems and rolled leaf blades. The
symptoms were present only during
the summer of the spray application.
Mare’s Creek Pasture
Total grass and grass-like plant
production in 1971 on Mare’s Creek
Pasture increased from 7 19 lb/acre in
the control plot to 1096, 965, and
1235 lb/acre in the plots sprayed with

0.5, 1 .O, and 1.5 lb/acre of picloram
(Table 3). G rass and grass-like plant
production
in the treated plots in
1972 ranged between 1492 and 1704
lb/acre compared with 929 lb/acre in
the control plot. In all treated plots
production
of grasses and grass-like
plants in 1972 was greater than in
197 1. There was a 48% increase in
production in the plot sprayed with
0.5 lb/acre of picloram, a 55% increase
with 1.0 lb/acre, and an increase of
1.5 lb/acre.
However,
38% with
plot
production
in the control
increased by 29% from 197 1 to 1972.
Individual
grass species showed
to the herbicide.
varied responses
Rough fescue, increased from 1971 to
1972: 383 to 582 lb/acre in the
control plot; 634 to 1058 lb/acre in
the plot sprayed with 0.5 lb/acre of
picloram; 547 to 1040 lb/acre in the
plots sprayed with 1.0 lb/acre; and
892 to 12 18 lb/acre in the plot
sprayed with 1.5 lb/acre (Table 3). In
1971 and 1972 hairy wildrye (Elymus
innovatus Beal) production was 211

(lb/acre, air-dried) on Scalp Creek Pasture sprayed with picloram (lb/acre).
Year and treatment
1972

1971
Species
Cmex sp.
Agropyron spp.
Elymus innovatus
Festuca scabreikz
Helicto trichon hoo keri
Ko eler ia crista ta
Muhlenbergti richardsonis
Poa interior
Unidentified
grasses
Total grasses and grasslike

0.5

1.0

1.5

0

0.5

1.0

1.5

31
31
15
152
1

72

31
4
25
246

21
111
19
126

8
60

5
110
4
411.
47
41

9
121

63
15

2
2
31

26
104

4
43
26

7
29
plants

Solidago spathulata
Unidentified
forbs

206

303

18
25

132

16

54
35

51

45
24

310

643”*

670**

698**

46

18

2;

2

42
1

12

37
tr’
16
15

12
8
5
137

25
10
41

26

191

34

17
47
4

754
different from production
different from production

483

384**

92
7

3
5
26**

548

Total herbage

415
1
70

509**

2

Total forbs

significantly
significantly

64
223
18

1

Achilles millefolium var. nigrescens
Andromce chamaejasme
Anemone multifida var. hudsoniana
Antennarti pcrrvifora
Artemisia frigida
Gzmpanula rotundifolia
Cerastium arvense
Cwciferae sp.
Draba sp.
Geum triflorum
Hedysarum alpinum var. americanurn
Oxytropis mmpestris var. gracilis and 0. splendens
Saxifraga sp.
Senecio sp.

* Production
**Production

0

39

329

in unsprayed
in unsprayed

46**
555

18**

179

402

36””

61**

679

731
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489

12**
710

areas at the 5% level of probability.
areas at the 1% level of probability.

1 tr = less than 0.5 lb/acre.
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and 242 lb/acre after spraying with 0.5
lb/acre picloram, compared with 152
and 165 lb/acre in the control plot.
However, higher concentrations
of the
herbicide caused production decreases
to 157 and 183 lb/acre (with 1.0
lb/acre picloram and 66 and 94 lb/acre
with
1.5 lb/acre
picloram)
when
compared with 0.5 lb/acre. Bluegrass
Rydb.)
generally
interior
(Pda
increased with higher concentrations
of picloram in both 1971 and 1972
from 73 to 61 lb/acre on the control
plot to between 103 and 146 lb/acre
in the 1 .O and 1.5 lb/acre treated
plots.
Scalp Cl-eekPasture
The total production of grasses and
sedges on Scalp Creek Pasture in 1971
increased from 206 lb/acre in the
control area to 303, 509, and 384
lb/acre on plots sprayed with 0.5, 1 .O,
and 1.5 lb/acre of picloram, and in
1972 increased from 310 lb/acre in the
control area to 643, 670, and 698
treatments,
lb/acre
on the three
respectively (Table 4). Grass and sedge
product ion
increased
above
the
control by an average of 93% in 1971
and 116% in 1972 on plots sprayed
with the herbicide. Production
also
increased by an average of 68% on the
sprayed plots and 50% on unsprayed
plots from 1971 to 1972.
Again rough fescue increased from
104 lb/acre in the control to 152, 223,
and 246 lb/acre in the treated plots in
197 1, and from 126 lb/acre in the
control to 415, 411, and 483 lb/acre
in 1972 (Table 4).
Discussion
In other studies (Bovey and Scifres,
1971; Peters and Lowrance,
1969;
Robocker,
1971; Tueller and Evans?
1969) the effective rates for rangeland
renovation using picloram vary from
0.25 to 2 lb/acre. These rates usually
reported
to damage
not
were
established grasses. The reaction of
desirable grass species in rangeland
ecosystems
to picloram,
however,
only
little
’attention.
received
Differential
susceptibility
of grass
species to picloram has been noted in a
For
example,
some
few
cases.
production
loss in smooth brome
(Bromus inermis Leyss.), quackgrass
repens (L.)
Beauv.),
(Agropyron
foxtail barley (Hordeurn jubatum L.),
and cottontop
(Digitaria californica
(Benth.) Henr.) treated with picloram
JOURNAL
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has been reported
(McCarty
and
Scifres, 1968; Scifres and Halifax,
1972a; Vanden Born, 1965; Warden,
1964).
In the present
study picloram
visibly reduced the number of seed
heads of wheatgrasses
(Agropyron
spp.). No visible differences in seed
head numbers for other grass species
were detected. Picloram, while not
reducing viability,
was reported to
adversely affect seed production
of
some grass species (Lee, 1970). It is
also known to reduce root elongation
and production and to reduce seedling
establishment
in some grass species
(Chang and Foy, 1971; McCarty and
Scifres, 1968; Scifres and Halifax,
1972a, 1972b).
The
time
of
application
to
rangelands may be critical. Arnold and
Santelmann
(1966)
found
that
applications
killed all
preemergence
seedlings of four range grass species
and that applications at the two-leaf
stage reduced survival.
Picloram has shown more toxicity
to many broadleaf plants than 2,4-D
and 2,4,5-T. In the present study, forb
yields were significantly reduced by all
rates of herbicide treatment. Arnold
and Santelmann (1966) also reported
that the application of picloram to
established
native range gave good
control of several broadleaved forbs.
Toxic residues of picloram, at the rates
applied, may remain in the soil for
periods of 1 to 2 years (Goring et al.,
1965; Herr et al., 1966).
Summary and Conclusions
The
application
of picloram
improved
the
forage
in
the
experimental plots at the Ya-Ha-Tinda
Ranch by reducing the number of
shrubby cinquefoil bushes, decreasing
forb production
and increasing grass
and
grass-like
plant
production.
Fifty-six to 99% of shrubby cinquefoil
plants were killed following treatment
with picloram.
Grass
and
grass-like
plant
production
in treated plots increased
an average of 53% in 197 1, an average
of 77% in 1972, and an average of 55%
from 1971 to 1972 after spraying with
picloram.
However,
some of this
increase in production was due to high
precipitation
in the spring and early
summer of 1972, and to protection
from grazing provided by the fences
surrounding
the treated areas. Most
forb
species
were
completely
March

1975

eliminated
after
treatment
with
with
the exception
picloram,
sweet-flowered
androsace
and old
man’s whiskers, which appeared to
somewhat resistant to the herbicide.
The 1.0 lb/acre concentration
picloram appears to be economically
the most effective
for improving
forage production
on ranges infested
with shrubby cinquefoil. The highest
shrub kill on all three pastures was
obtained
with
the
1.5 lb/acre
concentrations
of picloram, but
exceeded the 1.0 lb/acre treatment by
only 10%. Forb production was low
all treatment
levels and grass and
grasslike plant production were fairly
similar at all three levels following the
second year after treatment.
Shrubby cinquefoil, in the present
study, was effectively controlled by
picloram
at
the
two
higher
concentrations.
Control at 0.5 lb/acre
was not considered to be satisfactory,
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Washington seed appeared to be better
adapted (Fig. 4), since twice as many
plants survived.
During April and the first week of
May, some seedlings appeared to have
frozen. Weather records confirmed this
by
showing
that
night-time
temperatures
during the period from
April 1 to May 3 had dropped to 32°F
three times, 31°F four times, and
30°F twice. The average minimum
temperature
for April was 36.1”F.
These cool temperatures undoubtedly
had an effect on germination
and
seedling survival. Statler (1967) and
Springfield (1972) found germination
and seedling
establishment
to be
hampered
by low temperatures.
Precipitation
for April and May was
above average, indicating moisture was
not
a detrimental
factor
in
germination or seedling survival.
Plant heights for both seed sources
were much the same after the first
growing season (note Oct. 30 date in
Table 2). During the second growing
year, plants from both sources became
larger and more mature. On November
2, 1970, the 24 Washington plants had
an average height of 15 inches, and the
11 Utah plants averaged 16 inches
high.
It was estimated the Utah plants
produced about 3 times more seed
than
the
Washington
plants.
Approximately 50% of the Washington
seed was produced by only 4 of the 24
plants.
Many
seedlings
had become
established
from seed scattered by
wind, rain, and snowfall during the fall
and early winter
of 1969. These
seedlings reached an average height of
12 inches in both Washington and
Utah plot areas as observed
on
November 2, 1970. When plot areas
were revisited in July, 1973, a total of
92 seedlings with an average height of
8 inches
was recorded
in the
Washington plot (Fig. 5). The Utah
plot had 91 seedlings with an average
height of 12 inches. This suggests
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Table 2. Seedling count on seven la-foot rows and average plant height
fat seed planted April 1, 1969, Lind, Washington.

May 2,1969
May 20, 1969
June 17,1969
Aug. 5,1969
Oct. 30, 1969

28(2),

24
29
26
24
24

0.5
1
3.5
9
10

winterfat may be established by late
fall-early winter broadcast of seed still
within the hairy utricles. Removal of
seed from
the hairy
utricles
is
expensive
and is not advocated,
because establishment is usually better
from
planted
utricles
than
from
extracted seed (Plummer et al, 1968).
Daubenmire
(1970) found winterfat
had vigorously
invaded abandoned
cropland because of its natural seeding
ability.
Winterfat
is very nutritious
and
palatable. A number of forage analyses
have indicated a very high percentage
of crude protein. Cook and Harris
(1968) reported
the average crude
protein of winterfat on Utah desert
ranges during the winter grazing season
(October-March) was 9.1%. Riedl et al.
(1964) in a study near Laramie,
Wyoming,
had crude
protein
of
10.41% on October 26. A chemical
analysis by the Agriculture Research
Service, Pullman, of plants clipped
October 30, 1969, showed the crude
protein to be 17.41%.
Conclusion
Winterfat can be easily transplanted
with excellent
plant survival. Fall
(winter) use up to 80% does not seem
to affect vigor or health of winterfat,
provided it is not grazed any other
time of the year. Planting threshed
winterfat
seed can be successful if
temperatures are not too cold and soil
moisture
is near field capacity.
Planting winterfat seeds still within the

March 1975

24
15
12
11
11

0.5
1
3.5
9
9.5

hairy utricles in late fall-early winter
looks promising. The crude protein
percent of winterfat is high. Seedings
of winterfat would increase the forage
quality of late fall-early winter ranges
where the nutritive value of standing
grass is low.
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A Comparison
Sampling
South

of Four

Techniques

Texas

Live

Distance
in

Oak

Mottes

SAMUEL L. BEASOM AND HARRY H. HAUCKE
Highlight: Four distance sampling techniques; point-center-quarter
(PCQ),
random pairs (RP), nearest neighbor (NN), and closest individual (CI) were
compared
to total counts to determine
accuracy of density and relative
frequency approximations in a live oak (Quercus virginiana) motte vegetative
type in South Texas. The PCQ method was the most accurate for estimating
density, followed in decreasing order by RP, CI, and NN. Only the NN
approximation
was significantly different from the actual density. The PCQ
method also provided the most accurate relative frequency approximations,
followed in decreasing order by RP, NN, and CL

Rarely in nature does a population
of organisms exist that is appropriate
for
a total
count
without
an
impractical expenditure of energy and
Such an opportunity
is
resources.
presented by the growth habit of live
virginiana)
trees in
oak (Quercus
portions of South Texas. These trees
occur in mottes ranging in size from
approximately
0.1 to over 200 acres.
As few as two to several thousand
trees occur in each motte, depending
on tree density and motte size. Mottes
up to approximately
30 acres in size
can be totally counted in a feasible
length of time and provide excellent
units to compare pl~ytosociological
sampling techniques.
Distance sampling techniques, such
as point-center-quarter
(PCQ), nearest
neighbor (NN), random pairs (RI’),
and closest individual (CI), provide an
accurate and rapid estimation of tree
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densities (Cottam and Curtis, 1956).
Lindsey et al. (1958) rate the PCQ
method as generally less efficient than
the
Bitterlich
plotless
method
(Grosenbaugh,
1952; Shanks, 1954)
and
some
of the small-quadrat
methods.
Utilization
of the four
distance methods (PCQ, NN, RP, and
CI), however, provides for calculation
of four different
density estimates
from one sampling point. The purpose
of this study was to compare these
four distance techniques on accuracy
of estimates of density and relative
frequency approximations.
Study Area
The study was conducted on the
119,526-acre Encino Division of the
King Ranch, located in Brooks and
Kenedy Counties, Texas. The actual
area
was
limited
to a
study
19,200-acre unit in the northeastern
corner of the Encino Division. The
investigated
area lies within
the
“Coastal . Sand Dunes”
vegetation
region of Tharp (1939).
The soil is a deep Nueces sand
(Carter, 1931) with live oak mottes
covering about 50% of the area. The
remaining portion is open grassland
dominated
by native
annual
and
perennial grasses and forbs. Mesquite
(Prosopis

glandulosa)
is thinly
scattered over the open areas and in
some live oak mottes. Granjeno (Celtis
pallida), huisache (Acadia farnesiana),
persimmon
(Diospyros texana), and
hercules
club
(Xan thoxylum
clava-herculis)
occur
mainly
as
JOURNAL
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species in the mottes.
Methods

The PCQ, RP, NN, and CI methods
were sampling techniques employed to
sample the tree populations,
using a
height criterion of at least 15 feet for
trees. Data recorded with the CI
-method
were distances
from the
sampling point to the nearest tree. The
NN method involved measuring the
distance from the CI to the nearest
The
RP method
involved
tree.
recording the distance from the CI to
the nearest
tree outside a 180’
a
exclusion
angle erected around
perpendicular
line between
the
sampling point and the CI (Cottam
and Curtis, 1955). To implement the
PCQ method the area surrounding the
sampling point was divided into four
quarters, and the distance from the
sampling point to the closest tree in
each quarter was taken (Cottam and
Curtis, 1956). The height criterion for
trees was selected for compatibility
with a companion study dealing with
wild
turkey
(Meleagris gallopavo
intermedia) roosting habits.
Three mottes were sampled with 20
and three with 12 sample points.
Sample points were selected with the
aid of a 5-digit random numbers table
while walking a straight line along the
length of the long axis through the
center of each motte. The first two
digits were designated as the number
of paces to walk into the matte on the
The next
three
digits
baseline.
provided the number of paces to be
taken perpendicular
to the baseline.
An arbitrary decision was made to
walk to the right side of the baseline if
the last digit was an even number and
to the left if odd. In no case was a
number used that would cause a point
to fall outside the motte.
These
numbers were rejected and the next
set of three digits chosen. When the
baseline reached the outer edge of the
motte, the direction was reversed and
the process continued until the desired
number of points had been sampled.
RANGE
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Table 1. Tree densities (trees/acre) in six live oak mottes as determined by four distance
sampling techniques and actual counts.
Sample techniques

Motte

Sample
points

Pointcenterquarter

Random
pairs

Closest
individual

Nearest
neighbor

Actual
count

12
20.
12
20
20
12

330.2
188.1
276.3
134.3
129.5
438.2

302.6
201.3
287.2
135.8
135.8
478.6

232.9
241.2
344.4
146.5
129.7
571.6

447 .o
226.2
367.6
.381.2
141.6
745.0

235.8
157.3
187.4
124.9
165.7
502.0

No. 2 Mill
Mota Bonita
Viboras
Jim Mill
Avispa
Bonita Norte

This
method
provided
equal
probability
of every tree within each
motte being sampled.
Total counts by species of all trees
occurring
within the mottes were also
conducted.
This was done by walking
a series of narrow transects,
bounded
with string, through each motte. Two
observers walked in unison along each
side of one of the narrow transects,
counting
all trees between them. This
process was repeated
on all adjacent
transects
until the entire motte was
covered.

Results and Discussion
Total tree counts in each motte
revealed
that
density
differences
ranged from 124.9 to 502 .O trees/acre
(Table 1). The denser populations
were invariably made up of individuals
of smaller diameter and, by definition,
closer together. Cottam and Curtis
(1956)
obtained
excellent
density
estimations
with
these
distance
sampling techniques in three different
forests ranging in actual density from

it!
g

approximately
100 to 600 trees/acre.
There seemed to be no denisty
dependent
sampling
inaccuracies
involved in this study. There was a
tendency
for
all
methods
to
overestimate
density,
but
the
overestimates
were generally
no
greater in the dense mottes than they
were in the less dense mottes.
Average density estimates from the
PCQ and RP methods (249.4 and
256.9
trees/acre,
respectively)
provided the best approximations
of
actual density (Fig. 1). The 5~20.6
tree/acre
deviation
for the PCQ
method was not significantly different
(t = 0.784) from actual, nor was the
RP (528.1 deviation, t = 1.336). the
paired t value of 1.729 obtained when
comparing the CI method to actual
was also statistically
nonsignificant.
This method
produced
an average
deviation
of f 48.9 trees/acre. This
represents a 21.4% overestimation and
is likely approaching impracticality as
a sampling tool. The ,NN method
produced significantly different results

compared to the actual count (t =
3.449, P<O.Ol). The k156.0 tree/acre
deviation of this method was a 68.4%
overestimation
of the actual average
density.
Cottam and Curtis (1956) showed
that the accuracy of density estimates,
for the same number of sample points,
increased in the order CI,-NN, RP, and
PCQ. A similar trend was observed in
this study, except that the CI method
was more accurate than the NN. One
consideration
should be that four
measurements
are required for the
PCQ method, whereas only two are
needed for the RP and one for the CI.
If time was a major concern it is
possible that the RP and the CI
methods would have ranked close to
the PCQ in overall efficiency. No time
data were recorded since interest was
centered
on accuracy
rather than
efficiency.
The relative frequency calculations
determined from each sample method
also were compared to that of the
total count. All methods produced
results
closely
approximating
the
actual values of live oak and mesquite
(Table
2). Rare
species in the
overstory, such as granjeno, huisache,
and
persimmon,
were
usually
overestimated
by all four methods.
The PCQ method generated the most
accurate
relative
frequency
approximations
for all species,
followed in decreasing order by RP,
NN, and CI. This is as expected since
the number of trees involved in the
PCQ method is by definition twice as

Table 2. Relative frequencies (%) of trees determined by four distance sampling techniques
and compared to actual counts.
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Closest
individual

Nearest
neighbor

Actual
count

Species

No. 2 Mill

Live Oak
Mesquite
Granjeno

79.2
10.4
10.4

75.0
12.5
12.5

83.3
0
16.7

79.2
0
20.8

88.7
8.2
3.1

Mota Bonita

Live Oak
Mesquite
Granjeno
Huisache

75.0
21.2
2.5
1.2

75.0
22.5
0
2.5

75.0
20.0
0
5.0

77.5
17.5
0
5.0

82.4
11.8
5.5
0.3

Viboras

Live Oak
Mesquite
Granjeno

100.0
0
0

100.0
0
0

100.0
0
0

100.0
0
0

98.8
1.1
0.1

Jim Mill

Live Oak
Mesquite
Granjeno
Persimmon

100.0
0
0
0

100.0
0
0
0

100.0
0
0
0

95.8
4.2
0
0

95.1
3.6
1.3
tr

Avispa

Live Oak
Mesquite
Granjeno

83.8
15.0
1.2

85.0
12.5
2.5

80.0
15.0
5.0

80.0
17.5
2.5

86.0
13.9
0.1

TECHNIQUES

Average tree density estimates for
six live oak mattes, as computed from
four
distance
sampling
techniques,
compared
to total counts, and with
results of corresponding paired t tests.
(NN = nearest neighbor, CI = closest
individual, RP = random pairs, PCQ =
point-centerquarter,
A = actual count,
** indicates significance at the 99%
level, ns indicates nonsignificance at the
95% level.)

Random
pairs

Motte

P6Q

Fig. 1.

Pointcenterquarter

March

1975
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great as the RP and NN and four times
as great as the CI. Cottam et al. (1953)
stated a minimum of 30 individuals of
any species is necessary before any
statement can be made regarding its
relative density in the population. Live
oak, the overwhelming dominant,
was
the only species recorded with as
many as 30 hits. However, it appeared
that in the live oak mottes, due to
homogeneity,
a relatively
accurate
frequency
of occurrence
could be

computed with fewer than 30 hits.
Literature Cited
Carter, W. T. 1931.. The soils of Texas.
Texas Agr. Exp. Sta., Bull. 431. 192 p.
Cottam, G., J. T. Curtis, and B. W. Hale.
1953. Some sampling characteristics of a
population
of randomly
dispersed
individuals. Ecology 34:741-757.
Cottam, G., and J. T. Curtis. 1955.
Correction for various exclusion angles in
the random pairs method.
Ecology
36:767.

Cottam, G., and J. T. Curtis. 1956. The use
of distance measures in phytosociological
sampling. Ecology 37 :45 1460.
Grosenbaugh, L. R. 1952. Plotless timber
estimates-new,
fast, easy. J. Forest.
50:32-37.
Lindsey, A. A., J. D. Barton, and S. R.
Miles. 1958. Field efficiencies of forest
sampling methods. Ecology 39:428-444.
Shanks, R. E. 1954. Plotless sampling trials
in Appalachian forest types. Ecology
35:237-244.
Tharp, B. C. 1939. The vegetation of Texas.
Anson Jones Press, Houston. 74 p.

Chromatographic
Palatable
Rubber
D. L. HANKS,
BLAUER

and

Recognition
Unpalatable

Rabbitbrush

E. D. McARTHUR,

A. P. PLUMMER,

Subspecies

in and around
B. C. GIUNTA,

AND A. C.

Highlight:
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hybrids and introgressents. Range utilization of current growth by browsing
animals is highest for subspecies albicaulis and salicifolius,
less for subspecies
graveolens,
and least for subspecies consimilis. Populations of other subspecies
in trogressed by consimilis receive limited browsing.
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of some

Rubber
rabbitbrush
(Chrysothamnus nauseosus), is widely distributed in western North America. It
is most abundant in the central portion of its range, the Great Basin area
including all of Utah, where it is a
common shrub on plains and foothills
and in mountain
valleys (Hall and
Clements,
1923).
The many subspecies, ecotypes, and biotypes of the
rubber rabbitbrush
species complex
occur on a wide variety of soils and
sites; these range from heavy clay and
alkali soils of salty lowlands to more
neutral to acid soils of higher sagebrush, juniper-pinyon,
and ponderosa
pine zones (Plummer et al., 1968).
JOURNAL

OF
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Rubber
rabbitbrush
is a rapidly
maturing,
nutritious
shrub (Leach,
1956; Dietz et al., 1962; Sampson and
Jespersen, 1963); however, its forage
value may vary with subspecies,
ecotype, and season. Big game and
livestock use it slightly to moderately
throughout
much of the summer.
During late summer and fall, most
classes of livestock and game will
browse flowers and, occasionally,
a
few leaves and more tender stems. On
fall and winter ranges, the current
growth of some subspecies is often
heavily utilized (Fig. l), whereas other
forms are browsed much less, if at all
(Plummer et al., 1968).
Rubber rabbitbrush
is noted for
variation
(Anderson,
infraspecific
1966). Hall, the latest monographer,
recognized 22 subspecies (Hall and
Clements, 1923), but also noted (Hall,
1919):
Every autumnal
excursion
into a new
district brings to light one or more forms
not previously described. The only limits
set to the number
of new species or
varieties which might be set up lie in
one’s ability to visit all parts of the field
during
the flowering
period
and the
failure
or disinclination
to recognize
minute variations.

Nevertheless, most Utah populations
of rubber rabbitbrush can be referred
to the subspecies albicaulis, graveolens,
consimilis, and salicifolius. Subspecies
RANGE MANAGEMENT
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consimilis characteristically
grows on
drier lowlands where drought and
alkali may be restrictive to the other
three subspecies. However, consimilis
also
occurs
on
foothills
with
graveolens and, less frequently, with
aZbicauZis.In many dry desert sites, it
is found
closely
associated
with
sub species
of
yellowbrush
(C.
viscidijlorus). Subspecies albicaulis is
fundamentally
a foothill type that
meets and intergrades with salicifolius
at
higher
elevations
and with
graveolens and ctinsimilis on lower
sites. Subspecies salicifolius generally
occurs on mountain areas and is most
prevalent
in mountain
brush and
ponderosa
pine zones. Unlike other
subspecies, it exhibits some tolerance
to
shade.
All
forms
establish
abundantly on disturbed areas and are
constituents
of adjoining
stabilized
cover.
The foliage of subspecies consimilis
and graveolens is green to yellow
green. Subspecies consimilis has almost
threadlike leaves less than 1 .O mm in
width.
In contrast,
the leaves of
graveolens are 1.0 to 3.0 mm wide.
The foliage of albicaulis is light green
to white; its pubescence varies greatly
between
ecotypes.
Subspecies
sa Zicifolius specimens
range
from
bluish green to light green and appear
to
intergrade
into
aZbicauZis.
Subspecies salicifolius leaves are 3.0 to
10.0 mm wide, whereas those of
albicaulis are usually 0.5 to 1.5 mm
wide, rarely as wide as 3.0 mm. Two
less common
Utah subspecies
are
junceus and hololeucus. Subspecies
junceus
is a nearly
leafless,
yellow-green
subspecies adapted to
sandy areas in the Colorado River
drainage. Subspecies hololeucus is a
Great Basin foothill and valley form.
Only
cryptic
flower
and achene
differences
distinguish
it from
subspecies albicaulis.
Subspecific
identification
is
complicated
by
(1)
apparent
intermediate
forms
and
(2)
deterioration
and/or
loss of floral
structures from late winter until the
next flowering cycle in late summer
and autumn. This study reports the
development
of a laboratory method
that
correlates
chromatographic
patterns with browsing preferences of
big game and livestock and identifies
the subspecies of rubber rabbitbrush
most common in Utah. The success of
such an approach in sagebrush has
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Fig. 1. Sheep browsing Chrysothamnus
during the winter of 1961.

nauseosus

subspecies albicaulis

Fig. 2. Lines show approximate collection transects for rubber
studied. The 0 is deer winter range transplant site.
March

1975

near Ephraim,

rabbitbrush
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Table 1. Chromatographic

spot properties and occurrence.
Color

no.

(X 100)’

Rf2
(X loo)2

20
27
30
31
32
33
34
35
40
50
51
52
54
55
60
61
70
71
80
81
82
83
90
91

46 ?:
64 +
78 +
87 f
93 +
78 f
92 +
84 f
31 +
41 +
52 +
50 +
56 +
66 f
82 +
87 +
18+
28 f
39 +
43 +
54 +
55 +
70 ?I
90 +

08 -I
04 +
03 +
08 +
07 f
17 f
14 *
23 f
61 +
44 i
37 *
52*
57 *
52 +
61 f
66 +
85 f
84 f
73 +
80 +
75 +
86 1
78 ?
82 *

Spot

Rfi
04
04
06
06
02
03
03
04
03
05
03
03
04
07
02
04
04
04
04
05
03
04
04
04

02
02
03
03
01
03
05
04
04
03
03
04
04
06
05
03
04
03
02
04
03
04
04
04

Ultraviolet
light

Ultraviolet light +
ammonia vapor

Visible light +
ammonia vapor

gold
gold
gold
whitish
violet

gold
gold
gold
blue
blue green
tan
brown
light blue
pink
gold
yellow green
yellow green
gold
violet
blue
blue green
blue
blue
yellow green
blue green
blue
blue
blue green (diffuse)
dark brown

yellow
yellow
grey
grey
yellow
yellow brown
-

pink
violet
blue
blue
violet
blue
blue green

-

blue
blue
blue
blue
violet

-

Frequency of occurrence3
Chnaa Chnag Chna’ ChnaS Chnaj Chnah
0.87
.05
.35
.21
.02
.oo
.02
.19
.98
.97
1.00
1.00
.50
.07
.23
.50
-07
.87
1.00
1.00
.94
.34
.16
.44

0.35
.21
.07
.30
.16
.12
.19
.05
1.00
.93
1.00
.96
.74
.ll
.43
.53
.19
.98
1.00
.95
.98
.58
.30
.30

0.00
.52
.29
.29
.33
.74
.60
.17
1.00
.86
1.00
.98
.88
.31
.35
.64
.14
1.00
1.00
.98
1.00
.74
.29
.33

0.35
.lO
.15
.15
.lO
.05
.05
.05
1.00
1.00
1.00
.90
.75
.oo
.25
.40
.lO
1.00
1.00
1.00
.95
.50
.40
.55

0.17
.17
.17
.oo
.oo
.oo
.17
.oo
1.00
.17
1.00
1.00
.50
.50
.33
.83
.17
1.00
1.00
1.00
1.00
.50
.50
.oo

1.00
.40
.20
.oo
.40
.oo
.oo
.oo
1.00
1.00
1.00
.80
.20
.oo
.20
.40
.20
1.00
1.00
1.00
1.00
.40
.60
.60

1 N-butanol:acetone:water,
4:1:3 (v/v/v).
’ 15% acetic acid.
3Abbreviations for Chrysothamnus nauseosus subspecies: Chqaa = albicaulis (62 samples); Cp g = graveolens (57 samples); Chnd =
consimilis(42’samples); Chrd = salicifolius(20 samples); ChnaJ = junceus (6 samples); and Chna = hololeucus (5 samples).

been demonstrated
1971; Hanks and
Hanks et al., 1973).

(Hanks
Jorgensen,

et

al.,

1973;

Materials and Methods
About 200 samples of rubber rabbitbrush
were collected
during
the
early summer
of 1972. Populations
were sampled
on a roughly
northsouth transect
running
through
Utah
from
Bingham
County,
Idaho,
to
Mohave County,
Ariz. Smaller transects were run off from
the main
transect (Fig. 2). A few samples were
collected
from
mature
transplants
growing in experimental
plots west Of
Helper and north of Ephraim, Utah.’
The taxonomic
keys of Hall (Hall and
Clements,
1923) and Anderson (1973)
were used to identify specimens.
Animal
use of the current year’s
growth was determined
for the bushes
selected
for chromatographic
studies.
This use was determined
in the field at
the time
of collection
by ocular
estimate of the green weight of forage
removed. A use-scale was employed in
assessing the degree of browsing:
0 =
< 10% use; 1 = lo-20%
use; and 9 =
90-l 00% use.
Plant
foliage from representative

’Respectively, *deer wintef range owned by
the UtahFyr;;on
of Wlldlife Resources;
maintained
Snow
’
Station
cooperatively by Snow College and the Utah
Agricultural Experiment Station.
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individual bushes was placed in paper
bags and allowed
to air dry. Only
mature leaves on mature plants were
sampled; studies on a variety of plant
groups indicate
that younger
plants
and/or leaves often produce
different
chromatographic
patterns than mature
leaves on mature plants (Urban, 1959;
El-Basycuni
and Towers, 1964; Asker
and
F&t,
1972).
Samples
were
adequately
ventilated
while drying to
extensive
discoloration
of
prevent
foliage.
Me than01
extraction
of
phenolic
compounds
was effected
by
the method
described by Hanks et al.
( 1971).
Twenty-five
p 1 of
the
methanol
extract
was spotted
on
23-cm squares of Whatman No. 3 MM
chromatography
and
paper
chromatogrammed
by means of the
two-dimensional
ascending
method.
The solvent for the first dimension was
n-butanol:acetone:water,
4: 1:3
(v/v/v); that for the second dimension
was acetic
acid:water,
15:85 (v/v).
Chromatograms
were observed
under
longwave
ultraviolet
light and spots
were characterized
according
to Rf
values ( Rfl = first dimension,
Rf2 =
se con d
d imension)
and
physical
appearance
before and after exposure
to ammonia
vapor.
Calculations
of
mean
Rf values and accompanying
standard
deviations
were based on
approximately
1.5 measurements
per
spot (range = 6 to 26). Frequency
of
for
each
spot
was
occurrence
calculated
for each subspecies.
Spots
JOURNAL

were numbered
according
to their
position
on
the
finished
chromatogram.
The numbering system
used begins at the origin (bottom right
of the chromatogram);
the numbers
increase
from right to left in three
series from the bottom
to the top of
the chromatograms
(Fig. 3, Table 1).
Results

and Discussion

Frequency
of spot occurrence
can
be helpful in identifying
the subspecies
of
rubber
rabbitbrush
(albicaulis,
graveolens, consimilis, and salicifolius)

most common
in Utah (Table 1).
Chromatographic
patterns
and
nonfloral morphology are adequate for
identification
of
the
common
subspecies.
Some
chromatographic
variation
is apparent
within
each
subspecies
that is attributable
to
climatic,
and
eco typic,
edaphic,
developmental differences (Ball et al.,
1967; Taylor, 1971).
A brilliant gold spot, number 20, in
the bottom center of a chromatogram
analyzed
characterized
most
populations
of subspecies albicaulis
(Fig.
3). Of the few populations
lacking spot 20, virtually all included a

combination of spots 30, 35, and 91;
all lacked spot 33, and only one
exhibited spot 34.
A cluster of spots in the lower left
characterized
subspecies
corner
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consimilis chromatograms.
Two or
more of spots 27, 30, 31,32,33,
or 34
were present in all but three sampled
accessions. In fact, an average of three
spots in the lower left corner was
recorded
for subspecies
consimilis.
Spots
27, 33, 34, and 54 are
of this
particularly
characteristic
subspecies (Table 1). None of the
other subspecies exhibited the number
or color-intensity
of spots in the lower
left
corner
o f c hr omatograms.
of the
However,
chromat ograms
yellowbrush
(C. viscidiflorus) species
complex are strikingly similar to those
consimilis (1972-73
of subspecies
Chrysothamnus
viscidiflorus
chromatography,
D. L. Hanks and E.
D. McArthur, on file at Great Basin
Experimental
Area, Ephraim, Utah).
Subspecies
consimilis may be the
connecting
link between the rubber
rabbitbrush
and yellowbrush (or low
rabbitbrush) species complexes.
Subspecies graveolens exhibited the
most variable chromatograms
of the
subspecies studied (Table 1). Spot 20
was present in most sampled populations from southeastern Utah (Wayne,
Garfield, and San Juan Counties), but
was usually absent in other sampled
Fig. 3. Composite two-dimensional chromatogram of methanol-soluble extracts from the
populations.
Populations
from
leaves of rubber rabbitbrush. Spots are shown in relative size and position.
northeastern
Mohave County, Ariz.,
and southeastern Washington County,
growth
reveals a marked
accessions
of
other
salicifolius current
Utah, had a unique series of large, blue
populations show this bright gold spot preference
for subspecies albicaulis
spots, visible under ultraviolet light,
only occasionally.
and salicifolius (Table 2). Conversely,
along
the
left
side
of
the
utilization
of subspecies consimilis
Too few accessions of less common
of their
chromatogram.
Because
subspecies junceus and hololeucus reveals low preference by browsing
limited distribution,
these spots are
animals. Few accessions of subspecies
were chromatogrammed
to permit
not shown in Figure 2 or Table 1.
graveolens show browsing, but those
conclusions.
However,
subspecies
They are number 39, Rfr = 0.93, Rf2
junceus is distinctive morphologically.
that do often reveal considerable
= 0.30; number 66, Rfi = 0.95, RfZ =
Plant growth habits and
Also, chromatograms showed spot 61 utilization.
0.54; number 92, Rfi = 0.84, Rf2 =
to be prominent and more common in field
observations
in all seasons
0.80.
Some
subspecies
graveolens
indicate that subspecies sahcifolius and
junceus than in other subspecies.
accessions show signs of hybridization
Chromatographic
patterns
observed alb icaulis generally
receive
more
or introgression with consimilis, as is
intensive
use than graveolens and
among
collections
of subspecies
evidenced by the presence of spots 27,
hololeucus were similar to those of vastly
more
use than consimilis.
0 t h er graveolens
33,
and
34.
albicaulis in that
spot 20 was Although our data (Table 2) reflect
accessions
indicate
affinities
with
prominent; however, the frequency of utilization
during the summer, the
subspecies albicaulis by the presence
use, additional
occurrence
of other
spots was season of lowest
of spot 20.
different (Table 1).
observations made in all seasons over a
Spots 90 and 91 occurred more
0 b servations
on browsing
are period of years show subspecific
frequently
in subspecies salicifolius
preliminary.
They were made over preferences are constant.
chromatograms
than in those of any
large areas where browsing pressure
A detailed
study
of mixed
other subspecies common in Utah. As
populations
(albicaulis-consimilis and
in the case of albicaulis, salicifolius would not be expected to be uniform.
However, all collections were made graveolens-consimilis)
revealed
accessions lacked the preponderance
from rangelands under some browsing
considerable
intergrading
of plant
of spots
in the 30 series that
color,
leaf
characteristics,
and
characterized
consimilis
pressure by wild and/or domestic
palatability.
These characteristics are
(Table
1). The
animals. These observations
indicate
chromatograms
correlated
with an intermixing
of
of the
chromatographic
patterns
the
relative
palatability
of the
chromatographic patterns, particularly
northern Utah (Cache and Box Elder
common Utah subspecies of rubber
Counties) collections had spot 20, but
rabbitbrush.
Summer utilization
of the presence of spots 33 and 34, which
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Table 2. Summer (1972) browsing of current growth of subspecies and hybrids of rubber
rabbitbrush in field conditions.
Subspecies of Chrysothamnus nauseosus
Use
Percent showing use
of current growth
Amount of use on
those showing use
(O-9 scale) :
Range
Mean
Sample size

consimilis
consimilis introgressents

aIbicaulis

salicifolius

graveolens

29

30

9

2-9
6.6

3-9
6.7

3-9

2

o-2

6.0

2.0

1.0

62

20

57

42

9

5

22

are characteristically
consimilis spots
may have an effect on palatability.
in plants morphologically
similar to
Hall and Goodspeed (19 19) found a
other subspecies. A notable example
relatively high rubber content in taxa
of intergraded
characters
can be
referable
to subspecies
consimilis
observed in an albicaulis planting on
contrasted with a low rubber content
the
Utah
Division
of Wildlife
(called Chryso thamnus
in albicaulis
Resources deer winter range west of
nauseosus variety speciosus by Hall
Helper, Utah. There, among plants
and Goodspeed).
from
one
source,
considerable
This
chromatographic
study
variation of morphological characters
presents a relatively easy method of
and of utilization
by deer was
distinguishing the common subspecies
observed. Variations in morphological
of
rubber
rabbitbrush.
Particular
characteristics included color, leaf size,
chromatographic
patterns
are
and
pubescence
that
might
be
associated with the palatability
of
expected from an albicaulis-consimilis subspecies and permit easier selection
hyb rid
swarm.
A plant-by-plant
for
specific
purposes.
Subspecies
estimation of the degree of browsing
salicifolius and albicaulis would be
by mule deer and observations
on
preferred for range improvement
or
morphology
correlated well with a restoration
projects,
whereas
chromatographic
analysis; therefore,
consimilis should
be chosen
for
additional evidence that introgression
roadside planting
and other areas
had occurred
between
these two
where animal density and/or traffic is
subspecies
was
provided.
to be discouraged.
Chromatograms
of shrubs browsed
Literature Cited
lightly and rated at s 2 on the use
scale contained spot 33, whereas those
Anderson, L. C. 1966. Cytotaxonomic
rated > 4 lacked this spot and most
studies in Chrysothamnus
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other
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that
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correlated with the presence of the
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spots in the
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Ball, G. A., E. 0. Beal, and E. A. Flecker.
lesser degree, spot 34. Perhaps the
1967. Variation of chromatographic spot
phenolics associated with these spots
patterns of two species of clonal plants
are directly inhibitory.
Longhurst et
conditions.
grown under controlled
al.
(1968,
1969)
indicated
that
Brittonia 19:273-279.
Dietz, D. R., R. H. Udall, and L. E. Yeager.
aversion to phenolic compounds could
1962.
Chemical
composition
and
be a basis for grazing preference of
digestibility by mule deer of selected
deer. In any case, the absence of these
forage species, Cache La Poudre Range,
spots in rubber rabbitbrush is linked
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closely to palatability. Rubber content
Tech. Pub. 14. 89 p.
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Evaluating

Forage

Quality

of Pastures

I. S. CAMPBELL AND A. D. DOTZENKO
Highlight: Ten irrigated pastures located in northeastern
Colorado were evaluated for forage quality during the 1972
growing season. Most of the pastures used the center-pivot
type of sprinkler system and consisted mainly of mixtures of
alfalfa (Medicago sativa L.), orchardgrass (Dactylis glomerata
L.), and smooth bromegrass (Bromus inermis Leyss.) in
varying proportions.
Thirteen factors for quality were
evaluated from each pasture from samples obtained over a
j-month period Mg, P, K, crude protein, in vitro digestibility,
cell wall constituents, cell contents, hemicellulose, cellulose,
lignin, and silica showed significant fluctuations during the
growing season, while calcium and ash insoluble in neutral
detergent remained fairly constant.
Changes that occurred during the growing season could be
accounted for by time of harvest, management practices,
species, and other environmental factors such as differences in
climate and soil. In spite of differences between pastures,
satisfactory regression functions were developed to give good
estimations of forage quality using in vitro dry matter
digestibility as the dependent variable. By submitting the data
to the stepwise regression calculation techniques,
good
predictive equations for IVDMD were developed that can
readily be applied to pastures in northeastern
Colorado
regardless of location, management, or species composition.
Pasture management and use underwent a minor revolution
in eastern Colorado in the mid-1960’s with the advent of the
center-pivot sprinkler system. Under most conditions, pastures
can furnish a more economical feed for grazing animals than
can any harvested crop. In spite of this, not all irrigated
pastures in this region can produce forage that will furnish all
of the dietary needs of animals as evidenced by animal
responses. Supplementary
feed must often be supplied, and
the amount fed will depend in part on the quality of the
forage consumed. Therefore, it is evident that the quality of
forage produced is of great economic importance.
Indirect methods of predicting
in vivo digestibility
of
forages have received much attention due to the high cost and
difficulty of conducting conventional in vivo trials. The Tilley
and Terry (1963) two-stage technique for the in vitro digestion
of forages and the forage fiber analyses as developed by
Goering and Van Soest (1970) give good estimations of forage
The authors are former graduate research assistant and professor of
agronomy,
Colorado State University, Fort Collins, respectively.
The research is a contribution
from the Department
of Agronomy,
Colorado State University Experiment
Station, Fort Collins. Portions of
a thesis submitted
by the senior author as partial requirement
for the
MS degree. Published with the approval of the Director of the Colorado
State University
Experiment
Station
as Scientific
Series Paper No.
1990.
Manuscript received July 19, 1974.
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quality and lend themselves quite readily to analyzing large
numbers of samples.
The objectives of this study were threefold: (1) determine
the variations in forage quality of irrigated pastures during the
the relationships
between
growing season; (2) determine
and in vitro dry matter
forage constituents
certain
digestibility; and (3) develop regression equations that give
good estimates of forage quality.
Materials and Methods
Ten pastures, all located in northeastern
Colorado, were
selected for study and represented
a cross section in
environmental
conditions and systems of management. Eight
pastures used the center-pivot sprinkler; the other two used a
solid set and a border-flood system of irrigation. Fertilizer
applications
varied, and certain pastures were rotationally
grazed while others were grazed continuously.
Pasture species
consisted of alfalfa, orchardgrass, and smooth bromegrass in
varying proportions.
Soils ranged from sandy soils (sandhills)
to loams.
Pastures were harvested by hand, using shears or sickle at
approximately
30-day intervals and were selected from sites
that were currently being grazed, as well as those that were
beginning to be grazed. Oven-dry samples (65-70°C)
were
analyzed in duplicate for N, Ca, P, K, Mg, in vitro dry matter
digestibility
(IVDMD), cell wall constituents
(CWC), cell
contents, ash insoluble in neutral detergent, hemicellulose,
cellulose,
lignin,
and silica. Nitrogen
percentages
were
determined by the micro-kjeldahl technique. Following a wet
digestion, using nitric, sulphuric, and perchloric acids, P was
determined using the method outlined by Barton (1948). Ca,
Mg, and K were determined
with a Perkin-Elmer atomic
absorption spectrophotometer
as outlined by David ( 1959)
and Allan (1958).
IVDMD’s were determined according to the Tilley-Terry
procedure (1963) with direct acidification with the addition of
pepsin as explained by Alexander and McGowen (196 1).
Neutral detergent
analysis, acid detergent
anaiysis, and silica
were determined
according
to methods
outlined
by Goering
and Van Soest ( 1970) and Van Soest and Wine (1968).
The results were analyzed by use of a two-way analysis of
variance,
and Tukey’s HSD test was used as a measure for
significant
differences.
Stepwise
regression
analyses
were
calculated,
in which time of harvest
(May = 1; June =
2;. . . Sept. = 5) was deleted,
forced,
or used as a freed
independent
variable.

Results and Discussion
Monthly concentrations
of 13 constituents
from pasture forages are reported in Table

determined
1. With the
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Table 1. Mean percentages
of
forages from irrigated pastures
during 1972.
Chemical
constituent

chemical
harvested

constituents
at different

May

June

July

August

Calcium
Magnesium
Phosphorus
Potassium
Crude
protein

0.57
0.21
0.43
3.98
26.70

0.54
0.25
0.34
3.32
20.10

0.58
0.27
0.39
3.49
19.80

0.65
0.29
0.38
3.68
19.00

IVDMD

73.80

63.80

63.70

61.80

in oven-dry
time intervals

September
0.72
0.30
0.41
3.96
24.10
64.10

HSD’
NS
0.05
0.06
0.48
4.80

Table 3. Summary table of stepwise regression with time of harvest
deleted as an independent
variable and IVDMD as the dependent
variabIe.
Step
no.
1
2
3

Variable

r

entered

Cell-wall constituents
Hemicellulose
Silica

.82
.91
.93

R-square
.67
.84
.87

Increase in
R-square

F
value’

.67
.17
.03

99.26
51.80
12.95

‘An F value of 4.02 or greater is needed for a variable to enter this
program.

4.80
Cell contents
Cell wall

constituents

55.70

45.90

48.40

48.50

53*40

5.70

44.30

54.10

51.60

51.50

46.60

5.70

2.20
17.20
20.90
2.90

2.40
19.20
26.20
4.50

2.70
16.70
25.30
4.70

3.00
16.20
25.30
4.90

3.10
15.10
22.50
4.00

NS
2 5.

3:oo
1.10

3.10

4.10

4.60

4.90

4.80

1.30

Ash insoluble
in neutral

detergent
Hemicellulose
Cellulose
Lignin
Silica

’Tukey’s HSD values (5% level).

exception of calcium and ash insoluble in neutral detergent, all
constituents
showed significant variations throughout
the
sampling period. P, K, crude-protein,
IVDMD, and cell
contents had higher percentages during May, with lower values
in June, July, and August and with a trend toward higher
percentages during the month of September. There seems to
be a relationship between the constituents showing decreased
values and the relatively hot temperatures that occur during
June, July, and August. These differences are quite striking for
crude protein, cell contents, and cellulose. There also is a
marked depression in IVDMD levels from the month of May in
comparison to levels obtained during the other 4 months.
In the case of CWC, cellulose, lignin, and silica, the trend
was to show increased concentrations during the warm part of
the growing season (June, July, and Auguit). It appears that
the perennial forages reacted by an increase in structural
components
with the advent of high temperatures.
The
increase in structural components is generally coupled with a
decrease in digestibility
as is borne out by the negative
correlation coefficients between the various constituents
in
Table 2. The adverse effect of cell wall constituents (cellulose,
hemicellulose, lignin, and silica) on a nutritive evaluation such
as IVDMD is readily seen. In addition,
a close positive
relationship exists between the cell wall constituents and the
components making up this fraction. Since cellulose is the
most abundant fraction, one would expect a higher degree of
association, and this is indicated by a high r-value of 0.90.
Table 2. Correlation coefficients
between various constituents
from
forage harvested at different times from 10 irrigated pastures during
1972.
Variables

r value’

IVDMD X cell wall constituents
IVDMD X ash insoluble in neutral detergent
IVDMD X hemicellulose
IVDMD X cellulose
IVDMD X lignin
IVDMD X silica
IVDMD X crude protein
Cell wall constituents
X hemicellulose
Cell wall constituents
X cellulose
Cell wall constituents
X lignin
Cell wall constituents
X silica
Cell wall constituents
X crude orotein
’All factors are significant
150

Hemicellulose and lignin, the other two major components of
cell wall constituents,
also had relatively high degrees of
association as r-values of 0.72 and 0.67 were obtained,
respectively. Van Soest and Wine (1967) have shown that the
digestibility
of hemicellulose and cellulose by ruminants is
negatively associated with the amount of lignin and silica
present in the cell wall constituent
fraction. Significant
negative correlations
were found in this study between
IVDMD, lignin, and silica (Table 2) and tend to support Van
Soest and Wine’s conclusions.
With the hope of finding which group of constituents and
in what combination gave the best approximation of IVDMD,
various regression equations were determined using IVDMD as
the dependent
variable. Table 3 gives the results obtained
where a three-variable function was calculated with time of
harvest deleted as an independent variable. The first variable to
enter the equation was the cell wall constituent fraction as this
had the highest degree of correlation (-0.82) with IVDMD,
followed by hemicellulose and silica. All other factors had F
values that were too low for their inclusion in the equation.
The addition of silica in the equation did little to improve
R-square value. The equation with time of harvest deleted as
an independent variable is as follows:
IVDMD = 104.64 - 1.13CWC + 1.23HC - 0.835
where CWC = cell wall constituents with a standard error of
the coefficients of 0.08; HC = hemicellulose with a standard
error of the coefficient of 0.18; S = silica with a standard error
of the coefficients of 0.23; and IVDMD = in vitro dry-matter
digestibility with a standard error of estimate of 2.21.
Table 4 presents the results obtained when the time of
harvest is entered as a variable with IVDMD still being held as
a dependent variable. By entering time of harvest into the
equation, this permitted phosphorus to also enter, thereby
creating a five-variable equation. a total R-square value of 0.93
was obtained, but most of the increase could be accounted for
by the cell wall constituents
and time of harvest with
hemicellulose, silica, and phosphorus adding slightly to the
accuracy of the equation. The regression equation-with time of
harvest freed as an independent
variable is expressed as
follows:

at the .Ol level.

-0.82
-0.40
-0.31
-0.77
-0.74
-0.57
0.66
0.72
0.90
0.67
0.37
-0.72

Table 4. Summary table of stepwise regression with time of harvest
freed as an independent
variable and IVDMD as the dependent

variable.
Step
no.
1
2
3
4
5

Variable

r

entered

Cell-wall constituents
Time of harvest
Hemicellulose
Silica
Phosphorus

.82
.94
.95
.96
.96

R-square
.67
.88
.91
.92
.93

‘An F value of 3.99 or greater is needed
program.
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F
value’

.67
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.03
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84.68
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IVDMD = 102.16

- 1.27 Time + 8.91 P - 0.88 CWC + 0.59 HC - 0.60s

where Time = months with a standard error of the coefficients
of 0.23; P = phosphorus
with a standard error of the
with a
coefficients of 3.72; CWC = cell wall constituents
standard error of the coefficients of 0.08; HC = hemicellulose
with a standard error of the coefficients of 0.17; S = silica with
a standard error of the coefficients of 0.19; and IVDMD = in
vitro dry-matter digestibility with a standard error of estimate
of 1.70.
The standard
error of the estimate
of IVDMD is
considerably lower (1.70) than in the standard error (2.2 1) in
where only three variables were
the previous equations
included. Since it appears that only minimal accuracy is
sacrificed by the elimination
of phosphorus and silica, the
following three-variable equation gives the best criteria for
estimating IVDMD, considering time and economy.
The regression equation with time of harvest freed as an
independent
variable but excluding phosphorus and silica is
expressed as follows:
IVDMD = 109.10

- 1.41 Time - 1.03 CWC + 0.71 HC

where Time = months with a standard error of the coefficients
of 0.24; CWC = cell wall constituents with a standard error of
the coefficients of 0.07; HC = hemicellulose with a standard
error of the coefficients of 0.19; and IVDMD = in vitro dry
matter digestibility with standard error of estimate of 1.90.
One may ask, since hemicellulose does not contribute much
to the R-square value, why it is included in the equation. If it
is excluded, the standard error of the estimate for IVDMD
increases to 2.15. It appears that the equation with time of
harvest deleted would be much less accurate than any of the
equations containing this variable. This is probably due to the
changes in growth patterns and composition
of the species
within a given pasture.
Goering and Van Soest (1970) produced a summative

equation that includes cell contents, the estimated digestion
coefficient of cell walls, and metabolic fecal losses. Their
equation, even though it may predict digestibilities as accurate
as the one developed by this study, requires considerable more
time, effort, and expense, as the equation accounts for
metabolic fecal losses.
Conclusions
Using IVDMD as the dependent
variable in developing
regression equations designed to find an equation that could
be used as a substitute for this time-consuming
laboratory
analysis, it was concluded that optimum prediction of IVDMD
could be obtained
where time of harvest, cell wall
constituents, and hemicellulose were included as variables. The
addition of silica and phosphorus did little to increase the
accuracy of the equation.
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Establishment
of Russian Wildrye
on Foothill
Table 1. Average number of Russian wildrye (Elju) plants per square foot and number or
Ranges in Utah
cover (%) of weeds at three dates in Russian wildrye seeding made in 1966 and 1967 on a
foothill area at Eureka, Utah.
D. LYNN DRAWE, J. B. GRUMBLES, AND
JACK F. HOOPER
Highlight: Seedings of Russtin wildrye
were made in Tintic Valley, Utah, to
determine the effects of seeding method,
seeding rate, season of planting, and seed
type on stand establishment. After 3 years,
more plants were established by commerctil
seed than by seeds of the improved Vinall
strain. Initially the l2-pound rate of seeding
established more plants than either the 6 or
9 pound rate, and drilling established more
plants than broadcast seeding. However, by
the third year little difference
among
seeding methods was evident. Use of a heavy
seeding rate of 24 lb/acre in an attempt to
have viable seed in the soil for more than
one growing season was a failure.

Russian wildrye (Elymus junceus) is
a long-lived
perennial
bunchgrass
introduced
into
the United
States
from Siberia in 1927. It is now widely
distributed
throughout
the northern
Great Plains and Intermountain
area of
the United States (Rogler and Schaaf,
1963). Although
Russian
wildrye
is
apparently
adapted
to the Northern
Great
Plains
(Rogler
and
Schaaf,
1963),
and
although
it
is
recommended
for seeding on foothill
ranges (Plummer
et al., 1955) it is
often
difficult
to establish
in the
Intermountain
area. In Utah, Cook
(1966)
observed
that
seedlings
of
Russian wildrye were weak and subject

At the time of the research, authors were
graduate research assistant and associate
professors, Range Science Department, Utah
State University, Logan. At present Drawe is
assistant
director,
Welder
Wildlife
Foundation, Sinton, Texas, and also adjunct
associate professor, College of Agriculture,
Texas A&I University, Kingsville; Grumbles
is herbicide field R and D specialist, Dow
Chemical Company, Lubbock, Texas; and
Oppenheimer
is vice president,
Hooper
Industries, Inc., Kansas City, Missouri and
also adjunct professor, College of Natural
Resources, Utah State University, Logan.
Utah Agricultural
Experiment
Station
Journal Paper No. 1963. This paper is part
of a dissertation
presented by the senior
author as partial fulfillment of the requirements for the Doctor of Philosophy Degree
at Utah State University.
Manuscript received June 29, 1973.
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Treatment
Commercial seed
Vinall seed
6 lb/acre
9 lb/acre
12 lb/acre
Drilled
Broadcast
Fall 1966
Spring 1967
Overall average

1969

1968

1967

No. of
Elju

No. of
weeds

No. of
Elju

Weed
cover

No. of
Elju

Weed
cover

1.7
1.3
1.2
1.5
1.8
1.7
1.4
1.5
1.5
1.5

1.5
1.7
1.5
1.6
1.7
1.6
1.6
1.8
1.4
1.6

1.4
1.1
1.0
1.2
1.6
1.4
1.1
1.3
1.2
1.3

32
26
34
28
25
31
28
30
29
29

0.8
0.6
0.6
0.7
0.8
0.7
0.7
0.7
0.7
0.7

28
30
30
28
26
27
30
26
30
28

to high mortality
on foothill ranges.
Attempts
to interseed
Russian wildrye
into
deteriorated
native
shortgrass
rangeland
in
Wyoming
also
demonstrated
establishment
problems
(Rauzi et al., 1963, 1965).
Schaaf (196 1) studied the effect of
planting
date on survival and seed
production
of Russian
wildrye
and
found that spring plantings produced
seed the next year. Fall plantings were
found to produce seed only after the
second
growing
season,
but
were
preferable
to spring plantings because
of better establishment.
Because Russian wildrye has been
recommended
for seeding in Utah and
because
establishment
has
been
difficult,
this study was initiated
to
investigate
some
of the problems
concerned
with
establishment
and
survival of Russian wildrye on foothill
ranges in Utah.

Study Area
The
Tintic
Valley
Cooperative
Research Area is located 9 miles south
of Eureka, Utah, at 6000 ft on gently
rolling ground near the steeper slopes
of
the
foothills.
The
soil
and
vegetation
are typical
of foothill
sagebrush
communities
of the
Intermountain
area and are adequately
described by Cook (1958).
Mean annual precipitation
for the
study
area
during
the
period
1946-l 964 was 13.31 inches (Cook,
1958, 1966) with about 30% occurring
as snow
from
December
through
February.
The remainder
comes in
erratic
rain showers
during
spring,
summer,
and fall. Forty
percent
of
these
showers
occur during
March,
April, and May. Low, erratic summer
precipitation
coupled
with
a high
evaporation
rate
reduces
the
effectiveness
of the moisture received.

Table 2. Mean values of vigor data taken in 1958 for Russian wildrye seeding made in 1966
and 1967 on a foothill area at Eureka, Utah.

Treatment
Commercial seed
Vinall seed
6 lb/acre
9 lb/acre
12 lb/acre
Drilled
Broadcast
Fall 1966
Spring 1967

Plant
height
(cm)
20.2
20.7
20.1
20.2
20.9
20.6
20.2
20.9
19.9

per tiller

No. tillers
per plant

Leaf
length
(cm)

Production
(lb/acre)

4.3
4.1
4.0
4.2
4.3
4.2
4.1
4.2
4.2

2.7
2.3
2.5
2.6
2.4
2.5
2.5
2.8
2.2

15.2
15.7
15.0
15.4
16.1
15.5
15.4
15.9
15.0

424
314
322
388
415
402
336
418
319

No.leaves
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Table 3. Mean values of vigor data taken in 1969 for Russian wilclrye seeding made in 1966
and 1967 on a foothill area at Eureka, Utah.
Crown diameter

Plant
height
(cm)

Treatment
Commercial
seed
Vinall seed
6 lb/acre
9 lb/acre
12 lb/acre
Drilled
Broadcast
Fall 1966
Spring 1967

long
(cm)

short
(cm)

Leaf
length
(cm)

10.9
9.7
10.0
10.6
10.2
10.2
10.4
10.9
9.6

8.1
7.4
7.8
8.0
7.6
7.5
8.0
8.2
7.4

17.8
19.0
18.8
18.5
18.0
18.5
18.4
18.8
18.0

45.1
47.3
48.0
46.3
44.4
46.6
45.8
47.1
45.3

Throughout
the study, precipitation
was erratic as is typical of the area
during the period of seed germination
and early growth. During the study,
precipitation
totals were 11.66 inches
in 1966, 15.88 inches in 1967, and
15.3 1 inches in 1968.
Methods
A factorial
randomized
block
with
three
design
experiment
replications
was set out to study
effects of planting methods, rates of
seeding, seasons of planting, and seed
types on establishment
of Russian
Seeds were drilled
and
w ildrye.
broadcast with a grain drill equipped
with semideep, single disc footpieces
set for 1Zinch row spacings. Planting
depth varied from % to 1 inch.
Broadcasting was done by removing
the spouts from disc footpieces and
allowing seed to fall onto the bare
ground. Six, nine, and twelve pounds
of seed per acre were planted by both
methods. Both commercial and Vinall,
a strain
with
improved
seed
production (Rogler and Schaff, 1963),
seed were planted at each rate and by
each method during fall (October 20,
1966) and spring (April 16, 1967).
Vinall seed was used in hope that an
improved strain would produce more
vigorous seedlings.
Data on seedling establishment and
vigor were collected in 1967, 1968,
19 6 9.
Vigor
measurements
and
included plant height, crown diameter,
leaf length, number of seedheads per
plant, and number of plants per plot.

No. of
seedheads
6.4
6.9
7.1
7.1
5.9
6.4
7.5
7.5
5.9

Production
(lb/acre)
586
533
556
551
572
570
592
592
526

Percent weed cover was estimated
each frame in both 1968 and 1969.

in

During 1969, a second study was
initiated at the Tintic Research Area in
an attempt
to determine
a better
method
of
establishing
Russian
wildrye. Fall 1968 and Spring 1969
plantings were made of the following
treatments in a factorial randomized
block design with three replications:
(1) three rates of seeding-6,
12 and
24 lb/acre and (2) three rates of
broadcast nitrogen fertilizer-l 5, 30
and 45 lb/acre, Since establishment
was a problem, heavy rates of seeding
were employed to perhaps have viable
seed in the soil for more than one
Nitrogen
was applied
to
season.
germination,
determine
if, upon
seeding
vigor and survival
were
improved with fertilizer.
Seedling establishment in the 1969
study was limited because of low soil
moisture. No germination occurred in
the spring in either the fall or spring
seedings. Therefore, 15 seed samples
were dug in each of the rate-of-seeding
treatments
to
determine
why
germination
was so low. One-foot
sections of drill row were randomly
located within the plot and were
excavated to a depth of 1 inch and to
1 inch on either side of the drill row.
Soil and seeds were taken to the lab,
seed was separated from the soil by
sieving, and Russian wildrye seed was
removed and treated with a fungicide;
seeds were then germinated in petri
dishes in a growth chamber at 25OC in
the dark.

Table 4. Number of viable Russian wildrye (Elju) seeds per foot of row and percent
germination in samples excavated in the summer of 1969 from the Russian wildrye
seeding made in the fall of 1968 and the spring of 1969 at Eureka, Utah.

Viable seed/ft row
Seeding rate
6 lb/acre
12 lb/acre
24 lb/acre

Spring

Fall

Spring

Fall

5.3
11.5
11.2

2.9
0.8
2.6

55.3
61.9
59.8

22.8
16.0
4.2

planting

and 100% at the

‘Germination of stored seed from the same lot was
time of testing
JOURNAL
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Results
1966-1967 Tintic Valley Seeding
Seedling counts in both 1967 and
1968 showed that significantly more
seedlings had become established from
commercial seed than from Vinall seed
(Table 1). Also, significantly
more
seedlings (P < 0.05) were established
at the g-lb/acre rate than at the 6-lb
rate and significantly
more were
established at the 12-lb rate than at
either the 6- or g-lb rate. Drilling
produced significantly more seedlings
during the first two growing seasons,
but these differences diminished by
the
third
growing
season.
No
differences in seedling establishment
occurred
between
fall and spring
planting. Density of plants decreased
from 1.5 to 0.7/ft2 from 1967 to
1969. In similar studies, Cook (1966)
reported a reduction in seedling from
1.3 to 0.5/ft2 after two growing
seasons. For this area, 0.5 plants/ft2 is
considered adequate (Plummer et al.,
1955).
In
19 68,
vigor measurements
between
showed
no significance
treatments in plant height, number of
leaves per tiller, number of tillers per
plant, or leaf length, but plants from
seed
produced
commercial
significantly more herbage than those
from Vinall seed (Table 2). Production
increased significantly with increased
seeding rate and drilling produced
more
herbage
than
significantly
broadcasting.
Also fall planting
produced significantly
more herbage
than spring planting.
Final vigor measurements made in
1969 indicated
that differences
in
herbage production
due to methods
and rates of planting had been reduced
(Table 3). However, fall planting and
commercial seed still were producing
significantly more herbage than spring
planting or Vinall seed.
Weed competition
apparently had
little effect on establishment
and
production of Russian wildrye. There
were significantly more weeds in the
fall than in the spring planting, but
there were no significant differences in
numbers of Russian wildrye seedlings
between spring and fall planting (Table
1). However, there was a trend toward
less weed cover with increased rate of
seeding.
1968-1969

Tintic Valley Seeding

Even though
precipitation
was
above normal, a dry spring and sparce
winter precipitation resulted in almost
no emergence
of Russian wildrye
seedlings from fall 1968 and spring
1969 seedings, regardless of fertilizer
treatment or rate of seeding. Moisture
153

in the upper one inch of soil was
inadequate
for germination
and
seedling growth during the spring.
Upon investigation
it was found
that
the intensity
of cheatgrass
infestation
perhaps
may
have
influenced
stand establishment
not
only by affecting soil moisture, but
also through a fungus infestation. The
1966-1967
study area was freshly
plowed and had no known history of
cheatgrass infestation. The 1968-1969
study area was also freshly plowed,
but had been moderately infested with
cheatgrass. Seeds of Russian wildrye
excavated from the 1968-l 969 seeding
had a moderate
infestation
of a
fungus, Podosporiella
verticillata,
of
which cheatgrass is an intermediate
host (Krietlow and Bleak, 1964).
Germination
tests conducted
on
seeds excavated
in July, 1969, 2
months after spring 1969 planting and
7 months after fall 1968 planting,
indicated 17.7% germination
on fall
palnted seeds and 59.0% germination
on spring planted seeds. There was
little
difference
in germination
percentage
between
seeding
rates
(Table 4). Average number of viable
seeds per foot of row was 9.3 from

spring planting and 2.1 from fall
planting. Part of the reduced seed
viability may have been due to damage
from
(Podosporiella
fungus
verticillata)
infection.
This fungus
infected 8.2% of the Russian wildrye
seeds from the fall planting. Spring
planted
seeds were only
0.0 1%
infected.
Conclusions
Both soil water deficiencies and
fungus infestation could have caused
lowered germination
of fall-planted
seed and failure of the 1968-1969
seeding. More study is needed into the
effects of fungi on viability of seeds
after planting.
Apparently,
it is not necessary to
plant high rates of seed for good stand
establishment,
as all three
rates
produced more than 0.5 plants per
square foot after the third year.
Commercial sources of seed may be
as effective as the improved Vinall
variety for stand establishment where
seed production is of no concern and
the supply of Vinall seed is limited.
It is difficult to recommend for or
against Russian wildrye as a species for
seeding foothill ranges from these
data. However, observations during the

study
did substantiate
the longer
growing period of Russian wildrye as
compared to crested wheatgrass.
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Effect of Acidity
and Alfalfa

on Germination

JOHN RYAN, SEIICHI MIYAMOTO, AND J. L. STROEHLEIN
Highlight: Germination of blue panicgrass, Lehmann lovegrass,
buffelgrass, common bermudagrass, and alfalfa was studied in petri
dishes containing sulfuric acid solutions ranging in pH from 7.0 to 1.0.
Above pH 4.0 there was no significant decrease in percent germination.
Lehmann lovegrass and common bermudagrass did not germinate at or
below pH 3.0. Alfalfa and buffelgrass were the most acid tolerant
species tested.

Revegetation
of land areas adversely
affected
by acid
effluent
from strip mining of coal and from the natural
oxidation
of pyrite (Blevins et al., 1970) is an important
and
current environmental
concern.
For aesthetic
reasons and to
attention
in the Southwest
has been
prevent
soil erosion,
directed
toward
establishing
a plant cover on exposed mine
tailings and spoil banks (Ludeke, 1973). In addition, acidifying
materials such as sulfuric acid, which is predicted to become a
surplus commodity
in the Southwest,
can be used to enhance
the physical and nutritional
status of alkaline and calcareous
are used,
soils (Ryan et al., 1973). Where such ammendments
varying degrees of soil acidity are encountered.
Consequently,
it is important
to have a measure of tolerance to acidity for
plant species used for revegetation.
Although
acid scarification
of seed as a pretreatment
has
been shown to be effective in increasing germination
in some
species
(Blankenship
and
Smith,
1967),
the
effect
of
The authors are research associates and associate professor of soils,
water and engineering,
University of Arizona, Tucson. This research was
supported
in part by the Arizona
Mining Association.
(Arizona
Agricultural
Experiment
Station Journal No. 2292.)
Manuscript received May 8, 1974.
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of some Grasses

prolonged acidity on grass seed germination
attention.
This paper examines the effect
acidity produced by sulfuric acid.

has received little
on germination
of

Materials and Methods
Seeds of the following species were used in the study: blue
panicgrass
(Panicurn
antidotale),
buffelgrass
(Pennisetum
ciliare) common
bermudagrass
(Cynodon
dactylon),
Lehmann
lovegrass
(Eragrostis
lehmanniana),
and alfalfa (Medicago
sativa). After
treatment
with 0.1% HgCl, to prevent fungal
growth,
50 seed lots were placed
in sterile petri dishes
containing
10 ml dilute sulfuric acid solution.
Sulfuric acid
was used as an acidulant since this is the most common acid

PH

Fig. 1. Relationship
species.
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between acidity and mean percent germination.

occurring
in the soil conditions
of interest. The pH values of
the solutions were 7.0, 5.0, 4.0, 3.0, 2.0, and 1.O. The pH was
maintained
constant
by periodically
changing the solutions.
Seeds which had germinated
were counted at 3, 7, and 12 days
after
initiation
of the experiment.
Each treatment
was
replicated
five times. Temperature
was maintained
at 80°F
with 10 hours of fluorescent
light provided daily.

Results and Discussion
The
percent
germination
with
time
under
different
conditions
of acidity is shown for four grass species in Figure
1. Alfalfa seeds germinated
completely
within 3 days and
showed no change in germination
percent with time, and so
the data are excluded
from the figure. Blue panicgrass and
Lehmann
lovegrass germinated
more rapidly than buffelgrass
and common bermudagrass.
Higher levels of acid reduced the
germination
rate of all grasses, particularly
blue panicgrass.
The percent
germination
obtained
at 12 days is plotted
against pH of the solution in Figure 2. The pattern of response
to acidity was similar for all species. However, the extent of
reduction
in germination
with-increasing
acidity varied with
the species.
At pH 3.0 blue panicgrass
was reduced
by
approximately
75%, alfalfa by 30%, and buffelgrass by 25%.
Both Lehmann lovegrass and common bermudagrass
failed to
germinate
at pH 3.0. Only a few seeds of the alfalfa and
buffelgrass
emerged at pH 2.0 and none of the other species.
No germination
of any species occurred
at pH 1.0.The

relatively poor germination
of the common bermudagrass
seed
was probably due to quality of the seed lot.
The conclusion
of this study is that increasing the H+ ion
concentration
or decreasing
pH has an adverse effect
on
germination.
However, some discrepancies
with other work are
apparent
when the magnitude
of this effect is considered.
Salter
and
McIlvaine
(1920)
observed
no reduction
in
germination
of alfalfa at pH 3.0, compared
with a 30%
reduction
in the present
study.
However,
these authors
concluded
that pH values above 3.0 were most favorable for
germination.
In contrast to the present findings, a recent study
of Stubbendieck
(1974)
showed
that germination
of blue
panicgrass in the pH range 4.0 to 6.0 was significantly
greater
than at neutrality.
No apparent
explanation
is available to
reconcile these conflicting
results. Consistent
with the present
findings,
however,
Stubbendieck
(1974)
found
that blue
panicgrass did not germinate in conditions
of high acidity (pH
2.5).
The concentrations
of SO4 used here were not sufficient to
cause any inhibition
of germination
(Ryan et al., 1974). In
field conditions,
however, the effect of H’ ions per se would
be compounded
by toxic level of other ions whose solubility is
controlled
largely by soil pH (Black, 1968). Consequently,
laboratory
studies using nutrient
culture are at best only a
tentative
guide
to field
application.
As such a guide,
buffelgrass
was significantly
better than the other species at
pH 3.0; it thus appears most suitable for planting on relatively
acid soils. Alfalfa appears to be a suitable forage crop for such
conditions.
When H2 SO 4 is applied to soils, seeding should be
delayed until the acid has completely
reacted with soil bases.
Recovery
of the pH of calcareous
soils is relatively
rapid,
depending on the amount of base present in the soil.
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Drip Pan for Field Plot Sprinkle

Irrigation

FRED LAWN AND 0. D. KNIPE
Highlight: The construction and use of
the drip pan are described. It was developed
for irrigating small field plots in remote
locations by simulated rainfall and has a
combination of advantages not found in
other plot irrtgators. The drip pan is
inexpensive to build, easily operated by one
man, sturdy, portable, clog resistant, and
adaptable to a wide variety of treatment
requirements and site conditions. It applies
water uniformly over the plot area and
requires minimum or no border barriers.
JOURNAL

OF

RANGE

MANAGEMENT

28(2),

The authors
are range scientist,
U.S.
Department
of Agriculture,
Agricultural
Research
Service, Flagstaff,
Arizona;
and
plant
ecologist,
U.S.
Department
of
Agriculture,
Forest
Service,
Rocky
Mountain
Forest
and Range Experiment
Station, Tempe, Arizona.
This
involves
research
cooperative
investigation
by the U.S. Department
of
Agriculture,
Agricultural
Research
Service,
Western Region, Northern Arizona Area; the
U.S. Department
of Agriculture,
Forest
Service, Rocky Mountain Forest and Range
Experiment
Station; and the University
of
Arizona Agricultural
Experiment
Station.
Manuscript received June 8, 1974.
March

1975

The drip pan was developed
as a
simple, inexpensive,
portable
rainfall
simulator
to meet
the
need
for
irrigating
small field plots in remote
areas. Supplementing
natural rainfall
at needed
amounts
and frequencies,
especially in arid regions, can shorten
the time requirement
for range studies
and reduce labor and costs.
Previously
developed
rainfall
simulators
(Mutchler and Hermsmeier,
1965) did not meet our needs because
they were fragile, bulky, complex, or
155

expensive and often required skilled
operators. Some were designed only
for use in the laboratory or at fixed
locations.
Flood irrigation, though simple and
cheap, may not be desirable (Selby,
It
affects
soil structure
1970).
differently than rainfall and can trap
air in the soil column (Johnson, 1963).
Consequently,
water infiltration
and
moisture retention
may also differ.
Border barriers required to control
runoff from flood irrigation can be
difficult to construct where the soil is
rocky and may cause undesirable soil
disturbance (Meeuwig, 197 1). Flood
irrigation is not suited to sloping or
uneven ground surfaces because of
difficulty in retaining water on the
slopes and uneven infiltration.
The distinguishing
feature of our
drip pan is the hanging wick drop
formers. Use of such wicks is not new.
A rainfall simulator with drops formed
on short lengths of woolen yarn, called
or “Stalactometer,”
a “Dripolator”
was developed
in 1937 and later
improved
(Ellison
and Pomerene,
1944). This simulator, however, was
complex,
bulky,
and designed for
laboratory use only.
Construction
The drip pan is an open-faced pan
constructed from 18-gauge sheet metal
(Fig. 1). The size can be varied but we
found a convenient size to be 107 cm
(42 inches) long by 9 1 cm (36 inches)
wide by 10 cm (4 inches) deep. Two
baffles the same depth as the pan and
at right angles to each other dampen
water
movement
and
provide
additional strength and rigidity. Each
baffle has eight slots along the bottom
edge to maintain an equal water level
among the four pan compartments. All
edges are hemmed and lipped. The
hems eliminate sharpness and increase
strength of the edges. The lips increase
strength and rigidity and make for
easier handling of the pan. Also, the
lip around the outside edges supports
the pan when it is mounted in a frame.
Drip-holes 2.4 mm (3/32 inch) in
diameter are spaced 3.8 cm (1% inches)
apart in the pan bottom. These holes
are made by driving a steel punch
downward
through the pan bottom
causing them to be funnel shaped. This
shape provides a large amount of
bearing surface and enables the wicks
to fit more snugly than in drilled
holes.
Wicks are made from 16-ply cotton
wrapping twine cut to 11.4 cm (4%
inches) lengths. Each length is knotted
so as to secure it above the hole and
allow 7.6 cm (3 inches) of wick to
hang below the pan bottom.
156
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10 CM

1
I

91 CM

I

Fig. 1. Top view of drip pan showing cross baffles, equalizing slots, drip holes, wicks, lip
placement, and general construction.

planting
locations
among different
performed well. It was easy for one
man to set up, use, take down, and
transport. No breakage or maintenance
problems
were
experienced
even
though we transported the pans over
rough roadless areas in an open pickup
with no special handling care.
Water in the drip pan occasionally
had dirt and debris contamination.
No
hole clogging or decreased wick water
transmission efficiency was observed.

The drip pan is suspended on a
frame
above the treatment
plot.
Several pans can be mounted on one
frame to match various size plots.
When necessary, light, inexpensive,
plastic film can be wrapped around the
frame as a shield against the wind.
Use and Discussion
The drip pan used over two field
with
frequent
movement
seasons

Fig. 2. A combination of four drip pans mounted on a wooden frame in use on a range
seeding research plot at a remote field lomtion.
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This indicates that water cleanliness
may not be a critical factor for
satisfactory operation.
The drip pan proved suitable for
irrigating a variety of ground surfaces
ranging from smooth and level to
rough, uneven, sloping and rocky; and
from bare soil to high density grass,
half shrub and forb cover. It was not
tested on steep slopes or tall brush but
appears to have a potential for use on
these sites although steep slopes might
induce difficulties
because of rapid
runoff.
We found
drip pan irrigation
usually required smaller, less elaborate
border barriers than flood irrigation.
On level, permeable ground and where
lateral water movement from the plot
is not critical border barriers might be
entirely eliminated.
Weak air eddies were found to be
desirable because they deflected drops
falling from the drip pan to produce
an essentially random impact pattern
at the ground surface. We had no
occasion to operate the drip pan in
strong winds, but a plastic film wind
shield around the pan frame should
prevent adverse wind effects.
The drip pan was used as a
high-intensity,
low-velocity,
low-impact sprinkler. As checked by
five separate measurements
with six
individual
catchment
containers,
it
dripped 5.1 cm of water (+5%) per
hour with uniform
coverage. Any
uneven dripping could be observed and
corrected
by adjusting
the wick
lengths. Drip pans were easy to level
by blocking the corners of the frame
base. We used a combination
of four
drip
pans
suspended
over
the
treatment
plot at a 9.1- dm (3-ft)
height on a wooden frame (Fig. 2).
The drip pan can be adapted for
uses
because
water
drop
many
frequency, size, and impact force may
all
be
varied
to
meet
special
requirements.
Drop frequency can be
varied by changing the size and spacing
of the drip holes, the material,
diameter and length of the wicks, and
the height of the pressure head. Ellison
and Pomerene (1944) with their wool
wick rainfall applicator were able to
apply water at rates ranging from 12.2
to 37.6 cm (+3%) per hour by
the pressure
head
and
changing
drip-hole sizes. They also concluded
that a still wider gradation
was
possible. We poured water directly
into the drip pans with a calibrated
bucket which caused the pressure head
to vary. A constant
pressure head
could be achieved by using some type
of constant
head tank (Zwolinski,
1969; Meeuwig, 1971).
Waterdrop
impact force can be
JOURNAL
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varied by changing pan height and
drop size because the kinetic energy of
a falling body is equal to one-half the
mass times the square of the velocity.
The terminal velocity and impact force
of different size drops falling from
various heights can be determined
from the curves developed by Laws
(1940). Methods for measuring drop
size are described by Pearson and
Martin ( 195 7).
Rainfall contains a wide variety of
drops ranging from approximately
0.25 to 7.00 mm in size (Laws and
Parsons, 1943). A disadvantage
of
previous drip-type rainfall simulators is
the limited
range of drop sizes
produced with the smaller sizes not
(Mutchler
represented
and
Hermsmeier,
1965). The drip pan
because of its wicks and their location
directly in the pan bottom has the
potential for producing a wide range
of drop sizes. Regulation of size will
depend
upon
using
the
proper
combination
of drip-hole size, wick
material,
diameter and length, and
head pressure. The smallest part of the
natural raindrop size spectrum may
not be obtainable but this should not
be important for most studies in which
the drip pan would be used.
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to Fourwing

A. VAN EPPS

Highlight: Winter hardiness of fourwing
saltbush (Atriplex canescens) varies with its
point of origin. Data indicate that factors
other than temperature and origin affect the
hardiness of these plants, since variations in
winter hardiness occur between individual
plants from the same source. The sex of a
plant has no effect on hardiness. Generally,
seed for reseeding should be obtained from
the immediate vicinity of, or from an area
cakier than, the anticipated planting site.

(A triplex
salt bush
widely
in the
occurs
western states. In addition, it is one of
the most rapid in vegetative growth
and produces an abundance of forage
savored by game and livestock. Cold
tolerance is only one characteristic
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Saltbush

used to measure the performance of
this plant in evaluation and selection,
but it is one of the more important
traits
when
selecting
for future
plantings
in the colder areas. The
unusually
severe winter of 1972-73
was ideal for checking the hardiness of
plants in Utah. During this period,
many ornamental
shrubs and trees
around homes and buildings, as well as
some
indigenous
shrubs,
suffered
winter injury.
Fourwing
saltbush
plants
from
several sources were planted during
1970 and 1971 at two locations to
check their performance as transplants
in terms of such characteristics
as
palatability,
vegetative growth, seed
production, and winter hardiness. The
plantings were at either Snow Field
Station in Ephraim, Utah, or Nephi
Field Station, south of Nephi, Utah.
The Snow Field Station is in a
relatively
high and dry mountain
valley at an elevation of 5600 ft. Some
winters are quite mild, with few nights
zero
dropping
below
degrees
Fahrenheit. Others may be extremely
cold, with many below-zero nights.
Wind chill is not a problem in this
area.
The
winter
of
1972-73
was
characterized by early winter storms
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This indicates that water cleanliness
may not be a critical factor for
satisfactory operation.
The drip pan proved suitable for
irrigating a variety of ground surfaces
ranging from smooth and level to
rough, uneven, sloping and rocky; and
from bare soil to high density grass,
half shrub and forb cover. It was not
tested on steep slopes or tall brush but
appears to have a potential for use on
these sites although steep slopes might
induce difficulties
because of rapid
runoff.
We found
drip pan irrigation
usually required smaller, less elaborate
border barriers than flood irrigation.
On level, permeable ground and where
lateral water movement from the plot
is not critical border barriers might be
entirely eliminated.
Weak air eddies were found to be
desirable because they deflected drops
falling from the drip pan to produce
an essentially random impact pattern
at the ground surface. We had no
occasion to operate the drip pan in
strong winds, but a plastic film wind
shield around the pan frame should
prevent adverse wind effects.
The drip pan was used as a
high-intensity,
low-velocity,
low-impact sprinkler. As checked by
five separate measurements
with six
individual
catchment
containers,
it
dripped 5.1 cm of water (25%) per
hour with uniform
coverage. Any
uneven dripping could be observed and
corrected
by adjusting
the wick
lengths. Drip pans were easy to level
by blocking the corners of the frame
base. We used a combination
of four
drip
pans
suspended
over
the
treatment
plot at a 9.1- dm (3-ft)
height on a wooden frame (Fig. 2).
The drip pan can be adapted for
many
uses
because
water
drop
frequency, size, and impact force may
special
all
be
varied
to
meet
requirements.
Drop frequency can be
varied by changing the size and spacing
of the drip holes, the material,
diameter and length of the wicks, and
the height of the pressure head. Ellison
and Pomerene (1944) with their wool
wick rainfall applicator were able to
apply water at rates ranging from 12.2
to 37.6 cm (+-3%) per hour by
changing
the
pressure
head
and
drip-hole sizes. They also concluded
that a still wider gradation
was
possible. We poured water directly
into the drip pans with a calibrated
bucket which caused the pressure head
to vary. A constant
pressure head
could be achieved by using some type
of constant
head tank (Zwolinski,
1969; Meeuwig, 1971).
Waterdrop
impact force can be
JOURNAL
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varied by changing pan height and
drop size because the kinetic energy of
a falling body is equal to one-half the
mass times the square of the velocity.
The terminal velocity and impact force
of different size drops falling from
various heights can be determined
from the curves developed by Laws
(1940). Methods for measuring drop
size are described by Pearson and
Martin (1957).
Rainfall contains a wide variety of
drops ranging from approximately
0.25 to 7.00 mm in size (Laws and
Parsons, 1943). A disadvantage
of
previous drip-type rainfall simulators is
the limited
range of drop sizes
produced with the smaller sizes not
represented
(Mutchler
and
Hermsmeier,
1965). The drip pan
because of its wicks and their location
directly in the pan bottom has the
potential for producing a wide range
of drop sizes. Regulation of size will
depend
upon
using
the
proper
combination
of drip-hole size, wick
material, diameter and length, and
head pressure. The smallest part of the
natural raindrop size spectrum may
not be obtainable but this should not
be important for most studies in which
the drip pan would be used.
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Injury to Fourwing

GORDON A. VAN EPPS
Highlight: Winter hardiness of fourwing
saltbush (Atriplex canescens) varies with its
point of origin. Data indicate that factors
other than temperature and origin affect the
hardiness of these plants, since variations in
winter hardiness occur between individual
plants from the same source. The sex of a
plant has no effect on hardiness. Generally,
seed for reseeding should be obtained from
the immediate vicinity of, or from an area
colder than, the anticipated planting site.
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Saltbush

used to measure the performance of
this plant in evaluation and selection,
but it is one of the more important
traits
when
selecting
for future
plantings in the colder areas. The
unusually
severe winter of 1972-73
was ideal for checking the hardiness of
plants in Utah. During this period,
many ornamental
shrubs and trees
around homes and buildings, as well as
indigenous
shrubs,
suffered
some
winter injury.
Fourwing
saltbush
plants
from
several sources were planted during
1970 and 1971 at two locations to
check their performance as transplants
in terms of such characteristics
as
palatability,
vegetative growth, seed
production, and winter hardiness. The
plantings were at either Snow Field
Station in Ephraim, Utah, or Nephi
Field Station, south of Nephi, Utah.
The Snow Field Station is in a
relatively
high and dry mountain
valley at an elevation of 5600 ft. Some
winters are quite mild, with few nights
dropping
below
zero
degrees
Fahrenheit. Others may be extremely
cold, with many below-zero nights.
Wind chill is not a problem in this
area.
The
winter
of
1972-73
was
characterized by early winter storms
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and long periods of cold temperatures
at the Snow Station.
Three nights in
December,
1972,
had temperatures
lower
than
-20°F
as well as two
nights
during
January,
1973. The
mean
minimum
temperature
during
January
was a - 1°F. The g-month
period
of September
through
May
brought precipitation
of 12.1 inches as
compared
to a preceding
13-year
average of 9.0 inches. Normal annual
precipitation
is approximately
10.5
inches. Spring was late, followed
by
hot, dry weather. Snow accumulation
varied from 10 to 18 inches.
Nephi Field Station is in a dry farm
area on the north slope of Levan Ridge
at an elevation
of 5240 ft. Average
yearly
precipitation
is 12.6 inches.
Wind chill is a definite
factor at this
location.
for
the
7-month
Precipitation
period
of October,
1972,
through
April,
1973,
was
13.9 inches
as
compared
to a 70-year average of 7.9
months.
inches
for
the
same
Temperatures
are not recorded at the
Station, but at a comparable
location a
few miles away, the monthly
averages
during these 7 months varied from a
-.6 to -8.9OF departure
from normal.
months
were
The
two
coldest
December
and January with a - 21 OF
being
the
coldest
temperature
Snow
accumulation
in
recorded.
1972-73
was less than at the Snow
Field Station, which is unusual.
Plants of fourwing
saltbush
occur
naturally
in the Ephraim
area. By
contrast,
none have been observed on
Levan Ridge even though introduced
plants
do
exceptionally
well and
It
is assumed,
reseed
naturally.
that
naturally
occurring
therefore,
plants on Levan Ridge have been killed
out through cultivation
or grazing.

Plantings and Results
One of the 1970-71 plantings
on
the Snow Field Station
consisted
of
plants from 20 locations.
These were
obtained
either as transplants
from a
nursery
developed
from seed planted
during
July,
1970,
or as year-old
wildings collected from other locations
during
1971.
These
were
planted
randomly
incorporating
six
replications.
Plants
from
all were
making good to vigorous growth and
all had flowered
during
the 1972
summer months.
The pistillate
plants
produced seed.
Variations
in survival among plants
from different
geographical
sources or
ecotypes
were dramatically
evident in
1972-73 (Table 1). Plants originating
in areas having relatively mild climates
generally suffered
the greatest injury.
Exceptions,
for example,
were plants
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Table 1.

Winter injury (%) to 20 sources of fourwing

Plant source’

Mean2
January
minimum
temperature c F)

W. Ephraim, Utah
E. Salina, Utah
Bonanza, Utah
S. Jericho, Utah
Hiawatha, Utah
Canjilon, New Mexico
Newcastle, Utah
Montrose, Colo.
Keams Canyon, Ariz.
Fry Canyon, Utah
Milford, Utah
E. Flagstaff, Ariz.
N. Holbrook, Ariz.
Emery, Utah
SE Fredonia, Ariz.
Hanksville, Utah
Desert Range Exp.
Sta., Utah
E. Flagstaff, Ariz.
House Rock Valley,
Ariz.
W. Delta, Utah

saltbush at Snow Field Station.
Percent

Complete
winterkilled

injury

to remaining

Stem injury
Under 50%

Over 50%

live plants
Top killed
base alive

(-20)
(-20)
(-18)
(-35)

0
4
8
21
26
33
38
39
43
48
50
58
61
68
71
71

74
45
68
100
65
33
100
21
33
27
50
50
67
83
20
50

26
50
28
0
35
67
0
64
67
64
50
25
33
0
60
50

0
5
4
0
0
0
0
15
0
9
0
25
0
17
20
0

13 (-29)
15 (-16)

73
86

67
0

33
100

0
0

20
14 (-25)

94
100

0
0

100
0

0
0

15
17
8
14
14
3
14
13
19
14
13
15

(-25)
(-15)
(-25)
(-25)
(-18)
(-35)3
(-32)
(-27)
(- 5)

18
11
19
9

(-34)
(-16)

‘Only 4 plants each from Milford and W. Delta were planted and only 8 each from W.
Hanksville and Newcastle. All other sources originally consisted of 24 plants. Some sources
contained fewer plants in the fall of 1972 due to disease.
2 Temperatures
are for the plant source. Extreme minimum temperature
in parentheses.
3Temperatures
were obtained from Elvado Dam which are probably lower than at Canjilon.

from the Snake Valley, west of Delta,
Utah, Hanksville, and from the Desert
Range
Experiment
Station.
These
areas may be occasionally
colder than
Ephraim,
but plants from there did
not
survive
well-indicating
the
probable
influence
of factors
other
than temperature.
Springfield reported
in 1970 that
soils influenced
the
adaptability
of particular plant strains.
Plants
indigenous
to the Ephraim,
Utah,
area
suffered
few
if any
complete
kills. Although
these plants
showed some dieback, it was less than
for plants
from any other
source.
Apparently,
plants indigenous
to an
area or from similar habitats
sustain
less loss.
A
small
nursery
of
fourwing
saltbush
was planted from seed June
19, 1972. The original seed sources
included
18 sites in Utah, 3 each in
Arizona and Idaho, and 1 in Montana.
More than ample seed was used to
obtain a good stand, as the utricles
from some sites were extremely low in
seed fill. The resultant
plants were to
be used as transplant
material.
All
suffered
winterkill
losses. Seed from
near Kanab,
Utah, and Lees Ferry,
Arizona,
which are warm areas, were
completely
killed.
Young
seedlings
from several central Utah sites varied
in injury from stem tip dieback
to
dead. Plants from seeds collected near
Bridger,
Montana,
showed
the least
winter injury.
In
1970,
1to
2-year-old
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transplants,
whose original seed source
had been near Canjilon, New Mexico,
at an approximate
7000-ft elevation,
were established
at the Nephi Field
Station. Plants were spaced with 12 to
80 ft2 per plant, depending
on plot
design, to allow comparison
of seed
yields.
In the fall of 1972,
the
remaining 1840 live plants consisted of
1025 pistillate,
680 staminate,
and
135 bisexual
types.
It had been
postulated
that staminate plants might
be more
winter
hardy
because
of
possible
greater
food storage,
while
pistillate
plants
might
utilize
food
to
a greater
extent
in
reserve
producing
abundant
fruits.
Instead,
winter injury did not differ with sex,
since nearly 70% of the plants of each
sex were killed. All plants suffered
dieback, some much more than others.
This planting,
as had those already
described,
showed variations in winter
hardiness
between
individual
plants
that had the same point of origin. Of
the plants
suffering
top kill, 12%
basal
from
excellent
recovered
regrowth.
Such
regrowth
normally
involves new buds that start a few
inches below the soil surface on the
basal stump.
Plants
having
a decumbent
or
diffuse
growth
habit
had
greater
branch
survival than the more erect
types. This is probably
a superficial
hardiness brought about by protective
snow coverage.
Plants
originating
near Canjilon,
New Mexico, suffered
greater winter
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injury
when planted
on the Nephi
Station than at the Snow Station. This
was also true of plants from the west
Ephraim
source,
many
of which
winterkilled
completely
when planted
at the Nephi
Station.
These latter
plants had made excellent
growth at
Ephraim during the previous 6 years.
A
small
planting
of
transplants
collected near Fry Canyon, Utah, were
completely
killed
on
the
Nephi
Station, while only 48% were killed at
the Snow Station. The Nephi Station
generally has a 2-week longer growing
season and is several degrees warmer
than the Snow Station.

Data presented
here indicate
the
need
to obtain
seed destined
for
specific
areas from strains that are
environmentally
adapted to that area,
since
even
indigenous
strains
may
suffer injury during unusually
severe
winters. This ties in with Springfield’s
finding
on
adaptability.
(1970)
Plummer et al. (1968) have indicated
that
cold-tolerant
strains
can
be
successfully
in
warmer
planted
climates,
but the reverse
obviously
may be hazardous.
Temperatures
are a definite factor
in winter injury,
but other climatic
conditions
as
well
as
soil

characteristics
and
availability
of
moisture may also be involved. Winter
hardiness
varies
between
individual
plants having the same point of origin,
as
demonstrated
by
our
several
plantings of different aged plants from
diverse locations.
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The Science of Entomology.
By William
Macmillan Publishing Co., Inc. 866 Third
York 10022. 449 p., 1973, $13.95.

S. Romoser,
Avenue, New

The aim of this text is to introduce
the very broad field of
entomology
to college
students
with (presumably)
some
biology background.
The material covered is appropriate
for
t his
aim:
the
general
topics
and
the
topics
most
comprehensively
dealt with are physiology
and morphology,
systematics,
and
applied
entomology.
These
divisions
correspond
to the three major sections of the book. The first
and most lengthy section is organized
under the heading of
Structure
and Function.
Although
it begins with a discussion
of the entomological
literature
and ends with chapters
on
behavior and ecology, the majority of the chapters deal with
insect physiology
and morphology.
These chapters are very
useful condensations
of material
covered
in much greater
depth in the classic texts by Snodgrass (Principles of Insect
MO rp h o logy)
and
Wigglesworth
(Principles
of
Insect
with references
to some of the more recent studies
Physiology)
in these areas.
The second section of the book deals with insect evolution
and systematics.
Theories
on the origin of insects
from
primitive
ancestors
and subsequent
evolution
of the major
groups of insects are presented.
Some of the practical aspects
of insect systematics
such as identification,
description
and
classification
are also considered.
The section
ends with a
survey of the Class Insecta. Morphological
characteristics
(in
standard
format)
are described
for each of 26 orders along
with their general
habits
and medical
importance.
These
characterizations
seem excessively
brief for the larger orders
because
each order is allocated
roughly
the same space
regardless of size.
The third section and final chapter of the text deals with
the applied aspects of entomology.
This chapter is a concise
review of the nature and magnitude
of problems
caused by
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insect pests and of the many methods used for their control.
Such considerations
are put into perspective
in the last few
pages of the book by a discussion on how insects are beneficial
to human societies.
Despite the appropriateness
of material included, the text
has a number of shortcomings.
Its objectives were to “provide
a broad, balanced introduction
to the field of entomology”
up-to-date
review.”
However,
these
and
a “reasonably
objectives
are met only in the particular coverage of material
traditionally
included
in entomological
texts and not in the
review of current
research.
There appears to be a generally
uncritical
selection
and emphasis of literature
included.
For
example, the coverage of ecology, the area that this reviewer is
most familiar with, is particularly
out of date in this regard.
There is a voluminous
literature
illustrating
the important
contribution
that studies on insects have made toward the
ecological
theory
concerning
predation
and competition.
These density-dependent
interactions
are of particular interest
to insect ecologists,
now that most accept the notion that
weather determines
the changes in insect populations
but that
density
dependent
factors regulate populations
about their
average level of abundance.
Despite this, 13 pages of the text
are devoted
to the influence
of abiotic
factors
on insect
populations
and only 2 pages to intra- and interspecific
interactions
(excluding
4 pages on the use of pathogenic
microorganisms,
mites
and
nematodes
in
biological
control-discussion
which surely must belong in the chapter on
applied
entomology).
Furthermore,
the
organizational
separation
of considerations
on the food of insects
from
interspecific
interactions
precludes
discussion
of
the
co-evolution
of insect herbivores with their hosts and of insect
predators
with their prey-a
dynamic area of entomological
research at this time. However, the deficiency of the text as an
“up-to-date”
review
certainly
does not detract
from its
contributions
as a perfectly
adequate
introductory
entomology
textbook.-Robin
Andrews,
Fort
Collins,
Colorado.
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Climate and Life. By M. I. Budyko. Translated by David H.
Miller. International
Geophysics Series Vol. 18. Academic
Press, 111 Fifth Avenue, New York, New York 10003; 508 p.,
1974, $35.00.
For those who wish to explain many of the problems in
climatology, hydrology, oceanography, ecology, biology, and
physical geography by examination of transformations of solar
energy at the earth’s surface, Dr. Budyko has provided a
conceptual basis and a logical and compelling analysis. For the
reader who wishes to gain a general, broad knowledge of the
interrelations of climate and life on the planet earth, however,
Dr. Budyko’s book will be an expensive disappointment.
Since the 1940’s the major research effort of the Voeikov
Main Geophysical Observatory has been directed toward a
better understanding of the principles that govern the heat and
mass flux balance of the earth’s surface and of the atmosphere.
Researchers in the United States were first made aware of the
observatory’s activities when Dr. Budyko brought an English
summary of “The Heat Balance of the Earth’s Surface” to a
world
meteorological
conference
on climatology
in
Washington, D.C. in 1956. The present book, Climate and Life
brings to the reader many of the newer works on energy
balance and the energetics of processes occurring in nature and
reported since that date.
This reviewer first met Dr. Budyko in Norway in 1969. At
that meeting I was singularly impressed with his exceptionally
complete knowledge of ongoing research in radiation and
energy exchange, not only in the USSR but also in most of the
universities
and research centers throughout
the western
world. The references at the end of each chapter of CZimate
and Life confirm this impression. The extensive reference lists
include recent research titles in Russian, English, French, and
German.
The narrow emphasis on energy transformation
and heat
balances, their distributions
in time and space, and their
influence on geographical zonality, plus the price ($35.00),
limits the level of enthusiastic
endorsement for placing the
book in the practical range manager’s library. The first six
chapters, comprising approximately
70% of the book, are
concerned with heat balance determinations and the influence
of variations in heat and water balances on large scale climate,
climatic change, and geographical zonality. Only two chapters
on “The Thermal Regime of Living Organisms” and “Climatic
Factors
of Photosynthesis”
include information
directly
pertinent to research and management of range ecosystems.
Even in these chapters, the emphasis on the mathematics of
energy flow limits the usefulness of the book to the research
scientist.
I personally found many sections of the book to be of
interest and will undoubtedly refer to it in teaching advanced
graduate level bioclimatology
courses. I would recommend,
however, that the range scientist check the book out from the
local university
for perusal before purchase. - William E.
Marlatt, Fort Collins, Colorado.

The Plant Root and its Environment.
Edited by E. W. Carson,
Jr. University Press of Virginia, Box 3608 University Station,
Charlottsville, Virginia. 691 p., 1974, $12.50.
This book is the proceedings of an institute sponsored by
the Southern Regional Educational Board, held at Virginia
Polytechnic
Institute
and State University in 1971. In a
2-week institute it was not possible to review comprehensively
all the biological, physical, and chemical aspects of the root
and its environment.
Therefore,
the planning committee
selected topics that would complement rather than duplicate
other recent reviews and symposia.
Most authors treat their topics selectively and critically, but
160

provide excellent references for those that require a more
balanced review. Some topics are mentioned briefly; others
receive detailed analysis and discussion. Because of this, the
book will be of greatest value to the specialist, the research
scientist, the teacher, and the advanced student.
The objectives of the institute were to define problems,
examine validity of research methods, analyze soundness of
theory, interpret results, and make research findings more
readily available for solving agricultural
and ecological
problems. The intent was to assist the individual in evaluating
his own research and teaching.
The work reviewed in the proceedings deals primarily with
cultivated crops and soils, However, much of the information
will be of interest and value to individuals concerned with the
study and management of rangelands. These are examples of
topics that are discussed by contributors to the institute: root
anatomy and morphology, root-shoot relationships, effects of
soil pH, diseases of feeder roots, significance of rooting
patterns, effects of soil structure and strength, root and soil
temperatures, soil atmosphere, root and soil water relations,
mineral nutrient availability and uptake, and toxic effects of
certain minerals in soils.
The authors frequently
point out critical gaps in our
understanding
of the plant root and its environment.
These
gaps exist partly because aerial portions of plants have received
greater attention and study than below-ground portions of
plants and partly because of unique problems in root research.
The chapter
on rooting
patterns
discusses three major
problems in studying the root and its environment:
“(a)
inability to define the optimum root system for a given crop,
(b) inadequate
criteria for
soil, and climatic condition,
evaluating root response to environmental factors, and (c) lack
of techniques for precise evaluation of root environment.”
Increased emphasis needs to be given to the solution of these
problems.
I conclude from a review of the institute proceedings that
studies of the whole plant and of both the aerial and soil
environment are needed to solve difficult problems relating to
the establishment, survival, and productivity
of range plants.
This book will give valuable background and direction for such
studies.-A. M. Wilson, Fort Collins, Colorado.
New Publications
UNASYLVA, the quarterly journal of forestry and forest
industries of the Food and Agriculture Organization of the
United Nations (FAO) has resumed publication
after an
interruption
of 2% years. The journal, which comes out in
English, French, and Spanish editions, was suspended at the
end of 1972 as an economy move. Forest services of FAO
member governments and other recipients of the magazine
requested that it be reissued. UNASYLVA was first published
by the FAO 27 years ago, soon after the founding of the
organization.
THE GRASS COVER OF INDIA by P. M. Dabadghao and
K. A. Shankarnarayan
is a new publication
by the Indian
Council of Agricultural Research, New Delhi (I.C.A.R.). The
7 13 page hardback book is a comprehensive
document on
India’s grassland resources, based on the report of an extensive
survey conducted by the Council. It is divided into two parts:
Part I-Types of Grass Cover in Relation to Environment and
Management; and Part II-Grassland
Survey of India, Reports
and Analysis of 507 Sites. Part I deals mainly with matters
relating to grassland ecology, utilization,
management and
conservation. Part II deals with the report of over 500 survey
sites in various states. The monograph is a companion volume
to the I.C.A.R. monograph Grassland and Fodder Resources of
India by R. 0. Whyte. The volume can be obtained from The
Indian Council of Agricultural Research, New Delhi at a cost
of Rs 35.00.
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